Sistema Endocrino
Sistema Enddcrino

» Células isoladas: Células APUD
» Partes de glandula mista (ilhotas pancreaticas)
» Glandulas propriamente ditas
Glandulas Enddcrinas
* sem ductos
* secrecao endocrina/paracrina/autocrina
 Orgao(s) alvo (s): receptor especifico
* hormoénios
* esteroides
» polipeptidicos @ _
o protéicos Secreting cell
» glicoprotéicos

Target cell

Blood vessel Target cell
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MECANISMO DE CONTROLE HORMONAL

CONTROLE AUTOCRINO: hormonios agem nas proprias células
ou em ceélulas do mesmo tipo - IGF

CONTROLE PARACRINO: horménio é conduzido por curto trajeto
até a célula-alvo — gastrina, somatostatina

CONTROLE ENDOCRINO: horménio é liberado na matriz
extracelular — sangue - células-alvo (maioria dos hormonios)



Sistema Endocrino

Hormonio- Receptor celular: mecanismo de acao
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Sistema Endaocrino
Hormonio- Receptor celular: mecanismo de acao

Hormonios esteroides
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Sistema Endocrino

Hormonio- Receptor celular: mecanismo de acao
-stemidhnrmnne

intracellular effects transcription

translation
\ roleins

extracellular effects



Sistema Endaocrino
Hormonio- Receptor celular: mecanismo de acao




Sistema Endocrino

» Glandulas enddcrinas classicas
Numero de células
* multicelulares
pineal, paratiredide, tiredide, adrenal, hipofise
* unicelulares
sistema neuroendocrino difuso
Morfologia
* vesicular ou folicular

» cordonal



GLANDULAS ENDOCRINAS
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Testis (two)
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Células Enteroendodcrinas
(isoladas no T. Digestorio)




Sistema Endécrino
Hipofise (pituitaria)
* base do cérebro: associada ao hipotalamo (sella
turcica)
* epitelial = adenohipdfise (estomodeo)

* nervosa = neurohipofise (diencéfalo primitivo)

_,Hypothalamus




Assoalho
do diencéfalo

s W

\*—/‘\t
Teto da

cavidade bucal

Hipofise:

Origem embriolégica

epitelial = (estomodeo)
nervosa = neurohipofise (diencéfalo primitivo)

\//' Pars tuberalis
Eminéncia

meadiana

Pars distalis

Pars Bolsa
nervosa de Rathke
Pars

N’nt&nneda’a

de Rathke cavidade bucal

Fig. 20.1 Desenvolvimento embriondrio da adeno-hipéfise e da neuro-hipéfise a partir do ectoderma do teto da cavidade oral e do
assoalho do diencéfalo.



Sistema Endocrino
Hipofise (pituitaria)

Adenohipofise
- Pars distalis (hipéfise anterior) Eminéncia
medlana#
- Pars intermedia, — Pars tuberalis

. Infundibul
- Pars tuberalis miundibulo Pars distalis
- 7 gn Pars EL‘:|EE!.
Neurohipofise . de Fathke

- Pars nervosa (hipofise posteriol Pars
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- Eminéncia Media



Hipofise (pituitaria)

Mammillary body

Median eminence

Adeno Hipoéfise

Optic
Anterior pituitary chiasm Infundibulum
Pars tuberalis Neurohipofise
Pars intermedia Posterior pituitary
Pars distalis Infundibular stalk
Pars nervosa

Hypophyseal fossa
in sella turcica of
sphenoid bone
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Sistema Endocrino

Adenohipodfise: Glandula endocrina cordonal: tipos de células
Pars distalis

Cromofilas
Células acidofilas
- somatotroéficas- GH
« mamotroficas ou lactotréficas (prolactina)
Células basofilas
- adenocorticolipotroficas — ACTH, lipotrofinas
* tireotroficas - TSH
 gonadotroficas — FSH, LH
Cromofobas — sem secrecao



