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Norepinephrine, epinephrine -secr te
- seconds after the gland is stimulatec
develop full action within another few
to minutes |

* Thyroxine or growth hormone — require mo
to full effect |

 Rates of secretion: yg — mg / day

 Concentration in the blood: pg - ug / ml of
blood
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'Hormone re lea

yclical variation influenced by
changes, stages of development a
circadial cycle, sleep etc.

— STH (growth hormone) — development, T‘d |
period of sleep, | during later stages of sleep

— Gonadal hormones - development and aging,
seasonal changes, lunar cycles

— ACTH, glucocorticoids etc. — circadial cycle
« Reflex release influenced by stress and new
situations

— Stress hormones — corticoids, renin-angiotensin-
aldosterone system, prolactin
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e most prominent episodes of
with a frequency of about one hour—|
as circhoral |

An episode of release longer than an "h
less than 24 hours, the rhythm is referred
ultradian

* If the periodicity is approximately 24 hours, the
rhythm is referred to as circadian |

v'usually referred to as diurnal because the
Increase In secretory activity happens at a
defined period of the day
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S:port of hor

blood

ater-soluble hormones (peptides
catecholamines) — dissolved in the ple
diffusion from capillaries to the interstitiz
and to target cells

« Lipid soluble (steroid hormones and thyroic
hormones ) — circulate in the blood mainly bo
to plasma proteins (less then 10% as free
hormones).

— Thyroxine — more than 99% bound to plasma
proteins.

— Hormones bound to proteins are biologically inactive
(reservoir) until they dissociate from plasma proteins




Thyroid hormones: T4

T3

Polypeptides




rance = rate of disappearance from pla
concentration in plasma (measuring by radli
hormone)

Ways to clear hormones from plasma:
« Metabolic destruction by the tissue (enzymes)

* Binding with the tissue (some hormones may be
recycled)

« Excretion by the liver into the bile (steroid hormones),
long-time life period because they are bound to plasma
proteins — half-life of thyroid hormones = 1-6 days

« Excretion by the kidneys into the urine (peptide
hormones and catecholamines = water soluble — short-
time life period)



e responsiveness of a target c

hormone depends on the hormone’s

concentration, the abundance of the --\
hormone receptors, and influences exe
other hormones.
 Three hormonal interactions are the
— permissive effect
— synergistic effect

— antagonist effect




1l e flrst

. Thyroid strengthens epinephrine’; \~
lipolysis




. Estrogen & LH are both needed f
production



glucagon stimulates glycogen br



gonists are molecules that olly
- receptor and induce all the pOSt-"‘i\
events that lead to a biologic effect.
other words, they act like the "normal®
hormone, although perhaps more or le
potently

 Antagonists are molecules that bind the
receptor and block binding of the agonist,
but fall to trigger intracellular signaling
events




ater balance L
- Uterine contractions & milk relee

» Growth, metabolism, & tissue ma‘
* lon regulation |
» Heart rate & blood pressure regulation
« Blood glucose control '
* Immune system regulation

* Reproductive functions control



trol of hormone s

‘Regulated by signals from nervo |
chemical changes in the blood or
hormones

» Negative feedback control (most common
— decrease/increase In blood level is reverse
* Positive feedback control

— the change produced by the hormone causes
more hormone to be released

* Disorders involve either hyposecretion or
hypersecretion of a hormone



ation. _
n or on the surface of the cell m en
proteins, peptides, catecholamines:
n the cell cytoplasm — steroid hormo
»In the cell nucleus — Thyroid hormones
« Hormonal receptors are large proteins

« Each cell has 2 000 — 100 000 receptors

* Receptors are usually highly specific for single
hormone |




Hormone Receptors and
Mechanisms of Action

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Hormone
Membrane-bound Nuclear receptors
receptors
Or cytoplasm receptor
Receptors alter the Receptors alter the Y
activity of G proteins.  activity of intracellular Activate genes
enzymes.
\ 4
Open or close Activate existing Synthesize new
ion channels and enzymes proteins or enzymes
activate existing

enzymes

Cell responds



synthesis of CAMP _
- — ADH, TSH, ACTH, glucagon and epinep

« Some exert their influence by decreasing the |
CAMP

— growth hormone inhibiting hormone

« Other substances can act as 2nd messengers
— calcium ions
— cGMP

A hormone may use different 2nd messengers in
different target cells



econd messenger systems include:

>Adenylate cyclase which ca}
conversion of ATP to cyclic AMP;

»Guanylate cyclase which catalyzes
conversion of GMP to cyclic GMP (cyclic /
and cyclic GMP are known collectively
cyclic nucleotides); |

»Calcium and calmodulin; phospholipase C

which catalyzes phosphoinositide turnover
producing Inositol phosphates and__diacyl
glycerol.




e guanosine triphosphate (GTP)- blndl N
‘couple hormone receptors to adjacent effect’

Are used in the adenylate cyclase, Ca2+—calme
Inositol 1,4,5-triphosphate (IP3) second messenge
systems.

 Have intrinsic GTPase activity
* have three subunits: a, B, and .

» The " subunit can bind either guanosine diphosphate (GDP
or GTP. When GDP is bound to the a subunit, the G protein
IS Inactive. When GTP is bound, the G protein Is active.

« G proteins can be either stimulatory (Gs) or inhibitory (Gi).
Stimulatory or inhibitory activity resides in the a subunits,
which are accordingly called as and ai.



G Proteins and Hormone

Hormone

Protein
receptor

O

>

G protein
(inactive)
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EFFECTS ON cAMP LEVELS

EFFECTS ON Ca?* LEVELS

ACTIVATION OF
ADENYLATE CYCLASE

INHIBITION OF
ADENYLATE CYCLASE;
ACTIVATION OF PDE

e ADH, ACTH, FSH, LH, TSH
* Glucagon

ACTIVATION CF

EXTRACELLULAR PHOSPHOLIPASE C

FLUID

Proteain
receptor

&)

e Acts as
Release of = second
stored Ca™ messenger

Hormone X Hormone
Protein T X % Protein
receptor UL receptor
( Adenylate PDE
_c'_ase - =
== | & P
Acts as CAM
"CAMP | second _—
o messenger Enhanced breakdown
{} of cAMP by
h hodi P
Adkhistes phosphodiesterase (PDE)
kinase
J % Reduction in
cAMP leads to
Opens ion Activates aenzyme inhibition
channels enzymes
‘ Examples:
* Epinephrine and norepinephrine =
(p receptors) Examples:
» Calcitonin * Epinephring and
* Parathyroid hormone norepinaphrine (c, receptors)

KEY
PLC = Phospholipase C SNmodain
PKC = Protein kinase C ‘O
DAG = Diacylglycerol Activates
IP; = Inositol triphosphate enzymes
Examples:
* Epinephrine and norepinephrine («, receptors)
* Oxytocin

* Reqgulatory hormones of hypothalamus
» Several eicosanoids
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ACTH (Adrenocorticotropic hormone) -~
Angiotensin Il (epithelial cells) '
Calcitonin

Catecholamines (3 receptors)
« CRH (Corticotropin-releasing hormone)
 FSH (Follicle-stimulating hormone)

« Glucagon

« HCG (Human chorionic gonadotropin)

* LH (Luteinizing hormone)

« PTH (Parathyroid hormone)

« Secretin

« TSH (Thyroid-stimulating hormone)

« Vasopressin (V2 receptor, epithelial cells)
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,econd messeng

Anglotensm Il (vascular i, mu\
Catecholamines (a receptor)
« GRH (gonadotropin-releasing hormone)
« GHRH (Growth hormone-releasing hormone)
« Oxytocin

 TRH (Thyroid-releasing hormone)

« Vasopressin (V1 receptor, vascular smooth
muscle




umber of receptors does not
y to day, even from minute to mlnute)
activated or destroyed (down- regulatlon)

or produced new ones (up-regulation). \

— Down-regulation

> excess hormone leads to a decrease In numbe!
receptors

> receptors undergo endocytosis and are degraded
» decreases sensitivity of target cell to hormone
— Up-regulation

» deficiency of hormone leads to an increase in the
number of receptors

» target tissue becomes more sensitive to the hormone
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target cell

e Cell may then
» synthesize new molecules
» change permeability of membrane
» alter rates of reactions

» Each target cell responds to hormone differently

At liver cells---insulin stimulates glycogen
synthesis

At adipocytes---insulin stimulates triglyceride
synthesis




AN N
Cﬁi n of W ter

hormones:

Water-soluble hormones alte
functions by activating plasma \
receptors, which set off a cascade 0
events inside the cell.

» The water-soluble hormone that binds tc
the cell membrane receptor is the first
messenger.

» A second messenger is released inside the
cell where hormone stimulated response
takes place.
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Blood capillary

o?

o Binding of hormone (first messenger)
to its receptor activates G protein,
which activates adenylate cyclase

N / Adenylate cyclase

Water-soluble
hormone

Receptor —

/ . Second messenger \
/ / G protein 9

~ cyclase converts
“ ATP to cAMP

Protein kinases 0 Phosphodiesterase
inactivates cAMP

e cAMP serves asa Activated
second messenger protein
to activate protein kinases

kinases
o Activated protein
Protein kinases
phosphorylate
cellular proteins

ADP

Protein — (E’)

e Millions of phosphorylated
proteins cause reactions that
produce physiological responses

Target cell

cAMP /e Activated adenylate | L

ﬁ hormo

AL

.!

Can not. ~l"’
membrane

Hormone recep’c \
membrane protein:

— act as first mes \

The hormone binds to
receptor. -

The activated receptor a
membrane G-protein whic
adenylate cyclase.

Adenylate cyclase converts
cyclic AMP which activates p
kKinases.

Protein kinases phosphorylate er
which catalyze reactions that prod
the physiological response.
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Blood capillary

o Binding of hormone (first messenger)
to its receptor activates G protein,
which activates adenylate cyclase

N / Adenylate cyclase

Water-soluble
hormone

Receptor

=" ]

G protein j}cond messenger ;
[ [ cAMP @ Activated adenylate | |
~ cyclase converts
Sy ATP to cAMP
Protein kinases ephosphodiesterase

inactivates cAMP
e cAMP serves as a Activated
second messenger protein
to activate protein kinases

kinases
o Activated protein
Protein kinases
phosphorylate
cellular proteins

ADP

A =
Protein — \E’D

} \ e Millions of phosphorylated /
proteins cause reactions that J 4
produce physiological responses £

Target cell

Cyclic
messenger
— kinases ir
speed up/sl
physiological
Phosphodiestera
Inactivates cCAMP

Cell response is tur
unless new hormone
molecules arrive




activate receptors within cells

» The activated receptors then alter
expression which results in the for
new proteins

» The new proteins alter the cells activity
result in the physiological responses of
those hormones




Transport
protein

@ Lipid-soluble
~ hormone
diffuses into cell

_\\‘\\\\

O\
eActivated , Nucleus\ ] \
receptor-hormone 9 Q _ recarcl B
complex alters - ‘ P | |
gene expression ‘ |
A | \

1;%X —— DNA

Cytosol

e Newly formed
mRNA directs

——
}— mRBNA

synthesis of
specific proteins
on ribosomes

\ oK J_.u‘a

o New proteins alter [
cell's activity // | 4
/ |

Ribosome

00 New
protein

P
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Target cell

into cell -
Binds tO C
on/off specifi
New mRNA |

directs synthes
proteins ‘

New protein al
activity




6Most hydrophobic
steroids are bound
to plasma protein
carriers. Only
unbound hormones
can diffuse into the
_target cell.

6Steroid hormone
receptors are
typically in the
cytoplasm or

__nucleus.

é Some steroid
hormones also
bind to mem-
brane receptors
that use second
messenger
systems to
create rapid
cellular

“responses.

The receptor-
hormone complex
binds to DNA

and activates or
represses one or
more genes.

Blood
vesse

CeII surface receptor

Protein
carrier.

Interstitial
fluid

Cell —
membrane

Endoplasmic
reticulum

New
proteins

Activated genes create new
mMmRNA that moves into the

cytoplas

m.

Rapid responses
Cytoplasmic —<O A
/ receptorN —
re eptor

Translation produces new
proteins for cell processes.

Nucleus

Transcription
roduces mRNA

J
|Trans|at|on |




ﬁbst hydrophobic
steroids are bound vesse

to plasma protein
carriers. Only
unbound hormones {y
can diffuse into the

_target cell. Protein

carrier

Interstitial
fluid

Cell —
membrane

Nucleus

//‘\
N



GTllost hydrophobic

steroids are bound
to plasma protein
carriers. Only
unbound hormones
can diffuse into the
_target cell.

Steroid hormone
receptors are
typically in the
cytoplasm or
_.nucleus.

Nucleus

Cytoplasmic —<O d
receptor :‘eu:IeSJr
o
Interstitial
fluid

Cell —
membrane ’




ﬁMost hydrophobic
steroids are bound
to plasma protein
carriers. Only
unbound hormones
can diffuse into the
_target cell.

Steroid hormone
receptors are
typically in the
cytoplasm or
_.nucleus.

gSome steroid
hormones also
bind to mem-
brane receptors
that use second
messenger
systems to
create rapid
cellular

~responses.

Cell surface receptor

Rapid responses

Nucleus

Cytoplasmic —<O d
receptor reu:l:tac:r
o7
Interstitial
fluid

Cell —
membrane ’




GMost hydrophobic
steroids are bound
to plasma protein
carriers. Only
unbound hormones
can diffuse into the

_target cell.

‘fSteroid hormone
receptors are
typically in the
cytoplasm or

_.nucleus.

@Some steroid
hormones also
bind to mem-
brane receptors
that use second
messenger
systems to
create rapid
cellular

~responses.

The receptor-
hormone complex
binds to DNA

and activates or
represses one or
more genes.

Interstitial
fluid

membrane

Cell —

Cytoplasmic —@

receptor

Cell surface receptor

Rapid responses

Nucleus

g Nuclear \

O receptor
M<|1NA

=



6Most hydrophobic Blood
steroids are bound Vvesse
to plasma protein
carriers. Only
unbound hormones
can diffuse into the
_target cell. Protein

6Steroid hormone
receptors are
typically in the
cytoplasm or

_.nucleus.

@zSome steroid
hormones also
bind to mem-
brane receptors
that use second
messenger Cell —
systems to membrane
create rapid
cellular

~responses.

The receptor-

hormone complex )
binds to DNA Activated genes create new
and activates or mRNA that moves into the
represses one or cytoplasm.

more genes.

Cytoplasmic —@

receptor

Interstitial
fluid

Cell surface receptor

Rapid responses

Nucleus

\ Nuclear \
-

receptor
M\IiNA

>

Transcription
roduces mRNA
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6Most hydrophobic
steroids are bound
to plasma protein
carriers. Only
unbound hormones
can diffuse into the
_target cell.

‘jSteroid hormone
receptors are
typically in the
cytoplasm or

_.nucleus.

é Some steroid
hormones also
bind to mem-
brane receptors
that use second
messenger
systems to
create rapid
cellular

~responses.

The receptor-
hormone complex
binds to DNA

and activates or
represses one or
more genes.

Blood
vesse

Rapid responses

receptor

Interstitial
fluid
Endoplasmic
reticulum
Cell —
membrane

New
proteins

Activated genes create new
mRNA that moves into the
cytoplasm.

Cytoplasmic —@

Nucleus

g Nuclear \

re eptor

Transcription

Q roduces mRNA

J
|Trans|at|on |

Translatlon produces new
protelns for cell processes.



dback control of h
cretion - negative fi

revents overactivity of hormone sys

» The control variable is often not the set
rate of the hormone itself but the degree ¢
activity of the target tissue

* Feedback regulation of hormones can occur at
all levels, including gene transcription and
translation steps involved in processing the
hormone or releasing the stored hormone

« HPA axis (hypothalamo-pituitary-adrenal axis) =
complex negative feedback




- Hypothalamus |
| | l Hypothalamic horrr

""""" * Adenohypophysis
| AT l Adenohypophysal horm

| Peripheral glands
I 551 1 | l Hormones of peripheral glz

Tissue



Hypothalamus  *

o I

Short Loop J1 e
Feedback/

g

(4
| N/
(&)

L.ong Loc
Feedback
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2dback control of he
cretion - Positive

ositive feedback occurs when t
biological action of the hormone cs
additional secretion of the hormone™

Secretion of LH (luteinizing hormone)
based of the stimulatory effect of estroge
before ovulation — LH stimulates ovaries to
produce more estrogen and it stimulates
again the pituitary gland to produce LH.
When the LH reaches the appropriate
concentration the negative feedback
OCCUrsS



Gonadotropins
(from anterior pituitary)

Luteinizing
hormone (LH)

i 1 1

——
Follicle-stimulating horm«
1 1

1

B) Events in ovary Ovulation Corpus luteum

. , ()

e e @ @ DDC

C) Owvarnan hormones Progesterone

Estrogen

3

(D) Uterine lining
»

r )

— P - - — —
Mcensces Follicular phasc Lutcal phasc
A el - a | - i - | il A a P a - A a | A A A 1 a A a
o = 10 15 20

Day of menstrual cycle



- No bad hormones —
too much or too little
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ess of hormone
Deficiency of hormone
e Resistance to hormone

» Administration of exogenous hormo
medication



» Secondary ... usually pituitary
dysfunction projected to peripher.
gland

» Tertially ... rarely used term for
hypothalamic dysfunction




~ hormone is produced—infection,
infarction, physical compression b
growth, autoimmune attack

Type 1 Diabetes



ficiency can also arise fron
“defects in hormone productlon /,
deletion or mutation, failure to cle
precursor, specific enzymatic defec

(steroid or thyroid hormones)

Congenital Adrenal Hyperplasia



tve M/g mutations of rec

N

ause hormone deficiency

Testicular Feminization Syndrome



terations in receptor numbe \
‘function result in endocrine disc

* Most commonly, an aberrant Incre
the level of a specific hormone will
a decrease In available receptors

Cushing’s Syndrome



Function diagnosis -~

Pathology diagnosis

*Etiology diagnosis _

Laboratory stu

Screening for end

diseases

immunologic exan
genetic examination

Chemical examination



- Laboratory evaluations are critica
making and confirming endocrine die



Hormones

« Examination approach

» Basal hormonal concentrations

v Basal plasma levels (one-time examination)

v’ Diurnal dynamics of hormone concentrations (e.g. cortisol)
v Other hormonal cycles (e.g. menstrual phase dynamics)
v Urinary output

v"Hormonal metabolites — plasma, urine (e.g. C-peptide)

v Evaluation — measurement of a metabolic response
(ADH ... Diuresis, insulin ... glycaemia etc.)

» Functional tests
1. Inhibitory tests
2. Stimulatory tests



Hormones with diurnal variability - e.g. cd’ isol
growth hormone — several measurement during
period needed (e.g. every 4 h or every 6 h)

P-cortisol: Physiological dit
with typical overnight decre

T T T L I
0 5 10 15 20
Time during day, hours




changes of LH,
FSH, estrogens
and progesteron

The measurement
of these

hormonal levels -
timing of blood
collection - must
respect a phase
of cycle.

Estradiol (pg/ml)

~5H and LH (ng/ml)

1
=<}

Progesterane (ng/ml)

600 l - b
400 - 4
200 - L 2
0 T T i T T 0
_U B 12 | 18 20 28
\ Ovulatian

oo
'
[

1

T T
B 12

Days of female
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| ternatlve method for hormones W|t
dynam|cs (cortisol, aldosterone) or pul" ate
(catecholamines).

Female urinary ~ Male urinary

system system
, Urine
sample
collected

Aldosterone levels are measured —
to determine any abnormalities et



,:Taéma levels much higher than
that of insulin due to longer half-life

C peptide concentrations reflect insulin
production and give in principle the
same information as insulin levels.
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' ﬁents with suspicious carcmmd



ow to establish a diagnosis "
yperfunction.

tuspect hypofunction — Stimulatory. te |

= quantification of functional reserve of
endocrine gland

Suspect hyperfunction — Inhibitory tests

= quantification of responsibility of endocrine
gland to inhibitory factors

Principles:
negative feedback inhibition / stimulation
direct stimulation / inhibition




;‘-*‘*msunn 0.1 1U/kg) to cdusn
(2,2 mmol/L)

Measure glucose, GH, cortisol at 30, 45, €
and 120 min

e stimulation of ACTH + GH secretion

* Normal response: GH > 7 ng/mL, P- cortls.h
ug / dL ]

 Contraind: diabetes mellitus



elevatlon of GH secreti on i
w-ormal GH>7 ng/mL

"« TRH test

|\/ application of TRH rise TSH and PRL 1
response

* GNRH test

|V application of GhRH (LHRH) stimul
elevation (+ slow FSH elevation)



,_opamln = prolactln iInhibitory fac olf

Physiol. inhibition of PRL (+ GH) secre
Dexamethazone test ~
v Overnight dexamethasone |
test 1 mg at 2300h
“*Plasma cortisol at 0800h: normal <2 ug/dl OR

If abnormal:

v'Low dose dexamethasone suppr
test



Catheterization of sinus petrosus inferior
inferior petrosal sinuses = venous drainage o
gland \

Principle: Local concentration of ACTH (before@u
stimulation with CRH) may distinguish pituitary and
paraneoplastic Cushing syndrome) :

Catheterization of vena cava inferior
Step by step blood sample collection from abdom. v

Principle: Localization of small (CT/MRI und¢
abdominal tumor (carcinoid, insulinoma etc.)
local concentration of hormone

§ Al b



sasa screening markers (the only m
| metastases of unknown origin)
Higher sensitivity after total thyroidectomy for cance
diagnostic of rest thyroid tissue or tumor rela

* CEA (carcinoembryonic antigen)

Marker of non-medullar thyroid carcinoma (and anther
malignancy — e.g. colorectal ca) -

Diagnostic usage in combination with Tg and anti-Tg Ab

« Calcitonin, procalcitonin

Hormonal product and diagnostic marker of mec
carcinoma (lower sensitivity that Tg for non-m
ca)



/ m
a,l.-.«hypothyroidiSm 4

 Congenital adrenal hyperplasia (CAH) :
based on elevation of 17-OH-progesterot



/ easurement of

dioimmunoassay
Hormone specific antibody is mlxed
»Animal fluid (serum) containing the hc |
» Standard hormone marked by radioactivi

» Hormones (animal’s and standard) compete f
this antibody

 Result:

»More radioactive hormone-antibody complex
(after separation) = little animal’s hormones

»Less radioactive hormone-antibody complex
(after separation) = lot of animal’'s hormones




As can be used to measut
any protein, including hormones
combines the specificity of antiboc
the sensitivity of simple enzyme assi




=i SA method has becom
clinical laboratories because:
> It does not employ radioactive ISOtof

» Much of the assay can be automated u
96-well plates

» It has proved to be a cost-effective and
accurate method for assessing hormone
levels
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Endocrine Control: Three Levels of
Integration

»Hypothalamic stimulation—from CNS

» Pituitary stimulation—from hypothalamic trophic
hormones

» Endocrine gland stimulation—from pituitary
trophic hormones



Functions of the Hypothalamus

» Autonomic nervous system regulation
» Hormone production
» Endocrine regulation
» Circadian rhythm regulation
» Limbic system interaction
» Various
v Temperature regulation
v Feeding
 Lateral n. induces eating
« VVentromedial n. inhibits eating

—



Hypothalamu and Pituitary Gland

» The hypothalamus is the major integrating link between
the nervous and endocrine systems.

v Hypothalamus receives input from cortex, thalamus,
limbic system & internal organs

v Hypothalamus controls pituitary gland with 9 different
releasing & inhibiting hormones

» The hypothalamus and the pituitary gland (hypophysis)
regulate virtually all aspects of growth, development,
metabolism, and homeostasis.



