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Disclaimer

| am a retired engineer and former volunteer tour
guide at Jackson Laboratory in Bar Harbor, ME

| first got interested in medical diseases and
discoveries to treat them 20 years ago

| am not a Doctor and cannot dispense medical
advice — but | can refer you to literature

| am not a medical researcher — but have
arranged for them to answer questions that |
cannot answer



Quick Survey

* Do You Have Friends or Relatives With:

— An Endocrine System Disorder

— Difficulty Getting Pregnant

— Stress Related Conditions

— Hot Flashes

— Overweight, Obese, Difficulty Losing Weight



Changes in Death Rates by Disease
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Notable Quotes

* 1905: From Ernest Starling lecture:

“These chemical messengers, however, or “hormones” (Greek
for “l arouse”) as we may call them, have to be carried from the
organ where they are produced to the organ which they affect”

 2018: From Aroused by Randi Hutter Epstein:

“Hormones are substances secreted by a gland that target a
distant site; they travel via the blood; they are crucial for the
maintenance of the body; they are crucial for survival”

“They control just about everything” — mineral levels, growth,
reproduction, survival from threats

“The Endocrine System is the Master Regulator of Your Body”
Dr Kamyar Hedayat, President of the Endobiogeny Society



Key Concepts

 There is a general common pattern of how all
glands produce hormones in response to their
environment or other hormones which regulate
the body by feedback control loops

 Endocrine vs Nervous System Communication

— Chemical Messages vs Electrical Impulses

— Broadcast to all cells simultaneously via hormones in
blood vs directed to specific cells in only one direction
along a chain of nerve cells via neurotransmitters

— Slow (minutes) vs fast (milliseconds) response time
— Reaction lasts a long time vs a short time



Systems of the Human Body

ki 3 Integumentary System P Skeletal System
AF ey i g £ :l A 8
ﬁ.\ i } * Encloses internal Cartilage —Qz * Supports the body
el * Enables movement

o body structures J
« Site of many / 2
sensory receptors

{with muscular
system)

-

Joints

Endocrine System
Van Nervous System

Pituitary _‘¢‘=~.‘i

gland S 7 * Secretes hormones

Brain

* Detects and ) | * Regulates bodily
processes sensory 1hyroid ———— - processes
information gland pi &)

* Activates bodily Je |
responses !" A —A

Spinal P _,,_6:: AL
Rt ancreas —— B | .\
l ' B
Adrenal J
glands ( ‘ \h
“inl i
|_4'\‘Ju ,j
Peripheral
nerves Testes

OQvaries

Muscular System

* Enables movement
(with skeletal system)

* Helps maintain body

temperature

Skeletal
muscles

)

i ;w

Tendons Q
|

)

Cardiovascular System

* Delivers oxygen
and nutrients to
tissues

* Equalizes

temperature in

the body



Endocrine System Overview

Pituitary gland

(secretes many different
hormones, some of which
affect other glands)

Hypothalamus

(brain region
controlling the
pituitary gland)

Thyroid gland
(affects metabolism,
among other things)

Thyroid gland
(affects metabolism,
among other things)

Parathyroids
(help regulate level
of calcium in the blood)

Parathyroids
(help regulate level
of calcium in the blood)

Adrenal glands

(help trigger the

fight-or-flight
response)

Pancreas
(regulates the
level of sugarin
the blood)

Ovary
(secretes female
sex hormones)

Testis
(secretes male
sex hormones)



The Endocrine System in Action

* The endocrine system is a dynamic system
that responds to the body’s internal and
external environment

* Video

— https://www.youtube.com/watch?v=e4culfgMsNs
#action=share



https://www.youtube.com/watch?v=e4cuIfgMsNs
https://www.youtube.com/watch?v=e4cuIfgMsNs

