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■ Abstract Neopterin has recently gained growing im-
portance as an immunological marker in psychiatric
disorders. In the present study, we aimed to evaluate
whether the dexamethasone suppression test (DST) and
neopterin were associated with posttraumatic stress dis-
order (PTSD). Fourteen patients with PTSD and 14 con-
trols were enrolled in the study.A clinical evaluation and
measurements of cortisol and neopterin levels before
and after DST were performed.Additionally, all patients
were assessed by Clinician Administered PTSD Scale
(CAPS). There was a significantly higher DST nonsup-
pression in the patient group than control group. There
were positive correlations between the duration of ill-
ness and CAPS, basal cortisol or postdexamethasone
cortisol levels in the patient group. The mean neopterin
levels for both before and after DST were significantly
lower in the patient group than control group. In con-
clusion, our results suggest that not only the patients
with PTSD have considerable DST nonsuppression but
also PTSD may be associated with neopterin.

■ Key words PTSD · neopterin · DST · cortisol

Introduction

Recently, neopterin which is a biopterin precursor re-
leased by macrophages has gained a growing impor-
tance as an immunological marker in psychiatric disor-
ders (O’Hanlon et al. 1996; Korte et al. 1998). It is
produced by activation of cyclohydrolase, which is stim-
ulated by interferon-γ (INF-γ). It has been accepted as an
important indicator of the cellular immune system,
since INF-γ is released by T-lymphocytes (Huber et al.
1984; Besedovsky et al. 1986). However, the cell types re-
lated to humoral immunity (e. g.,B-lymphocytes) do not
release measurable level of neopterin (Huber et al.
1984). In addition, neopterin is a bypass product in the
synthesis of tetrahydrobiopterin which is a cofactor of
tyrosine hydroxylase, an essential enzyme in cathe-
cholamine neurotransmitter synthesis (Wachter et al.
1989). Plasma neopterin is frequently increased in states
of stimulated cellular immunity such as organ trans-
plantation and autoimmune illness (Kobryn et al. 1989;
Neale et al. 1990). Controversial results have been re-
ported by studies evaluating neopterin in psychiatric
patients, (Maes et al. 1994; O’Toole et al. 1998; Korte et
al. 1998).

Posttraumatic stress disorder (PTSD), a stress reac-
tion with a high rate of comorbidity, is classified under
anxiety disorders in DSM-IV (Maes et al. 2000; Grabe et
al. 2000). PTSD is one of the rare disorders which is de-
fined with etiology in DSM-IV. However trauma alone is
not enough to explain the occurrence of PTSD because
many people experience a traumatic stressor but few de-
velop PTSD. Probable posttraumatic biological factors
seem to be effective on the development of PTSD. Stres-
sor-related autonomic hyperactivity and changing the
activity of the hypothalamo-pituitary-adrenal (HPA)
axis have been established in PTSD. The HPA axis is
obviously sensitive to stress-related disorders. It was
reported that glucocorticoids (the last product of the
HPA axis) could cause suppression of cell-mediated
immunity and consequently could cause reduction in
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neopterin levels. To the best of our knowledge, there has
been no study in the literature concerning neopterin in
PTSD. Therefore, we chose to specifically measure
neopterin to see whether its eventual alterations might
have an etiopathogenetic significance in the patients
with PTSD. Thus, we planned to evaluate as follows: 1)
whether the DST was associated with PTSD, and 2)
whether neopterin levels were affected by PTSD.

Methods

■ Subjects

The study group consisted of 14 patients (8 females, 6 males) with a
mean age of 32.48±5.34 years (range 18–41) who had applied to the
Firat University Scool of Medicine Department of Psychiatry and
were diagnosed with PTSD according to DSM-III-R, and met the ad-
mission criteria. Written consent to participate in the study was ob-
tained from the subjects after they were thoroughly informed about
the research details. The research protocol was approved by the Fırat
University School of Medicine Ethics Committee. There were no sig-
nificant differences in age and female/male ratio between the patient
and control groups. The mean CAPS score of the patient group was
52.46±19.54. The mean duration of illness for the patient group was
3.62±2.55 years.