Sistema Endocrino

Basafila

Adenohipdfise: tipos de células - 7 q
ACTH Ay, Secrecao

Pars distalis T

Cortex adrenal

Cromofilas basofilas

- adenocorticolipotréficas — ACTH e
- tireotréficas - TSH Tiredide
, g D lwi t
- gonadotréficas — FSH, LH de foliculos e
FSH D‘u'é.i':] genocs
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Sistema Endocrino

Adenohipodfise: tipos de células
Pars distalis

Aciddfila

Cromofilas acidofilas
- Somatotréficas - GH

Hormdnio de crescimento
via somatomedinas /

- mamotroéficas ou lactotroficas - Prolactina  crescimento | /o

de osso Flsca
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Sistema Endaocrino
Adenohipodfise

CROMOFILA
BASOFILA

CROMOFILA
ACIDOFILA

CROMOFOBA



Cromofoba
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~ Sistema Endocrino
» Adenohipofise

Pars intermedia
Células cromofilas
Células basofilas
* melanotroficas - MST (H. melanotrofico)
* vesiculas com coloide (resqumo da bolsa de
Rathke) e AT
Células croméfobas




Sistema Endocrino

» Adenohipdfise
Pars tuberalis
Células cromdfilas
Células basobfilas
 gonadotroficas — FSH, LH
Células cromofobas

Optic
Anterior pituitary chiasm
Pars tuberalis
Pars intermedia -~
Pars distalis "‘:
e,
., ‘__

Hvpophvseal fossa




CONTROLE FUNCIONAL DA PARS DISTALIS

Producao do TSH — Hormonio
Estimulante da Tireoide

v'Mecanismo principal: HIPOTALAMO

Inibitorios

Estimuladores

HORMONIOS LIBERADORES
HIPOTALAMICOS

v'Mecanismo de Feedback

Estimulos

nervosos \
Hipotalamo

TRH

v

H_-' Pars
= distalis

(+)

, TSH



Ceélulas neurossecretoras
do hipotalamo produzindo
horménios estimulatérios
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Sistema Endocrino

» Neurohipofise
Componentes:
Fibras amielinicas
 corpos de Herring (oxitocina, ADH- neurofisinas)
* origem — corpos celulares de neurdnios dos nucleos
paraventricular e supra-optico

e

Pituicitos (células estruturais) T, g
Capilares fenestrados sl , o
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NEURO-HIPOFISE

Pituicitos
(Glial)

Vasos




CONTROLE FUNCIONAL DA PARS NERVOSA
Producao de Leite - OXITOCINA

Neural Pathway
to Hypothalamus

Neuroendocrine Cells
Synthesis Oxytocin

——Nerve cells

! \

' Posterior Pituitary

| {(Neurchypophysis)

Oxytocin stored in nerve terminal,
stimulation of nerve releases

oxytocin in capillary.

Endocrine § Oxytocin Release  Oxytocin stimulates

in Blood contraction of
myoepithelial cells
for milk letdown.

Aveoli - Milk
production of

- ) - mammary gland.

Calf Stimulation
of Mammary Gland
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Pars distalis
(hipofise anterior)

Cromofobas

. r- Aciddfilas



Pars distalis (hipofise anterior)




Pars distalis (hipofise anterior)
Complexo de Golgi

" St .Lemnu|us
™ ; " de secrecao

Célula somatotrofica: acidofila






Hypothalamus

Ependyma

Supraoptic or
paraventricular nucleus

Third ventricle with
cerebrospinal fluid

Unmyelinated axon with i
numerous expansions along its |
length. i
The dilations—called Herring i

bodies—contain secretory
i granules (hormene and carrier
neurophysin).

Hemingbody . 777777

Neurophysin
Hormone —_—; {1
u Neurosecretory |
granule |
containing the
neurophysin-
Neurohypophysis hormone
——————
Pituicytes

Pituicytes are present in the pars nervosa
of the hypophysis.

They are glial cells containing the
intermediate filament protein glial
fibrillary acidic protein, characteristic of
astrocytes.

Pituicytes surround the axons of the
neurosecretory cells and contact the
basal lamina of the fenestrated
capillaries.