Hormones Control Most of Your Body Systems

Negative Feedback Loop (In General) * Homeostasis

— Provides a constant
environment to each
o cell (equilibrium) —
temperature,
pressure, water, pH
nutrients, sugar,
comective Calcium

corrective mechanisms mechanisms activated
swithched off

conditions in the body
change from set point

— It's hard to grow a
human cell in a
conditions
returmed t laboratory



Cell Basics

Our bodies contain 10
trillion cells of 200 types

Eukaryotic cells have a
nucleus, Prokaryotics
(bacteria) do not

Our DNA resides in the
nucleus on 46
chromosomes

Proteins = “workhorses”
— Structural elements

— Muscles

— Enzymes — speed reactions
— Signals — turn on/off DNA



Cells are Made of Proteins and Lipids

 Complex and Chaotic
— Everything is vibrating
e Membranes with Pores

» Surface Receptors
— Like a fuzzy tennis ball

* Interior Structures

* Organelles
 Metabolize to Live
 Chemical Factories

. * Divide to Reproduce
* Primitive “Immunity”
'+ Took Billions of Years




A Typical Endocrine Cell

Endocrine cell

Synthesis

Preprohormone

Prohormone

Packaging

Prohormone

Hormone

Storage

Hormone

x4 Secretion

Hormone
(and any

! Interstitium
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"pro" fragments)

Vesicles are tiny
bubbles with a
membrane and filled
with a fluid (hormone)

Slowly build up then
quickly released when
needed

Acts as transmitters of
the signal



Receptors in Action

* Receptors are protein structures on the surface
of cells that molecules attach to to create a
response in that target cell

e Acts as receivers of the signal

* Video of an insulin receptor
— https://www.youtube.com/watch?v=VbwRYFMPZS4



https://www.youtube.com/watch?v=VbwRYFMPZS4
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Protein/Peptide Hormone Synthesis/Reception

Synthesis Reception / Action

Peptide

hormone
Plasma

membrane

Cellular «—— Second messengers

vt by
/ 1 /' Protein

Enzyme synthesis
action

DNA transcription
mRNA synthesis

Nucleus

Fig. 1-1. Mechanism of Action of Peptide Hormones

Figure I.l. Protein hormone synthesis.
(1) mRNA directs the production ofdlepmprohom\omhdp Cyt

mmeispaclagednnasecmrymle.utd(!)horvmh
hormone and released from the cell. .




Steroidal Hormone Synthesis/Reception

Synthesis Reception and Actions

Plasma membrane

synthesis

Nucleus
Altered cell

function

Fire 1 20 Seodto L A Fig. 1-3. Mechanism of Action of Steroid Hormones

(1) Enzymes convert cholesterol into pregnenol in cell mitochondria, (2) preg-
nenolone is broken down into progesterone in the endoplasmic reticulum, and (3) prog-
esterone is converted into the active steroid, which is released from the cell.

s, .



Receptor Controlled lon Channels

Extracellular Messen er—Q
fluid g

Receptor and
/ ion channel _|A

| /

v
| 9
|

| €D €0 €8 3 € @) | (8 8 €8 €% @Y ¢\
< A \\ //
Channel

closed lons (Na*, K*, CI) move
through open channel

l

Cytosol Change in electrical properties of cell

Channels open when
hormone messenger
attaches to the receptor

Allows Sodium,
Potassium, Calcium,
Glucose to pass through
cell membrane to enter
cell

How insulin receptor works: https://www.youtube.com/watch?v=DY7avlI3GNg



https://www.youtube.com/watch?v=DY7avIl3GNg

Metabolic Pathways

* Description of the underlying biological
mechanisms at the cellular level in health and
disease

* Interrelationships and interactions appear as a
circuit diagram showing up regulation and
down regulation of biologically significant
compounds



Excerpt - Metabolic Pathways
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Discovery of Hormones

* Observational studies provide a clue
— Serendipity — Random mutations, Freaks

— Autopsies — Sick patients had diseased adrenal glands
(Addison, 1849)

 Experiments that removed and transplanted
glands — Castrated roosters restored with a new
testes or testes fluids (Berthold 1849)

* Experiments with dogs to show pancreatic
secretions stimulated by a chemical compound
and not a nerve. First to isolate a hormone,
Secretin (Bayliss & Starling 1902)



