Ansiedade, neuroplasticidade e
efeito de farmacos

Neuroplasticidade: alteragdes estruturais e funcionais no
sistema nervoso central que decorrem de novas
experiéncias (incluindo farmacos, por exemplo)



Descoberta dos tratamentos farmacologicos utilizados nos transtornos de
humor

LITHIUM SALTS IN THE TREATMENT )
OF PSYCHOTIC EXCITEMENT. 1949 - John Cade

By Joux F. J. Cape, M.D.,

Senior Medical Officer, Victorian Department
of Mental Hygiene.

1952 - Selikoff et al.: iproniazida melhora o humor em pacientes
tuberculosos

1952 - Zeller et al.: iproniazida inibe a MAO

957 - R. Kuhn: imipramina: primeiro antidepressivo triciclico
- N. Kline: IMAOs no tratamento da depressao

1950 - M. Schou: litio efetivo clinicamente



Major depression

Bupropion Citalopram Agomelatine
Amitriptyline (DARI) (SSRI) (MT/5-HT2C Synergy)
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Phenelzine Modulator*) (NARJ) ( - )
(MAO-inhibitor) Moclobemide
(Rev_ers?b_le MAO-A
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. Carbamazepine
**Discovery, not launch

*Several antipsychotics shown in Figure 1 have been authorised for the treatment
of bipolar disorder - see Table 1



Inhibition of Uptake of Tritiated-noradrenaline
in ‘the Intact Rat Brain by Imipramine and
Structurally Reiated Compounds

NATURE December 26, 1964 o, 204 Treatment M To CODtI'Ol
(mg/kg) Antidepressant  Value
action
J. Glowinski, J. Axelrod ) .
Imipramine Yes 63*
The ability of imipramine to prevent.-t;i;é rebuldmg (20)
?f 11(:1»radretr_1§1ine by c:rel;;nl ti.fsatl}lqs :lnay b% a }rlnechanti.sm y
r the anuviaepressant action o 118 drug. sSuch an 10n
oof-the drug \\%uld allc)\s 1?101'0 free phygiologically zZti?'e Desmethyl_ Yes 64
noradrenaline liberated from the central sympathetic imipramine
neurones to react with the central adrenergic receptors.
(20)
. _ Amitriptyline Yes 7T*
Boa parte dos antidepressivos (10)
inibem a recaptacao neural de Compound II No 99
serotonina e/ou noradrenalina (20)
Chlor- No o1
promazine (40)




Serotonergic synapse
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Noradrenergic synapse
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Hipotese Monoaminérgica Classica da
Depressao

1 Noradrenalina e 1 Serotonina
(Schildkraut e Kety, 1965) (Lapin e Oxenkrug, 1969)

no SNC

Castrén, 2005
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Metanalise de estudos com inibidores de recaptacao de serotonina
(SSRI) ou de noradrenalina (SNRI) em transtornos de ansiedade
(ansiedade generalizada, panico e ansiedade social): existe laténcia
para o aparecimento dos efeitos clinicos
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Systematic review and meta-analysis: Dose-response curve

of SSRIs and SNRIs in anxiety disorders Depress Anxiety. 2018:1-15.

Ewgeni Jakubovski! | JessicaA.Johnson? | MadeehaNasir? |
Kirsten Miiller-Vahl? | Michael H. Bloch??
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Obs. A resposta terapéutica em altas doses de SSRI parece um

pouco melhor do que a dos SNRI)



Perguntas que nao querem calar

Porque da “laténcia” para o aparecimento destes
efeitos?

Como a facilitacao da neurotransmissao mediada
por monoaminas produziria efeitos
antidepressivos e ansioliticos?



