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Sistemas de controle da producao e liberacao de hormonios.

Controle Neuroendodcrino da Homesostase II1



Fungdo do Sistema Enddcrino

Homeostase

» Manutencgdo das condigdes corpdéreas em estado de equilibrio.
Walter Cannon (1929)

Ex.: Temperatura: ~ 37 °C; pH sanguineo: 7,4; Pressdo arterial: ~120/80 mmHg

internal
- / conditions \ -
I

\ —\_'

internal adjustment human body in internal adjustment
necessary homeostatic balance necessary

Figure 1.14 Homeostasis. The human body is maintained in a state in which the internal conditions remain within normal limits.
When this balance is disturbed, the body adjusts its internal conditions, restoring balance.



Organismos Multicelulares

Regulagdo e integragdo de fungdes de diferentes células

Sistema endacrino
agentes quimicos

Sistema nervoso
Sinais eletroquimicos

Sistema imune
citocinas

Interacoes neuroimunoendocrinas




Fungdo do Sistema Enddcrino

Regular, pela liberagdo e agdo de hormanios,
a fungdo de vdrios drgdos, tecidos e células

Processos fisioldgicos controlados por hormonios

* Reprodugdo
o crescimento e integridade estrutural de drgdos reprodutivos
o produgdo de gametas
o padroes de comportamento sexual
o diferenga fenotipica entre os sexos
o continuagdo das espécies (ovulagdo, espermatogénese, gravidez, lactagdo)

* Regulagdo do crescimento e desenvolvimento
Papel primdrio e permissivo no inicio e progressdo do crescimento
o orgahismo como um todo
o tecidos individuais

* Manutencdo da homeostase
o controle do volume de fluido extracelular e pressdo sanguinea
o composigdo de fluidos do organismo
o regulagdo plasmadtica e tecidual dos niveis de cdlcio e fosfato
o manutengdo dos ossos, musculos e estoques de gordura corporal



Table 1-1

Classical Endocrine Glands and Their Hormones

Giland Hormone
Pituitary Anterior lobe Luteinizing hormone (ILH), follicle-stimulating hormone (FSH),
prolactin (PRL), growth hormone (GH), adrenocorticotropin
(ACTH), B-lipotropin, B-endorphin, thyroid-stimulating
hormone (TSH)
Intermediate lobe Melanocytc-stimulating hormone (MSH), B-endorphin
Posterior lobe Vasopressin (AVP) or antidiuretic hormone (ADH), oxytocin
Thyroid Thyroxine (Ty4), 3.5,3'-triiodothyronine (T3), calcitonin
Parathyroid Parathyroid hormone (PTH)
Adrenal Cortex Cortisol, aldosterone, dehydroepiandrosterone, androstenedione
Medulla Epinephrine, norepinephrine
Gonads Testis Testosterone, estradiol, androstencdione, inhibin, activin,
miillerian-inhibiting substance :
Ovary Estradiol, progesterone, testoslerone, androstenedione, inhibin,
activin, FSH-releasing peptide, relaxin, follistatin
Placenta Human chorionic gonadotropin (hCG), human placental lactogen
(hPL), progestcrone, estrogen
Pancreas Tnsulin, glucagon, somatostatin, pancreatic polypeptidc, gastrin,
vasoactive intestinal peptide (VIP)
Pineal Melatonin, biogenic amines, scveral peptides
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Table 1-2 Nonclassical “Endocrine Organs” and Their Hormones

Organ

Hormone

Brain (espccially hypothalamus)

Hcart

Kidney

Liver, other organs, fibroblasts
Adipose tissue
Gastrointestinal tract

Platelets
Macrophages, lymphocytes

Various sites

Corticotropin-rclecasing hormone (CRH), thyrotropin-releasing
hormone TRII), luteinizing hormone-releasing hormone
(LHRH), growth hormone-releasing hormone (GHRH),
somatostatin, growth factors“ (fibroblast growth factors,
transforming growth factor-o (TGF-a), transforming
growth factor-3 (TGF-f3), insulin-like growth factor I (IGF-I)

Atrial natriurctic peptides

Erythropoietin, renin, 1,25-dihydroxyvitamin D

IGF-I

Leptin

Cholecystokinin (CCK), gastrin, ghrelin, secretin, vasoactive
intestinal peptide (VIP). enteroglucagon, gastrin-releasing
peptide '

Platelet-derived growth factor (PDGF), TGF-£

Cytokines, TGF-B, pro-opiomelanocortin (POMC)-derived
peptides

Epidermal growth factor (EGF), TGF-«, neuregulins,

neurotrophins

“Not considered to be hormones, but they can act as such.



