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Objective Easy triggering of trauma-related episodic memory fragments caused by perceptual cues is tied to strong perceptual prim-
ing in the implicit memory system. And among benzodiazepines, only lorazepam has been consistently reported to have an atypical
suppression effect on perceptual priming processes. The aim of this study was to investigate the effects of single doses of lorazepam, di-
azepam, and a placebo on intrusive memories after exposure to a distressing videotape and to explore whether the anti-intrusive effect
of lorazepam is acquired as a result of the suppression of perceptual but not conceptual priming processes.

Methods Under prospective, randomized, and double-blind conditions, we compared the anti-intrusion effect of a single dose of loraz-
epam (n=22) with that of diazepam (n=22) and a placebo (n=21) in young healthy Korean college students following exposure to a trau-
matic videotape.

Results We present the first finding for an anti-intrusion effect of lorazepam. One day after the medication, lorazepam, rather than di-
azepam or the placebo, significantly reduced the extent of intrusion and data-driven processing of the traumatic information. There were
no differences among the three conditions in state anxiety, depression, and an arousal scale throughout the experiment.

Conclusion Results from this study suggest the possibility of lorazepam as a candidate anti-intrusion drug, as well as the cautious use

of diazepam in the treatment of PTSD patients. The anti-intrusive effect of lorazepam is directly related to its atypical inhibitory effect on

implicit perceptual priming processes. The present study provides support for the enhanced perceptual priming hypothesis of PTSD.
Psychiatry Investig 2013;10:273-280
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INTRODUCTION

A core feature of posttraumatic stress disorder (PTSD) is the
unwanted re-experiencing of intrusive memories. Intrusive
trauma memories are rich multi-modal mental images of hi-
ghly detailed sensory impressions of the traumatic events in-
cluding sights, sounds, feelings, and bodily sensations." Intru-
sive memories appear involuntary, thereby implying that the
underlying mechanisms governing their retrieval are automat-
ic.? Intrusive memories may vary from mildly distressing im-
ages to full-blown flashbacks, where the trauma survivor is

Received: May 26,2013  Revised: July 2, 2013
Accepted: July 2,2013 Available online: September 16, 2013

< Correspondence: Yun-Kyeung Choi, PhD

Department of Psychology, Keimyung University, 1095 Dalgubeol-daero, Dalseo-
gu, Daegu 704-701, Republic of Korea

Tel: +82-53-580-5405, Fax: +82-53-580-5313, E-mail: ykchoi@kmu.ac.kr

@ This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

completely absorbed in the memory and temporarily loses
touch with the here-and-now.'

Clinical and theoretical models of PTSD have assumed that
intrusive memories are associated with the way the traumatic
events are encoded, organized in memory, and retrieved.>* For
example, the relative balance of data-driven versus conceptual
processing® during encoding is a major factor determining
whether the traumatic event subsequently becomes intrusive.
If the individual lacks conceptual processing (i.e., processing
the meaning of the situation, processing it in an organized way
and placing it into context) and engages mainly in data-driven
processing (i.e., processing the sensory impressions) during a
traumatic event, then the traumatic memory will be relatively
difficult to retrieve intentionally. At the same time, there will
be relatively strong perceptual priming for the accompanying
stimuli’ Intrusive trauma memories can be highly distressing
and impairing. Therefore, the main interest of treatment for
PTSD has been to reduce intrusive memories.

In reviewing psychopharmacological studies on memory in
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order to determine the candidate anti-intrusion drug, we paid
special attention to the atypical effect of lorazepam on memo-
ry systems compared to other benzodiazepines (BZs). All BZs
induce a similar transient amnesic effect on the explicit me-
mory system, characterized by impaired episodic memory,*
but spared semantic memory.” However, there is substantial
evidence identifying lorazepam as qualitatively different in its
effects on cognitive processes relative to other BZs (e.g., diaz-
epam).”’ Only lorazepam has been found to consistently im-

1116 without im-

pair performance on perceptual priming tas
pairing conceptual priming.'"” These findings suggest the pos-
sibility that lorazepam may impair some aspects of automatic
processes.

