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Trace eyeblink conditioning is a hippocampal-dependent associative learning task that could help evaluate hippocampal function in Post-

traumatic stress disorder (PTSD). Since preclinical research has demonstrated that trace eyeblink conditioning can be pharmacologically

manipulated by glucocorticoids, this task may shed light on glucocorticoid sensitivity in PTSD. This study assessed baseline and

hydrocortisone-mediated changes in trace eyeblink conditioning in patients with PTSD and in healthy controls. A total of 12 patients with

PTSD and 12 age- and sex-matched healthy controls participated in a trace eyeblink test 6 h following intravenous administration of

30mg of hydrocortisone. Spontaneous blink rates were similar between PTSD patients and healthy controls. There was no significant

difference in the mean conditioned response between PTSD subjects and healthy controls under placebo conditions. Following

hydrocortisone administration, only the PTSD patients demonstrated a significant reduction in conditioned response in contrast to

healthy subjects who did not demonstrate any change. Patients with PTSD had increased glucocorticoid sensitivity in the focal brain

regions mediating trace eyeblink conditioning.
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INTRODUCTION

Eyeblink conditioning is a simple form of associative
learning that can easily be translated from preclinical
studies to clinical populations and could help evaluate
hippocampal function in post-traumatic stress disorder
(PTSD). It has been studied extensively in animals
(Christian and Thompson, 2003; Steinmetz et al, 2001)
and is becoming an important tool in evaluating learning
and memory in humans (Clark and Squire, 1998; Fortier
et al, 2003; Marenco et al, 2003). One of the advantages
of evaluating eyeblink conditioning in neuropsychiatric
populations is that it requires little cooperation from the
subjects. Relative to other learning and memory tasks,
results are less likely to be affected by nonspecific factors
such as motivation.
There are two different kinds of eyeblink conditioning:

delayed eyeblink conditioning and trace eye blink con-
ditioning. In delayed eyeblink conditioning, the conditioned
stimulus (CS), a short duration (eg 400ms) tone, overlaps

and coterminates with the unconditioned stimulus (US), a
100-ms duration weak air puff delivered to the cornea that
induces an eyeblink unconditioned response (UR). Follow-
ing repeated tone–air puff pairing, the CS is able to elicit an
eyeblink before the occurrence of the air puff. The
cerebellum mediates this form of implicit learning (Lavond
et al, 1993). In trace eyeblink conditioning, an empty
interval separates the end of the tone from the onset of the
air puff. Trace eyeblink conditioning is an explicit learning
task requiring awareness of CS–US relationship (Clark and
Squire, 1998). Preclinical and emerging literature in humans
suggest that trace eyeblink conditioning is dependent on
both the cerebellum and the stress-sensitive hippocampal
neurons in the CA1 and CA3 regions (Berger and
Thompson, 1978; Clark and Squire, 1998; McEchron and
Disterhoft, 1997; Moyer et al, 1990; Weiss et al, 1996).
Glucocorticoids play a critical role in modulating trace

eyeblink conditioning since removal of both the adrenal
cortex and medulla but not medulla alone prevents
enhancement of trace eyeblink conditioning in male rats
(Beylin et al, 2001; Beylin and Shors, 2003). Basal levels of
glucocorticoids are also positively correlated with trace
eyeblink conditioning (Wood et al, 2001). Very few studies
have evaluated trace eyeblink conditioning in humans with
abnormalities in baseline glucocorticoids levels. Subjects
with hypercortisolemia due to Cushing’s syndrome had
fewer conditioned responses using a trace eyeblink con-
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ditioning paradigm compared to healthy subjects (Grillon
et al, 2004). Although PTSD is a chronic anxiety disorder
characterized by abnormalities in plasma and salivary
cortisol levels, trace eyeblink conditioning has not been
evaluated in this disorder. The only study that evaluated
eyeblink conditioning in PTSD used a delayed paradigm
and reported impairments in both combat veterans with
and without PTSD (Ayers et al, 2003). The results from this
study are difficult to interpret because the experimental
condition (paired CS-air puff) elicited less conditioned
response compared to the control condition (unpaired
CS-air puff) (Ayers et al, 2003), when the opposite should be
expected.
Trace eyeblink conditioning can also be pharmacologi-

