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CLASSIFICATION OF HORMONES

Classification based on structure 00:00:50

Amino acid derivatives :

L Tyrosine: T, T,, cotecholamines.
Prodtmdbgadremlmedwwmoskabundanhnorder
ot adrenaline > N& > dopamine.

a. Tryptophan : Serotonin, melatonin (centrally acting
neurotransmitters and peripherally acting hormones).
Serotonin :
it is one of the hormones of happiness.

W is produced by raphe nuclei by retinal (gangfionic cells)
stimnudus.

it is part of sleep wake cycle.

By around 9:30 pm, serotonin stimulades pineal gland
and produce melotonin (highest : 3-4 am, decreased :
T30 amy.

Abundant amount of serotonin is produced by &IT
(enterochromalsin celle).

Vvitamin derivotives : A § D.

Peptide hormones
* Small peptides (< SO AR : Hypothalamic hormones,
posterior pituitary hormones, ACTH,
* Large peptides (> SO AR : Anterior pituitary hormones :
prolactin (99 AR, &H (91 AR, insulin, PTH and renin,

&lycoprotein hormones (protein + carbohydrodes) :
TSH, FSH/LH (5300 AR,
Ripha. subunit is common among them.

Steroid hormones :
* pAdrenal cortical hormones :
mineralocorticoid : Aldosterone.
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Slucocorticoids : Cortisol.
* Sexsteroids/adrenalandrogens: DHEAS, androstenedione.
Sex hormones : Oestrogen, progesterone, testosterone.

Classification based on mechanism of action 00:14:44

Group | hormones ¢ Theg have intraceliular receptors.
a gpes :
* Cytoplasmic receptors/type | hormones : Steroid
hormones.
* Nuclear receptors/’gpe a hormones : Vitamin A § O, T3 §
T4.
&roup 3 hormones : They have cell membrane (extraceliular
receptors).
Receptor hormone complex : effects are mediated through
gene transeription.

Recognition | Stimulus |
( i g
Hormone i : | | >
- &roupl | arOup no
hormones | hormones ‘
!_ |
Signal Hormone-receptor many ditferent
Senerauhon complex SiSr\a]s
et 1§ ] | |
Gene | Tmnspor{rers Protein | | Protein
transeription channels Hmnslocaﬁon‘ |modi9«mhon

n |

Coordinated response 4o stimulus
Type ! receptor :
Requlation of gene expression glucorticoids.
Homodimer receptors (receptor in ca’coplasm) : Steroid
hormones. There is no corepressor.
Heterodimer receptors (receptor in nucleus) : T3, T4, Vitamin
D§ A There is o corepressor.
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Plasma membrane

In the inactive state : Steroid receptor (homodimer) is bound 4o
HSP-90 (chaperones).

Once ligand (steroid hormones) arrives, steroid receptor
changes configurodion.

HSP is released.

And receptor hormone complex is formed and it migrodes to
nucleus.

Binds to DNA ok glucocorticoid response element (6RE).

end result is gene transcription.

Active space
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mechanism of action of caleitriol :
Cytosol :.c“_h.ﬂl

Vitamin © receptor (VOR) action of target cells. intraceliular caleitriol
0,as(0H)ad] binds to the VOR.

It couses its dimerization with the retinoid X receptor (RXR).

The ligand-bound VDR-RXR complex binds o s{ruchmal\a distinct vitamin
D response elements (VDRES) in multiple, widely spaced vitamin D-re-
sponsive regions, and this causes a. modification in the recruitment of
co-activators or co-repressors, which leads 4o transeriptional regulation
oF gene expression

mechanism of action of {'hgroid hormones :

{_‘[3 [ Tron: Transonp’hon

( l_l__‘”“j‘

Thgroid hormone receptor-medioted ’cmnscriphon
T3 enters the &arse'c cell ’chrough membrane tmnspor'c.
T3 enters the nucleus andbinds*o’cheﬂwgroidhonmm

receptor (TR).
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TR then releases the co-repressor (CoR), dimerizes with the
retinoid X receptor (RXR), and recruits the co-activotor (COR
complex. ~

This complex binds the T3 response element to activade
ranscription.

Nuclear Receptor Signaling
Homedimer Blerold Heterodimer Reosptors Orphan Receptors
Reoceptors
ER, AR, PR, GR TR, VDR, RAR, PPAR §F-1, DAX-1, HNF 4a

2.2 3

Umnd dissociates oonpnnou Comlnullvn nouvalov
eoalilor blndlnq

LI LJ’””LL

PPAR (peroxisome proliterator activador receptor) ¢

PPAR @ : Agoniist is clofibrate (T > 400 mg/dL).

PPAR ¥ : Agonist is piogfitazone (hiazolidinediones)
(ossocioted with Co. bladder).

Dual PPAR @ and Y agonists : Sarogfitazal is DOC for diabetic
dgslipidaemia.

Orphan recepkovs :
No |i3and is received,
’ is constitutive.

example ¢
°* SF-

e }Requred%rgonado'«ophwl\developmen’c
* HNF-4a. (MODY-D
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(Eoug 2 lgormones 00:36:24

They have cell membrane (extraceliular) receptors.
&eneral Features of Hormone Classes

&roup | &roup I
Types Steroids, Polypeptides, proteins,
iodothyronines, glycoproteins, catecholamines
caleitriol, retinoids
Solubility Lipophilic Hydrophilic
Transport Yes No
proteins
Plasmoa. Long (hours to days) Short (minutes)
holf—time
Receptor Intraceliulor Plasma. membrane
mediator Receptor - hormone cAMP, cemP, Codt,
complex metabolites of complex
phosphinositols, kinase
coscodes

Sigmls ore senerodced b}j second messengers. Thegj ore
responsible for protein modification or translation followed by
'(mnspor’c channel regula&ion.

Rece pror

* §-protein coupled receptor.

¢ Tyrosine Kinase receptor.