As a suitable comparison drug to lorazepam, diazepam pre-

serves episodic memory'**

and perceptual priming,”* but
conceptual priming becomes impaired.'® Therefore, diazepam
should increase the extent of intrusions of traumatic memo-
ries.

While almost all studies investigated the effects of BZs on
memory when it is given prior to information acquisition, few
report the effects of lorazepam on information storage and
retrieval. Previous studies have only showed that lorazepam
might impair the acquisition of information (i.e., the encod-
ing process). However, impaired performance is not evident
when lorazepam is administered immediately after the acqui-
sition of information (i.e., storage and retrieval)."’ In clinical
settings, trauma survivors experience intrusive memories, and
then take medications to control their symptoms. Therefore,
the experiment procedure should be modified to examine the
effects of lorazepam on information storage and retrieval, and
the drug should be administered after traumatic stimuli are
shown.

Intrusive memories can be elicited in a laboratory environ-
ment using the ‘trauma film paradigm’® Intrusive memories
in the laboratory are similar to those formed in the natural
environment. Importantly, in the laboratory;, it is possible to
control the factors associated with the intrusiveness of trau-
matic memories, such as type, severity, and duration of the
traumatic experience.

In the present study, we simulated a clinical trial of loraze-
pam for PTSD by exposing young healthy college students to
distressing traumatic videotape.

The aim was to investigate the effects of single doses of lo-
razepam, diazepam, and a placebo on intrusive memories after
exposure to a distressing videotape. To achieve this goal, we
assumed that treatments that inhibit involuntary episodic re-
trieval and perceptual priming would reduce the extent of the
intrusions, and that lorazepam would impair theses automatic
memory processes. By contrast, we expected that any treat-
ment that saves or enhances episodic memory and perceptual
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priming tasks but impairs semantic memory and conceptual
priming would induce intrusion. Therefore, we hypothesized
that only lorazepam out of the three would reduce the intru-
sive thoughts. In addition, to explore whether the anti-intru-
sive effect of lorazepam is acquired as a result of the suppres-
sion of perceptual but not conceptual priming process, the ex-
tent of data-driven versus conceptual processing of traumatic
memories was also examined.

METHODS

Subjects

Seventy-five participants enrolled at Chungnam National
University as students were recruited via an advertisement in
a local newspaper. None of them had participated in similar
studies. All of them completed a questionnaire asking about
their use of drugs, tobacco, and alcohol in order to ensure that
the subjects were free from any memory affecting substances
at least one week before the trial. Six students were excluded:
3 for alcohol use and 3 for the use of anti-cholinergic drugs.
Two students were excluded because they met criteria for
partial PTSD in the Structured Clinical Interview for DSM-
IV Axis I disorders (SCID).* An additional two subjects were
eliminated because their avoidance (e.g., closing eyes, turn-
ing their head around) during the trauma video film exposure
phase was severe enough to disrupt the experiment. The video
consisted of 15 minutes of terrifying real-life footage com-
piled by one of the researchers (SK-L) displaying dead bodies,
physical injuries, car accidents, mob violence, executions, at-
rocities of POW, and natural disasters. Prior to the experiment,
informed consent was obtained from all participants, which
stated that the experimental video contained graphic material
which could be disturbing, and that they were free to with-
draw at any time without penalty.

A total of 65 Korean college students composed the final
sample. The mean age of the participants was 22.5 years (SD=
1.8). The participants consisted of 35 women (age M=22.0
years, SD=1.7) and 30 men (age M=23.0 years, SD=1.8).

Study design

This experiment was conducted in a randomized, double-
blind and placebo-controlled trial, comparing the anti-intru-
sion effect of two BZs and a placebo by using a PTSD-simu-
lation method over one week and at a fixed single dose. The
study was approved by the School of Medicine of the Hallym
University Ethics Committee.

