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Serotonergic and Noradrenergic Markers of
Post-Traumatic Stress Disorder with and

without Major Depression

Michael Maes, M.D., Ph.D., Ai-hua Lin, M.D., M.Sci., Robert Verkerk, Ing., Laure Delmeire, M.D.,
An Van Gastel, M.D., Marc Van der Planken, M.D., Ph.D., and Simon Scharpé, Ph.D.

Some studies have suggested that disorders in the peripheral
and central metabolism of serotonin (5-HT) and
noradrenaline (NE) may play roles in the pathophysiology
of post-traumatic stress disorder (PTSD). This study
examines (1) the availability of plasma total tryptophan, the
precursor of 5-HT, and tyrosine, the precursor of NE; and
(2) the platelet 5-HT transporter and a2-adrenoceptor
(a2-AR) binding sites in patients with PTSD and healthy
volunteers. High-performance liquid chromatography
(HPLC) was employed to measure plasma tryptophan and
tyrosine as well as amino acids known to compete with the
same cerebral transport system; that is, valine, leucine,
phenylalanine, and isoleucine. The maximum number of
binding sites (B,,,,) and their affinity (Kd) for binding to
[*H]-paroxetine and [*H]-rauwolscine, a selective a2-AR
antagonist, were determined. [°H]-paroxetine and
[*H]-rauwolscine binding Kd values were significantly
higher in patients with PTSD than in healthy volunteers.
[*H]-rauwolscine binding Kd values were significantly
higher in patients with PTSD and concurrent major

depression (MD) than in PTSD patients without MD and
healthy volunteers. Plasma tyrosine concentrations and the
ratio of tyrosine/valine + leucine + isoleucine +
phenylalanine + tryptophan were significantly higher in
PTSD patients with MD than in those without MD and
healthy volunteers. The results show that PTSD is
accompanied by lower affinity of paroxetine binding sites
and that PTSD with concurrent MD is accompanied by
lower affinity of a2-ARs and increased plasma tyrosine
availability to the brain. The results suggest that (1)
serotonergic mechanisms, such as defects in the 5-HT
transporter system, may play a role in the pathophysiology
of PTSD; and (2) that catecholaminergic mechanisms, such
as increased precursor availability and lowered affinity of
a2-ARs, may play a role in the pathophysiology of PTSD
with concurrent MD. [Neuropsychopharmacology 20:
188-197,1999] © 1998 American College of
Neuropsychopharmacology. Published by Elsevier

Science Inc.
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Post-traumatic stress disorder (PTSD) is an anxiety dis-
order that may occur after exposure to extreme trau-
matic events, such as natural disasters (e.g., flood), acci-
dental (e.g., car accidents, fire), and deliberate man-
made (e.g., war camps, torture, wars) traumatic events
(APA 1980; 1987; 1994). The core symptoms and diag-
nostic criteria according to the DSM (III, III-R, and IV)
are reexperiencing the trauma; numbing of responsive-
ness and avoidance; and hyperarousal. The condition is
highly prevalent, with considerable morbidity and a
high co-morbidity with other psychiatric disorders, such
as major depression (APA 1980; 1987; 1994).
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Recent research on the biological pathophysiology of
PTSD has found some evidence for roles of catechol-
amines and serotonin (5-HT). Findings on increased cate-
cholaminergic or sympathetic nervous system (SNS) ac-
tivity in PTSD are fairly consistent across studies. First,
combat veterans with PTSD show significantly higher
24-h urinary excretion and plasma concentrations of
catecholamines, such as noradrenaline (NE), adrena-
line, and dopamine, than normal controls, other psychi-
atric patients, or combat veterans without PTSD (Kos-
ten et al. 1987; Mason et al. 1988; Yehuda et al. 1992;
Hammer and Diamond 1993; Lemieux and Coe 1995;
Yatham et al. 1996). Second, combat veterans show a
significantly higher rise than normal volunteers in
plasma NE and peripheral SNS activity following acute
laboratory stressors with stimuli reminiscent of the
trauma (Blanchard et al. 1991; Krystal et al. 1989). Third,
PTSD patients have significantly decreased platelet
[PH]-rauwolscine binding B, values, suggesting a
downregulation of a2-adrenoceptors (a2-ARs) on plate-
lets (Perry et al. 1987). Fourth, challenge with yohim-
bine, an a2-AR antagonist that preferentially blocks the
presynaptic a2-AR autoreceptor (Starke et al. 1975), re-
sulted in significantly higher plasma levels of 3-meth-
oxy-4-hydroxyphenylglycol (MHPG), the major NE me-
tabolite, in PTSD veterans than in control subjects
(Southwick et al. 1993). These results suggest that cen-
tral presynaptic a2-ARs are subsensitive in PTSD
(Southwick et al. 1993). No significant alterations in
24-h urinary NE excretion and lower arterialized plasma
NE concentrations have been found by other authors
(Pitman and Orr 1990; Mellman et al. 1995; Murburg et
al. 1995). However, to the best of our knowledge, no re-
search has examined plasma tyrosine, the precursor of
NE, in PTSD. There is evidence that the rate of forma-
tion of brain NE is determined by brain tyrosine con-
centrations, which are reflected in the plasma by the
molar ratio of tyrosine to other amino acids known to
compete for the same cerebral uptake site; that is, the
competing amino acids (CAA) tryptophan, phenylala-
nine, leucine, isoleucine, and valine (reviews: Moller
1986a; Salter and Pogson 1987; Voog and Eriksson
1992). During stressful events, an increase in plasma ty-
rosine and the tyrosine/CAA is observed; whereas, the
increased tyrosine/CAA ratio is related to increased
brain noradrenergic turnover (review: Rao 1987).