* JAr Qonus kinase or cytosine Kinase) receptor.
* Serine threonine Kinase receptor.

Hormones acting Vio. §PCR :
it is called as transmembrane r Y,
Theij hove 7 membrane SP"‘““"“S domains.

N N @
~ i
¢
© o)
GDP
c c

No hormone: Bound hormone (H):
Inactive effector active effector




that couple to efectors through proteins (&PcR) ically
havesevenmembrm-s.pamnsdonm1nﬁ1eabsemeo¥
(lefD,the heterotrimeric &- in complex (alpha, beta, gamma) la.
in an inactive quantino diphosphate (&DP)-bound form and is probably
mtnswcwdedwﬂhﬂwmwpmm&mnﬁexsmedb&\e
plasma. membrane ont’ne subunits
(wawy lines) and perhaps by mu_.,r:s':oala?ed g s I
smxombrdr\g&ﬁwmmﬂwreceptor&msaprewwd
con?omuhmalc}wngeo?thereceptor—asndmdbaheﬂted
membrane-spanning domains and activation of the ﬁ-—pmte’n comples.
The results from the exchange of &OP with
(&TP) on the a subunit, after which a. and d&ﬁoclo:le.ﬂ\esubunrt
binds to and activate the effector (€. £ can be adenyty) cyclase Caat,
Nat, or Cl- channels

effector is 3™ messengers.
K con be,
* cAmP (g or &).
* P3/pAg CY)
* caemP (ransducin medioted &).
ceMP po&h»ag + vasodiladors like NO and ANF oct via. this

poshiagy I\ membrane
cAMP dependor e
adeng\gl cgclase
S-AMP ¢ cATP + ATP + Mg™

Phosphodiesterase|

N

\ R,C, inactive PKA

C, Active PKA +R

7 ™
Protein Phosphoprotein
N . S
[ Phosphotase
Physiologic effects




cAMP 1 Hypothalamic hormones (CRW , TSH, FSH, LH, ACTH
Va receptor of Vasopressin,

Gucanon, Somatostatin, Secretin

Aipha. 4 and beta. blockers

PTH, caleitonin

1P3/DAg pahiay : Vasoconstrictors.

Hypothalamic hormones (TRH § &nRH.
Vasopressin Vi § V3 receptors, oxytocin.
CCK, gastrin.
Aipha. | § Ach receptors.
osll mT&nm
jiscatesm ’"°‘;:,m Prouhumn.c ‘
o ua —I- Q.-I ) .wmmim
N
[® @ O
E wm :.inm mm e
v Proteine N \ e i
Other
proteirs 3
| » Physiologic |
reeponse
|
[ [
. cavP IP3/DRG/Co’
HBMhnlnrrm CRH TRH, enkH
P&uitc\ry ACTH, FSH, LH, TSH + V3, Oxytocin
Vi, V3
_Vasoconsiﬂctors - AT-1, Substance P
Pancreoas Glucagon, Somatostain | -
& :
& e Secretin | CCr, &astrin
ANS Alpho. a(&D, Beta. Alipha. |, Muscarinic Ach
miscellanecus PTH, Caleitonin -
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most poten& vosoconstrictor is urotensin,

Subclassificodion of &roup It A Hormones

Hormones that stimulote

adenyyl cyclase (HaD

Hormones thot inhibit
adenylyl cyclase (CEY)

ACTH

Acetyjcholine

ADH

n\pl'n—a-adrmsles

e»eta—adrenersics

Angiotensin [\l

Caolertonin

Somadostodin

FSH

aiucason

Ach and angiotensin It decrease cAMP, but their hormonal

actions are due to 1P3/DR& pothuay,

Tyrosine kinase pathway 00:52:05
Insulin, 16F, N&F, 8&F, F&F, T&F alpho.
N

|
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mMechanism of action of insulin ¢

P\—nsphorv:,lationo?—smTpro&ehsseen
&H , prolactin (h»inhormon&s)andePOac‘c\r\a’chispatmng.

10
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Serine-threonine kinase pathway

00:56:40

Inhibin, BMP-T1, activin, T&F-beta.
F-f
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BASICS OF PITUITARY GLAND

Master gland of the endocrine orchestra (requlates
Size=w0n13,enlar3esﬂse|¥kolsdur‘nspre3nm05.
Divided into :

* Anterior p‘r\tuirt'arg gland.

* Posterior pituitary gland.

Development 00:01:07

Peterior pituitary gland | Posterior pituitary aland

Developed $rom Rothike's h from
P?rgm'lheroa?ﬁwe of the 2rd

of the oral ectodermy) | ventricle (Derivative of

the neuroectoderm)

Derivative of surfoce ectoderm Neuroectoderm

Diencephalon 3 ventricle

‘odiwe's pouch

Congenital hgpopi’cuitarisrn :

m/C couse Pituitary dysplasio.

Pituitary dysplasia B Anterior pituitary hormones only not

produced, posterior pituitary gland is intact.

Clinical feotures :

* midiine cranio-facial abnormalities (single central incisor,
cleft lip ete)
(Anterior pituitary is formed from Rathike’s pouch,
which is locoded in the nasopharsnx. From there, cells
migrode across the midiine to reach the pituitary, in the
brain. Becouse of this migration, pituitary dysplasia
causes midline cranio—focial abnormalities)

12
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(02 Basics of Pituitary R
Gland .