The Hypothalamus

Hormonal (anterior portion) or nervous (posterior portion)
control of the pituitary gland

» Hormones — control secretion of hormones in the anterior
pituitary
v Releasing hormones (factors)
v" Inhibitory hormones (factors)

Hormones secreted and transported to anterior pituitary
through hypothalamic-hypophysial vessels to pituitary
sinuses

» Nerves — Magnocellular neurons in the supraoptic and
paraventricular nuclei of the hypothalamus — axoplasm
transport of hormones from the hypothalamus to the
posterior pituitary



Hypothalamic-hypophysial portal system

» Special neurons in the hypothalamus synthesize and
secrete the hypothalamic releasing and inhibitory
hormones that control secretion of anterior pituitary

» These neurons originate in various parts of the
hypothalamus and send their nerve fibers to the
median eminence and tuber cinerreum (extension of
hypothalamic tissue into the pituitary stalk)

» Hormones are secreted to the tissue fluids, absorbed
Into the hypothalamic-hypophysial portal system and
transported to the sinuses of the anterior pituitary



neocortex

Reituclar — Y
activating Thalamus Limbic Optical
substance system system
Emotion, fright, ’ .
Sleep/ pain \ rage, smell l vision
wake \ ‘
| |
Heat regulation Energy Autonomic
(temperature) €< regulation €—> regulation (blood
(hunger, pressure etc)
BMI) \

Water balance (blood
volume, intake--thirst,
output—urine volume)

Metabolic rate, stress
response, growth,
reproduction, lactation)

/

/|

N\

posterior
pituitary
hormones

_“__.

Anterior
pituitary
hormones

Regulation
of
Hypothalamus



Hypothalamic releasing factors for
anterior pituitary hormones

» Travel to adenohypophysis via hypophyseal-
portal circulation

» Travel to specific cells in anterior pituitary to
stimulate synthesis and secretion of trophic
hormones



Characteristics of hypothalamic
releasing hormones

» Secretion in pulses

» Act on specific membrane receptors

» Transduce signals via second messengers

» Stimulate release of stored pituitary hormones
» Stimulate synthesis of pituitary hormones

» Stimulates hyperplasia and hypertophy of target
cells

» Regulates its own receptor




Hypothalamic hormones controlling
anterior pituitary gland

» Major hypothalamic releasing hormones:

v Thyreotropin-releasing hormone (TRH) —
causes release of thyroid stimulating hormone
(TSH)

v'Corticotropin-releasing hormone (CRH) —
causes release of adrenocorticotropin hormone
(ACTH)

v Growth hormone releasing hormone (GHRH) —
causes release of growth hormone

v Gonadotropin releasing hormone (GnRH) —
causes release of the 2 gonadotropic hormones
(luteinizing and follicle-stimulating hormone)



Hypothalamic hormones controlling
anterior pituitary gland

>

v'Growth hormone inhibitory hormone (GHIH) =
SOMATOSTATIN — inhibits release of growth
normone

v'Prolactin inhibitory hormone (PIH) — inhibits
prolactin secretion




Hypothalamic releasing hormones

Hypothalamic releasing Effect on pituitary
hormone

Corticotropin releasing hormone  Stimulates ACTH secretion
(CRH)
Thyrotropin releasing hormone Stimulates TSH and Prolactin

(TRH) secretion

Growth hormone releasing Stimulates GH secretion

hormone (GHRH)

Somatostatin Inhibits GH (and other
hormone) secretion

Gonadotropin releasing Stimulates LH and FSH

hormone (GnRH) a.k.a LHRH secretion

Prolactin releasing hormone Stimulates PRL secretion

(PRH)

Prolactin inhibiting hormone Inhibits PRL secretion

(dopamine)



Nomenclature

» Pituitary
v Greek
* ptuo (to spit)
v Latin
* Pituita (mucus)

v Mucus was produced by the brain and
was excreted through the nose by the
pituitary



Anatomy of Pituitary Gland

« The pituitary gland is located in the sella turcica of the
sphenoid bone and is differentiated into the anterior
pituitary (adenohypophysis), the posterior pituitary
(neurohypophysis), and pars intermedia (avascular zone
In between)



Anatomy of pituitary gland

» Pituitary gland lies in the base of the skull in a portion
of sphenoid bone called sella turcica

» It consist of tow lobe anterior lobe
(adenohypophysis),and posterior lobe
(neurohypophysis)

» It may double in size during pregnancy



Pituitary Anatomy

» Sits In sella turcica
» Surrounded by dura
» Sphenoid

» Lateral and inferior
» Lateral

» Cavernous sinus
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Anatomy of Pituitary Gland

» Pea-shaped, 1/2 inch gland found in sella turcica of
sphenoid

v’ Infundibulum attaches it to brain
» Anterior lobe = 75 - 80%

v Develops from roof of mouth
» Posterior lobe =20 - 25%

v Ends of axons of 10,000 neurons found in
hypothalamus

¥ Neuroglial cells called pituicytes
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Embryology Pituitary Gland

» Anterior pituitary from Rathke’s pouch, which is an
embryonic invagination of the pharyngeal epithelium
(roof of mouth, endoderm) from buccal cavity

» Posterior pituitary, Infundibulum and neural stalk from
a neural tissue outgrowth from the hypothalamus(neural
ectoderm) diencephalon

v'Presence of large numbers of glial-type cells in this
gland

» Development 3" to the 15" week gestation



(c)

8 weeks

Sagittal section of
4-week embryo

Telencephalon
Diencephalon

Neurohypophyseal
bud

1 Hypophyseal
1 pouch

! Primitive oral

cavity

Dura mater
Sella turcica
Posterior lobe
Pars intermedia
Anterior lobe

Sphenoid bone
Roof of pharynx




3 PN

Gamma Alpha Epsilon (g) Delta (3)
(y) cell Sinusoid basophil cell

Beta (B) cell

Cellular structure of the anterior pituitary gland. (Redrawn from
Guyton AC: Physiology of the Human Body, 6th ed. Philadelphia:
Saunders College Publishing, 1984.)



The anterior lobe (adenohypophysis)

« Subdivided into the pars distalis, pars intermedia and pars
tuberalis

« At the median eminence, neurons release regulatory
factors through fenestrated capillaries

» Releasing hormones
» Inhibiting hormones
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Hypothalamic-Hypophysial Portal Blood Vessels
of the Anterior Pituitary Gland

“Superior hypophysial artery”
$
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Cell types In the anterior pituitary

« Chromophobes — mostly inactive cells with only few
secretory granules

« Chromophils — active secretory cells

» Acidophils (stained with acidic dyes)

« Basophils (stained with basic dyes)

Cell type Hormones % of total Stain affinity Diameter of
secreted secretory cells secretory
granules (nm)
Somatotrope hGH 40-50 Acidophilic 300-400
Lactotrope Prolactin 10-30 Acidophilic 200
Corticotrope ACTH 10 Basophilic 400-550
Thyrotrope TSH 5 Basophilic 120-200
Gonadotrope FSH, LH 20 Basophilic 250-400




Hormone Structure Amino acids/Source

Polypeptide/proteins

ACTH Polypeptide 39 Corticotroph

GH Protein 191 Somatotroph

PRL Protein 199 Lactotroph
Glycoproteins

TSH Alpha* / TSH-beta 110 Thyrotroph

LH Alpha/ LH-beta 115 Gonadotroph

FSH Alpha/ FSH-beta 115 Gonadotroph

* 92 amino acids



Histology of Pituitary Gland

Now with immunocytochemical and electron microscopic
techniques,classified cells by their secretary products

» Somatotrophs cells
v GH secreting cells

v Account about 40-50% of anterior pituitary gland
v Acidophilic stained



Histology of Pituitary Gland

» Lactotrophic

v Prolactin secreting cells

v acidophilic stained

v 10-15% of anterior pituitary gland
» Thyrotrophis

v TSH secreting cells

v basophilic cells

v < 10% of anterior pituitary gland



Histology of Pituitary Gland

» Corticotrophs

v ACTH secretary cells

v basophilic cells

v 15-20% of anterior pituitary gland
» Gonadotrophs

v LH,FSH secretary cells

v" basophilic staining

v 10-15% of anterior pituitary gland
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Anterior pituitary cells and hormones

Cell type Pituitary | Product Target
population
Corticotroph ~ [15-20%  |ACTH Adrenal gland
B-lipotropin | Adipocytes
Melanocytes
Thyrotroph 3-5% TSH Thyroid gland
Gonadotroph 10-15% LH, FSH |Gonads
Somatotroph 40-50% GH All tissues, liver
Lactotroph 10-15%  |PRL Breasts

gonads




,‘ - Human growth
' . hormone (hGH)

Somatotrophs

Thyroid-stimulating
hormone (TSH)

Thyrotrophs

Follicle-stimulating

e / hormone (FSH)

Gonadotrophs\- Luteinizing hormone / i

(LH)

— Prolactin (PRL)

Lactotrophs

Adrenocorticotropic
e / hormone (ACTH)
Corticotrophs\
Melanocyte-stimulating

hormone (MSH)

\

hGH stimulates general body growth and
regulates metabolism

TSH stimulates thyroid gland to secrete
its hormones

FSH stimulates sperm production by testes
LH stimulates secretion of testosterone by testes

FSH stimulates production of oocytes
and secretion of estrogens by ovaries

LH stimulates secretion of estrogens by ovaries,
ovulation, formation of corpus luteum, and secretion
of progesterone by corpus luteum

PRL initiates milk production in suitably prepared
mammary glands

ACTH stimulates adrenal cortex to secrete
glucocorticoids

Excessive MSH increases skin pigmentation




Hormones of the adenohypophysis

» Prolactin (PR)

v’ Stimulates the development of mammary glands and
milk production

» Growth hormone (GH or somatotropin)

v’ Stimulates cell growth and replication through release of
somatomedins or IGF

s*Growth-hormone releasing hormone
(GH-RH)

**Growth-hormone inhibiting hormone
(GH-1H)



Hormones of the adenohypophysis

» Follicle stimulating hormone (FSH)

v’ Stimulates follicle development and estrogen secretion
In females and sperm production in males

» Leutinizing hormone (LH)

v Causes ovulation and progestin production in females
and androgen production in males

» Gonadotropin releasing hormone (GNRH) promotes the
secretion of FSH and LH



Hormones of the adenohypophysis

» Thyroid stimulating hormone (TSH)
v Triggers the release of thyroid hormones

v Thyrotropin releasing hormone promotes the release of
TSH

» Adrenocorticotropic hormone (ACTH)

v Stimulates the release of glucocorticoids by the adrenal
gland

v’ Corticotrophin releasing hormone causes the secretion
of ACTH

—



Adrenocorticotropic Hormone (ACTH) :
synthesis and regulation of secretion

» Produced in corticotrophs

» ACTH is produced in the anterior pituitary by
proteolytic processing of Prepro-opiomelanocortin
(POMC).

» Other neuropeptide products include 3 and vy
lipotropin, B-endorphin, and a-melanocyte-
stimulating hormone (a-MSH).

» ACTH is a key regulator of the stress response

—



Adrenocorticotropic Hormone

» ACTH is made up of 39 amino acids

v Regulates adrenal cortex and synthesis of
adrenocorticosteroids

v o-MSH resides in first 13 AA of ACTH
v o-MSH stimulates melanocytes and can darken skin

v Overproduction of ACTH may accompany increased
pigmentation due to a-MSH.



Adrenocorticotropic Hormone

» ACTH is made up of 39 amino acids

v Regulates adrenal cortex and synthesis of
adrenocorticosteroids

v o-MSH resides in first 13 AA of ACTH
v o-MSH stimulates melanocytes and can darken skin

v Overproduction of ACTH may accompany increased
pigmentation due to a-MSH.



-

—weoc ___|[____pipn_ |
- -

[ ProaMsH __|[ Jp |WWNGHENM  viPH ][ pEp )

— = R - - -rot

a-MSH

(] = PC2
+MSH




Melanocyte-stimulating hormone
(MSH)

» MSH peptides derived by proteolytic cleavage of POMC
» a-MSH has antipyretic and anti-inflammatory effects
v" Also inhibits CRH and LHRH secretion
» Four MSH receptors identified
» May Inhibit feeding behavior
» ACTH has MSH-like activity
» However— MSH has NO ACTH like activity



Melanocyte Stimulating Hormone (MSH)

» May be secreted by the pars intermedia during fetal
development, early childhood, pregnancy or certain
diseases

» Stimulates melanocytes to produce melanin



Pituitary Hormones - Pars Intermedia

» Absent from adult human although present in fetus
» Reminant cells

v produce POMC (pro-opiomelanocortin) which is
processed into ACTH and endorphins

» Produces MSH in animals influencing pigmentation of
skin, hair or feathers

v’ not apparently present/functioning in humans



Feedback

» Secretion of anterior pituitary gland hormones is regulated
by hypothalamic regulating hormones and by negative
feedback mechanisms



HYPOTHALAMUS %

HYPOTHALAMIC- i
PITUITARY N
PORTALSYSTEM | ? POSTERIOR
Ly PITUITARY
GHRH
[+) 4
ANTERIOR
PITUITARY
INCR. [FFAl - DIRECT <:—|

INSULINRESISTANCE  £#7zc7s | TISSUES

[ 16FBP-3 IGH<:I




HYPOTHALAMUS \ /

HYPOTHALAMIC-
PITUITARY
PORTAL SYSTEM

CRH
[+] 4
ANTERIOR
PITUITARY

POSTERIOR
PITUITARY

ACTH
%i’ ADRENAL Fasiculata
CORTISOL




II_YI’IITHA[AMIIS \ // E >

HYPOTHALAMIC-
PITUITARY
PORTAL SYSTEM

TRH

[+] POSTERIOR

PITUITARY

ANTERIOR
PITUITARY

TSH

g U " [ THYROID GLAND
k -? 4,13 (14> 13)




Low blood leveis of T,
and T, or low metabolic
rate stimulate release of

Hypothalamus
TRH, carried \
by hypophyseal 4§
portal veins to 5
anterior pituitary,
stimulateps = :6 E.el:;:tiﬁ?ts
release of TSH 5 i eslease b
by thyrotrophs 5
- TRH and
TSH
- (negative
: feedback)
o TSH released into Anterior :
blood stimulates pituitary -
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T5; and T,
released into
blood by

/ follicular cells

Thyroid
follicle

Actions of Thyroid Hormones:
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Lacotrophs

» Site of production of prolactin
» Lactogenesis (milk synthesis) requires prolactin
» Tonically inhibited
v Of the anterior pituitary hormones, the only one
v Multifactoral control, balance favors inhibition
» Dopamine inhibits prolactin
» Prolactin releasing hormone is TRH
v Oxcytocin also stimulates prolactin release
v’ Estradiol enhances prolactin synthesis

-



Prolactin

» |s a polypeptide hormone containing 198 amino acids and
having a molecular weight of 22,000 daltons

» It circulates In different molecular sizes—a (small) form
(mol wt 22,000), a (big) form (mol wt 50,000), and an even
larger (big-big) form (mol wt >100,000)

» The small form is biologically active, and about 80% of the
hormone secreted is in this form



Prolactin

» Discovered by Sticker 1928 (Veterinarian)
> It I1s one of the stress hormones
» It has a short half-life (20 min)

» Sleep-related circadian rhythm , highest in the early
morning & lower in the afternoon



Prolactin

» Stimulates breast development and lactogenesis

» May be involved in development of Leydig cells in pre-
pubertal males

» Immunomodulatory effects— stimulates T cell functions
v Prolactin receptors in thymus



Prolactin

» Secreted in a pulsatile fashion

» Its primary function is to enhance breast development

during pregnancy and to induce lactation

» However, prolactin also binds to specific receptors in the

gonads, lymphoid cells, and liver



Neuroendocrine Regulation of Prolactin
Secretion

> PIF
v Dopamine
v Gonadotropin-associated peptide (GAP)
v Gamma aminobutyric acid (GABA)
» Prolactin releasing factors (PRF)
v Thyrotropin releasing hormone
v VIP
v’ Peptide histidine methionine (PHM)



Growth hormone



Growth hormone

» Growth hormone, also called somatotropic hormone or
somatotropin, is a small protein molecule that
contains 191 amino acids in a single chain and has
a molecular weight of 22,005. It causes growth of
almost all tissues of the body that are capable of
growing.

v'It promotes increased sizes of the cells

v'Increased mitosis, with development of greater
numbers of cells

v’ Specific differentiation of certain types of
cells such as bone growth cells and early muscle
cells



Regulation of GH secretion

» The plasma concentration of GH changes with age. 5 —
20 years old, 6ng/ml; 20 — 40 years old, 3ng/ml; 40 —70

years old, 1.6ng/ml.
» Growth hormone is released in pulsatile fashion

» The change of GH concentration within one day.

Sleep

W
5y

o Strenuous
exercise

N
e

Growth hormone
(ng/ml plasma)
o

8am 12 4pm 8pm 12 4am 8am
Noon Midnight

FILGIUIRIE 7 /51— 6
Typical variations in growth hormone secretion throughout the day,

demonsirating the especially powerful effect of strenuous exercise and
also the high rate of growth hormone secretion that occurs during the

first few hours of deep sleep.




Functions of growth hormone

Promotion of growth

v T cellular sizes & T mitosis (no.).
v' T tissue growth & organ size.
v Does not act directly on bone & cartilage.

Depends on somatomedin C ( ‘insulin— like growth factor I
[IGF-I] secreted by the liver, which is responsible for effect
of GH on bone & cartilage growth.

omatomedins




Growth Hormone Has Metabolic Effects

« Growth hormone has multiple specific metabolic effects,
Including
» Increased rate of protein synthesis in most cells of
the body

» Increased mobilization of fatty acids from adipose
tissue, increased free fatty acids in the blood, and
Increased use of fatty acids for energy

» Decreased rate of glucose utilization throughout the
body

v  Growth hormone enhances body protein, uses up fat
stores, and conserves carbohydrates



Functions of growth hormone

Short- term metabolic effects

1. Protein metabolism: Anabolic,
T rate of protein synthesis in all cells.

2. Fat metabolism: Catabolic,
T mobilization of FFAs from adipose tissue stores to provide energy.

3. CHO metabolism: Hyperglycemic,

! rate of glucose utilization throughout the body, & { glucose
uptake by cells.




Role of GH in promoting protein
synthesis

» GH has 4 effects to T rate of protein synthesis in
all cells of the body:

1. Enhancement of aa transport through cell membranes.

2. Enhancement of RNA translation to cause protein
synthesis by the ribosomes.

3. T nuclear transcription of DNA to form RNA.

4. { catabolism of protein & aa.

2SUIL IS Mmofre [ntraceliu



Role Of GH In Promoting Protein
Synthesis

Cell

2. Ribosomes

1. GH @\ (+)/«

a.a. transport —— @ > Tais

4. | protein breakdown

TP = transport process



Role of GH in Fat metabolism

» GH acts on fat cells (adipocytes) to release fatty acids
from the triglycerides to the blood.

» GH produces several 2 carbon fragments (acetates).

Since fatty acid is a stearic acid (C,,H;sCOOH). GH acts on stearic acid —
several 2-carbon fargments (acetate CH;COOH).

» Formation of acetyl- CoA.

[acetate + Co-enzyme A (Co-A) — acetyl-CoA].

> Acetyl-CoA enters Krebs cycle to produce CO, +
H,O + Energy.



Role of GH In Fat metabolism

» GH T fat metabolism to provide more energy

Adipocyte
Triglycerides

atty
\cids

cetates

cetyl CoA

Coz + Hzo + Krebs

E |
TP = transport process ey e



Role of GH in Carbohydrate Metabolism

> GH { CHO utilization

v Enhancement of glycogen deposition in the cell.

v Diminished uptake of glucose by the cells & T blood
glucose concentration — “ Pituitary Diabetes”.

v { use of glucose for energy.

v T secretion of insulin — Diabetogenic effect of growth
hormone.



Role of GH in Carbohydrate
metabolism

» GH { CHO metabolism

Fatty acids
Glucose |,
e' Acetate
S CoA
Pyruvic acid Acetyl CoA

Krebs
CO, + lactic acid + = cycle

FD = Facilitated diffusion ENET



Role of GH Iin Carbohydrate
metabolism

» GH { CHO utilization

v' Usage of fat by Kreb’s cycle reduces glucose breakdown
v Cells build up glycogen up to certain limit

v' Glucose concentration T intracellularly until equilibrium
with ECF

v' This block glucose entry into the cell.

v Blood glucose will T with next meal, which promotes
iInsulin secretion till exhaustion of B cells of pancreas.
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» Gluconeogenesis

Breakdown of proteins and lipids and conversion
of amino acids and fatty acids into glucose

» Glycogenolysis
Breakdown of liver glycogen into glucose
» Lipolysis

Breakdown of adipose tissue into non-esterified
fatty acids (NEFA)



Diabetogenic Effect of Human Growth
Hormone

» Excess of growth hormone
v raises blood glucose concentration
v’ pancreas releases insulin continually
v beta-cell burnout

» Diabetogenic effect

v’ causes diabetes mellitis if no insulin activity can occur
eventually



Role of GH in growth of bone &
cartilage

» 2 mechanisms of bone growth:

1. Linear growth of long bones:

e Long bones grow in length at epiphyseal cartilages, causing
deposition of New Cartilage (Tcollagen synthesis) followed by
Its conversion into bone.

e When bony fusion occurs between shaft & epiphysis at each
end, no further lengthening of long bone occur.