Supportive findings that alternations in serotonergic
metabolism may play roles in the pathophysiology of
PTSD include the following. First, selective 5-HT re-
uptake inhibitors (SSRIs), such as fluoxetine, have bene-
ficial effects in the treatment of PTSD (van der Kolk et
al. 1994). Second, platelet [*H]-paroxetine binding B,,,
and Kd values were significantly lower in PTSD pa-
tients than in normal controls, suggesting a lower num-
ber of platelet 5-HT transporters in PTSD patients
(Arora et al. 1993). The 5-HT transporter plays a critical
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role in 5-HT neurotransmission by reclaiming synaptic
5-HT. Arora et al. (1993) have argued that platelet
[*H]-paroxetine binding may reflect 5-HT transporter
activity. Third, maximal responders to subchronic treat-
ment with fluoxetine had significantly lower pretreat-
ment platelet [*H]-paroxetine binding Kd values than
partial responders, suggesting that lower Kd values are
possible predictors of SSRI response in PTSD (Fichtner
et al. 1994). However, whether PTSD is accompanied by
lower availability of plasma total tryptophan, the pre-
cursor of 5-HT, remains elusive. Total plasma tryp-
tophan as well as the tryptophan/CAA ratio are indica-
tors for the availability of tryptophan to the brain
(Fernstrom 1984) and, hence, for 5-HT synthesis in the
brain (Moir and Eccleston 1968). Lowered plasma tryp-
tophan availability is thought to play a role in the sero-
tonergic pathophysiology of major depression (Maes
and Meltzer 1995).

The aims of the present study were to examine
whether PTSD with or without co-morbid major depres-
sion is accompanied by (1) serotonergic disorders, such
as lowered platelet [*H]-paroxetine binding B, values,
increased [*H]-paroxetine binding Kd values, and lower
plasma tryptophan concentrations; and (2) noradrener-
gic disorders, such as lowered platelet [*H]-rauwolscine
binding B, values, increased [*H]-rauwolscine bind-
ing Kd values, and increased plasma tyrosine concen-
trations.

SUBJECTS

In the present study, 57 subjects participated. In
study group 1, we examined the plasma amino acids in
32 normal volunteers and 13 outpatients with PTSD. In
study group 2, we examined platelet [*H]-paroxetine
and [*H]-rauwolscine binding characteristics in 12 nor-
mal volunteers and 12 of the above patients with PTSD.
The patients were victims of two accidental man-made
traumatic events that occurred in Vlaanderen (i.e., a De-
cember 31, 1994 fire in an Antwerp hotel and a Febru-
ary 27, 1996 multiple collision, car crash, Deinze). The
patients developed PTSD 9 months after the traumatic
event. We employed the Composite International Diag-
nostic Interview (CIDI), PTSD Module, to make the di-
agnosis of PTSD according to the DSM-III-R criteria
(Janca et al. 1994; Peters et al. 1996). The CIDI-PTSD
module, is a structured diagnostic interview that covers
all DSM-III-R (APA 1987) criteria for PTSD. Because we
were unable to validate the DSM-III-R diagnostic crite-
ria for PTSD in factor and cluster analytic studies per-
formed on 185 victims from the above traumatic events,
we reclassified the patients according to results of clus-
ter analysis, which divided the 185 victims in cases and
noncases (Maes et al. 1998a; 1998b). This cluster analyti-
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cally derived classification was less conservative than
that of the DSM-III-R. Of the 13 PTSD patients included
here, nine had PTSD according to DSM-III-R criteria,
and four patients were classified as being PTSD cases
according to the cluster analysis.