When antidiuretic hormone or oxytocin is
released, pituicytes adjacent to the € -
capillary retract the cell processes to i Unlike capillaries forming the blood-brain barrier, capillaries of |
enable axon terminals to discharge the ! the neurchypophysis are fenestrated to permit diffusion of |
stored hormone into the circulation. ! secretions into the circulation. :

Pars nervosa (hipoéfise
posterior)
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HIPOFISE :Vascularizacao

Superior hypophyseal artery

Hypophyseal portal veins

Hypothalamus

4

Infundibulum

Primary plexus of the
hypothalamo-hypophyseal
portal system

Anterior pituitary

—— Hypophyseal veins

Hypophyseal vein

Secondary plexus of the
hypothalamo-hypophyseal

portal system Posterior pituitary

Anterior hypophyseal vein

Inferior hypophyseal
artery

(a) Hypothalamo-hypophyseal portal system



HIPOFISE :Vascularizacao

£ Circulacao sanguinea
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Células neurossecretoras Nucleos Nucleos
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Sistema Endocrino
TIREOIDE

- Dois lobos laterais unidos pelo istmo (lobo piramidal)
- Capsula de TCD e trabéculas conjuntivas
- Foliculos tireoidianos (coloide)

células foliculares

células parafoliculares (células C)




Sistema Endocrino

Tiredide : Glandula Enddcrina Folicular
Foliculos tireoidianos — Células Foliculares
Colbide - tireoglobulina (glicoproteina)




Sistema Endocrino - Tireodide




Sistema Endocrino - Tireoide

Secrecao dos hormonios tireoidianos — T3 e T4

A) Sintese da tireoglobulina.

B) Sequestro e transportie de iodeto.

C) Ativacao do lodeto em iodo (enzima tireoperoxidase).

D) lodacao dos radicais tirosina da tireoglobulina.

) Endocitose de partes do coldide

) Fusdo das vesiculas com lisossomos e formacao de
T3 e T4, MIT, DIT. -

MIT — Monoiodotirosina
DIT — Diiodotirosina

T3 — Triiodotirosina

T4 - Tetraiodotirosina

11 [T]




Sistema Endocrlno Tireodide

Digestio de —__|
tiracglcbulina
por enzimas
lisossbmicas

|\ M orporacdo

de mancse

| Sintess da
tirezglobulinia

T3T4 AminoAcidon  bocato
Lirmen de capilar
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Sistema Endocrino - Tireoide
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Sistema Endocrino - Tireodide

i Connective tissue :
i capsules !
i Parathyroid gland Thyroid follicle i
i The parathyroid !
1 glands are separated |
i from the capsule of :
i the thyroid gland by :
| their own connective . Blood vessel :
i tissue capsules. ¥ :
| 0 |
} Septum PPk |
i The connective aeat !
i tissue capsule |
 extends septa into i
i the mass of the i
i gland, which is !
! subdivided into :
vincomplete lobules. i
: AC cell can be i
! distinguished from !
! Bload Vessalsiare surrounding follicular :
! found around the cells by its pale |
! follicles. cytoplasm. . |
i Two more effective i
i Follicular epithelium identification approaches |
i In the inactive follicle, e .
! the follicular 1. !mmunocytochemlstry, !
+ epithelium is simple using an antioody to
¢ low cuboidal, or calcitonin. i
' squamous. During 2. Electron microscopy, i
! their active secretory to visualize calcitonin-
' phase, the cells containing cytoplasmic |
' become columnar. granules. :

i Area of colloid
i resorption



Sistema Endocrino - Tireoide

Capsula

Foliculo
Tireoideano

Paratiredide

Septo

Células
Foliculares

Superficie de
endocitose



Sistema Endocrino - Tireoide

Célula C (Parafoliculares)

Secrecao de

Células calcitonina
Foliculares l

Inibe a reabsorcao 6ssea

Diminui Calcio no sangue



Sistema Endocrinc
Tiredide

Controle hormonal

Estimulos

Nervosos \
Hipotalamo

TEH Hormonio liberador do TSH
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Sistema Endocrino: Paratireodide

Dois pares (superiores e inferiores)

Fina capsula de TCD e trabéculas

Tipos celulares — células principais (PTH) e células oxifilas ?