Procedure
Figure 1 presents an overview of the study procedure. Par-
ticipants visited our laboratory four times. In the pre-experi-
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of drug, tobacco, and alcohol

BDI

Pre-experiment screening Day 1 (N=67) Day 2 (N=65)
(N=75) _— _—
« SCID « Analogue trauma provocation+ « IES, STAI-S, BDI
« A questionnare asking the use adminstration of lorazepam, « A series of self-report scales to

diazepam or placebo
« Baseline measures: IES, STAI-S,

measure cognitive processing
during or after the trauma
provocation trial

Figure 1. Overview of the study procedure. SCID: Structured Clinical Interview for DSM-IV Axis | disorders, IES: Impact of Event Scale,
STAI-S: State and Trait Anxiety Inventory-State, BDI: Beck depression inventory.

ment screening phase, the SCID and a questionnaire asking
the use of drug, tobacco, and alcohol were administered. Af-
ter an initial session, each subject made three visits to the lab.

On Day 1 of the experiment, a total of 67 participants wat-
ched a 15 minute movies of terrifying real-life footage on a 56
inch screen while seated 10 feet away. Subjects were asked to
keep their eyes on the screen and non-compliance with this
instruction (e.g., closing eyes, turning their head around) was
monitored by a research assistant. They were randomly as-
signed by computer-generated numbers to treatments of a sin-
gle dose of an oral capsule either with lorazepam (0.5 mg), di-
azepam (5 mg: a dose equivalent to 0.5 mg of lorazepam) or
a placebo (0.5 mg), approximately 120 minutes after the trau-
ma provocation trial. In order to satisfy the requirement of a
double-blind study, all capsules appeared the same. In addi-
tion, a researcher who was blind to the study asked the sub-
jects to swallow the capsules in one gulp without inspecting,
smelling, tasting, or chewing it. The experimenters (HS-L, SJ-
K, SH-S, SH-L and EJ-L) could not predict what treatment
condition each subject was assigned to because the allocation
list was kept locked by a non-acting researcher (SK-L) in an
undisclosed university office in a different city as the testing
site, and its exact location was not revealed throughout the
monitoring sessions. Participants were told that they should
not drive a car for at least for 4 hours. Participants did not re-
port any significant adverse effects or complaints after taking
the medication.

Approximately 60 minutes after the experiment, the sub-
jects were asked to complete the baseline measures for depres-
sion and state anxiety using the Korean version of the Beck
depression inventory (BDI)” and the state and trait anxiety
inventory (STAI)*® in order to control their confounding ef-
fects on PTSD-related symptoms. During this baseline period,
PTSD-related symptoms were measured using the Korean
version of the Impact of Event Scale (IES).**

During the follow-up phase, subjects completed the daily
Posttraumatic stress Diagnostic Scale (PDS)*' and were asked
to visit the laboratory again to complete measures including
the IES, BDJ, and STAI-S on Day 2 and Day 7 of the experiment.

On Day 2, all of the participants completed a series of self-re-
port scales to measure cognitive processing during or after the
trauma provocation trial.

Study tools

Primary outcome measures: Posttraumatic Diagnostic
Scale (PDS) and Cognitive Processing Measures

Posttraumatic Diagnostic Scale (PDS)

Daily frequency of analogue PTSD symptoms was assessed
using the daily PTSD symptoms questionnaire, of which items
of the original PDS’" asking the frequency of the three PTSD
core symptoms within the past week were changed into the
items asking the daily frequency. The response format was a
4-point Likert scale, ranging from 0 (“never”) to 3 (“5 times or
more per day or almost always”) and was used to calculate PT-
SD symptom severity scores for each of the symptom clusters.

Cognitive Processing Measures

Self-report measures of cognitive processing during trauma
were developed in a series of studies.’>** Conceptual process-
ing was measured with the conceptual processing subscale
from the Cognitive Processing Questionnaire (CPQ). The CPQ
was developed to assess perceptual versus conceptual process-
ing of traumatic materials.** The conceptual processing scale
consists of 7 items measuring deeper processing of the mean-
ing of the situation (e.g., “I had a clear impression of how one
event followed from another”).