ANTERIOR PITUITARY 00:6:14

Distribution and percentage of anterior pituitary cell subtypes,
horizontal view. Gonadotroph cells are scattered throughout
the anterior prhu’carg and constitute—10% of cells. PRL, prolactin

secreting cells (S%) 5 &H, growth-hormone-secreting cells (S0% :
ACTH, adrenocorticotropin-socroting colis (S%) : TSH,

thyrotropin-secreting cells ).
Cells extro. Hormones Aamount of | Notes Produced
produced cells seen from which
pa.rt
Somadotrophs &rowth most 0% amino Produced
Hormones abundant | acid®) from laderal
(Pdtj:ep\'nds celis (500 portion of
hormones) anterior
phustary
Lackvtrop\-s Last cells 40 | Prolactn 15% of celis | (199 amino
develop (a4 | (Polypeptide in anterior | acide)
weeks of hormones) pruitary
intrauterine
%)
corhwkropl's tarkest celis | POMC POML = Produced
4o develop (Pro opiomel- ACTH + MSH | from central
(o weers ot | anocorticotropic + Beto~ portion of
intrauterine | hormone lipotrophins anterior
e (endorphins | pituttary
imtrouterine are dervied)
lite)
€onadotrophs FSH, LM 15% of cells Scottered
in anterior throughout
B p’rkukara e piiu'rta.rg
Tharo\rophs TSH s& ol cells Produced
(easd from centrol
portion of
onterior
piustary

Active space

ACTH increase X mSH receptor binds X increased msw
X Hyperpigmentotion in increased ACTH situodions.

13
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4 hormones of happiness

. Dopamine (hormone of pleasure).

3. Oxytocin (hormone of love).

3. Serotonin (hormone of mood stabilizadion.

4. endorphins (natural pain Killer) Endorphins inhibit
U-receptor X Decreased substance P X

Decreased pain)
Acidophilic and basophilic hormones ~ 00:15:12
Acidophilic ____ @asophilic |
GowthHormone ~ |ACTH
Prolactin  |FSH LW .
TSH

Transeription factors required for pituitary development :
m/C couse of congenital hypopituitasism is Pruitary
dysplasia, which is due 1o loss of function of ranseriptional
factors :
.. PROP | regulates the development of :

* gH produc'\ng cells,

* Prolactin producing cells.

* TSH producins cells.

* ACTH prodwcing cells.

a. PIT i
Specific transeriptional factors for growth of :
. Corticotroph X +-pit.
a. &onadotroph X &ATA-3 (proteins released by &ATA 3
ore SF-1 and DAX-D).

ds eAnoy

14
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Cell Corticotrope | Somadotrope | Lastotrope Thyrotrope | €onadotrope
Tissue Tpit Prop—, PR | Prop—, Pit-1 | Prop—, Pit-4, | SR, DAX-I
specific TeF
transeription
factor
Fetal b weeks 8 weeks 14 weeks 13 weeks 13 weeks
appearance
Hormone fomec 6H FRL TSH FSH, LM
Protein Polypeptide | Polypeptide Polypeptide | Glycoprotein | hycoprotein
- alpha, beta. | - alpha, beta
subunits subunits
Amino acids 3l L] 199 al 4310, 204
(RCTH 1-209)
Stimulodors CRH, VP, gp— | GHRH, shrelin Esh'osen, TRH EnRH,
180 cytokines TRH, VP activing,
estrogens
Inhibitors Gucocorticoid | Somodostadin | Dopamine T8, T4, Sex steroids,
aF- dopamine, inhibin
somatostatin,
glueocortie-
oids
Taraet sland Adrenal Liver, bone, ereast other T*go»d Ovary, Yestis
other tissues | tissues
Trophic Steroid aF mis T4 synthesis | Sex steroid
etect production production, | production and secretion | production,
growth Soliicle
induction, growth
nsulin germ celt
antason‘sm maturadion
Anterior p‘rtui’mrg hormone expression
ond reaulation
Fetal 13 weeks 13 weeks 13 weeks 8 weeks 8 weeks
appearonce
Hormone FSH, CH TSH PAL aH POMC
chromosomal | B-ip, BHaq | a-6q, B-ip b q ap
gene locus
Protein mmpwte'n :Ecop'vke‘n MWde Polgpephde Polypeptide
subunits subunits
Amino ocids | 310,204 ain 19 ] bk (ACTH
1-39)
Stimulators | enkH, TRH estrogen, EGHRH, &HS CRM, AVP,
esirogen TRH gp-130
cytokines
Inhibitors Sex stevoids, | T3, T4, Dopamine Somodo- Slucocorticods
inhibition dopamine, stodin, &F
somatostoding octiving
sboowim\ds
Tarsek sland Ovary, festis Thgroid éreast, Liver, bones, | Adrenal
other other
tissues tssues

Basics of Pituitary
Gland

Active space
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System
Tophie | sexsterod | Thsyvhesis |mbs | Seroel
Follicle and secretion | production production, production
3rowth aerm srowt‘h
cell nduction,
moturotion nsulin
m=5-30 WL antagon
Floasa) -
$-30 /L B
Normal m-s-a /L | od-s muw/iL mes; F<ao | <osa/l ACTH, 4-aa
range Flbasad J ps/l.
5-30 WL J
Qelodcionship between hgpo'd'\alamus ond the anterior
p\hu'carg ngo&\o.lwm—hgpophgseal ’croph‘c relahonshp
* Superior Hypophyseal artery X Joins with
hypothalamo-hypophyseal portal system (between the
hypothalamus and adenohgpophgs‘\s) , where the
hgpo’chalanrus releases the growth foctors.
* This release of growth factors stimulotes the anterior
p'rtui&ourg 3|and to release hormones.
Neuroendocrine cell nuclei Hypothalamus
2 ._M//
Superior hypophyseal ry :,
ar’rerﬁ Stalk
Long portal vessels Inferior hypophyseal
ar’rera
Troph'\c hormone _
secre&ins cells _ FeSieNicH
g pi’m’\tarﬂ
Anterior
pituttary Short portal vessel
Hormone secretion
>
q
2
£
8

16
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(2 Basics of Prtuitary

Gland
 Hypothalamus Anterior p'\hx\’carg
GHRH Somatotrophs
CRH Corticotrophs
TRH Thyrotrophs
&NRH §onadotrophs

* except Dopamine , through the tubulo-nfundibular
pethway X inhibits prolactin (PRIM/PRIF : Prolactin
Release Inhibiting Hormone/Fa.ctor).