- Células principais - PTH (paratormdnio) - mobilizam o Ca*? do

0SSO




Sistema Endocrino: Paratireodide

BF W ey

.- 8 ", Capilares

ganguineos



Sistema Endocrino: Paratireodide

Células
Oxifilas

Células
Principais

C. Golgi

Pro-PTH

Pré-pro-PTH

Ca+2




Sistema Endocrino - Adrenal

Pares e sobre o polo superior dos rins
(tec.adiposo peri-renal)

Adrenal glands

R GHT ADRENAL —
GLAND




Sistema Endocrino - Adrenal

Fina capsula de TCD e trabéculas

Cortex (mesoderma)

Zona glomerulosa — mineralocorticoides (aldosterona)

Zona fasciculada - glicocorticbides e andrégenos (ACTH)
Zona reticulada — andrégenos

Medula (crista neural)

células cromoafins-catecolaminas: adrenalina, noradrenalina,

P
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Sistema Endocrino

CORTEX

Zona glomerulosa —
células colunares ou
piramidais organizadas
em cordoes -arcos

Zona fasciculada —
células poliédricas
organizadas em
cordoes retos e
regulares

espongidcitos

Zona reticulada —
células organizadas
em cordoes
irregulares

MEDULA
















Fatores que agem
sobre a glandula

Zona glomerulosa —

Angictensina e
corticotropina (ACTH)

Capilares

Zona fasciculada —

Coricotropina

Zona reticulada

Corticotropina f

Herménios
secretados

Mineralocorticdides
(aldosterona)

Glicocorticoides
(cortiscl &
corticosterona)

=1 Androgenos

(diidroepiandrosterona;
androstenadiona)

Glicocorticdides
(cortisol &
corticosterona)

Andrégenos



Capsula—__

Plexo arterial
subcapsular

Veia supra-renal ——

| | |
Zona Zona Zona

reticulada fasciculada glomerulosa

Fig. 20.11 Arquitetura geral e circulacio de sangue na glandula adrenal.



Sistema Endocrino - Adrenal

' Blood vessels derived
 from the capsular plexus *~---
i —formed by the superior
' and middle adrenal

. arteries—supply the
 three zones of the cortex.
i Fenestrated cortical

' capillaries derive from

' these blood vessels.

Fenestrated cortical
capillaries percolate
through the zonae
glomerulosa and
fasciculata and form a
network within the zona
reticularis before
entering the medulla.

Medullary venous
sinuses

Central vein
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The medullary artery
—derived from the inferior
adrenal artery—enters the
cortex within a connective
tissue trabecula and supplies
blood directly to the adrenal
medulla.

The medullary artery
bypasses the cortex without
branching. In the medulla, the
artery joins with branches from
the cortical capillaries to form
medullary venous sinuses.
Thus, the medulla has two
blood supplies: one from
cortical capillaries and the
other from the medullary
artery.

The conversion of
norepinephrine to epinephrine
by chromaffin cells is
dependent on
phenylethanolamine N-
methyltransferase (PNMT),
an enzyme activated by
cortisol transported by the
cortical capillaries to the
medullary venous sinuses.




Receptor-mediated
endocytosis of LDL

€] sunr

Mitochondrion

Smooth endoplasmic reticulum

21-Hydroxylase
11B-Hydroxylase

“ Most of the cholesterol, the precursor for the
biosynthesis of all steroid hormones, derives from
circulating low-density lipoprotein (LDL). Cholesterol is
Aldosterone modified by a series of hydroxylation reactions. Enzymes
synthetase =>> Pregnenolone Progesterone located in the mitochondria and smooth endoplasmic
reticulum participate in the reactions. The substrates
shuttle from mitochondria to smooth endoplasmic
11-Deoxycorticosterone reticulum to mitochondkia during steroidogenesis.