Data-driven processing was measured with the Data-Driven
Processing Scale.”® This scale consists of 8 items measuring
the extent to which participants primarily engaged on a super-
ficial level while watching the trauma film. The Data-Driven
Processing Scale has previously been shown to have internal
consistencies in patient and student populations (Cronbach’s
alphas of 0.7 and above)” and can predict the development of
analogue PTSD symptoms and disorganized narratives fol-
lowing exposure to a distressing videotape,* assault’ and mo-

tor vehicle accident.
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Dissociation during watching the trauma film was mea-
sured with the State Dissociation Questionnaire (SDQ).* This
is a 9 item scale measures peritraumatic dissociative experi-
ences, such as derealization, depersonalization, detachment,
altered time sense, and emotional numbing. The SDQ has
good reliability and validity*** and correlates highly with the
Peritraumatic Dissociation Scale.

Self-referent processing was measured with the Lack of Self-
Referent Processing Scale. This scale is a self-report measure
which assesses the extent to which participants processed the
assault as happening to themselves and incorporated the ex-
perience with other autobiographical information relating to
the self (e.g., “I felt as if it was happening to someone else’, “I
felt cut off from my past’, Cronbachs alpha=0.88). A higher
score on this questionnaire indicates less self-referent pro-
cessing. The scale has been demonstrated to predict the devel-
opment of PTSD symptoms in survivors of motor vehicle ac-
cidents.”

Secondary outcome measures: state-anxiety and
depression

Participants also completed the Korean version of the BDI,
which was validated by Lee and Song™® (alpha=0.85) and the
Korean version of the STAI-S, which was standardized by
Kim and Shin” (alpha=0.86).

Statistical analyses

Values of interest for each experimental day were summa-
rized by computing the means and SD of the three medication
groups. Parametric data at baseline were analyzed by a one-
way ANOVA, followed by the Duncan test when appropriate.
The non-parametric data, expressed as percentages, were an-

Table 1. PTSD-related symptom of three groups at day 1 and day 2

alyzed by a X test. An analysis of covariance (ANCOVA), us-
ing the baseline (Day 1) score as a covariate, was used to deter-
mine when significant lorazepam-diazepam-placebo differ-
ences took place on the IES, STAI-S and BDI. For subsequent
group comparisons, we used Bonferroni adjustments for mul-
tiple comparisons. Correlations were calculated between mea-
sures of intrusion and cognitive processing styles. Differences
were considered to be statistically significant when p<0.05.

RESULTS

Demographic data

The three groups did not differ with respect to sex (X’=0.227,
df=2, p=0.893], age [F(2,62)=0.201, p=0.818], and economic
status (X*=9.051, df=6, p=0.171). Baseline symptom scores on
the STAI-S, BDI, and IES, which were measured after the an-
alogue trauma provocation trial, did not show any significant
differences among the three treatment groups [F(2,62)=1.939,
p=0.153; F(2,62)=0.359, p=0.700; F(2,62)=0.230, p=0.795, re-
spectively]. The groups did not differ in terms of how depres-
sive and anxious they felt after watching the film.

Primary outcome

The PTSD-related results revealed by the ANCOVA with
measures of Day 1 as covariates are shown in Table 1. The AN-
COVA revealed that the three treatment groups did not dif-
fer in arousal [F(2,61)=0.728, p=0.487], but did in intrusion
score on the IES [F(2,61)=3.960, p=0.024]. Subsequent analy-
sis showed that the mean score of intrusion in the lorazepam
group decreased relative to that in the diazepam group (p=
0.022). These results suggest that a single dose of lorazepam
may speed up recovery from intrusive memories. Diazepam

Lorazepam (N=22)

Diazepam (N=22)

Placebo (N=21)

IES p-value*  partial n?
Day 1 Day 2 Day 1 Day 2 Day1 Day 2
Intrusion 5.1+4.4 29+2.6 5.9+3.4 6.214.6 5.0t+4.1 4.8+3.8 0.024 0.115
Arousal 5.614.2 5.515.2 6.0£3.3 7.2%4.3 5.514.5 59143 0.487 0.023
Total score 10.8£7.5 8.5£7.4 11.9%6.3 13.4£8.6 10.5£7.7 10.7£7.4 0.140 0.062