Métodos de estudo em endocrinologia

1. Abla¢do (remocdo) / lesdo
2. Terapia de reposigdo - implante glandula (Berthold), horménio sintético
3. Histologia / citologia

o Microscopia celular para atividade enddcrina
o visualizagdo de células produtoras de hormonios e receptores

4. Técnicas Instrumentais

o Cromatografia - técnica de separagdo - caracteristicas da molécula - tamanho,
polaridade, etc

o Reagdo de Polimerase em cadeia - expressdo génica
o Bioensaio - efeito bioldgico de um horménio numa resposta bioldgica especifica
(sistema: célula, tecido ou drgdo)
v' efeito da insulina nos niveis de glicose sanguinea (in vivo)
v" noradrenalina na produgdo de melatonina (pineal em cultura)

5. Imunoensaios - RIA, ELISA

6. Estudos farmacoldgicos - Receptores/Sinal de transdugdo



Separacao cromatografica - HPLC

XN BWN =

Homovanillic acid
DOPAC

Serotonin
Dopamine
Epinephrine
Hydroxytrypthophan
MNorepinephrine
DOPA

Column: Obelisc N
Size: 46 x150mm
Flow: 1.0 mLfmin
Mobile phase: MeCMN/30
mhl AmAc pH4.0 —89/11
Detection: UY 270 nm
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Imunohistoquimica de receptores
na glandula pineal de ratos

LPS ATP
(A) | (C)

(B). j' .‘ W "\‘ ;., \

1:]

Laboratorio de Cronofarmacologia
IB - USP



MEDICAL
CENTER
The University of Kansas

Pituitary

Macro view of the pituitary gland. This and the following pituitary slides are stained with
Masson's trichome wherein nuclei and other basophilic structures (may include
cytoplasm) are blue, collagen is green or blue, and cytoplasm (nonbasophilic) are red.
Notice the lightly-stained neurohypophysis and darker-stained adenohypophysis.



Organizagdo do Sistema Endodcrino

ipotdlamo
Gonadas Adrenal Tiredide
espécie .
P defesa energia

(reprodugdo)



Relagdes anatomo-funcionais entre o hipotalamo e a hipofise anterior

Galeno (sec XI DC); Lewi e Greving (1920); Popa e Fileding (1930); Green e Harris (1946)

Fa

J. D. Green and G. W. Harris. The Neurovascular link between the neurohypophysis and adenohypophysis.

Journal of Endocrinology 5: 136 (1946).

“There is little doubt that the secretory activity of the adenohypophysis is to some extent under the control of the nervous
system [see Marshall, 1936, 1942; Brooks, 1939]. Two hypotheses have been advanced by various authors to explain this
neural control: first, that the glandular cells possess a direct secretor-motor nerve supply, or secondly, that a humoral
relay transmits the nervous stimuli from the hypothalamus by means of the hypophysial portal vessels.”

Journalof | =

1946 Society for Endocrinology Endocrinology | . -




Relagoes anatomo-funcionais entre o
hipotalamo e a hipofise anterior
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J. D. Green and G. W. Harris. The Neurovascular Link Between The Neurohypophysis And Adenohypophysis.
Journal of Endocrinology (1946) 5, 136.

“There is little doubt that the secretory activity of the adenohypophysis is to some extent under the control of the nervous
system [see Marshall, 1936, 1942; Brooks, 1939]. Two hypotheses have been advanced by various authors to explain this
neural control: first, that the glandular cells possess a direct secretor-motor nerve supply, or secondly, that a humoral
relay transmits the nervous stimuli from the hypothalamus by means of the hypophysial portal vessels.”