U

Corticosterone

\&/

18-Hydroxycorticosterone

Aldosterone

Steroidogenic acute regulatory
protein (StAR)

EJ StAR (steroidogenic acute
regulatory protein) regulates the P
synthesis of steroids by transporting L\
cholesterol across the outer
mitochondrial membrane. A mutation
in the gene encoding StAR is detected
in individuals with defective synthesis of
adrenal and gonadal steroids (lipoid
congenital adrenal hyperplasia).

Congenital adrenal hyperplasia (CAH)

B CAH results from genetic enzymatic defects in
the synthesis of cortisol. However, the adrenal cortex
is responsive to ACTH and, therefore, cortical

Pregnenolone s==p>1 7oc-Hydr05ypregnenoIone

17a-Hydroxyprogesterone

< 11-Deoxycortisol
U -

11B3-Hydroxylase

hyperplasia develops.
In a large number patients (90%), CAH is caused by e
an inborn defect in 21-hydroxylase, the enzyme that vl

converts 17o-hydroxyprogesterone to 11-
deoxycortisol. The precursor is instead converted to
androgens. Aldosterone is lacking and
hypoaldosteronism develops (with hypotension and
low Na* in plasma). Circulating androgens are high
and virilization is found in female infants.



Diversos estimulos

!

.;.----—-I" Hipotalamo

LY

gt e e Carex adrenal

Fig. 20.15 Mecanismo de controle de secrecio de ACTH e de gli-
cocorticoides. CRH, horménio libertador de corticotropina,
ACTH, corticotropina.



Fatores que agem
sobre a glandula

Hipofisectomia

Estresse — Hipotalamo —
Hipdfise —
Corticotropina (ACTH)

Efeito na
glandula

Atrofia cortical

Hipertrofia cortical

Fig. 20.16 Conseqiiéncias da estimulagio ou inibicao do cértex sobre a estrutura da adrenal.



Pancreas




llhotas de Langerhans




Dual blood supply: Acinar and n Insuloacinar ‘ Islet of
insuloacinar vascular systems LUCIBECU =  Langerhans

BB Eachislet of Langerhans is
supplied by afferent arterioles, forming
a network of capillaries lined by
fenestrated endothelial cells. This
network is called the insuloacinar
portal system.

Capillaries leaving the islet supply blood
to the pancreatic acini surrounding the
islet. This vascular system enables a
local action on the exocrine pancreas of
hormones produced in the islet.
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a An independent arterial system, the

acinar vascular system, supplies the (3] Ac'“sa;s‘;::f"hr

pancreatic acini.

Topographic distribution of endocrine cells in the islets of Langerhans

Core
Beta cells predominate in
the core.

Mantle

Other cells—alpha, delta, and
F cells—are present in the
mantle.




Sistema Endocrino

» llhotas pancreaticas (Langerhans)
 pancreas exocrino — acinos e ductos pancreaticos
pancreas endocrino — llhotas de Langerhans

- cerca de 1 milhao de llhotas por pancreas
- corddes de células entre capilares
- capsula de TC rico em fibras reticulares

llhotas de Langerhans (hormonios)

-tipos celulares:

- alfa ( 15-20%) - glucagon
* beta (70-80%) - insulina
» delta (10%)- gastrina e somatostatina
* F (2%) — polipeptidio pancreatico
« outras- VIP, motilina, secretina




llhotas de Langerhans

Cordoes

Capilares diams |

sanguineos

Acinos pancredticos



Fenestragoes Laminas basais
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Células B [nsulina
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PANCREAS (ILHOTAS DE LANGERHANS)
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Sistema Endocrino
» Pineal (Epifise)
* glandula de funcao neuroendocrina

* pinealécitos (melatonina, serotonina) e astrdocitos

* células intersticiais (semelhantes a células gliais)

* vasos sanguineos, revestida externamente pelas
meninges — pia mater

e corpora arenacea “areia cerebral” — depoésitos de
carbonato de calcio em adultos na MEC

S
QDS

Localiza-se na extremidade
posterior do terceiro ventriculo
sobre o teto do diencéfalo