Key Hormones and Their Actions

KEY HORMONES AND THEIR MAIN ACTIONS® |

HORMONE

WHERE IT IS MADE

WHAT IT DOES

Growth Hormone pituitary Stimulates body growth,
Controls adrenal glangk
ACTH AL
icotropic pituitary release of hormones
[adre}r:grc;g;io] i especially cortisol.
SH S = Stimulates the thyroid
[thgroid-snmu]latmg pituntary gland to release T3 and T4,
hormone
= Controls hormone
) ! ; S production by ovaries and
(follicle-stimulating pituitary testes; SUppOIts egg a
hormone] sperm production.
Controls hormone
B tion by ovaries
- LH pituitary produc lqn y
(luteinizing hormone) and testes; supports egg
and sperm production.
Stimulates milk prod
Prolactin pituitary in women; helps cri
healthy sperm in mi
ADH Causes kidneys to cltén';
. g
(antidiuretic hormone) pituitary serve water that wou
lost in urine.
In women, causes m
flow from breasts Wi
Oxytocin ot baby is nursing; tén
: PRtang muscles of the ute
(womb) during b
push out the bab!
Melatonin : Helps cause a sense of
pineal P

sleepiness at nighttime-

T3 and T4

WHERE IT IS MADE

thyroid

WHAT IT DOES

Helps all cells stay
active by using food
particles for energy.

Calcitonin

thyroid

Lowers the amount of
calcium in blood.

PTH
(parathyroid hormone)

parathyroids

Increases the amount of
calcium in blood

Insulin

pancreas

Lowers the amount
of sugar and other food
particles in blood aftera

meal by helping cells
store the particles.

Glucagon

pancreas

Increases the amount of
sugar in blood between
meals by helping cells re-
lease stored food particles.

Aldosterone

adrenals

Causes kidney cells to
save sodium from being
lost in urine.

Cortisol

adrenals

Helps cells release stored
food particles.

Estrogen

ovaries

Creates female appearance
and maintains a healthy
uterus during pregnancy.

Progesterone

ovaries

Maintains a healthy womb
during pregnancy.

Testosterone

testes

Creates male
appearance and helps
make the fluid (semen)
that carries sperm.

For a list of all 50 human hormones: https://en.wikipedia.org/wiki/List of human hormones
Notice hormone / “anti-hormone” pairings: insulin/glucagon, calcitonin/PTH, leptin/ghrehlin



https://en.wikipedia.org/wiki/List_of_human_hormones

Hormone Molecular Structure
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THE ENDOCRINE SYSTEM

Anterior lobe;

ACTH, TSH, GH, PRL,

FSH, LH, and MSH

Posterior lobe:
Release of oxytocin
and ADH

Production of ADH,
oxytocin, and
regulatory hormones

THYROID GLAND

Thyroxine (T,)
Trilodothyronine (T,)
Cailcitonin (CT)

(Undergoes :

during aduithood) r
Thymosins
»(Chapler 22)

ADRENAL GLANDS

Each adrenal gland is
subdivided into:

Adrenal medulia:
Epinephrine (E)
Norepinephrine (NE)

Adrenal cortex:

Cortisol, corticosterone,
aldosterone, androgens

o )
(on posterior surface of
thyroid gland)

Parathyroid hormone (PTH)

f

' PINEAL GLAND

Melatonin

Renin
Erythropoietin (EPO)
‘ Calcitriol
| |[(Chapters 19 and 27)

HEART

' Natriuretic peptides:

ANP and BNP
(Chapter 21)

Numerous hormones
(detailed in Chapter 24)

Leptin
Resistin

Testes (male):
Androgens (especially
testosterone), inhibin

[————— Qvaries (female):

Estrogens, progestins,
inhibin

| PANCREATIC
Insulin, glucagon




The Pituitary Gland

Pituitary gland

» Hypothalamic neurons
cause hormone

production in anterior
and posterior lobes of
pituitary gland.

Pituitary :

W A Superior

hypophyseal Inferior

artery W,/ hypophyseal
2oA M artery
Anterior )

lone W LA NS — Posterior

oﬁ"’i = 7__,;\1 ’/ e "’:)"', = o lobe
Hormones % Hormones

Hypophyseal
veins

e Anterior Lobe — Front

TSH — Thyroid Stimulating Hormone
GH — Growth Hormone

FSH — Follicle Stimulating Hormone
LH - Luteinizing Hormone (to Gonads)
ACTH — Adrenocorticotropic Hormone
PRL - Prolactin

Posterior Lobe — Back

ADH — Antidiuretic Hormone

Oxytocin



The Thyroid and Parathyroid

* Thyroid
— T4 — Thyroxine
— T3 —Thiiodothyronine
— Calcitonin
e Parathyroid
— PTH — Parathyroid Hormone
— Vitamin D