Hipoteses atuais sobre a depressao (e ansiedade cronica):
fatores neuroplasticos sao cada vez mais importantes

Hypotheses of
depression
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Pode existir diminuicao do
volume do hipocampo em
pacientes com depressao e
em transtorno de estresse
pOs-traumatico: efeito é
revertido com tratamento
cronico com antidepressivos

Hippocampal Volume Reduction
In Depression

Normal Depression

Gurvits et al., Biol Psych 40:1091, 1996, Bremer et al.,
Am J Psychiatry 2004, Sheline et al., 1996



“In the adult centers the nerve paths are something
fixed, ended and immutable. Everything may die,
nothing may be regenerated.”

Santiago Ramon y Cajal (1913)

Autoradiographic and Histological Evidence of
Postnatal Hippocampal Neurogenesis in Rats

JOSEPH ALTMAN anp GOPAL D. DAS

Psychophysiological Laboratory, Massachusetts Institute of Technology,
Cambridge, Massachusetts

ABSTRACT In the autoradiograms of young rats injected with thymidine-H many
of the granule cells of the dentate gyrus were found labeled. The number of labeled
cells declined rapidly with increased age at the time of injection. Histological studies
showed the presence in young rats of a large germinal matrix of mitotic cells in the
ependymal and subependymal layers of the third and lateral ventricles. The areal

J. Comp. Neurol., 124: 319-336 (1965)

A descoberta da
neurogénese em cerebro de
adultos

235 » W TR SOl i
Fig. 1 Low and high power microphotographs of autoradiograms from the area of the
dentate gyrus of the hippocampus in a rat injected with thymidine-H? at the age of ten days
and killed two months after the injection. Note labeling of granule cells, predominantly in
the internal border (basal surface) of the granular layer. A, 100 X; B, 256 X: C, 640 X.



Neurogénese em humanos e roedores adultos (Borsini et al., 2015):
regioes subventricular e subgranular do giro denteado

No rato = 3. 000 novas células por dia
no giro denteado
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TRENDS in Neurosciences

Em humanos = 700 novos neuronios
por dia no giro denteado



Varios estimulos (incluindo o
estresse) podem alterar a
neurogénese hipocampal em

Adult neurogenesis: a substrate fo
experience-dependent change

Maya Opendak and Elizabeth Gould TICS 2015
animais adultos
Stimulus Adult Cognitive Anxiety-like | References
neurogenesis | performance behavior

% { Stress V ¥ 0\ 5,8,82,83
%D High fat diet/obesity \ 7 \ 7 A 84,85

Physical exercise AN <) N7 18,19,21,22,39
%’ Sexual experience A <) N7 36,86,87
E Enriched environment (EE) () () N 89,90

Intracranial self-stimulation N N W 91,92

Parenting N7 A ¥ v 34,35,88,93
'Q:J Stress + physical exercise = = = 74,75,94
= | | stress + sexual experience = = W 76,95

Stress + EE = = = 96,97

TRENDS in Cognitive Sciences



Estresse psicossocial reduz a neurogénese no giro
denteado do hipocampo
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Antidepressivos
aumentam a neurogénese Antidepressants increase neural progenitor cells in the human

hi pocampa lem oa cientes hippocamPUS Boldrini et al., Neuropsychopharmacology 1-14, 2009

com depressao
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Isto envolveria serotonina?



Serotonina
regula a
neurogenese

A RAPHE NUCLEI DENTATE GYRUS (adult neurogenesis)
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5-HT2C Blockage n/a + 0 0 0
5-HT4 Stimulation n/a n/a + +
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SSRI-Fix cellular 5-HT levels No ejfSct ++ * ++ T
Animal models Phenotype
5-HT1A KO 0 0 n/a n/a
Tph?”' ‘ No serotonin 0 Increased Sox2 0 0
VMAT2%ER!-¢re Reduced 5-HT levels 0 0 0 ++
Tph2KI Reduced 5-HT levels n/a 0 + ++ 0
Pet1” Reduced 5-HT levels n/a 0 n/a ++
SERT" Increased extra- n/a + + n/a
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The role of serotonin in adult hippocampal neurogenesis

Natalia Alenina, Friederike Klempin*

Behav Brain Res 2014



The Neuroscientist

Serotonin | A and Serotonin © Tre Author(s) 2014 A

Reprints and permissions:

4 Receptors: Essential Mediators of the SsgapubcomjournaPermisions av
Neurogenic and Behavioral Actions of SoAcE
Antidepressants

Benjamin Adam Samuels', Indira Mendez-David?, Charléne Faye?,
Sylvain André David, Kerri A. Pierz, Alain M. Gardier?, René Hen',
and Denis J. David?