* Therefore all the hormones except prolactin is under
stm;lorkorg control.

Neurohypophyseal relationship 00:23:02

o Qela’donship sustained Vio. oxons.

* Inthe h}jpo'dnh:ms :

magnoceliular Neurons (in Supraoptic nucleus and
Paraventricular nucleus of Hypothalamus) X produces
Pro-Vasopressin.

Neurons in Periventricular nudleus of hypothamus X

produces oxytocin,

* These hormones are released and travel via
axons (pituitary staldl Provasopressin is cleaved X
Vasopressin (RDH/AVF) + Neurophysin + Co-peptin
formed.

* Hormones are stored in the posterior p'rhu&arg Sland.

17
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The arginine vasopressin (AP gene and its
protein products
Vosopressin ; ue.,mphf’gh f‘ﬂ_"“’?’ o

pre
vasopressin
gene TﬂT&
Capping Poly A
site s':s

The three exons encode a 145 amino acid prohormone with an
NH—terminal signal peptide.The prohormone is packaged into
neurosecretory granules of magnoceliular neurons. Ouring axonal
*rmxspor*oi?*hegrm%m&\ehﬂpokhalams{oheposkerbr
pituitary. enzymatic cleavage of the prohormone generates the final
products, AVP, neurophysin and a. COOH—terminal glycoprotein called
copeptin. when afferent stimulation depolarizes the AvVP containing
neurons, the three products are released into capillaries of the
posterior pituitary in equimolar amounts.

inferior hypophyseal artery supplies to posterior pituitary
gland,

m/C manifestation of ptuitary metastases : Posterior
pituitary mostly aftected (since i has direct blood supply
through inferior hypophyseal ar’certp X Leads to ADH
insufSiciency X diabetes insipidus.

Classical malgmncg to metastazise to p‘rtuirtarg : Ca. breast.

Pituitary adenoma 00:29:04

* Mmagcroadenoma ? | em,

* microadenomao. < | em,

Functional p‘dwtarg oadenomas secrete hormones.

* Prolactin secreting tumors > &H secreting tumors >
ACTH secreting tumors,

* FSH, LH, TSH secreting tumors (very rare).

18
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Basics of Pituitary
02 Gland

Clinical feotures :
L. Functional (hormonal effects).
a. Mass effects (bumor compresses something X
symptoms)
3. t stalk eftects
hbnﬁmcﬁonalpihutargadenonus—nohonnomlcomponem.
e craniop\'nrgrgiom
* Rodhke cell cgst.
* eosiniphilic &ranulomo.
. Langerhcms cell h‘s{"uocg'cosis.
Clinical features
L. Mass effects (umor compresses something X

sgmp’coms)
3. T stalk effects

Anadomical relations of prtuitary :

Pi’cwtarg is situoted in a bon5 cage, called sella. turcica.

Site o expansion of any tumor :

ventral (east resistance) > Lateral.

Posterior relation : Sphenoid sinus

Therefore, any removal o tumor, surgery (resection) is done
through trans-sphenoidal route.

Pituitary stalk

Diaphragma

Menom—-ﬁ‘ seloe
o Compressed
' H pituitary gland

Sphenoid
SinusS

Fans—sphenoidnl resection of prtw_tag adenoma. ]

Lateral relation : Cavernous sinus.

Clinical manifestodions :

* initially, centre aftected : \CA*-MhnerveIZlmpalsg

(abduction palsy), encasement of ICA may be seen without
clinical manifestadions.

* wWall : 3,4,5-1 and S-a cranial nerves X multiple cranial
nerve palsies.

* Temporal lobe may be aftected last.

Active space
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Cavermous sinus
Pi&uitarg sland Internal carotid aﬁery
Oculomotor nerve (ID

Trochlear nerve (V)
Abducent nerve (WD
Ophthalmic division of trigeminal
nerve (W

maxillary division o trigeminal nerve
v

Ventral enlargement of tumor 00:37:50

Through the layer of dura. (diaphragma. sendy wstou & com-
pressed K Stalk efSects.

Stok effects : Hypothalamo-hypophyseal portol system (via.
blood) + Neurohypophyseal system (via. axons) are affected
s blood and axons trovel via the stalk X Connections are lost
X No more trophic factors released $from the portal system
and posterior pituitary X All hormones decreased, except
prolactin ¥ Hyperprolactinemio.

when further expands X Optic chisma. compressed K
eitemporal or he*eronﬁmous hemianopia.

Normal
eright spot of
posterior pituitar Y
with anterior
prtuitary (is0
intense)

20



‘eeuback

L

nsaas'rbl\r'et»postwﬁmshﬁhmﬂgwm uni?ormlgtake

o—
02

Basics of Pituitary
Gland

Active space



PROLACTIN

Prolactin 00:00:27

. Polgpephde hormone.

U melactoh‘o#\cel\sinﬂ'\epeﬂp\'\er}jo"-anterior
pi’cu}targ.

* Constitutes 199 amino acids.

* Acts Via JAK-STRAT pathuvay,

* nhibited by dopamine from hypothalamus.

* mMajor sources of production are CNS, placenta and
uterus,

* Increases during Rem phase of sleep.

* Stimulodors of prolactin : estrogen, TRH, VIP, oxytocin,

Function ot prolactin :
induces and maintains lactation in o M\g developed breast
pr'med bg eskrosen and prosesterone.

Clinical scenario : A 34yr old female ¢/0 oligomencrrhea,
amenorrhea. For | year.

us& abdomen and pelvis was normal. TFT was normal. No
other significant findings.

Fasting prolactin assay (en'zgme mmmoaswg) was 195
meg/| (normal range : < as ng/mL or mea/L.

She was Suagested to do MRI by her ?—oun'\l5 member. is MRI a
requirement in this scenario?

Solution : No,

Prolactin value > 100 meg/L : Adenoma. very likely,

> 300 megy/L : Adenoma. almost certain.