Journal of ',‘.
1946 Society for Endocrinology Endocrinology | -




Formagdo da hipéfise durante o desenvolvimento

a partir de diferentes tecidos embrionarios.

|6bulo anterior |6bulo posterior

» tecido neural
* tecido epitelial
_ ederivado da ectoderme
* torna-se uma protuberancia
do céu da boca. *Se desenvolve a partir do

hipotalamo (downgrowth).



Desenvolvimento embriondrio da hipofise

1. Protuberancias do tecido aparecem do 3. A lébulo da hipéfise anterior ainda
hipotalamo e do céu da boca. imatura separa-se do céu da boca

Crescimento do Infundibulo a o _

partir do hipotalamo hipofise anterior ) § <
Crescimento de células j Céu daboca —— e
epiteliais do céu da boca

4. Maturacao dos I6bulos anterior e
posterior. Formacgao da sela turcica 6ssea

2. As duas protuberancias
de tecido fundem-se ’ l6bulo @=p T 16bulo

anterior posterior

sela turcica



Hipotalamo — Interface entre os sistemas nervoso e enddcrino
Organizagdo do complexo hipotadlamo-hipofise

Neuroni
magnocelu

Neurdnios de outras areas SNC

-----------

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

HIPOFISARIA

NEURO-HIPOFISE

ARTERIA HIPOFISARIA
INFERIOR

.......

Neurdnios

HIPOTALAMO

ARTERIA HIPOFISARIA
SUPERIOR

H
-----------

VASOS PORTAIS LONGOS

ADENO-HIPOFISE

VASOS PORTAIS
CURTOS

parvocelulare
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Controle da atividade do sistema hipotalamo-hipofise

Formacao reticular
SNC : L
Sistema limbico...
' luz
1 Periferia o
estresse

estado alimentar

: 4

Homoanios liberadores e

Trato hipotalamo- el ports

neuro-hipofisario h?potélgmo— W hormaonios inibidores
hipofisario :
4
Neuro- Adeno-
hipodfise hipéfise
Hormonios
Osmoceptores
ADH Ocitocina hipofisarios
v
Mecanoceptores Glandulas/tecidos-alvo

Sinais hormonais e neuronais o infegram com a periferia gerando respostas endocrinas
apropriadas para a manutengdo da homeostase



Tipos de receptores

e Receptores acoplados a proteina G

e Receptores ligados a enzima — proteina quinases

e Receptores intracelulares

Steroid
hormone
(cortisol)

Receptor-
inhibitor

CYTOPLASM
complex \ S lnhitbi.tor
‘a:’ rotein
— — E’ « P

(s) (S) NucLEus
DNA

Transcription
activated
RNA

Glucocorticoid
response element

©Addison Wasley Longman, Inc




Receptores de Membrana

Componenis of the ABC Transporter:Channel:Receplor Complex
AEC

ion 1ransporter
\ lon channe! CFTR
ORCC SUR  gpucleotidase
Phosphalipass ENAC on

* Canais ibnicos

extracellular

G
Purinergic  protein
teceplor

» Receptores acoplados a proteina G




Receptores acoplados a Proteina G
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Diversidade de vias de transducao do sinal
de receptores acoplados a proteina G

N

G Protein-linked

lon Channels
PI3K
Phospholipases
Adenylylayclases
Receptor kinases

GTP
lon Channels Increase cAMP Increase DAG Activates
Inhibition cAMP Py Rho

Phospholipases



Via de transducao - Gs/AMPC

Campbell, Biochemistry, 3/e
Text Figure 20.05

Hormone Enzima amplificadora

Cellular
response

Segundo mensageiro

Harcourt Brace & Company



Ativacao da PKA

(a) cAMP-dependent

protein kinase
A

r A\
Regulatory Catalytic o
subunits  subunits Catalytic site

cAMP )
o) L ol
+ A‘A:A = % <
ihh 9 R ’

Pseudosubstrate
Inactive Active




Amplificacao do sinal

REACTIONS NUMBER OF
MOLECULES ACTIVATED
Active adenylyl cyclase 102
ATP \E
Cyclic AMP 10°
Inactive protein kinase ‘
Active protein kinase 104
Inactive phosphorylase kinase ‘
Active phosphorylase kinase 10°
Inactive glycogen phosphorylase ‘
Active glycogen phosphorylase 10°