Normal volunteers and PTSD patients had the usual
blood tests (serum electrolytes, urea), liver function
tests (yGT, SGPT, SGOT), and thyroid function tests
(FT4 and basal thyroid secreting hormone). All subjects
were free of any infections, and inflammatory or aller-
gic reactions for at least 2 weeks before blood sam-
plings. Exclusion criteria for PTSD patients and healthy
volunteers were: subjects suffering from a neurological,
inflammatory, endocrine or clinically significant chronic
disease; immunocompromised subjects; subjects receiv-
ing drugs with known or potential interaction with
plasma amino-acids, 5-HT and a2-ARs, and immune
and endocrine functions. All healthy volunteers had a
negative past, present, or family history for psychiatric
disorders. None was a regular drinker and none had
ever taken psychotropic drugs. All were free of any
medications for at least 1 month.

Exclusion criteria for PTSD patients were a present
or past history of other axis-I diagnoses, such as bipo-
lar, schizophrenic, paranoid, organic mental, psychoac-
tive substance use and eating disorders. Patients who
had suffered from major depression before the trau-
matic event were also excluded. However, PTSD pa-
tients who developed major depression within 9 months
after the trauma were included in the present study.
Axis-I diagnoses were made according to DSM-III-R
criteria (APA 1987), using the Structured Interview for
the DSM-III-R, patient version (Spitzer et al. 1990). Se-
verity of depression was measured by means of the
Hamilton Depression Rating Scale (HDRS, Hamilton
1960). All PTSD patients with or without major depres-
sion were free of any psychotropic drugs and substance
abuse since the traumatic event.

METHODS

Blood collections and clinical assessments were car-
ried out 7-9 months after the traumatic event. Blood
samples for the assays of plasma amino acids and plate-
let [*H]-paroxetine and [*H]-rauwolscine binding as-
says were collected at 7:45 A.M. (=15 min) after an over-
night fast. All assays were done blind to the subject
status. Plasma samples for the determination of the
amino acids were kept at —75°C until thawed for assay.
The amino acids were determined by means of a high-
performance liquid chromatography (HPLC) method,
as described previously (Turnell and Cooper 1982; Maes
et al. 1996). All blood specimens for the assay of plasma
amino acids in PTSD patients and healthy volunteers
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were assayed in a single run with a single lot number of
reagents and consumables employed by a single opera-
tor (AL). The intra-assay coefficients of variation (CV)
values obtained in our laboratory are: tryptophan 3.3%;
tyrosine 3.8%; valine 3.0%; phenylalanine 3.2%; isoleu-
cine 3.4%; and leucine 3.7%. The tryptophan/valine +
leucine + isoleucine + tyrosine + phenylalanine
(CAAL) and the tyrosine/valine + leucine + isoleucine
+ tryptophan + phenylalanine (CAAZ2) ratios were com-
puted and multiplied by 100.

For platelet [*H]-paroxetine and [*H]-rauwolscine
binding assays, 2 X 9 ml of blood was collected in silli-
conated tubes containing K-EDTA as anticoagulant.
Within 60 min, platelet-rich plasma was prepared by
low-speed centrifugation for 10 min at 1500 rpm (750g).
Platelets were isolated in four centrifugation runs,
pooled, counted, and washed in 8 ml buffer A (Tris 50
mm, NaCl 150 mm, EDTA 20 mm, pH 7.5). Platelets
were counted by means of a Coulter STKS fully auto-
mated total blood cell counter. The final pellet was dis-
rupted with and frozen in 2 ml ice-cold buffer B (Tris 5
mm, EDTA 5mm, pH 7.5). Samples were frozen at
—80°C until thawed for determination of binding as-
says. After thawing and adding 6 ml buffer B, the plate-
let membranes were centrifuged twice in a Beckman PG
centrifuge at 18,000 rpm (39,000 g) and twice disrupted
using an ultraturrax homogenizer. The final membrane
pellet was suspended in 0.8 ml buffer C (glycylglycine
25 mm, pH 7.6), resulting in a final concentration of
4,000 X 10E6/ml.

