My coffection of ,é/»ysio,(o?y notes about
vay10us endogane 714100(5- I aowd fVaJ'V)iV)? ¢
fo be a.,é/)ySic_iauf) s .su,c/7 af{ basic sdenct '
/>Viwc.i/>,(65 that aye dimim_uy pedevant ae Q

}: |

= __# M WW”'/—/———

_//ncn & 55 ,‘
@P .b"&‘P ‘.’ 2
) ,.‘QQoq%g?@ggﬂbw':@‘
°

N
i - \
- [
0/ &5 05700 0.
Q9
Y bl DN Q!
— - 7 B )\ / G Q7! v p
o o C Y [ B
A ’ / i) 0 ) [ R wit
° e e
"6 ( q;’,". s s ‘f s “( Gk ®
————————— Y7 . SRS )
£ (B >,
% "‘-4:‘:'3 -’t o} f /
4
®o
0
o0

ADRENAL VEIN < AMPLING IN
THE EVALV ATION OF PRIMARY

H \/PERALDOSTERO NISM



PHYSIOLOGY AND ANATOMY www.myendoconsult.com

PITUITARY CLAND

‘ ANATU MY ‘ ANATOMIC RELATIONS

Parts of the Pituitary Gland: It is temal Carotid Al L
made up of an anterior lobe (2/ 3),
the posterior lobe (1/3), and vestigial
intermediate lobe

Cavernous Sinus

Oculomotor nerve (CNIII)

% ' f‘ Trochlear nerve (CNIV)
Sphenoid Sinus ;' : S "’ © L Abducent nerve (CNVI)
s O § “. \\\\/ Opththalmic nerve (CNV,)
Location: Located within the sella Sphencid Bone i " W EESSHEE
turcica (bony roof of the sphenoid emsgbegs 0 '
bone).

Superiorly : Dural Diaphragma sella
Blood supply: Receives arterial blood and optic chiasm.

from the inferior hypophyseal Laterally : Cavernous sinus through
arteries, venous drainage from the which the 3rd, 4th and 5th cranial
inferior petrosal sinuses. The nerves and internal carotid traverse.

hypophyseal portal system facilitates Inferiorly : Bony roof of the sphenoid
bidirectional flow of hormones sinus. .

between the hypothalamus and e .
ptic Chiasm \; :
p I tu Ita ry g Ia fl d . k(kﬂ) : ‘h = _.. Posterior branch of the
Superior hypophyseal artery /. ' ‘ W :':tp;?;ior hypophyseal
7

Embryology : Anterior pituitary Trabecular atery R
(adenohypophysis) forms from et —aa e
Rathke’s pouch. Posterior pituitary scosarpount | ; "I. ot )
(neurOhypophySiS) EUEES LHET0 W] . : “ “ =\ nfen‘or hypophyseal artery
ectoderm associated with the e 2

development of the 3rd ventricle. Arterial Supply : Inferior hypophyseal

arteries (branches of the ICA and PCA)
Venous Supply : Drain into the inferior
petrosal sinus

,¢‘— --------------------------------------------------------------------------- -N\

I, \\
(4

' Mamillary body ‘
: . Median eminence E M B RYO LOGY i
|

| - Infundibular stalk R R R 1
| The adenohypophysis is derived from i
i "9 | a dorsal outpocketing of ectodermal |
i eisasl _:_ tissue in the buccopharyngeal region. i
E ypophysil ot T e The neurohypophysis originates from i
‘\ MyEndo(:onsult.coml _ the d iencepha Ion. Endec ) I’
\\ A resource for endo. ,,,



PHYSIOLOGY AND ANATOMY

PITUITARY CLAN

@ PHYSIOLOGY @

The hormones produced by the anterior pituitary gland (adenohypophysis)
are growth hormone, prolactin, ACTH, TSH, FSH and LH.

Hormone Function Ctimulation Inhibition
(rblrons | Uor ooron | oo G | ottt
Prolactin Lactational 0xytocin ]
(Lactotrophg) hormone TRH DoPamine
MACTHJPOI\;!C, Me't'c)boli'Sm and CRY 0 '
CH. EndorPhing electrolyte ortigo
(CorticotroPhg) homeogt,asis. (hyPothalamus)
hyroxine (TY) and T3
Ton | TRH T .
(Thyrotrophs) Metabolism 1 (hypotholamus) *Dobomine
Production of
FOH and LH ovg and CnlH Qex steroids
(ConadotroPhg) SPermatozog. (hyPothalamug) Projactin

Qteroidogenegis.




PHYSIOLOGY AND ANATOMY

PITUITARY CLAND

€ 3C REGULATION OF CORTISOL. @

Corticotrophin-Releasing Hormone (CRH)
produced by the paraventricular nucleus of
the hypothalamus and ferried by the
hypothalamic hypophyseal-portal venous
system to corticotroph cells in the anterior
pituitary.

CRH binds Corticotrophin releasing hormone
receptor type 1 (CRH-R1) receptors on the
surface of corticotrophs

| Adrenocorticotrophic hormone (ACTH)is
released by secretory vesicles in

I
ACT"' corticotrophs.

ACTH binds to the melanocortin-2 receptor
(MCR-2) on cells present in the zona
fasciculata of the adrenal cortex

NECATIVE r((DgACM INHIBITION

Cortisol is released by cells in the zona
fasciculata of the adrenal cortex.

Cortisol is involved in cellular metabolism
and electrolyte homeostasis.



