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- Animais que nao o
Homem também
apresentam emocoes
manifestadas por meio
de expressoes

The Expression of the Emotions in Man and Animals

Charles Darwin, 1872




Presuposto basico: As bases biologicas da
ansiedade humana encontram-se nas
reacoes defensivas que os animais mais
primitivos apresentam frente a estimulos
ameacadores
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Disorders of the brain in Europe (as of 2010) (Kondziella D 2016)

Number of subjects (in million) Total costs (in billion €)
Migraine 49.9 18.5
Dementia 6.3 105.2
Epilepsy 2.6 13.8
Stroke 1.32 64.1
Parkinson’s disease 1.2 13.9
Traumatic brain injury 1.22 33.0
Multiple sclerosis 0.54 14.6
Neuromuscular disorders 0.26 7.7
Brain tumors 0.24 5.2
Mood disorders 33.3 113.4
Anxiety disorders 61.3 74.4
Psychotic disorders® 5.0 93.9

Costs and incidence of neurological disorders in Europe as of 2010 (data adapted from
Gustavsson et al. [2]). Three major psychiatric conditions (mood, anxiety and psychotic
disorders) are listed for comparison. @lncludes only incident cases in 2010; Pincludes

schizophrenia




Classification (DSM-V) and annual prevalence of anxiety disorders

C Anxiety disorders )

Panic Agoraphobia
disorder

Separation Selective Specific
anxiety disorder mutism phobias
\
. — @Y o s N I

Substance-induced or Other specified and \]‘\ Due to other ‘ Trauma and {/ Obsessive—compulsive
medication-induced unspecified anxiety disorder \‘ medical conditions

Generalized
anxiety disorder /

Social anxiety

disorder

stress-related disorders ' and related disorders

[ - = Any anxiety disorder —] \

[ | ' — Specific phobia —] |

s — Generalized anxiety disorder — |

e —  Social anxiety disorder ~ —| |

e — Agoraphobia —

- - Panic disorder — \

(; 2‘ 4;- é 8| 1|0 1‘2 1|4 1‘6 1‘8 20 0 0‘.5 1‘.0 1‘.5 2‘.0 2‘.5 3|.0 3‘.5
12-month prevalence (%) Female:male ratio

Craske M et al. Nature Rev 2017



Visao conceitual da ansiedade humana
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Descoberta das drogas ansioliticas
benzodiazepinicas foi grande
incentivo ao desenvolvimento dos

modelos animais de ansiedade

Dr. Leo Sternbach gave the world Librium
(1960) and Valium (1963). He doesn't like
popping "mother’s littie helper" himself.
He said it makes him feel a tad depressed

Randal 1960
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JF Cryan and FF Sweeney Evolucdo dos modelos de

ansiedade

Advances in Animal Modelling of Anxiety Disorders

Stress—Induced Hyperthermia
Paradigm described by Lecci et
al.

The eponymous Geller—Seifter

conflict task described Crawley and Goodwin. Social Interaction

‘> The light-dark box paradigm described by
< test described by File

Ultrasonic vocalizations

Irwin introduces the classical RIgE—ed s an snudely
readout by Gardner

method for comprehensive
assessment of baseline mouse /— \( /

Paviov describes the

conditioned reflex bobai ]
enayiour < Elevated Plus Maze described The CRH over-expressing mouse is
\Py Handley and Mithani | among the first transgenic animals
o~ / with an anxious phenotype as
Skinner describes operant Treit et al. describes described by Heinrich et al.
conditioning defensive burying / /
behaviour as an
anxiolytic screen Griebel et al. describe
/ / / the mouse test defence battery
/ L
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Buspirone receives FDA K Fluoxetine (Prozac®), the first SSRI

phenobarbital as a the first benzodiazepine is aubrovil
/\ il {| antidepressant receives FDA approval

ST eSOt ‘ Chlordiazepoxide (Librium®)
| hypnotic launched by Hoffman-LaRoche




Os modelos animais de ansiedade: O teste de
conflito-punicao e a inibicao comportamental

Geller & Seifter, Psychopharmacology 1:482, 1960
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Teste de conflito de Vogel
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Sistema de Inibicao Comportamental (Gray, 1982)
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Height of reward bar over time:

* Subjects perform a series of two choice guesses
* Reward bar shows cumulative reward across trials
* fMRI used to measure evoked haemodynamic response

* Height of bar used as model for activity changes

* Overall height of bar correlates with activation in
nucleus accumberis and substantia nigra (a)

* Where height is increasing most rapidly increased
activation 1s seen in dorsal striatum and subgenual

cingulate (b)

* Height of the bar correlates negatively with activation
in hippocampus (c). Thus hippocampal blood flow seen
when reward is removed.