The Adrenal Glands

Adrenal glands — — ST
Zona e — Aldosterone
glomerulosa | 2]
Zona
b fasciculata Cortisol
5 — &
O androgens
Zona; s
reticularis U
L Epinephrine
B &
= 5\ norepinephrine
Kidneys b e
Adrenals secrete:
Epinephrine (Adrenaline)
Norepinephrine Cortex
Cortisol & Androgens — Medulla ol

Aldosterone

okt die o o e e,



The Pancreas

Splenic artery

Pancreatic
hormones:
* [nsulin

» Glucagon

Spleen

Pancreas
Pancreatic islets

Bile duct (from

gall bladder)
Common bile duct /
Dlgestlve i
enzymes i Pancreatic islet
Duodenum of

: | Alpha cells
small intestine

: Beta cells
Acinar cells
secrete digestive

enzymes

Pancreatic duct

Exocrine acinus

Insulin is secreted by Beta Cells



Ovaries

FEMALE REPRODUCTIVE SYSTEM

Fallopian tube

Ovary

) 'y
Uterus

Cervix

Vagina

* QOvary

secondary

primary ovum ,_——— primary follicle —— developing follicles \
ovum

blood

vessels primordial mature

(Graafian)
> follicle

".‘ ruptured
) folicle

early corpus ,___,%berated

luteum Ll

Estrogen and Progesterone are
secreted by the corpus luteum



Testes

Testosterone Made Here in Leydig Cells

Seminal
Vas deferens vesicle
Prostate
gland

Ejaculatory
duct

Penis

Cowper's

Urethra gland

Ligamentous remnant
of processus vaginalis

Head of epididymis

Straight tubule

Seminiferous Efferent ductules

tubule

Rete testis in
mediastinum testis

Parietal
layer

Body of epididymis
Tunica .
vaginalis 7| Cavity

Visceral
layer

Capsule

(tunica albuginea) Tail of epididymis

Sperm Made Here



Pineal

The Pineal Glan |t sasii i i = e

* Functions: the pineal
gland releases hormones
that control circadian
rhythm and regulate
certain reproductive
hormones.

* Hormones: nucleus
» Melatonin c%g;% ,
* Serotonin ‘

Pituita
>, Hypothalamus\




Thymus

Capsule Thymic corpuscle

Conex
Medula

Interlobular soplum

Thymus
=

| MR | Thymus

Thymic bbulq_i

e Links the Endocrine and
Immune Systems

* Endocrine System Role

— Secretes Thymosin, Thymic
Humoral Factor (THF), Thymic
Factor (TF) and thypoietin which
control the production of T cells
and the activation of B cells

* Immune System Role

— Creates T lymphocites, Helper T
cells, Killer T cells

— Retains memory of invaders in
Memory T cells



The Hypothalamus

_ . * The Real Master Controller
/\& ) ) T? \" of the Endocrine System
' A >\sld Directing the Secretion of
Pituitary Hormones

\ L) \9 e Connected to the Pituitary
- . \

, - Posterior Lobe by Nerves

not Hormones

SuprachiasmatiCes=ay
nucleus '

Optic
chiasm

* Links the Endocrine System
to the Nervous System

Pituita ~
vy Hypothalamus\



Glandular Signaling Cascades/Axes

Growth & Inflammation Insulin-like
differentiati & metabolism growth factor
Energy bal |

LH & ‘

FSH Growth & differentiation

¢— l \ Prl

Hypothalamic Pituitary
Adrenal (HPA) Axis

— TRH-TSH-T3/T4

— GnRH-LH/FSH-sex hormones
— CRH-ACTH-cortisol

— Renin-angiotensin-aldosterone
— leptin vs insulin
Hypothalamic Pituitary
Thyroid (HPT) Axis

— TRH-TSH-T3/T4
Hypothalamic Pituitary
Gonadal (HGA) Axis



Pituitary Hormone Regulation

Hypothalamic-Pituitary-Target Organ Feedback Loops

Hypothalamic hormones
C Stimulatory Inhsbltory

Pntunary hormones

Target organ hormones

l

Fig. 2-2. Feedback Loops

Stimulating/Inhibiting Pairings Control:

Calcium — PTH/Calcitonin
Glucose — Glucagon/Insulin
Appetite - Ghrehlin/Leptin

Hypothalamus senses the
internal/external
environment and signals
Pituitary to make
controlling hormones

Pituitary in turn makes
hormones to control other
body organs and cells

These send signals back to
the Hypothalamus to keep
the body systems in
balance (Homeostasis)



Positive and Negative Feedback Loops

S " Hormone
. Endocrine H
ce“s ‘j;

Stimulates hormone

release H—

Figure 1.6. Positive feedback loop.
Rising levels of a hormone act upon the gland that secreted it to stimulate
further production.