PHYSIOLOGY AND ANATOMY

PITUITARY CLAND

REGULATION OF GROWTH HORMONE @

Growth Hormone Releasing Hormone (GHRH) is
secreted in a pulsatile fashion and is carried from
the hypothalamus to the anterior pituitary gland
via the hypothalamo-hypophyseal vessels.

GHRH binds to GHRH-R on anterior pituitary
somatotrophs

1. 1. Growth Hormone is released by
somatotrophs (anterior pituitary gland)

Stimulates Growth Hormone Inhibits Growth Hormone

GH binds to the extracellular component of
the hepatic GH receptor (CH-R) and induces a
series of intracellular processes required for
the transcription and translation of specific
genes that encode insulin-like growth factor 1
(IGF1), IGF-binding protein 3 (IGFBP3), and an
acid-labile subunit (ALS)

NECATIVE FecDBACK INHIBITION

IGF-1 is released by hepatocytes

IGF-1 is involved in linear and organ growth

Somatostatin inhibits the release of growth hormone by somatotrophs.

Ghrelin (derived from gastric oxyntic cells) is a GH secretagogue (promotes GH release) that
exhibits its effects by acting on hypothalamic GHRH cells in the median eminence.




PHYSIOLOGY AND ANATOMY

ITUITARY GLAND

REGULATION OF THYROID HORMONE @

Thyrotropin releasing hormone (TRH) is
produced by cells in the paraventricular nucleus
of the hypothalamus.

TRH acts on both thyrotrophs and lactotrophs of
the anterior pituitary gland. Regulates a circadian
TSH rhythm with maximal release at midnight

and minimal concentrations in the late afternoon

) Thyroid Stimulating Hormone is released
TQH by thyrotrophs (anterior pituitary gland)

Inhibits TSH

TSH binds to TSH receptors of thyroid follicular
rit@ilsito promote thyroid hormone synthesis

NECATIVE FecDBACK INHIBITION

Thyroid hormone is produced by thyroid
follicular cells

— - Free Tq and Tg Thyroid hormone is involved in metabolism

and heat production

w Somatostatin and Dopamine released by specific hypothalamic neurones exert a tonic inhibitory

action on TSH producing cells of the anterior pituitary gland (thyrotrophs)
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PITUITARY CLAND

| % _ REGULATION OF PROLACTIN ®

Prolactin inhibits hypothalamic
dopamine production

- TRH

Thyrotropin releasing hormone (TRH) is
produced by cells in the paraventricular nucleus
of the hypothalamus.

TRH acts on lactotrophs of the anterior pituitary
gland.

——— Prolactin

1 . Prolactin is released by lactotrophs (anterior
2. 2. pituitary gland)
Promotes Prolactin Inhibits Prolactin

e Prolactin binds to mammary glands to
promote milk "let-down"
e Prolactin also inhibits gonadal function.

NECATIVE FecDBACK INHIBITION

How does prolactin inhibit gonadal function?

oxytocin (released by a baby suckling on the breast) and stress (physical or
psychological)

a Important prolactin-releasing factors include thyrotropin releasing hormone (TRH),




PHYSIOLOGY AND ANATOMY

PITUITARY CLAND
w

@ REGULATION OF GONADOTROPINS

Gonadotropin releasing hormone (GnRH) is
produced by cells in the hypothalamus.

GnRH is released in a pulsatile fashion that is
critical in the release of gonadotropins - LH and FSH
by the anterior pituitary.

Luteinizing Hormone (LH) and Follicle
Stimulating Hormone (FSH) are released

U-' 2 [QI.' by gonadotrophs (anterior pituitary gland)

LH and FSH are involved in gonadal
steroidogenesis, spermatogenesis and ovarian
follicle development.

NECATIVE FecDBACK INHIBITION

U_' A surge of LH at midcycle Stimulates the production of
promotes ovulation and testosterone by the interstitial
maintenance of corpus luteum cells (Leydig) of the testes.

Promotes ovarian follicle
':g" development and subsequent
production of estrogen

Promotes spermatogenesis by
the Sertoli cells of the testes.

— — — Testosterone and Estradiol

the Granulosa cells to also produce inhibin. Inhibin provides the principal negative feedback
inhbition of FSH synthesis in both men and women.

: FSH stimulates the Sertoli cells of the testes to produce inhibin in men. In women, it stimulates
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PITUITARY CLAND

@ PHYSIOLOGY @

The posterior pituitary gland does
not synthesize hormones but
contains unmyelinated nerve fibers
originating from cell bodies in the
supraoptic nucleus (SON) and
paraventricular nucleus (PVN) of
the hypothalamus.

Nerves fibers from the SON and PVN
form the hypothalamo-hypophyseal
tract of the pituitary gland.

These neurons produce oxytocin
(SON) and vasopressin (PVN)

Stimulators of AVP release
e |Increase in plasma osmolality
Decrease in blood pressure
(baroreceptor response(
Emotions (pain or fear)
Nicotine
Angiotensin |l

Inhibitors of AVP release
e Alcohol

POSTERIOR PITUITARY

| j Hypothalamus
| Synthesis of pre-pro-AVP
|I h" - J J —" in neurons

[ 5

Cleavage of AVP and
Copaptin and transpart
down the axons

AVP and Copeptin release
into capillaries of the
portal system that
transport Copeptin to the
anterior pituitary

AVP and Copeptin storage
in axons in the PHI'HEI"

. pituitary
AVP stimulates endocring

calls to release ACTH

AVP and Copeptin releasa
into nearby capillaries

§ g s
| [ '
SRR s 8
LA T
|"l|- Ly "
e upon stimulation
Ta
T

What are the physiologic effects of
oxytocin?

e It stimulates rhythmic contractions of
uterine smooth muscle during
childbirth

e |t simulates contraction of
myoepithelial cells on alveolar
secretory cells.