All values are meanstSD. *based on ANCOVA with scores of day 1 as covariates. IES: impact of event scale, PTSD: post-traumatic stress dis-

order, ANCOVA: analysis of covariance

Table 2. Cognitive processing styles between three-treatment groups at day 2

Lorazepam (N=22) Diazepam (N=22) Placebo (N=21) p value* Cohen’s dt
Conceptual processing 19.41£3.43 19.09+2.31 20.43%£2.91 0.301 0.11
Data-driven processing 15.31+4.53 19.3245.43 19.90%5.17 0.007 0.80
State dissociation 16.09£5.64 19.50£7.51 18.14%+5.92 0.215 0.51
Self-referent processing 16.05+6.54 17.95%6.59 16.71£5.52 0.592 0.29

All values are meanstSD. *based on ANCOVA with scores of day 1 as covariates, Teffect size: Lorazepam vs. Diazepam. ANCOVA: analysis

of covariance
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had the opposite effect on some measures.

The results of an one-way ANOVA for the effect of treat-
ments on cognitive processing of traumatic information are
shown in Table 2. The results revealed that there were no sig-
nificant differences in conceptual processing [F(2,62)=1.224,
p=0.301], state dissociation [F(2,62)=1.574, p=0.215], and
self-referent processing [F(2,62)=0.528, p=0.592]. Only data-
driven processing between treatment groups was significant
[F(2,62)=5.337, p=0.007], and the Duncan test indicated that
diazepam and placebo groups reported more data-driven pro-
cessing than the lorazepam group (Figure 2).

HS Lee et al.

that the three treatment groups did not differ in state anxiety
[F(2,61)=0.684, p=0.509] and depression [F(2,61)=0.251, p=
0.779].

Relationships between cognitive processing and
intrusions

Table 4 shows the correlation coefficients (r values) be-
tween cognitive processing and intrusions. The results showed
that there were strong correlations between intrusion at Day
2 and data-driven processing [r(65)=0.55, p<0.001], state
dissociation [r(65)=0.44, p<0.001], and self-referent process-
ing [r(65)=0.51, p<0.001]. As expected, we observed no sig-

Secondary outcome nificant relationships between intrusions and conceptual pro-
The secondary results of ANCOVA with measures of Day 1 cessing.
as covariates are shown in Table 3. The ANCOVA revealed
DISCUSSION
25
- LR EIDzr R Flacebo This experimental study is the first that has examined the
20k effect of lorazepam and diazepam on the intrusiveness of tr-
aumatic materials. Results from the current study suggest the
. ] possibility of lorazepam as a candidate anti-intrusion drug
g B and the cautious use of diazepam in the treatment of PTSD pa-
g tients. In this study, approximately 24 hours after the medica-
= 10 tion, the difference between the groups remained only in the
dimension of intrusion: the intrusion was significantly de-
51 creased by lorazepam compared with diazepam and placebo,
while the difference disappeared in the dimension of arousal.
o Note that only lorazepam was associated with less data-driv-
Data-driven processing Conceptual processing en processing than diazepam and placebo. Taken together,

Figure 2. Effects of treatments on cognitive processing of trau-
ma-related materials at day 2. **p=0.007: Lorazepam (LZP) vs.
Placebo and Diazepam (DZP).

these results suggest that the decrease of intrusion in the pla-
cebo and diazepam groups resulted from the influence of time
(i.e., amnestic effect), while lorazepam produced an anti-in-

Table 3. State anxiety and depression of three-treatment groups at day 1 and day 2

Lorazepam (N=22) Diazepam (N=22) Placebo (N=21)

pvalue*  partial n?
Day 1 Day 2 Day 1 Day 2 Day 1 Day2
SAT 37.1£6.3 44.9%10.1 41.4%84 49.47*11.6 40.2£7.7 50.1£10.0 0.509 0.022
D* 72142 6.615.9 6.813.6 6.914.3 8.016.4 7.816.4 0.779 0.008