For the [*H]-paroxetine binding assays, incubation
mixtures consisted of 50 pl platelet membrane suspen-
sion, 400 pl buffer D (Tris HCI 50 mm, NaCl 120 mm,
KCl1 5mm), 25 L [*H]-paroxetine at final concentrations
between 0.02 and 0.8 nm, and 25 pl ethanol 10% or 25 pl
imipramine (diluted in ethanol 10%, in a final concen-
tration of 10 pm in incubation mixture; 1,000 X excess
of [*H]-paroxetine). Specific binding (as a percentage of
total binding) was 73 * 5%. After incubation for 120
min at 25°C, samples were rapidly filtered through
Whatman GF/B glass fiber filters under vacuum and
rinsed twice with 4 ml ice-cold buffer. We used a 40-well
filtration manifold. Filters were placed in vials with
2 ml scintillation fluid (Packard Ultima-Gold) and ra-
dioactivity was counted after 12 h of incubation in a
Packard 460 scintillation counter. For the [*H]-rauwol-
scine binding assays, incubation mixtures, consisted of
50 pl platelet suspension, 50 pl *[H]-rauwolscine at final
concentrations between 0.1 and 4.0 nm and 400 pl
buffer C. Specific binding was defined as radioactivity
displaced by 10 um idazoxan. Specific binding was 80
to 90%. The solution was incubated for 60 min at 25°C.
The samples were rapidly filtered through Whatman
GF/B glass fiber filters under vacuum and rinsed twice
with 4 ml ice-cold buffer E (Tris 50 mm, pH 7.4). Filters
were placed in vials with 2 ml scintillation cocktail
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(Packard Ultima-Gold). Radioactivity was counted after
16 h in a Packard 460 scintillation counter. Data were
analyzed using computerized curve fitting; that is,
LIGAND. B, and Kd values were derived from the
calculated curves. B, was expressed as fmoles/10E6
platelets. Blood specimens for the assay of platelet
[*H]-paroxetine and [*H]-rauwolscine binding charac-
teristics were carried out in three assays on 3 different
days with a single lot number of reagents and consum-
ables employed by a single operator (LD). To minimize
the interassay analytical variability, we analyzed four
samples of PTSD patients and four age-sex matched
controls in each of the three assays and minimized pos-
sible effects of interassay variability on our results by
means of regression analysis.

Severity of PTSD was assessed as described previ-
ously (Maes et al. 1998a; 1998b). In brief, a factor analy-
sis (principal component method) was performed on all
CIDI items in 185 victims of the above traumatic events.
The factor scores on the first two varimax-rotated fac-
tors were used as measures for the severity of two dif-
ferent dimensions. The first factor, “depression-avoid-
ance (DAV) dimension,” contains the following items:
restricted range of affect; markedly diminished interest;
feelings of detachment; sense of a foreshortened future;
inability to recall an important aspect of the trauma;
acting or feeling as if the traumatic event is recurring;
and effects to avoid activities, places, or people that
arouse recollections of the trauma. The second factor,
“arousal-anxiety (AA) dimension,” contains the follow-
ing items: physiological symptoms of anxiety; sleep dis-
orders; recurrent distressing dreams; recurrent and in-
trusive distressing recollections of the event; effects to
avoid thoughts, feelings, or conversations associated
with the trauma; hypervigilance; intense physiological
distress at exposure to cues that symbolize the trau-
matic event; exaggerated startle response.

STATISTICS

The independence between classification systems
was checked with the analysis of contingence (x* test).
Group mean differences were checked by means of
analysis of variance (ANOVA) or analysis of covariance
(ANCOVA). Multiple post hoc differences between
group means were checked with Fisher’s least signifi-
cant difference (LSD). Relationships between variables
were assessed with Pearson’s product-moment correla-
tion coefficients and through multiple regression analy-
ses. Normality of distribution was assessed with the
Kolmogorov-Smirnov test. Transformations were used
to reach normality of distribution or to adjust for heter-
ogeneity of variance between study groups; that is,
platelet [*H]-paroxetine and [*H]-rauwolscine binding
values were processed after square root transformation.
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RESULTS
Demographic data

