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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-
ations in arousal and memory. Biol Psychiatry 1999;46:
1192-1204 © 1999 Society of Biological Psychiatry
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Introduction

A growing body of psychophysiological, neuroendo-
crine, receptor binding, pharmacologic challenge,
brain imaging, and pharmacologic treatment studies have
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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-
ma-related preclinical and clinical studies involving
norepinephrine.

Although the current review focuses on norepinephrine
and PTSD, it is important to emphasize that numerous
neurobiological systems are involved in acute and chronic
responses to stress. In preclinical and clinical traumatic
stress studies, alterations have been reported in nor-
adrenergic, dopaminergic, adrenergic, opiate, y-amino-
butyric acid (GABA) benzodiazepine, and serotonergic
systems as well as the thyroid and hypothalamic-pituitary-
adrenal axes. Hormones, neurotransmitters, and neuro-
peptides are known to interact with one another in com-
plex fashion so that alteration in one system often affects
functioning in other systems. For example, the locus
coeruleus is regulated by a variety of neurotransmitters
and neuropeptides, with inhibitory effects from nor-
epinephrine, epinephrine, endogenous opiates, benzo-
diazepines, and serotonin, and stimulatory effects from
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corticotropin releasing factor and glutamate. Alterations in
any of these systems can affect noradrenergic activity.

Even more complex is the relationship between neuro-
transmitters and behavior. For example, hyperarousal and
hypervigilance are commonly experienced by trauma sur-
vivors suffering from PTSD. Arousal is influenced by
multiple neurotransmitters (e.g., norepinephrine, dopa-
mine, acetylcholine, serotonin) that are simultaneously
active in varying degrees and in various brain regions.
Chronic alterations in arousal systems are likely to be very
complex and involve long-term changes in neural func-
tion. Thus, in this review, descriptions of a potential
relationship between norepinephrine and one or more
symptoms of PTSD are highly simplistic. The distinct
contribution of norepinephrine to symptoms and behavior
simply is not known.

Norepinephrine and Arousal:
Preclinical Studies

Preclinical Studies of Norepinephrine and Attention

Central noradrenergic neurons serve as elements within a
diffuse modulatory system (Zigmond et al 1995) that
detects and responds to meaningful internal and external
stimuli. The cell bodies of most noradrenergic neurons in
the brain are located within a discrete group of hindbrain
nuciei, the most prominent of which is the locus coeruleus
(LC). It has been suggested that these noradrenergic nuclei
are critical in determining the organism’s overall state of
arousal and attention (Abercrombie and Zigmond 1995;
Robbins and Everitt 1995).

In rats, cats and monkeys, an increase in LC neuronal
firing rate is associated with alertness, whereas a decrease
in rate is associated with drowsiness (Berridge 1991;
Foote et al 1980; Jacobs et al 1995). For example, LC
neuronal firing rate is dramatically reduced during slow-
wave sleep and abruptly increases just before or at the time
of transition from slow-wave sleep to waking. During
waking states, LC neurons consistently respond to a wide
variety of intense sensory stimuli, particularly if these
stimuli interrupt ongoing nonvigilant behaviors, such as
grooming and eating, and cause the animal to reorient its
attention.

Norepinephrine (NE) also is involved in the organism’s
ability to selectively attend to meaningful stimuli. In
sensory cortical neurons it repeatedly has been shown that
NE increases responsivity to phasic sensory stimulation
while decreasing or not altering tonic spontaneous dis-
charge patterns in the same neuron, a phenomenon re-
ferred to as increased “signal to noise ratio” (Aston-Jones
et al 1994). By selectively enhancing strong excitatory or
inhibitory input, NE facilitates the processing of relevant
stimuli. In related work by Waterhouse and others, NE has
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been shown to ‘“gate” postsynaptic activity in target
neurons (Waterhouse et al 1988). Thus, target neurons that
fail to respond to a particular stimulus, become responsive
to that same stimulus if sufficient NE is present. Norepi-
nephrine enhanced responsivity to both excitatory and
inhibitory inputs has been reported in the same neocortical
target cells. ’

Preclinical Studies of Norepinephrine, Acute
Stress and Fear

As part of its role in determining level of arousal, the LC
seems to serve as a critical component of the brain’s
alerting or vigilance system (Aston-Jones et al 1994;
Aston-Jones 1998). Thus acute stress and fear activate the
LC/NE system (Redmond 1987). Similarly, activation of
the locus coeruleus by direct electrical stimulation or by
pharmacologic agents, such as yohimbine or piperoxan,
elicits alerting and fear responses in primates. In contrast,
such behaviors are reduced by pharmacologic agents that
decrease LC firing. Further, fear-related behaviors to
threatening and social group situations are reduced in
monkeys after bilateral lesions of the LC (Charney et al
1995; Redmond 1987).