cally manipulated similar to tasks evaluating learning and
memory and is sensitive to the effects of glucocorticoids
(Beylin and Shors, 2003). Since its neurobiological basis is
fairly well understood, trace eyeblink conditioning is a
unique tool that can be used to explore the effects of
glucocorticoid administration and shed light on the status
of central glucocorticoid receptor sensitivity in the brain.
PTSD has been associated with low plasma cortisol

(Yehuda et al, 1996) and an increased sensitivity to
glucocorticoids (Coupland et al, 2003; Goenjian et al,
1996; Gotovac et al, 2003; Rohleder et al, 2004; Stein et al,
1997b; Yehuda et al, 1995, 2004a). Changes in trace eyeblink
conditioning following a pharmacological challenge with
hydrocortisone could help evaluate glucocorticoid sensitiv-
ity of focal brain regions such as the hippocampus in PTSD.
This present study assessed baseline hippocampal func-

tion in PTSD by evaluating conditioned response to trace
eyeblink conditioning. Changes in this psychophysiological
paradigm following a stress dose of hydrocortisone were
used to evaluate glucocorticoid sensitivity in PTSD. We
hypothesized that subjects with PTSD will have decreased
conditioned response to trace eyeblink conditioning under
placebo conditions and that hydrocortisone would worsen
this impairment.

PATIENTS AND METHODS

Participants

A total of 12 patients with PTSD and 12 age- and sex-
matched healthy controls participated in the study. The
participants were recruited from the Mood and Anxiety
Disorder Program Clinic at the National Institute of Mental
Health (NIMH). Subjects were also recruited through NIMH
Institutional Review Board (IRB) approved fliers and
advertisements placed in the local media. Healthy subjects
were recruited from the pool of healthy subjects interested
in participating in research at the NIMH available through
the NIH. All the patients were free of medication for at least
2 weeks prior to testing.
Participants in the patient group had to meet the DSM-IV

(1994) criteria for PTSD based on the Structural Clinical
Interview for DSM-IV Axis I disorder (SCID) (First et al,
1997). Subjects with PTSD were included if the severity of
the PTSD as measured by the Clinician Administered PTSD
Scale (CAPS) (Blake et al, 1995, 1990) was 450. All subjects
were screened for trauma exposure using the Life Events
Checklist (Blake et al, 1990), Early Trauma Inventory

(Bremner et al, 2000), and the SCID IV. Healthy controls did
not have a current history of psychiatric illnesses according
to the SCID. All eligible subjects were in good physical
health as confirmed by a complete physical exam (including
normal vital signs), electrocardiogram, neurological exam,
and routine laboratory tests of blood and urine. All
participants gave written informed consent for participation
in the study. The consent forms were also approved by the
NIMH IRB.

Design

Intravenous hydrocortisone (30mgs) or placebo (normal
saline) was administered as a bolus a week apart in a
double-blind fashion. The order of administration of
hydrocortisone or placebo was counterbalanced between
the two groups. The dose of 30mgs of hydrocortisone was
chosen to approximate stress levels of plasma cortisol 112 h
later.
All subjects underwent a positron emission tomography

scan and a neuropsychological test battery after the
hydrocortisone administration and prior to the trace
eyeblink conditioning. Hydrocortisone injection was admi-
nistered between 0830 and 0900 hours, while trace eye blink
conditioning procedure was started between 1430 and 1500
hours. Although the trace conditioning study took place
approximately 6 h after hydrocortisone administration,
central effect of glucocorticoids could still be investigated
because the genomic effects secondary to the activation of
the glucocorticoid receptor occurs over hours to days
(Barnes and Adcock, 1993; Reichardt et al, 2000).

