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Opinion
There is current interest in identifying drugs that facili-
tate fear extinction, as this form of learning is the basis of
certain cognitive therapies for anxiety disorders. Follow-
ing an initial report several years ago that the a2-adre-
noreceptor antagonist yohimbine facilitated extinction
in mice, more recent studies have shown mixed effects
or even impairment. It has become clear that the effect of
yohimbine on extinction depends on a number of fac-
tors, including genetic background, contextual variables
and the presence of competing behaviors. To what
extent theses effects of yohimbine are mediated through
the a2-adrenoreceptor, as opposed to other sites of
action, is also uncertain. More work is needed before
this drug can be approved as a pharmacological adjunct
for extinction-based therapies. More generally, the case
of yohimbine may serve as a model for the development
of other extinction facilitators.

Background
The prevalence and burden of anxiety disorders such as
posttraumatic stress disorder (PTSD) is rapidly increasing,
but effective treatments for these disorders remain
inadequate. Therefore, there has been recent interest in
identifying novel therapeutic targets. Fear extinction is a
form of learning that occurs in response to repeated
exposure to a conditioned stimulus and inhibits the expres-
sion of a traumatic memory [1]. This behavior is readily
measured in animal models and humans and is mediated
by a homologous and increasingly well-defined neural
circuit comprising the prefrontal cortex (PFC), amygdala
and hippocampus [2]. For these reasons, there has been a
resurgence of interest in fear extinction as a particularly
tractable experimental model for translating basic
research into clinical leads for anxiety disorders [3,4].
There is now an intensive research effort directed at
identifying drugs that facilitate fear extinction in rodents
and that may, by extension, have efficacy as treatments in
anxiety disorders (see Box 1). Here, we discuss an example
of one compound, yohimbine, that, with the exception of
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D-cycloserine, has probably been the most well studied
drug for effects on fear extinction.

Introduction: Noradrenergic modulation of fear
extinction and yohimbine as a facilitator of extinction
A wealth of research supports a major role for the nor-
adrenergic system in the formation and maintenance of
emotional memories [5]. Early work demonstrated that
neurochemical lesions of the locus coeruleus, the site of
a major group of noradrenergic cells innervating the fore-
brain, impaired fear extinction in rats [6,7]. Extending
these findings, work from one of our groups demonstrated
that microinjection of propranolol, an antagonist of nor-
adrenergic b-receptors, into the infralimbic region of the
rat PFC prior to extinction training impaired later retrie-
val of the extinctionmemory [8]. On the basis of the finding
that injection of norepinephrine increased the excitability
of neurons in this region, the extinction impairing effects of
propranolol were attributed to a depression of infralimbic
excitability [8]. By extension, these findings suggest that
drugs targeting the noradrenergic system could facilitate
fear extinction and be of therapeutic value for treating
anxiety disorders.

Yohimbine is a competitive antagonist at both postsyn-
aptic and presynaptic a2-adrenoreceptors. By blocking
autoreceptor inhibition of norepinephrine release, yohim-
bine increases extracellular levels of norepinephrine in
forebrain regions known to mediate fear and fear extinc-
tion including the hippocampus, amygdala and prefrontal
cortex [9–12] Cain et al. first reported that systemic treat-
ment with yohimbine facilitated fear extinction. They
found that mice treated with 5 mg/kg yohimbine prior to
(but not immediately after) extinction training showed
improved retrieval of both cued and contextual extinction
memories, as measured by reduced fear to the conditioned
stimulus or context, respectively, when tested drug-free
the following day [13]. The extinction-facilitating effect of
yohimbine occurred in mice given partial extinction train-
ing (i.e. five extinction trials or 20 minutes context
exposure) (see Figure 1) but not more extensive extinction
training (i.e. ten or more extinction trials or 40 minutes
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Box 1. Prolonged exposure as a therapy for anxiety

disorders

It may seem paradoxical, but an effective treatment for people with

anxiety disorders is to repeatedly expose them to the triggers of

their anxiety. This can include objects of simple phobias (e.g. snakes

or heights), sounds or pictures associated with trauma (e.g. war-

related stimuli), or even a patient-generated script of the traumatic

event. Performed within a therapeutic context, ‘prolonged exposure’

(PE) uses a process of extinction to inhibit fear responses to anxiety

triggers. In effect, the exposure disconfirms the hypothesis in the

patient’s brain that the stimuli signal danger. PE is carried out in

approximately 15 sessions with a trained therapist, and this includes

therapeutic ‘homework’ in which the patient continues the exposure

at home [60]. A course of PE has been found to reduce symptoms in

85% of patients and is significantly more effective than other

treatments or control conditions [61].

