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Homeostatic integration within the hypothalamus

Enviromental factors: light, temperature, stress
Internal factors: emotions, satiety, nutntional status, water balance
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The hypothalamo-hypophyseal system-
neuroendocrine system

KEY TO PITUITARY HORMONES:

ACTH  Adrenocorticotropic hormone
r TSH  Thyroid-stimuating hormone
indirect control through release || GH  “Growth hormone

: PAL  Prolactin

control by \rect release

nervous system| of hormones

MSH  Melanocyte-stimulating hormone
Antidiuretic hormone

prostate gland
Females: Uterine
smooth muscle and

i | mammary glands
Melanocytes (uncertain

significance in healthy

@ adults)

Bone, muscle, Mammary
othertissues  glands

=

Copynight © 2008 Peanson Education, ne pubiinteng as Basjersn Currenngs



Neurosecretion is a special feature in the
hypothalamo-hypophyseal system
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Identification of different neurohormones and the specific
nuclei where they are produced
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| ADH containing fibers and accumulation of ADH in the

Miklos Palkovits Palkovits M: Isolated removal of hypothalamic or other brain posterlor pItUIta ry, Saglttal section
nuclei of the rat. Brain Res 59:449-450 (1973)
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ADH accumulation right to the knife cut
demonstrates the direction of the transport

ADH immunohistochemistry, rat hypothalamus
coronal section



Hypothalamic nuclei and areas
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Neurosecretory cells are the magno- and parvocellular
neurons in the hypothalamus

Parvicellular Hypothalamic
Magnicellular Neuron Hypophyseotropic Neuron Projection Neuron
Location: SON, PVH Location: PeVH, PVH Location: PVH
(AVP, OXY) (TRH, CRH, (AVP, OXY)
Somatostatin) LHA
Y~ Arc (MCH, ORX)
‘&K QW/J > (GHRH, GnRH, P
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Hypothalamus

Releasing
factors >/ )

Vasopressin

and oxytocin Neuronal targets

(e.g. sympathetic
preganglionic neuron
in spinal cord)

Trophic hormones
(ACTH, TSH, GH,
LH, FSH, Prolactin)
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The pituitary is connected with the hypothalamus via the
infundibulum

Pituitary gland Infundibulum Optic chiasm

(hypophysis)

optic chiasm Internal carotid artery
Anterior
clinoid process
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Blood supply:
Superior hypophyseal artery — internal carotid artery

Inferior hypophyseal artery - circulus arteriosus



Pituitary tumors may cause visual disturbances

Bitemporal Hemianopia:
chiasma lesion

Visual field defects Example of lesion

|
Left optic nerve
compression

Unilateral field loss

2
Chiasmal compression
from pituitary tumour

Bitemporal hemianopia

DD

Homonymous hemianopia

Left cerebrovascular
event




Adeno- and neurohypophysis are the main parts of the pituitary

Neurohypophysis: Adenohypophysis:
e, = L third ventricle
, N
Median . W optic chiasm
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The adenohypophysis is a glandular, the neurohypophysis is a neuronal tissue.

Neurohypohysis = posterior pituitary: does not produces hormones

Adenohypophysis = anterior pituitary: produces its own hormones

Hypophyseal cleft: between the pars intermedia and pars distalis




The adeno- and neurohypophysis are both ectodermal,
but have different embryological origin

3rd ventricle
diencephalon ‘
4 optic chiasm
p neurchypophysis
Rathke's pouch " Rathke’s adenchypophysis
— stalk
o SR

Rathke's pouch is a depression in
the roof of the developing mouth «  Neurohypophysis: neuroectodermal
(stomodeum) in front of the

buccopharyngeal membrane. Adenohypophysis: ectodermal



Development of the Hypophysis
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The adeno- and neurohypophysis have different functions

-

Parvocellular part
= | A
1. Secretion of regulatory
hormones to control
activity of anterior lobe
of pituitary gland

[ Projectory neurons

Magnocellular part

2. Production of
ADH and oxytocin

.

Anterior lobe

of pituitary gland Posterior lobe

of pituitary gland

Only storage,
but not
hormone
production!

Hormones
secreted by anterior lobe
of pituitary gland control
other endocrine

organs

Copyright © 2004 Pesarson Education, Inc., publishing as Banjamin Cumnmings

Release of ADH and
oxytocin



Magnocellular neurons of the supraoptic and the paraventricular
nucleus in the hypothalamus project to the neurohypophysis
hypothalamo-neurohypophyseal neurosecretory system

Paraventricular

_—""Nucleus
f,‘.

Supra-Optic

Nucleus \

Hypothalamo-
hypophyseal Tract

i neurohypophysis

Inferior
Hypophysial
Artery

Vasopressin
l Oxytocin

Paraventricular
nucleus ... .72=.7

T 2 § U ‘ Optic tract

N

Nw+ <+— Median eminence

ADH immunohistochemistry, rat hypothalamus
coronal section

* Fibers of the magnocellular neurons compose the hypothalamo-hypophyseal tract.