Outros modelos: Reacao de “defesa
afetiva” x ataque ofensivo

Hess 1943
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Hunsberger and de Molina:
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substancia cinzenta
periaquedutal
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Estimulacao cerebral

aversiva
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Ansioliticos atenuam os efeitos
da estimulacao cerebral

aversiva
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Estimulacao do “sistema
cerebral aversivo” produz
reacao semelhantes aquelas
apresentadas frente a
predadores

Gato de brinquedo

Microinjecao de
NMDA na SCPD

Gato de verdade
Beijamini V, 2003



Efeito da inibicao da SCPD na resposta a
predadores



Inibicao da substancia cinzenta
periaquedutal dorsal

controle




Principais estruturas envolvidas em reacoes inatas de defesa
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Como aprendemos a ter medo: condicionamento aversivo
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Stanley Kubrick: A laranja mecanica
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Condicionamento aversivo contextual
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O susto potencializado pelo medo

Training: light and shock paired
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Projecoes da amigdala para areas de defesa
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Amigdala tambem esta envolvida em reacoes
inatas de defesa
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Expressoes faciais de medo (quadrados verdes): ativagao dorsal
esquerda

Medo condicionado (circulos vermelhos): ativacao bilateral ventral e
dorsal



The Journal of Neuroscience, September 1995, 75(9): 5879-5891

Fear and the Human Amygdala

Ralph Adolphs,' Daniel Tranel,” Hanna Damasio'2 and Antonio R. Damasio’?

'Department of Neurology, Division of Cognitive Neuroscience, University of lowa College of Medicine, lowa City,
lowa and 2The Salk Institute for Biological Studies, La Jolla, California

SM: paciente feminina, 30 anos,
com doenca genética autossdmica
recessiva rara chamada de Urbach-
Wiethe, que resulta em calcificagao
e atrofia progressiva da amigdala

Paciente com Q| médio baixo, com
educacao superior, sem dificuldade de
reconhecimento de objetos e faces
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Desenho pela
paciente SM de
expressoes
emocionais
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Amidala
tambéem é
envolvida
em sistema
rapido de
deteccao
do perigo

Joseph E.
LeDoux




Estudos de neuroimagem em humanos tem confirmado o
envolvimento de varias destas estruturas na ansiedade

Anterior

cingulate
cortex

Ventromedial
prefrontal
cortex

Amygdala

> o

> Insular cortex

Yy

J
Hippocampus-’ e

Craske M et al. Nature Rev 2017



A optogenética trouxe novas importante abordagens
metodologicas para o estudo da ansiedade

SIXSTEPS TO STEP4 |
O PTOG EN ETI CS Insert ‘optrode’, fibre-optic
With optogenetic techniques, cable plus electrode.

researchers can modulate the activity
of targeted neurons using light.

STEP1
Piece together genetic construct.

Promoter Gene encoding opsin

expression ion channel) :
' 4 Laser light of specific wavelength |
opens ion channel in neurons.

STEP2 '

Insert construct into virus.

e B>

STEP3

Inject virus into animal brain; opsin
is expressed in targeted neurons,

i e P

----------------

Opsin channel
Shabana Kahn,

Medium 2016




Uso de optogenética para estimulacao
aversiva (habénula lateral)

(https://www.youtube.com/watch?v=ChogEq7fBgE&feature=emb_logo)




Estudos optogenéticos recentes
tem detalhado os microcircuitos
destas areas associadas com a

ansiedade

— Projection confirmed with optogenetics — Projection identified with other techniques ---- Hypothetical projection

Resolving the neural circuits of anxiety
Gwendolyn G Calhoon & Kay M Tye Nature NeUFOSC 2015

Sensory inputs
regarding external event:

(
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Defensive T Circulating T Res;iiration T H(taart Observable
behaviors and  glucocorticoids rate _ rate response

risk avoidance T Freezing P
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A ansiedade patoldgica humana pode se
apresentar sob diferentes formas

( Anxiety disorders )

Separation Selective Specific Social anxiety
anxiety disorder mutism phobias disorder
\
\
\

________________________________________ 1
Substance-induced or Other specified and "\ ‘ Due to other II } Trauma and } ! Obsessive—compulsive 1
medication-induced unspecified anxiety disorder \‘ medical conditions I | stress-related disorders ! and related disorders !y

!