However, there is room for improvement. Not all patients respond

favorably to PE and others are unable to comply with what is quite a

stressful procedure. For this reason, neuroscientists have been

looking for pharmacological agents that could act as adjuncts to PE;

that is, drugs that can be given during PE and facilitate the learning

or, ideally, long term retention of extinction. The first such drug was

D-cycloserine, a partial agonist of the NMDA receptor. Building on

basic research demonstrating that extinction learning was depen-

dent upon NMDA receptor function, D-cycloserine has been shown

to facilitate PE for several types of anxiety disorders [62]. Along

similar lines of reasoning, various drugs that facilitate extinction in

rodent studies could be tested for their efficacy as adjuncts to PE in

clinical trials. These include yohimbine, as well as compounds

targeting endocannabinoids, growth factors, corticosterone, dopa-

mine, and various cognitive enhancers.
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context exposure). Improved extinction retrieval was also
evident in mice that were treated with yohimbine prior to
temporally spaced extinction training [13], a procedure
that impairs long-term fear extinction [14].

The discovery by Cain et al. sparked interest in the field
[15] because it suggested a new avenue for treating anxiety
disorders by treating patients with yohimbine (or a drug
with a similar mechanism of action) as they underwent
extinction-like clinical procedures such as exposure
therapy. The finding also spoke to a more general issue
Figure 1. A commonly employed procedure for testing the effects of putative

extinction-facilitating drugs such as yohimbine in rodents. On Day 1, subjects

undergo Pavlovian fear conditioning in which a previous innocuous stimulus, for

example auditory tone, (conditioned stimulus, CS) is repeatedly paired with an

aversive stimulus, for example footshock (unconditioned stimulus, US). The fear

response to the tone is often measured by quantifying freezing. On Day 2, subjects

are treated with the drug (or an appropriate vehicle control) and then undergo

partial fear extinction training in which CS is repeatedly presented in the absence

of the US. On Day 3, extinction retrieval is tested. If drug treatment was effective in

facilitating fear extinction, the fear response to the CS in drug-treated subjects will

be significantly less than in vehicle-treated controls.
of how emotional state during extinction determines the
long-term strength of the extinction memory and, thereby,
the efficacy of the treatment. This is because yohimbine
has potent arousal and anxiety-provoking effects in
rodents [16–18] and humans [19]. While it may at first
seem paradoxical that an anxiogenic drug would facilitate
extinction of fear, such an effect would be consistent with
the hypothesis that extinction learning will be more effec-
tive if it occurs when the patient is in an emotionally
excited state similar to that experienced when the fear
memory was initially formed [20]. Cain et al. concluded
that ‘yohimbine may be a useful adjunct to such behavior
therapy of human anxiety disorders, despite being anxio-
genic’ and ‘may not only accelerate treatment when given
with otherwise effective behavioral exposure protocols, but
also, in some cases, convert ineffective exposures into
effective treatments.’ Given that yohimbine is already in
clinical use for other indications, such as erectile dysfunc-
tion [21], its application as a therapy for anxiety disorders
would circumvent much of the lengthy process (e.g. toxi-
cology evaluation) that a novel compound would have to
undergo.

