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Regulacao do eixo Hipotalamo-Hipéfise-Adrenal

Antunes-Rodrigues, Moreira, Elias, Castro. Neuroendocrinologia Basica e Aplicada, Fig 13.1. 2005
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Levy BH, Tasker JG - Front Cell Neurosci (2012)



Estresse  Especificidade da Resposta
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Expressao de receptores de CRH no PVN dorsomedial (neurénios
CRH) e no nucleo supra otico dependo do tipo de estresse

Restrain: contencao

i.p. HS: hipertonic saline injection
WD: water deprivation SON: liberagdo de ADH, controle hidrico



Sinalizac@o de receptores de CRH e vasopressina na
célula corticotréfica

Antunes-Rodrigues, Moreira, Elias, Castro. Neuroendocrinologia Basica e Aplicada, Fig 13.2. 2005



Corticotropin-Releasing Factor—Producing
Neurons in the Rat Activated by Interleukin-1

FRANK BERKENBOSCH, JOEP VAN OERS, ADRIANA DEL REY,
FrED TiLDERS, HUGO BESEDOVSKY

Intraperitoneal administration of human recombinant interleukin-1 (IL-1) to rats can
increase blood levels of corticosterone and adrenocorticotropic hormone (ACTH). The
route by which IL-1 affects pituitary-adrenal activity is unknown. That the IL-1-
induced pituitary-adrenal activation involves an increased secretion of corticotropin-
releasing factor (CRF) is indicated by three lines of evidence. First, immunoncutraliza-
tion of CRF markedly attenuated the IL-1-induced increase of ACTH blood levels.
Second, after blockade of fast axonal transport in hypothalamic neurons by colchicine,
IL-1 administration decreased the CRF immunostaining in the median eminence,
indicating an enhanced release of CRF in response to IL-1. Third, IL-1 did not
stimulate ACTH release from primary cultures of anterior pituitary cells. These data
further support the notion of the existence of an immunoregulatory feedback circuit
between the immune system and the brain.
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Inflamacao sistémica

CRF: corticotropinin-releasing factor

Ratos tratados com soro normal de coelho
2 ou com anticorpo contra CRF de coelho,
injetados ou nao com IL-1 de humano.

ACTH: adrenocorticotropic hormone

Berkenbosch et al., Science, 238, 524-526, 1987
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Inflamacao sistémica
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Ativadores imunologicos

do HPA
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FIGURE 1. Effects of mIL-1B and IL-6 on plasma corticosterone. Mouse IL-13 (100
ng/mouse) (fop) or mouse IL-6 (1 pg/mouse) (bottom) was injected i.p., and samples col-
lected at various subsequent times. Plasma corticosterone was determined by radioimmu-
noassay. N = 7. *Significantly different from the corresponding saline groups (* p < 0.05 or
**p < 0.01, respectively). Data from the bottom figure are from Wang and Dunn.?’



Ativadores imunologicos do HPA

TABLE 1. HPA responses to cytokine administration in mice

Cytokine

IL-1o/IL-1[3 Potent and prolonged (see FIG. 1)

IL-2 No effect

IL-6 Weak, short-lived response (see FIG. 1)
TNFa Weak, but slower than IL-6

IFNa No effect




Glicocorticoides - Funcoes

Metabolismo energético

 Aumento de disponibilidade
energética

* Quebra de proteinas para serem
transformadas em glicose no figado;

* Quebra de gordura corporal —
disponibilizacao de energia par o
corpo

Balanc¢o hidrico

 Aumenta a reabsorcao de sédio e
agua pelos rins . Atua em sinergismo
com a aldosterona.

Manutencao do tonus muscular dos
vasos sanguineos

* Melhor circulacao sanguinea

e CONTROLE IMUNOLOGICO
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Efeitos dos glicocorticdides sobre celulas imune
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Percent of response

Efeitos dos Glicocorticoides nas Células Imunes

PBMCs: peripheral blood monuclear cells
Tratamento: LPS

Incubacao: 24 horas
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Efeitos dos glicocorticoides sobre celulas imune

Células
Linfocitos

Monocitos

Eosinofilos

Basofilos

Neutrofilos

Efeitos
Reduz numero de células circulantes

Inibe a ativacao/proliferacao (inibindo IL-2)
Induz apoptose

Suprime a ativag¢iao das células NK
Reduz numero de células circulantes

Inibe secrecao de Il-1, IL-6, TNF-a e quimiocinas
Reduz sintese de colagenase, elastase ativador de

plasminogem no tecido
Reduz nimero de células circulantes

Reduz sobrevivéncia (diminuicido na liberaciao de GM-
CSF endotelial)