* Magnocellular neurons express vasopressin (ADH) or oxytocin (different cells).

* Oxytocin stimulates uterus contraction, milk ejection, social bonding.

« ADH increases water absorption in the collecting ducts of the kidney nephron.

« central diabetes insipidus (polyuria, polydipsia)



Oxytocin and vasopressin are transported via the axons
connected to carrier molecules called neurophysins

Herring hody —|i

Axon tenminal
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Herring bodies:
* large clusters of neurosecretory granules at the terminal portion of the axons
* oxytocin+neurophysinl or ADH+neurophysin2 is stored in different terminals

* they can be seen at light microscopic level



Histology of the pars nervosa
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1. unmyelinited axons

2. special glial cells - pituicytes, oval nucleus

3. fenestrated capillaries



Parvocellular neurons of the hypothalamus regulate
hormone production of the adenohypophysis:
tuberoinfundibular neurosecretory system

CNS Inputs
N V¥

I |
S eus Hypothalamic

hormones

Feedback (short loop)

I
Paracrine cytokines
and growth factors

Feedback
(long loop)

~ “(Utrashort |\ T T T
feedbackloop) 4 | Pituitary trophic | -
Feedback (short loop)

i

Peripheral
hormones

hormone

Target gland I




Releasing and inhibiting hormones and their target in the
anterior pituitary

Hypothalamus =

GnRH GHRH || SS TRH CRH
Anterior
¥ * "l Pituitary +
Prolactin
FSH Growth ACTH
And Hormone
LH
testes, ovaries liver Periphery thvroid  mammary adrenal >
fat, cartilage gland cortex

GnRH: gonadotropin releasing hormone or luteinizing-hormone-releasing hormone (LHRH)
GHRH: growth hormone releasing hormone

SS: somatostatin

TRH: thyrotropin-releasing hormone

DA: dopamine

CRH: corticotropin-releasing hormone or factor (CRF)



Growth hormone overproduction

Gigantism Acromegaly

Maurice Tillet, the
,French Angel”
1940.




Hypotalamic-pituitary-gonadal (HPG) and -thyroid (HPT) axes
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Hypotalamic-pituitary-adrenal (HPA) axis

CUSHING Syndrome

Red cheeks

Fat pads
Buffalo hump

Bruisability
ecchymoses

Background
Cushing syndrome is
caused by prolonged

exposure to elevated

levels of either High B.P. Red Striation
endogenous

glucocorticoids or Thin arms

exogenous e Pendulous abdomen

glucocorticoids

Poor wound healing

Osteoporosis
compressed (codfish)
vertebrae

(Stress)

Negative Feedback

Corticotropin
Releasing
Hormone

Adrenocorticotropic ¢
Hormone '

HPA Axis

CORT

Cortisol



Parvocellular neurons project to the median eminence
and release hormones into the portal circulation

Parvicellular Neurons : periventricular
paraventricular

QQ : y preoptic,
(hypophysiotropic area) ¢y ate (infundibular)

Tuberoinfundibular tract
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Hypophysial y ‘? //
Artery ;; g y

/ neurohypophysis
adenohypophysis [

hypothalamo-hypophyseal
portal vessels

ACTH TSH PRL
LH FSH GH
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hypothalamic nuclel

primary
capillary plexus
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hypophyseal — /
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hypothalamic nuclel
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The hypothalamo-hypophyseal and the tuberoinfundibular tracts
are separated in the median eminence

hypothalamo-
parvocellular neuron hypophyseal
ependima tract

zona externa

Capillary loops in the external zone of the median

A~

capillary loops

eminence, blood-brain barrier is missing here

Tanycites:

are radial glial — like cells, some of them are stem cells,
are in contact with the cerebrospinal fluid and/or with hypothalamic neurons and also with the
median eminence,

are able to regulate hormone release into the perivascular space,
are glucose sensitive.



Hormone producing cells of the anterior pituitary can be
identified by immunohistochemistry

Pars distalis
Gonadotropes (LH and FSH coexpressing cells):

* comprise 10-15% of anterior pituitary cells and are scattered throughout the anterior pituitary.



Pituitary cell types in hematoxylin-eosin stained section

. _ *Somatotrophes produce growth hormone
Acidophils
*Lactotrophes produce prolactin
chromophil
*Thyrotrophes produce thyroid stimulating hormone
Basophils *Gonadotrophes produce luteinizing hormone or follicle-stimulating hormone
*Corticotrophes produce adrenocorticotrophic hormone
These are cells that have minimal or no hormonal content. Many of the
chromophobes may be acidophils or basophils that have degranulated and
Chromophobes
thereby are depleted of hormone. Some chromophobes may also represent stem
cells that have not yet differentiated into hormone-producing cells.