But there were no symptoms suggestive of hormone
excess other than menstrual irregularkﬂ. No s5mp\—oms
pointing towards pituitary stalk compression/mass.

Active space
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mos’dg asgn-p*comﬁc podient with disproportionade prolactin
volues.

Do maero prolactin assay (magroprolactin : Inactive prolactin).
Many reproductive age females have anti-prolactin
antibodies.

Prolactin-anti prolactin complexes are called maero prolactin
(misinterpreted as prolactin on e1A/enzyme immunoassay).

eicactive form of prolactin (present in blood) is a3kd little
prolactin/micro prolactin.

macroprolactin levels are checked by gel [ration
elevated macroprolactin level is insignificant and no further
evaluation is required,

Hyperprolactinemia 00:08:22

Normal : as meg/L.
Physiological < 40 meg/L
L Pregnancy (upto 180 megy/L is norma.
a. Loctodion,
3. Rem sleep.
4, Stress.
S. Chest wall stimulation.
Pothological : 40-100 meg/L.
Commonest cause is drugs/medications.
Dopamine antagonists by inhibiting tubulo-infundibular
pathwag.
. Tﬁpicod an’dps5choﬁcs.
* Risperidone (only adupical antipsychotic).
Risperidone can increase prolactin levels > 200 meg/L.

Dopamine regwation :
Dopamine is regulated by 4 pathways viz,
. mMesolimbic pocﬂ'um:}.
a. Mmesocorticol poemwag
3. Nigrastriodol po&hlm}j
4. Tubulo-infundibular pathuway,

23



[ =
00 Prolactin@

S. CTZ outside 626,

mesolimb\i[pammg R
Reliet $rom positive I\ -

symptoms of
schizophrenio. Typical

! pathisny
Mmpymm’odal
symptoms worsening of negotive
samp&oms
Atypical antipsychotics decreases negotive symptoms, does
not cause EPS and galac&ormea.

Other druss :
TCA/SSRIS, opiates, verapami, Ha blockers, O methyl dopa.
Prolactin levels comes back to normal 7a hours (3da55) after

D, receptor blocking anti emetics 00:16:35
metoclopramide Domper'udone

Crosses &g Does not cross ARG

AtSects all CNS pod‘\'\unﬂs Acts onlij onCT2

(dopamine requlating

podchm‘LjS)

Con couse hgper No hgper prolactinemia
prolactinem‘u

Causes other han drugs (prolactin 40-100 meg/L)

CHD, CLO, primary hypothyroidism (TRH ovemchv@, PCOS.
Prolactin > 100 meg/L in the absence of macro prolactin likely
to be a tumour.

Active space
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Prolactinoma 00:21:59

Serum prolactin level > 300 meg/L.
mos’cwvmnpituitar}jadenom(asubw\ito?FSH
secreting tumour > prolactinoma, though dlinically inrelevant.
dhical\grelevw\thmnnsz Prolactinoma. > €+ secreting
adenoma. > ACTH secreting adenomoa.

Prolactinoma £ | cm(mgorrkg) calied microodenomo.
I - 4 cm colled macroadenoma.
>4cmcal\ed3hntpohctm

Fastingpro\acﬁn\exe\wr&swxdstoﬂwesizeo&lﬂwe’cumur.

Prolactin secreting microadenoma. follows 80 ¢ 1 female to
male ro&io.

30-40yrs females.

&enetic causes (Men- syndrome, MeCune Rlbright syndrome,

C,amegwnplathoijrold?eMes.
mMacroadenomas | ¢ | male~female rodio.

Clinical presentodion in females
* most comemnonly with gelactorrhea/amenorrhea.
sgndrome in the reproductive age.
* Secondary amenorrhea. (UPT, TFT, prolactin levels).
. ngosonadism/ luteolysis feotures like menstrual
iregularities, amenorrhea, dryness, hot Sushes
(prolactin suppresses HP& axis).

Presentation in males 00:29:58

Loss of libido, erectile dgs%?w\c’don, gynecomastia. Overlooked
most of the time.

Hence, males mostly present lote with mass effects
(eadache and ICT symptoms, vision abnormality, " nerve
palsy etc),

Osteopenio/osteoporosis of spine, insulin resistance are
common to both males and females.
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Clinical scenario
MR\ o?-apaﬁent shows 3cmpihutar3 adenoma. Proloctin level

measures 80 meg/L.
This is called hook eftect.
PRL antigen Signal
m-( @ = Y —
Signal
Immobilized anti-PRL Signal-labeled Sandwich formation with
antibody (attached to ant-PRL antibody one PRL moleouls binding
test tube surface) (in liquid solution) to the two antibodies
Signal
+ ) + Y — + CY
Signal
Excess Failure of sandwich formation
PRL antigen when the antibodies bind to
two separate PRL molecules

Solid phase antibody + Prolactin antigen + Liguid phase
antibody ¢ Sandwich formadion.

In presence of excess prolactin, antigens bind independentiy
%o solid and liguid phase antibodies (no sandwich formadior.

i serum prolactin values are not corresponding to podient
symptoms/radiological findings, repeat in seriol dilution.

45% of patients with macroprolactinomas hove de%ciencg of
other hormones : Stalk effect.

35% of podients with macroprolactinomas have visual feld
effects : mass effect.

Investigation of choice : Contrast enhanced (Qadoliniury MR,

26
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MRI Brain 00:36:00

T1 Pre contrast : Normal pi'cu‘rkarg. mn post comtrast : Normal p‘rtuﬁarS.

Points in favour of diagnosing microadenoma. on MR :
* Isointense in TN, Pituitary tsel® is hyperintense on Ta.
* Asymmetry of the gland.
* Skalk deviotion.
* Depression of sella. foor.

Pre contrast p‘rkwkarg adenoma.  Post contrast pitu}tar}j oadenoma

fAdenoma. will oppear black as it does not toke up{he
contrast (poor Vascular@.