CLINICAL APPLICATION

Synthetic oxytocin (Syntocinon) as a slow intravenous
infusion is utilized in the induction of labor. It stimulates
uterine contractions and reduces the dangers of uterine
hemorrhage.



PHYSIOLOGY AND ANATOMY

® ANATOMY @

Thyroid Gland : Thyroid, which in
Greek means “shield-shaped,” is a
term credited to Bartholomeus
Eustachius of Rome. He aptly
described the thyroid gland as “a
single glandulamthyroideam” with
two lobes connected via ridge (or
isthmus).

The normal thyroid gland hugs the
trachea anterolaterally and is bound
laterally by the carotid sheath
(containing the common carotid
artery, internal jugular vein and
vagus nerve) and sternomastoid
muscles.

The strap muscles (sternohyoid,
sternothyroid, and omohyoid) cover
most of the anterior aspect of the
thyroid gland. The gland usually
measures anywhere from 15 to 259 in
weight. The lateral lobes are about
4cm in length and 2cm in width. The
isthmus (which connects both lateral
lobes) crosses the trachea in front of
the first two tracheal rings.

ANATOMIC RELATIONS

Sternohyoid Platysma

Sternothyroid

Common carotid artery

Esophagus

Internal Jugular Vein =

- - — -
“eans "-‘s_n ,,,,,

Vagus nerve

Longus colli muscles

Vertebral body (C5)

Hyoid bone

Thyroid cartilage

Superior thyroid
artery

Isthmus of the
thyroid

Common carotid

arteries ‘ - Trachea

Thyroid Gland

The superior thyroid artery arises on each side as the
first branch of the external carotid artery. It supplies

the upper, anterior, and lateral portions of the lateral

lobes.

The inferior thyroid artery is a branch of the
thyrocervical trunk which also arises from the first
portion of the subclavian artery. It supplies the
inferior, posterior and medial parts of the organ on
either side.

POP QUIZ

Anatomy of the central compartment of the neck,
depicting important relations of the thyroid gland(5).
The carotid artery(2) and internal jugular vein (1)
lying laterally, hyoid bone (3) superiorly, and
suprasternal notch (4) inferiorly.



PHYSIOLOGY AND ANATOMY

@ EMBYROLOGY @

Thyroid Gland : The thyroid gland
appears very early in embryonic life.
In the human embryo
(approximately 3.5 to 4 mm in
length), an entodermal outpocketing
forms in the floor of the oral cavity,
just beneath the buccopharyngeal
membrane and between the first
pair of pharyngeal pouches.

HISTOLOGY

At the bottom of this small pit, an
epithelial bud protrudes into the
underlying mesenchyma. The

At an embryonic age of about eight

primordium becomes displaced weeks, the epithelial cords of the thyroid

caudally, but remains attached to primordium disintegrate into small

the floor of the pharynx by the vesicles, the primary or two-cell follicles,

thyroglossal duct. which contain small amounts of colloidal
material.

During its descent, the originally

compact bud becomes bilobed and From these, rounded or rod-shaped

differentiates into a mass of secondary (definitive) follicles sprout out

irregularly arranged epithelial cords, and enlarge. The follicles of the mature

which later form the isthmus and the gland measure up to 1 mm in diameter.

lateral lobes of the gland.

They contain a gelatinous colloid and
are lined by a simple epithelium, the
depth of which varies widely according
to the functional state of the gland.

Outline the anatomic relations of the thyroid gland, and details about its vascular supply

[———————————

_—_—_—_—_—_J



PHYSIOLOGY AND ANATOMY

@ HORMONE SYNTHESIS @

The efficient synthesis of thyroid hormone requires about 1 g of iodine per week.

Indeed, iodine absorbed from the intestine travels in the blood, bound mainly to
serum albumin.

Apical Membrane ot "
(Colloid) Thyroid Follicular Ce

Basolateral Membrane
(Perifollicular Capillary)

Peroxidase

b@ P 0.

o
o .
lodine d—|Cdide i——-— — - ——— lodide 4——

Pendrin Sodium lodide
@ Symporter

‘H:ﬂ:&'

Peroxidase

o h I-
Organification (lodinase)

MIT and DIT

Synthesis of thyroglobulin
(RER) and further

Iadide processing (Golgi body)

Coupling of iodotyrosines
through ester linkages

(Esterification) Deiodinase
@ MIT and DIT Transthyretin,
'] TBG and
T3and T4 Proteases Albumin

Ingestion of T2 and T4
containing colloid by the
thyroid follicular cell T3, T4

MNEMONIC DEVICE

This is a simple mnemonic (memory device) for recalling the 7 critical
steps of thyroid hormone synthesis is SOO-3Ps (Sow Three Peas).

S : Sodium lodide Symporter O : Oxidation O : Organification

3 : Esterification P : Pinocytosis P : Proteases P : Peripheral deiodination

camera) to watch our short Youtube video about
thyroid hormone Synthegis




PHYSIOLOGY AND ANATOMY

THYROID CLAND

‘ THYROID FUNCTION TESTS ‘

The appropriate use of thyroid function tests in the management of thyroid disorders.

A sensitive test for diaghosing most forms of disordered thyroid function.
Difficult to interpret in patients with nonthyroidal illness (sick euthyroid
syndrome), pregnancy, exposure to high dose steroids or dopamine.

