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Qbijective: Corticotropin-releasing factor (CRF) and somatostatin both play important roles
in mediating responses to acute and chronic stress. The purpose of this study was to measure
CSF concentrations of CRF and somatostatin in patients with chronic combat-related post-
traumatic stress disorder (PTSD) and comparison subjects. Method: Lumbar punctures for
collection of CSF were performed in Vietnam combat veterans with PTSD (N=11) and com-
parison subjects (N=17). CSF concentrations of CRF and somatostatin were compared be-
tween the two groups. Results; CSF concentrations of CRF were higher in the PTSD patients
than in the comparison subjects (mean=29.0 pg/ml, SD=7.8, versus mean=21.9 pg/ml,
SD=6.0). This group difference remained significant after covariance for age. CSF somatostatin
concentrations in PTSD patients were higher than those of the comparison subjects
(mean=19.9 pg/ml, SD=5.4, versus mean=13.7 pg/ml, SD=8.0). However, covarying for age
reduced the level of significance. Conclusions: Higher CSF CRF concentrations in patients
with PTSD may reflect alterations in stress-related neurotransmitter systems. The higher CSF

CRF concentrations may play a role in disturbances of arousal in patients with PTSD.

(Am | Psychiatry 1997; 154:624-629)

C orticotropin-releasing factor (CRF) plays an im-
portant role in mediating the mammalian stress
response (1). CRF released during stress (2) from nerve
terminals originating in the paraventricular nucleus of
the hypothalamus increases the secretion of adrenocor-
ticotropin hormone (ACTH) from the anterior pitui-
tary, which in turn stimulates release of cortisol from
the adrenal (3). Cortisol has a number of effects that are
beneficial to short-term survival, including suppression
of reproductive and immune function, promotion of
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analgesia, activation of the peripheral autonomic sys-
tem, suppression of gastric motility and gastric acid se-
cretion, and increases in total oxygen consumption and
glucose and glucagon concentrations in plasma (3).
Chronic stress results in sustained increases in plasma
glucocorticoid levels (4), with a potentiation of gluco-
corticoid responsiveness to subsequent stressors (3, 6)
and neuronal “hypersecretion™ of CRF.

CRF neurons are distributed in a variety of locations
outside of the hypothalamus, including the amygdala,
bed nucleus of the stria terminalis, central gray area,
locus ceruleus, parabrachial area, and dorsal vagus
complex (7). Intraventricular administration of CRF to
laboratory animals results in behavioral activation, as
evidenced by 1) an increase in EEG activity (8); 2) in-
creases in plasma norepinephrine and epinephrine con-
centrations {9, 10); 3} an increase in firing of the locus
ceruleus, site of the majority of noradrenergic cell bod-
ies in the brain, which results in a state of increased
attention and arousal (11); 4) increased locomotor ac-
tivity, grooming, and rearing (12); and §) behaviors
consistent with anxiety and fear, including a decrease in
exploratory activity in an open field (13), decreased
punished responding in the conflict test (14), and poten-
tiation of acoustic startle (15, 16). These studies sup-
port an important role for CRF in the promotion of
anxiety and fear-related behaviors.
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Findings from clinical studies are consistent with a
relationship among CRF, stress, and depression (which
has been conceptualized as a chronic stress disorder).
Studies in patients with depression consistently reveal
an increase in CSF concentrations of CRF and a blunted
ACTH response to intravenously administered CRF
(17-19). Patients with posttraumatic stress disorder
(PTSD) have been found to exhibit alterations in hy-
pothalamic-pituitary-adrenal (HPA) axis function (20,
21), although no studies have directly measured CRF in
the CSF in patients with PTSD. Somatostatin is a
tetradecapeptide with widespread localization in the
CNS that also appears to play a role in the stress re-
sponse (22-24). Somatostatin and CRF levels tend to
covary with one another, so it would be predicted that
increased levels of CRF would be associated with in-
creased levels of somatostatin. CSF somatostatin con-
centrations in patients with affective disorders, how-
ever, have been found to be either lower than (25-27)
or the same as (28) those of comparison subjects (al-
though elevated levels of somatostatin are seen in mania
[29]). The purpose of the present study was to measure
CSF CRF and somatostatin concentrations in Vietnam
combat veterans with PTSD and matched comparison
subjects. We hypothesized that PTSD would be associ-
ated with elevated CSF levels of CRF and somatostatin.