2. Deposition of New Bone (T cell proliferation) on surfaces of
older bone & in some bone cavities, T thickness of bone.
e Occurs in membranous bones, e.g. jaw, & skull bones.



» Increased deposition of protein by the
chondrocytic and osteogenic cells that cause
bone growth

» Increased rate of reproduction of these cells

» A specific effect of converting chondrocytes into
osteogenic cells, thus causing deposition of
new bone



Control of GH secretion

» The hypothalamus:
v GHRH — T GH secretion.
v GHIRH (somatostatin) — { GH secretion.
v Estrogens and androgens

> Hypoglycemia — T GH secretion.
(N.B. glucose intake — | GH secretion).

> Muscular exercise — T GH secretion.

> Intake of protein or amino acids — T GH secretion.



Control of GH secretion

During sleep — T more in children. The first 2
hrs of deep sleep (non-REM)

Stress conditions, e.g. trauma or emotions —
T GH secretion.

Drugs: glucagon, lysine-vasopressin & L-Dopa —
T GH secretion.

FFAs — { GH secretion.



Regulation of Growth Hormone Secretion

» Neurotransmitter systems that stimulate GHRH and/or
Inhibit somatostatin

v Catecholamines acting via a2-adrenergic receptors
v Dopamine acting via D1 or D2 receptors

v’ Excitatory amino acids acting via both NMDA ( N-
methyl-D-aspartate ) and non-NMDA receptors



Regulation of Growth Hormone Secretion

» B-adrenergic receptors stimulate somatostatin release
and inhibit GH

» [B-adrenergic receptors inhibit hypothalamic release of
GHRH



Regulation of hGH secretion (inhibition)

» Factors inhibiting secretion:
v Hyperglycemia
v High fatty acids in the blood
v Aging
v Obesity
» REM sleep

> Hormones:

v GHIH = Growth hormone inhibitory hormone
(Somatostatin)

v Exogenous growth hormones
v_Somatomedins (IGF)



Human Growth Hormone and Insulin-
like Growth Factors

» Human growth hormone (hGH) is the most plentiful
anterior pituitary hormone.

» It acts indirectly on tissues by promoting the synthesis
and secretion of small protein hormones called insulin-
like growth factors (IGFs).

v IGFs stimulate general body growth and regulate
various aspects of metabolism.

v Various stimuli promote and inhibit hGH production

v One symptom of excess hGH is hyperglycemia.
(Clinical Application)