Serotonina (via SHT1A e
SHT4) facilitam a
neurogeénese na regiao
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Figure 4. Production of new neurons in the adult dentate gyrus. (A) The hippocampal trisynaptic circuit in mouse brain.
Neurons of the enthorinal cortex project to the dentate gyrus, with additional collaterals projecting to the CA3 subfield
(perforant pathway). Granule cells in the dentate gyrus project to the CA3 field of the hippocampus via the mossy fiber

pathway. The CA3 pyramidal cells project onto themselves and also to the CAl through Schaffer collaterals. (B) Hippocampal
neurogenesis is possible in the subgranular zone (SGZ) of the dentate gyrus of the hippocampus because of the presence of stem
cells. These stem cells evolve into neural progenitor cells that can produce multiple cell types in the central nervous system
such as neurons, astrocytes, oligodendrocytes, or microglial cells. In rodents, the duration of the mitotic cycle of proliferating
precursors is approximately 12 to 24 hours, leading to the production of about 8,000 to 10,000 new neurons per day.



Como relacionar neurogénese Depression and Hippocampal
. ~ . 9 Neurogenesis: A Road to Remission?
hipocampal com depressao e ansiedade . B 2 b Pt Science 2014

T ) s S, et Neurogénese hipocampal
, | parece ser importante para
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Initial exposure to high-stress environment

Suppressed cell proliferation

Active interneuron Inactive interneuron

@® Progenitor cells ;Active new neuron # Inactive new neuron

Initial exposure to high-reward environment

Enhanced cell proliferation

Melhora da cogni¢ao por “pattern separation”
poderia facilitar a adaptacao ao estresse

Subsequent exposure to no-stress environment

Fewer new neurons Worse cognition
and less activation

Fewer new neurons More anxiety
and less inhibition

More new neurons
and more activation

More new neurons Less anxiety
and enhanced inhibition

SN IR
2. 2 "&‘b%

TRENDS in Cognitive Sciences




Poderia o aumento de neurogénese
induzida por antidepressivos
administrados cronicamente explicar a
laténcia do seus efeitos sobre
ansiedade e depressao?



28 days

Requirement of Hippocampal
Neurogenesis for the Behavioral
Effects of Antidepressants

Luca Santarelli,”* Michael Saxe,’ Cornelius Gross,’
Alexandre Surget,? Fortunato Battaglia,®> Stephanie Dulawa,’
Noelia Weisstaub,” James Lee,’ Ronald Duman,*
Ottavio Arancio,® Catherine Belzung,? René Hen'y

Science 2003
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Fig. 2. Chronic fluoxetine treatment increases

vehicle BrdU uptake and neurogenesis in the dentate
gyrus. (A) The number of BrdU-positive cells was
significantly increased after 11 and 28 days of
treatment with fluoxetine (F) relative to vehicle
V) (mean percentage of BrdU-positive cells in ~ H ~
\(/egﬂgle micg + SEM;gFisher postphoc analysis; n TeSte da SUpreSSBO da allmenta (;aO

= 7 to 10). (B) BrdU immunoreactivity in the .
ey fluoxetine dentate gyrus after a 28-day treatment. Cell pela nOV|dade

counts were made in the granule cell layer (GCL)
and in the SGZ. Scale bar, 200 pm. (C and D) Confocal micrographs of cells double-labeled for Brdu
(green) and NeuN or GFAP (red). Scale bar, 10 pm.