METHOD

Patients were Vietnam veterans with combat-related PTSD (N=
11) who gave written informed consent for participation in the
study and who were admitted to the inpatient unit of the National
Center for Posttraumatic Stress Disorder over a 3-year period from
1992 to 1995. Patients were admitted to the unit on an elective
basis and received appointment dates for their admission. Only pa-
tients who were clinically stable and were not in crisis were admit-
ted to this specialized program. Patients with a history of combat
exposure in Vietnam were included if they fulfilled criteria tor
PTSD on the basis of the Structured Clinical Interview for DSM-Il-
R (SCID1 (30) and the diagnosis (based on DSM-III-R criteria) of a
research psvchiatrist. Patients were excluded if they had a history
of current alcohol or substance abuse or dependence. or schizo-
phrenia, as determined by the SCID; serious medical disorder, as
determined by laboratory tests and physical examination; organic
mental disorder; neurological disorder: or head trauma. All pa-
tients were free of medication, alcohol, and drugs for 4 weeks or
more before the study. as determined by frequent (a minimum of
twice-a-week ), random tests with a device to determine the alcohol
content of a breath sample and urine toxicology tests that were
performed while the patients were on the inpatient unit.

Patients were evaluated with the SCID for comorbid psychiatric
diagnoses. Nine (82%) of 11 patients fulfilled criteria for a lifetime
history of major depression, and five (45%) for current major depres-
sion. Two patients (18%) fulfilled criteria for lifetime history of dys-
thymia, and two {18%) for current dysthymia. Two patients (18%)
fulfilled criteria for lifetime history of bipolar disorder. and one (9%)
for current bipolar disorder. One patient (9%) fulfilied criteria for
lifetime history of hypomania, and none for current hypomania. Two
(18%) of I 1 patients fulfilled criteria for lifetime history of and cur-
rent panic disorder with agoraphobia, three (27%) for liferime his-
tory of panic disorder without agoraphobia, and two (18%) for cur-
rent panic disorder without agoraphobia. Two (18%) of 11 fulfilled
criteria for lifetime history of and current agoraphobia without panic
disorder, tive (43%) for liferime history of social phobia. four (36%}
for current social phobia, three {27%) for lifetime history of and cur-
rent obsessive-compulsive disorder, two {18 %) for lifetime history of
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and current simple phobia. and two (18%) for lifetime history of and
current generalized anxiety disorder. No patients fulfilled criteria tor
a lifetime history of or current schizophrenia, while one patient (9%)
fulfilled criteria for a lifetime history of and current psychotic disor-
der not otherwise specified. No patients fulfilled criteria for a lifetime
history of or current anorexia nervosa. bulimia, somatization disor-
der, somatic pain disorder, undifferentiated somatization disorder. or
hypochondriasis.

There was a high rate of comorbid lifetime diagnoses of alcohol
and substance abuse disorders in the group of patients with PTSD. All
patients fulfilled criteria for a lifetime history of alcohol dependence,
four (36%) for sedativc/hy'pnotic/anxiolytic dependence and none for
abuse, five (45%) for cannabis dependence and none for cannabis
abuse, four (36%! for stimulant dependence and none for abuse, two
(18%) for opiate dependence and none for abuse, four (36%) for
cocaine dependence and one (9% for cocaine abuse, two (18%) for
hallucinogen/phencyclidine dependence and none for abuse, and
none for polvdrug dependence or abuse.

Comparison subjects were recruited by newspaper advertisement
from the local area. Comparison subjects included were physically
healthy and did not have a history of a psychiatric disorder, as deter-
mined by a psychiatric interview that employed DSM-III-R criteria.
They were between 18 and 65 years of age and provided written in-
formed consent for participation. Comparison subjects were ex-
cluded if they had a history of current alcohol or substance abuse. as
determined by psychiatric interview and urine toxicology; serious
medical disorder, as determined by laboratory tests and physical ex-
amination: organic mental disorder: neurological disorder: a history
of exposure to psychological trauma, as determined by an interview
with a psychiatrist; or a history of head trauma. There was a trend
toward patients with PTSD being older than the comparison subijects
(mean=45.9 vears, $D=1.3, versus mean=40.3, SD=11.9), although
this did not reach statistical significance (t=1.9, df=26, p<0.10). Some
of the comparison subjects were included in a previous study (31).