L

E Agoraphobia

Generalized
anxiety disorder

B G

Anxiety State




Sera que a existéncia de diferentes modelos de
ansiedade e sistemas relacionados estaria
refletindo isso?

Bob e Caroline Blanchard:
Niveis de defesa (1990)
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Medidas:

- Esquiva (“avoidance”), fuga (“flig.\t’) e
congelamento (“freezing”)
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Niveis de Defesa
Robert e Caroline Blanchard

1) Perigo potencial ou incerto
Investigacao cautelosa ou

Avaliacao de risco
2) Perigo distal

Inibicao comportamental
Congelamento

3) Perigo proximal
Imobilidade / Fuga / Luta



Estrategias de defesa

Perigo Defesa Estrutura Emocgao Patologia
Incerto Avaliacédo de risco  Septo-hipocampo
e
: Inibicdo ; ;
Conflito comportamental Amigdala Ansiedade Transtorno

de ansiedade
generalizada

Antecipado Congelamento Amigdala Ansiedade
SCPV antecipatoria
Esquiva Amigdala Medo Fobia
condicionado especifica
Distal Fuga Hipotalamo Medo Fobia
medial incondicionado especifica
Proximal Fuga SCPD Pavor Transtorno
Imobilidade de panico

Deakin e Graeff, SHT and mechanisms of defense. J. Psychopharmacology
5:305, 1991




Convergéncia de idéias (medo versus ansiedade)
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Gray e McNaughton, 2002



Visao mais recente: sistemas paralelos com representacoes distintas

defensive defensive defensive
avoidance distance approach

PREFRONTAL - OCD - deep \ / PREFRONTAL Complex Anxiety
VENTRAL STREAM complex fear < DORSAL STREAM e.g. social

5 * o i
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McNaughton & Corr 2004




Teste da proposta dos Blanchards Distal

predator predator
Alhigh Allow

When Fear Is Near:
Threat Imminence Elicits Prefrontal—
Periaqueductal Gray Shifts in Humans

Dean Mobbs,* Predrag Petrovic, Jennifer L. Marchant, Demis Hassabis, Nikolaus Weiskopf,
Ben Seymour, Raymond ]. Dolan, Christopher D. Frith Science 2007
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Neural activity associated with monitoring the
oscillating threat value of a tarantula PNAs 2010

Dean Mobbs™', Rongjun Yu®, James B. Rowe™®, Hannah Eich®, Oriel FeldmanHall®, and Tim Dalgleish®
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The threatened brain

Distal HUMAN BRAIN
ANXIETY < >
| e
Prefrontal cortex | Avoidance
Proximal Lateral amygdala

Central amygdala

') <;>

Periaqueductal gray Defense

Maren. Science (2007) 317:1043



Neuroimagem funcional dos
transtornos de ansiedade

GAD: T. de ansiedade
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Etkin A. Functional Neuroanatomy of Anxiety: a neural circuit perspective. Stein MB, Steckler T (Eds)
Behavioral Neurobiology of Anxiety and its Treatment. Springer, Heidelberg, 2010. Pp. 251-277.