Fluoxetina cronica por 28 dias (mas nao
5 dias) apresenta efeito ansiolitico e
aumenta a neurogénese

Evidéncias correlacionais!

sham DPAT sham DPAT

WT KO
@
g | sham DPAT sham DPAT
WT KO WT KO

Fluoxetina nao apresentou
efeito ansiolitico ou
aumentou a neurogénese
em Knockout 5HT1A
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Inibicao da neurogénese hipocampal adulta no
giro denteado impediu o efeito
ansiolitico/antidepressivo da fluoxetina



A interferéncia no remodelamento neuronial no
hipocampo e cortex préfrontal também poderia ser
outro fator importante

Controle Estressado

McEwen BS et al



The mood-improving actions of antidepressants do not Estresse Estresse +

depend on neurogenesis but are associated with neuronal Controle cronico  antidepressivo
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JM Bessa', D Ferreira’, | Melo', F Marques', JJ Cerqueira', JA Palha', OFX Almeida® and N Sousa'
Dantate Gyrus i .--5'5\:'L i : ]
a Sucrose Consum pion Test b Forced Swimming Test - & - B
= 10 L3 L L
£ . g
e L L b
- LA 1
2 £ o
o E"
Comtr Sali Fluoset | JC‘:S CP 136,526 SSR 14941 mj F
(= KI-ETIDCN i ) i , . '
oy " ] s
e =n # L
§§ nd — c ' T 0 4/
EE w1 1Y !l
FE e . 14 |
’EE -y . L . : Prefrontal Cortex 01 Wl [\, ,I
23 u - \ !
52 g
e T L > )
el I s 7 i
i —— Saline  Ppuooetied Epramine CF 185526 35R 148418 : { g : i il ||]‘
.* L ¥

|n|b|.§ao d.a neurogenese por~ _ Antidepressivos revertem remodelamento
metilazoximetanol (MAM) nao impede neuronial no hipocampo e cértex préfrontal

efeito de antidepressivos no modelo de induzido por estresse crénico imprevisivel
estresse cronico (CMS)




Estresse diminui a
arboriza¢ao e o numero de
espinhas dendriticas no
hipocampo e cortex pré-
frontal

Efeito é revertido por
antidepressivos
administrados

cronicamente |
&\

Normal Estresse cronico/ Apos
Depressao antidepressivo



Como o estresse diminui A All subjects
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Para que servem as Brain-derived neurotrophic factor and control of
neurotrofinas? synaptic consolidation in the adult brain

J. Soulé, E. Messaoudi and C.R. Bramham' 2006

1. Resting 2. Translation 3. Arc-dependent
synapse activation consolidation

Rita Levi-Montalcini

Descoberta do nerve
growth fator (NGF),
primeira neurotrofina

» glutamate C AMPAR SEEEED  Foactin

@ Arc <7  BDNF «@EEE>  pgp

£ cofilin D= TrkB '\~ Stored mRNA
@D NMDAR “ RNA granule \ New Arc mRNA

Neurotrofinas servem para otimizacao de
contatos sinapticos dependente de atividade




Exposicao a estressores diminui fatores neurotroficos como o BDNF (fator
neurotrofico derivado do cérebro) e causa remodelamento dendritico (e
facilita e neurogénese)

a Normal state b Depressed state € Treated state

onocamines onoamines

Other signals Other signals

g *~" Glucoceorticoids
Berton e Nestler, Nature Rev 2006



Como o estresse influencia a plasticidade sinaptica?

Envolvimento de glicocortiocides e glutamato (via receptores NMDA)
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A hipotese neuroplastica ou de “redes neurais” da depressao

a Healthy S @ b Depressed T W{é)
(P L@ . . ~
B Antidepressivos nao
T—% aumentariam o humor

diretamente, mas teriam
efeito permissivo

O—® O1— Q—T:

T:@ 1%:@ T S

Castren 2007




Teste desta hipotese no The Antidepressant Fluoxetine
cortex visual Restores Plasticity In the

Adult Visual Cortex

José Fernando Maya Vetencourt,™ Alessandro Sale,* Alessandro Viegi,® Laura Baroncelli,
Roberto De Pasquale,® Olivia F. O'Leary,? Eero Castrén,® Lamberto Maffei+?