Several clinical assessments were administered to the PTSD pa-
tients in this study. These included the Mississippi Scale for Combat-
Related Posttraumatic Stress Disorder, a sclf-report measure of cur-
rent PTSD symptom severity (32), and the Combat Exposure Scale, a
self-report instrument for the measurement of level of exposure to
combat (33).

Subjects were fasting and had refrained from consumption of
caffeine after midnight the night before the procedure. All PTSD
patients had been inpatients for 4 or more weeks before the study
and slept the previous night in the hospital where the procedure
was performed. Comparison subjects either staved the night before
in the hospital (N=4) or arrived the morning of the procedure
(N=13). There was no difference between those who staved in the
hospital and those who did not for both CRF measurements (24.5
pg/ml versus 21.2) and somatostatin measurements {(16.9 pe/ml
versus 12.8). CSF samples of CRF and somatostatin were obtained
by lumbar puncture between 8:00 a.m. and 9:00 a.m. on the day of
the study. We decided to have most of the comparison subjects
arrive the day of the study because this approximated their normal
routine. Lumbar punctures were performed under sterile condi-
tions and with local anesthesia, with patients in the lateral decubi-
tus position. There were no complications from the procedure in
any subjects. CSF samples were frozen immediately and stored at
_68°C, coded. and assaved by a member of the research team
(M.J.0.} who was blind to diagnosis and subject identity.

CSF concentrations of CRF were measured in duplicate by modi-
fication of a previously described specific radioimmunoassay for CRF
{19), by using an antiserum (0C33) raised in rabbits against ovine
CRE. Bricfly. duplicate 450-pl aliquots of CSF were Ivophilized and
ceconstituted in 200 pl of assay buffer and incubated at 4°C for 18
hours with 100 pl of antiserum at a final dilution of 1:21.875 in assay
buffer containing 1% normal rabbit serum. Radiolabeled [V251]-Tyet-
rat/human CRF was added (20,000 counts/minute in 50-p! butfer)
after 18 hours to each tube. After incubation for 24 hours at 4°C, 10
ul of goat-antirabbit serum was added to precipitate bound CRF. The
standard curve containing 450 pl of artificial CSF and 0.625 pg/tube
to 640 pg/tube was prepared by using ratthuman CRF and was
treated identically as the human CSF samples. The sensitivity of the
assay was 1.25 pg/tube with 50% displacement of radiolabeled CRF
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FIGURE 1. CSF CRF Levels in PTSD Patients (N=11) and Compari-

son Subjects (N=17)?
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"CSF CRF levels were significantly higher in PTSD patients than in
comparison subjects (t=2.7, df=26, p<0.05).

{1Csy) at 30 pg/tube. The inter- and intra-assay coefficients of vari-
ation have been measured every 6 months for the past 11 vears with
a set of identical samples (pooled human CSF) run in two separate
assays. The difference between these values has ranged over this pe-
riod of time between 10% and 13% for interassay and between 2%
and 6% for intra-assay measurements.

CSF concentrations of somatostatin were measured in duplicate by
modification of a previously described specific radioimmunoassay for
somatostatin (34, 35), by using an antiserum (number 486) raised in
sheep. Briefly, duplicate 250-ul aliquots of CSF were lvophilized and
reconstitured in 200 pl of assay buffer and incubated at 4°C for 24
hours with 100 pl of antiserum ar a final dilution of 1:35,000 in assay
buffer conraining 1% normal sheep secum. Radiolabeled {1251)-Tyrv-
somatostatin was added (20,000 counts/minute in 50-ul butter) after
24 hours to each tube. After incubation for 24 hours ar 4°C, 5 ul of
rabbit-anusheep serum was added to precipitate bound somatostarin.
The standard curve containing 250 pl of artificial CSF and 0.625
pg/tube to 640 pg/tube was prepared by using somatostating_;; and
was treated identically as the human CSF samples. The sensitivity of
the assay was 0.625 pg/tube with 50% displacement of radiolabeled
somatostatin (ICsy) at 32 pg/tube. The inter- and intra-assav coetti-
cients of variation (which used the methodology described earlier for
CRF samples) are 8%—11% and 2%-5%, respectively. All samples
from all subjects (including all patients and comparison subjects)
were run together in a single CRF or somatostatin assay through use
of the same laboratory techniques.

Data were analyzed by using a nonpaired two-tailed t test. In order
to control for differences in age between the patients and comparison
subjects, an analysis of covariance (ANCOVA) was performed for
both CRF and somatostatin.