‘

Regulation of Human Growth Hormone

\ / 1 \/

@ If blood glucose

@ Low blood glucose @ High blood glucose
(hypoglycemia) (hyperglycemia)
stimulates release of stimulates release of
\ / > Low blood sugar stimulates
oy GHRH GHiHg_ release of GHRH from
~~~~~~~~~~~~~ hypothalamus
| 5 - .
' v'anterior pituitary releases more
L @i hGH, more glycogen broken
of hGH b hGH b . -
somatoropns ¥ ) comatoroprs down into glucose by liver cells
1> High blood sugar stimulates
it ' release of GHIH from
@ hGH and |GFs speed A low level of hGH and : hypOth alam US
up breakdpwn of liver IGFs decreases the rate | .
whioh enters the blood f’rf e e+ ¥ less hGH from anterior
more rapidl enters the blood more . .
1y Sovly i pituitary, glycogen does not
O seci oot @ Boosgomoiovel | breakdown into glucose
(sbout 90 mgi00mL)  (about 90 mg/i00 mL) |
|
|
|

L) If blood glucose
continues to increase, continues to decrease, /

“~ — hyperglycemia inhibits hypoglycemia inhibits « #
release of GHRH release of GHIH



Actions of growth hormone

» In the liver, growth hormone generates the production of
somatomedins [insulin-like growth factors (IGF)],
which serve as the intermediaries of several physiologic
actions.

» The IGF receptor has tyrosine kinase activity
similar to the insulin receptor.
» Actions of growth hormone via IGF

(a) 1 protein synthesis in chondrocytes and 1 linear growth
(pubertal growth spurt)

(b) 1 protein synthesis in muscle and 1 lean body mass
(c) 1 protein synthesis in most organs and 1 organ size



Abnormalities of hGH secretion
(hypofunction)

» Panhypopituitarism = decrease of secretion of all
anterior pituitary hormones
v Congenital
v Induced by tumor that destroys the gland

» Dwarfism

v Decrease of all or more than 1 hormone of anterior pituitary (the
person does not reach sexual maturation = missing gonadal
hormones)

v Decrease just in hGH — only smaller person, but can maturate
v' Missing somatomedins

» Panhypopituitarism in the adulthood

v' Due to: tumor or trombosis of the pituitary blood vessels

v Results in: hypothyroidism, decrease in glucocorticoids,
suppression of gonadotropic hormones



Abnormalities of hGH secretion
(hyperfunction)

» Gigantism — increased growing (randomly) = giants
v Due to: increased activity of somatotropes or tumor during
development
» Acromegaly — increased growing of acral parts of
the body

v Due to: increased activity of somatotropes or tumor after
puberty (after closure the epiphysal slits)

v Bones grow only to thickness ( enlargement of hands and
feet, membranous bones such as cranium, nose,
supraorbital ridges, chin etc.



Posterior Pituitary (neurohypophysis)



Posterior Pituitary Gland
(Neurohypophysis)

» Although the posterior pituitary gland does not
synthesize hormones, it does store and release two
hormones.

v Hormones made by the hypothalamus and stored in
the posterior pituitary are oxytocin (OT) and
antidiuretic hormone (ADH)

v The neural connection between the hypothalamus
and the neurohypophysis is viathe =
hypothalamohypophyseal tract '

» paraventricular nucleus - oxytocin
» supraoptical nucleus - vasopresin



Hormones of the neurohypophysis

» Magnocellular neurons (long neurons) located
In the supraoptic and paraventricular nuclei of
the hypothalamus — axoplasm transport of
hormones from the hypothalamus to the posterior
pituitary

» Hormones: Polypeptides with 9 amino acids

v' ADH (vasopressin): Cys-Tyr-Phe-GIn-Asn-
Cys-Pro-Arg-GlyNH,

v' Oxytocin: Cys-Tyr-lle-GIn-Asn-Cys-Pro-L_eu-
GlyNH,

> Similar structure, similar action



Posterior Pituitary Gland (Neurohypophysis)
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Cell types in the posterior pituitary

» |s synthesized as the precursor hormone: prepro-oxyphysin

» Pituicytes = glial-like cells
v no hormone secretion
v’ supporting structure for terminal nerve fibers and
endings
» Axons of secretory neurons located In the
supraoptic and paraventricular nuclei of the
hypothalamus



Physiologic effects of oxytocin

» Two target tissues both involved in |
neuroendocrine reflexes ol i

» During delivery
v baby’s head stretches cervix

v' hormone release enhances uterine
muscle contraction Uterus Mammary glands

v baby & placenta are delivered

> After delivery

v' Oxytocin stimulates contraction of the

uterus and ejection (let-down) of milk from
the breasts.

**Nursing a baby after delivery
stimulates oxytocin release, promoting
uterine contractions and the expulsion
of the placenta (Clinical Application).

sssuckling & hearing baby’s cry
stimulates milk ejection



Oxytocin during Labor

» Stimulation of uterus by baby
S » Hormone release from posterior pituitary
b » Uterine smooth muscle contracts until birth
res— of baby
» Baby pushed into cervix, increase
‘ ' hormone release

w1 More muscle contraction occurs

» When baby is born, positive feedback
FESC { ceases




Physiologic effects of oxytocin

» Stimulates uterine contractions during childbirth by
mObiIiZing Caz* through a PIPZ ( phosphatidylinositol 4,5-diphosphate) ~
Ca?* second-messenger system

» Also triggers milk ejection (“letdown” reflex) in women
producing milk

» Plays a role in sexual arousal and orgasm in males and
females

> Increases contraction of smooth muscle of the vas
deferens
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Physiologic effects of oxytocin

» Stimulates contraction of the smooth muscle (myometrium)
of the lactating mammary gland (milk ejection) and
myometrium of the uterus.

» The sensitivity of the myometrium to exogenous oxytocin
during pregnancy increases as pregnancy advances.

» Oxytocin plays a role in labor and has been shown to be
a useful therapeutic agent in the induction of labor.



Control of oxytocin secretion

Stimulation of the “touch receptor” around the nipples
Milk let-down or “milk ejection reflex” (latent period: 30-
60 seconds)

Genital tract stimulation

Milk let-down can be inhibited by emotional stress and
psychic factors such as fright

v" NE & Epi inhibit its secretion

v' Ethanol

v _enkephalins



Vasopressin (ADH)

Is also known as antiduretic hormone (ADH)

Participates in body water regulation (Water is lost
from lungs, sweat, feces and urine on a daily basis)



Synthesis of ADH

» It Is synthesized as pre-prohormone and processed into
a nonapeptide (nine amino acids).

v’ Six of the amino acids form a ring structure, joined by
disulfide bonds.

v It is very similar in structure to oxytocin, differing only
In amino acid (3 and 8).

» ADH synthesized in the cell bodies of hypothalamic
neurons in the supraoptic nucleus

» ADH is stored in the neurohypophysis (posterior
pituitary)—forms the most readily released ADH pool



Secretion Is Stimulated by:
1. Large decreases in blood volume
2. Decreases In blood pressure

3. Pain, fear, trauma, and stress



Vasopressin

> Antidiuretic hormone V,-receptor:
collecting duct and distal convoluted tubule

> Vasopressor hormone V;-receptor:
vascular smooth muscle

» Vasopressor hormone V1s-receptor: anterior pituitary



Vasopressin

Decreases water excretion by kidneys (V, receptors)

Constricts blood vessels (V, receptors)- arteriolar smooth
muscle

Increases adrenocorticortropin hormone (Vg receptors)
secretion from the anterior pituitary



ADH (vasopressin)

» Formed primarily in the supraoptic nuclel

» Regulates water excretion by the kidneys

v’ Increases the permeability of collecting tubules and ducts to
water - water reabsorption — concentrated urine

v Osmotic regulation — osmoreceptors in the hypothalamus
or somewhere near

» Causes vasoconstriction
v’ Constrict arterioles throughout the entire body
v Blood volume (activated when decreased blood volume)
¢ Stretch (volumoreceptors) in right atrium of the heart
¢ Baroreceptors in carotid, aortic and pulmonary regions



Control of ADH release

1. T in osmotic pressure of the ECF (T in plasma
osmolality), as in dehydration which will stimulate
osmoreceptors in the hypothalamus — T ADH.

Hyperosmolarity of ECF = ¢

I e bacm

Receptors in

/ hypothalamus \

More ADH release Thirst
Collecting ducts of kidneys T Water intake

Reabsorption of water /

N\ Dilution of ECF



Control of ADH release

2. { blood volume (= 10%) — stimulate mechanoreceptors in
the great arteries (aorta & carotids) & right atrium — T ADH.

Loss of ECF volume

|

Less pressure in Rt. T T
/ atrium & great vesseIS\
Less nerve impulse to Thirst
the hypothalamus l
More ADH release T Water intake
More water reabsorption by kidneys /

Maintains ECF volume



Control of ADH release

. { arterial blood pressure, due to J blood volume — T ADH.

. Age: > T ADH secretion — water retention & hyponatremia.

Pain, emotional stress & physical trauma — T ADH secretion.

. Drugs, e.g. morphine, barbiturates, & nicotine — T ADH
secretion.

. Alcohol — { ADH secretion.



Action of ADH

> T water re-absorption (retention) by distal tubules
& collecting ducts of the kidneys — decrease
osmotic pressure of the blood.

* This effect is regulated by V, receptors, through the
action of cAMP.

» Contraction of vascular smooth muscles — generalized
vasoconstriction.

* This effect is regulated by V, receptors, through the action
of IP3( inositol 1,4,5-triphosphate)/ Ca2+.



Actions of ADH

« ADH action in the kidney is mediated by its binding to V2
receptors, coupled to adenylate cyclase and cAMP
production.

 CAMP activates protein kinase A which prompts the
Insertion of water channels into the apical membrane of
the cell.

 When ADH is removed, the water channels withdraw
from the membrane and the apical surface of the cell
becomes impermeable to water once again.



Influence of ADH on the Collecting Ducts
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ADH actions

@ Adio Text

Hormonal communication generally begins with a part of the neuroendocrine
system receiving sensory information and reacting by issuing a command to the
body in the form of a hormone.

Copyﬁght@ﬂe':Mch-Hiil Companies, Inc.



Actions of ADH

» This mechanism of shuttling water channels into
and out of the apical membrane provides a very
rapid means to control water permeabillity

» The basolateral membrane of the ductal cells
are freely permeable to water, so any water that
enters via the apical membrane exits the cell
across the basolateral membrane, resulting in
the net absorption of water from the tubule
lumen into the peritubular blood.



Regulation of ADH Secretion

» Response to osmolality of interstitial fluid:

- Osmoreceptors in the brain detect changes in
osmolality of the interstitial fluid or blood.

- Increased osmolality results in increased
[solutes] ADH release

- Increased water reabsorption
- decreased osmolality of fluids

- Decreased osmolality results in decreased ADH
release = NEGATIVE FEEDBACK!

- decreased water reabsorption
- Increased osmolality of fluids




Regulation of ADH Secretion

» Response to changes in blood pressure:

v'Blood pressure receptors in heart, aortic arch,
and carotid artery

v’ Increased blood pressure results in decreased
AVP release

¢ decreased water reabsorption
¢ decreased blood volume, blood pressure

v' Decreased blood pressure results in increased
AVP release

¢ Increased water reabsorption
*» Increased blood volume, pressure

0

&
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Regulation of ADH Secretion

» ADH release is also inhibited by alcohol, caffeine
(diuretics) — dehydrating effect “dry mouth” or intense
thirst morning after 2 INCREASED urine output.

v decreased water reabsorption
v" increased urinary volume
v' potential for dehydration

Some drugs can also antagonize ADH release: diuretics
used to treat high BL Pr, edema, or CHF.
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Vasopressin absent
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ADH and Water Balance

» The maintenance of water balance in the body is
extremely important for proper functioning of
cells.

» There are two main compartments of the body:
Intracellular and extracellular (includes interstitial
Space and plasma).

» Water moves freely between compartments
depending upon osmotic gradients.



Osmolality

> Refers to the amount of solutes in a solution
» Loss or gain of water without solutes (free water
gain or loss) changes the osmolality of ECF
» Must be regulated to maintain normal cell activity
sOsm = 2 (Na) + Glu/18 + BUN/2.8
normal OSM = 285 — 295 mOSM/L
sOsm = 2 (Na+K) + Glu/18 + BUN/2.8
normal OSM = 295 — 305 mOSM/L



Regulation of Osmolality

Plasma osmolality is monitored by osmoreceptors in the
hypothalamus

Increases in plasma osmolality stimulates secretion of
vasopressin

Small changes above the normal plasma osmotic pressure
(285 mosm/kg) stimulate release of vasopressin



Osmolarity and Osmosis

The osmolarity of a solution is determined by how
much solute (such as salt) is present in a given
amount of solvent (such as water).

Water will move by osmosis from an area of lower
osmolarity to one of higher osmolarity.

Which way will water move in this example?
B~ semipermeable membrane
i (cell membrane)




The Main Point....

e If there is insufficient fluid in the extracellular
space, osmolarity increases, and water will begin
to leave cells.

« This Is a bad thing to have happen, cells will not
be happy!

* One must regulate the amount of water in the
body.



The Role of the Kidney in Water Balance

» The kidney removes about 170 liters/day of water
from the blood.

» 99% of this water Is reabsorbed from the urine
back into the bloodstream.

» The kidney is an important site at which the water
content of the body is regulated.



Diabetes Insipidus

» Insufficient ADH results in disease: diabetes insipidus (DI)

v impaired water reabsorption from DCT, collecting
ducts

v'increase urine volume 10 times and intense thirst.

» DI can be caused by a blow to the head or other
hypothalamic damage.



Wolff-Chaikoff Effect

» Increasing doses of | I-increase
1ormo&e synthesis initially

» Higher doses cause cessation of
normone formation

effect is countered by the
de leak from normal thyroid
ssue

tients with autoimmune
Iditis may fail to adapt and
e hypothyroid
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Jod-Basedow Effect

» Opposite of the Wolff Wolff-Chaikoff effect

» Excessive iodine loads induce hyperthyroidism

> Obs‘/ed In hyperthyroid disease processes
v

)
S
-/

raves disease

v Toxic multinodular goiter

v' Toxic adenoma

This effect may lead to symptomatic thyrotoxicosis in
atients who receive large iodine doses from

v' Dietary changes

v Contrast administration

lodine containing medication ( Amiodarone
miodarone)




g \ . Mechanism of action of

s thyroid hormones

» THs are lipophilic amino acid derivative hormones.

) » Theik receptors are located within the nucleus of target
S
e

Receptor

MR N A

|

Protein
synthesis

|

T hyroid
hormone
response






Metabolic effects of thyroid
hormones

> Growth
N 'f » Central nervous system
L8 » Cardiovascular system
- ‘> Reproductive system
~» Lipid metabolism
» Carbohydrate metabolism
» Development (fetal and neonatal brain)
» Muscle metabolism
» Electrolyte balance
» Vitamin metabolism
» Hematopoletic system
Gastrointestinal L system




—

kS Functions of thyroid hormones

Calorigeﬂ'c action of thyroid hormones

) » Thyroid hormones increase O2 consumption of most
S tissues'in the body, increasing heat production and BMR
ol

v' Stimulates increased consumption of glucose, fatty acids
and other molecules.

ases metabolic heat, by mitochondrial no & activity [
TP

Imulates rate of cellular respiration by:
¢ Production of uncoupling proteins.
s¢Increase active transport by Na+/K+ pumps.




Physiologic Functions of the Thyroid

Hormones
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%oid Hormone Plays a Major Role
+in Growth and Development

N » Thyroid hormone Initiates or sustains
1 diferentiation and growth

& timulates formation of proteins, which exert
trophic effects on tissues

v'Is essential for normal brain development
Essential for childhood growth

v Untreated congenital hypothyroidism or
chronic hypothyroidism during childhood can
result in incomplete development and mental
retardation




= *y yrold Hormones and the Central

& Nervous System (CNS)

> Thyrmd hormones are essential for neural
de elopment and maturation and function
of the CNS

» Deereased thyroid hormone concentrations
may lead to alterations in cognitive function

v Patients with hypothyroidism may develop
Impairment of attention, slowed motor function,
and poor memory

v Thyroid-replacement therapy may improve
cognitive function when hypothyroidism is
resent
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Thyr0|d Hormone Influences

:I_;hyr.cnd Lol ~ — Release Metabolic O .
gMedlated Th qgenesns Endproducts Vasodilitation
~‘!D‘eripheral es)
| Decreased
. LE Systemic
Elevated Blood Vascular
Volume Resistance
Cardiac Decreased
jac Output < Chronotropy and ____ Diastolic Blood

Inotropy Pressure



1yroid Hormone Influences the
-emale Reproductive System

) > Normal thyroid hormone function is important
RS foieproductive function
~/

v'Hypothyroidism may be associated with
menstrual disorders, infertility, risk of
miscarriage, and other complications of
pregnancy




= %( Wroid Hormone is Critical for Normal
*Bone Growth and Development

> T, is an important regulator of skeletal

5
S ‘1aturation at the growth plate
N

v'T; regulates the expression of factors
and other contributors to linear growth
directly in the growth plate

P

v'T; also may participate in osteoblast
differentiation and proliferation, and
chondrocyte maturation leading to
bone ossification




AThyroid Hormone Regulates

+  Mitochondrial Activity

» Thyroid hormone Is considered the major
‘gulator of mitochondrial activity

N
S
g

v'A potent T;-dependent transcription
~ factor of the mitochondrial genome
Induces early stimulation of transcription
and increases transcription factor (TFA)
expression

v' T, stimulates oxygen consumption by
the mitochondria



Fhe Physiological Actions of Thyroid

Hormones

Development of Inhibit nerve cell replication
CNS Stimulate growth of nerve cell bodies
Stimulate branching of dendrites
Stimulate rate of axon myelinization

Body growth Stimulate expression of gene for GH in somatotrophs
Stimulate synthesis of many structural and enzymatic proteins
Promote calcification of bones

Basal energy Regulate basal rates of oxidative phosphorylation, body heat
economy of the production, and oxygen consumption (thermogenic effect)
body

Intermediary Stimulate synthetic and degradative pathways of carbohydrate,
metabolism lipid, and protein metabolism




m— Effects of Thyroild Hormone On

" (Carbohydrate Metabolism)

» Thyroid hormone stimulates almost all aspects
oﬁ:arbohydrate metabolism, including

Rapid uptake of glucose by the cells
v.~Enhanced glycolysis
v' Enhanced gluconeogenesis

v' Increased rate of absorption from the
gastro-intestinal tract

v" Increased insulin secretion with its resultant
secondary effects on carbohydrate
metabolism

N
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| 5 Effects of Thyroid Hormone
-- (Fat Metabolism)

> lipids are mobilized rapidly from the fat tissue

> Which decreases the fat stores of the body to a
greater extent than almost any other tissue
element

This also increases the free fatty acid
oncentration in the plasma and greatly
accelerates the oxidation of free fatty acids by
the cells.
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Effects of Thyroid Hormone
(Fat Metabolism)

—

> Stimulates lipolysis and release of free fatty
aclds and glycerol

» Induces expression of lipogenic enzymes

> Effects cholesterol metabolism

Stimulates metabolism of cholesterol to bile
aclds

Facilitates rapid removal of LDL from plasma

(&~




*The"\l;shysiological Actions of Thyroid Hormones
(Protein Metabolism)

1] protein synthesis (normal level)

t Na+-K+ pump, myosin ATPase activity, amount of
calcium both in skeletal and heart muscle

(Fhin 2V

Normal muscle function

1

g

1 protein breakdown
Inhibit creatine kinase




1e Physiological Actions of Thyroid
Hormones (Protein Metabolism)

» Thyroid hormones act on nucleus receptor to

2 activate DNA transcription and synthesis of
=,  mMRNA, hence to promote the synthesis of proteins
and enzymes.

Positive nitrogen balance

Hyperthyroidism — Negative nitrogen balance.
ypothyroidism —mucoproteinT—myxedema



| \ ~ Effects of Thyroid Hormone on
| (gastrointestinal tract)
» Thyroid hormones increase the appetite and
fo‘* Intake by metabolic rate increased

N
S
~/

» Thyroid hormones increase both the rate of
ecretion of the digestive juices and the motility
the gastrointestinal tract

Lack of thyroid hormone can cause constipation.



1e Physiological Actions of Thyroid
Hormones

> Increased milk production in lactation

L

N . T .
alcium mobilization from bone
>

;\
S
=

Increase heart rate and contractility

“V'At least partly due to increased sensitivity
to catecholamines

-~ » Necessary for normal menstrual cycles and
fertility
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Hyperthyroidism (thyrotoxicosis)
\ i Hyperthyroidism — T THs.

s C‘Id be
X 1ry hyperthyroidism ... (diseases is in the gland),

e.g. Grave’s disease
Exerts TSH-like effects on thyroid.
Not affected by negative feedback.

2 & T, — reflex  TSH.

2ry hyperthyroidism ... (disease is higher up)
BREESTSH > T T, &T,.

ollicular cells become overactive

ales > males (4:1)



iyperthyroidism ... ‘Grave’s disease’

N > SO%-Q)f hyperthyoidism is due to “Grave'’s disease”
< > GDi an autoimmune disease — T thyroid stimulating antlbodles IgG
— » Symptoms of GD ‘_

v Exophthalmous, due to retro-orbital oedema (irreversible) L4

Lid lag, due to weakness of extraoccular muscles
ersible)

Anxiety & restlessness
Sleeplessness

T appetite, | weight & diarrhea
Intolerance to heat.

tment:
ugs to | iodination process, such as PTU
pylthiouracil’; MMI ‘methylmercaptoimidazole’.



Hypothyroidism
Adult (Myxedema)

= Hypothyroidism in adults — | THs.

A

f} = Could be:

1ry hypothyroidism ... (diseases is in the gland)

- autoimmune disease such as “Hashimoto’s throiditis”.
ck of iodine.

sence of deiodination enzyme.

& T, — reflex T TSH.

hypothyroidism ... (disease is higher up)
REE=S TSH > | T, & T,.

lar cells become less active.




ypothyroidism (myxedema)




goiter ‘swollen neck’ is formed?
With lack of iodine ...

‘ Hypothalamus | o=
TRHI
+
- Anterior
J pituitary
TSH 1
A i
NO or low s Th - Lack of
% yro|d ack o
feedbaCk .:: ................ iodine
inhibition glanc
) / Poor i,
Low T3 or T4 T Growth of

release the gland



~ Hypothyroidism (myxedema)

g -
A o]

§ > If ‘re is absence of deionization enzyme —
= NO recycle synthesis of DIT & MIT — accumulate.

F

IT & MIT will not be used for new THs formation
! THs.
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d—lypothyroidism (myxedema)

> Symptgns of Hypothyroidism

$ v.Detlased metabolic rate.

eart rate & pulse.

v/ Slow muscle contractions

v' | appetite, T weight gain, & constipation.

olonged sleep, & dizziness.

oarse skin.

Slow thinking, lethargy, & mask face.

Intolerence to cold ({ ability to adapt cold).
yxoedema — swollen & puffy appearance of body,
e to deposition of protein-carbohydrate complexes
copolysaccharides’ & fluid in subcutaneous tissue.




Hypothyroidism
Children (Cretinism)

-

¥

) _
> Hywhyroidism in children— { THs
S

v Hypothyroid from end of 1st trimester to 6 months
postnatally, or in the 1st few years of life

3 & T4 — reflex T TSH

dditional Signs & Symptoms:

v Short stature (due to | growth of bones, muscle, &
rain)

Severe mental retardation

ment: Thyroxine.



Cretinism

Severe mental retardation
Severe growth deficit

Paraplegia (lower limb
paralysis)

Rigidity
Deaf-mutism

Facial disturbances

The type and severity of
brain, neural and
musculoskeletal defects
arise from timing, severity
and duration of deficiency.
Figure 5: Cretin in China J Dunn, 1991 el il et fur (e o))




Dr. Mohammed R. Zughbur
Endocrinologist, PhD, MD

Al-Azhar University



N Alms
) &
“ % F‘ctional anatomy of thyroid gland

- » Synthesis, secretion and metabolism of the

thyroid hormones
e mechanism of thyroid hormone action

= Role of thyroid hormone In development ,
growth and metabolism

Thyroid hormone deficiency and excess In




B Thyroid Anatomy

> Oge of the largest of the endocrine glands
> N‘;T/]ally weighing 15 to 20 grams in adults
» Brownish-red and soft during life

» The thyroid gland, located immediately below
he larynx on each side of and anterior to the
trachea

Right and left lobes united by a narrow isthmus

Some people a third “pyramidal lobe” exists,
scending from the isthmus towards hyoid bone

(&~
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> Thyroid Anatomy

» Internal jugular vein and common carotid artery
ie postero-lateral to thyroid

5
i > ?ecairent laryngeal nerves an important
structure lying between trachea and thyroid

ighl? vascular

supply from superior (ECA) and inferior
nyroid arteries (thyro-cervical trunk), absent in
p to 6%

yroidea ima directly from aorta, innominate
y or right common carotid artery, Present In




Thyroid Anatomy

» Superior thyroid vein : IJV or common facial

vgﬁn

> Ilrior jugular vein : iInnominate vein or |JV

Ps

9)\
S
~/

iddle thyroid vein : 13V

Lymphatic — paratracheal nodes —
superior mediastinum & middle deep
rvical node and lateral the neck
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Embryology

> Mﬂian endodermal derivative that migrates
f‘n the tongue base to its normal position in

)
S
~/

the neck by 7" week

-
The distal portion of this thyroglossal duct
rms the thyroid gland
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» Thyroid fol
with colloio

Thyroid Histology

> It Is surrounded by a dense irregular
c‘agenous connective tissue capsule

iIcles are spherical structures filled
, a Viscous gel consisting mostly of