In study group 1, there were no significant differ-
ences in age (F = 0.4, df = 1/43,p = .3) or gender (x> =
1.3,df =1,p = .2) between patients with PTSD (mean
age = 47.1 £ 9.3 years; M/F ratio = 4/9) and healthy
volunteers (mean age: 45.3 * 7.7 years; M/F ratio =
5/27). In study group 2, there were no significant differ-
ences in age (F = 0.5, df = 1/22, p = .5) or gender (x> =
0.0, df = 1, p = 1.0) between patients with PTSD (mean
age = 49.1 £ 9.0 years; M/F ratio = 4/8) and healthy
volunteers (mean age = 46.1 = 10.8 years; M/F ratio =
4/8). There were no significant correlations between
age and plasma tryptophan (r = —0.28, p = .95); ty-
rosine (r = 0.00, p = .98); tryptophan/CAAT1 ratio (r =
—0.01, p = .95); [*H]-paroxetine binding B,,, (r = 0.30,
p =.1)orKd (r = 0.17, p = .6) values; and [*H]-rauwols-
cine binding B, (r = —0.22,p = .3) or Kd (r = 0.30,p =
.2) values. There was a significant and positive correla-
tion between age and the tyrosine/CAA2 ratio (r = 0.36,
p = .01) (all results of intraclass correlations, pooled
over the study groups of normal controls and PTSD pa-
tients). ANOVAs, factorial design with gender as sec-
ond factor, showed no significant differences between
males and females in plasma tryptophan (F = 2.4, df =
1/41, p = .1); tryptophan/CAA1 (F = 3.7, df = 1/41,
p = .06); tyrosine/CAA2 (F = 0.7, df = 1/41, p = .6);
[*H]-paroxetine binding B, (F = 1.0, df = 1/20,p = .3)
or Kd (F = 0.0, df = 1/20, p = .8) values; and [*H]-rau-
wolscine binding B, (F = 1.3, df = 1/20,p = .3) or Kd
(F=10.0,df =1/20, p = .9) values. Tyrosine was signifi-
cantly higher in males (mean = 70 = 8 umol/]) than in
females (mean = 57 * 11 umol/1) (F = 6.3, df = 1/41,
p = .01). There were no significant differences in the
[*H]-paroxetine binding B, values (F = 2.7, df = 2/21,
p = .09) between the three assays. There were signifi-
cant differences in [*H]-paroxetine binding Kd (F = 4.4,
df = 2/21, p = .02); [*H]-rauwolscine binding B,,,, (F =
4.5,df =2/21,p=.02)and Kd (F = 5.6, df =2/21,p =
.01) values between the three assays. In any case, we
have adjusted subsequent statistical analyses for possi-
ble age and gender effects and analytical interassay
variability by entering age, sex, and the three analytical
assays (entered as two dummy variables) as covariates
in regression analyses. At the time of blood sampling,
seven patients suffered from PTSD without MD and six
from PTSD with MD. The mean HDRS (+SD) score of
patients with co-morbid depression and PTSD (19.2 +
3.4) was significantly higher than that of patients with
PTSD only (7.3 + 2.2) (F = 51, df = 1/10, p = .0001).

Biological markers and PTSD

Table 1 shows that plasma tyrosine and the tyrosine/
CAA2 ratio were significantly higher in PTSD subjects
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than in normal volunteers. ANCOVAs performed on
PTSD patients divided into those with and without
MD, showed that plasma tyrosine and the tyrosine/
CAAZ2 ratio were significantly higher in PTSD patients
with MD than in normal volunteers and PTSD patients
without MD. There were no significant differences in
plasma tryptophan, tryptophan/CAA1 ratio, CAA1 or
CAA2 between PTSD patients and healthy volunteers.