.....
. .
----------------------------------------------------------------------------------------------------------------------------------------

e Primary hypothyroidism
e Pituitary TSH secreting tumor
e Thyroid Hormone Resistance Syndromes

e Primary hyperthyroidism
e Central Hypothyroidism

Total Thyroxine TY

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
.....
o .

A measure of both bound (part of thyroid hormone attached to binding
proteins) and free thyroid hormone (T3 and T4). Over 99% of thyroid
hormone is bound to thyroxine bindnhg globulin. Clinical states that alter

0..
‘e

R4
.
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

e Primary hyperthyroidism
e Thyroid Hormone resistance syndrome
e Pituitary TSH secreting Tumor

T3 Resin uPtake (T3RU)

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

.
.....
* *

e Primary hypothyroidism
e Central Hypothyroidism

An indirect assessment of the binding capacity of the patient's serum "__
proteins. It is typically used in conjunction with the total T4 measure to

*e
‘e
.

o
*
----------------------------------------------------------------------------------------------------------------------------------------

e Primary hyperthyroidism

e Primary hypothyroidism
e low TBG states 'Yy Y

e High TBG states

Habas Qcan thig QR Code (by Pointing Your active camera) to watch our
i short, youtube video about, the reverse T3 Test,



PHYSIOLOGY AND ANATOMY

‘ ANATUMY ‘ VASCULAR SUPPLY

They are pyramidal in shape located
above the upper poles of kidnheys.

In the adult, each of the adrenal
glands weighs about 3-5 g.

They are situated retroperitoneally
and on the superomedial aspect of
the anterior aspect of the kidneys.

Both glands are surrounded by
adipose tissue and by the renal
fasciae, to which they adhere firmly.

The cortex makes up 90% of adrenal
weight, medulla makes up 10%.

Label the Vasuclar CuPPly of the Adrenal Gland

Blood supply
superior arteries (from Medial and lateral limbs of the adrenal glands
inferior phrenic arteries), middle
(from aorta), and inferior adrenal
arteries (from renal arteries)

Veins: right adrenal vein — inferior
vena cava: left adrenal vein — left
renal vein.

An Aldosterone secreting tumor
in the body of the adrenal gland

Right Adrenal Vein

ADRENAL VEIN SAMPLING

To reduce the lag time between samples, the right adrenal vein
(the most difficult to cannulate since it abuts the IVC at an acute
angle) is sampled first, followed by the left adrenal vein, and
finally from the external iliac vein. Aldosterone and cortisol levels
are drawn from each site.

e &:; Qcan this QR (ode (by Pointing your active camera) to learn more

o _‘--+;.ﬁ.= 2 about, adrenal vein SamPling in hyPeraldosteronism.




PHYSIOLOGY AND ANATOMY

@ EMBYROLOGY @

The two main components of the
adrenal (suprarenal) gland, the
cortex, and the medulla, differ not
only in morphology and function but
also in origin.

HISTOLOGY

= e Sﬂﬁ'ﬁlﬂ'aﬂ

. m——

Zona glomerulosa

et
: H ;. . ._ -L_ T I.r
| | i,
‘. p.oh - :I:-._l: -:I- . -1:-. .I I
e I B :l | 7 -| " _. .:--:I'..L'._ :!-':I-.i.l-.-_..l.
el el el T A Zona, fasciculala
S rAS e R A A
...l -"r-. }E - . ‘_:".: :.r-w_l i
TR
\ T ., iy !
g 1 .}2]‘3 i ?Eh,:j{‘jgd
W i : 'ﬂ‘-ll :!. ¥ "‘-L-:".'I. I_::._..-I
Tt ' E}— .:?_gf 2
1

. L] .-
: .:."--l..
.-""—.l.l.'r-—-l-.'l.

The cortex develops from cells of the
celomic epithelium and is, therefore,
of mesodermal origin, while the
chromaffin and sympathetic
ganglion cells of the medulla are
derived from the neural ectoderm.

WikiCommons (Public Domain)

3'} Zona reticularis

‘ H I ST 0 I. U GY ‘ Maultinucleated mass
aof protoplasm

A thick capsule of collagenous

connective tissue surrounds the Medulla

suprarenal gland.

The adrenal cortex constitutes
approximately 90% of the total
organ volume and is composed of
three easily distinguishable
concentric zones.

~- Capsule

MEMORY DEVICE

glomerulosa

The layers of the cortex can be remembered with the mnemonic
GFR: G - glomerulosa, F - fasciculata, R - reticularis.

2 | Zona
fasciculata

Products of the adrenal cortex, from outer to inner layer

Salt, sugar, sex; “the deeper you go, the sweeter it gets.”
e Salt = Aldosterone, Sugar = Glucocorticoids (cortisol), Sex = sex
5052 2o steroids (Androgens)

s | medulla




PHYSIOLOGY AND ANATOMY

@ PHYSIOLOGY @

Glucocorticoids (Z. Fasciculata) Aldosterone is a hormone that plays an essential
Cortisol circulates mostly bound to role in the regulation of sodium and water
cortisol-binding globulin (~ 75%) balance in the body.

and albumin (~ 15 %), only~ 10% is

free in plasma. The adrenal glands secrete it in response to
blood pressure, electrolyte levels, and fluid status

WATER CONSERVATION

Mineralocorticoids (Z. Glomerulosa) changes.
Controlled by renin-angiotensin-
aldosterone system Renin release is
stimulated by low sodium chloride
load, low renal perfusion,
sympathetic nervous system
activation, angiotensin Il, and atrial
natriuretic peptide.