The meaning, as well as intensity of stimuli, seems to be
an important factor in LC responding. For example, in
freely moving cats, it has been shown that confrontation
with a nonthreatening novel stimulus, such as a mouse,
does not cause a specific increase in LC firing, whereas
confrontation with a threatening stimulus, such as a dog or
an aggressive cat, does cause a marked increase in firing.
These data suggest that novelty, by itself, is not necessar-
ily “meaningful” to the LC and does not always stimulate
its firing. Stimuli that signal reward, like those that signal
danger, also can activate LC firing (Jacobs et al 1995).

Stress and fear-related activation of the LC results in
increased release of NE in multiple brain regions that are
ipvolved in perceiving, evaluating and responding to
potentially threatening stimuli. Acute stress-related in-
creases in NE have been found in the amygdala, hip-
pocampus, striatum and prefrontal cortex. Rapid activation
of the LC/NE system facilitates the organisms ability to
respond effectively in dangerous situations (Charney et al
1995).

Preclinical Studies of Norepinephrine and
Chronic Stress

Catecholaminergic neurons are capable of adjusting level
of transmitter synthesis and release depending on current
demands and past history (Abercrombie and Zigmond
1995; Zigmond et al 1995). A host of catecholamine-
related adaptive responses also are observed under
conditions of chronic stress, particularly when stress is
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uncontrollable in nature. For example, prolonged stress
can enhance synthesis of tyrosine hydroxylase resulting in
an increased number of active tyrosine hydroxylase mol-
ecules (Melia et al 1992; Nisenbaum et al 1991).

Chronic uncontrollable stress also has been shown to
increase responsivity of LC neurons to an excitatory
stimulus (Simson and Weiss 1994). As a result of these
and other adaptations, chronically stressed animals may
respond to future stressors with exaggerated catechol-
amine reactivity. These increased responses have most
commonly been observed after exposure to novel and
potentially threatening stressors (Zigmond et al 1995). It
has been hypothesized that enhanced catecholamine syn-
thesis and release may help to protect the organism from
depletion of neurotransmitter stores and allow the organ-
ism to respond more rapidly and robustly to future
stressors; however, in some cases this over-responsiveness
may prove to be maladaptive.

Noradrenergic neuron responsivity is, in part, regulated
by presynaptic «, receptors. Preclinical investigations
have demonstrated a high density of a, adrenergic recep-
tors in the LC. Activation of a, receptors exerts a strong
inhibitory influence on LC firing, whereas antagonism of
these receptors, with agents such as yohimbine and piper-
oxan, increases LC firing rate and norepinephrine release
in target brain regions. The increased responsiveness of
LC neurons to excitatory stimulation has been observed
after blockade of a, adrenergic receptors, but not after
blockade of GABA, 5-HT, and opiate receptors (Simson
and Weiss 1994).

Evidence from Nisenbaum and Abercrombie (1992)
suggest that chronic stress-induced biochemical sensitiza-
tion of NE release may be related, in part, to altered
sensitivity of presynaptic «, receptors. Local infusion of
clonidine into the hippocampus produced significantly
greater reductions in NE whereas local infusions of ida-
zoxan produced significantly greater elevations of NE in
chronically stressed rats compared to naive control rats.
These data suggest that a, receptor modulation of NE release
s increased as a result of chronic uncontrollable stress.

Preclinical Studies of Norepinephrine and
Prefrontal Cortex (PFC)

The prefrontal cortex (PFC) plays an important role in
planning, guiding and organizing behavior through work-
ing memory. Lesions of the PEC can result in disinhibited
behavior, increased motor activity, impaired attention and
diminished ability to inhibit distracting stimuli. Noradren-
ergic projections from the LC modulate PFC functioning
through postsynaptic @, and a, receptors. Preclinical
research in rodents and primates suggests that moderate
basal release of norepinephrine improves PFC cognitive
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functioning through preferential binding to postsynaptic
a,, receptors. Arnsten (1998a, 1998b) has proposed that
postsynaptic a,, receptor stimulation inhibits irrelevant
and distracting sensory processing through effects on
pyramidal cells that project to sensory association cortices.
Inhibition or gating of irrelevant sensory stimuli allows the
organism to concentrate on the contents of working
memory.

