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Hormone -secreting cell types of the anterior pituitary

Anterior pituitary cell Hormonesecreted | Size (number of aminc Target organ Hypothalamic
type NB I dzf | 2
effect)
GHreleasinghormone
Somatotroph Growth hormone (GH) 191 Diverse (GHRH, +) and

Somatostatind { { X
52 L) YAYS

Lactotroph Prolactin(PRL) 199 Breast thyrotrophin-releasing
hormone(TRH, +)
Adrenocorticotrophic Corticotrophin
Corticotroph hormone (ACTH) Adrenalcortex releasing
hormone(CRH, +)
Thyrotroph Thyroid-stimulating 204 Thyroid TRH (+)
hormone (TSH) Somatostatin (SS)
Gonadotroph Folliclestimulating Both 204 Ovaryor testis Gonadotrophin
hormone (FSH) and releasing
luteinizing hormone(GnRH +)

hormone(LH)
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Adrenal Glands

Adrenal Gland Regions
Adrenal Cortex

Adrenal Glands
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Embryologyand anatomy



Clinical consequences eimbryology

wThe adrenal cortex and medulla develop separatatiinical disorders

almost always affect either the cortex or medulla, but not both

wForming the organ requires cell migratiQmadrenal disorders can

200l arz2ylttée OFdzAS (iNRdzotS Ay dzy SEL
of cells

wThe cells forming the adrenal cortex also form the steroidogenic cell

lineages in the gonag disorders of steroid production can affect both

organs simultaneously
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Developmentof the adrenal gland The cortex is derived in part from the epithelium
lining the abdominal cavity Neural crest cells migrate from the back of the embryg
somegiverise to dorsalroot and sympatheticganglia,while others invadethe adrenal
cortexto form the medulla Therim of coelomicepitheliumshownin blackalsogivesrise

to steroidogenicacellsof the gonad
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Zones of the adult adrenal cortex and their steroid hormone
secretion

wZonaglomerulosa nestsof closelypackedsmallcellscreatingthe
thinnest, outermostlayer, secretesaldosterone

w Zona fasciculata larger cells in columns making up ~three-
quarters of the cortex secretes cortisol and some sex steroid
precursors

w Zona reticularis, W y-lgkéD arrangements of innermost cells
formed at 6¢8 yearsto herald a poorly understoodchangecalled
\Hdrenarch&@secretessexsteroid precursorsand somecortisol
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Biosynthesisof adrenocorticalsteroid hormones HSD3Ectivity in the adrenalcortex arisesfrom the type 2
iIsoform. Thethree stepsfrom deoxycorticosterongo aldosterone arecatalyzedby the sameenzyme CYP11B2




Adrenocortical steroidogenesis

wTransport of cholesterol into the mitochondrion by the steroid acute regulatStiRg
protein

wThe ratelimiting removal of the cholesterol side chainGyYP11A1

wShuttling intermediaries between mitochondria and endoplasmic reticulum for further
enzymatic modification

wAction of two key enzymes at branch point€YP17Aprevents the biosynthesis of
aldosterone and commits a steroid to cortisol or sex steroid precursor. Hence, CYP17A1
absent from the zona glomerulosdarly action of HSD3B2 steers steroid precursors away
from the sex steroid precursors towards aldosterone or cortisol

wThe presence and activity GfYP11Bih the zona glomerulosa permitting aldosterone
synthesis

wThe presence and activity GfYP11Bin the fasciculatgand less so thesticularig zone
allowing cortisol production



Cortisol action

1. Intermediary metabolism

Thenet metabolicaction of cortisolis to raisecirculatingfree fatty acidsand glucose
the latter stimulating glycogensynthesis Excesgortisol also fostersan unfavourable
serum lipid profile: raised total cholesterol and triglyceride with decreasedhigh

densitylipoprotein (HDL{cholesterol Cortisolhasa permissiveeffect on epinephrine
and glucagon all of which createsa phenotypeof Yhsulin resistanc€Xx, the need for

greater insulin secretion to maintain a normal blood glucose concentration
(euglycaemia In the longterm, cortisol stimulates adipocyte differentiation,

particularlyin the viscerapredisposingo centripetalobesity



Cortisol action

2. Skin muscleand bone

In skin, glucocorticoidsinhibit keratinocyte proliferation and collagensynthesis In muscle,the catabolic
effects reduce protein synthesisresultingin atrophy. Similarcataboliceffects in bone shift the balanceof
activity from osteoblast (the boneforming cell type) to osteoclast (the boneresorbing cell type),
predisposingo osteoporosisTakentogether,there is a net flow of aminoacidstowardsthe liver.