Under normal circumstances, aldosterone helps
conserve sodium and water by promoting
reabsorption in the kidney.

Py Aldosterone
0%

Hyperkalemia and high
concentrations of ACTH also directly

stimulate aldosterone release. »3Na* (NetNa* gain)

:.: Increased expression of ENaC
= and Na-K* ATPase

——s

Aldosterone circulates primarily

Basolateral side

seibiel i e ol el 1o & lesel o O

extent, cortisol-binding globulin; -
50% is free

s Aldosterone, a lipid-soluble steroid hormone, diffuses through ":_
Adrenal androgens (Z. Reticularis) the cell membrane of the ductal epithelial cell and binds to the

. cytosolic mineralocorticoid receptor (MCR) (step 1).
Function mostly as precursors for y ptor (MCR) (step 1)

peripheral conversion to the active ! The aldosterone-MCR complex is then translocated into the

and rogens (testosterone and nucleus where it attaches to the hormone response element
. . . (HRE) (step 2) required for transcription and translation of the
dlhyd rotestosterone). Both bind the : epithelial sodium chloride (ENaC) channel and sodium-
androgen receptor :  potassium adenosine triphosphatase (Na-K ATPase) pump
: (step 3).

In adult males with normal gonadal ENaC and Na-K+ ATPase both play an active role in sodium

function, the effect of adrenal reabsorption from the filtered renal sodium load present in the
: collecting duct and distal convoluted tubule.
The net effect is the transfer of sodium from the apical to the

androgen is hegligible compared to :
testicular sources of androgens. basolateral side of the renal tubular cell (steps 4 and 5).

H o | d | Aldosterone also promotes the expression of renal outer :
SasiEl, L t=nnkEliss, clellisne : medullary potassium (ROMK) channels. The insertion of ROMK :
androgens contribute ~ 50% of total :  channels on the apical membrane facilitates potassium and

androgens * hydrogen ion loss. g




PHYSIOLOGY AND ANATOMY

@ PHYSIOLOGY @ MECHANISM OF RENIN RELEASE

The juxtaglomerular apparatus is e Change in sodium chloride load presented to
composed of the macula densa cells the macula densa cells (a group of 15-20 cells
present in the distal convoluted in the distal convoluted tubule) influences the
tubule (DCT), juxtaglomerular cells eventual release of renin from the

(present in the entire glomerular juxtaglomerular cells (JGCs), through some

vasculature but more prominent in signaling mediators. A high sodium load

the afferent arteriole) and the inhibits renin release from the

glomerular afferent arteriole(AT). juxtaglomerular cells, whereas a low sodium
load does the opposite.

e A change in blood pressure at the afferent
arteriole controls renin release from the JGCs.
Low tension in the afferent arteriolar wall
increases renin release, which ultimately
enhances sodium conservation and
maintenance of intravascular volume.

e Activation of beta-adrenergic sympathetic
nerves terminating in the juxtaglomerular
cells promotes renin release.

Renin, a rate limiting enzyme
released from juxtaglomerular cells,
initiates a cascade of reactions,
which leads to the eventual
formation of Angiotensin Il.

12a 3y buiuy
S||19D esuaq ejnoey @

Triggers of renin secretion include a low
sodium load presented to macula densa
cells (located in the DCT), adrenergic
stimulation from renal nerves innervating
JGCs in the afferent arteriole and a
reduced tensile stretch of the afferent
arteriole of the glomerulus.

uliivy

9|0LBLY JUIDY]
9|OLIBMY JUISYY @

sn|nJawo|o

Renin, the rate-limiting enzyme in the
renin-angiotensin-aldosterone-system
(RAAS) is critical in maintaining
intravascular volume and blood pressure.

SYSEIN |euaa/

Renin release is also controlled by long and
short negative feedback loops mediated :
by the effect of ATIl on the collecting

tubule and JGCs, respectively

AIOOCLIOCICIC o

3|NQnN] |ewixoid
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PHYSIOLOGY AND ANATOMY

@ PHYSIOLOGY @

Regulation of the Renin Angiotensin Aldosterone Axis

"
"Wl Contraction of vascular
‘ smooth muscle

&' ATl receptors

Aldosterone production by
‘ ’ the adrenal cortex

. Na and K exchange in the
v llecting tubul
A

% Peripheral sympathetic
% nervous system

Renin 0] )
< lllllllllll ACE2
O
? Angiotensin 1-7
ADH secretion by the
rQ posterior pituitary gland

Renin catalyzes the conversion of angiotensinogen, the renin substrate produced and
secreted by the liver, to a decapeptide called angiotensin I. Angiotensin | has no
biological action by itself but is the substrate of another endothelial cell-associated
peptidase abundant in the human body but primarily localized in the pulmonary
vasculature, called angiotensin-converting enzyme (ACE).

ACE cleaves the terminal dipeptide of angiotensin | to generate an octapeptide known
as Angiotensin Il. Furthermore, there is an isoform of an angiotensin-converting
enzyme called ACE2, which catalyzes the conversion of angiotensin | to an additional
peptide known as Angiotensin 1-7 (which binds a vascular endothelial receptor known
as MAS).

Angiotensin Il exerts its biologic actions by binding to a family of surface trans-
membrane receptors widely distributed in the body, known as type 1 and type 2
angiotensin Il receptors (AT1 and AT2 receptors).

Activation of AT1 receptors by angiotensin Il results in the contraction of vascular
smooth muscle cells, which increases peripheral vascular resistance and elevates blood
pressure. These effects are partially counterbalanced by AT2 receptor activation by
angiotensin |l and MAS receptor activation by angiotensin 1-7, which result in
vasodilation.