Are yohimbine’s extinction-facilitating effects
dependent upon genetic factors?
Since Cain et al.’s initial finding, a number of studies have
now reported on yohimbine’s effects on extinction. The
findings paint a more complex picture of the drug’s actions
(summarized in Table 1). Cain and colleagues demon-
strated pro-extinction activity of yohimbine in C57BL/6J
mice. This is an inbred strain commonly used in behavioral
neuroscience which exhibits relatively low levels of
anxiety-like behavior and stress-reactivity in various tasks
[22]. The C57BL/6J strain also displays good fear extinc-
tion relative to certain other inbred strains, notably 129S1/
SvImJ [23,24]. Davis et al. recently reported that systemic
(2.5 or 5 mg) yohimbine treatment of C57BL/6J mice prior
to extinction training reduced ‘fear’ (note: dissociating fear-
reducing from locomotor hyperactivity-inducing effects of
yohimbine can be difficult) but failed to affect extinction
retrieval the following day [25]. By contrast, when tested
under the same conditioning and extinction procedures,
Hefner et al. demonstrated that the same doses of yohim-
bine significantly improved extinction retrieval in the
129S1/SvImJ inbred strain [24]. Importantly, the two
strains differed markedly in their baseline levels of fear
extinction. The extensive (fifty-trial) extinction training
protocol used in these studies produced strong extinction
retrieval in C57BL/6J mice but failed to produce any
demonstrable extinction in 129S1/SvImJ mice (see
Box 2). One reasonable conclusion, therefore, is that fear
extinction was already at asymptote in C57BL/6Jmice and
there was little left to be augmented by yohimbine. This
would seem consistent with Cain et al. data showing that
extinction-facilitationwas only seen inC57BL/6Jmice that
were partially extinguished. These findings also raise the
intriguing alternative possibility that the drug’s effects on
extinction may be specific to genetic backgrounds in which
extinction is deficient. This warrants further study given
the potential clinical implication that yohimbine may be
preferentially effective in treating anxiety disorders in
3



Table 1. Effects of yohimbine on fear extinction in rodents as a function of strain and extinction training and testing protocol. Note -
all studies administered yohimbine systemically, via the intra-peritoneal route, prior to extinction training

Species (strain) sex Dose (mg/kg) Key features of fear

extinction

Contextual design Effect on long-term

fear extinction

Reference

Mouse (C57BL/6) male 5.0 Partial training ABB Facilitated [13]

Mouse (C57BL/6) male 5.0 Extensive training ABB No effect [13]

Mouse (C57BL/6) male 5.0 Spaced training ABB Facilitated [13]

Mouse (C57BL/6) male 2.5, 5.0 Extensive training ABB No effect [25]

Mouse (129/SvImJ) male 5.0 Extensive training but

impaired learning

ABB Facilitated [24]

Rat (Wistar) female 0.1, 5.0 Extensive training ABB No effect [26]

Rat (Wistar) female 1.0 Extensive training ABB Facilitated [26]

Rat (Wistar) female 1.0 Extensive training ABCC Facilitated [26]

Rat (Wistar) female 1.0 Extensive training ABA No effect [26]

Rat (Wistar) female 1.0 Extensive training ABC Impaired [26]

Rat (Sprague-Dawley) male 1.0, 2.0, 5.0 Partial training AAA No effect [29]

Rat (Sprague-Dawley) male 1.0 Partial training ABB No effect [29]
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subpopulations of patients with a certain genetic profile
causing a particularly intractable extinction deficit.

Are yohimbine’s extinction-facilitating effects
dependent upon contextual variables?
A recent study by Morris and Bouton found that rats
systemically administered 0.1, 1 or 5 mg/kg yohimbine
prior to extinction training reduced initial fear expression,
while only those rats treated with 1 mg/kg dose also
showed showed improved fear extinction when tested
drug-free the following day [26]. It is well established that
the expression of extinction memory is contextually gated,
such that fear ‘renews’ after extinction if tested in a context
other than that in which extinction learning occurred [27].
Morris and Bouton found that the extinction-facilitating
effect of (1 mg/kg) yohimbine was lost when retrieval was
tested in the original (fear-renewing) conditioning context;
similar observations have been made with another pro-
Box 2. A mouse model of impaired fear extinction

Individuals differ widely in being at risk for anxiety disorders, such

as PTSD and phobias [63]. Susceptibility is probably due to genetic

predisposition interacting with exposure to environmental traumas

[63–66]. However, although there are now a number of examples of

stress-induced fear extinction deficits [67–69], there still remain

relatively few ‘genetic’ preclinical models of impaired extinction

[70]. By assessing a panel of inbred mouse strains that are

commonly used in anxiety research [22], recent work identified the

129S1/SvImJ strain as exhibiting a profound deficit in fear extinc-

tion, as compared to other strains, such as C57BL/6J [24]. This trait

appears to be a specific fear-related trait, but a general characteristic

of the 129 family of inbred strains, of which there are many

substrains [23].