3. Saltand water homeostasisand blood pressure

Glucocorticoidscan potentially increasesodiumresorption and potassiumlossat the distal tubule through
effects, not on the glucocorticoidreceptor (GR) but thought to be viathe mineralocorticoidreceptor (MR)
More proximally,cortisol increasegglomerularfiltration rate (GFRand inhibits vasopressirio increasefree
water clearance Cortisolraisesblood pressureby severalmechanismsincludingincreasedsensitivityof the
vasculaturgo catecholamines

4. Growth and development

Cortisol is an important hormone during growth and development of the fetus. It stimulates the
differentiation of cell typesto their mature phenotype Thisis particularly evident in the lung, where it
stimulatesthe productionof surfactant,whichreducesalveolarsurfacetension Thisis one of the final steps
in preparing the fluid-filled fetal airwaysfor post-natal life. Too much glucocorticoidinhibits growth, in
keepingwith its largelycataboliceffects on the musculoskeletasystem Cushingsyndromepresentsto the
paediatricendocrinologistiscessatiorof linear growth.



Cortisol action

4. Lactation

Post-partum, cortisol is required for the initiation of lactation by PRL. Its loss leads to a
gradual reduction in milk secretion

5. Central nervous system and psyche

Therole of glucocorticoids in the brain is highly complex, matched by their potential to
cause a range of emotional symptoms from euphoria to depression.

6. Anti-inflammatory effects

Glucocorticoidactions on inflammation and autoimmunity are among its most important,
reflected by the use of potent synthetic steroids to treat a range of disorders. With
glucocorticoid treatment, circulating T lymphocytes and eosinophils fall; however,
neutrophils rise. This is a catch to remember for the patient with an acute exacerbation
asthma. Raised circulating neutrophil count does not necessarily mean infection; it may
simply reflect glucocorticoid treatment. In tissues, for instance, the acutely inflamed join
of a patient with rheumatoid arthritis, glucocorticoids rapidly suppress inflammation by
Inhibiting cytokine production and antagonizing macrophage action.
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ReninAngiotensinAldosterone axis
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The renirgangiotensirgaldosterone axis

A fall in extracellular fluid (ECF)volume produces
Increasedactivity in renal nerves,reducedsodiumflux in
the macula densa and a fall in transmural pressure
Theseactivate the juxtaglomerularapparatusto increase
renin production, which catalyzesthe beginning of the
cascade that ends with angiotensin IlI-stimulated
aldosterone secretion This leads to increased sodium
resorption with expanding ECF volume providing
negative feedback on further renin production. High
potassium, and to a lesserextent adrenocorticotrophic
hormone (ACTH)alsoincreasealdosteroneproduction.
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Thestructure of a nephronandthe juxtaglomerularapparatus

(@) A nephron (b) Structureof a renal corpuscle jts blood supply
and the juxtaglomerularapparatus Between the afferent and
efferent arterioles lies the glomerular capillaries, which are
surroundedby. 2 @ Y |-cgpSude Thefiltration spacedrainsinto
the proximal convoluted tubule. The juxtaglomerular cells,
containingrenin granulesreplacethe smoothmusclecellsof the
afferent arteriole and are positioned next to the closelypacked
maculadensacellsof the distaltubule.
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Regulation of aldosterone secretion