Transtorno Obsessivo-compulsivo
(principais obsessoes e compulsdes)

Table 1. Common Obsessions and Corresponding Compulsions in Obsessive-Compulsive Disorder

Obsessions® Specific Examples Compulsions P Specific Examples

Fear of Preoccupation or disgust with bodily waste Cleaning or washing Excessive hand washing or cleaning of household items
repetitive concern of spreading illness (long after they are reasonably clean)

ntaminatio
Anxiety that the house door is unlocked Repeatedly checking that oven is off, doors are locked; driving
despite having just locked it, or that the oven back along a road to ensure that no one was injured; excessively

Persistent doubting

is turned off despite having just turned it off checking writing to ensure no error was made
Violent or sexual Intrusive, unwanted violent or horrific Repetitive “undoing” Repeated, “neutralizing” thoughts (eg, “I am not a violent
intrusive thoughts images; unwanted sexual images of thoughts person,” repeated asking for reassurance that one did not
strangers, family, friends commit a violent or unwanted sexual act)
Fears of causing Intrusive fears of dropping an infant one is Repeated behaviors, Repeatedly driving past crosswalks to check for injured
harm holding; fear of inadvertently hitting checking pedestrians
pedestrians when driving
Symmetry Excessive worry and distress if items on a Ordering or arranging Repeatedly arranging books on a bookshelf so that the spines
bookshelf are not arranged symmetrically are exactly aligned
Religious Excessive concern with “right vs wrong” Religious compulsions Excessive prayer or apologies to God; need to tell or confess
scrupulosity
Superstitions “Lucky” or “unlucky” numbers or colors Superstitious behaviors Avoiding writing unlucky numbers; repeating activities a certain
“lucky” or “right” number of times
@ Obsessions are unwanted, repetitive thoughts. with an obsessive fear of dropping infants may avoid interacting
b Compulsions are repetitive behaviors or thoughts. Often, but not always, with children altogether.
performed to address anxiety associated with obsessions. Avoidance behaviors “Individuals with contamination fears may not use public bathrooms
are also common in response to many obsessions. For example, an individual or public transportation.
JAMA | Review

Obsessive-Compulsive Disorder
Advances in Diagnosis and Treatment

Matthew E. Hirschtritt, MD, MPH; Michael H. Bloch, MD, MS; Carol A. Mathews, MD 20 1 7



Circuitos do TOC

FIGUREY. The lateral OFC-basal ganglia loop. CD = caudate nu-
cleus; GP = globus pallidum; ITG = inferior temporal
gyrus; OFC = orbital frontal cortex; STG = superior
temporal gyrus; Thal = thalamus.

Circuito cortico-limbico-estriado




~ GRUPO  ANTES  DEPOIS

. chtrole .
(sem tratamento)

" Farmacoterapia
~ (Prozac)

~ Psicoterapia

TOC:  Existe aumento da atividade do caudato (vermelho)
Normaliza com farmacoterapia ou psicoterapia comportamental

De Lewis Baxter et al., modificado por

Cruz e Landeira Fernandez, 2001



Perspectiva evolutiva: transtornos de
ansiedade como disfuncoes dos sistemas
de defesa

1. ansiedade generalizada, panico e fobias especificas teriam
relacido com a defesa predatoria

2. ansiedade social estaria relacionado com submissao em
resposta a ameaca intra-especifica

3. O transtorno obsessivo-compulsivo (TOC) a defesa contra
germes e protecao territorial (a ansiedade pode ser
encarada como manifestacao secundaria, e o TOC nao
seria ligado a defesa)

4. O PTSD estaria relacionado a déficts de extincao de
memaorias aversivas




Contribuicoes de métodos morfo-funcionais
em animais de laboratorio: ex. cFos

| cFOS,cJUN (“proto-oncogenes”) |

|

MENSAGEIROS
INTRACELULARES

(o)
(@ 00

FATORES DE CRESCI-

MENTO, ENﬂlAS,
NEUROTRANSMISSORES

—

Morgan & Curran, Mapping patters of c-fos expression in the central
nervous system after seizures. Science 237:192, 1987



Controle

Paraventricular . -
do hipotalamo

Amigdala medial . -

b B P P

i P o e

Cortex plbriforme' LY

¥ -

De Oliveira et al., 2000
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Number of studies

“Neuroquimica da ansiedade”

Number of studies related to anxiety

1750 -
1500 + Introducao dos
antidepressivos inibidores de
1250 - receptagao de serotonina
(5HT) no tratamento da
ansiedade
1000
750 - Descoberta que |

ansioliticos BZD
potencializam o GABA

500 -
250 - \

-1970 1975

=" Gannabinoid >

1995 2000 2005

Descoberta do sistema
endocanabinoide