All subjects were free of all medications for at least the previous
two weeks. Female subjects were tested in different menstrual phases.
The vast majority of those were in the early follicular phase (n = 6),
and the remaining in the late luteal phase. Each patient underwent di-
agnostic evaluation by one trained psychiatrist using the Structured
Interview for DSM-III-R Outpatient Form (SCID-OP) (Spitzer et al.
1987).The patients with any kind of axis I comorbidity were excluded.
Additionally, all subjects were evaluated by a semistructured ques-
tionnaire form which was arranged in accordance with clinical expe-
rience and available information sources and included gender, age,
marital status, education, socieconomic status, duration of illness and
the Clinician Administered PTSD Scale (CAPS) (Blake et al. 1990),
adapted to Turkish patients with established validity and reliability
(Aker et al.1999).CAPS is a widely used instrument in the assessment
of PTSD. It has 25 items. While a total of seventeen questions asks for
PTSD symptoms of DSM-III-R, the remaining section is under the
subscale of ‘associated symptoms’. Each question is assessed by a
clinician giving 1–4 points.

A total of 14 healthy control subjects (mean age = 29.88±6.04
years; range 21–44) in accordance with exclusion criteria, were cho-
sen from the hospital staff. Controls were interviewed with the non-
patient version of the SCID (SCID-NP) to exclude any axis I disorder
(Spitzer et al. 1990).

All patients underwent physical examination, total biochemistri-
cal evaluation, chest X-ray, urinalysis and ECG. All participants were
carefully assessed to rule out autoimmune, pulmonary, infectious dis-
eases and neoplasms. Exclusion criteria were the history of any en-
docrinological condition, gestation, obesity, alcohol abuse and de-
pendence, recent or present infection, the history of immunologic
disease and oral contraceptive use.

■ DST procedure

In the procedure of the DST, the blood samples for the determination
of cortisol were drawn on the first day from all subjects at 08.00 h af-
ter overnight fasting, no drinking of alcohol or coffee and not smok-
ing for 12 hours. Blood samples were obtained after an hour rest pe-
riod at a comfortable place by controlling tension. A cannula into a
forearm vein was inserted and blood was drawn 45 minutes after in-
serting the cannula. Serum cortisol level was measured using a com-
mercially available kit (Immulite 2000 cortisol, Diagnostic Products
Corporation, Los Angeles, CA, USA) utilizing the chemiluminoassay
method. On the same day at 23.00 h, 1 mg dexamethasone was ad-

ministered. The cortisol levels were determined on the following day
at 16.00 h, again by the same blood taking procedure. Procedures es-
tablished by Carroll et al. (1981) were strictly followed, the cutoff
point for nonsuppression being 5 µg/dl. Intra- and inter-assay coeffi-
cients of variation were < 6.1 % and 7.8 %, and sensitivity was 0.20
µg/dl.

■ Neopterin procedure

In the neopterin procedure, the blood drawing procedure was the
same. Blood samples were taken from the subjects into dry tubes at
8.00 h on the first day and on the following day again at 16.00 h. The
sera were collected by centrifuging the tubes at 250 x g. The sera were
stored at –20 °C until assessment of neopterin levels.Serum neopterin
levels of the subjects were measured by the ELISA (enzyme linked im-
munoassay) method (Neopterin; BRAHMS Diagnostica GmbH,
16 761 Berlin, Germany).

■ Statistical analysis

Obtained data were evaluated by SPSS for windows 9.0 (SPSS, 1998).
The comparisons within group (for both cortisol and neopterin lev-
els before and after DST in each group) were performed by using
Wilcoxon’s rank sum test, whereas those between intergroups were
carried out by using independent samples t test. The chi-square test
was used to compare the proportion of non-suppression between
groups. For correlation evaluations, the Spearman correlation (two-
tailed) test was used. p < 0.05 was considered to be significant.

Results

The mean basal cortisol levels were 12.91±3.78 µg/dl in
the patient group and 10.76±2.22 µg/dl in controls, re-
spectively (p > 0.05). The mean postdexamethasone cor-
tisol levels were 4.76±1.56 and 2.19±1.04 µg/dl for the
patient group and controls, respectively (p < 0.01). After
DST, changes in cortisol levels were statistically signifi-
cant both in patients (p < 0.01) and controls (p < 0.01).
While 11 (70.6 %) out of 14 patients had DST nonsup-
pression, none of the control group had DST nonsup-
pression (p < 0.0001).

There were positive correlations between the dura-
tion of illness and CAPS (r = 0.29, p < 0.05), basal corti-
sol (r = 0.34, p < 0.05) or postdexamethasone cortisol
(r = 0.44, p < 0.01) in the patient group. In addition, there
was a correlation between CAPS and basal (r = 0.64,
P < 0.01) or postdexamethasone cortisol levels (r = 0.68,
p < 0.01) in the patient group.