Figure 1 shows that the [*H]-paroxetine binding Kd
values were significantly higher (F = 8.2, df = 1/18,p =
.009) in the PTSD patients (mean = 0.048 = 0.016 nm),
irrespective of the presence of MD, than in healthy vol-
unteers (mean = 0.032 = 0.012 nm). There were no sig-
nificant differences between PTSD patients with and
without MD. Figure 2 shows that the [*H]-rauwolscine
binding Kd values were significantly higher (F = 5.0, df =
1/18, p = .04) in PTSD patients (mean = 0.187 = 0.090 nm)
than in normal volunteers (mean = 0.138 = 0.057 nm).
PTSD patients with MD (mean = 0.234 * 0.106 nm)
had significantly higher (F = 4.4, df = 2/17, p = .03)
[*H]-rauwolscine binding Kd values than normal vol-
unteers and PTSD patients without MD (mean = 0.140 =
0.036 nm). There were no significant differences (F = 0.9,
df = 1/18, p = .6) in [*H]-paroxetine binding B, values
between PTSD patients (mean = 0.372 = 0.181 fmoles/10°
platelets) and healthy volunteers (mean = 0.302 *= 0.090
fmoles/10° platelets). There were no significant differ-
ences (F = 1.8, df = 1/18, p = .6) in [*H]-rauwolscine bind-
ing B,.x values between PTSD patients (mean = 0.113 *
0.050 fmoles/10° platelets) and healthy volunteers (mean =
0.092 + 0.030 fmoles/10° platelets) (all results of ANCOVAs
with the analytical assays and/or age and gender as co-
variates; and of LSD performed after ANCOVAs).

To confirm the above results in patients with DSM-
II-R diagnosis of PTSD only, we performed additional
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ANCOVAS on the study groups of normal volunteers
and the PTSD patients classified according to DSM-III-R
criteria. Serum tyrosine was significantly higher (F =
9.7, df = 1/37, p = .004) in PTSD patients with a DSM-
II-R PTSD diagnosis (mean = 69.64 + 9.86 wmol/1) than
in healthy volunteers (mean = 55.94 = 10.70 wmol/I).
The tyrosine/CAA2 ratio (X100) was significantly
greater (F = 6.6, df = 1/37, p = .01) in PTSD patients
with a DSM-III-R PTSD diagnosis (mean = 12.43 * 1.99)
than in healthy volunteers (mean = 1091 = 1.42).
[*H]-paroxetine binding Kd values (F = 6.3, df = 1/14,
p = .02) were significantly higher in the PTSD patients
with a DSM-III-R PTSD diagnosis (mean = 0.051 =
0.018 nm) than in normal volunteers (mean = 0.032 =
0.012 nm). [*H]-rauwolscine binding Kd values (F = 5.3,
df = 1/15, p = .03) were significantly higher in the PTSD
patients with a DSM-III-R PTSD diagnosis (mean =
0.194 = 0.112 nm) than in normal volunteers (mean =
0.138 = 0.057 nm.

There was a significant and positive relationship be-
tween [*H]-paroxetine binding Kd values and the DAV
(F=8.1,p=.02)and AA (F = 6.2, p = .04) factor scores.
There was a trend toward a positive relationship be-
tween [*H]-rauwolscine binding Kd and the DAV (F =
4.5,p = .07) and AA (F = 2.7, p = .1) scores. There were
no significant relationships between plasma tyrosine,
the tyrosine /CAAZ2 ratio, plasma tryptophan, the tryp-
tophan/CAA1 ratio, or [*H]-rauwolscine binding B,
values and the AA or DAV scores (all results of partial
correlation correlations with the three analytical assays
and/or age and sex as covariates). There was a positive
and significant correlation between the HDRS score and
the tyrosine/CAA2 ratio (r = 0.61, p = .03) and a trend
toward a significant correlation with [*H]-rauwolscine
binding Kd values (r = 0.45,p = .1)

Table 1. Measurements of Plasma Availability of Tryptophan and Tyrosine in Healthy Volunteers (HV) and Patients with
Post-Traumatic Stress Disorder (PTSD), Subdivided into These With and Without Major Depression (MD)

Tryptophan CAA1 Tryptophan/CAA1 Tyrosine CAA2 Tyrosine/CAA2
Groups pmol/l pmol/l ratio X 100 pmol/l pmol/l X100
HV 58.3 (12.1) 520 (105) 11.34 (1.60) 55.9 (10.7) 522 (107) 10.91 (1.42)
PTSD (all) 61.4 (11.2) 555 (66) 11.11 (2.02) 68.9 (9.8) 548 (67) 12.69 (2.06)
PTSD —MD 58.1 (10.6) 567 (69) 10.24 (1.34) 65.9 (6.5) 559 (73) 11.90 (1.57)
PTSD + MD 65.1 (11.6) 542 (66) 12.12 (2.32) 72.4 (12.3)" 534 (63) 13.62 (2.31)°
F* (df) 0.5(1/41) 0.8 (1/41) 0.00 (1/41) 12.0 (1/41) 0.3 (1/41) 10.9 (1/41)
p 0.5 0.6 0.9 0.002 0.6 0.002
F** (df) 2.1 (2/40) 0.6 (2/40) 1.6 (2/40) 8.0 (2/40) 0.4 (2/40) 6.8 (2/40)
p 0.1 0.6 0.2 0.001 0.7 0.003

All results are shown as mean (=SD).
CAAT1: sum of tyrosine, phenylalanine, valine, leucine, and isoleucine.