SCIENCE VOL 320 18 APRIL 2008
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©2001 Sinauer Associates, Inc.

Desenvolvimento normal da visao necessita de estimulacao
visual em periodo critico de desenvolvimento

inauer Associates, Inc.



(C) Nondeprived

Oclusao ocular durante periodo
critico de desenvolvimento pds-natal
(termina no dia P55) prejudica
arborizacao de neuronios de projecao
do corpo geniculado ao cortex visual
e leva a ambliopia
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Tratamento por 2 semanas com fluoxetina em rato adulto
(P100) restaura acuidade visual no olho ocluido durante o
periodo critico e aumenta BDNF no coértex visual



Consequéncias dessa hipotese:

Antidepressivos aumentariam BDNF e com isso
favoreceriam plasticidade sinaptica.

BDNEF, no entanto, depende de atividade sinaptica
para favorecer plasticidade

Antidepressivos teriam efeito permissivo,
favorecendo a neuroplasticidade e permitindo
a0 mel10 ambiente reorganizar a rede neural
alterada (1mportancia da psicoterapia)
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Fluoxetina (10mg/kg, 21 dias) apds periodo de estresse repetido variavel
(24 dias) so funcionou quando administrada em ambiente enriquecido




Como o estresse afetaria a plasticidade neural: a

Hipotese inflamatoria da depressao
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Como o estresse influencia a plasticidade sinaptica?
Hipotese inflamatoria da depressao

Stress psicologico
A Citocinas

A Citocinas
produz sintomas
de depressao

Antidepressivos: W citocinas pré-inflamatérias
A\ citocinas anti-inflamatadrias

\ | /

Citocinas: Wniveis fisioldgicos x ANpatoldgicos

l

Vplasticidade sinaptica e facilitaria transtornos do humor

|

@nti-citocinas: efeitos antid@




POI'qUé O stress pSiCOlégiCO ativaria O The role of inflammation in depression:

from evolutionary imperative to

S1Stema immune 1nat0? modern treatment target Nature Rev 2016
Andrew H. Miller' and Charles L. Raison?
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* Wound healing
* Fighting infection

Conspecifics

Evolutionary time

Evolutionary pressure to deal with pathogens, predators and conspecific
threats result in an inflammatory bias (with immunological and
behavioural responses) for fighting infection and healing wounds while
preserving vigilance against attack



Como o stress
psicologico ativaria
0 sistema 1mune?

The role of inflammation in depression:
from evolutionary imperative to
modern treatment target

Andrew H. Miller' and Charles L. Raison? Nature Rev 2016

Bone
marrow

Infection !leakx guti —_—

Macrophage

¥

Fgonocyte
¥ G0

Circumventricular©
organs O_C

Humoral
route

MAMPs \
* Bacteria
e LPS

¢ Flagellin

DAMPs

® HSPs

® Glucose
* HMGB1

e Uric acid
e ATP

<—— Sterile injury

Cellular
route
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Microbiota and the social brain Changes in Gut Microbiota by Chronic Stress Impair
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Psychological Stress Activates the
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Hipotese inflamatoria da depressao: papel da
indolamina 2,3 dioxigenase (IDO)
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Vias inflamatorias ativadas aumentam a producao
de ROS (espécies reativas de oxigéngio)

I IISAN[eINeJep @ REVIEW ARTICLE

2015 Nataliia Bakunina, Carmine M.

Immune mechanisms linked to depression via oxidative stress and

: Pariante and Patricia A. Zunszain
neuroprogressmn

Interplay between neuroinflammation
and oxidative stress



Minociclina poderia ter
efeito antidepressivo

atuando em varios
pontos desta via

Research
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Minocycline as adjunctive treatment for
major depressive disorder: Pooled data
from two randomized controlled trials
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