Stimulus and Recording Apparatus

The stimuli and recording were controlled by a commercial
system (Contact Precision Instrument). The tone (CS) was a
400-ms duration pure 1kHz tone at 75 dB(A) delivered
binaurally through headphones. The puff (US) was a 10-psi
air puff (measured at the level of the tank of compressed
air) with duration of 50ms. The air puff was delivered to the
left cornea via a 5-ft tubing attached to a special headgear.
The eyeblinks were assessed by recording the electromy-
gram (EMG) of the orbicularis occuli with two miniature
electrodes placed under the left eye. The ground electrode
was placed on the forehead. Electrode impedence was below
5 kO. The EMG was filtered (30–500Hz) and integrated with
a 10-ms time constant.

Procedure

Participants were told that they would participate in an
experiment in which their reaction to mild air puffs to the
eye would be recorded. They were seated in front a TV
screen that showed a silent movie during testing. The
experimenters fitted each participant with the headgear and
the electrodes were attached. Participants were instructed
that they would hear tones and that air puff would be
delivered to one eye. They were asked to fixate their gaze on
the television screen, to blink naturally, and to move as little
as possible.
The experimental phase consisted of the delivery of six

puff-alone (without tone) trials followed by seven acquisi-
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tion blocks and one extinction block. Each acquisition block
started with one tone-alone (not followed by an air puff)
followed by nine tone–air puff trials. The extinction block
consisted of 10 tone-alone trials. In the tone-puff trials, the
puff was administered 900ms after the onset of the tone (ie,
500ms after the offset of the tone). The interval between
trials varied between 10 and 14 s with a mean of 12 s.

Data Analysis

Unconditioned EMG blink response magnitudes were
scored using the largest EMG peak that occurred 20–
100ms post puff onset during habituation to the puff.
When a blink EMG increased by at least 5 mV, it was charac-
terized either as a spontaneous blink, an a response, or a
conditioned response as determined below.
Blinks in the first 100ms after tone onset were classified

as a responses. a responses are unconditioned (orienting)
responses to the tone (Gormezano, 1966). Several ap-
proaches were implemented to analyze CR. One analysis
examined CR from 100ms after the onset of the tone to the
onset of the puff (100–900ms post-tone onset window).
However, one difficulty in analyzing CR in trace eyeblink
conditioning experiments is that spontaneous blinks or
other nonreflexive blinks can occur in the interval between
the onset of the tone and onset of the puff. It is currently not
possible to effectively distinguish CR blinks from non-
conditioned blinks. Hence, spontaneous blinks need to be
assessed and their possible influence on the rate of CR has
to be considered. To minimize the potential impact of
spontaneous eyeblink, two types of analyses were con-
ducted. First, the majority of true CRs occur within 300–
400ms before the onset of the puff (Spence and Ross, 1959).
Accordingly, eyeblinks were counted as CR if their onset
latency fell in the 400-ms period that preceded the puff
(500–900ms post-tone onset). These CR were considered
‘adaptive’ because they prevented the air puff from hitting
the eye. A second method attempted to account more
directly for baseline blinks. This method was modeled
after a study by Marenco et al (2003) and implemented in
a recent study (Grillon et al, 2004). It consisted of (1)
calculating the number of blinks (ie blink onsets) in 14
successive 100-ms windows starting 500ms before the onset
of the tone (ending at the onset of the puff), (2) computing
the number of spontaneous blinks per 100-ms window in
the 500ms that preceded the tone, and (3) subtracting this
average blink from each 100-ms window. This provided an
assessment of the number of blinks over the entire trial
period after taking into account the baseline blink rate in
each subject and in each trial. It also allowed us to detect
periods of increased blinks relative to the baseline rate of
spontaneous blinks.