RESULTS

CSF CRF concentrations were significantly higher in
the PTSD patients than in the comparison subjects (mean=
29.0 pg/ml, SD=7.8, versus mean=21.9 pg/ml, SD=6.0;
p<0.05) (figure 1). The higher level of CSF CRF concen-
trations in PTSD patients was still significant after ad-
justment for differences in age between the two groups
by using ANCOVA (F=6.71, df=1, 26, p<0.05). CSF
somatostatin concentrations were also significantly
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FIGURE 2. CSF Somatostatin Levels in PTSD Patients (N=11) and
Comparison Subjects (N=16)?
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*CSF somatostatin levels were significantly higher in patients with
PTSD than in comparison subjects (t=2.3, df=23, p<0.03). This effect
was less significant after control for differences in age with ANCOVA.

higher in PTSD patients than in comparison subjects
(mean=19.9 pg/ml, SD=5.4, versus mean=13.7 pg/ml,
SD=8.0; p<0.05) (figure 2). This difference was a statisti-
cal trend for a higher concentration in PTSD patients
after adjustment for differences in age by using ANCOVA
(F=3.40, df=1, 25, p=0.08).

There was a highly significant correlation between
CSF CRF and somatostatin in the PTSD patients when
considered alone (p=0.006). This was predicted on the
basis of the hypothesis that increases in CRF would be
associated with increases in somatostatin. There was
no significant correlation between CSF CRF and soma-
tostatin in the comparison subjects when considered
alone (figure 3). We used multivariate analyses to ex-
amine the hypothesis of a significant relationship be-
tween CRF and somatostatin in the patients but not in
the comparison subjects. When the relationship be-
tween CRF and somatostatin levels was examined
through use of multiple linear regression, with CRF as
the dependent variable and somatostatin and diagnosis
as independent variables, there was a highly significant
interaction between somatostatin and diagnosis rela-
tive to the dependent variable, CRF (F=12.89, df=1,
25, p=0.002).

There was no difference in CSF concentrations of
CRF between PTSD patients with and without comor-
bid major depression (mean=30.9 pg/ml, SD=4.9, ver-
sus mean=27.5 pg/ml, SD=7.0). In addition, there was
no difference in CSF concentrations of somatostatin be-
rween PTSD patients with and without comorbid major
depression (mean=20.5 pg/ml, SD=4.0, versus mean=
19.8 pg/ml, SD=4.9).

There was no correlation between CSF CRF or soma-
tostatin and measures of PTSD symptoms (Mississippi
scale score) or level of exposure to combat stress as
measured by the Combat Exposure Scale within the
PTSD patients alone. There was no correlation between
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CSF CRF or somatostatin and age in either patients or
comparison subjects.

In this study CSF concentrations of CRF were higher
in patients with PTSD than in comparison subjects.
CSF concentrations of somatostatin were also elevared
in PTSD patients. However, the intergroup difference
in somatostatin levels was not as great as that for CRF,
and the level of significance was reduced for somato-
statin levels after control for differences in age between
the two groups through use of ANCOVA. CSF CRF
and somatostatin concentrations were highly corre-
lated in the PTSD patients but not in the comparison
subjects. :

An increase in CSF CRF is consistent with the hy-
pothesis of a hypersecretion of neuronal CRF in PTSD.
On the basis of findings related to the sites of origin of
CSF levels of CRF, this increase is probably derived
from brain regions outside of the median eminence
(36), such as hippocampus, cerebral cortex, amygdala,
bed nucleus of the stria terminalis, and cortical areas
(7). Several studies have found evidence for altered
HPA/CRF axis function in PTSD (37-42), including a
blunted ACTH response to CRF (37), which could be
explained by a down-regulation of CRF receptors at the
level of the anterior pituitary secondary to chronic in-
creases in CRE. Consistent with this, preclinical studies
showed a chronic increase in neuronal CRF release fol-
lowing exposure to stress (5). Preclinical studies
showed that glucocorticoids are associated with dam-
age to the hippocampus (43, 44), a brain region in-
volved in memory that has been suggested to have an
inhibitory effect on glucocorticoid release from the hy-
pothalamus. Stress-induced damage was associated
with an increase in levels of CRF mRNA in the para-
venrricular nuclei of the hypothalamus (45), as well as
a decrease in the sensitivity of rats to dexamethasone
suppression of HPA function (46, 47). Consistent with
this, we found smaller right hippocampal volume in Vi-
etnam combat veterans with PTSD than in matched
comparison subjects (48). Alterations in hippocampal
function may be associated with neuronal hypersecre-
tion of CRF in PTSD.