A mouse with a phenotype of impaired extinction, such as the

129S1/SvImJ strain, provides a valuable approach to modeling the

pathology anxiety disorders. Such a model offers a tool for

delineating neural, molecular and ultimately genetic mechanisms

underlying impaired extinction and perhaps the symptoms of PTSD

more broadly. It also provides a novel approach to screening for

extinction facilitating drugs. 129S1/SvImJ mice do not respond to

the pro-extinction effects of D-cycloserine treatment [24] - most

probably due to the necessity of at least some level of extinction

learning for this drug to bolster [62]. Yohimbine treatment, however,

produces significant extinction facilitation in these mice [25],

indicating that this drug is capable of producing pro-extinction

effects against an extinction resistant baseline. These findings augur

well for the future utility of this model as a valuable addition to the

researcher’s toolbox for discovering new drugs that promote fear

extinction.

4

extinction drug, D-cycloserine [28]. They then went on to
demonstrate that when retrieval was tested in a novel
context, rats treated with this dose of yohimbine prior to
extinction learning failed to express the extinction mem-
ory, and actually showed stronger renewal than vehicle-
treated controls [27]. Moreover, they found yohimbine
given prior to exposure to a context was sufficient to
subsequently reduce fear to a conditioned stimulus pre-
sented in that same context (although only when the
stimulus had been at least partially extinguished). To
account for this pattern of results Morris and Bouton
propose that during extinction training, the extinction
context acquires the capacity to inhibit later fear in that
context, regardless of whether there was also exposure to
the conditioned stimulus, and that yohimbine’s primary
mode of action is to strengthen this inhibitory effect.

Recently,Muellerandcolleagues foundthatrats systemi-
cally treated with either 1, 2 or 5 mg/kg yohimbine showed
reduced fear behavior but didnot showevidence of improved
fear extinction retrieval when tested the next day [29].
Negative effects on extinction were found regardless of
whether rats were trained and extinguished in the same
or different contexts. This study also found that yohimbine
produced non-specific decreases in locomotor activity,
demonstrating a potential confound of acute reductions in
‘fear.’ The reason for the discrepancy of these findings and
those of Morris and Bouton is not yet fully clear but may
relate to differences in the experimentalmethods employed.
For example, in the task employed byMueller et al., fearwas
measured by suppressionof bar-pressingaswell as freezing.
It is possible that factors that support the bar-pressing, such
as appetitive motivation and food deprivation, somehow
mitigate the effects of yohimbine. Another possibility, given
the conclusion of Morris and Bouton that yohimbine is
particularly effective in increasing the learning of contex-
tual inhibition of responding to a fear-conditioned stimulus,
is that the incorporation of bar-pressing renders the context
more ambiguous, which serves to weaken yohimbine’s
effects. A third potentially critical factor is that Mueller
et al. employed Sprague-Dawley rats, while Morris and
Bouton tested in femaleWistar rats. Differences in subjects’
sex and/or strain could potentially account for the differing
findings.

These data again underscore the complex actions of this
drug on extinction. This complexity has important implica-



Table 2. Pharmacological effects of yohimbine at dopamine and 5-HT receptors. Data are radioligand binding affinity (pKi)
measurements in human hippocampal, CHO and cells originally reported in Millan et al. [33]

Receptor targets

D2 D3 5-HT1A 5-HT1B 5-HT1D 5-HT2A 5-HT2C

Known action Antagonist - Partial agonist Partial agonist Partial agonist - -

pKi 6.4 5.4 7.3 6.8 7.6 <6.0 <6.0
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tions for how generalizable the drug’s effects would be in
clinical settings, where variables including context are
likely to be critical to determining the efficacy of treatment
[30]. Thus, if yohimbine’s pro-extinction effects do not
transfer beyond the clinician’s office, or as Morris and
Bouton’s data suggest, could even increase the chances
of relapse in such settings, this would severely bring into
question the drug’s potential.