Treatment of pituitary adenoma 00:39:19

eouds eAgoy

N Sgn\ptomahc paenen{-s.
N ns5wp’comaﬁc with macroadenomo.
. &nlargins microodenomo.

Fegaack
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Follow up asgmptomaﬁc microadenoma. potients every
3 months.
No role for surgery in primary management ot prolactinoma.

medicalmmgemenﬁsw‘r&\dommineasonis\y

. Cabergoline (drug ot choice) :
LoqwaameﬁamsueeﬂdeGMm&ngpm&md

hypotension, dizziness), weekly dosage.
Dose : 0AS Mo twice a. week,

3. eromocr'\p’dne :
usedinpresmnwemal&s.baclﬁo?s&ud}joneﬂicacgjo&!
caberso\'me in pregnancy,

Dose : a5-S dailu,

™ J without drug side

eflect
increase the dose

Level increases
Measure prolactin side elfects
ofter | month resistance.

Indication For surger

Maximum dose of cabergoline is & mg/week.
>3 ma/week : volvular heart disease (TR, lung Nbrosis.
Stop 7 dcxgs prior to lactadion.

* Orug resistance.

* Non shrinkage of tumour on MR taken after
3-b months.

* Persistent visual feld defects.

* Pituitary bleeding (unstable apoplexy.

= Presmncg.

Active space
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Patienkun%t@orwaerweadioﬁ\emp&
Hi~6T marker for malignant prolactinoma. (very rore).

MR images

Hetwosermhunour.
Solid (white) and cystic (dark) components.

Heterogenous fumour : Macroadenomo.

Coronal image showed on
enhancing, lobuloted mass

in the sella. aris'nS from the
p‘rtu‘tto.rB enveloping the riaht
carotid siphon, riah’c covernous
sinus, optic chiasm and right
was otherwise normal.
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Figure | : Qadiolosico.l images shouuins remorikable
therapeutic response with cabergoline in Young man with
hydrocephalus and intracranial hypertension for giant
prolactinoma. as first clinical manifestation of

multiple endocrine nesplasio. tupe |

(® mogetic resonance imaging in T with gadolinium, sogjttal
section

() MR\ in T with gadolinium ;

() mR) inTa with gadolinium, coronal section.

Left images show the solid-cystic sellar and paraseliar
tumoral mass identified ot diagnosis, with invasion of
covermous sinus, midbrain and third ventricle, occluded
foramen of monro and moderote to severe suprotentorial
obstructive hadrocephahs.

Central images obtained a months after the beginning of
cabergoline shows significant reduction of the tumor.

Right images, with 8 months of cabergoline reveal a. rotable
tumoral shrinkage and necrosis of the tumour.
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Figure | : Contrast enhanced brain magnetic resonance
imaging (MRD on presentation

fudal (A,8), Coronal (€ and sagittal (O, € and P) images
showed an enhancing, lobulated mass in the sella arising
mmmwm@mmsmrgm
covernous sinus, optic chiasm and right optic nerve. The
paremtymunsoherwisenormal.

Heterogenous tumour (macroadenomoa) with both solid and
cﬁsﬂccomponents.
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GROWTH HORMONE

Introduction 00:00:33

B RisaPoIgpepﬁdehonmnewithlol amino acids.
* Produced by somadotrophs (acidophilic cells) in the
onterior prh.utarg. most abundont >S0% and situoded

|atéral\5.

* &H and Prolactin act via the JAK STAT pathuay : Twin
hormones.

* Has both direct actions and through a. mediator, insulin
like arowth Factor (GF-1 § 8. 16F mostly responsible
for peripheral actions of &H.

. measwemen’co?&WDirec’caHassaﬂisdiﬂinasi’cis

released in o. pulsatile manner andhas a. T, of S 40 30
min.

* Best method to measure growth hormone levels :

Measure 16F. I&F binds to 16F binding protein (ieFer-2) .
i&F + 16F6P-2 has TI/a of 1a 40 1S hours.

0 \ncreasesdurhgphaseai4mnsleep
(Prolactin : REM sleep).

Stimulators inhibtors
Hypoglycemia. Somodostatin(most
&rowth hormone releasing | powerfub.
hormone (GHRH. Aging
ghrelin. Obesi’clj.
Hypocaloric stake/
extreme malnudtrition.
B couse 6H resistance. |

All hormones of the anterior pi‘cuj’carg ore posi’cNeB requlated

§' except for Prolactin,

g J— ~ Paradoxical €H release by TRH. - j
TRH stimuloes lactotrophs — In Somadotrophic/ &M secreting
Proloctn. adenoma. ¢ TRH stimulades &M
Hos no action on somadotrophs. production.
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I6F includes 16F-1 § 1I6F-a. Most abundont 16F8P is \aFeP-3.
intrauterine growth is purely under control of laF-a onky. S0,
child with &+ deficiency ot birth will have normal length.
Other hormones that increase 1GF release from liver : Thyroid

hormone, Testosterone, Insulin.
Insulin aF-i 1eF-ii

Other nomes Somafomedin C mult ication

Number of sl 10 61

amino acids

sSource Pancreodic & Liver ond other | Diverse tissues

cells tissues

Level regulad:ed alucose &rowth uniknown

bﬁ hormone ofter
birth, nutritional
stadus unknown

Plasma. levels o.s'coans/m |oto1uon3/ 300&0800‘\3/
nLipeaHso& mL
puberty

Plasma. b'md‘mg No Yes Yes

proteins

major Convtrol of Skeletal and &rowth

phl.js'solosic role | metabolism cartioge during fetal
qrowth development

Actions of GH and IGF 00:08:32
| &H |
Na Decreased Ui SIS 1aF-1 Protein aplphgsm
retention nsulin ‘POB 8 is srow\‘n
sensihv\%g
nsulin like Arilipolytic Protein epiphysial
a.(‘,‘\"\\/l’(“\j activity synthesis growth

33
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gone, increases osteoblastic

askivty and epiphysea
srowth.