In addition to the regulation of vascular tone, Angiotensin Il stimulates sodium
reabsorption directly in the distal convoluted tubules of the nephron. Also, Angiotensin
Il indirectly augments the production from the adrenal cortex of Aldosterone, the most
potent mineralocorticoid hormone that regulates the sodium-potassium exchange in
the collecting tubules of the kidney.

Angiotensin Il enhances the activity of the peripheral sympathetic nervous system
(SNS) and also promotes ADH secretion by the posterior pituitary gland. ADH then
stimulates water reabsorption in the collecting duct.



PHYSIOLOGY AND ANATOMY

ADRENAL CLAND

@ PHYSIOLOGY @

Adrenal enzyme deficiencies, specifically congenital adrenal hyperplasia (CAH),

and their corresponding effects are frequently tested in board exams (USMLE and
ABIM). This is a simple mnemonic for remembering all the critical steps in the
adrenal steroid hormone synthesis pathway. | have used this approach to simplify
this daunting pathway for medical students

Zona Glomerulosa Zona Fasciculata Zona Reticularis
CHOLESTEROL
1 StAR
17-OH 17, 20 lyase
PREGNENOLONE .~  17-PREGNENOLONE > DHEA
\ 3B-HSD \ 3B-HSD \ 3B-HSD
17-OH 17, 20 lyase
PROGESTERONE >  17-PROGESTERONE > Androstenedione
\ 21-OH \ 21-OH \ 17B-HSD
11-DEOXYCORTICOSTERONE (11-DOC) 11-DEOXYCORTISOL Testosterone
l ) Aromatase
o |
l Estradiol
ALDOSTERONE CORTISOL

Zona reticularis, is responsible for the formation of 17 ketosteroids. These are the
sex steroids. A simple memory aid is that “"SEX may occur after a DATE".

MyEndoConsult.com
A resource for endocrinology trainees

¢ean this QR Code (by Pointing Your active camera) to review the
detailed stePs in using this mnemonic for adrenal Steroidogenesis
and Congenital Adrenal HyPerPlagia




PHYSIOLOGY AND ANATOMY

ADRENAL CLAND

@ PHYSIOLOGY @

Catecholamine (Epinephrine and
norepinephrine) (Secreted by the
medulla)
e Action: sympathetic stimulation
through adrenergic receptors

(increased heart rate, blood
pressure, metabolic rate)

e Stimulus: hypotension,
physical/psychological stress,
hypoglycemia

e Excess: Pheochromocytoma

e Deficiency: Questionable
endocrine significance

Phenylalanine

DOPA
DOPA decarboxylase

\J

Dopamine
¢ Dopamine hydroxylase
. COMT : .
Normetanephrine <= Norepinephrine
]
yO Pt
. COMT - -
Metanephrine <=+ Epinephrine

O A cortisol-induced enzyme

Which tissues contain PNMT?

What are metanephrines.
Scan QR Code

Phenylalanine hydroxylase y
Y .
p-Tyrosine
Tyrosine hydroxylase
\J

Adrenal medulla

CATECHOLAMINE SYNTHESIS

The rate-limiting step in the synthesis
of catecholamine occurs at the initial
conversion of L-tyrosine into L-3,4-
dihydroxyphenylalanine (DOPA) via
the tyrosine hydroxylase enzyme.
DOPA is subsequently converted to
dopamine. Dopamine is hydroxylated
into L-norepinephrine, which is then
converted into epinephrine.

The conversion of horepinephrine to
epinephrine requires the cortisol-
induced enzyme,
phenylethanolamine-N-methyl
transferase (PNMT)(dashed arrow).
This is the reason why epinephrine and
its metabolite (metanephrine) are only
produced by PNMT-containing organs
such as chromaffin cells in the adrenal
gland and the organ of Zuckerkand|
(located at the aortic bifurcation).

Norepinephrine and epinephrine are
converted into their metabolites, i.e.,
normetanephrine and metanephrine,
respectively, by catechol-O-
methyltransferase (COMT)(dotted
arrow)

FRACTIONATED METANEPHRINES

This refers to the metabolites of epinephrine and
norepinephrine (catecholamines), which are
metanephrine and normetanephrine. Metanephrines
represent an umbrella term for the metabolites
metanephrine and normetanephrine
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@ PATHOLOGY @

Hereditary paraganglioma-pheochromocytoma (PPGLs) syndromes refers to

paragangliomas (tumors derived from neuroendocrine tissues found along the
paravertebral axis extending from the skull base to the pelvis) and by
pheochromocytomas (paragangliomas of the adrenal medulla).

Although paragangliomas can produce hormones, they do not produce
metanephrine (a metabolite of epinephrine) due to the lack of paracrine
stimulation by (lack of cortisol).

Conversely, pheochromocytomas can produce either metanephrine or
normetanephrine (a metabolite of norepinephrine).

LOCATION OF PPGL

Extra-adrenal Parasympathetic . Secretes Norepinephrine

Paraganglioma

Majority are nonsecretory (95%)

with a low malignancy Risk - Secretes Epinephrine

-
H
c
¥
k=]
c

§

Pheochromocytoma (adrenal) E\H

Extra-adrenal sympathetic
paraganglioma

Majority are secretory
(norepinephrine) with a high

Organ of Zuckerkandl Malignancy Risk

(extra-adrenal)
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‘ A N ATU M Y ‘ DISCOVERY OF PARATHYROIDS

The parathyroid glands are ovoid
glands that measure 4-6mm x 2-4mm
X 0.5-2mm in size.