The baseline neopterin levels were significantly lower
in the patients compared with healthy controls
(4.34±1.04 vs. 8.03±2.13 nmol/ml, respectively). A sig-
nificant difference between the patient and control
groups was found (P < 0.001). After DST, the mean
neopterin level in the patients (1.99±0.73 nmol/ml) was
significantly (p < 0.01) decreased compared with that
found at baseline, whereas no significant change in con-
trols was found (7.33±1.98 nmol/ml,p > 0.05).There was
a statistically significant difference in the decrease of
neopterin levels in the patient group compared with that
in control group (p < 0.01).

Statistical significant correlations between baseline
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neopterin levels and baseline cortisol (r = –0.37,
p < 0.05), postdexamethasone cortisol (r = –0.64,
p < 0.01), the duration of illness (r = –0.37, p < 0.05), or
CAPS scores (r = –0.40, p < 0.05) were found in the pa-
tient group. On the other hand, there were significant
correlations between neopterin levels after DST and
postdexamethasone cortisol (r = –0.26, P < 0.05), the du-
ration of illness (r = –0.37, P < 0.05) or CAPS scores
(r = –0.43, P < 0.05). In the control group, a significant
correlation was only found between baseline neopterin
and baseline cortisol levels (r = –0.32, P < 0.05).

The distribution of baseline and postdexamethasone
cortisol and neopterin levels for groups are presented in
Figs. 1 and 2.

Discussion

As far as we know, this is the first study regarding
neopterin in the patients with PTSD. The main findings
of our study are as follows: 1) The patients with PTSD
have statistically significant higher baseline and after
DST cortisol levels and statistically significant lower
neopterin levels compared to controls, 2) there were

positive correlations between the duration of illness and
CAPS, baseline cortisol or postdexamethasone cortisol
levels in the patient group. In addition, there was a cor-
relation between CAPS and baseline or postdexametha-
sone cortisol levels in the patient group, 3) statistically
significant correlations between baseline neopterin lev-
els and baseline cortisol, postdexamethasone cortisol,
the duration of illness, or CAPS scores were found in the
patient group, and there were significant correlations
between neopterin levels after DST and postdexametha-
sone cortisol, the duration of illness or CAPS scores.

In PTSD, the studies focusing on the HPA axis have
proposed that the classical profile of increased adreno-
cortical activity and resultant dysregulation of this sys-
tem described in studies of stress and major depression;
the data support the hypothesis of an enhanced negative
feedback sensitivity of the HPA axis in PTSD (Yehuda et
al. 1990; Yehuda et al. 1995a). An enhanced sensitization
of the HPA axis as reflected by a stronger negative feed-
back inhibition is compatible with some preclinical
models of stress. Although stress is generally associated
with an overactivation of the HPA axis and a resultant
resistance of the HPA axis to glucocorticoid feedback
signals (Natelson et al. 1988; Young et al. 1990), the HPA
axis may become sensitized under certain conditions of
stress. Glucocorticoid receptors in hippocampus which
is dense with those that play a prominent role in stress-
induced feedback inhibition of the HPA axis and, thus,
may be an important aspect of HPA dysregulation in
PTSD (Yehuda et al. 1991; Yehuda et al. 1995a; Seed et al.
2000).In contrast to the findings mentioned above,some
have suggested that the HPA axis may be overactivated
in PTSD similar to that seen in depressive disorders. Pit-
man and Orr (1990) demonstrated a greater urinary cor-
tisol excretion than normal. In addition, in another
study, blunted ACTH response to corticotropin-releas-
ing factor has been shown (Smith et al. 1989). Data from
DST studies about PTSD have remained inconclusive
with regard to abnormal cortisol metabolism in PTSD.
Of the studies in PTSD patients meeting concurrent cri-
teria for major depression, two studies (Kudler et al.
1987; Olivera et al. 1990) have demonstrated a nonsup-
pressive response to dexamethasone in some patients. In
our study, not only were baseline and post-DST cortisol
levels for the patients higher compared with controls,
but also statistically significant higher DST nonsuppres-
sion in the patients were found. These results are in con-
flict with the research which has demonstrated lower
baseline plasma cortisol levels, lower mean 24-hour uri-
nary cortisol excretion and a series of alterations that
are distinct from those reported in major depressive dis-
order. It has been concluded that cortisol nonsuppres-
sion is rare in posttraumatic stress disorder unless there
is concomitant major depression (Kudler et al. 1987;
Yehuda et al. 1990; Yehuda et al. 1994; Yehuda et al.
1995b).