Reduz a aderéncia ao endotélio (inibi¢ao IL-1)
Reduz numero de células circulantes

Diminui a liberaciao de histamina e leucotrienos

Inibe a expansdo de mastdcitos
Aumenta numero de células circulantes

Reduz quimiotaxia (diminui¢ao de II-1, IL-8 e
leucotrieno B4)
Reduz a aderéncia ao endotélio




Acoes Biologicas de Glicocorticoides durante periodos de estresse

RESISTANCE PHASE
Long-term metabolic adjustments occur
- > — | Mobilization of remaining

energy reseyves: Lipids are
relaased by adipose tissus,
amino acklds are released
by skslatal muscle

Caonservation of glucose:
Peripheral tissue (except
neural) breaks down lipics
to obtain energy

Elevation of blood
glucose concantrations:
Liver synthesizes glucose
primarily from other
carbohwydrates and

amino acikls

Conseyvation of salts and
waler, loss of K* and H*

Mobilizacao de
estoques de energia

|

GH Growth hormone
GC Glucccorticoids

MC Mineralccorticoids
{aldosterone)

ACTH Adrenocarticotropic

por estimular ADH  Aedhrolis heTrion
gliconeogénese EXHAUSTION PHASE
||p6||se Collapse of vital systems

Causas may nclude:

— Exhaustion of lipid reserves

— Inabiiity to produce glucocorticoids

— Failure of electrolyte balance

— Cumulative structural or functional damage to vital organs

The General Adaptation Syndrome



Acoes Biologicas dos Hormonios da Medula da adrenal
Resposta imediata ao estresse

ALARM PHASE

“Fight or Flight”
Immediate short-term responses to crises

Mobilization of glucose
reserves
General
sympathetic [ Changes in circulation
activation
Epinephrine |: Increases in heart rate
Norepinephrine and respiratory rate
Increased energy
use by all cells

/\
-

medulla

Acireﬁ;il\"\‘ : \

The General Adaptation Syndrome



CNS regulation of inflammatory gene expression in
immune cells
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- CNS cytokines

Conexoes entre 0s
sistemas nervoso,
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Sternberg Nature Reviews Immunology 6, 318-328, 2006



Interacao neuroimunoendocrina
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— Sympathetic-adrenal-medullary axis
—— Hypothalamo-pituitary-adrenal axis
= Vagus nerve

— Via blood

Adrenal gland

N>

Sensores dentro do sistema nervoso
central e do sistema nervoso autébnomo
periférico captam informacdes sobre o
estado de ativacao do sistema imune.
Estas informacdes sido processadas no
SNC pelo cortex premotor, hipotalamo,
pituitaria, tronco cerebral e glandula
pineal.

Em resposta, sinais sao enviados por
meio do eixo HPA, sistema nervoso
simpatico, sistema nervoso parasimpatico

(nervo vago) e eixo imune pineal (IPA).

(Meisel et al., Nat Rev Neurosci, 6, 775-786, 2005)



Interacoes Imuno-neuroendocrinas
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Pittman, J. Neuroendocrinology 23:1296, 2011



Resposta local e sistémica

Cholinergic neurcns

— Pain fibres

Substance P
™\ Sympathetic neurons:

Noradrenaline

Comunicacao bidirecional permite que o sistema nervoso
coordene o sistema imunoldégico por meio de vias de agao
sistémicas e locais



a Hypothalamic—pituitary-adrenal axis

Hypothalamus

Pituitary gland

Circulation
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Eixo HPA

Glicocorticoides elevados pela
ativacao do eixo HPA ativam
receptores nucleares para
glicocorticoides e controlam
expressao génica

(Meisel et al., Nat Rev Neurosci, 6, 775-786, 2005)



Regulacdao neuroenddcrina da secrecao de hormonio liberador de corticotrofina

(CRH)
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Sistema imunolégico - Reflexo vagal
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Tracey, Nature, 420: 853- 859, 2002



Inibicao vagal da producao de citocinas
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Sistema imunolégico - Reflexo vagal

Acetilcolina inibe a producao de mediadores pro-inflamatorios
por macrofagos estimulados com LPS
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Acetilcolina inibe a sintese de TNF induzida por LPS em
macrofagos humanos

LPS(-) LPS(+)

ACh(-)

ACh(+)




Comunicag¢do
bidirecional entre 0s  stessors
sistemas imune e
neuroenddcrino