Statistics

Since there were no significant differences between patients
with PTSD and healthy subjects with respect to age, gender,
IQ, smoking history, height, and weight, repeated measures
ANOVA without covariates were used for the analysis. The
magnitude of the UR/eyeblink during the air puff habi-
tuation period was analyzed with a Group (controls,

patients)�Treatment (placebo, hydrocortisol)�Order
(placebo 1st day, hydrocortisone 1st day)�Trials (1–6)
ANOVA. Data during the acquisition and extinction phases
were averaged within blocks. The acquisition data were
analyzed with a Group (controls, patients)�Treatment
(placebo, hydrocortisol)�Order (placebo 1st day, hydro-
cortisone 1st day)�Block (1–7) ANOVA and the extinction
data with a Group (controls, patients)�Treatment (place-
bo, hydrocortisol)�Order (placebo 1st day, hydrocortisone
1st day) ANOVA. Greenhouse–Geisser epsilon corrections
were implemented when appropriate to counter violations
of the sphericity assumption underlying ANOVA with
repeated measures.

RESULTS

Sociodemographic and Clinical Variables

Clinical and sociodemographic variables of the 12 PTSD
subjects and 12 healthy controls are given in Table 1.
Patients with PTSD were not significantly different from
healthy controls, with respect to mean age, IQ, gender
distribution, race, height, weight, smoking history, alcohol,
and substance use. However, they had significantly higher
scores on the CAPS, and significantly higher scores for
depression, anxiety, and current and past major depressive
disorder (MDD). Comorbid diagnoses included MDD
current (n¼ 4), MDD past (n¼ 3), MDD current, and
past (n¼ 1), social phobia current (n¼ 2), specific phobia
current (n¼ 2), depressive disorder not otherwise specified
current and past (n¼ 1), panic disorder current (n¼ 1),
generalized anxiety disorder current (n¼ 1), body dys-
morphic disorder current (n¼ 1), binge eating disorder
past (n¼ 1), bulimia nervosa past (n¼ 1), and alcohol abuse
in complete remission (n¼ 1). None of the healthy subjects
had a history of present or past psychiatric disorders, with

Table 1 Sociodemographic Data and Clinical Characteristics in
Subjects with PTSD and Healthy Subjects

PTSD Healthy

(n¼ 12) (n¼ 12) t df p

Mean age (years) 36712 36711 0.07 22 0.942

IQ 11679 11478 �0.63 19 0.533

CAPS 81721 NA7NA

HAMA 1377 071 �5.80 19 0.000

IDS 25716 171 �5.18 22 0.000

v2 df p

Gender: male/female 2/10 4/8 0.640

Race (Caucasian/African
American/Other)

7/4/1 7/3/2 0.48 2 0.788

MDD (current) 5 0 0.037

MDD (past) 8 0 0.001

Alcohol dependence/abuse
(past)

1 1 1.000

Substance dependence/abuse
(past)

0 0 1.000
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the exception of one healthy male who met criteria for
alcohol abuse in remission for 20 years prior to participa-
tion in the study. Healthy subjects did not meet criteria for
significant trauma exposure in the past. Both healthy
controls and PTSD patients were without significant
medical illnesses.
Of the subjects with PTSD, three reported childhood

physical abuse, three reported childhood sexual abuse, two
patients reported both physical and sexual abuse during
childhood, one reported witnessing an earthquake during
adulthood, and three reported being sexual assaulted in
adulthood.

Unconditioned Responses

The magnitude of the eyeblink (UR) to the air puff during
the air puff habituation period did not differ significantly
between the PTSD group (mean: 91 mV, SEM: 16 mV) and the
controls (mean: 95 mV SEM: 21 mV). The Treatment and
the Group�Treatment interaction were not significant
(F(1,20)¼ 0.96, F(1,20)¼ 1.1, respectively).