. 2t '-.- = P &
Suprachiasmaticg= = [
nucleus f .
Optic © /
chiasm /

/

e

Pituitary

\/FUNCAO Controle dos ritmos circadianos

Hypothalamua\



Sistema Endocrino

» Pineal (Epifise)
* glandula de funcao neuroendocrina

/

;

/

chiasm /
/

e
Pituitary

Hypothalamu&\ I'

: __ Cerebral
— 3 cortex

pinealdcitos (melatonina, serotonina) e astrocitos

células intersticiais (semelhantes a células gliais)

vasos sanguineos, revestida externamente pelas
meninges

corpora arenacea “areia cerebral” — depositos de
carbonato de calcio em adultos na MEC




Sistema Endocrino




Sistema Endocrino: Melatonina

..., Retinohypothalamic

— n Suprachiasmatic Tryptophan
(1] Light signals are conducted to th B tract Tryptophan
suprachiasmatic nucleus in the ¢ hydroxylase
hypothalamus by the retinohypothalamic

tract. 5-Hydroxytryptophan

¢ ] L-Amino acid

_ S decarboxylase
a Information from the hypothalamus is Serotonin
delivered to the intermediolateral cell :
column of the thoracic spinal cord by the EHypothaIamo- ¢ <73— N-acetyltransferase

hypothalamospinal tract. . spinal tract
S N-acetylserotonin

B Information from the spinal cord is
transmitted to the superior cervical
ganglion (preganglionic sympathetic
fibers).

¢<}_ Hydroxyindole-C-
methyltransferase
Melatonin

!

Melatonin is secreted into the general
circulation after exposure to darkness and is
stopped upon exposure to light.

Carotid artery

................

u Information from the superior cervical
ganglion is conducted by postganglionic

sympathetic fibers traveling in SHPEronCREvCal

e . | ganglion
a§500|a1|0n with blood vessels entering the (sympathetic —_— APE—
pineal gland. : trunk) elatonin acts on both the hypothalamus

and anterior hypophysis to inhibit
gonadotropin and growth hormone secretion.

oo R

B Darkness stimulates the production

of melatonin. Light rapidly suppresses i

production of melatonin.
LB

Tumors of the pineal gland are associated
with precocious puberty.

__________________________________________________________________________________________




TIREOIDE )
ALTERAGAO DE FUNCAO

= HIPOFUNCAO (HIPOTIREOIDISMO)

= HIPERFUNCAO (HIPOTIREOIDISMO)



HIPOTIREOIDISMO

TIREOIDITE DE HASHIMOTO

Estimulos

nenfosos \




HIPOTIREOIDISMO

Bocio coldoide endémico

Desenvolvimento de um tamanho aumentado
da glandula tiredide devido a falta de Iodo.



Bocio coldoide endéemico

50mg I/ano - Quantidades adequadas
de hormonios tireoidianos

Faltade I | Impede produgdo —— Ndo inibi¢do da

de T3e T4 produgdo de TSH
|

Aumento <«—— Secrecdo «— Secregao
da gldndula excessiva de excessiva de TSH
coloide



Bocio coldide endémico

/af —

S




HIPERTIREOIDISMO

Doenca de Graves

- Mecanismo é autoimune

- Producao de anticorpos contra os receptores para TSH
situados na membrana plasmatica das células foliculares.

Anticorpos 4= Receptor = TSH <4 Receptor

|

célula folicular é estimulada a
secretar T3 e T4.



Doenca de Graves

Anticorpos estimulam a secrecao de T3 e T4, assim como o

TSH 1

Células foliculares tornam-se grandes, cilindricas ou cubicas,
com nucleos volumosos, devido a sua maior atividade

!

Quantidade de coldéide na luz dos foliculos fica pequena

!

célula metaboliza o coloide para liberar T3 e T4 no sangue
circulante
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Doenca de Graves

Infiltrado inflamatorio

Ha infiltrado linfoplasmocitario focal, formando foliculos linféides com
centros germinativos. O infiltrado inflamatério é a expressdo morfologica

da natureza autoimune da doenca.