lodinated t

pithelial ¢
n are su

nyroglobulin

Thyroid follicles are enveloped by a layer of

ells, called follicular cells, which In
rrounded by parafollicular cells.



Thyroid Histology

» Fallicular cells are normally cuboidal in shape
b‘abecome columnar when stimulated &

)
S
-/

squamous when In active

P—

ollicular cells contain many small apical
esicles, involved in transport & release of
thyroglobulin & into the colloid

unction thyroid follicles synthesize and store
roid hormones



Structure of thyroid follicle -
Euthyroid follicle

Colloid Basal membrane of epithelial cells
(glycoprotein)

Apical membrane of epithelial cells

Thyroid C-cell

Capillary —”
ich blood supply)

Cuboidal epithelial cells

Basement
membrane
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| ollicles: the Functional Units of the
Thyroid Gland

Follicles Are the Sites
Where Key Thyroid
Elements Function:

» Thyroglobulin (Tg)
» Tyrosine

» lodine

» Thyroxine (T,)

> Trilodotyrosine (T

Thyroid
follicie

\®/ ,--"\Capsule of
connective
tissue




1€ Thyroid Produces and Secretes

» Jwo principal hormones
.

& v Thyroxine (T4 ) and triiodothyronine (T3)
‘ v'Required for homeostasis of all cells

~ VInfluence cell differentiation, growth, and
metabolism

v Considered the major metabolic
hormones because they target virtually
every tissue

;\
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Thyroid Hormones

NH, | NH,

o/ OH o OH

Thyroxine (T,) 3,5,3’-Triiodothyronine (T,)



51 e Thyroid Produces and Secretes

» The two principle raw materials for making

2 thyrold hormones
-

-~ Tyrosines are provided from a large
glycoprotein called thyroglobulin, which is
synthesized by thyroid epithelial cells and
secreted into the lumen of the follicle

v lodine, or more accurately iodide (I-), is
taken up from food




lodine Sources

» Available through certain foods (eg, seafood,

< Dbread, dairy products), iodized salt, or dietary
SN ‘ supplements, as a trace mineral

" » The recommended minimum intake is 150
ug/day



| § Biosynthesis of T4 and T3

The process includes

L

2 >Di tary iodine (l) ingestion

~/ %lxive transport and uptake of iodide (I-) by
thyroid gland

Oxidation of |- and iodination of thyroglobulin

(Tg) tyrosine residues

» Coupling of iodotyrosine residues (MIT and
DIT) to form T4 and T3

roteolysis of Tg with release of T4 and T3 into
circulation




"Active Transport and |- Uptake by the
-- Thyroid

» Dietary iodine reaches the circulation as iodide

a‘n (1-)

» Thethyroid gland transports I- to the sites of
ormone synthesis

\

|- accumulation in the thyroid is an active
transport process that is stimulated by TSH



‘lodide Active Transport is Mediated by the
* Sodium-lodide Symporter (NIS)

» NIS Is a membrane protein that mediates active
lodide uptake by the thyroid
» It functions as a I- concentrating mechanism that

enables |- to enter the thyroid for hormone
biosynthesis

S confers basal cell membranes of thyroid
follicular cells with the abllity to effect “iodide
trapping” by an active transport mechanism

pecialized system assures that adequate dietary
ccumulates in the follicles and becomes
llable for T4 and T3 biosynthesis

N
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n Transport By The Follicular cells

§ COLLOID

Propylthiouracil (PTU)

_ : blocks iodination of
d peroxidase (TPO) thyroglobulin




= Oxidation of I- and lodination of
. Thyroglobulin (Tg) Tyrosyl Residues

> |- must be oxidized to be able to iodinate tyrosy!

2 residues of Tg
e

» lodination of the tyrosyl residues then forms
onolodotyrosine (MIT) and diiodotyrosine (DIT),
Ich are then coupled to form either T3 or T4

oth reactions are catalyzed by TPO
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Thyroperoxidase (TPO)

» TPO catalyzes the oxidation steps involved

‘n - activation, iodination of Tg tyrosyl

(&~

esidues, and coupling of iodotyrosy!
residues

TPO has binding sites for |- and tyrosine

» TPO uses H202 as the oxidant to activate |-
to hypoiodate (Ol-), the iodinating species
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- Thyroid Hormone Deiodinases

> Téﬁnd T3 are synthesized and stored within the

- Tgamolecule
. P%Zolyss IS an essential step for releasing the
hormones

To liberate T4 and T3, Tg Is resorbed into the
ollicular cells in the form of colloid droplets,
which fuse with lysosomes to form
phagolysosomes

[Ig Is then hydrolyzed to T4 and T3, which are
n secreted into the circulation




_—~THYROID HORMONE SECRETIONBY THE
THYROID FOLLICULAR CELL

T4
1 .\
O é COLLOID
E DIT ‘
— —MIT %k
® TSH

9  TSH receptor




Portion of thyroid follicle

LN gt gcll  -ormation of Thyroid

e Hormone

P > lodide trapping by follicular cells
NS S ‘ ’ » Synthesis of thyroglobulin (TGB)
T )\%; "o | B > Release of TGB into colloid
g > (odination of tyrosine in colloid
O aaesion l » Formation of T3 & T4 by combining T1
and T2 together

g » Uptake & digestion of TGB by follicle
S oo cells

» Secretion of T3 & T4 into blood

Tyrosine J

o Secretion
of thyroid
hormones

0 Transport

B B in blood
= lodide; I, Iodlne ——— = %

TGB = thyroglobuhn

TBG = thyroxine-binding globulin Biood capiliary



_—~THYROID HORMONE SECRETIONBY THE
THYROID FOLLICULAR CELL

T4
1 .\
O é COLLOID
E DIT ‘
— —MIT %k
® TSH

9  TSH receptor




- Thyroid Hormone Deiodinases

> Txges 1 and 2 delodinases convert T4 to T3

v'D1 primarily in liver and kidney, supplies
‘ plasma T3

D2 in pituitary, brain, placenta, brown fat,
muscle and thyroid; produces T3 for “local’
use as well as plasma T3

Type 3 deiodinase (D3) removes an inner ring
lodine

v Converts T4 to reverse T3, and T3 to T2
v'D3 inactivates thyroid hormone

N
S
g




- 5 Thyrotropin-Releasing Hormone
(TRH)

» Produced by Hypothalamus

L

> T eptide-amide (pyroglutamyl-histidyl-proline-
-aa[i)de

» Release is pulsatile, circadian

own regulated by T 3

Travels through portal venous system to
adenohypophysis
Stimulates TSH formation

;\
S
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T@/roid-StimuIating Hormone (TSH)

N\ » 28 kDa glycoprotein dimer composed of non-
< covalently linked alpha and beta chains.

- The’elpha chain is shared by TSH, FSH, LH and
HCG

biological specificity of each glycoprotein
ormone Is conferred by the beta chain

SH receptors are members of the large family of
-protein coupled receptors.

major second messenger is CAMP.




Thyroid-Stimulating Hormone

-

» Up regulated by TRH

iown regulated by T4, T3

» Travels through portal venous system to
cavernous sinus, body.

Stimulates several processes
v lodine uptake
v' Colloid endocytosis

v Growth of thyroid gland
Produced by AdenohypophysisThyrotrophs

(&~




"~ TSH Regulation of thyroid

‘ function

» TSH binds to specific cell surface receptors
“Lat stimulate adenylate cyclase to produce

N
S MP.

P—

» TSH increases metabolic activity that is
required to synthesize Thyroglobulin (Tg) and
generate peroxide.

TSH stimulates both |- uptake and iodination
of tyrosine resides on Thyroglobulin.



Jypothalamic-Pituitary-Thyroid Axis
Negative Feedback Mechanism

Production and regulation of thyroid
hormones

OTHALAM US = TRH Hypothalamus

AN ¢
& . v Anterior pitul
& T. PITUITARY - TSH

o |
THYROID T4 and T3

Negative
feedback

 Total T3==Free T3

' }
PLASMA T4 + FT4 —
PLASMA T3 + FT3 Tt

|

SUES FT4 to FT3, rT3




5 Daily Rate of Secretion of Thyroxine
| and Triiodothyronine

» About 93 per cent of the thyroid hormone
‘eased from the thyroid gland is normally
t

N
fj roxine and only 7 per cent is triiodothyronine

P

During the ensuing few days, about one half of
e thyroxine is slowly deiodinated to form
additional triiodothyronine.



P, Production of T4 and T3

» T4 Is the primary secretory product of the
t%oid gland, which is the only source of T4

» The thyroid secretes approximately 70-90 n g
of T4 per day

T3 Is derived from 2 processes

v The total daily production rate of T3 is about
15-30 ug

v About 80% of circulating T3 comes from

deiodination of T4 in peripheral tissues

About 20% comes from direct thyroid
ecretion

(&~




T4: A Prohormone for T3

» T4 Is biologically inactive In target tissues until

l onverted to T3
&) v'Activation occurs with 5' iodination of the
... outerring of T4

T3 then becomes the biologically active
ormone responsible for the majority of thyroid
hormone effects




Sites of T4 Conversion

S Iver Is the major extrathyroidal T4 conversion
9 siteifor production of T3

i > So T4 to T3 conversion also occurs In the

kidney and other tissues
¥




T4 Disposition

> Ncggnal disposition of T4
‘\; About 41% is converted to T3

9)\
S
~/

38% is converted to reverse T3 (rT3), which is
metabolically inactive

v 21% is metabolized via other pathways, such as
conjugation in the liver and excretion in the bile

Normal circulating concentrations
v T4 4.5-11 (Jg/dL
v' T3 60-180 ng/dL (~100-fold less than T4)




irriers for Circulating Thyroid Hormones

> M(Lrg than 99% of circulating T4 and T3 is bound to
A plasma carrier proteins
S ‘ Thyroxine-binding globulin (TBG), binds about
b 75%
v Transthyretin (TTR), also called thyroxine-binding
prealoumin (TBPA), binds about 10%-15%
v Albumin binds about 7%

v High-density lipoproteins (HDL), binds about 3%

Carrier proteins can be affected by physiologic changes,
rugs, and disease




Free Hormone

> Qﬁy unbound (free) hormone has metabolic activity
zﬁ physiologic effects

(&~

v" Free hormone is a tiny percentage of total
hormone in plasma (about 0.03% T4; 0.3% T3)

» Total hormone concentration

v Normally is kept proportional to the
concentration of carrier proteins

v |Is kept appropriate to maintain a constant free
hormone level




Changes in TBG Concentration

Increased TBG
> Total serum T4 and T3 levels increase

» Free T4 (FT4), and free T3 (FT3)
concentrations remain unchanged

Decreased TBG
> Total serum T4 and T3 levels decrease

» FT4 and FT3 levels remain unchanged



figs and Conditions That Increase Serum
»and T, Levels by Increasing TBG

» Drugs that increase TBG » Conditions that increase TBG

) v’ Oral gontraceptives and v Pregnancy
other'sources of v Infectious/chronic active
estrogen hepatitis

v HIV infection

v Biliary cirrhosis

v Acute intermittent
porphyria

v’ Genetic factors







Adrenal glands

drenal glands
bout 4 grams
uperior poles of the two kidn ”

ct parts, the adrenal medulla
| cortex




Adrenal glands

. synthesis of steroid hormones
erulosa - mineralocorticoids
ulata — glukocorticoids

laris — adrenal androgens

0 : synthesis of noradrenaline and

y. a part of sympathetic nervous sy

7



| Left adrenal l
(suprarenal) gland

Suprarenal
arteries

: A Left suprarenal
Inferior /- \ vein

phrenic Left renal

arteries
s ; artery
uperior
mesenteric Lef: er'%nal
artery Adrenal
; medulla
Inferior .
wona.cavd reticularis
(a) Abdominal aorta
Adrenal ana d
cortex < fasciculata
Zona )
kg|omerulosa
Capsule {







‘The adrenal cortex

30 per cent of the gland
ntirely different group of hormones,

es are all synthesized from the ster



The adrenal medulla

| 20 per cent of the gland, functionally
he sympathetic nervous system,

e hormones epinephrine and
rine in response to sympathetic stimulatio

ase hormones cause almost the same effect
Imulation of the sympathetic nerves in all

) hormones are called catecholamines and
the “fight or flight” mechanism of the
stem



Steroid Hormones

DrMones: produced in the adrenal
tis, ovary, and some peripheral

ipose tissue, the brain!)

hormones share a typical (but
Ing structure



Steroid hormones

ormones are derived from cholest
ly in the ring structure and side ch

rmones are lipid soluble

21 CHg

Pregnenoclone |
20C=0
12 15




ypes of steroid hormones

ticoids; cortisol Is the major
tive In most mammals

orticoids; aldosterone being most
t

S such as testosterone
, Including estradiol and estrone

ens (also known a progestins) suc
one



Steroid hormones

)ackaged, but synthesized and Immedi
Ived from the same parent compound:

hich produce steroid hormones from
| are located in mitochondria and smoo

e lipid soluble and thus are freely perm
Anes so are not stored in cells




Steroid hormones

ers secrete corticosteroids of which choleste
non precursor. On the basis of their primary
adrenal steroids can be divided into 3

ocorticoids- aldosterone, which influences
or electrolyte balance; from z. glomerulosa

rticoids- cortisol, which plays a role in gluco
ISm and proteins and lipids as well;from z.
ata

mones- identical to those produced by the
(male - testes; female - ovaries); from z. reticular



Steroid hormones

rmones are not water soluble so have to b
‘the blood complexed to specific binding

laroid binding globulin carries cortisol
d binding globulin carries testosterone an

ases a steroid is secreted by one cell and

to the active steroid by the target cell: a
IS androgen which secreted by the gonad
Into estrogen in the brain



Sources of cholesterol for steroid

synthesis

» Cholesterol can be made within the cell from acetyl
CoA (de novo synthesis)

e [his IS a multistep process, involving many enzymatic
reactions

» A key rate-limiting enzyme is HMG-CoA reductase

e [here Is negative feedback regulation of HMG-CoA
reductase activity by cholesterol, so that high

Intracellular cholesterol inhibits de novo synthesis.
L=
HMG-CoA reductase I
acetyl CoA ——— HMG-CoA mevalonate ——— cholesterol

LS 1 8 . A3
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Sources of Cholesterol for Steroid Synthesis

* Cholesterol is also taken up by the cell in the form
of low density lipoprotein (LDL)

- LDL is a complex composed of cholesterol,
phospholipids, triglycerides, and proteins (proteins
and phospholipids make LDL soluble in blood)

- LDL is taken into cells via LDL receptors, and
broken down into esterified cholesterol, and then
free cholesterol:

LDL ‘E@ cholesterol—— free cholesterol
LDL

receptor ‘ .




ole of cholesterol In steroid
synthesis
nzymatic step in the production o

mone begins with enzymatic
n of cholesterol



of Cholesterol for Steroid Synth

t of free cholesterol in the cell is
] relatively constant:

steroid




teroidogenic enzymes

"Old" name Current n

Jé enzyme; P450 - CYP11

id 3 beta-HSD 3 beta-

se/17,20 P450,,, CYP

P450,.,, CYP21

P450,.,, CYP1

2 P450:1:45 CYPRL

P450_,,




Cholesterol —Hethyl group

Nhiajor Pathways in Steroid FHiosynthesis

.

HO
THz 17 -y r ooy FH= Dehydroepiandrosterone
Pregnenolone c=o pregnenoclone = o
L1]
CTP17 CY¥PL7?
SEHSD HO
HO B HO P eeusD
FH= 17 -hoydr ozns FH=
1 1
Progesterone ©=o progesterone 7= Androstenedione o

---OH L1}
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o _._-::‘5:'1:-21,!;2 o __._CYPEI&E o
I 17 AHED
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Lo S

Corticosterone E;EDDH I 17 BHSD __._
OH

HO
Estradiol
o __._C‘E.:’Pl 1E2 -
HoOH
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Aldosterone I
HO

ajior progestagen
bAmjior mineralocorticoid

1
L1
|:| fajor glucocorticoid (species wariation)
1]
1

ajior gonadal estrogens

aior gonadal androgen



Steroid hormone synthesis

All steroid hormones are derived from cholesterol.

A series of enzymatic steps in the mitochondria and
ER of steroidogenic tissues convert cholesterol into
all of the other steroid hormones and intermediates.

The rate-limiting step In this process is the transport
of free cholesterol from the cytoplasm into
mitochondria. This step Is carried out by the
Steroidogenic Acute Regulatory Protein (StAR)

LS 1 8 . A3
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>teroid hormone synthesis

erol precursor comes from cholesterol
Ithin the cell from acetate, from

2ster stores in intracellular lipid droplets
ke of cholesterol-containing low densit

ns taken up from plasma are most
hen steroidogenic cells are chronically



lular localization of cholesterol
abolism for steroid production

enzymatic step in steroid synthesis is th
n of cholesterol into pregnenolone.

e that catalyzes this reaction is locat

ar mitochondrial membrane |

: IV
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' ]
Cholesterol wave Pregnenolone = \Progesterone

| S

11-D o=
Progesterone f Tt — :_Aldosterone
21-hydroxylase 100 e
Progesterone = 11-Deoxy- —p !(Cortisol

21-hydroxylase |cortisol

ays for the synthesis of aldosterone a
drenal cortex



' = DHEA | Androstenedione

mation of androgens in the adren
ype about taking DHEA

same cells as androstenedione
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Cholesterol » Pregnenolone ==——p .Progesterone

Progesterone | = ANndrostenedioNe ap |Testosterone

| (pathway ends
Lhere in testes

Estrone | l
(produced in both male
and female adipose cells) |

Estradiol
(pathway continues
to here in ovaries)

arproduction of estrogen in fat cel
astia = excessive male breast

nthesis of testosterone (testes) an

radiol (ovaries) and estrone (adipo IIs



rtex: Steroid Hormone Produ

. sex hormones, cortisol
d from cholesterol-steroid ring



ones: Actio

Interstitial
fluid

Cell membrane |

f New proteins 7

Cytoplasmic
receptor /©

Endoplasmic
reticulum

Cell surface receptor

Rapid responses

Nucleus

Nuclear
receptor

O
DNA

©

Transcription
produces mRNA

o Most hydrophobic steroids are bound
to plasma protein carriers. Only unbound
hormones can diffuse into the target cell.

Steroid hormone receptors are in the
cytoplasm or nucleus.

The receptor-hormone complex binds
to DNA and activates or represses one
or more genes.

Activated genes create new mRNA
that moves back to the cytoplasm.
Translation produces new proteins
for cell processes.

6 Some steroid hormones also bind to
membrane receptors that use second
messenger systems to create rapid
cellular responses.
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Corticosteroids

locorticoids
orticoids
ens




L0|d hormonel

KEY
DHEA = dehydroepiandrosterone

“ Cholesterol ]

B

—— DHEA
l l T Dihydro-
Progesterone |— ‘ Testosterone testosterone
| stenedione (DHT)
| | |
21-hydroxylase = 21-hydroxylase aromatase aromatase

Y y 7
Estradiol )

(Corticosterone)

( Aldosteronej
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Ineralocorticoids

very potent, accounts for about 90 per cent of all
sterone (1/30 as potent as aldosterone, but very
es secreted)

e (slight mineralocorticoid activity)
Isol (synthetic, slightly more potent than

slight mineralocorticoid activity, but large qu

nthetic, slight mineralocorticoid activity)

)OIIID



Glucocorticoids

potent, accounts for about 95 per cent of all
activity

e provides about 4 per cent of total

Id activity, but much less potent than corti
thetic, almost as potent as cortisol
ynthetic, four times as potent as cortisol
Isone synthetic, five times as potent as co
one synthetic, 30 times as potent as corti

90



Adrenal Steroid Hormones in Adults; Synthetic Steroids and Their Relative Glucocorticoid and Mineralocorticoid Activities

Average Plasma
Concentration

(free and bound, Average Amount Glucacorticoid Mineralocorticoid
Steroids 1g/100 ml) Secreted (mg/24 hr) Activity Activity
Adrenal Steroids
Cortisol 12 15 ] ]
Corticosterone 04 3 03 15.0
Aldosterone 0.006 0.15 0.3 3000
Deoxveorticosterong 0.006 0.2 0.2 100
Dehvdroepiandrosterone 173 20 — —
Synthetic Steroids
Cortisone — — 1.0 1.0
Prednisolone — — 4 08
Mgthylprednisons — — ) —
Dexamethasone — — 30 —
Oa-flucrocortisol — — 10 125

Glucocorticoid and mimeralocorticond activities of the steroids are relative to gorfisol, with gorfisol bemg 1.0.

_my



ulation of cortisol secretion

cortisol




ACTH stimulates cortisol secretion

ACTH secreted by the anterior pituitary gland
ACTH, also enhances the production of adrenal androgens

It IS @ large polypeptide, having a chain length of 39 amino
acids. A smaller polypeptide, a digested product of ACTH

having a chain length of 24 amino acids, has all the effects
of the total molecule

ACTH secretion is controlled by corticotropin-releasing
factor from the hypothalamus

ACTH Activates Adrenocortical Cells to Produce Steroids
by Increasing cCAMP

LS 1 t . i
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ACTH stimulates cortisol secretion

The most important of all the ACTH-stimulated steps for
controlling adrenocortical secretion is activation of the
enzyme protein kinase A

\Which causes Initial conversion of cholesterol to
pregnenolone

This nitial conversion is the “rate-limiting” step for all
the adrenocortical hormones, which explains why ACTH

Long-term stimulation of the adrenal cortex by ACTH
causes hypertrophy and proliferation of the adrenocortical
cells, especially in the zona fasciculata and zona
reticularis, where cortisol and the androgens are secreted

LS 1 t . 1
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Corticotropin-releasing factor from the
hypothalamus
Peptide composed of 41 amino acids
Paraventricular nucleus of the hypothalamus

This nucleus In turn recelves many nervous
connections from the limbic system and lower
brain stem

The anterior pituitary gland can secrete only
minute quantities of ACTH in the absence of
CRF

LS 1 8 . A3
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- Proopiomelanocortin

‘and Secretion of ACTH in Association

yte-Stimulating Hormone

In

1IN

e formation of a considerably larger

preprohormone called

1elanocortin (POMC), which is the
of ACTH as well as several other

Including melanocyte-stimulating
(MSH), b-lipotropin, b- endorphln L




C gene is actively transcribed

In several tissues

_ gene Is actively transcribed in several
luding the

troph cells of the anterior pituitary

neurons In the arcuate nucleus of the
lamus

the dermis
oid tissue
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ACTH and a-MSH

H formed by neurons of the hypothalamus
ajor role in appetite regulation

ecause It contains an MSH sequence, has
0 as much melanocyte-stimulating effect a
rthermore, because the quantities of pure
reted in the human being are extremely sm
those of ACTH are large, it is likely that
ormally Is more important than MSH In
ing the amount of melanin in the skin



Secretion of ACTH

[B-endorphin}[ ACTH }
{ CNS } [ adrenals }

B-lipotropin

adipose
tissue
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retion of ACTH and cortisol

n rhythm (period less than 24 h)
dic pulses

n rhythm (period close to 24 h)
tion maximum at 8-10 h
tion minimum at 23 h

sma cortisol level ranges between a
about 20 mg/dl an hour before arisin
orning and a low of about 5 mg/dl

midnight. )' )) )
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Adrenocortical hormones are bound to
plasma proteins to perform functions

» Binding of adrenal steroids to the plasma proteins
may Serve as a reservoir to lessen rapid fluctuations
In free hormone concentrations, as would occur, for
example, with cortisol during brief periods of stress
and episodic secretion of ACTH

» This reservoir function may also help to ensure a
relatively uniform distribution of the adrenal

hormones to the tissues

L 1 8 . A3
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Adrenocortical hormones are metabolized
In the liver

Adrenal steroids are degraded mainly in the liver

and conjugated especially to glucuronic acid and, to
a lesser extent, sulfates

The conjugated forms are inactive

25 % per cent of these conjugates are excreted in
the bile and then in the feces

/9% conjugates formed by the liver enter the
circulation but are not bound to plasma proteins, are
highly soluble in the plasma, and are therefore
filtered readily by the kidneys and excreted in the

urine :



port of cortisol in the blood

bound to CBP (corticosteroid bind
ortisol binding globulin = transcorti

to albumin

f cortisol after 1-2 hours
half-life 60-90 minutes



al concentration of aldosterone In
bout 6 nhanograms (6 billionths of
er 100 ml, and the average

rate is approximately 150 pg/da
day).

entration of cortisol in the blood
12 ug/100ml, and the secreto
ges 15 to 20 mg/day
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rtisol effects on carbohydrate
metabolism

effect Is to increase concentration of blood glucos
f fat and proteins.

neogenesis - this is the conversion of non CHO

(aa) into CHO within the liver, primarily. Between mea
ods of fasting, when no new nutrients are being absor
0d.

required to convert amino acids into glucose are incre
1 of DNA transcription)

)n of amino acids from tissues (muscles)
glycogen storage in liver cells

glucose utilization by the cells



0l effects with respect to Protein
‘ metabolism
on of amino acids from non-hepatic

]
timulates protein degradation in all cell

er cells
ased protein synthesis

ased amino acids transport into
epatic tissues (muscles, lymphatic tiss

promotes formation of proteins (anabo
er

ced liver proteins

1sed plasma proteins
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tisol on Lipid Metabolism

I
lipolysis or increased fatty acids In
adipose tissue

enhance the oxidation of fatty aci
ose utilization stimulates the cell
gy from fatty acids)



Print master

Your Text here

Lorem ipsum dolor sit amet, consectetuer
adipiscing elit, sed diam nonummy nibh euismod
tincidunt ut laoreet dolore magna aliquam erat
volutpat. Ut wisi enim ad minim veniam, quis
nostrud exerci tation ullamcorper suscipit lobortis
nisl ut aliquip ex ea commodo consequat.

Duis autem vel eum iriure dolor in hendrerit in
vulputate velit esse molestie consequat, vel illum
dolore eu feugiat nulla facilisis at vero eros et
accumsan et iusto odio dignissim qui blandit
praesent luptatum zzril delenit augue duis dolore
te feugait nulla facilisi.



‘Mineralocorticoid

one Is the Major Mineralocorticoid
1 by the Adrenals 90%

the major glucocorticoid secreted by
nal cortex, also provides a significant
of mineralocorticoid activity

one’s mineralocorticoid activity is abo
es greater than that of cortisol, but th
concentration of cortisol is nearly 200
at of aldosterone