Baseline Eyeblinks (�500msFTone Onset)

There was no significant difference in the probability of a
blink per trial between groups (F(1,20)¼ 1.1)) or treatments
(F(1,20)¼ 0.16)) in the 500ms that preceded the tone,
suggesting similar rates of spontaneous blink in the two
groups.

a Responses (Tone OnsetF100ms)

The probability of an alpha response did not differ between
groups (F(1,20)¼ 0.7)). It was 7.5% (SEM¼ 2.3%) and 9.0%
(SEM¼ 2.1%) in the control and PTSD group, respectively.
There was a block main effect (F(1,20)¼ 6.6, po0.02) due
to a reduction of a responses over time (Quadratic trend:
(F(1,20)¼ 6.9, po0.01). Alpha responses were not affected
by the drug treatment (F(1,20)¼ 0.02). There was no
significant Drug�Group interaction.

Conditioned Responses (100–900ms Post-Tone Onset)

The mean CR over the entire tone onset�puff onset interval
(excluding the 0–100ms alpha period) is shown in Figure 1.
While the two treatments had similar effect on CR in the
control group, CR performance was considerably reduced
by hydrocortisone in the PTSD group. This resulted in
both a Treatment main effect (F(1,20)¼ 5.1, po0.04) and
a Group�Treatment interaction (F(1,20)¼ 4.1, po0.04).
Focused contrasts within groups confirmed that hydro-
cortisone reduced the percent CR in the PTSD group
(F(1,20)¼ 10.2, po0.004), but not in the control
(F(1,20)¼ 0.006). Further, percent CR in the placebo
condition did not significantly differ between the two
groups (F(1,20)¼ 0.8). No other effect reached significance.

Adaptive CR (500–900ms Post-Tone Onset)

Figure 2 shows the percent adaptive CR averaged within
each block. Very similar results were obtained with the
adaptive CR as for the CR in the 100–900ms range. There

was a significant Group�Treatment effect (F(1,20)¼ 11.6,
po0.0003). Contrasts within groups confirmed that hydro-
cortisone reduced the percent CR in the PTSD group
(F(1,20)¼ 12.9, po0.002), but not in the control (F(1,20)¼
1.7). Percent CR in the placebo condition did not signi-
ficantly differ between the two groups (F(1,20)¼ 0.8).
No other effect reached significance.
Figure 2 also shows that there was a significant reduction

in percent CR when the tone was no longer followed by the
puff in the extinction block. A three-way ANOVA, Group
(Control, PTSD)�Treatment (placebo, hydrocortiso-
ne)� Extinction (last acquisition block, extinction block)
revealed a significant Extinction main effect (F(1,20)¼
25.1, po0.0009) and a Group� Extinction interaction
(F(1,20)¼ 5.6, po0.03), reflecting greater extinction (ie
reduction in the number of CR in the extinction phase) in
the patients compared to the control group.

Figure 1 Mean conditioned response (CR) averaged over the seven
acquisition blocks in the patients with PTSD and the healthy controls. CRs
were identified in the 100–900ms post-tone window.
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with PTSD and the healthy controls.
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When the patient sample was subdivided into those with
PTSD and MDD (n¼ 5) and PTSD without MDD (n¼ 7),
only subjects with PTSD without MDD tended to be more
sensitive to the effects of hydrocortisone compared to
healthy controls (F¼ 3.71, df¼ 1,1; p¼ 0.08).

Contribution of Spontaneous Blinks to CR

Figure 3 shows the analysis based on successive 100-ms
windows starting 500ms before the tone. Each bar
represents the rate of blink in a 100-ms period averaged
over the 70 trials minus the average blink in the 500-ms
period that preceded the tone. Analyses in the nonadaptive
region (100–500ms post-tone) revealed no significant
Group effect (F(1,20)¼ 0.04) or Group� treatment interac-
tion (F(1,20)¼ 2.5). Analyses in the adaptive CR region
(500–900ms post-tone) revealed a significant Group main
effect (F(1,20)¼ 7.8, po0.01) and a Group�Treatment
interaction (F(1,20)¼ 7.4, po0.01). The Group�Treatment
interaction confirms that hydrocortisone reduced the
adaptive CR in the PTSD group, but not in the control
group.