We carefully considered the possible effects of comor-
bid diagnoses on our results. Patients with affective dis-
orders have been found to have increased CSF CRF (18,
19) (but see reference 49). We did not find a difference
in CSE CRF between PTSD patients with and without
major depression in the current study. Hypercorti-
solemia and an increase in rates of nonsuppression with
the standard dexamethasone suppression test have been
associated with depression, while hypocortisolemia and
a supersuppression with low doses of dexamethasone
have been associated with PTSD. This suggests that
these disorders have different neurobiological bases, es-
pecially with regard to the CRF/HPA axis. It is of inter-
est that nonhuman primates with variable foraging
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FIGURE 3. Relationship Between CSF Somatostatin and CSF CRF in
PTSD Patients (N=11) and Comparison Subjects (N=16)
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25 - *
20 o g %t e

15 - .

CSF CRF (pg/ml)

0 5 10 15 20 25 30 35

PTSD Patients
45 -
40
35 - .
30 -
25 - .
20 -
15 -
10 -

CSF CRF (pgiml)

o - -_—— .- -
5 10 15 20 25 30

CSF SOMATOSTATIN (pg/ml)

aThere was a highly significant correlation between CSF somatostatin
and CSF CRF within the PTSD patient group {r=0.77, df=9,p=0.006)
but not within the comparison group.

mothers (a model for early-life stress) had elevated CSF
CREF and decreased CSF cortisol levels in adulthood, a
picture that is closer to PTSD than depression (50). Fur-
thermore, no difference has been found in rates of su-
persuppression with low-dose dexamethasone between
PTSD patients with and without comorbid major de-
pression (41); this finding has been interpreted as the
neurobiology of PTSD “overriding™ the neurobiology
of depression in those patients who have comorbid
depression and PTSD. Patients with other psychiatric
disorders, including mania (28), generalized anxiety
disorder (28, 51, 52), panic disorder (28, 51, 52), so-
matization disorder (28), dementia without depression
(28), and schizophrenia (19, 53), have not been found
to have a difference in CRF in comparison to control
subjects. No studies have specifically examined CSF
CRF in substance abuse, and the one study in alcoholics
(which did find increased concentrations of CSF CRF)
was conducted in individuals who were undergoing al-
cohol withdrawal (54). This finding was not applicable
to our current group, since none of the patients was in
alcohol withdrawal. In summary, there is not evidence
at this time to support the idea that findings related to
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CRF/HPA axis function in patients with PTSD are re-
lated to comorbidity with other psychiatric disorders.

There are some limitations of our study that are wor-
thy of mention. Although all of the PTSD patients were
voluntarily admitted as psychiatric inpatients at the
time of the procedure, not all of the comparison sub-
jects stayed overnight the night before the test. There
may be differences based on hospirtalization status that
could represent confounding factors in our study re-
sults. High levels of comorbidity with other psychiatric
diagnoses in the PTSD patients may represent another
confounding factor in the study results.

This study demonstrated higher CSF somatostatin
concentrations in PTSD patients than in comparison
subjects. As reviewed earlier, an increase in somato-
statin release has been associated with exposure to
stress. We found a correlation between somatostatin
and CRF in the PTSD patients but not in the normal
subjects. Somatostatin blocks CRF-induced anorexia
{55) and inhibition of growth hormone secretion (56),
a phenomenon observed during stress. CRF levels cor-
relate positively with somatostatin levels (57), while in-
creased levels of peripheral glucocorticoids are associ-
ated with low levels of somartostatin (57, 58). Patients
with chronic PTSD may have two separate factors that
lead to increased somatostatin, low levels of peripheral
glucocorticoids, and elevated levels of CSF CRF. Ele-
vated levels of peripheral glucocorticoids may explain
why somatostatin levels have been found to be low in
depression (25-27), a disorder associated with elevated
CREF (although elevated levels of somatostatin are seen
in mania [29]). Although a previous study found a sig-
nificant correlation between CRF and somatostatin in
healthy subjects (unlike in the current study), this cor-
relation was modest (r=0.37) and much less than that
in a population of patients with Cushing’s disease who
had altered CRF levels and a strong correlation berween
CRF and somatostatin (r=0.64) (57).
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