All values are means*SDs. *based on ANCOVA with measures of day 1 as covariates, fmeasured by State and Trait Anxiety Inventory, fmea-

sured by BecK’s Depression Inventory. SA: state anxiety, D: depression, ANCOVA: analysis of covariance

Table 4. Correlation coefficients between cognitive processing and intrusion at day 1 and day 2

1 2 3 4 5
1. Intrusion at day 1 1
2. Intrusion at day 2 0.21 1
3. Conceptual processing 0.03 0.01 1
4. Data-driven processing 0.26* 0.55*** 0.05 1
5. State dissociation 0.30* 0.44%** -0.03 0.70%** 1
6. Self-referent processing 0.30* 0.50%*** 0.01 0.56*** 0.74***

*p<0.05, ***p<0.001
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trusion effect by its own pharmacodynamic properties and
influenced cognitive processing. In addition, it was reported
that lorazepam produce impairment of an Ach-dependent
central pathway,® which has a central role in memory func-
tion, whereas diazepam has less pronounced effects, in partic-
ular on implicit memory.">* These findings of the previous
works might provide an explanation of why lorazepam and
diazepam show different effect on intrusion of traumatic me-
mory. Given that intrusion plays a role in the development of
hyperarousal and avoidance, however, continuous medication
of lorazepam may have positive effects on other PTSD symp-
tom clusters. Further studies on this possibility are needed.
Ehlers and Clark® suggested that the easy triggering of intru-
sive memories in PTSD by perceptually similar cues is a func-
tion of strong perceptual priming to stimuli that occurred sh-
ortly before or during the traumatic event. This enhanced per-
ceptual priming hypothesis of PTSD for intrusive memories
receives consistent empirical and experimental support.**
Our finding provides support for the enhanced perceptual
priming hypothesis because this study was able to show that
the anti-intrusion effect of lorazepam was directly related to its
atypical inhibitory effect on implicit perceptual priming pro-
cess: on Day 2, lorazepam rather than diazepam or the place-
bo impaired perceptual processing of traumatic information.
In one instance, the impairment of perceptual priming has
also been observed in oxazepam" when participants were
tested at the time of theoretical peak plasma concentration of
the drug. However, a recent study failed to show this newly
proposed time-dependent effects of BZs on implicit memory
processes by finding that lorazepam but not oxazepam sig-
nificantly impaired perceptual priming at all time intervals in-
cluding pre-peak, peak, post-peak drug concentration points.*
On the other hand, Ehlers and Clark® suggested that if the
individual lacks conceptual processing abilities, then the trau-
ma memory will be relatively difficult to retrieve intentionally.
Meanwhile, predominant use of conceptual processing during
the event has been reported to reduce the extent of the intru-
sion.* Naturally, poor conceptual processing will render the
memory trace more vulnerable to triggering. Thus, we pre-
dicted that if a certain pharmacological treatment hampers
conceptual priming, which is based on the semantic explicit
memory system, then it may worsen involuntary intrusion of
traumatic memories. Classically, only lorazepam, among all
BZs, has been shown not to impair conceptual priming."”
However, recent results from pharmacological studies inves-
tigating the effect of BZs on conceptual priming have revealed
some inconsistencies. In previous studies using a category
generation task, Brown et al."' found conceptual priming to
be suppressed with lorazepam, while Bishop and Curran' re-
ported that conceptual priming is preserved under loraze-
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pam. And results on conceptual priming using a same-name
exemplar test reported conceptual/lexical priming to be sup-
pressed in participants administered with a single dose of lo-
razepam.” The present experimental study did not find any
differential effect of lorazepam compared to diazepam and
placebo on conceptual priming at Day 2 of the experiment.
As predicted from the differential effect of lorazepam and
diazepam on priming, only the IES-intrusion score of the di-
azepam group was slightly increased at Day 2 compared with
Day 1 (baseline) in this study. These results suggest that diaz-
epam may have an enhancement effect on intrusion. Support
of the present disadvantageous effect of diazepam on intru-
sion of traumatic materials can also be found in previous BZs
studies on automatic (i.e., unintentional) vs. controlled (i.e.,
intentional) retrieval processes. Vidailhet et al.** reported that
lorazepam impaired automatic memory influences but diaz-
epam left automatic use of memory intact. Although the ma-
jority of BZs studies demonstrated anterograde amnesia, it
has been noted that BZs enhancing the automatic rather than
controlling retrieval processes in response to cues can pro-
duce retrograde facilitation of memory.* This enhancement
effect of BZs including diazepam on the retrieval process
does not only increase retrieval of target information, but at
the same time, also increases intrusions of similar, compet-
ing material.** Therefore, diazepam needs to be seriously recon-
sidered for the treatment of PTSD. A recent study suggested
that the administration of lorazepam is more appropriate in
all situations in which an amnesic effect is desired together
with sedation, such as for surgery premedication or for pa-
tients in the intensive care unit, whereas the use of diazepam is
more appropriate when only sedative effects are required.”
Taken together, we suggest a model for the anti-intrusion
agents (Figure 3). The administration of lorazepam, which
inhibits the retrieval process of the episodic memory and the
perceptual priming but spares or enhances the semantic mem-
ory and conceptual priming, can reduce the extent of the in-
trusion. On the contrary, the administration of diazepam
with the effect of saving or enhancing the episodic memory
and perceptual priming tasks but impairing the semantic me-
mory and conceptual priming may trigger the intrusion.
One of the strengths of this study was that all of the subjects
were exposed to the same traumatic materials and had similar
demographic backgrounds. Another is that we adopted a pre-
drug design, where encoding of traumatic scenes occurred
before drug administration, because we hypothesized that re-
trieval rather than acquisition and storage is affected by lo-
razepam. Almost all of the previous research on the cognitive
effects of benzodiazepines in healthy subjects involves a post-
drug design: encoding of the words and pictures occurred
after drug administration. However, a pre-drug design rather
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Figure 3. Hypothetical mechanism of anti-intrusion agents.