Plasma Cortisol and ACTH Levels

Plasma cortisol levels 1.5 following hydrocortisone admin-
istration were 31.2073.88 mg/dl in healthy subjects and
22.2574.07 mg/dl in patients with PTSD (group: F¼ 2.87,
df¼ 1,18.4, p¼ 0.11; drug: F¼ 72.18, df¼ 1,16.9, po0.001;
group� drug: F¼ 1.83, df¼ 1,16.9, p¼ 0.19), which approx-

imate stress levels of cortisol as reported in previous studies
(Howard et al, 1955; Morgan et al, 2000, 2001). The
corresponding plasma ACTH values were 6.7171.01 pl/ml
in healthy subjects and 4.8471.10 pl/ml for patients with
PTSD (group: F¼ 0.21, df¼ 1,21.1, p¼ 0.65; drug: F¼ 27.06,
df¼ 1,21.2, po0.001; group� drug: F¼ 2.32, df¼ 1,21.2,
p¼ 0.14). Plasma cortisol levels prior to trace eye blink
conditioning were 29.1673.70 mg/dl in healthy subjects and
13.9773.90 mg/dl in patients with PTSD (group: F¼ 9.28,
df¼ 1,17.4, p¼ 0.007; drug: F¼ 31.49, df¼ 1,17.1, po0.001;
group� drug: F¼ 5.93, df¼ 1,17.1, p¼ 0.03). The corres-
ponding plasma ACTH values were 3.4270.54 pl/ml in
healthy subjects and 3.9970.55 pl/ml in patients with PTSD
(group: F¼ 1.80, df¼ 1,20.8, p¼ 0.22; drug: F¼ 49.28,
df¼ 1,19.4, po0.001; group� drug: F¼ 1.62, df¼ 1,19.4,
p¼ 0.22). Plasma cortisol and plasma ACTH levels 1.5 h
following hydrocortisone administration and prior to the
trace eye blink conditioning procedure were not correlated
with conditioned response.

DISCUSSION

Using the trace eyeblink paradigm, we found that mean
conditioned response on placebo was similar in patients
with PTSD and healthy controls. Hydrocortisone adminis-
tration decreased the mean number of conditioned
responses and the number of adaptive conditioned re-
sponses in PTSD but not in healthy controls, suggesting
increased glucocorticoid sensitivity only in PTSD patients.
Since rates of baseline eyeblink and a responses to tone
following hydrocortisone and placebo administration were
similar in PTSD subjects and healthy controls, the effects of
glucocorticoids were specific to associative learning in
PTSD and do not reflect enhanced spontaneous blink rate in
the PTSD group.
The lack of differences in % conditioned response and

adaptive conditioned response in patients with PTSD and
healthy subjects under placebo conditions suggests that the
type of associative learning measured by eyeblink trace
conditioning was not impaired at baseline in PTSD. Since
preclinical studies support the role for CA3 and CA1
hippocampal neurons in mediating eyeblink trace condi-
tioning (Berger and Thompson, 1978; Clark and Squire,
1998; Moyer et al, 1990; Solomon et al, 1986; Weiss et al,
1996), the present data are similar to some studies
demonstrating normal hippocampal-mediated neuropsy-
chological function in PTSD (Neylan et al, 2004; Pederson
et al, 2004; Vasterling et al, 1998).
Since hydrocortisone impaired associative learning only

