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Trandgating findingsfrom basic fear research to clinical psychiatry

in Puerto Rico
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Recent advancesin the neur oscience of classical fear
conditioning from both rodent and human studiesare
beginning to betrandated to the psychiatry clinic. In
particular, our understanding of fear extinction as a
form of “safety learning” holds promise for the
treatment of anxiety disorders in which extinction
learning is thought to be compromised. The
Department of Psychiatry at the UPR, School of
Medicine promotes the development of innovative
strategiesfor treating mental health problems. Given
theburden resulting from anxiety disordersin Puerto
Rico, and the lack of evidence-based treatment

practices, thereisa pressing need for a future center
specializing in the treatment of anxiety related
disorders. Thiscenter would also serveresearch and
training functions, with theultimategoal of trandating
extinction research into clinical practice. Thisreview
presents the current developments in extinction
resear ch and itsrelationship to anxiety disor dersand
treatment. Wealso analyzetheavailableliteratureon
the epidemiology of anxiety disorder sand theexisting
evidence-based treatmentsfor these conditions.

Key words: Anxiety disorders, Extinction, Prefrontal
cortex, Amygdala.

Why research in fear learning?

hile some of our fears may beinnate (such as
W fear of heights or loud noises), the mgority of
our fearsarelearned through experience. Fear
learning ishighly conserved evolutionarily, and isthought
to help organisms detect and avoid danger (1-4). Infact,
the neural mechanisms of fear learning are remarkably
similar acrossvertebrates. Basic fear memoriesareformed
and stored intheamygdala(5). Expression of fear memories
is regulated by the hippocampus and other cortical areas
based on contextual or other parameters. Deficits in
regulation of fear expression arethought to underlie anxiety
disorders such as post-traumatic stress (PTSD) and
phobias (6). A convenient model for understanding fear
learning is classical fear conditioning in which a sensory
stimulus such as atone is paired with an electric shock.
Both humans and rodents rapidly learn that the tone
predicts the shock and show conditioned fear responses
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to the tone. In rodents, this takes the form of freezing,
whereas in humans, there is a mild sweating response
(skin conductance response, SCR). These learned fear
responses can then be correlated with neural activity and
pharmacol ogical manipulations. Classical fear conditioning
models the “automatic” fear learning that occurs when a
person undergoes an aversive or life-threatening event.

Overcoming fear through extinction lear ning

The main objective of fear research is to reduce
pathological forms of fear and anxiety. An important
experimental model of fear inhibition is extinction of
conditioned fear, in which the conditioned toneis presented
repeatedly without the shock. Under these circumstances,
the subject learns that the tone no longer predicts the
shock, and fear responses diminish. Indeed, following
extinction, the subject responds to the tone as if
conditioning never took place. However, it hasbeen known
since Pavlov’s classic studies with dogs that extinction
training does not erase the original fear learning, but isa
form of learned inhibition (7). Simple behavioral
experiments show that extinguished fear responses can
return following the passage of time, or change of context.
Thus, extinction training generatesanew memory of safety
that co-exists with fear memory (Figure 1). Healthy
emotional regulation depends on which of these opposing
memoriesis selected for expression at any giventime. For
this reason, there is considerable recent interest in
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=== Memory for conditioning
=== Memory for extinction

Conditioning Extinction

Figure 1. Schematic relating conditioned behavior to memory
for conditioning and extinction. Asfirst suggested by Pavlov,
extinction training does not eliminate memory for conditioning,
but generates a new memory that competes with conditioning
for control of behavior. Following extinction, there exists two
opposing memories (arrow), whose expression depends on
contextual and temporal factors (11).

understanding how the hippocampus and prefrontal cortex
interact with each other and the amygdalato regul ate fear
expression. From a clinical perspective, a fuller
understanding of extinction mechanismscould lead to new
ways to facilitate exposure-based therapies, which use
extinction to desensitize patientsto the stimuli that trigger
fear responses (see below).

Neur oanatomy of extinction in rodentsand humans

Much has been learned within the past 10 years about
the neuroanatomy of extinction, building on the extensive
literature on fear conditioning (8-10). In addition to its
central role in learning fear associations, the amygdala
also contains inhibitory circuits capable of learning
extinction. Theexpression of fear memoriesafter extinction,
however, is regulated by contextual and temporal factors
via projections to the amygdala by the hippocampus and
prefrontal cortex. Inrodents, interrupting medial prefrontal
(mPFC) function with lesions or pharmacological
manipulations does not prevent extinction learning, but
impairs later retrieval of extinction, causing abnormally
high levels of fear (11). Similarly, interrupting the
hippocampus does not prevent extinction, but removes
the contextual modulation of extinction retrieval (12). Thus
the mPFC, hippocampus, and amygdalawork together in
the healthy brain to learn both fear and extinction, and to
regulate accordingly the expression of fear (Figure 2).