~ Endocrine
\ Cells

~ Hormone |

Inhibits hormone

release 4

Figure 1.5. Negative feedback loop.
Rising blood levels of a hormone act upon the gland that secreted it to
inhibit further production.

Restores levels of controlled substance to that required at the time = set point
Hormones that are generated and no longer needed get eliminated by enzymes
Residence time in the blood is measured in half lives from minutes to hours



Blood Pressure Regulation

volume
receptors

posteﬁor
pituitary

excrete or & pituitary gland
reabsorb fluid
kidney
Figure 3.8. Blood pre i |
g pressure and ADH secretion. the hypothd®™

Vol}:me receptors in the heart sense changes in blood pressure and send a message ©'
which either stimulates or inhibits ADH secretion to regulate fluid absorption by the kidneys:

Blood pressure sensors in the
heart send electrical signals to
the hypothalamus

If BP too low hypothalamus
signals the posterior pituitary to
produce additional antidiuretic
hormone (ADH) to kidneys to
conserve water

If BP too high hypothalamus
signals the pituitary to produce
less ADH and the kidney excretes
excess water into urine



The Female Fertility Cycle

Follicular Phase Luteal Phase

estrogen
progesterone

® ¢ \ ! X

/ \ / N\

developing eggs one e.mergf:s as the egg bursting out of the follicle left behind
inside the follicles dominant” and the follicle at the turns into the corpus
grows alone moment of ovulation luteum (yellow body)




Female Fertility Cycle

< Follicular phase >i4 Luteal phase ———»
LH
Gonadotropic
hormone
levels FSH
I 7é
|
|
Ovarian cycle @ = ‘ﬁ
) ® ¥/ (=
Preovulatory phase Ovulation Postovulatory phase
|
|
Ovarian |
hormone |
levels Estrogens :
|
+
I
I
|
I
’,
Uterine cycle
Phases of the P PROLIFERATIVE
uterine cycle J PHASE SECRETORY PHASE

I
DAYS 0 7 14 21 28



Manipulation of Sex Hormones

e QOvarian Hyperstimulation * Birth Control Pill
— Active Compound — Active Compounds
* Gonadotropin Releasing e Estrogen and Progestin

Hormone (GnRH)

— Method of Action

* Stimulates the release of
gonadotropins (LH and FSH)

* Oocyte retrieval (4-20) for
use in IVF otherwise a high
risk of multiple pregnancy

— Method of Action

* Prevents ovulation

* Thickens cervical mucus and
lining of uterus impede sperm

— Effective 99.7% if used as
directed, 91% actual

— Side Effects — Side Effects
e OHSS — Shift of fluid from * Blood clots
blood to other body cavities * Heart attack, Stroke

* Progestin to reduce cancer



Hormone Replacement Therapy

For Men * For Women
— To retain strength and — To relieve post

vigor in the elderly menopausal symptoms
— Testosterone and growth — Estrogen and

hormone supplements Progesterone

supplements

An early endocrinologist in 1900 attempted hormone replacement therapy on
himself:
Endocrinologist Charles-Edouard Brown-Séquard injected himself with
extracts from dog and guinea-pig testes in a pioneering attempt at a kind
of hormone replacement therapy. In the journal The Lancet, the 72-year-
old scientist reported that the treatment rejuvenated him, restoring his
strength, digestive functions and "intellectual labor."



Endocrine System Pathologies

Hormone Insufficiency
Hormone Excess

Receptor Malfunction — Damaged, Too Few, Too
Many

Causes

— Genetic

— Tumors

— Autoimmune Disorders, Antibodies kill endocrine cells
— Infection

— Environmental Toxins, Radiation




Insulin Biosynthesis and Structure

* The human insulin protein is composed of
51 amino acids, and has a molecular mass
of 5808 Da. It is a dimer of an A-chain and
a B-chain, which are linked together by
disulfide bonds.