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lation of aldosterone secretion

mia, (decrease of natremia)
of renal perfusion pressure
retion by juxtaglomerular apparatus
n of angiotenzinogen to angiotenzi
n of angiotenzin | to angiotenzin |l
n of aldosterone production




port of aldosterone 1n the blood

d to plasma proteins

dosterone after 30 min
half-life 15-20 minut

terone is metabolically inactivate
gle passage through the liver



of aldosterone: on tubular processes

)sorption of sodium and excretion of

Ick of aldosterone causes loss of 20 g Na*/ day
cretion of aldosterone

mia — decrease from 4.5 mmol/l (norm) to
(muscle weakness)

S (Increased excretion of H*)
secretion of aldosterone

 plasma K* 60 - 100% above normal level
emia (cardiac toxicity)

(decreased excretion of HY)

IOIITID



Nongenomic actions of aldosterone and
other steroid hormones

Many steroids, including aldosterone, elicit not only
slowly developing genomic effects that have a latency of
60 to 90 minutes and require gene transcription and
synthesis of new proteins, but also rapid nongenomic
effects that take place in a few seconds or minutes

These nongenomic actions are believed to be mediated
by binding of steroids to cell membrane receptors that
are coupled to second messenger systems, similar to
those used for peptide hormone signal transduction

L 1 L A i
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Nongenomic actions of aldosterone and
other steroid hormones (example)

s Aldosterone has been shown to increase formation of
CAMP In vascular smooth muscle cells and in epithelial
cells of the renal collecting tubules in less than two
minutes, a time period that is far too short for gene
transcription and synthesis of new proteins

» |n other cell types, aldosterone has been shown to rapidly
stimulate the phosphatidyl-inositol second messenger
system

» Nongenomic actions of steroids well understood
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tions of aldosterone

sodium reabsorption by distal tubule and '
uct of the nephron and promotes potassi
en ion excretion

transcription of Na/K pump

the expression of apical Na channels
cotransporter

ECF volume



Mineralocorticoids

e secretion is stimulated by:

ng blood volume or pressure (re
sin system) is the major stimula

d Na*
od levels of K*



The Four Mechanisms of Aldosterone

Secretion

Renin-angiotensin mechanism - kidneys release
renin, which is converted into angiotensin |l that in
turn stimulates aldosterone release

Plasma concentration of sodium and potassium -
directly influences the zona glomerulosa cells

ACTH - causes small increases of aldosterone
during stress

Atrial natriuretic peptide (ANP) - inhibits activity of
the zona glomerulosa

L 1 L A i
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m ion concentration and the rer
sin system are by far the most
regulating aldosterone secreti

ts of sodium ion concentratio
d of ACTH in controlling |
ne secretion are usually min



hanisms of aldos
. _ |
retion

Anterior pituitary Stress

Decreased Na*t or Hypothalamus

increased K* in bilood

CRH

and/or bicod
pPressure

Kidney

Renin

Initiates
cascade that
S inpi—— Atrial natriuretic

Angiotensin 11 Ppeptide(ANP)

.
Inhibitory

7] effect

Direct
stimulating
effect

Zona glomerulosa
of adrenal cortex

secretion

of aldosterone
Targets

kidney tubules

Increased absorption Increased blood
of Na™ and vwater: —_— wvolume and
increased KT excretion Dblood pressure




Actions of Aldosterone

sodium reabsorption by distal tubule
ecting duct of the nephron and
23S potassium and hydrogen ion
n

ases transcription of Na/K pump

ases the expression of apical Na
nels and an Na/K/CI cotransporter

s ECF volume



Josterone: Role In diseases

2 fallure to secrete aldosterone

Jeath (dehydration, low blood

dosterone states: Contribute to
Sion associated with increased
me.



rproduction of aldosterone

auses, ie. Conn’s syndrome

a, hodular hyperplasia of zona
losa

ry

, ascites, nephrotic syndrome
S, signs

he, hypokalemia causing muscle
ss, hypernatremia, hypervolemia,
al polyuria, hand cramping
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Hyperaldosteronism

(Conn syndrome) or secondary

ow K+(<3.0), High Na+, Alkalosis

ormal in 20% of patients- usually bilateral
nal hyperplasia

HTN patients

oms: HA, muscle weakness, polyuri
S, visual disturbances, paralysis
ted to HTN and/or low K+ and/or excess fl

K+ can cause baroreceptor paralysis and
ral hypotension



Cortisol and Stress

ed as the generalized nonspecific respI
any factor that overwhelms, or threa
e body’s compensatory abilities to m

the agent inducing the response w
te iInduced by the stressor

7



Imuli that can induce a stress response

rauma, surgery, intense heat or cold,
the person

102 supply, acid-base imbalance
al — heavy exercise, pain, hemorrhagic

Ical or emotional — anxiety (exams), fea

rsonal conflicts, changes in lifestyle

90



Cortisol and Stress

Se stresses can cause an immediate and mar
ACTH from the anterior pituitary thereby
‘Increase In cortisol from the adrenal cortex

|
ol Is released In stress I1s unknown but cons

e of a primitive human or animal faced wi
ning situation where eating is not a plausi
at time

crease blood glucose for the brain, increa
icids for energy and increase amino acids f

e )WIIIY



Stages of Inflammation

m the damaged tissue cells of chemical substan
2 the Inflammation process, such as histamine,
proteolytic enzymes, prostaglandins, and

2 In blood flow in the inflamed area caused by some
| products from the tissues, an effect called erythe
nia

large quantities of almost pure plasma out of the
nto the damaged areas because of increased capill
y, thus causing a pitting type of edema

of the area by leukocytes
or weeks, ingrowth of fibrous tissue that often

he healing process . v
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lammatory Effect of cortisol

vents the Development of Inflam

uses Resolution of Inflammati



Cortisol Prevents the Development of Inflammation

e Cortisol stabilizes the lysosomal membranes. Therefore,
most of the proteolytic enzymes that are released by
damaged cells to cause inflammation, which are mainly
stored In the lysosomes, are released in greatly decreased
quantity

e Cortisol decreases the permeability of the capillaries,
probably as a secondary effect of the reduced release of
lysosomal proteolytic enzymes. This prevents loss of
plasma into the tissues (oedema)
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Cortisol Prevents the Development of
Inflammation

» Cortisol decreases both migration of white blood cells
Into the Inflamed area and phagocytosis of the damaged
cells. These effects probably result from the fact that
cortisol diminishes the formation of prostaglandins and
leukotrienes that otherwise would increase vasodilation,
capillary permeability, and mobility of white blood cells

» Cortisol suppresses the Immune system, causing T-
lymphocyte and antibodies reproduction to decrease
markedly

» Cortisol attenuates fever mainly because it reduces the
release of interleukin-1 from the white blood cells

LS 1 t . i
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Cortisol Causes Resolution of Inflammation

e Cortisol can often reduce inflammation within hours to a few
days. The immediate effect is brought through:

» |t blocks most of the factors that are promoting the inflammation.

» |t enhances the rate of healing. This probably results from the
same factors that allow the body to resist many other types of
physical stress when large quantities of cortisol are secreted

— Perhaps this results from the mobilization of amino acids and use of these
to repair the damaged tissues

— Perhaps it results from the increased gluconeogenesis that makes extra
glucose available in critical metabolic systems

— Perhaps it results from increased amounts of fatty acids available for
cellular energy

— Perhaps It depends on some effect of cortisol for inactivating or
removing inflammatory products t Q A A &



S of the precise mechanisms by which
inflammatory effect occurs, this effec
tisol plays a major role in combating
'types of diseases, such as rheumatoi
hritis, rheumatic fever, and acute

erulonephritis. All these diseases are
cterized by severe local inflammatio
harmful effects on the body are caus
y by the inflammatory process itself



Cortisol Blocks the Inflammatory Response
to Allergic Reactions

» [he basic allergic reaction between antigen and anti-
pody IS not affected by cortisol, and even some of the
secondary effects of the allergic reaction still occur.
However, because the inflammatory response Is respon-
sible for many of the serious and sometimes lethal
effects of allergic reactions, administration of cortisol,
can be lifesaving. For instance, cortisol effectively
prevents shock or death in anaphylaxis, which otherwise
Kills many people

LS 1 8 . A3
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Effect on blood cells and on Iimmunity In
Infectious diseases

s Cortisol decreases the number of eosinophils and
lymphocytes in the blood
— Lymphocytopenia or eosinopenia Is an important diagnostic
criterion for overproduction of cortisol by the adrenal gland
— decreases the output of both T cells and antibodies from the
lymphoid tissue
» Cortisol increases the production of red blood cells by
mechanisms that are unclear

» Glucocorticoids to suppress immunity makes them
useful drugs in preventing immunological rejection of
transplanted hearts, kidneys, and other tissues

L 1 L A i
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Adrenal Androgens

s Most important of which is dehydroepiandrosterone
DHEA, are continually secreted by the adrenal
cortex, especially during fetal life

* progesterone and estrogens, which are female sex
hormones, are secreted in minute quantities.
Normally, the adrenal androgens have only weak
effects in humans.

 [he adrenal androgens also exert mild effects in
the female, not only before puberty but also
throughout life. Much of the growth of the pubic
and axillary hair in the female results from the
action of these hormones 9777










Classification

struction or impairment of the adrenal
sic Addison’s disease)

Addison described this rare condition In
monograph published in 1855.

(Central): reduced ACTH secretio
Itary gland or failure of the

mus to produce CRH (corticotroph
hormone)
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gies — primary insufficiency

e
une Polyglandular Syndrome

I: Addison's disease, chronic mucocutaneo
idiasis, hypoparathyroidism

Il (Schmidt's syndrome): Addison's diseas
ary hypothyroidism, primary hypogonadis
In-dependent diabetes

losis, HIV, Fungal

0sis, Sarcoidosis, Hemochromatosis,
leukodystrophy



les - Primary Insufficiency

etastases (lung and breast), Lymphoma
or infarct

ccemia (Waterhouse-Friderichsen), DIC, Lupus
olipid antibody), Anticoagulation

renalectomy, Drugs that inhibit P-450 enzymes
ole, etomidate) I

drenal hypoplasia
ance syndromes



Jies - secondary insufficiency

2 ACTH production

ther pituitary hormones deficient, and pati
Ith partial or complete hypopituitarism

ACTH deficiency rare
10cytic hypophysitis
al post-translational processing of POMC to A

of ACTH-secreting pituitary adeno
1 0f ‘normal’ corticotrophs suppressed



tations of Adrenal Insufficiency

‘and Secondary Insufficiency
ess, fatigue, mental depression
la, weight loss

a, vomiting, diarrhea

al dizziness, hypotension

atremia, hypoglycemia, mild
cytic anemia, lymphocytosis,
philia

OIITII



tions of sdrenal insufficiency

Insufficiency
igmentation

alemia, acidosis, elevated creatini
ving

mune thyroid disease

mptoms in adrenomyeloneuropat



Definitions

g’s Syndrome
ss cortisol in the blood

g’s Disease

ss cortisol in the blood due to an
Ing pituitary tumour




shing’s Syndrome

atabolic state
on of amino acids by muscle

ransformed into glucose and glycoge
formed into fat

alcium In urine
\d muscles and elastic tissues
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Cushing’s Syndrome

changes in protein a
metabolism

changes in sex hor

salt and water rete



Cushing’s syndrome

H secretion is the most common cause of
ndrome and iIs characterized by high plasma levels
s well as cortisol

rproduction of cortisol by the adrenal glands
about 20 to 25 per cent of clinical cases of
ndrome and is usually associated with reduced
Is due to cortisol feedback inhibition of ACTH
the anterior pituitary gland

lon of large doses of dexamethasone,
glucocorticoid, can be used to distinguish
TH-dependent and ACTH-independent
yndrome

IOIITID



aracteristic of Cushing’s syndrome Is
of fat from the lower part of the body,
extra deposition of fat in the thoracic a
Inal regions, giving rise to a buffalo t

cent of patients have hypertension,
use of the slight mineralocorticoid e



S on carbohydrate metabolism

lood glucose concentration, sometimes
gh as 200 mg/dl after meals -as much
l. This results mainly from enhanced

esis and decreased glucose utilizatio
|
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fects on Protein Metabolism

Issue proteins almost everywhere in the body with
on of the liver

protein from the muscles in particular causes sever

protein synthesis in the lymphoid tissues leads to a
Immune system, so that many of these patients die

otein collagen fibers in the subcutaneous tissue ar
so that the subcutaneous tissues tear easily, resulti
ment of large purplish striae where they have torn

, severely diminished protein deposition in the bo
3S severe osteoporosis with consequent weakness
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- The Adrenal Medulla

aINs two types of secretory cells
yroduces epinephrine (adrenaline)
o to 80% of medullary secretions

her produces norepinephrine
Irenaline)

o to 25% of medullary secretions
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Hormones

cytes are modified, axonless neurons
ory function

es either epinephrine or norepinephr

ones produced by the medulla are:
et-enkephalin (opioids), ADH, NPY
lin



techolamine synthesis

cholamines

H MAO, COMT

L-Dopa— Dopamine Homova
DBHl
Norepinephrine M»Normetaneph '
PNMT\ MAO
is : . .COMT :
Epinephrine »Metaneprine
ation " -
of DOPA to MAOJ
norepinephrine Vanillyman
to epinephrine via (VM
AO)

se (COMT)



hesis of Catecholamines

Tyrosine Dihydroxyphemdalanine Dopamine Horepinephrine Epinephrine

DOPA]
o (DOPA) Ho ., ,_OH H

7 HH2 FHH2 L—h;af
O coon™ “°“.-- ) "COOH > w0y

> determined by tyrosine hydro
wvhen catecholamines are exo
ed after chronic stimulation

5 inhibit activity

pack regulated

s stimulate synthesis and ac
es inhibit




Synthesis

Inephrine Is the major product of the al
Ine Is more prevalent in infants
es are also synthesized in the centra

m and sympathetic postganglionic

urotransmitters instead of as systemic

7



Storage

les are actively transported Into vesic

les, the enzyme Dopamine -hydrox
onversion to norepinephrine

)mogranin A is also in the vesicles
e thousands of vesicles in a single



Steps of secretion

etic preganglionic stimulation from
Ic nerve (acetylcholine is released)

channels open and calcium enters cell
es are secreted through exocytosis

rocess dumps large amounts of
nolamines into the blood for immediate
bort and rapid physiological responses

2 compared to a long neural pulse all
1h the



Metabolism

Catecholamines have a very short half life in the blood
~ 2 minutes

e Some are taken up by receptors of effector cells
» Reuptake by the catechol-secreting cells

» Metabolized by the liver and excreted by thekidney as
vanilmandelic acid (VMA) or metanephrines

— Enzymes important in metabolism are catecholamine-
O-transferase (COMT) and monoamine oxidase
(MAO)
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\drenergic receptors

!

E and NE 1 1P3, DAG

E and NE | CAMP

E and NE T cAMP
E T cAMP
NE T cAMP




~ Adrenergic receptors

energic Receptors

oconstriction, intestinal relaxation, uterine
ontraction, pupillary dilation

esynaptic NE (clonidine), platelet aggregation,
asoconstriction, ¥ insulin secretion

ergic Receptors

/contractility, T lipolysis, T renin secretion
dilation, bronchodilation, T glycogenolysis
lysis, T brown fat thermogenesis

Dr. Mohammed R. Zughbur



drenergic receptors

any different tissues throughout the

|
es of receptors on a cell can cause
(e.g.. vasodilatation vs. vasocons



Metabolic effects

olic rate and body temp 1
adation U

erves energy

)

fatty acids for energy
ose T allows for rapid energy availa
lysis

enesis 1

nd glucagon N




ardiovascular effects

nd pumping strength 1 (B1)
ected to muscle and important response
ay from non-vital organs

ation (2) and vasoconstriction ()
Ing time 1s decreased (o)

bronchodilatation ($2) allows for
ygen availability



have no discernable pathologic effect
echolamines non-essential for life

lead to hypertension
sed by a tumor called a pheochromocytom
cted by measuring plasma hormone levels

g the urine for the metabolites VM
es

pression test
In A test
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Insulin, Glucagon, an
Diabetes Mellitus IV

Ass. Prof. Dr. Mohammed R. Zughbur
Al-Azhar University Faculty of Medicine



Glucose and Lipid Metabolism:

Glucose

Gluconeogenesis

Glycolysis
Glycogen

U
)|

Glyco e\]esis
ycog "B

_G»choger’si's
fipid ¢

k.
Lipdg.?esis
Lipolysi§

Definitions of Key Terms

the primary circulating sugar in the blood and the major
energy source of the body — used to produce ATP

the formation of new glucose from protein or fat (to store energy)
the breakdown of glucose (to produce energy)

the main form of carbohydrate storage primarily in the liver
and muscle tissue; readily converted to glucose to satisfy its
energy needs

formation of glycogen from glucose (to store energy)
breakdown of glycogen to glucose (to produce energy)

fat; found almost exclusively in foods of animal origin and
continuously synthesized in the body

the formation of lipids (to store energy)

the breakdown of lipids (to produce energy)



History

« Pancreas — derived from the Greek pan, “all’,
and kreas, “flesh”, probably referring to the
organ’s homogenous appearance

* Herophilus, Greek anatomist and Surgeon, first
identified the pancreas in 335 — 280 BC

* Ruphos, another Greek anatomist, gave
pancreas its name after few hundred years



) Head of  Body of Pancreatic islet
Common bile duct  pancreas pancreas (islet of Pancreatic acini

Langerhans) (exocrine cells)

(duodenum)



Pancreas

A triangular gland, which has both exocrine
and endocrine cells, located behind the
stomach

* Acinar cells produce an enzyme-rich juice
used for digestion (exocrine product)

* Pancreatic islets (islets of Langerhans)
produce hormones involved in regulating fuel
storage and use.



Pancreas

Exocrine pancreas 85% of the volume of
the gland

Extracellular matrix — 10%
Blood vessels and ducts - 4%
Endocrine pancreas 1-2%



Histology of pancreas

CELL SECRETES:
Alpha cells (& Glucagon
D cells ‘ Somatostatin
Beta cells @ Insulin
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Islets of Langerhans

1-2 million islets

1-2% of the pancreatic mass

Beta () cells produce insulin and amylin, 60 %
Alpha (a) cells produce glucagon 25%

Delta (0) cells produce somatostatin 10%
PP(F) cells produce pancreatic polypeptide
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Insulin

w0 4
————

53 Units—= 50k

CONNBULHT ABOR

JL on 12/15/22 and 2 mos later

Before insulin was discovered in 1921, everyone
with type 1 diabetes died within weeks to years
of Its onset



Insulin Structure

1- Large polypeptide 51 AA (MW 6000)
2- Tow chains linked by disulfide bonds.

A chain (21 AA)
B chain (30 AA)
3 disulfide bonds.



Human Insulin




Insulin Synthesis

* Insulin gene encodes a large precursor
of insulin (preproinsulin)

» During translation, the signal peptide Is
cleaved (proinsulin)

* During packaging in granules by Golg,
proinsulin is cleaved into insulin and C
peptide



Insulin Synthesis
DNA (chromosome 11) in 3 cells

|

MRNA

|

Preproinsulin (signal peptide, A chain,
B chain, and peptide C)

|

proinsulin

|

Insulin
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Preprohormone

mRNA Signal sequence

retlculum (ER)

Active hormone

Peptide
fragment

Release
signal

Ribosome

Golgi

Prohormone

Secretory
vesicle

}.‘SJ’G‘/"\%%I

apparatus ° Messenger RNA on the ribosomes of

the ER binds amino acids into a
peptide chain called a preprohormone.
The chain is directed into the ER lumen
by a signal sequence of amino acids.

6 Enzymes in the ER chop off the signal
sequence, creating an inactive
prohormone.

The prohormone passes from the
ER through the Golgi apparatus.

6 Secretory vesicles containing enzymes
and prohormone bud off the Golgi. The
enzymes chop the prohormone into one
or more active peptides plus additional
peptide fragments.

e The secretory vesicle releases its
contents by exocytosis into the
extracellular space.

The hormone moves into the circulation
for transport to its target.




Insulin

A protein hormone consisting of two amino acid
chains linked by disulfide bonds

Synthesized as part of proinsulin (86 AA) and then
excised by enzymes, releasing functional insulin
(51 AA) and C peptide (29 AA)

Plasma half-life about 4- 6 minutes
Cleared from the circulation within 10 to 15 minutes

Degraded by the enzyme insulinase mainly in the
liver, to a lesser extent in the kidneys and muscles



Proinsulin

Ca?*-dependent ol
endopeptldases 62 M

17 18 19 29 21 22




Insulin, Proinsulin, and C peptide

* C peptide has no known biological activity
v’ Secreted in 1:1 ratio with insulin (A, B)

v Insulin is removed by liver (60%), C peptide is
not

v Therefore, C peptide is a good measure of
iInsulin (A, B) secretion.

* Proinsulin (B, C, A) has modest insulin-like
activity
v’ 1/20th as potent as insulin (A, B)

v' 3 cell secretes about 5% as much proinsulin as
iInsulin (A, B).



Stimulators of insulin secretion Inhibitors of insulin secrction

T Serum glucose  Glucose
T Serum amino acids U Amino acids
T Serum free fatty acids  Free fatty acids
T Serum ketone bodies
- Hormones - Hormones
Gastroinhibitory peptide (GIP) Somatostatin
Glucagon Epinephrine (a-receptor)
Gastrin Leptin
Cholecystokinin (CCK)
Secretin
Vasoactive intestinal peptide (VIP)
Epinephrine (B-receptor)
Parasympathetic nervous system Sympathetic nervous system stimulation

-

h||rir|n, tolbutamide




Regulation of Insulin Secretion

No insulin is produced when plasma glucose
below 50 mg/dI

Half-maximal insulin response occurs at 150
mg/dl

A maximum insulin response occurs at 300 mg/d|
Insulin secretion is biphasic:

v Upon glucose stimulation— an initial burst of
secretion (5-15 min.)

v' Then a second phase of gradual increment
that lasts as long as blood glucose is high
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Glucose-stimulated insulin secretion

[ cell integrates input from various
metabolites, hormones and

\ Na*
4
I"""'"" / / neurotransmitters
K+

K+

Za
% /
v Cazt
Cazt ‘/\/

Ca2+
\\\ > > > B
Insulin granules




Glucose-Stimulated Secretion of Insulin

Glucose
GLUT2

SUR

Potassium Glucose
channel K* GK

\ Pyruvate
1 e i _ 1T ATP

. H _ :

Calcium "Eh“ ........................
channel — —

- 17T 1ca)

2|7
K Triggering

Hinke SA et al. J Physiol. 2004;558:369-380.
Henquin JC. Diabetes. 2000;49:1751-1760.
Henquin JC. Diabetes. 2004;53:548-558.

Pancreatic Beta Cell

SU bypass

il Safety controls
ATP
+
AC
+
==y == =
ﬁ cAMP
AC = adenylyl cyclase
Amplifying ATP = adenosine triphosphate
cAMP = cyclic adenosine
monophosphate
GK = glucokinase
GLUT2 = glucose transporters
SUR = sulfonylurea receptor
Insulin ‘Tc:t]- Tricarboxylic acid (Kreb’s
cycle

8




Insulin RECEPTOR

o subunits contain
Insulin binding sites

plasma membrane

B'subunits have tyrosine
Kinase activity
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Insulin Receptor Signaling

Insulin binding to oL subunit Sy
regulates B subunit activity hﬂ R
. (), =
autophosphorylation PO
of B subunit IRS-1 a D> TGLUT
+ATP IRS-1-PO, expression
M tyr kinase activity MAPK MAPK-PO,
-
_ ATP N
~phosphorylation of Transcriptional
other substrates regulation

\

Protein synthesis,

hosphorylation of proliferation &
i M',DA\P k}i/nase differentiation

mitogen-activated protein kinases



How does Insulin Regulate Glucose
Concentration?

» Activates glucose transporters

» Activates enzymes involved in lipid
metabolism (energy storage)

» Activates transcription of genes that
promote glycogen synthesis (energy
storage)
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Insulin the key of the cell door

Chronic hyperglycemia
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Major development of insulin

Insulin preparations (1922-1980)

solation of insulin

nsulin a protein

orimary structure of insulin

numan synthesis of insulin

r'DNA technology
expressing human insulin in E. Coli
Production of human insulin in E. Coli

and yeast cells

Insulin analogues — “ designer insulins *
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Insulin Secretion

Normal glucose tolerance
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Intravenous Glucose

« Earliest detectable metabolic
defects in diabetes is loss of
first phase, detected by
glucose tolerance test.

* Intravenous glucose
administration
Increases plasma
[glucose] very rapidly

« Causes 2 phases of
Insulin secretion

* First phase
* lasts 2-5 minutes
» Secretion of preformed
insulin
« Second phase

e Lasts as long as
glucose levels are
elevated

« Secretion of preformed
and newly synthesized
insulin

C NORMAL SUBJECT RECEIVING IV GLUCOSE

300

200

Glucose

(mg/di)

100

_Glucose

Insulin="

0 1 2 3 4 5 6
Time (hr)

© Elsevier Ltd. Boron & Boulpaep: Medical Physioloqy, Updated Edition www.studentconsult.com

1150

=100

[nsulin
(U/ml)
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Glucose Transport