than post-drug design can be a better way to simulate the clin-
ical trials for PTSD. The present results suggest that lorazepam
can affect retrieval as well as acquisition.

Our study also has limitations. First, this study was a single
dose trial. Thus, it is questionable whether the duration of the
medication was enough to cause pharmacological effect. But
laboratory studies have shown that a single dose of BZ is capa-
ble of causing significant effects on information retrieval.*>*

Second, a limitation in generalizing the present results to the
clinical field exists because the negative experience was not
real-life adversities, and the extent of trauma provocation was
relatively mild. However, the validity of the present study is
supported by the finding that cognitive processing influences
memory in the same direction for real-life negative events, as
well as memory for analogue trauma.* Furthermore, Maes et
al.¥ suggested that PTSD is a dimensional rather than categor-
ical disorder. This means that the assessment of mild reactions
should yield results applicable to severe reactions. Actually,
intrusions of posttraumatic stress responses have been shown
to be phenomenologically similar to those of PTSD.*

In conclusion, this study indicates that the inhibitory effect
on intrusion of lorazepam is appropriate, whereas the trigger-
ing effects on intrusion of diazepam need to be critically re-
considered in the treatment of PTSD. The pathways of anti-in-
trusive action of lorazepam remain uncertain and need further
studies. However, Michael et al.* showed that psychological
manipulation also affects perceptual priming and re-experi-
encing symptoms after exposure to distressing video material.
In their study the elaboration of the traumatic stories reduced
the enhanced perceptual priming effect and the relative proba-
bility of reexperiencing symptoms. Their results indicate that
the anti-intrusive effect of lorazepam in this study seems to be
related to its atypical and unique inhibitory effect on the im-

plicit perceptual priming process and its effect on sparing the
conceptual priming process which is related with the inten-
tional retrieval of the trauma memory.
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