In healthy humans, learned fear can be studied by
administering auditory or visual stimuli paired with mild
electric shocks, while measuring the skin conductance
response (SCR) from the palm of the hand. Combining
SCR measurements with functional magnetic resonance
imaging (fMRI) of the brain indicates that the
neuroanatomy of fear extinction in rodents is highly
conserved in humans. While the amygdala is activated
by fear conditioning, the ventral mPFC is activated by
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extinction (13-15). Importantly, the vmPFC is activated
when subjectsarerecalling extinction learned the previous
day, similar to rodent studies. The hippocampus is also
activated, suggesting that these structures work together
to inhibit amygdal a-dependent fear responses.
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Figure2. Extinctionlearning and expression relieson anetwork
of three structures. The amygdala stores both conditioning and
extinction memories. Tone information enters the amygdala,
hippocampus, and prefrontal cortex. The prefrontal cortex
integrates tone information with contextual information from
the hippocampusin order to gate extinctionretrieval. Insidethe
extinction context, theprefrontal cortex inhibitsamygdalaoutput,
toreducethe expression of fear. Outsidethe extinction context,
amygdala output is uninhibited, and fear is expressed (9).

Neuroanatomy of anxiety disorders: overlap with
extinction

The neuroanatomy and neurophysiology of anxiety
disordersoverlapsto alarge degreewith that of extinction.
People with post-traumatic stress disorder (PTSD),
obsessive compulsive disorder (OCD), and phobias show
increased activity inthe amygdala coupled with decreased
activity inthevmPFC (16-18), consistent with afailure of
“top down” control of fear responses. In further support
of this, the volume tissue in the ventra mPFC and the
hippocampusisreduced inindividuaswith PTSD (19-20),
consistent with decreased function of regulatory systems.
Thissuggeststhat thereisafailure of extinction processes
in anxiety disorders, an idea which has received direct
experimental support in patients with PTSD (21-22). A
failure of extinctionin anxiety disordershastwo important
implications: 1) it could contribute to the etiology or
maintenance of the disease, as patients are unable to
control anxiety responses, and 2) it couldimpair treatments
that rely on extinction, such as exposure therapy and other
forms of cognitive behavioral therapy (CBT). Indeed, it
has been hypothesized that failure to extinguish fear could
explainwhy aminority of traumavictimsarevulnerableto
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developing PTSD (6).

Facilitating extinction learning

Can extinction befacilitated viapharmacol ogical or other
means? Thisisthe key question for trandating extinction
researchtotheclinic. Preclinical rodent studiesinthelast
few years have demonstrated facilitation of extinction by
various compounds, administered systemically to rats
during extinction training. Table 1 liststhese compounds,
which include agonists of receptor systemsimplicated in
extinction learning. Themost promising of these has been
d-cycloserine (DCS), a partial agonist of the n-methyl-d-
aspartate (NMDA) receptor. In pilot data, DCS has been
shown to strengthen extinction memory in subjects
undergoing exposure therapy for fear of heightsaswell as
social phobia (23-24). This suggests that DCS or other
drugs can be used as adjuncts to therapy to increase the
effectiveness and/or shorten the duration of the therapy.
Clinical trials of DCS by NIH are underway. Extinction
learning can a so enhanced by electrical stimulation of the
prefrontal cortex or itsinputsin rodents (25-26). Paralleling
this, deep brain stimulation of prefrontal sitesin humans

Table 1. Pharmacological enhancers of extinction (systemic)
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considered pathological (32). losifescu and Pollack
describe three criteriato identify pathological vs. normal
anxiety: pathological anxiety often has no environmental
trigger (autonomy); symptoms persist for long periods of
time, and the individual resorts to maladaptive strategies
such as avoidance or withdrawal (33). The presence of
pathological anxiety usually indicates an anxiety disorder.