« GLUTZ (liver, pancreas)

e GLUTA4, insulin sensitive transporter (muscle, adipose
tissue)

« GLUTS3 (brain)



Regulation of Basal insulin secretion

LN ——

Insulin granules



Glucose

Nucleotides
ATP

GTP
cAMP
NADPH

Metabolites
Glutamate
Malonyl-CoA




Insulin and Glucose Profiles

Breakfast  Lunch Supper
75
Insulin
Insulin 20
(LU/mL)
25
0 Basal insulin
9.0
Glucose
6.0
Glucose
(mmo/L) 30
Basal glucose
0
7 8 91011121 2 3 456 7 8 9
a.m. p.m.
Time of Day
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Normal Blood Glucose Levels

Blood Glucose (mmols)

8am noon 6pm 2am dam

Time

8am
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Blood Glucose (mmols)

Normal Blood Glucose Levels

8am

noon

6pm

Time

2am

4am

8am
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Insulin Action

PANCREAS
The major targets for insulin are

SKELETAL MUSCLE
* Increases glycogen
. * Increases glucose

syatheg® : transport X

: %:ﬁ?;ﬁrsses B Increases » Increases glycogen
e, glucose transport  synthesis
g J * Increases * Inhibits
lipogenesis gluconeogenesis

* Inhibits lipolysis



Insulin Action on Carbohydrate Metabolism

Liver

v’ Stimulates glucose oxidation

v Promotes glucose storage as glycogen
v Inhibits glycogenolysis

v Inhibits gluconeogenesis

Muscle

v Stimulates glucose uptake (GLUTA4)
v Promotes glucose storage as glycogen



Insulin Action on Carbohydrate Metabolism

Adipose Tissue
« Stimulates glucose transport into adipocytes

 Promotes the conversion of glucose into
triglycerides and fatty acids



Glycogen Synthesis

Short term storage of glucose
Activates glycogen synthase

Inhibit glycogen phosphorylase
Glycolysis Is also stimulated by insulin



Lipogenic and antilipolytic

 Insulin promotes lipogenesis and inhibits lipolysis

* Promotes formation of a-glycerol phosphate and
fatty acid synthesis

« Stimulates fatty acid synthase (FAS)
* Inhibits hormone sensitive lipase (HSL)
 Activates lipoprotein lipase (LPL)



Protein Synthesis and Degradation

e Insulin promotes protein accumulation

v’ Stimulates amino acid uptake
v'Increases the activity of protein synthesis
v'Inhibits protein degradation



Action of insulin on Liver

ncreased @
ncreases g
ncreases g

ucose uptake
ycolysis, Inhibits gluconeogenesis

ycogenesis, Inhibits glycogenolysis

ncreased fatty acid synthesis and very-low-

density lipoprotein formation, Inhibits

ketogenesis

Inhibits urea cycle activity



Action of iInsulin on Fat

Increased glucose uptake by increasing
GLUT4 availability

Increases glycolysis

Increases production of a- glycerol
phosphate

Increases esterification of fats
Inhibits lipolysis



Action of insulin on Muscle

Increased glucose uptake by increasing GLUT4
availability

ncreases glycolysis

ncreases glycogenesis, Inhibits glycogenolysis
ncreases amino acid uptake

ncreases protein synthesis, Inhibits proteolysis




Insulin action (summary)

Dominates in Fed State Metabolism

T glucose uptake in most cells
T glucose use & storage

T protein synthesis

T fat synthesis



Amylin the Hormone

Reported in 1987

37-amino acid peptide

Co-located and co-secreted with insulin
from pancreatic 3-cells

Deficient In diabetes




Model of Multihormonal Regulation
of Glucose Homeostasis

Food
Intake
Gastric
Emptying
Stomach
Postprandial Rate of
Glucagon glucose
appearance
Plasma Glucose
Rate of
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Amylin the Hormone:
Co-Secreted With Insulin
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Amylin the Hormone:
Deficient in Diabetes
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Glucagon
* A 29-amino-acid polypeptide hormone that is a
potent hyperglycemic agent
* Produced by a cells in the pancreas
* |ts major target is the liver, where it promotes:

v Glycogenolysis — the breakdown of glycogen to
glucose

v Gluconeogenesis — synthesis of glucose from
lactic acid and noncarbohydrates

v Release of glucose to the blood from liver cells




Synthesis glucagon
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Receptor-Mediated Activation of PKA
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Factors Affecting Glucagon Secretion

Stimuli for glucagon secretion
v Decreased blood glucose
v’ Increased serum amino acids(arginine, alanine)
v’ Sympathetic nervous system stimulation
v Stress

v Exercise
e Can increase glucagon 4-5 fold
* Due to increased amino acids?
* Beta-adrenergic stimulation of the islets of Langerhans?



Factors Affecting Glucagon Secretion

Inhibitors for glucagon secretion
v’ Somatostatin
v Insulin
v’ Increased blood glucose



Glucagon

« Supra-physiological levels
 Activation of adipose cell lipase
Inhibits storage of triglycerides in the liver
Increased blood levels of fatty acids
* Enhances heart strength
Increases blood flow to kidneys
Enhances bile secretion
Inhibits gastric acid secretion
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Cell of origin

Chemical nature
Biosynthesis

Transport in the circulation
Half-life

Factors affecting release

Target cells or tissues

Target receptor/second
messenger

Whole body or
tissue action
Action at molecular level

Feedback regulation

Other information

Alpha cells of pancreas

29-amino acid peptide

Typical peptide
Dissolved in plasma
4-6 minutes

Stimulated by plasma [glucose] <
200 mg/dL, with maximum
secretion below 50 mg/dL;

T blood amino acids.

Liver primarily

G protein-coupled receptor linked
to cAMP

T Plasma [glucose] by glycogenolysis
and gluconeogenesis; T lipolysis
leads to ketogenesis in liver

Alters existing enzymes and
stimulates synthesis of new enzymes

T Plasma [glucose] shuts off
glucagon secretion

Member of secretin family along
with VIP, GIP, and GLP-1




Insulin-Glucagon relationships

STORAGE MOBILIZATION

- Glycogenesis Glucoenogenesis
and'decreased and increased
blood glucose blood glucose

\



Somatostatin (GHIH)

« Short polypeptide (14 amino acids)
« Short half-life (3 min)

* Regulation:
* Increased blood glucose
* Increased amino acids
 Increased fatty acids
* Increased Gl hormones



Somatostatin (GHIH)

« Short polypeptide (14 amino acids)
« Short half-life (3 min)

* Regulation:
* Increased blood glucose
* Increased amino acids
 Increased fatty acids
* Increased Gl hormones



Somatostatin

Inhibitory effect on both insulin and glucagon

Decreases motility of stomach, duodenum and
gallbladder

Decreases secretion and absorption in the
gastrointestinal tract



What are incretins?

 Hormones produced by the gastrointestinal tract
INn response to incoming nutrients, and have
Important actions that contribute to glucose
homeostasis.

* Two hormones:
- Gastric inhibitory polypeptide (GIP
- Glucagon-like peptide-1 (GLP-1)



What are incretins?
Gastric Inhibitory Polypeptide (GIP

« Secreted by the K cells of the proximal
gut. However, type 2 diabetes patients are
resistant to its action (high blood level),
making It a less attractive therapeutic
target



Gila Monster




What are incretins?
Glucagon-like peptide-1 (GLP-1)

« a 30-amino acid peptide secreted in response to
the oral ingestion of nutrients by L cells, primarily
In the ileum and colon.

* There are GLP-1 receptors in islet cells and In
the central nervous system, among other places.

 GLP-1 is metabolized by the enzyme dipeptidyl
peptidase-1V (DPP-1V) .



Actions of GLP-1

It enhances glucose-dependent insulin
secretion.

Inhibits glucagon secretion and therefore hepatic
glucose production.

Slows gastric emptying.
Increases satiety resulting in less food intake.

Appears to stimulate insulin gene transcription
and insulin synthesis.




GLP-1 Effects in Humans: Understanding
the Glucoregulatory Role of Incretins

GLP-1 secreted upon N gt
the ingestion of food

Promotes satiety and
reduces appetite

Alpha cells:
| Postprandial
glucagon secretion «

\

\
_-——— Vel A= -

| Glucagon reduces
hepatic glucose output

Beta cells:
Enhances glucose-
dependent insulin

secretion

Stomach:
Slows gastric
emptying



Native GLP-1 is rapidly degraded
by DPP-IV

Human ileum,
GLP-1 producing
L-cells

Capillaries,
Di-Peptidyl
Peptidase-1V
(DPP-1V)

Double immunohistochemical staining for DPP-IV
(red) and GLP-1 (green) in the human ileum

71



GLP-1 Secretion and Inactivation by

DPP-4
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Actions of GLP-1

* |n animal studies it increases beta-cell mass by:
- Decreasing beta cell apoptosis.
- Stimulating the growth of new beta cells

?7??... Long term benefit in reversing the
progressive insulin deficiency.



kidney plays a vital role in the normal control
of blood glucose

* Glucose in the blood is freely filtered by the
glomerulus and has to be reabsorbed

* The kidney also contributes to gluconeogenesis

* In healthy individuals, the kidneys filter about
100 mg/minute of glucose; this amounts to 144
g/24 hours

* Nearly 100% of this glucose Is reabsorbed,
mostly in the proximal renal tubules

* Threshold of about 8-10 mmol/L (180 mg/dL)
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Diabetes mellitus

It’s a group of metabolic diseases characterized by
hyperglycemia resulting from defects in insulin
secretion, insulin action, or both.



Epidemiology of diabetes

There are 500 million people worldwide
living with diabetes



Diabetes

2040 this will rise to 642 million

IDF. 2017



Classification of Diabetes

Type 1 diabetes
v’ B-cell destruction

Type 2 diabetes
v Progressive insulin secretory defect

Other specific types of diabetes
v  Genetic defects in B-cell function, insulin action
v Diseases of the exocrine pancreas
v’ Drug- or chemical-induced

Gestational diabetes mellitus

ADA. 1. Classification and Diagnosis. Diabetes Care 2012;35(suppl
1):S11



Diagnostic Criteria

Normo- Pre- Diabetes
glycemia | Diabetes
Fasting Plasma <100 mg/dI 100-125 mg/dl FPG > 126 mg/dl
Glucose (FPG) | (Previously <110 (Impaired Fasting
mg/dl) Glucose)
2-hour Plasma <140 mg/dl 140-200 mg/dl > 200 mg/dl
Glucose (Impaired Glucose
Tolerance)
Casual plasma > 200 mg/dl with
glucose symptoms
HbA1C 5.7 5.7-6.4% 6.5%.




Aetiology of Diabetes

= Type 1 Diabetes (10-15%)

= results when the body’s immune system
destroys its own beta cells in the pancreas.
No insulin production is then possible.

= Type 2 Diabetes (85-90%)
results from either

= Insulin resistance (overweight people)
= [nadequate insulin production (lean people)
= A combination of both



Type 1 Diabetes

. Usually under 30 yrs of age

. Autoimmune disorder

. Sudden onset of severe symptoms
. Rapid weight loss

. Total lack of insulin in the body

. Insulin injections essential for life

. Ketones produced

. Genetic predisposition, though 80%
have no relatives with the disease



Type 2 Diabetes

. Usually over 40 yrs of age though
the age of diagnosis is getting
younger

. Gradual onset with mild symptoms

. Most produce a normal amount of
~ Insulin but it is unable to work
~ properly due to insulin resistance

| Many have complications at
diagnosis




Pathogenesis of Type 2 Diabetes
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Type 2 Diabetes Risk Factors

.Increasing age

.- Obesity — especially abdominal

-Women with BMI > 35 compared to 22
have a 93 fold increased risk

-Men with BMI > 35 have 40 fold increased risk
- Physical inactivity
. Family history
. Ethnic background
. High blood pressure
- High Cholesterol
. Previous gestational diabetes




Characteristics of Diabetes
Type 1 Type 2

Usually under 30 . Usually over 40

Rapid onset . Gradual onset

Normal or underweight . 80% are overweight

Little or no insulin . Most have insulin resistance
Ketosis common . Ketosis rare

Make up 15% of cases . 85% of diagnosed cases
Autoimmune plus . Part of metabolic insulin resistanct
environmental factors syndrome

Low familial factor . Strongly hereditary

Treated with insulin, dietand . Diet & exercise, progressing to

exercise tablets, then insulin



Diabetes Mellitus Type 1

 Clinical Manifestations:
* Polyuria —increased urine
* Polydipsia —increased thirst
» Polyphagia —increased hunger
Weight loss
Fatigue
« Nausea, vomiting
« Ketoacidosis may be a presenting sign




Diabetes Mellitus Type 1

« Usually develop symptoms over a short period of time, and
the condition is often diagnosed in an emergency setting

 In addition to high glucose levels, acutely ill
type 1 diabetics have high levels of ketones.

As cells cannot get glucose, they burn fats as an alternate energy
source

Ketones are produced by the breakdown of fat and muscle, and are
toxic at high levels

Ketones in the blood cause a condition called "acidosis “or
(“ketoacidosis") (low blood pH)

Urine testing detects ketones in the urine
Blood glucose levels are also high.



Antibodies associated with type 1 diabetes

» Glutamic Acid Decarboxylase anti-GADG65
* |slet cell cytoplasmic autoantibodies (ICAS)
 Insulinoma-associated-2 autoantibodies (I1A-2As)

* |nsulin autoantibodies (IAAs), which are more
common in children than adults




Diabetes Mellitus Type 2

pe 2 Clinical Manifestations:
Polydipsia —Iincreased thirst
Polyuria —increased urine
Polyphagia —increased hunger
—atigue

Blurred vision

Slow healing infections
Impotence in men
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Etiology of B-Cell Dysfunction
In Type 2 Diabetes
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Type 2 Diabetes: Insulin Resistance
Plus Impaired 3-Cell Function

Both insulin resistance and B-cell dysfunction are present
at the time of diagnosis of type 2 diabetes

Insulin

[ESTSTANCE

& -

Normal Abnormal
B-cell B-cell
function function

i d

Relative insulin deficiency

Compensatory
hyperinsulinemia U :
ﬂ Hyperglycemia
)



Oral Glucose Tolerance Test

« ODbtain a fasting blood sugar level, then administer an oral
glucose load (2 g/kg for children aged < 3y, 1.75 g/kg for
children aged 3-10 y [max 50 g], or 75 g for children aged
>10 y). Check the blood glucose concentration again after
2 hours. A fasting whole-blood glucose level higher than
120 mg/dL (6.7 mmol/L) or a 2-hour value higher than 200
mg/dL (11 mmol/L) indicates diabetes. However, mild
elevations may not indicate diabetes when the patient has
no symptoms and no diabetes-related antibodies.



What Is Insulin Resistance?

condition in which the body does not utilise
iInsulin efficiently

Insulin resistance Is the decreased response
of the liver and peripheral tissues (muscle,
fat) to insulin

. Insulin resistance is a primary defect in the
majority of patients with Type 2 diabetes



Causes of Insulin Resistance

e Obesity/overweight (especially excess visceral adiposity)

» Excess glucocorticoids (Cushing's syndrome or steroid therapy)

» Excess growth hormone (acromegaly)

* Pregnancy, gestational diabetes

 Polycystic ovary disease

* Lipodystrophy (acquired or genetic; associated with lipid accumulation
In liver)

» Autoantibodies to the insulin receptor

« Mutations of insulin receptor

« Mutations of the peroxisome proliferators' activator receptor y
(PPARY)

» Mutations that cause genetic obesity (e.g., melanocortin receptor
mutations)

« Hemochromatosis (a hereditary disease that causes tissue iron
accumulation)



Metabolic Syndrome

Obesity, especially accumulation of abdominal fat
Insulin resistance

Fasting hyperglycemia

Lipid abnormalities, such as increased blood

Triglycerides and decreased blood high-density
lipoprotein-cholesterol

Hypertension



Prediabetes

FPG 100-125 mg/dL
(5.6—6.9 mmol/L): IFG

OR

2-h plasma glucose 140-199 mg/dL (7.8-11.0
mmol/L): IGT

OR

Al1C 5.7-6.4%

For all three tests, risk is continuous, extending below the
lower limit of a range and becoming disproportionately
greater at higher ends of the range.

American Diabetes Association Standards of Medical Care in Diabetes.
Classification and diagnosis of diabetes. Diabetes Care 2016; 39 (Suppl. 1): S13-S22



Glycemic Targets in Pregnancy

For women with gestational diabetes or preexisting type 1
or type 2 diabetes in pregnancy, the following targets are

recommended:

* Fasting <95 mg/dL (5.3 mmol/L)
and either

* One-hour postprandial <140 mg/dL (7.8 mmol/L) or
e Two-hour postprandial <120 mg/dL (6.7 mmol/L)



Glycemic recommendations for
nonpregnant adults with diabetes

« A1C <7.0% (53 mmol/mol)

* Preprandial capillary plasma glucose
80—-130 mg/dl (4.4—7.2 mmol/L)

* Peak postprandial capillary plasma glucose
<180 mg/dL (10.0 mmol/L)

National Glycohemoglobin Standardization Program (NGSP) and standardized



Type 1 Diabetes: Glycemic Control

Bedtime/
Before meals .
overnight

A lower goal (<7.0%) is

90-130 mg/dL 90150 mg/dL reasonable if it can be
(5.0-7.2 mmol/L) (5.0-8.3 mmol/L) achieved without

excessive hypos

« Goals should be individualized; lower goals may be reasonable.
« Modify BG goals in youth w/ frequent hypos or hypoglycemia unawareness.

» Measure postprandial BG if discrepancy between preprandial BG and A1C &
to assess glycemia in basal-bolus regimens.



Criteria for the Diagnosis of Diabetes
Al1C 26.5%

The test should be performed in a laboratory using an
NGSP-certified method standardized to the DCCT assay*



Hemoglobin A

* |s the stable product of nonenzymatic irreversible
glycation of the beta chain of hemoglobin by plasma
glucose and is formed at rates that increase with
Increasing plasma glucose levels.



A1C Testing

« At least two times a year in patients who are
meeting treatment goals

* Quarterly in patients whose therapy has
changed or who are not meeting glycemic goals

. Point-of-care testing for A1C provides the
opportunity for more timely treatment changes



A1C Testing

A1C should be considered an additional optional
diagnostic criterion, not the primary criterion for
diagnosis of diabetes

When feasible, suggest using traditional glucose
criteria for diagnosis of diabetes

A1C Is not recommended for diagnosing type 1
diabetes

A1C is not recommended for diagnosing
gestational diabetes



A1C Reporting: NGSP vs. IFCC Units

NGSP (%) | IFCC (mmolimol) |« Some countries report
4.0 20 A1C in IFCC Sl units
5.0 = (mmol/mol) instead of the
6.0 42 NGSP units
6.5 48 « The equation below can
7.0 >3 be used to convert A1C
8.0 o from NGSP (%) to IFCC
9.0 [ (mmol/mol)
10.0 86
11.0 97
12.0 108

IFCC (mmol/mol) = 10.93(NGSP%) — 23.50

NGSP = National Glycohemoglobin Standardization Program; IFCC = International Federation of Clinical Chemistry and Laboratory Medicine



A1C Testing

 AILC levels may be misleading in several ethnic
populations (for example, African Americans)

 Al1C may be misleading in some clinical settings

Hemoglobinopathies

Iron deficiency

Hemolytic anemias
Thalassemias

Spherocytosis

Severe hepatic or renal disease



S et N

AACE :2018 Goals for glycemic control

Al1c > 6.5%

For healthy patients Individualize goals

without concurrent for patients with

illness and at low concurrent illness
hypoglycemic risk and at risk for
hypoglycemia




Fructosamine

Is formed by nonenzymatic glycosylation of serum
proteins, predominantly aloumin.

The degree of protein glycation is proportional to the
concentration of plasma glucose over the lifetime of the
protein

Albumin, the most common serum protein, typically
accounts for 80% of all fructosamine

Reduction in serum albumin lowers the serum
fructosamine value.

Fructosamine levels indicate the average level of blood
glucose control over the past 2-3 weeks



Fructosamine Collection and Panels

Specimen type: Serum

Collection method: Venipuncture

Minimum specimen volume: 0.5 mL

Specimen container: Serum separator tube; also
acceptable is pink (K, EDTA) or green (lithium heparin)
Unacceptable conditions: Hemolyzed specimens (may
cause falsely elevated results)

Methodology: Colorimetry or guantitative
spectrophotometry

Transport temperature: Room temperature

Specimen stability: room temperature, 7 days;
refrigerated, 14 days; frozen, 30 days



Fructosamine

relationship between the fructosamine level and the
HbAlc level can be present as a linear regression
analysis, as follows:

HbAlc = 0.017 X fructosamine level (umol/L) + 1.61



Indications/applications

Testing of serum fructosamine is indicated for monitoring
of glycemic control in the following circumstances:

Effect of the change (< 6 wk) In diet, exercise, or
medication

When a narrow time frame is required, such as for
ascertaining glycemic control at the time of conception in
diabetic women who recently became pregnant

Conditions in which HbAlc may be unreliable, such as
hemoglobinopathy (eg, sickle cell disease), hemolytic
anemia, or recent blood loss



Considerations

All conditions that affect serum albumin production (eg
Increased or decreased turnover) may affect the
reliability of fructosamine assay, such as the following:

Hepatic diseases (eg. cirrhosis)
Nephritic syndrome

Thyroid disease
Paraproteinemia

High levels of ascorbic acid interfere with the
fructosamine assay. Patients should abstain from
ascorbic acid supplements for a minimum of 24 hours
prior to sample collection.



Glycemic Targets in Pregnancy

For women with gestational diabetes or preexisting type 1
or type 2 diabetes in pregnancy, the following targets are

recommended:

* Fasting <95 mg/dL (5.3 mmol/L)
and either

* One-hour postprandial <140 mg/dL (7.8 mmol/L) or
e Two-hour postprandial <120 mg/dL (6.7 mmol/L)



Cellac disease

e Some children with type 1 diabetes mellitus may have or
may develop celiac disease. Positive antigliadin
antibodies, especially specific antibodies (eg,
antiendomysial, antitransglutaminase) are important risk
markers. If antibody tests are positive,

« Jejunal biopsy is required to confirm or refute a
diagnosis of celiac disease. Once celiac disease is
confirmed, the individual should remain on a gluten-free
diet for life.



« Thyroid function tests and antithyroid antibodies
 Lipid profile
v'_are usually abnormal at diagnosis because of
Increased circulating triglycerides caused by
gluconeogenesis. Apart from hypertriglyceridemia,
primary lipid disorders rarely result in diabetes.

Hyperlipidemia with poor metabolic control is common
but returns to normal as metabolic control improves.

« Urinary albumin



Complications associated with DM

Acute:

» Diabetic Ketoacidosis (DKA)
» Hyperglycemic Hyperosmolar State (HHS)
» Hypoglycemia



ADA Diagnostic Criteria

Glc (mg/dL)
pH

HCO* (mM)
Urine ketones
Serum ketones
Osmolality
Anion gap

Sensorium

DKA

Mild Moderate

> 250 > 250
7.25-7.30 7.00-7.24
15-18 10-14
+ +
+ +
Varies Varies
> 10 > 12

Alert Drowsy

Severe HHS
> 250 > 600
<7.00 > 7.30

<10 > 18
+ Small
+ Small

Varies > 320

> 12 <12

Stupor/Coma  Stupor/Coma



Laboratory Investigations DKA

» Laboratory » Other
v Glucose v Blood Culture
v Electrolytes v" Urine Culture
(including Mg, K, Ca v/ Sputum Culture
and Phosphate)
v CBC

v' Serum Ketones

v Plasma Osmolality
v ABG (?venous pH)
v" Urinalysis

v ?2Amylase/Lipase
v HbAlc



Formulas you may need

« sSOsm = 2 (Na) + Glu/18 + BUN/2.8
normal OSM = 285 — 295 mOSM/L

« anion gap (AG) = Na - (Cl + HCO3)
normal value: 8-12 mEqg/L.

e  Calculated serum Na = Na measured + 1.6
mEQg/L. X (Glu - 100)/100



Ketones

The three principles ketone bodies are B —hydroxybutyric
acid, acetoacetate, and acetone

And can go as high as 30 mM/L ( normal values are up to
0.15 mM/L)

B —hydroxybutyric acid and acetoacetate accumulate in the
serum at a ratio of 3 :1 (mild DKA) toas highas15: 1
(severe DKA)

Standard nitroprusside reagents (Acetesat, Ketostix) react
with acetoacetate and not B —hydroxybutyric acid.



Using venous blood gases to assess
the acid-base

 Arterial pH =0.039 + (0.961 X venous pH)
 Arterial pCO2 =7.735 + (0.572 X venous Pco?2)

« Arterial HCO3- = 0.538 + (0.845 X venous HCO3-)



Serum Electrolyte Panel
effects of extremes in potassium levels.

The serum sodium level usually is low in affected
patients. The osmotic effect of hyperglycemia moves
extravascular water to the intravascular space. For each
100 mg/dL of glucose over 100 mg/dL, the serum
sodium level is lowered by approximately 1.6 mEqg/L.
When glucose levels fall, the serum sodium level rises
by a corresponding amount.

Additionally, serum chloride levels and phosphorus
levels always are low in these patients.



Blood Gases

Arterial blood gas
Capillary blood gas
Venous blood gas



Amylase

Hyperamylasemia may be seen in patients with diabetic
ketoacidosis, even in the absence of pancreatitis

Bicarbonate

Use bicarbonate levels in conjunction with the anion gap
to assess the degree of acidosis that is present.



http://emedicine.medscape.com/article/186389-overview

Hypoglycemia

Hypoglycemia is defined according to the following
serum glucose levels:

< 50 mg/dL in men
< 45 mg/dL in women
< 40 mg/dL in infants and children



Causes Hypoglycemia

Drugs

Insulin- most common cause,

Timing, dose, type

clearance of insulin (eg, renal failure);

altered counter regulation

Sulfonylureas

Metformin does not cause hypoglycemia

High dose salicylates, b —blockers, quinine,quinolones



Causes Hypoglycemia

Renal failure
« Second gluconeogenic organ
* decreased clearance of renally excreted drugs or their

metabolites (eg, insulin, chlorpropamide, metabolite of
glyburide)

Hepatic Failure

Decreased glycogenolysis

Decresed gluconeogenesis

Large functional reserve,( 20% func required to prevent
hypoglycemia)

Genetic defects in glycometabolic pathways

Finally, compromised drug metabolism (tolbutamide,
glyburide, glipizide )



Causes Hypoglycemia

Endocrinopathies
v Adrenal (glucocorticoid) insufficiency
v Growth hormone deficiency
v Glucagon deficiency

v Pituitary disease ( decreased combined corticotropin
and GH deficiecy)

Paisoning
(ethanol, propanolol, salicylates)
v Ethanol inhibits gluconeogenesis

v Ethanol-induced hypoglycemia occurs 12-72 hrs after
Ingestion



Causes Hypoglycemia

Neoplasm

Non—islet-cell tumors

Mesenchymal tumors,

hepatocellular carcinoma,

adrenocortical tumors,

carcinoid tumors,

leukemia, and lymphomas

Most of these tumors secrete IGF —Il molecule