Alpha-2 agonists improve PFC function in monkeys
whose norepinephrine has been depleted naturally or
experimentally. For example, clonidine and guanfacine
have been shown to improve performance on tasks that
assess prefrontal function such as the delayed response
task (linked to the dorsolateral prefrontal cortex) and
reversal of a visual object discrimination task (particularly
sensitive to ventromedial-orbital PFC lesions), whereas
the «, antagonist yohimbine impairs performance. In
addition to its beneficial effects on working memory,
guanfacine has been shown to produce behavioral calming
(without sedation). At higher doses of guanfacine, aged
monkeys have been described as less agitated, less disin-
hibited and less aggressive (Amnsten 1998b).

Under stressful conditions (especially uncontrollable
stress) when NE release is increased above basal levels in
the PFC, postsynaptic a; receptors become activated
causing a decline in PFC functioning. It has been proposed
that this inhibition of PFC functioning during stressful or
dangerous situations has value for survival by allowing the
organism to employ rapid habitual subcortical modes of
responding (Arnsten 1998a; Birnbaum et al 1999).

Norepinephrine and Arousal:
Clinical Studies

Clinical Studies of Psychophysiology and Arousal

For centuries symptomatic trauma survivors have been
de:scn'bed‘: as emotionally and physiologically aroused,
anxious, vigilant, easily startled, restless, irritable and
angry. In the 1940s, Kardiner (1941) coined the term
Pphysioneurosis to depict the physiologic hyperarousal that
resulted from overwhelming combat stress. The central
importance of disturbed arousal in patients with PTSD has
been noted in victims of industrial accidents, brush fires
and combat. In fact, McFarlane (1993) found that symp-
toms of attention and arousal were better at discriminatin g
between brush fire victims with and without PTSD than
were other PTSD symptoms.

Since WWII, researchers have conducted a large num-
ber of psychophysiologic studies in survivors of over-
whelming psychological trauma. These studies typically
have measured biological parameters, such as blood
pressure, heart rate, skin conductance, and electromyo-
graphic (EMG) activity of facial muscles at baseline and
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in response to various trauma-related and generic stres-
sors. Most studies have reported similar levels of baseline
physiologic arousal in patients with PTSD compared to
control subjects. Studies finding differences in baseline
heart rate may have been confounded by greater anticipa-
tory anxiety in subjects with PTSD as they waited for
presentation of trauma-related cues (Prins et al 1995).
On the other hand, approximately two thirds of PTSD
subjects in all published psychophysiology studies have
demonstrated exaggerated reactivity to internal or external
trauma-associated cues. The percent seems even higher
among subjects with severe PTSD (Orr 1997a; Orr et al
1997b). Comparison groups of healthy nontraumatized
control subjects, traumatized individuals with anxiety
disorders other than PTSD, and traumatized combat vet-
erans without either PTSD or other anxiety disorders have
generally shown less physiological reactivity to reminders
of personally experienced traumas than subjects with
PTSD. Exaggerated psychophysiologic reactivity in re-
sponse to generic stressors has not been found in most
PTSD studies. In general normal baseline arousal in
conjunction with exaggerated psychophysiologic reactiv-
ity to trauma-relevant but not generic stressors has been
reported in survivors of both combat trauma and civilian
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throughout several months of hospitalization. In a study
comparing healthy controls to combat veterans with
PTSD, Yehuda et al (1992) found significantly elevated
24-hour NE and epinephrine (E) excretion among inpa-
tient veterans with PTSD compared to control subjects.
Outpatient veterans with PTSD had higher NE but not E
values. In contrast, Pitman et al (1990) reported compara-
ble NE values for combat veterans with and without PTSD
and Mellman (1995) found no differences in 24-hour urine
norepinephrine and MHPG excretion between healthy
controls and veterans with PTSD. Of note, the NE values
that Pitman reported for combat veterans with and without
PTSD were similar to the values reported by Yehuda for
combat veterans with PTSD. Further, whereas Mellman
reported no differences in 24-hour urine excretion of NE
and MHPG, PTSD subjects and healthy controls, did differ
in their nocturnal versus daytime MHPG excretion support-
ing a possible relationship between disturbances in sleep and
nondiminished central noradrenergic activity at night.

In a study comparing 19 women with histories of
childhood sexual abuse (11 with PTSD and 8 without
PTSD) to nine nonabused control subjects, Lemieux and
Coe (1996) reported significantly higher NE and E levels
in the PTSD group compared to the nonabused control
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