Role of Norepinephrine in the Pathophysiology and
Treatment of Posttraumatic Stress Disorder

Steven M. Southwick, J. Douglas Bremner, Ann Rasmusson,
Charles A. Morgan III, Amy Arnsten, and Dennis S. Charney

This review focuses on the role of norepinephrine (NE) in
traumatic stress. The review is divided into three sections.
The first section, “Norepinephrine and Arousal,” de-
scribes preclinical studies related to norepinephrine’s role
in arousal, orienting to novel stimuli, selective attention
and vigilance. It also contains a brief discussion of NE and
its relationship to fear-provoking stimuli followed by
preclinical and clinical studies that demonstrate height-
ened noradrenergic neuronal reactivity, increased «,
receptor sensitivity and exaggerated arousal in organisms
that have been exposed to chronic uncontrollable stress.
The second section, “Norepinephrine and Memory,” de-
scribes preclinical and clinical studies related to norepi-
nephrine’s role in enhanced encoding of memory for
arousing and aversive events and in subsequent re-expe-
riencing symptoms such as, intrusive memories and night-
mares. The third section, “Norepinephrine and Pharma-
cologic Treatment,” briefly discusses the use of
adrenergic blockers, clonidine and propranol, as well as
tricyclic and MAO inhibitors, for the treatment of PTSD.
Finally, we attempt to synthesize trauma-related pre-
clinical and clinical studies of norepinephrine. We do
this, in part, by focusing on a series of yohimbine studies
in subjects with PTSD because data from these studies
allow for a discussion that brings together preclinical

and clinical findings relevant to trauma-related alter-
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provided compelling evidence for increased noradrenergic
activity in traumatized humans with posttraumatic stress
disorder (PTSD) (Friedman and Southwick 1995; South-
wick et al 1997). This increased activity generally is not
observed under baseline or resting conditions but rather in
response to a variety of stressors. It has been suggested
that altered reactivity of noradrenergic neurons is associ-
ated with a variety of hyperarousal and reexperiencing
symptoms characteristic of PTSD (Southwick et al 1997).

In this review, we begin by briefly describing preclini-
cal studies related to norepinephrine’s role in arousal,
orienting, selective attention, vigilance and the organism’s
response to acute stress and fear-provoking stimuli. This is
followed by preclinical and clinical studies that demon-
strate heightened noradrenergic neuronal reactivity, in-
creased a, receptor sensitivity and exaggerated arousal in
organisms that have been exposed to chronic uncontrolla-
ble stress. Next we review preclinical and clinical studies
related to norepinephrine’s role in the enhanced encoding
of memory for arousing and aversive events and speculate
about the relationship between stress-related elevations
in norepinephrine and subsequent symptoms of reexpe-
riencing, such as intrusive memories and nightmares.
Finally, we attempt to summarize and synthesize trau-
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