They weigh approximately 30mg in
size, with the inferior parathyroids
being significantly larger than the
superior parathyroids.

The four parathyroid glands lie within
the cervical fascial sheath of the
thyroid gland and are attached to the
back of the lateral lobes of the thyroid
glands.

The superior parathyroid glands are

located near the superior pole of the The parathyroids were first discovered
thyroid gland and are lateral to the in an Indian rhinoceros. The first
position of the recurrent laryngeal description in humans was reported in a
nerve (as a surgical anatomic monograph by Ivar Sandstrom (a
reference). Swedish medical student) in 1880.

The inferior parathyroid glands are
located medial to the position of the
recurrent laryngeal nerve (as a surgical
anatomic reference).

HORMONE HISTORY BUFF

The discovery of the parathyroid glands has been credited to Ivar
Sandstrom, who published the discovery in 1880 in a paper titled “on a
New Gland in Man and Several animals.” Due to the late anatomical
description of these glands, they have often been referred to as “the
last anatomic discovery.”




PHYSIOLOGY AND ANATOMY

‘ E M B RYU I_U GY ‘ VASCULAR SUPPLY (PARATHYROIDS)

The primordial tissue that forms the

parathyroid glands is formed from

the epithelium lining the dorsal U
portions of the third and fourth constitr msc
pharyngeal pouches.

; Superior parathyroid gland
: Inferior parathyroid gland

e Inferior parathyroid glands (third Thyroid gland (outiine) ,;
branchial pouches) |
e Superior parathyroid glands

(fourth branchial pouches)

Inferior thyroid artery

_:'I g ; "~ -'; .-‘l. 2
s '-.’ Recurrent laryngeal nerve
el

On the other hand, the epithelium

lining the ventral portion of the third
pharyngeal pouch differentiates into
the primordia of the thymus. The inferior thyroid arteries supply both

the superior and inferior parathyroid
glands (over 90%). Additional tributaries

‘ H I STU I.U GY ‘ from the other cervical vessels such as the
superior thyroid artery, thyroidea ima

artery, laryngeal, esophageal, and tracheal

vessels supply the parathyroids as well.

MyEndoConsult.com
A resource for endocrinology trainees

There are two major cells in the
parathyroid glands.

Chief cells : Produce Parathyroid The parathyroid veins are drained by

Hormone (PTH) and are the superior, middle, and inferior thyroid
predominant epithelial cell type. veins. Superior and middle thyroid veins

lead into the internal jugular vein and then
Oxyphil cells : These are into the systemic circulation. The inferior
mitochondria rich cells with a thyroid veins drain directly into the
granular cytoplasm. brachiocephalic vein.

T ) ECTOPIC PARATHYROIDS
~ /

5 Approximately 10- 20% of humans have fifth

— *( Y }’ parathyroid gland, often located in the mediastinum

~ (especially the thymus)
~ X >

y &
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PARATHYROID CLAND

‘ PHYSIULUGY ‘ FORMS OF CALCIUM

Calcium is the most abundant
mineral in the human body, with
about 99% found in bone.

1.Free or ionized form (about 50% of
circulating calcium)
2.Albumin-bound (~40%)

The skeletal system comprises 3.Complexed form (~10% bound to anions
calcium and phosphorus-containing

hydroxyapatite crystals,
collagenous and noncollagenous
proteins.

such as bicarbonate, citrate, phosphates,

and citrate)

It is essential in several biochemical REGULATION OF PTH ACTION
processes, including hormone

secretion, bone mineralization,

coagulation of blood, heuromuscular suppresses PTH secretion

contraction, and signal transduction. e | ionized Ca2 + stimulates PTH secretion

Several hormones with regulatory
effects on the parathyroid glands,
intestine, bone, and kidneys ensure « T Mg2 + activates CaSR and suppresses
the maintenance of serum calcium PTH secretion
within a narrow physiologic range.

e | Mg2 + inhibits PTH secretion action

PTH ACTION IN BONE

PTH has a dual effect on bone remodeling (resorption-formation sequence),
depending on whether the skeleton is continuously or intermittently exposed to
PTH.

Chronic and persistent exposure of the skeleton to elevated levels of PTH typical
of Primary hyperparathyroidism results in bone resorption, while intermittent
exposure (for example, treatment of osteoporosis with PTH analogs) promotes
bone formation. Osteoblasts are the primary target for PTH action in bone.




PHYSIOLOGY AND ANATOMY

® PHYSIOLOGY @ CASR ACTIVATION

: : Ca*’
The Calcium Sensing Receptor 2+

The calcium-sensing receptor (CaSR),
a G-protein coupled receptor
expressed by chief cells of the /
parathyroid gland, C cells of the Go G g
thyroid, and renal tubules, plays a

pivotal role in regulating serum 1_/
calcium. PLC

The activation of CaSR blunts the l .
synthesis and eventual release of IP3 + DAG e
PTH by the parathyroids, augments \_’7 C az+‘ .. ;,
calcitonin release by C cells of the @
thyroid, and finally inhibits renal \ j/
calcium reabsorption (independent \

of PTH action)

v

PTH + Secretory Granules (Chromogranin A)

At the level of the parathyroid glands, CaSR’s activation by ionized calcium (an
extracellular first messenger) results in downstream processes (Phospholipase C-Inositol
triphosphate-diacylglycerol pathway), which increases the liberation of calcium from its
stores in the endoplasmic reticulum.