http://arbl.cvmbs.colostate.edu/hbooks/pathphys/endocrine/hypopit/gh.html
http://arbl.cvmbs.colostate.edu/hbooks/pathphys/endocrine/hypopit/prolactin.html
http://arbl.cvmbs.colostate.edu/hbooks/pathphys/endocrine/hypopit/tsh.html
http://arbl.cvmbs.colostate.edu/hbooks/pathphys/endocrine/hypopit/lhfsh.html
http://arbl.cvmbs.colostate.edu/hbooks/pathphys/endocrine/hypopit/lhfsh.html
http://arbl.cvmbs.colostate.edu/hbooks/pathphys/endocrine/hypopit/acth.html

Acidophil, basophil and chromophobe cells
at light mlcroscoplc level

cells arranged in cords

* pars distalis: all type of cells
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* pars tuberalis: basophil cells



The pars intermedia is very small in adults and may contain
colloid-filled cysts
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* Cysts filled with colloid, lined with cuboidal cells, remainders of the Rathke’s pouch
* Small basophils-hormone production (MSH), more active during fetal life

* Chromophobes



Proopiomelanocortin (POMC)

L BQME‘H&ZI « Common precursor of ACTH and MSH.
D ]Acmslss-nsﬂl -LPH (176267) l POMC cells: pars distalis and intermedia
e | of pituitary, arcuate nucleus of the
— hypothalamus, epidermis.
u npﬂ (179-&4: EEndo (237-267) ’
-MSH cuip
138-1 156-176 . . .
(ses) (eeme [— [] « MSH stimulates melanin production of the
BMSH  MobEnk skin (suntan).

(217-234) (237-241)

ADDISON'S DISEASE Hyperpigmentation (high MSH):

Adrenocortical Insufficiency

rarcrision €IS e « Addison disease — adrenal cortex insufficiency: low

cortisol , lack of feedback.

Gl Disturbances

Weakness

* Cushing disease - high ACTH and cortisol levels -

pituitary adenoma.

C @ ¢ Pregnancy — melasma.



SUMMARY TABLE 18-2 THe Prruitesy HORMOMES

Hypethalamic
RegloniAraa Hormonals) Target(s) Homenal Effect{s) Ragulatery Hormons
ANTERIOR LORE (ADEMROHYPOPHYSIS)
Pars distalis Thyredd-stimulating Thyyroied gland sacration af thyrodd Thyretropln-releasing
hamona {T5H) hearmones (Ts T,) harmone (TRH)
Adrenocorticotroplc Adremal cortex Secretion of glucocorticoids Cornticotropin-releasing
hamaons (ACTH) {zona fasciculata) fcortisol, corticoste rons) harmane (ORH)
Gonadotrapins:
Follicla-stimulating Fedlicle cells of Searation af astragan, Genadetrapin-réleasing
hommana (F5H) aries Tollicle development harmone (GnRH)
Sustantadular Stimulation of spedm A5 ahove
fells of tested (R
Lutelnlzing hormone Follicle cells of Owulation, formation As abowe
(LH} oharies of corpus lutaum,
secnetion of progesterone
Interstitial oalls Sedretion of testostérone A5 abowe
of testas
Prolactin (PRL) Fammary glands Production of milk Protactineraleasing

Growth hormone (GH)

Pars Intarmadia
(not actve in
narmal adults)

hommong (WSH)

Malanocyte-stimulating

Allcalls

P olanooytos

POSTERIOR LOZE (NEURDHYPOPHY 315 OR PARS NERVOSA)

Antidiuretic
hammona (40H)

Cxytoctn (OT)

Kidneys

LI@rUS, mammary
glands {females)

Ductus doforons
amd prosta o
qland {malos)

Groecth, protein synthesis,
lipid mobilization
and catabalnm

Increased melanin synthosis
in apidormis

Reateorption of water,
elevation of blecd
walume and pressurs

Labar contractions,
rilk @jection

Contractions of
ductus doforons
and prostato gland

factar (PRF)

Profactin.imhibiting
hormone (PIH)

Groawth-hormone-
relaasing harmone
GH-RH)

Growth harmona-
inhibiting hermong
({GH-IH)

Malanooyrte.stimulating
R rmone =ink biting
harmone (RSH=IH)

None: Transported akong
anans from supraoptic
Auclaus o pedtenior lobe
af the pituitary gland

Mene:; Tramspertad akong
axons from
paraventricular eclous
to postorior lobe of the
plituitary gland



Hypothalamus

Take home message

Target within the Action in the pituitary

pituitary

Transport to the
pituitary

Magnocellular nuclei

(supraoptic, paraventricular)

Parvocellular nuclei,
regulatory hormones

storage and release into the
systematic circulation

axonal projection neurohypophysis

regulation of anterior pituitary’s
hormone secretion

portal circulation adenohypophysis

Cegpyt

KEY TO PITUITARY HORMONES:

ACTH  Adrenocorticotropic hormone

TSH Thyroid-stimutating hormone

GH Growth hormone

PAL Prolactin

FSH Folliclo-stimutating hormone

H Luteinizing hormone

MSH Melanocyte-stimulating hormone
| ADH Antiduretic hormone
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| Nenous system
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