CAA2: sum of tryptophan, phenylalanine, valine, leucine, and isoleucine.

F*: All results of ANCOV As with age and gender as covariates, and HV and PTSD as groups.
F**: All results of ANCOVAs with age and gender as covariates, and HV, PTSD - MD, and PTSD + MD as groups.
“Significantly different from HV and PTSD-MD (results of Fisher’s LSD at p = .05, performed after ANCOV As).
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Figure 1.

[*H]-paroxetine binding Kd values in healthy volunteers (HV), and patients with post-traumatic stress disorder

(PTSD) with (PTSD + MD) and without (PTSD-MD) major depression.

DISCUSSION

This study showed that the affinity of platelet
[*H]-paroxetine binding sites is significantly decreased
in patients with PTSD, irrespective of the presence of
major depression. The significant and positive correla-
tions between severity of PTSD, either the avoidance-
depression or arousal-anxiety symptoms, may suggest
that graded differences in the expression of PTSD symp-
toms are related to changes in the 5-HT transporter sys-
tem. Arora et al. (1993) reported significantly lower
[*H]-paroxetine binding B, and Kd values in PTSD
patients than in healthy volunteers and found a nega-
tive correlation between the [*H]-paroxetine binding
Biax values and a state-dependent anxiety score. Unlike
patients with PTSD, no significant alterations in platelet
[*H]-paroxetine binding B, or Kd values could be
found in major depression (Galzin et al. 1988; Lawrence
et al. 1990; D’'Hondt et al. 1994). These negative findings
in major depression are in agreement with our results
that there were no significant differences in platelet
[*H]-paroxetine binding characteristics between PTSD
patients with and without major depression.

A question, however, is whether peripheral findings
are relevant for central serotonergic activity. Blood
platelets are able to take up, store, and release 5-HT via
mechanisms that are very similar to those of central 5-HT
neurons (Sneddon 1969; 1973; Stahl 1977). [°H]-paroxet-

ine binds with high affinity to a specific population of
binding sites located on platelets and neuronal mem-
branes associated with 5-HT uptake mechanisms
(Mellerup et al. 1983; Habert et al. 1985; Cheetham et al.
1993). It has been found that the cloned 5-HT trans-
porter on human platelets is identical to the 5-HT trans-
porter in human brain (Lesch et al. 1993). Finally, the
findings of Fichtner et al. (1994), who found a positive
response to fluoxetine pharmacotherapy in PTSD pa-
tients with lower platelet [*H]-paroxetine binding char-
acteristics, suggest that findings on platelet [*H]-parox-
etine binding may be relevant for central serotonergic
activity. The findings above may suggest that PTSD is
accompanied by defects in the peripheral and perhaps
central 5-HT transporter system.

In the present study, we were unable to find any sig-
nificant differences in the availability of plasma tryp-
tophan between PTSD patients and healthy volunteers.
In this respect, Mellman and Kumar (1994) were unable
to find significant differences either in platelet 5-HT
concentrations or in platelet 5-HT uptake (Km and
Vnax) measures between PTSD patients and controls.

We found that PTSD with comorbid major depres-
sion is accompanied by alterations in the peripheral cat-
echolaminergic system; that is, higher plasma availabil-
ity of tyrosine and lower affinity of platelet a2-ARs.
There is some evidence that stressors lead to increases
in the peripheral plasma tyrosine/CAA ratio, which
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corresponds to increased brain NE turnover (Rao 1987).
Possible differences in diet between PTSD patients and
controls are not likely to be involved in the increased ty-
rosine/CAA ratio found in PTSD. Although consump-
tion of high/low protein or carbohydrate meals may
acutely affect the tyrosine/CAA ratio in serum, fasting
serum tyrosine concentrations (and the tyrosine/CAA
ratio) did not differ significantly between humans on a
control and protein-free diet over 18 days (Weller et al.
1969; Moller 1986b). A more plausible explanation for
our findings revolves around the effects of NE hyperac-
tivity in PTSD. Indeed, NE administration to rats may
increase plasma tyrosine concentrations through changes
in hepatic blood flow, which are probably a-AR related
(Eriksson and Carlsson 1982; Rao 1987). Interestingly,
previous research has shown that supplementary di-
etary tyrosine may be useful therapeutically in persons
chronically exposed to psychological stress (Lehnert et
al. 1984; Owasoyo et al. 1992). Some, but not all, studies
in depression reported a reduced availability of plasma
tyrosine (review: Maes et al. 1994). These results may
indicate a distinct biochemical profile with respect to
plasma tyrosine in depressed patients, as compared to
those with major depression and PTSD.