Epidemiology of anxiety disordersin the US

Evidence suggests that anxiety disorders are the most
common psychiatric disorder in the U.S. In the NIMH
Epidemiologic Catchment Area(ECA) study, an estimated
6-month prevalencerate of 8.9% and alifetime prevalence
rate of 14.6% were reported for the general population of
the US, affecting 26.9 million individuals in the United
States (34). Costs associated with anxiety disorders
amounted to $46.6 billionin 1990, accounting for 31.5% of
total expendituresin that year for mental health (35-36).
Individual swith anxiety disorders show higher than normal
rates of impairment in work and relationships, and even
subthreshold forms of the disorders are associated with
impairments(37).

Reference

Drug Action
Preclinical
d-cycloserine partial NMDATr agonist
methylene blue metabolic enhancer
yohimbine noradrenergic a2r antagonist
sulpiride dopamine D2r antagonist
AM-404 cannabinoid reuptake inhibitor
WIN 55,212-2 cannabinoid receptor agonist
dexamethasone glucocorticoid receptor agonist
PEPA AMPA receptor potentiator
Clinical

d-cycloserine
cortisol

partial NMDATr agonist
endogenous glucocorticoid

Walker et al., 2002 (63)
Gonzalez-Lima and Bruchey, 2004 (64)
Cain et al., 2004 (65)

Ponnusamy et al., 2005 (66)

Chhatwal et al., 2005 (67)

Pamplona et al., 2006 (68)

Yang et al., 2006 (69)

Zushida et a., 2007 (70)

Ressler et a., 2004 (71)
Soravia et a., 2006 (72)

isnow being tested for treatment for refractory OCD (27)
and depression (28). Extinction learning varies with
menstrual cycles in rodents and humans (29-30),
suggesting that extinction-based therapiesin women may
need to be properly timed for maximal effectiveness. Thus,
research on extinction has great potential to be translated
to the psychiatric clinic for treatment of anxiety and other
disorders(31).

General conceptsof anxiety

Anxiety isanormal and transitory feeling experienced
by most peoplein responseto athreat. When thisfeeling
of anxiety becomes extreme and impairs function, it is
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Epidemiology of anxiety disordersin Puerto Rico
Anxiety disorders are a worldwide phenomenon and
cut acrosscultural boundaries. Datafrom epidemiological
studiescarried out in Puerto Rico with 1.8 million subjects
as presented by Canino et al, suggest asimilar prevalence
compared withtheUSdata(Caninoetal., 1987). InPuerto
Rico, the 6-month prevalence rate of anxiety disorders
was estimated to be 7.5% and lifetime prevalence was
13.6%. Inother words, morethan 500,000 peoplein Puerto
Ricowill beaffected by an anxiety disorder intheir lifetime.
Women aretwiceaslikely asmento present with an anxiety
disorder (9.9% vs. 4,7% in a 6 month period), and the
incidence of anxiety disorders will increase 5% over the
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next six years (39). Thus, thereisa pressing need to treat
anxiety disordersin Puerto Rico.

Spectrum of Disorder sand Comor bidities

Among the anxiety spectrum disorders, the most
common diagnosesinclude Generaized Anxiety Disorder,
Panic Disorder, Posttraumatic Stress Disorder (PTSD),
Social Anxiety Disorder, and Obsessive Compulsive
Disorder. These represent a heterogeneous group of
disorders featuring anxiety as a core symptom. Anxiety
disorders often show comorbiditieswith other physical or
psychiatric illnesses. The most common comorbidities
include depression, substance abuse, eating disorders,
other anxiety disorders, and illnesses, such as cancer,
cardiac conditions, hypertension, irritable bowel
syndrome, thyroid conditions and migrai ne headaches (40-
41). Inthe Puerto Rican population, several studies have
reported physical complaints associated with anxiety
disorders, usually described as somatization (42-43). In
particular, theterm “ataques de nervios’ has been used to
describe aculture-bound syndrome involving somati zation
and anxiety symptoms (42). Complaints of “atagques de
nervios” have not been related to increased
psychopathology, but it must be recognized as an
important cultural aspect related to anxiety disorders in
Puerto Rico (44-47).

Anxiety in the Primary Care Setting

Since most patients with anxiety disorders first
experience genera somatic symptoms, they initially present
totheir primary care physician. Atthislevel of care, most
of these symptoms are unrecognized or misdiagnosed and
thereforenot treated. In astudy that included 965 patients
from family practices and internal medicine clinicsin 12
states, nearly 20% of these patients had at least one
anxiety disorder and many had morethan one (48). Of the
20% showing one disorder, 41% reported not receiving
any kind of treatment (medications, counseling or
psychotherapy). In a study of anxiety disorders among
Puerto Rican primary care patients, similar results were
reported (49), suggesting that anxiety disorders are both
underdiagnosed and undertreated in Puerto Rico.