Increases osteoblastic
pEsyanIep Pl
srowth.

mhw

muscle anabolism :
Increases lean muscle

Anti diobetic/ nsulin like
activity,

Fot metabolism. Lipolusis couses

o

Salt § water
retention

Absent.

&H actions independent of I&F-1 : BEAMS,

&one action.

&piph}jseal Srowh

nd‘\pose tissue : Increases |'\pol5s'|s
muscle pro’cein sgn’ches'\s.

Solt and woder retention.

Other actions of IGF -1

00:14:42

N
A
aHlll-f:_l'__'Sormhsialn
e T
* Hematopoiesis C_.?O J * . “"W:EWW
imrune cell Punction \ ) / * Aokl inG tory
* alomerular .iﬁ— — * Cardiovascular
development, function developrment and
P
’ j:;:lrmmd 6 C_%g ¢ ° rmmmte::;
a (Y doepren
* Ovarion ol
* Testicular function and
ooty
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Hormone @
Also involved n prolonsns longe\ru'cg : Faciltotes @enetic
stabi\itg, stress resistance, telomere shortening,

Causes of Acromegaly

Litelong &rowth eone Lipid ond Neuroprotection
properties metabolsm
ot IgF-1

Neurogenesis  Anabolizing  Antioxidant and Antiapoptotic

Eyoplogeness
Genito) Profiferative Hepato- and mitochondriol

development cardioprotection protection
Processes | Genetic stability Siress metabolic Telomere
involved in resistonce corvvol shortening
ety

Obese children have low &H but acceleroted growth vdocrtg.
—> Adipocyte —>1 Insulin levels
— sbod N

Laron Dwarfism : Mutation of &H receptor. &H cannot exert
s effects.
very high &+ levels, but very low 16F-1 { 16F- &P levels.

Laron Dwarfism

FSH, LH, TSH, Prolactin levels can be measured directy. ACTH
and &H cannot be measured directly,

Feedback
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Provocative tests for gH

I Insulin tolerance test : &ive 01 U /kg of insulin IV to the
podient, usually bu. &lucose levels every IS minutes for
I hour. &lucose levels start falling and &H levels start
rising >3 4 9/L. Done by trained personnel since i con
lead to hgpoglgcem'\a.

a. L~dopa, Arginine, Glucogon, clonidine, GHRH tests are
easier’idoneasakemateme&hods.m\ndia,nrshm
and glucagon methods are commoniy used,

3. &lucagon method : 003ma/kg IM/ SC and observe
glucose levels.

4. &HRH Method : | | g/kg IV and. response recorded.

&H Provocative | Orug 8lood samples | &H peak Side effects

test administrodion

insulin 0.05 to 01 U/kg | O (baseline), | IS 40 20 Huypoglycaemia

Tolerance Test 1S, 30, 45,60, IS | minutes after

GRpRY f0 30 minutes | the glucose
ofter the and | nadiv

90 minutes.

L-dopa, iv. Nousea, emesis
ond headache ]

frginine HCl, | 05 mo/kg 0 (boseline), ©0 minutes Nowsea. and

i (over a (max40mg) | 20,60,90 and | after starting | vomiting,
A0-minute 180 minutes. arginine Contraindicated
period) infusion. in severe

Glucagon, im | 0023 mg/kg 0 (boseline), a hours after | Nousea and

or s max | mg) 30, 60, 90 and | glucagon vomiting
130, 150 and 180 | injection
L minutes B | I
Propranolol 0S mS/Ks 0,90 (@0 130 40 150 Hypoglycaemia,
(omjg) + (moxa0mg) | minutes minutes conkrw’t?\dica&ed
exercise of intense in asthma.
exercise) 130, or cardiac
IS0 minutes paﬂ‘olo%
Clonidine, iv 0I5 mg/m? 0 (baseline) 6O minutes | Decrease in
30, &0, 90 after blood pressure
minutes Clondine ond drowsines
administradion | for several
g I S hours
H GHRH, iV (mea/kg olbaseline), 0 minutes Fainting or
§ 1S, 30, 45, 6O, | afer GHRH ?eelivg ligt-
2 90 ond 130 administration | headed
. | minutes |
W, htrcwenouslﬂ
im, intramusculary
SL, subcutaneously
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Acromegaly - ) 00:20:42
Rdenomo. thot produces excess §H or excess §HRH
) J
p'rl-u‘:targ or ectopic hgpothahrms
or eckop‘\c.

mwuse(%%)o?mr\esalgis%secreﬁrgp&wtorg
adenomo. 30% have increased Prolactin (twin hormones :

somato-mammotrophic adenomas).
Acromegaly, Prolactinoma.
MaCro adenomos. micro adenomas.
maoles? females. Females > males.
a™ mMC pituitary adenoma. | MC pituitary adenoma.

Prevalence, %

gxcess erowth Hormone Secretion

Pituitary 98

Denselgor sparse|5 o]
Sranna&ed arowth hormone
(eM) cell adenoma.

mixed &H cell and Proloctin | aS
(PRL) cell adenoma.

manmosomod'otrope cell 10
adenomao.

Plurihormonal adenomao.

&H cell corcinoma. or
metastoses

n‘\ulﬁple endocrine neoplasia |
(eH cell adenoma)

mMeCune Albright syndrome

ectopic sphenoid or
parophargnseal sinus
pituitary adenoma.

extrapituitory tumor

Pancreodic islet cell tumor <]

37
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| Lymphoma,
excess &rowth Hormone-
Reteasing Hormone Secretion

Centrol 4
Hypothalamic hamartoma, <
choristoma, qanghoneurown
Peripheral <

éronchial carcinoid,

pancreatic islet cell tumor,
smal\ cell lung cancer,

odrenol adenoma, meduliary

'chgroid corcinoma,

pheocl'\romoc}j’com
mMost common tumors : -
mMost common Tumors

Ectopic &H Poncreatic slet cell tumor, <30 years,
secreting tumor. consider Men-| 55nmm. me Cune

B Albright Syndrome .Carmey complex. |

GHRH secrel—ing Hamartomao.

tumor. | .