Are yohimbine’s effects on extinction mediated via a2-
adrenoreceptors?
Yohimbine’s effects on increasing levels of extracellular
norepinephrine are thought to be themechanism bywhich
the drug produces it’s pro-anxiety effects [17,19].
Increased extracellular norepinephrine levels with
yohimbine would also be consistent with the fact that
antidepressant drugs that block norepinephrine reuptake
(amitriptyline, imipramine, desipramine) can have
similar effects on extinction in rats [31]. The pharma-
cology of yohimbine is, however, complex, with actions
on dopamine D2 receptors and multiple 5-HT receptor
subtypes (5-HT1A, 5-HT1B, 5-HT1D) [32–40] (Table 2).
The potential contribution of these actions on the beha-
vioral effects of yohimbine, including fear and extinction,
has largely been ignored. Some recent findings do shed
some light on this issue, however. Work in (C57BL/6J
strain) mice has shown that systemic treatment with
atipamezole, amore selective a2-adrenoreceptor antagon-
ist than yohimbine, failed to improve extinction retrieval
and actually trended towards impairing extinction [25].
The same study also examined the effects of both yohim-
bine and atipamezole on another form of extinction in
mice: extinction of a conditioned place preference for
cocaine. Results showed that yohimbine impaired, rather
than facilitated, extinction of cocaine CPP, while atipa-
mezole had no effect.Moreover, whenmicewith a targeted
nullmutation of theaa2-adrenoreceptor were employed to
test whether these effects of yohimbine were dependent
upon the receptor, extinction was not only present but
actually enhanced in the mice.

Collectively, these data make two important points.
First, the impairing effects of yohimbine on an appetitive
form of extinction contrast with the putative extinction-
facilitating effects on fear extinction. Second, for cocaine
CPP extinction at least, the effects of yohimbine do not
appear to be mediated by the a2-adrenoreceptor, which is
the putative primary site of the drug’s behavioral effects. A
keyquestion for future studies iswhether facilitating effects
of yohimbine on fear extinction (under the specific exper-
imental conditions and genetic backgrounds in which they
occur) are also mediated by a mechanism that is indepen-
dent of the a2-adrenoreceptor. Indeed, a recent report
showed that systemic blockade of noradrenergic beta
receptors with propranolol treatment had no effect on fear
extinction [41], further calling into question the extent to
which extinction requires noradrenergic stimulation.

If not the a2-adrenoreceptor, the question then becomes,
what is the target? One obvious candidate is the 5-HT1A
receptor. Yohimbine has high affinity for the 5-HT1A re-
ceptor (pKi=7.32) [33] and acts as a 5-HT1A receptor partial
agonist [42]. The selectivity of yohimbine for a2-adrenore-
ceptors over 5-HT1A receptors is relatively poor, as esti-
mated by receptor-binding [34,43];�10-fold in humans and
even less (�4-fold) in rats. In mouse drug discrimination
studies, yohimbine effectively generalizes to drugs such as
8-OH-DPAT that are 5-HT1A receptor agonists with little
affinity for a2-adrenoreceptors [43,44]. Moreover, a variety
of yohimbine effects, including disruption of prepulse inhi-
bition of startle [45], hypothermia [33], increased alcohol
seeking [46], and anxiogenic-like effects [47,48], have been
attributed to actions at 5-HT1A receptors rather than a2-
adrenoreceptors. Finally in vivo microdialysis in rats
showed that systemically administered (2.5-20 mg/kg)
yohimbine reduced firing of 5-HT dorsal raphe neurons
and decreased extracellular levels of 5-HT in cortex (in
addition to increasing norepinephrine and dopamine levels)
[33]. Clearly, yohimbine treatments shown to alter extinc-
tion likely hadpotent effects on the5-HT1Areceptor and the
5-HT system more generally. However, the potential invol-
vement of 5-HT actions to yohimbine’s effects is far from
clear - inpart,because the contributionof the5-HTsystemto
fearextinction is itself uncertain.Forexample,while certain
genetic perturbations of the 5-HTsystem impair fear extinc-
tion in mice [49], pharmacological treatments (e.g. anti-
depressant medications) that boost 5-HT levels alter fear
but not extinction in rats andmice [50,51]. In terms of the 5-
HT1A receptor per se, we are unaware of any reports on the
effects of 5-HT1A receptor drugs on fear extinction. As such,
there are not yet solid grounds for suggesting that actions at
the 5-HT1A receptor account for the pro-extinction effects of
yohimbine.