Glycogen ‘

Glucose-1-phosphate 107



Ativacao da enzima Fosfolipase C

Second Messengers

Hormone Phospholipase C JUtsldy of &3
"3 Receptor prj Protein
-~ DAG kinase C
W — GTP
Plasma membrane IP, Ca2*
ekl ﬂ:z"channel
Ca2*chann )

Cytoplasm

MSias uf =5l

Lumen of smooth
endoplasmic reticulum




Receptores intracelulares

Steroid
hormone
(cortisol)

Receptor-
inhibitor YTOPLASM .
complex Inhibitor

NUCLEUS

leanscrlption

DNA

activated

RNA

Glucocorticoid
response element

DAddison Wesley Longman, Inc




Controle hipotaldmico da hipofise anterior

HIPOTALAMO

GnRH GHRH S5 TRH DA CRH

FSH GROWTH TSH PROLACTINA ACTH
HORMONE

LH

HIPOFISE ANTERIOR




O que controla a secregdo diferencial dos

hormonios da hipofise anterior ?



Hipofise anterior - estrutura celular

» células epiteliais circundadas por grandes capilares - sinusoides.

« diferentes populacdes de células produzem diferentes hormoénios.

H
PRL
ACTH

GH  FSF

TSH
/

7/
sy _PRL - @ % PRL
S S| N GH

LH

ATPOFISE
LH sinusoides i /,‘/ ANTERIOR
FS:RL TSH
SH ACTH

TSH ACTH



Desenvolvimento da hipéfise anterior

melanotrope

@ -+ oMSH

corticotrope

-+ ACTH
Tpit
NeuroD| gonadotrope
@ - FSH.LH
Neurectoderm
thyrotrope
S 3 -+ TSH
BL!P4 " @
BMPZ Pitx]
WNT4 [ o Pitx2 somatotrope
Hele LLhx3/4 + GH
Oral ectoderm
Rudimental Rathke’pouch Progenitor lineage lactotrope
PRL
Mature Rathke’pouch
Initial patterning Proliferation Terminal lineage

differentiation



Hipofise anterior

v 1. Estrutura celular

Em geral hd um tipo celular para cada hormonio

formado na glandula

1- Somatotrapicas (30-40 % - GH) - acidofilas
2- Corticotropicas (20 % - ACTH)

3- Tireotradpicas (TSH)

4- Gonadotropicas (LH e FSH)

5- Lactotrdpicas (PRL)
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DIEN
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FSH
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Hormonio liberador de Tireotrofina (TRH) — Regulacio e Sintese

Aferéncias centrais

Neurdnio B Receptores de glicocorticéides
TRHérgico ‘ '

A Receptoresde HT

NPV Y Receptores de leptina

Aferéncias
catecolamlner

NA (frlo)

Temperatura’

hipotalamo

Estado

= NArc Neurénio
alimentar ME

Neurénios

hipofise

T3eT4

. HlpoﬁseA )

tiredide

Fig. 62-5




Regulacao neuroendocrina - Horménio Liberador de Gonadotrofinas (GnRH)
Atividade do sistema hipotalamo-hipofise-gbnadas

Aferéncias
neuronais

ESTRESSE,
NUTRICAO,
EXERCICIO,

INFORMACOES \
SENSORIAIS

Receptores de:
A progesterona
B-endorfina ® estrogenos

= andrégenos
Y inibina

Neurdnio
GnRH

Neurdnio
GnRH

A O m

HIPOTALAMO




Regulacao neuroendocrina - Horménio Liberador de Gonadotrofinas (GnRH)
Atividade do sistema hipotalamo-hipofise-gbnadas

Aferéncias Receptores de-
neuronais i e
= andrégenos

Y inibina

ESTRESSE,
NUTRICAO,
EXERCIcio,

‘ INFORMACOES \
| SENSORIAIS

Neurdnio
GnRH

Glutamato

Aeom
HIPOTALAMO

Inibina

Testosterona

Inibina

Progesterona

Estradiol

£

Eaag o
|
V Testiculo

Fig 62-5




Hormonio liberador do hormdnio do crescimento - GHRH

REGULACAO DA SECRECAO DE GH
40e44aa |GHRH| | ss 14 aa
. / i )
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N
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Fig 62-7