Ectopic GHRH éronchial carcinoid,

secreting tumor Small cell lung cancer.

Medullary carcinoma of the thyroid,

&H secreting adenomas

* macroadenomas.

*'m>F.

® Rssociated with increased prolactin levels in 30% of patients
os fheg are somatomammotrophic adenomas.

eoeds eAoY
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TWo ’ajpes : . -
Denselg sramla&ed ] sparse|5 Sramno&ed
&etter prognosis. Poor prognosis due +o
high growth rate § rapidly
progressive.
Large heterogencus mass (Tl § Ta images) Mins
macroodenoma.
Gigantism vs. Acromegaly 00:27:16

&M excess before epiphyseal fusion is called gigarttism. Af-
ter fusion of epiphysis, peripheral/ acral enlargement called
Acromegaly. There is enlargement of lips, nose, hands, feet,
intermal organs except brain

Symptoms o% Acromegoly *

Aeromegglic facies/ Coarse facial features: Thick lips,
prominent supro. orbital ridge, deepening of furrows, frontal
boss‘mg, prognath'\sm »Jjow malocclusion , macroglossio.
These changes happen over a. prolonged period and is not
easily noticeable.
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mass eftect : Headache, Visual impairment.

Stolk effect :

Pan hypopituitarism except prolactin thyperprolactinemiod wil
be present.

Soft tissue swelling,

Large hands and feet.

Obes‘rl'g.
ngoﬂ'\ﬂroidism
Phenytoin. Pseudo acromegaly : Acromeqaly like 16F-
a tumors focies present.
Insulinoma.

Features of Acromesodg :

~ |Feature. |
Nerve. Entrapment neuropodh'j &9,
Carpal tunnel syndrome.

eoeds eARoy
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muscle. mﬂopaﬂ'\v:, due to
hypertrophied Type | fQbers
and odrophied type a fbers.

RS. Obstructive Sleep Apnea.
55r\drorne and its
complicotions inchd.ins
pulmonary Hypertension.

cvs. MC couse of death.
nanmtrical LVH, CAD,
HFpEF.

alT. Mommlgmnk colonic
polgpos‘\s.

Ophthalmic. Angle closure glaucomoa.

SKin. Acanthosis nigricans due
to insulin resistance.
Haaethid'osis/ xtreme
sweatingSeborrhea.
warm hands.
Hirsutism.,

Thﬂro'\d. Goiter due to IaF-I.

tlevaoded Aldosterone. Salt and water retention.

Female. Oligomenorrhoea.

McCune Albright syndrome 00:34:38

Asymmetrical facies due to Rbrous dysplasio.

Characterized by Cofé au lait spots + Polgostoﬁc [brous

dysplasia. + Precocious puberty + Tumors (eH secre’dns/
Prolactinomoy.

Active space
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metabolic ohanses n amwsnls 3

. ngertﬁslgceﬂdemta.

= ngerglgeemh with insulin resistance.

* Tumor produces IO Hydroxylase -+ Increased 1,as (OH O, -+
Hypercaloemia. § Hyperphosphatemio.

° Hapercalcemh - hgpercojchrh and stones.

DOSA?eo&ur‘%!Diabe{es,OSAS,Seborrhea,Mhmlsia
Mmmv@&rwww

Clinical Feotures of Acromeqaly

Local Tumor effects

Pituitary enlargement visual field defects
Cranial nerve palsy Headache
Somatic effects

Aerol enlargement Thickening of soft
tissues in hands and feet
musculoskeletal

e‘\aan’c'sm

Prognathism

Jow malocciusion

- Arthralgias and arthritis

§ Carpal tunnel syndrome
Acroparesthesio.

g Proximal mgopaﬁ'\\d

Hypertrophy of frontal bones

eehback
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Skin

ngerhidrosis
oy
SKin hgs

dhicaIFeahmo?—ncrwxegalweonthued

Carbohydrates

Impaired glucose tolerance

Insulin resistance hyperinsulinemia.
Diabetes mellitus

Lipids
ngeﬂr‘glgceridemia

minerals
Hypercalciuria, increased |,aS—dinydroxy
vitamin 03 Urinary hydroxyproline

electrolg'ces
Low renin
Increased aldosterone

Thyroid
Low thyroxine-binding globulin
&poiter

Colon

Cardiovasculor

Left ventricular hypetrophy
Asymmetric septal hypertrophy
Cardimdpatiy)

ngertens‘am

Congestive heart failure

Sleep disturbances
Sleep apnea-central and obstructive
Narcolepsy
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Vtseeromegalﬂ
ﬂxgue
Tharoid
Sa!ivarg glandn

Liver

Spleen

Kidney

Prostate

endocrine , Metabolic effects
Reproductive

menstrual abnormalities

Gaolactorrhea

Decreased libido, impotence, low sex
hormone—b\inding globulin

Multiple endocrine Neoplasia. Type | (men D
ngerpamﬂ—groidign

Pancreatic islet cell tumors

Diagnosis

Screening test : I6F-1 levels.

Confirmatory test : Glucose suppression test. &ive T5q oral
glucose and check &H level after | hour. Hyperglycemia should
normolly suppress 6H levels (via Somatostadin/Cholinergic
pothuayy to < Ing/mi Failure of suppression is confirmatory,
&H > 40ng/mL concludes poor prognosis.

¥ &H is not suppressed, proceed to imaging,

Investigation of choice * Gadolinium enhanced MRI showing
macroadenomao.

Pituitary Function tests.

Management 00:41:09

Treodment of choice :
TmnssPhenok:\al Resection : 80% success rote in
microadenomas ond S0% success rote in macroadenomo.
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