Perhaps a more likely ‘off-target’ candidate for these
effects is the dopamine D2 receptor. As noted, yohimbine
has high affinity (pKi=6.4) for the dopamineD2 receptor and
acts as an antagonist at the receptor [33]. Blockade of D2
autoreceptors may contribute to yohimbine-induced
increases in cortical levels of dopamine [52,53] and striatal
dopamine synthesis [39] - although a2-adrenoreceptors on
dopamine terminals are probably involved too. Systemic
pre-extinction administration of the D2-like receptor
antagonist sulpiride facilitated fear extinction in mice
[54] while administration of the D2-like agonist quinpirole
impaired fear extinction inmice [54] and rats [55]. Although
more studies are needed to substantiate the contribution of
the D2 receptor to fear extinction, we can speculate that
blockade of these receptors could contribute to the
pro-extinction effects of yohimbine. It will be important to
test this hypothesis because if actions at D2 receptors do
5
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account for these effects, then the focus of further drug
development could be more mechanistically focused. On
the other hand, if the D2 receptor (or any other specific
pharmacological target of yohimbine), is alone sufficient to
account for the drug’s pro-extinction effects, then this would
suggest these effects in fact result from the combined,multi-
target (‘dirty’) pharmacological profile of the drug.

Conclusions and future directions
The preclinical work on yohimbine’s effects on extinction
still needs to be followed-up with well designed clinical
studies. At the time of writing, the first clinical study of
yohimbine was published. Powers and colleagues treated
12 claustrophobic patients with 10.8 mg yohimbine (and 12
with placebo) prior to exposure to an enclosed space [56].
This is a higher single dose than recommended for other
indications, such as erectile dysfunction (e.g. 5.4 mg).
Yohimbine has acute anxiogenic and panicogenic effects
in patients with anxiety disorders [57,58]. However, such
strong fear responses are typically seen with higher doses
in the range of 20 mg [59], and patients in this study
reported no significant anxiety or arousal. On follow-up
one week later, yohimbine-treated patients self-reported
reduced fear scores on claustrophobia questionnaires and
during enclosed space exposure, as compared to those
receiving placebo. This is an encouraging first step sup-
porting the efficacy of yohimbine as an adjunct to exposure
therapy. It is worth noting that, given the nature of the
phobia (i.e. of enclosed spaces), the fear-inducing stimulus
was itself a context. This may be important in light of the
aforementioned preclinical data suggesting that yohim-
bine might work through a context-dependent mechanism.
As such, it will be necessary to determine if reduced fear
after yohimbine is maintained in other enclosed spaces,
including the real world where relapse occurs. It will also
be important to test yohimbine’s efficacy as an adjunct to
exposure therapies involving specific phobic stimuli rather
than contexts.

Is yohimbine likely to prove an effective tool for treating
anxiety disorders? As is often the case with a potential new
breakthrough in translational research the subsequent
accrual of data points to a more complex and uncertain
road ahead. The preclinical literature indicate that a better
understanding of the contextual variables and genetic
factors modulating yohimbine’s effects on extinction in
preclinical models will be needed to evaluate the potential
clinical applicability of this drug for anxiety disorders.
More generally, the case of yohimbine serves as a valuable
test case for the development of extinction facilitators, and
underscores the promise but also the complexities and
caveats of this translational approach to discovering new
anti-anxiety medications.
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