Controle da secrecao de GHRH e Somatostina (SS)
Mecanismos neurais

INFLUENCIAS NEURAIS
Propranolol
isoproterenoi
Clonidina .
Fentolamina Vias B-adrenérgicas
| Vias a-adrenérgicas | 4 3
o NS - Vias colinérgicas
Levodopa | ; , ;
_ oA , | Metisergida /
Apomoriina P . /
Bromocriptina | SHT l—'
J
Fenotiazinas sS
s
| Vs
= /
Agonistas | : /
Antagonistas o EE————
GH




Regulagdo do eixo hipotdlamo-hipéfise-hormonio do crescimento

Raphe
B GHS receptors Periventricular nucleus
| O GHRH receptors | SRIF nucleus <(®)
. % SRIF receptors neuron , g 5-HT
bl + ~ . CRH

/

Brain stem

Basal catecholaminergic
forebrain inputs
NPY
neuron
SRIF Arcuate
neuron nucleus
Hypothalamus
~ to CNS




e

A GH receptors

- Raphe
° | @ GHS receptors | Periventricular nucleus
E 'xo | © GHRH receptors nucleus <®
. % SRIF t . =
Tt e B CRH kT
° V' 4 ° U4 ° neuron o
hipotalamo-hipofise-HG
- Brain stem
Basal catecholaminergic
forebrain : inputs
,/5};,‘\
ACh
GHRH
. p m SRIF Arcuate
Indiretamente integrando @ HEUFeH nucleus
Sinais periféricos...
Hypothalamus
+ to CNS

Ghrelin |

Pituitary
A% EO

—

Stomach

Ghrelin



Regulagdo do crescimento

thalamus

ﬂslGHRH + Ghrelin == == == == == :Nutrition
[ ( ; Intravascular Space L
GH+GHBP

Other IGFBPs

150 kDa
Complex
IGFBP-3

Proteases

Hepatocyte

IGFBP-3

Kupffer Cells &
Hepatic Endothelia

Bone and
Other Cells




Regulagdo neuroendodcrina da sintese e secregdo de somatostatina (SS) pelo
nicleo paraventricular hipotalamico (PVN)

Glicocorticoides




Regulagdo neuroendocrina da secregdo de hormonio liberador de corticotrofina
(CRH)

Hippocampus
Prefrontal

2\ cortex

Processive
(Neurogenic) —
Stress
(fear, restraint)

Bezzee

B Glucocorticoid
receptors

-\ Cytokine receptors

£

Raphe nucleus

Lateral BST Hypothalamic

septum @ GABAergic inputs Y Leptin receptors
GABA Paraventricular
MeA nucleus Hypothalamic
glutamatergic
NE O\ . & mpiEe Brain stem
Hypothalamic - |+ AN catecholaminergic
glutamatergic : npais NTS
inputs | 7"/:
@. CRH &
neuron N5 i
. ystemic
Subfornical org. (& (Physiological)
A(ADVIID_(TD- Stress
e /«M — (og/tokin.es,
rcuate, ypoxia,
NPY and POMC hemorrhage)
Systemic HeLrens
(Physiological) Hypothalamus @
Stress —~ Y
(osmotic challenge, I
macromolecules) ' b




Regulagdo neuroendocrina da secregdo de hormonio liberador de corticotrofina
(CRH)

CRH &

neuren 5 N Systemic

Hypotnaiamic
glutamatergic
inputs

NTS

Subfornical org. (& + Prostaglandins (Physiological)

A‘;V}i—g Stress

e , (cytokines,
( Arcuate, Brain stem hypoxia,
NPY and POMC vasculatre hemorrhage)
Systemic neurons
(Physiological)
Stress
(osmotic challenge,
macromolecules) 4
to
CNS