Increased intracellular calcium inhibits the fusion of PTH-containing vesicles with the
plasma membrane, which results in reduced secretion of PTH. Additionally, the
transcription of PTH is regulated by 1a,25(OH)2D (binding of active vitamin D to vitamin D
response elements in the promoter region of the PTH gene promotes PTH synthesis)(not
shown). Similarly, magnesium, another relevant extracellular divalent cation, can also
activate the CaSR and impair PTH synthesis.

el CINACALCET & HYPERPARATHYROIDISM

Calcimimetics promote the sensitivity of the CaSR to serum calcium by
lowering the set point for activation of the receptor. This, in effect, leads
to the activation of the CaSR even at lower levels of ionized calcium, a
process that inhibits PTH release

T L
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ARATHYROID CLAND

@ PHYSIOLOGY @

The role of PTH in osteoblast-osteoclast interaction.

Activated osteoblast with it's
Osteoclast precursor Osteoclast with it’s surface bound RANK-Ligand
surface bound RANK

\.N

OPG, a decoy ‘I.‘ Matured Osteoclast

receptorfor = = = = — = ‘|'

' a.me

Osteoblast precursors

Bone resorption pit

Binding of parathyroid hormone (PTH) to the PTH-1R receptor
4»0&4 ;_ on osteoblasts initiates osteoclastogenesis

PTH binds to its cognate PTH-1R receptor on osteoblasts (derived from
mesenchymal stem cells), thereby initiating the process of bone resorption.

Consequently, osteoblast surface-bound receptor activator of nuclear factor
kappa-B ligand (RANK-L) will bind to the RANK receptor present on osteoclasts
(derived from hematopoietic stem cells). This results in the activation and
differentiation of a precursor osteoclast into a matured osteoclast.

The liberation of calcium and phosphorus from hydroxyapatite crystals by
matured osteoclasts occurs in bone resorption pits. OPG, a decoy receptor
(alternate binding site) for RANK-L, reduces osteoclast activation
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@ PHYSIOLOGY @

Role of parathyroid hormone, fibroblast growth factor 23 (FGF-23), and
calcitriol in calcium and phosphate balance

Parathyroid
gland

Calcium
Phosphorus . l @ Calcitriol

PTH FGF23

PTH
"""" FGF23 *l—( Bone )
a2+ *P

1,25(0OH),vitD (Calcitriol)

Low phosphorus @ @ FGF23 @ Stimulatory serum factor

PTH
( Kidney ) @ Inhibitory serum factor

Learn more about the regulation of both serum
calcium and phosphorus in this blog post.
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@ PHYSIOLOGY @

Regulation of calcitriol by FGF-23

@ Stimulatory action of FGF23 1 Vitamin D,

@ Inhibitory action of FGF23 25 hydroxyl

e —————
- -
- ~
”
-
-
-

25-OH-D, .

A

N ) n: 24 a- hydroxylase; -: 1a-hydroxylase
~ ? - 24,25-0H-D, | “z-=--=------ 1,25-0H-D,|  *====--7 25-OH-D,

Inactive @ Active @

Q

Renal phosphate conservation -

Sodium-phosphate
transporter

Vitamin D3 is synthesized in the skin from 7-dehydrocholesterol though
the direct effects of UV light. Vitamin D2 (ergocalciferol) is an alternative
source of vitamin D derived from a plant sterol (ergosterol).

‘ These sources of vitamin D undergo hydroxylation in the liver, leading to
the formation of 25 hydroxyvitamin D. The 1 alpha hydroxylase enzyme :

.
'''''
., ®
----------------------------------------------------------------------------------------------------------------------------------------------------------------

This final hydroxylation step which leads to the formation of active
vitamin D occurs in the kidneys, although this process occurs at extra-
renal sites such at the skin, intestine, pancreas, thyroid, and parathyroids .
Active vitamin D is a hormone that exerts it effects by binding to the
ubiquitous vitamin D receptor (VDR) in various tissues. It is noteworthy
that VDR is indeed a transcription factor that in conjunction with other

®e

‘0

-
’’’’
-----------------------------------------------------------------------------------------------------------------------------------------------------------------

Active vitamin D is inactivated by the 24 hydroxylase enzyme into 24,25-
dihydroxyvitamin D. FGF23 promotes the inhibitory action of the 24
hydroxylase enzyme on active vitamin D. In addition, FGF-23 inhibits 1
alpha-hydroxylase activity. The net effect is a reduction in circulating
levels of active vitamin D. FGF-23 also inhibits renal phosphate
conservation by downregulating the expression of renal sodium
phosphate transporters.
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@ PHYSIOLOGY @

e 10,25(OH)2D, also referred to as calcitriol (active vitamin D) plays a central role in the
handling of renal and intestinal calcium.

e Calcitriol has a short half-life (t 1/2) of 4-6 hours. Consequently, it has a quick onset of
action (1-3 days)

Intestinal Lumen Intestinal Epithelial Cell Basolateral Membrane
(Capillary network)

@ I & B
Active transport of o l I|I' |
calr:iu.m iI'I.'[C:- the intestinal 6 o O Calbindin bound to . | |
epithelial cell by the R i ¥ NCX1 Sodium Calcium
hannels TRPVS/6 “ meEE Exchanger
- TRPV6
Calcium Channel
.. - ®

Calcitriol diffuses into the

epithelial cell
Increased transcription of
NCX1, PMCA, TRPVS/6 and
calbindin
< T e (3 O
o

TRPV5

Calcium Channel

PMCA-1

Calcium ATPase

Calbindin bound to

calcium

Calcitriol-mediated intestinal calcium absorption: Calcitriol binds to its
intracellular vitamin D r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>