Treatment of anxiety disorders

The fact that disabling conditions such as anxiety
disorders are often under recognized and under treated is
even more worrisome since there are several evidence
based treatments available for these conditions (50-51).
Anxiety disorders have been found to be associated with
anatomical, physiological, and biochemical changesinthe
brain that have led to the use of psychopharmacological
interventions. One of the most commonly used
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medications for the treatment of anxiety disordersisthe
selective serotonin reuptake inhibitors (SSRIs), sertraline
or paroxetine, which increase serotonin levels within the
synapse. Long-term exposure to SSRI’sinduces changes
in second messenger systems that lead to modifications
in the individual’ s response to anxiety provoking stimuli
(52). Anocther important neurotransmitter etiologically
related to anxiety is norepinephrine, which has been
consistently associated with the physiological
manifestations of anxiety (53). Medicationsthat increase
norepinephrine at the synaptic level, such asvenlafaxine,
have shown great efficacy in the treatment of anxiety
disorders. Although most patientsimprove with adequate
treatment, most cases do not achieve full or sustained
remission (54).

Non-phar macological treatmentsfor anxiety disorders

More recently, psychological modalities based on
neuroscience principles have been developed for
treatment of anxiety disorders. The two main modalities
are exposure therapy and cognitive-behavioral therapy
(CBT) (55). Exposure therapy involves repeatedly
exposing the patient to stimuli that trigger anxiety, under
safe circumstances, so that fear responses extinguish. It
isthought that repeated exposure reduces activity inlimbic
structures that mediate fear, thereby teaching the brain to
interpret these stimuli as non-threatening (4). Exposure
therapy isbased on agrowing literature detailing the neural
mechanisms of extinction of fear (56-58). This type of
treatment has been effectively used in specific phobia,
social phobia, obsessive-compulsive disorder and post-
traumatic stress disorder (55).

In contrast to exposure therapy, CBT strengthens the
patient’ s cognitive ability to reduce anxiety responses, by
fortifying the cortical processes (especially the prefrontal
cortex) that help suppress the subcortical expressions of
anxiety. Both exposuretherapy and CBT involvecortical
inhibitory processes which could potentially be
strengthened by agentsthat facilitate extinction (e.g. Table
1). Comparisons of the effectiveness of pharmacotherapy
vs. psychotherapy suggest that both are effective, and
combined therapy is even more so (59-62). While
symptoms can be reduced, no treatment yet exists that
cues anxiety disorders.

Table 2. Anxiety disordersin PR. and U.S.

Prevalence anxiety disorders United States Puerto Rico
6-month prevalence 8.90% 7.50%
Lifetime prevalence 14.60% 13.60%
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Sampletreatment vignettefor anxiety
disorder

This is the case of a 28 years old female patient
with a specific phobiato heights. The patient has
presented the symptoms of phobia since she was
a child and has had great dysfunction due to her
symptoms, including not being able to keep ajob
due to her inability to use elevators and never
leaving the Island due to her fear of flying. The
patient finally decided to seek treatment after being
unable to take her child to the playground due to
fear of dides.
Pharmacological treatments
Sincethe symptoms of this patient affect everyday
activity, it would be useful to use a medication
that can help change the response to anxiogenic
stimuli, which can include an SSRI such as
sertraline or venlafaxine. In addition, a
benzodiazepine can be used to treat episodes of
breakthrough anxiety.
Psychological treatments
The patient can be treated with both exposure
therapy and cognitive therapy. In exposure
therapy, alist of anxiety provoking stimuli will be
made and the patient will givethem an anxiety index
(for example, in ascale from 1-100). Thetherapy
would start with exposing the patient to the stimuli
that havethe lowest anxiety indexes. For example,
seeing a photo of aperson on top the Empire State
Building. The person will be exposed to this
stimulus until she states that she no longer feels
anxious when seeing the photo and when no
physiological anxiety responses are seen. The
exposureswill continue, using stimuli with higher
anxiety levels, until the patient statesthat she does
not feel anxious to any of the stimuli. This could
take the form of literally exposing the patient to
heights. In cognitive therapy, the patient will be
asked to identify her thoughts related to increased
height and these thoughts would be challenged.
For example, the patient might say that she does
not go up more than three flights of stairs since
shemight fall and die. Thetherapy would consist
of examining the probability of falling down aflight
of stairs and looking for options to decrease this
probability until apoint in which itistolerableto
the patient.
Combination treatment
The patient can be started on medication and
psychotherapy at the same time, since much of
the evidence on anxiety disorders presents a
synergistic effect of both treatments. In addition,
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both exposure and cognitive techniques can be
combined to increase the effect of the
psychological interventions.