The findings of the present study show that the affin-
ity of [*H]-rauwolscine binding to platelets is signifi-
cantly lower in patients with PTSD with a concurrent
major depression than in healthy volunteers and PTSD

patients without major depression. The biological sig-
nificance of increased Kd values obtained for antagonists
may be questioned. However, inhibition of [*H]-dihydro-
ergocryptine binding by antagonists showed that there
was a single population of antagonist binding sites with
the pharmacological characteristics of a2-ARs; whereas,
inhibition by agonists showed two sites with different
affinities (Hoffman et al. 1979). Moreover, Perry et al.
(1987) reported decreased platelet [*H]-rauwolscine
binding B,,., values in PTSD. Adrenoceptors of the a2 A
subtype are expressed on platelets and presynaptically
on noradrenergic neurons (Hieble et al. 1995; Limberger
et al. 1995). Because platelet a2-ARs have very similar
pharmacologic and kinetic properties as those in the
brain, platelet a2-ARs are an adequate model for brain
a2-ARs (Stahl 1985). Subsensitivity of central a2-ARs in
PTSD has been suggested by Southwick et al. (1993). No
significant differences in growth hormone response to
desmethylimipramine administration were found be-
tween PTSD patients and normal subjects, suggesting
no significant changes in central postsynaptic «2-ARs in
PTSD (Yatham et al. 1996).

There are some reports that major depression per se
is accompanied by subsensitive platelet a2-ARs. This
evidence includes the following: (1) reduced platelet
a2-AR responsiveness as measured by means of ago-
nist-induced platelet aggregation and NE-induced inhi-
bition of prostaglandine E1 (PGEI)-stimulated cyclic AMP
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(cAMP) production (Kafka et al. 1986; Kafka and Paul
1986); and (2)the density or affinity of platelet a2-ARs, as
measured by [°’H]-yohimbine and [*H]-rauwolscine bind-
ing to platelets, is lower in depressed patients than in
healthy volunteers (Mendlewicz et al. 1989; Maes et al.
1998c). Studies in depression using partial agonists as
ligands; for example clonidine, para-aminoclonidine, or
UK-14304, often reported higher a2-AR B,,,,, values (re-
view: Katona et al. 1989). These compounds, however,
may also bind with high affinity to catecholamine-
insensitive sites; that is, imidazoline sites, which may be
upregulated in major depression (Piletz and Halaris
1994). Taken together, platelet and central presynaptic
autoinhibitory a2-ARs may be subsensitive in PTSD or
a subgroup thereof; that is, those with concurrent major
depression. In this respect, it has been hypothesized
that hyposensitivity of presynaptic a2-ARs may under-
lie increased SNS activity (see introductory section) and
exaggerated plasma NE/MHPG response to various
challengers in major depression (Potter and Manji 1994,
Maes et al. 1998c) and PTSD (Southwick et al. 1993;
Grillon et al. 1996).

It should be underscored, however, that the subjects
being studied here are not typical of the kind of PTSD
patients that have been studied in other reports. Indeed,
most previous studies have examined patients who are
symptomatic for decades; whereas, we studied PTSD
patients within 9 months after the traumatic event.
Thus, differences between studies may be present as a
function of time elapsed since the trauma.

In conclusion, the results suggest that serotonergic
mechanisms, such as a defect in the 5-HT transporter
system, may play a role in the pathophysiology of PTSD.
Our results of increased plasma tyrosine availability
and lowered affinity of platelet «a2-ARs are in accor-
dance with previous findings that PTSD is accompanied
by increased SNS activity but suggest that the latter
may be confined to patients with co-morbid PTSD and
major depression.
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