In the studies concerning neopterin in psychiatric
patients, controversial results have been reported. O’-
Toole et al. (1998) reported a slight suppression of

Fig. 1 The distribution of basal and postdexamethasone cortisol levels in the
groups.

Fig. 2 The distribution of basal and postdexamethasone neopterin levels in the
groups.
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neopterin levels in depressed patients compared to
matched controls. They suggested that neopterin might
not be a useful indicator for the severity and the dura-
tion of a depressive episode. Korte et al. (1998) evaluated
the neopterin levels of 29 inpatients with acute schizo-
phrenia and reported that the patients, especially those
with clinical improvement, had significantly higher lev-
els of neopterin compared to controls. In our study, both
before and after DST neopterin levels in the patients
with PTSD were decreased compared with the control
group and there was also a significant difference be-
tween the mean neopterin level before and after DST in
the patient group but not in the control group. Several
mechanisms can be proposed to explain these findings.
First, PTSD seems to be characterized by increased basal
and postdexamethasone cortisol levels. This situation
may be leading to suppression of T-cells since glucocor-
ticoids (the last product of the HPA axis) could cause
suppression of cell-mediated immunity and conse-
quently could result in decreased neopterin levels. The
presence of statistically significant negative correlations
between baseline neopterin levels and baseline cortisol
or postdexamethasone cortisol, and between neopterin
levels after DST and postdexamethasone cortisol sup-
ports this. Meanwhile with respect to the post-DST sta-
tistically significant lower neopterin levels in the patient
group, the suppressive effects of dexamethasone itself, a
synthetic glucocorticoid with a long half-life, should be
taken into consideration. Dexamethasone also sup-
presses other pituitary hormones including prolactin
and thyroid-stimulating hormone (TSH) (Olazabal et al.
2000; Coiro et al. 2001). Second, it was reported that nor-
epinephrine, a neurotransmitter frequently reported to
be increased in PTSD,and the HPA axis might lead to the
inhibition of cytokine secretion. Thus, since neopterin
has been accepted as an important indicator of the cel-
lular immune system (Huber et al. 1984; Besedovsky et
al. 1986), decreased neopterin levels in PTSD may be ex-
pected. The suppression of cellular immunity in PTSD
has been supported by means of determining a lower
number of lymphocytes, T cells, and decreased natural
killer cell activity (Inoue-Sakurai et al. 2000; Kawamura
et al. 2001). Moreover, neopterin is the first intermedi-
ate in the synthesis of tetrahydrobiopterin, a cofactor for
the hydroxylation of phenylalanine and tryptophan in a
rate-limiting step in the biosynthesis of dopamine, no-
radrenaline and 5-hydroxytryptamine (5-HT) (Fuchs et
al. 1988). It has been reported that the pathophysiology
of PTSD may involve dysfunction of several brain struc-
tures, especially locus coerulous, amygdala and hip-
pocampus, as well as noradrenergic, dopamine and cor-
ticotropin-releasing factor neurochemical systems.
Severe psychologic traumas lead to the parallel activa-
tion of the systems mentioned above, producing an ar-
ray of adaptive behavioral and physiologic responses
necessary for survival; however, these acute responses
appear to reveal the maladaptive neurobiologic sequelae
(Charney et al. 1993). These changes may be associated
with PTSD symptoms becoming chronic and the poor

response to trauma. In summary, there are close rela-
tions between PTSD and neopterin. However, it is con-
troversial that lower neopterin is a cause or result in
PTSD. Although neopterin is a reliable, easy-to-measure
and well-established soluble marker of immune activa-
tion, the evaluation of only one immune parameter was
too small to allow for a conclusive interpretation of im-
munological changes in PTSD.

In conclusion, the present study suggests that PTSD
may be associated with neopterin but our sample is too
small to allow us to conclude that this alteration may be
an important biological indicator for this disorder. Our
finding is only a suggestion and more comprehensive
and detailed studies, in which in addition to neopterin,
more immunological parameters are used,are needed to
decipher the exact roles of immunological changes in
PTSD.
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