* Insulin's structure varies slightly between
species of animals. Insulin from animal
sources differs somewhat in effectiveness
(in carbohydrate metabolism effects)
from human insulin because of these
variations

* Porcine insulin is especially close to the
human version, and was widely used to
treat type 1 diabetics before human
insulin could be produced in large
guantities by recombinant DNA

SUNNN Gromosome 11 (lumanit technologies

ERRER LR * Humulin developed by Genentech in 1987

N e N I and licensed to Eli Lily

Band  11pl5.5 Start 2,159,779 bpl!]

End 2,161,341 bpll]



https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Molecular_mass
https://en.wikipedia.org/wiki/Dalton_%28unit%29
https://en.wikipedia.org/wiki/Protein_dimer
https://en.wikipedia.org/wiki/Disulfide_bond
https://en.wikipedia.org/wiki/Species
https://en.wikipedia.org/wiki/Carbohydrate_metabolism
https://en.wikipedia.org/wiki/Pig
https://en.wikipedia.org/wiki/Human
https://en.wikipedia.org/wiki/Recombinant_DNA

Type 1 Diabetes

* Caused by an insufficiency of insulin « Even when treated Diabetes
due to an autoimmune antibody attack can cause loss of limbs, toes,
that destroys beta cells in the kidney failure and blindness due
pancreatic islets of Langerhans to poor blood circulation to

* Untreated hyperglycemia will lead to extremities

death due to body’s protein digestion
* Treated with insulin injections (HRT)

Artificial Pancreas System

Continous
glucose
sensor

Keeps Blood Sugar Levels in Check

The artificial pancreas system consists of an insulin pump

. & continuous glucose monitor placed under the user's skin
—~ % e [nsulin
=P Blood sugar levels were maintained at

normal levels in type 1 diabetics

It reduces risk of hypoglycemia




Artificial pancreas at a glance

d B P #
1 CGM sensor 2 CGM receiver
Continuous glucose monitoring (CGM) CGM receiver displays the updated
sensor is inserted under the skin to readings as graphs and trends
continuously measure glucose minute-by-minute, and transiates
concentrations in the patient's cells the readings from USB to Bluetooth
—
- a @ - & T a =
‘ e “_\\

The CAD communicates with a body-
worn insulin pump that automatically

administers the correct insulin dose via
a cannula inserted under the skin

Control algorithm
device (CAD)

Readings are sent to a control algorithm
device (CAD) - eg a smartphone, tablet or PC
- where an algorithm analyses them and

calculates the correct insulin dose, if required

PIBN Jaw 2011 w-=m

Insulin

-




Artificial Pancreas System Diagram

Time-
Fixed varying

Meal Announcement
Meal Bolus (SC, IP, or Inhaled)
Pramlintide Delivery

Patient
Treatment
Action

r—————

Set Point v -
>_Desired Glucose I No Additional

Concentration Tuning I Hormones

Controller

None (fully automated)

Zone + Glucagon

+ Glucagon + Pramlintide l

Patient fe= .
Blood Glucose 351

" Other Physiological
Parameters
A

Physiological Empirical None
$< I Sampling & Activity

Static Adaptive Interval .
i Processed Data Monitor
Measurement Processin Sensar
g No Additional

/IR 7 N.  Sensors
None Filtering  Single Multiple
Fault

Glucose  Glucose
Detection



Type 2 Diabetes

Metformin Glucagon

Plasma l i + Adenylate cyclase

activity

membrane SLC22A1

e Caused by a malfunctioning
insulin receptor or reduced
ATP ¥ CAMP levels number of receptors due to

Mitochondrion

o : ‘
/Complex | \B
t Pyruvate kinase ‘

t PFKL activity <—- # ATP productlon

inding to
P-site

P actty mim»/ 4P actiy obesity and excess sugar in
t AMPK acjtlvauon d iet
. ; : . K '
ibrouce WPerovetl JRESess LTR crespectd| Prumreset | e Prayention and recovery by
receptor || transport | acid . .
Mogel | Sl . L \ | exercise and diet
' ¢ PEPCPK Glycol Gl
Improved insulin sensitivity | cr1co ‘exprecsion.  pathays Lg;?ﬁ%%imc e Treated with metformin