IL-1, IL-2,
IL-6, TNFa

s - .t_i

Cortisol



2 Regulatory hormones of the hypothalamic-pituitary axis

Hypothalamic Hormone Anterior Pituitary Hormone Target Gland and
Hormone

Gonadotrophin Releasing Follicle Stimulating Hormone (FSH) | Reproductive organs
Hormone (GnRH) Lutemizing Hormone (LH) Sex Steroids
Growth Hormone Releasing | Growth Hormone (GH) Liver and various
Hormone (GHRH) tissues
Somatomedin C (IGF 1)
Thyrotrophin Releasing Thyroid Stimulating Hormone Thyroid
Hormone (TRH) (TSH) Thyroxine
"A
<' Corticotrophin Releasing Adrenocorticotropic Hormone Adrenal Cortex ‘>
Hormone (CRH) (ACTH) Cortisol
Dopamine (Inhibitory) Prolactin Breasts

Somatostatin (Inhibitory) TSH and GH




Liberagdo de ACTH e produgdo de AMPc estimulada por CRH
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Hipotalamo — Interface entre os sistemas nervoso e enddcrino
Organizagdo do complexo hipotadlamo-hipofise

Neuroni
magnocelu

Neurdnios de outras areas SNC

-----------

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

HIPOFISARIA

NEURO-HIPOFISE

ARTERIA HIPOFISARIA
INFERIOR

.......

Neurdnios

HIPOTALAMO

ARTERIA HIPOFISARIA
SUPERIOR

H
-----------

VASOS PORTAIS LONGOS

ADENO-HIPOFISE

VASOS PORTAIS
CURTOS

parvocelulare

S




Hipdfise posterior

Nucleo
S

* horménio anti-diurético (ADH),
vasopressina

* Ocitocina

Axo6nios do trato
hipotalamo-hipéfise

Hipofise posterior m

Infundibulo

X

Ocitocina mamas e utero




Glial regulation of magnocellular neurosecretory cell activity under basal conditions

J Neuroendocrinol. Aug 2013; 25(8): 10.1111/jne.12051.
doi: 10.1111/jne.12051
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Atividade espontanea de cél.
neurosecretoras
magnocelulares “in vivo”
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J Neuroendocrinol. Aug 2013; 25(8): 10.1111/jne.12051.
doi: 10.1111/jne.12051
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Sistema neurosecretor magnocelular

RAS e ‘MT-‘-'
B

J Neuroendocrinol. Aug 2013; 25(8): 10.1111/jne.12051.
doi: 10.1111/jne.12051




Frequencia de facilitacao da liberacao de ocitocina e
vasopressina por células neurosecretoras magnocelulares

O
o
J

Oxytocin

N
O,
]

Vasopressin

Hormone release (% total)

o
o
(o))
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N
W
N
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&)
N

Stimulation frequency (Hz)

J Neuroendocrinol. Aug 2013; 25(8): 10.1111/jne.12051.
doi: 10.1111/jne.12051




Influxo de Ca?* dispara a liberacao de ocitocina

Dense-core
vesicles

J Neuroendocrinol. Aug 2013; 25(8): 10.1111/jne.12051.
doi: 10.1111/jne.12051




Peripheral and afferent inputs to magnocellular

neurosecretory cells

|

uame Angiotensin | gk
®— GABA Oestrog_en/\‘SFO
®—1 Noradrenaline Relaxin
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Dopamine P|asma
® 1 Histamine osmolality
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®— Angiotensin || /‘5
@i [-endorphin | Olfactory

Retinal—___¥
SCN

Prolactin
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Ocitocina — Mecanismo de acao na contracao do miometrio
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The posterior pituitary

Neurosecretory
cells of the

Hypothalamic hypothalamus
hormones
Posterior
pituitary
¥ v
Hormone ADH Oxytocin

Target Kidney Mammary glands,
tubules uterine muscles

I :

Response Aquaporins Eject milk
activated; during nursing;
H,O contraction

reabsorbed during labor




The anterior pituitary

&

Neurosecretory

Anterior _ cells of the
pituitary S hypothalamus
Hypothalamic Blood vessels
hormones
Pituitary ""‘
hormones
Hormone ACTH Follicle- Growth  Prolactin Thyroid-
stimulating  hormone (PRL) stimulating
hormone (FSH)  (GH) hormone
and luteinizin (TSH)
hormone (LH 1 &
Target Adrenal Testes or Bones Mammary Thyroid
cortex ovaries l glands l
Response Production Production of Growth Mammary Production
of sex hormones; gland of thyroid
glucocorticoids control growth; milk  hormones

of menstrual oduction
cycle l