Theenzyme renin,is synthesizegpredominantlyin the kidney,in specializedellsof the juxtaglomerular
apparatus Thesecellssurroundthe afferent arteriole beforeit entersthe glomerulusand form a sensing
mechanismfor intravascularvolume whereby decreasedvolume stimulates renin biosynthesis Renin
actsuponits substrate,circulatingangiotensinogento generatethe decapeptide angiotensinl, whichis
subsequentlyconvertedinto angiotensinll (All) Thislatter octapeptidebindsto the type 2 angiotensinl|
receptorin the zonaglomerulosecellsto stimulatealdosteroneproduction In addition,angiotensinil isa
very potent Pressofagent, causingarteriolar vasoconstriction Renirgangiotensinaxesexistto some
extent within individual organs, providing an element of paracrine adrenocortical regulation of
aldosteronebiosynthesisand secretion High potassiumalso stimulatesaldosteronebiosynthesisACTH
playsa minor role in regulatingaldosteronesynthesis,althoughtoo much or too little ACTHdoesnot
Impact on circulatingaldosteronelevels More importantly, the cellular massof the zonaglomerulosa
influenceslonger term mineralocorticoidproduction Thus,W ¢ S & (i S NG dalt dtet’, Which expand
the intravascularvolume and raise blood pressure,suppresshe renincangiotensinsystem,leadingto a
shrivelledzonaglomerulosa
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A Promotessodiumresorptionfrom the urine andpotassium
excretion
AIncreasedlood pressure

Aldosteronebiosynthesisis regulatedprimarily by:

A Renirgangiotensinsystem(forming a negative feedbackoop)
A Serumpotassiumconcentration



GlucocorticoidexcesqCushingsyndrome




GlucocorticoidexcesqCushingsyndrome




Symptomsand signsof Cushingsyndrome

wMusclewasting, relatively thin limbs

wEasilybruised thin skin; poor wound healing

wStriae(purple 2 Ndol&d¢eousXather than white)

wThin(osteoporotic) bonesthat easilyfracture

wDiabetesmellitus

wCentralobesity, roundedonionQ 0  F I O ShEmp@ o6 dzF F I f 2
wSusceptibilityto infection

wPredispositionto gastriculcer

wHypertension

wDisturbanceof menstrualcycle symptomsoverlappingwith polycysticovarian
syndrome

wMood disturbance(depression psychosi$
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The adrenal medulla comprises chromaffin cells,

which are like post-ganglionicneurones However,

rather than possessinglistant nerve terminals, they

respond to synaptic activation by releasing
preformed catecholamine hormones into the

circulation. Norepinephrine  (noradrenaline)

comprises20% of circulatingcatecholamine with an

additional biochemical step generating the

remaining 80% as epinephrine (adrenaline) The

hormones are stored intracellularly in secretory

granules complexed with  proteins called

chromogranins The latter serve as clinical

biomarkers of endocrine tumours characterizedby

periodic release of stored hormones into the

circulation (sometimes called Wy SdzNB Sy
( dzY 2 )}dzZNBueh as phaeochromocytoma

paragangliomas carcinoids and gut endocrine

tumors.



0 Stress, physical activity, and
low blood glucose levels act as
stimuli to the hypothalamus,
resulting in increased
sympathetic nervous system
activity.

e An increased frequency of
action potentials conducted
through the sympathetic
division of the autonomic
nervous system stimulates the
adrenal medulla to secrete
epinephrine and some
norepinephrine into the
circulatory system.

Sympathetic g

nerve fiber .«
L4 /‘k \&\" S
0 Epinephrine and *{ =
norepinephrine act on their O \ F 4
target tissues to produce '
responses.

Adrenal medulla

Epinephrine and norepinephrine in the

target tissues:

* Increase the release of glucose
from the liver into the blood

* Increase the release of fatty acids
from adipose tissue into the blood

* Increase heart rate

* Decrease blood flow through blood
vessels of most internal organs

* Increase blood flow through blood
vessels of skeletal muscle and the
heart

* Increase blood pressure

» Decrease the function of visceral
organs

* Increase the metabolic rate of
skeletal muscles

PROCESS Figure 10.19 JAPIR] Regulation of Adrenal Medullary Secretions

Stimulation of the hypothalamus by stress, physical activity, or low blood glucose levels causes action potentials to travel through the
sympathetic nervous system to the adrenal medulla. In response, the adrenal medulla releases epinephrine and smaller amounts of
norepinephrine into the general circulation. These hormones have several effects that prepare the body for physical activity.



SYMPTOMS OF ADRENAL FATIGUE
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