What isneeded toreducethebur den of anxiety disorders
in Puerto Rico?

Themission of the Department of Psychiatry at the UPR,
School of Medicineisto develop and promote innovative
strategiesfor treating mental health problemsthat will best
serve the needs of our community. Taking into
consideration the burden that anxiety generates in our
society, and the deficiencies in available treatment and
response, our aim is to develop a center speciaized in
anxiety related disordersthat would fill thisgap (Figure 3).
Such a Center would have three main functions:

UPBR-RCM Center for

Treatment and Research
in Anxiety Disorders

SN

Evidence- Training of
hased Research mental health
treatment professionals

Figure 3. Proposed Center for Treatment of Anxiety Disorders,
at the University of Puerto Rico School of Medicine.

1) Service (to make available to the Puerto Rico
population the latest proven treatments for anxiety
disorders),

2) Research (to translate animal research findings to
humanswith the goal of devel oping novel treatment
strategies),

3) Training (to disseminate treatment strategies to the
community of mental health professionalsin Puerto
Ricoand LatinAmerica). Thiscenter will bemodeled
after existing state-of -the-art centersfor anxiety, such
asthe Center for the Treatment and Study of Anxiety,
at the University of Pennsylvania, and the
M assachusetts General Hospital Center for Anxiety
and Traumatic Stress Disorders.

A specialized academic center with an interdisciplinary
approach provides multiple benefits to the community.
Thefirst advantage isincreased accessto integrated care
involving psychopharmacol ogy and cognitive behavioral
therapies. All members of the team will work together in
preparing a treatment plan based on the individual needs
of the patient. In addition, the academic atmosphere
providesafertile ground for conducting research aimed at
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developing new treatment alternatives for our most
challenging and refractory patients. Our team is now
establishing human fear conditioning at UPR, with the
initial objective of correlating physiological indices of
extinction learning with performance on psychological
testsof behavioral inhibition. A successful outcomecould
lead to the use of simple psychological tests to predict
susceptibility to anxiety disorders, or to determine which
anxiety patientsarelikely to benefit from extinction-based
therapies. Finally, the ultimate goal is to transmit the
knowledge and experienced acquired to our students,
residents, and other mental health professionals, so that
treatment advances can be disseminated to other
communitiesin Puerto Rico, including rural areas. Inthis
way, neuroscience and clinical practice can be integrated
to reduce the impact of anxiety disorders throughout
Puerto Rico.

Resumen

Los més recientes descubrimientos acerca de la
neurocienciadel condicionamiento clasico del miedo, tanto
en estudios con humanos como con ratas, han comenzado
a ser traducidos a la practica clinica psiquidtrica. En
especifico, nuestro conocimiento acerca de la extincién
del miedo como unamanerade* aprendizaje de seguridad”
puede ayudar efectivamente en el desarrollo de
tratamientos mas especificos para los trastornos de
ansiedad ya que se entiende que en estas condiciones
puede haber un defecto en el aprendizaje de extincién. El
Departamento de PsiquiatriadelaEscuelade Medicinade
laUPR promueveel desarrollo de estrategiasinnovadoras
paratratar |os problemas de salud mental. Dado €l impacto
enlasalud piblicadelostrastornos de ansiedad en Puerto
Ricoy dado alafaltade practicasbasadasen laevidencia,
hay unanecesidad urgente de un centro que se especialice
en e tratamiento de trastornos de ansiedad. Este centro
también podria ser un taller de entrenamiento e
investigacion conlametafina detraducir lainvestigacion
en extincion a la clinica practica. En este articulo
presentamos un repaso de la literatura con los dltimos
hallazgos en lainvestigacion de extincidn y su relacién a
los trastornos de ansiedad y su tratamiento. También
analizamoslaliteraturaexistente acercadelaepidemiologia
de los trastornos de ansiedad y los tratamientos basados
en la evidencia que existen en este momento.
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