Some also secrete Glucagon- like peptide(GLP-1) and
Somatostatin



What Are Symptoms of Hypoglycaemia?

When the brain remains
deprived of glucose, a
later set of symptoms

Hypoglycaemia can also

Early symptoms happen during sleep

follows
Hunger Difficulty in Crying out or having
Tremor thinking Apeaking nightmares
Sweating Confusion Pyjamas and sheets
Irritability Seizures szr;';ifr;‘i:‘;n
Dizziness Coma

Feeling tired, irritable, or
Headache confused after

Heart palpitations waking up



The conseguences of hypoglycaemia

Hospitalization

Coma3 costs?
Cardiovascular
Death23 \\ | \ complications3
/ | Weight gain by
Increased risk s — defensive eating®
of car accident’ . Hypoglycemia //

— Loss of
consciousness?

Reduced | |
: . Pigen | .
guality of life \ -

Increased risk Increased risk
of dementia® of seizures3



Hypoglycemia

Phase 1 Phase 2
Adrenergic fight Neuroglucopenia Consequences
Shaking Drowsiness
. Impaired
Tachycardia judgement
Nervousness Disorientation
Anxiety Irritability }
Hunger Headache

Sweating Urr's




7/2-Hour fast

Protocol

- Date the onset of the fast as the time of the last
iIntake of calories

* Discontinue all non essential medications

* Allow the patient to drink calorie-free and caffeine-
free beverages

 Collect blood specimens for measurement of
plasma glucose, insulin, C-peptide, and proinsulin
every six hours until the plasma glucose
concentration is below 60 mg/dL (3.3 mmol/L) at
this point, the frequency of sampling should be
Increased to every one to two hours.



Test end points and duration

the plasma glucose concentration is <45 mg/dL (2.5
mmol/L)

the patient has symptoms or signs of hypoglycemia,
72 hours have elapsed,

or when the plasma glucose concentration is less than
55 mg/dL (3 mmol/L) if Whipple's triad is present

Plasma beta-hydroxybutyrate and sulfonylurea levels are
measured

1 mg of glucagon is given intravenously and the plasma
glucose measured 10, 20, and 30 minutes later.
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Calcium

2% of body weight
99% In bones
1% In body fluids

Plasma (Extracellular fluid)
—2.25-2.75 mmol/l
Cell (Intracellular fluid)

— 108 —-10" mol/l = 10> - 10* mmol/l




Plasma Calcium Regulation

* Plasma calcium totals 2.4 mM (9.4 mg/dl)
— Free calciumis 1.2 mM

Calcium complexed to
anions 9% (0.2 mmol/L)

lonized calcium Protein-bound calcium
50% 41%
(1.2 mmol/L) (1.0 mmol/L)




Plasma Calcium

diffusible (through the capillary membrane)

« 48% (50%) Ca-* ionized

* 6% (10%) combined with anions (citrate,
phosphate) — non-dissociated

Nondiffusible (through the capillary membrane)

* 46% (40%) combined with plasma proteins

« combination with proteins depends on pH 0.2
mmol/l Ca?* on each pH unit




lonic composition of ICF and ECF

Na-* 136-146 20
K+ 3.8-5.4 150
CaZ2t 2.05-2.65 c. 104
Cl- 97-109 3

HCO,- 22-26 10



Intake of Calcium

« About 1000 mg of Ca“* is ingested per
day.

* About 350 mg of this is absorbed into the
body.

« Absorption occurs in the small intestine,
and requires vitamin D (stay tuned....)



Storage of Calcium

The primary site of storage is our bones (about 1000
grams).

Some calcium is stored within cells (endoplasmic
reticulum and mitochondria).

Bone is produced by osteoblast cells which produce
collagen, which is then mineralized by calcium and
phosphate (hydroxyapatite).

Bone is remineralized (broken down) by osteoclasts,
which secrete acid, causing the release of calcium and
phosphate into the bloodstream.

There Is constant exchange of calcium between bone
and blood.



Excretion of Calcium

» The major site of Ca®* excretion in the
body Is the kidneys.

* The rate of Ca?* loss and reabsorption at
the kidney can be regulated.

* Regulation of absorption, storage, and
excretion of Ca?* results in maintenance of
calcium homeostasis



Regulation of (Calcium)

* The important role that calcium plays in so
many processes dictates that its
concentration, both extracellularly and
Intracellularly, be maintained within a very
narrow range.

* This Is achieved by an elaborate system of
controls



Extracellular Calcium

* When extracellular calcium falls below normal,
the nervous system becomes progressively
more excitable because of increase permeability
of neuronal membranes to sodium

« Hyperexcitability causes tetanic contractions
— Hypocalcemic tetany [Ca2+]Cyt



Extracellular Calcium

e Three definable fractions of calcium In
serum:

— lonized calcium 50%

— Protein-bound calcium 40%
* 90% bound to albumin
« Remainder bound to globulins

— Calcium complexed to serum constituents 10%
 Citrate and phosphate



Extracellular Calcium

« Binding of calcium to albumin is pH dependent

« Acute alkalosis increases calcium binding to
orotein and decreases ionized calcium

« Patients who develop acute respiratory alkalosis
nave increased neural excitability and are prone
to seizures due to low ionized calcium in the
extracellular fluid which results in increased
permeability to sodium ions




Calcium
intalke
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(13,000 mg)
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Role Of Calcium

excitability of cell membranes

neuromuscular transmission and muscle
contraction

releasing of transmitters from synapses
“second messenger”

stimulates secretory activity of exocrine
glands and releasing of hormones

contractility of myocardium
blood coagulation



Calcium in Blood and Bone

« Ca?* normally ranges from 8.5-10 mg/dL
In the plasma.

* The active free ionized Ca?* is only about
48% 46% Is bound to protein in a non-
diffusible state while 6% is complexed to
salt.

* Only free, ionized Ca?* is biologically
active.



Phosphates

80% bones and teeth
10% blood and muscles
10% different chemical complexes

Plasma (ECF) 0.65 — 1.62 mmol/Il
Cell (ICF) 65 mmol/l (including organic P)



Phosphates

calcium phosphate, hydroxyapatite (bone)
inorganic anions: HPO,%, H,PO*
organic:DNA, phospholipids

ATP, cAMP, creatinphosphate molecules
with metabolic significance

Ca, P rates of intake 1g/day



Phosphate Metabolism

85% present in skeleton

Serum inorganic phosphate 0.84-1.45 mmol/L
10% protein bound, 35% complexed, rest free
Integrity of bone

Oxygen delivery

Muscle contraction

Role in ATP (energy), nucleotides, NADP, cell
membranes, gene transcription, cell growth

Balance maintained primarily by kidneys



Calcium and Phosphorous

* Ca s tightly regulated with P In the body

* P Is an essential mineral necessary for
ATP, cAMP 2nd messenger systems, and
other roles



Phosphate Turnover
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Phosphorous in Blood and Bone

* PO, normal plasma concentration is 3.0-
4.5 mg/dL. 87% Is diffusible, with 35%
complexed to different ions and 52%

lonized.

* 13% is in a non-diffusible protein bound
state. 85-90% Is found in bone.

 Therestisin ATP, cAMP, and proteins



Calcium and Bone

 99% of Ca Is found In the bone. Most IS
found In hydroxyapatite crystals. Very little
Ca?* can be released from the bone—
though it is the major reservoir of Ca?* in

the body.



Features of a Long Bone

Epiphysis: Ends of the
bone.

Diaphysis: The shaft of
the bone which surrounds
the medullary cavity.

Articular Cartilage:
Cushions the ends of the
bones and allows for
smooth movement.

Epiphyseal Plate:
Areas made of cartilage
allowing for the growth of
the bone.

Proximal
epiphysis

Diaphysis

Distal
epiphysis

(a)

~. - ~Articular
- cartilage
~. Epiphyseal
. line
“Spongy bone

Compact
bone

“Medullary

cavity




Types of bone cells ' A

1. Osteoblasts

« Bone-forming cells found
In all bone surfaces
Bone-building cells.

« Synthesize and secrete
collagen fibers and other
organic components of
bone matrix.

- serve as a framework for b * Y
the deposition of calcium "
and phosphate
calcification

-

The blue arrows indicate the
osteoblasts. The yellow arrows indicate
the bone matrix they’ve just secreted.



Types of bone cells

2. Osteoclasts
* Glant multinucleate cells

« Responsible for the
active erosion of bone
minerals

« Contain large numbers
of mitochondria and

resorption ‘
lysosomes ptbay A osteoclast




Types of bone cells

« 3. Osteocytes—mature, nondividing
osteoblast surrounded by matrix, lying
within lacunae

OSTEOCBLAST




Cartilage




Bone Structure

Periosteum — hard outer covering
— Cells for growth and repair

Compact bone — hard strong layer
— Bone cells, blood vessels, protein with Ca and P

Spongy bone — at ends of long bones
— Has small open spaces to lighten weight

Marrow cavity — hollow in middle of long bones



Bone Structure
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Microscopic Structure of Compact

Bone

— Contains many cylinder-
shaped structural units called
osteons, or Haversian
systems

— Four types of structures make
up each osteon:

» Lamella—concentric, cylinder-
shaped layers of calcified
matrix

« Lacunae—small spaces
containing tissue fluid in
which bone cells are located
between hard layers of the
lamella

Structures
in the
central
canal

Artery with
capillaries

Vein
Nerve fiber

Lamellae

Collagen
fibers

Twisting
force ( >



Microscopic Structure of

Compact Bone
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Microscopic Structure of
Compact Bone

- Canaliculi—ultrasmall canals S y'a"S8ia1 SLEEEs
radiating in all directions from ERRPTI
the lacunae and connecting
them to each other and to the & ®

Haversian cana £\

 Haversian canal—extends
engthwise through the
center of each osteon and
contains blood vessels and
lymphatic vessels




Haversian System

« Structure of compact bone

* Rings of bone tissue with blood vessels

and nerves In the center
- j.'., ..'._;i-*"'\"gm} III{'J % DR

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



Haversian System
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Microscopic Structure of

Compact Bone
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Bone Development
Initial skeleton of cartilage In infants

Replaced with bone by osteoblasts
More than 300 bones at birth — fuse to 206

Always growing and breaking down
v Osteoblasts — form new bone cells
v Osteoclasts — break bone cells down
v Osteocytes — mature bone cells



Bones — reservoir of calcium

99% of skeletal calcium forms stable bone (not
exchangeable with the Ca in extracellular fluid)

1% is in the form of releasable pool of Ca
Balance of deposition and resorption

Osteoblasts — bone-forming cells responsible for
bone deposition

— Secrete type | collagen
— Differentiate into osteosytes

Osteoclasts — “bone-eating” cells that resorb the
previously formed bone



Regulation of osteoblasts function

v PTH (fast reaction - activation of calcium pump ? —
pumping Ca to ECF)

v' 1,25 Dihydrocholecalciferol

v IL-1

v'T3, T4

v hGH, IGF-1 (insuline-like growth factor)

v PGE, (prostaglandine)

v TNF (tumor necrosis factor)

v Estrogens ?

v’ Corticosteroids



Regulation of osteoclasts function

v'PTH (not directly — through stimulation of
osteoblasts)

v' 1,25 Dihydrocholecalciferol (not directly — through
stimulation of osteoblasts)

v'IL-6, IL-11

v’ Calcitonin (directly — receptors)

v Estrogens (by inhibiting production of certain
cytokines)

v TGF-B (tranforming growth factor)
v PGE,(prostaglandine)



Parathyroid Hormone

Secreted by parathyroid glands
— Rapid response to reduced calcium (minutes)

Polypeptide
— 84 amino acid residues
— 9,500 daltons M.W.

Peptide fragments can be active for
periods measured In hours

Operates In tissues via cAMP second
messenger




Id Hormone

aousnbas |euiwig}-N

Pre—pro-PTH

aouanbas 0.4,

-

; w®@@@®_W®@

Parathyro

@ouanbas | aid,, iapean

&)
&
©,
)

S,

aouanbas |eubig @

@@@@@@@@@@@@@
()

®
@7

© Novartis




Parathyroid Hormone Biosynthesis

Parathyroid Chief Cell

Nucleus

it @ DNA _
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RNA Polymerase and Cell Division
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Parathyroid gland
(located on posterior
side of the thyroid
gland)

Thyroid
gland

Parathyroid
glands

Chief cell

Oxyphil cell

Red blood cell



Regulation of PTH

* The dominant regulator of PTH Is plasma
Cas*

« Secretion of PTH Is inversely related to
[Ca=* ]

 Maximum secretion of PTH occurs at
plasma Ca“* below 3.5 mg/dL

« At Ca’* above 5.5 mg/dL, PTH secretion is
maximally inhibited.



Calcium regulates PTH
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Regulation of PTH

« When Ca?* falls, cAMP rises and PTH is
secreted

* 1,25-(0OH),-D inhibits PTH gene expression,
providing another level of feedback control
of PTH

» Despite close connection between Ca“* and
PO,, no direct control of PTH is exerted by
phosphate levels



Effects of PTH

* Increases calcium absorption from bone

v' Existing osteocytes stimulated
(minutes to hours) to transport calcium
— calcium pumps

v' Existing osteoclasts activated and
new osteoclasts formed (days to

weeks) to digest bone and release
calcium
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PTH actions (Kidney)

 Direct

v' PTH increases resorption of Ca2+ in the
distal tubules

v PTH increases PO4 3- and HCO3- excretion
In the urine




PTH actions (Kidney)

PTH

|

1-a hydroxylase
)

l

Intestinal absorption of Ca2+



Actions of PTH: Kidney

 PTH acts on the kidney to
(decreased excretion)
Also get increased excretion of phosphate (other
component of bone mineralization), and
decreased excretion of hydrogen ions (more
acidic environment favors dimineralization of
bone)

 ALSO, get increased production of the active
metabolite of vitamin D3 (required for calcium
absorption from the small intestine, bone
demineralization).

« NET RESULT: increased plasma calcium levels



PTH actions (Bone)

 PTH acts on osteoblasts to inhibit the synthesis
of collagen (inhibition of bone formation)

 PTH acts on osteoblasts to stimulate secretion
of cytokines, which acts on the osteoclasts to
promote demineralization and Ca2+ release
(osteoclastic bone resorption)

 PTH also activates Ca“* pumps within the
surface osteoblasts to move Ca?* out of bone
fluid and into the extracellular fluid (ECF)



Actions of PTH: Bone

* PTH acts to inc
(release of calcium).

v Causes osteoblasts to release
cytokines, which stimulate osteoclast
activity

v Stimulates bone stem cells to develop
Into osteoclasts

v Net result: increased release of calcium
from bone

v' Effects on bone are dependent upon
presence of vitamin D



PTH action

« The overall action of PTH is to increase plasma
Ca?* levels and decrease plasma phosphate
levels

 PTH acts directly on the bones to
and kidney to stimulate Ca?®*
reabsorption in the distal tubule of the kidney
and to
(thereby stimulating Iits excretion)

 PTH also acts indirectly on intestine by
stimulating 1,25-(OH),-D synthesis



Hypocalcemia (low blood
calcium) stimulates
parathyroid glands
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Mechanism of Action of PTH

PTH binds to a G protein-coupled receptor
Binding of PTH to its receptor activates 2
signhaling pathways:

v" increased cyclic AMP

v" increased phospholipase C

Activation of PKA appears to be sufficient to
decrease

Both PKA and PKC activity appear to be
required for



Regulation of PTH Secretion

PTH Is released In response to changes In
plasma calcium levels.

v Low calcium results in high PTH release
v High calcium results in low PTH release

PTH cells contain a receptor for calcium,
coupled to a G protelin.

Result of calcium binding: increased
ohospholipase C, decreased cyclic AMP

_ow calcium results in higher cAMP, PTH
release

Also, (negative
feedback).
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Calcium Signal Transduction In
Parathyroid Gland

* G-Protein Coupled Receptor

600§Ae>§ternal  Activates Phospholipase C
omalin

— Leads to increased
Diacylglycerol (DG) and
Inositol trisphosphate
(IP3) as secondary

=
=
'-i\

messengers
— Inhibits adenylate cyclase
Phosphorylation to reduce cAMP
sites : :
. * Presentin C cells of Thyroid
200 AA internal
domain Gland

— Regulates calcitonin
secretion



Parathyroid Hormone Receptor

. o
AOPEEPEEHODRORODDHECOVEEWLEEOEEPD

Schematic representation of the PTH/PTHrP receptor (NH, terminus at top) from

kidney cells, potential N-glycosylation sites ( A ), and cysteine residues that are conserved

in the calcitonin receptor (@), In OK-H, residues 508 to 515 (to the left of the arrow) are WPCSALD.
The peptide ends eight residues after the arrow.




Calcium Receptor, CAMP, and PTH
Release

VWL



Calcium Receptor, cCAMP, and PTH
Release
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PTH-Related Peptide

Has high degree of homology to PTH, but is

Can activate the PTH receptor.

n certain cancer patients with high PTH-related
peptide levels, this peptide causes
nypercalcemia.

But, its normal physiological role is not clear.
v mammary gland development/lactation?
v" kidney glomerular function?
v'growth and development?




PTHIP

Three forms of PTHrP identified, all about
twice the size of native PTH

Marked structural homology with PTH
PTHrP and PTH bind to the same receptor

PTHrP reproduce full spectrum of PTH
activities



Vitamin D

* Vitamin D, after its activation to the
hormone 1,25-dihydroxy Vitamin D3 Is a
principal regulator of Ca®*

 Vitamin D increases Ca“* absorption from

the intestine and Ca?* resorption from the
bone



Synthesis of Vitamin D

Humans acquire vitamin D from two sources

Vitamin D iIs produced in the skin by ultraviolet
radiation and ingested in the diet

Vitamin D Is not a classic hormone because it is
not produce and secreted by an endocrine
“gland.” Nor is it a true “vitamin” since it can be

synthesized de novo

Vitamin D Is a true hormone that acts on distant
target cells to evoke responses after binding to
high affinity receptors




Synthesis of Vitamin D

Vitamin D3 synthesis occurs in keratinocytes in
the skin

/-dehydrocholesterol is photoconverted to
previtamin D3, then spontaneously converts to
vitamin D3

Previtamin D3 will become degraded by over
exposure to UV light and thus is not
overproduced

Also 1,25-dihydroxy-D (the end product of
vitamin D synthesis) feeds back to inhibit its
production



Synthesis of Vitamin D

PTH stimulates vitamin D synthesis. In the winter
or if exposure to sunlight is limited (indoor jobs!),
then dietary vitamin D Is essential

Vitamin D itself is inactive, it requires modification
to the active metabolite, 1,25-dihydroxy-D

The first hydroxylation reaction takes place in the
liver yielding 25-hydroxy D
Then 25-hydroxy D Is transported to the kidney

where the second hydroxylation reaction takes
place




Regulation of Vitamin D by PTH and
Phosphate Levels

T
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Diet
HO
Vitamin D,
uv from Skin
sunlight
HO !

Provitamin D,
(7-dehydrocholesterol:
Intermediate in cholesterol
synthesis)

Liver OH

25-OHase

HO
25(0OH) D,

Kidney
1-OHase

OH

HO OH

1,25(0OH), D,
(active hormone form)

OHase =
hydroxylase

Specific receptors in
Intestine, bone, Kidney

Ca:
Intestinal absorption
Renal reabsorption

PO,:
Intestinal absorption
Renal reabsorption

Photobiosynthesis of vitamin D5 and its metabolism



Vitamin D

* Vitamin D is a lipid soluble hormone that
binds to a typical nuclear receptor,
analogous to steroid hormones

* Because It is lipid soluble, it travels in the
blood bound to hydroxylated a-globulin

* There are many target genes for Vitamin D



Vitamin D action

* The main action of 1,25-(OH),-D Is to
stimulate absorption of Ca?* from the
Intestine

* 1,25-(0OH),-D induces the production of
calcium binding proteins which sequester
Ca?* , buffer high Ca?* concentrations that
arise during initial absorption and allow
Ca®* to be absorbed against a high Ca?*
gradient



Vitamin D promotes intestinal
calcium absorption
* Vitamin D acts via steroid hormone like

receptor to increase transcriptional and
translational activity

* One gene product is calcium-binding
protein (CaBP)

« CaBP faclilitates calcium uptake by
Intestinal cells



Vitamin D Actions on Bones

 Another important target for 1,25-(OH),-D is the
bone

have vitamin D
receptors

 1,25-(OH),-D acts on osteoblasts which produce
a paracrine signal that activates osteoclasts to
resorb Ca?* from the bone matrix.

+ 1,25-(OH),-D also stimulates osteocytic
osteolysis.



Vitamin D and Bones

* Proper bone formation is stimulated by
1,25-(OH),-D

* In its absence, excess osteoid
accumulates from lack of 1,25-(OH),-D
repression of osteoblastic collagen
SYUUESE

* Inadequate supply of vitamin D results Iin
rickets, a disease of bone deformation



Calcitonin

 Calcitonin acts to decrease plasma Ca®*
levels

 Calcitonin Is synthesized and secreted by
the parafollicular cells of the thyroid gland

* They are distinct from thyroid follicular cells
by their large size, pale cytoplasm, and small
secretory granules



Parafollicular cells
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Calcitonin

* The major stimulus of calcitonin secretion
IS a rise in plasma Ca?* levels

« Calcitonin is a physiological antagonist to
PTH with regard to Ca?* homeostasis



Actions of Calcitonin

« The major action of calcitonin is on bone
metabolism

 Calcitonin inhibits activity of osteoclasts, resulting
In decreased bone resorption (and decreased
plasma Ca?* a levels)

calcitonin
§5X5)

osteoclasts: destroy bone to
release Ca

Decreased
resorption




Calcitonin

« The target cell for calcitonin is the osteoclast

e Calcitonin acts via increased cAMP concentrations
to inhibit osteoclast motility and cell shape and
Inactivates them

* The major effect of calcitonin administration is a
rapid fall in Ca?* caused



Calcitonin

Role of calcitonin in normal Ca?* control is not
understood—may be more important in control of bone
remodeling

Used clinically in treatment of hypercalcelmia and in
certain bone diseases in which sustained reduction of
osteoclastic resorption is therapeutically advantageous.

Chronic excess of calcitonin does not produce
hypocalcemia and removal of parafollicular cells does
not cause hypercalcemia. PTH and Vitamin D3
regulation dominate

May be more important in regulating bone remodeling
than in Ca?* homeostasis.



Regulation of Calcitonin Release

« Calcitonin release Is stimulated by increased
circulating plasma calcium levels

« Calcitonin release Is also caused by the
gastrointestinal hormones gastrin and
cholecystokinin (CCK), whose levels increase
during digestion of food.



What is the Role of Calcitonin in Humans?

 Removal of the thyroid gland has no effect on
plasma Ca levels!

 Excessive calcitonin release does not affect
bone metabolism!

* Other mechanisms are more important in
regulating calcium metabolism (i.e., PTH and
vitamin D)



Calcitonin Gene-Related Peptide
(CGRP)

The calcitonin gene produces several
products due to alternative splicing of the
RNA.

CGRP is an alternative product of the
calcitonin gene.

CGRP does NOT bind to the calcitonin
receptor.

CGRP Is expressed in thyroid, heart, lungs,
Gl tract, and nervous tissue.

It is believed to function as a
neurotransmitter, not as a regulator of Ca.




Other Hormones

e GH, IGFs

v’ Activate chondrocytes
v intestinal Ca2+absorption
v'renal PO4 3 — reabsorption

 Thyroid hormone
Increase bone formation

Increase bone resorption by
decreasel,25 DHCC and increase renal
Caz2+excretion



Sex hormones

Sex hormones

. Estrogen
| |

PTH action on bone PTH action on kidney

Bone resorption Ca2+ excretion

I 1

Bone formation



Glucocorticolids

« Osteoporosis
v} Gl Ca2+absorption.
v 1 Renal Ca2+excretion
v 1 PTH



Hypoparathyroidism

Hypocalcemia occurs when there Is
Inadequate response of the Vitamin D-PTH
axis to hypocalcemic stimuli

I_

I_

ypocalcemia Is often multifactorial
ypocalcemia is invariably associated with

hypoparathyroidism
Bihormonal—concomitant decrease in 1,25-
(OH)2-D



Hypoparathyroidism

* PTH-deficient hypoparathyroidism
v' Reduced or absent synthesis of PTH

v Often due to inadvertent removal of
excessive parathyroid tissue during thyroid or
parathyroid surgery

* PTH-Ineffective hypoparathyroidism
v Synthesis of biologically inactive PTH



Pseudohypoparathyroidism

« PTH-resistant hypoparathyroidism

v Due to defect in PTH receptor-adenylate
cyclase complex

« Mutation In Gas subunit

« Patients are also resistant to TSH, glucagon and
gonadotropins



Pseudohypoparathyroidism

« Symptoms and signs
v'"Hypocalcaemia
v'Hyperphosphatemia

v'Characteristic physical appearance: short
stature, round face, short thick neck, obesity,
shortening of the metacarpals

v’ Autosomal dominant



Primary Hyperparathyroidism

« Etiology

v' Solitary Adenoma (80-85%)

v Double Adenomas (2-4%)

v Muliple Gland Hyperplasia (10-30%)

v’ Parathyroid Carcinoma (0.5%)

v MEN syndromes (10% of MGH have MEN 1)
« Diagnosis

v’ Signs & Symptoms

v Elevated serum calcium

v Elevated PTH




Homeostatic Imbalances

 Disease of children due to a lack of vitamin D

» Calcium is not deposited in bones

* Bones become soft

« Bowing of the bones, and other deformities occur



Homeostatic Imbalances

e “Rickets” of adults

e Due to a lack of vitamin D

» Calcium is not deposited in the bones
« Bones become brittle



Homeostatic Imbalances

Bone reabsorption is greater than bone deposition

v Lac
v’ Lac

K of estrogen in women.
K Oof exercise to stress the bones

v' Inad

equate intake of calcium and

phosphorus
v Abnormalities of vitamin D metabolism.
v" Loss of muscle mass



Age Related Dysfunctions

Osteoarthritis - 90% of pop. By age 40

v" Can be normal age-dependent change
v" Can also be pathology due to ?

v Age-related changes

v" Decrease blood supply

v Trauma



Osteoarthritis

Loss
of
Cartilage




Osteoporosis

Decline in Bone Density
Bone Resorption > Bone Deposition

Increase Risk for Fracture
compression fractures of vertebrae hip fractures



Osteoporosis




SR ARG B e ke
mv Ga“,«ﬂo\u.sw-ﬁ;
* &.__l.- - e i
- iﬁp ..