in patients with PTSD, the present data support the
possibility that PTSD is associated with greater central
sensitivity to glucocorticoids. Although the findings from
the current study is similar to several previous reports that
have demonstrated increased glucocorticoid sensitivity in
PTSD (Goenjian et al, 1996; Stein et al, 1997b; Yehuda et al,
1995, 2004b, 1993), this is the first study to evaluate
glucocorticoid sensitivity of the brain structures mediating
trace eyeblink conditioning. Previous studies that evaluated
glucocorticoid sensitivity in PTSD investigated changes in
peripheral measures such as salivary cortisol (Goenjian et al,
1996), lymphocytes (Yehuda et al, 1995), mononuclear
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leukocytes (Yehuda et al, 2004a), plasma immune measures
(Rohleder et al, 2004) and dermal vasoconstriction response
in the forearm (Coupland et al, 2003). The result from the
present study contrasts a recent report demonstrating that
patients with PTSD had decreased sensitivity to dexametha-
sone-mediated impairment of declarative memory (Brem-
ner et al, 2004). The conflicting results may be attributed to
the possibility that the two tests assay different aspects of
hippocampal function. The Wechsler memory scale evalu-
ates declarative memory, while trace eyeblink conditioning
evaluates associative learning.
Since patients with PTSD and not healthy subjects had a

significant decrease in conditioned response following
hydrocortisone, it is likely that the areas mediating trace
eyeblink conditioning are more sensitive to glucocorticoids
in PTSD. Increased sensitivity of the trace eyeblink
conditioning task to hydrocortisone could reflect increased
sensitivity of glucocorticoid receptors in the hippocampus
in PTSD. An extensive body of preclinical work confirms
that glucose transport is inhibited following hydrocortisone
administration. A more immediate effect is mediated
through rapid membrane effects (Falkenstein et al, 2000;
McEwen, 1997; Trueba et al, 1989), while a delayed action
(4–12 h) is mediated through the glucocorticoid receptor
(Horner et al, 1990; Munck, 1971; Virgin et al, 1991). Since
the main goal of the study was to evaluate the sensitivity of
the glucocorticoid receptors in PTSD, a longer time delay
between administration of hydrocortisone and trace eye
blink conditioning was chosen. However, the hypothesis
that hydrocortisone-mediated impairment in trace eyeblink
conditioning is a surrogate marker for central glucocorti-
coid receptor function needs confirmation by translational
studies using selective agonists and antagonist of the
glucocorticoid receptor.
Acute administration of glucocorticoids facilitates eye-

blink conditioning in male rats in contrast to female rats
(Wood et al, 2001; Wood and Shors, 1998). Since there were
no differences in gender distribution between PTSD and
healthy subjects, it is likely that PTSD rather than gender
contributed to the differences in associative learning
following hydrocortisone administration. Since plasma
cortisol levels prior to the trace eyeblink procedure were
not correlated with conditioned response, it is possible that
an acute elevation of cortisol in subjects with PTSD results
in a persistent impairment in associative learning.
Limitations of the study include the possibility that

increased glucocorticoid sensitivity in the cerebellum could
explain the findings in the present study (Christian and
Thompson, 2003), the inability to evaluate the role of
gender given the small number of men enrolled, and the
lack of behavioral effect of hydrocortisone on healthy
subjects. Since plasma cortisol measures were not obtained
24 h prior to the eyeblink conditioning procedure, it is
unclear if the significant difference in plasma cortisol levels
between patients with PTSD and healthy subjects is due to
differences in baseline cortisol levels, or due to pharmaco-
kinetic differences in hydrocortisone metabolism.
In conclusion, subjects with PTSD had normal condi-

tioned response to a trace eye blink conditioning paradigm,
suggesting normal associative learning in this disorder.
Using this paradigm, we were able to demonstrate an
increased sensitivity in a hippocampal-dependant task to

glucocorticoids in PTSD. Longitudinal trace eyeblink
conditioning studies in trauma-exposed subjects within
and without PTSD may help determine if hippocampal
dysfunction is a risk factor or a consequence of PTSD or
hypocortesolemia. Positron emission tomography receptor
studies using ligands that specifically target central
glucocorticoid receptors could shed light into the patho-
physiology of this disorder and perhaps lead to better
treatments.
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