“The glucose-lowering, insulin-sensitizing agent metformin
works mainly by reducing gluconeogenesis and opposing
glucagon-mediated signalling in the liver and, to a lesser extent,
by increasing glucose uptake in skeletal muscle”



Measuring Hormones to Research Their Function
Diagnose Diseases and Understand Their Chemistry

Tablel.2 Discovery of hormones. ¢ Measu re Qua ntlty
ormonal HP-
Emction Structure - RadIOImmunoassay

TRH 1962 1969 — ELISA
GnRH 1960 1971 . ]
GH 1921 1969 — For Blood/Urine Testing
ACTH 1922 1956
FSH and 1
SR AL e Determine Structure
Somatostatin 1968 1973 . .
GRF 1964 1982 — X-ray Diffraction
CRF 1955 1981
Inhibin 1932 1985 _ i i
e 1302 s Electron Diffraction

P 1970 1983 :
Oyt (0T — Needed to Synthesize
nsulin 1889 1953 i I
galst.rina.ndsecretin 1902 1964 Chemlca”y or by Genetlc

alcitonin 1961 19 I i I
ipem e L Engineering (Recombinant
Cortisol 1935 1940 D N A)
Testosterone 1889 1935
DHEA-S 1960 193§
Estradiol 1925 1931
T, 1895 1926
T; 1951 1953

Norepinephrine 1895 1901

—_—



Endocrine System Modeling

* Motivation
— Models and Simulations Capture Biological Processes
— Use to Design a Control System for Manipulating Hormones

e Example for Glucose Regulation — Normal/Diabetic

— Flows and Equations

— On-line Model — AIDA
e http://www.2aida.org/

— Thought Experiments
* Normal Glucose Metabolism
* Diabetes
— 1x (Daily insulin injection) vs
— 2x (Daily finger prick and test using glucose monitor, then inject)
— Continuous monitoring and glucose/glucogon pump



http://www.2aida.org/

Normal Glucose and Insulin Levels

blood glucose serum insulin
mmol/L prmol/L
8.0 400
75 — glucose blood levels ,
2T A
— insulin blood levels - 1+ 350
126 7.0+ —— starch*-rich food ("[glucose] )
sz sucrose®-rich food ("glucose-fructose) 1 300
4 [~
108 250
T 200
a0
1+ 150
T 100
72
- 50
3.0 ettt ()

mg/dL 7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00 1:00 3:00 5:00 7:00

?breakfast Tlunch Tdinner based on [Daly98]



Blood Plasma Glucose Regulation

261

§12.2: Glucose and Insulin Regulation
LIVER

Glucose«Glycogen

Glucose—Glycogen

Insulin

Glucagon

Low

Blood Plasma Glucose

Figure 12.1: Blood plasma glucose is regulated by insulin and glucagon. When glucose
concentration in the bloodstream is high, insulin production is stimulated, which results
in the storage of glucose as glycogen in the liver. When blood glucose is low, glucagon

converts liver glycogen to glucose, which is then added to the bloodstream.



Model Variables

Chapter 12 ¢ Hormonal Control in Mammals

.12 Variables used in the glucose-insulin model. Functional relationships are
din 12.2. U = international units. '

STATE VARIABLES

c glucagon in plasma and interstitial fluids (#U)
g glucose in plasma and extracellular fluid (mg)
i interstitial fluid insulin (U)
l liver insulin (uU)
P plasma insulin (xU)
r releasable pancreatic insulin (zU)
s stored pancreatic insulin (uU)
: : AUXILIARY VARIABLES
"NHGB  Net Hepatic (liver) Glucose Balance (F\ - Fy)
Fy Liver glucose production rate
F; Liver glucose uptake rate
| F5 Renal (kidney) glucose excretion rate
Fy Peripheral system (muscles) glucose use rate
Fs Non-peripheral system (central nervous system and red blood
cells) glucose uptake rate
Fg Insulin secretion rate
Fy Glucagon secretion rate
o Ig, I, Glucose, insulin‘ingestion rate
w Insulin synthesis rate
=



Systems Dynamics Flow Model




Model Differential Equations




Normal IVGTT Response

line is plasma insulin (p), the dashed
terstitial insulin (i). Points are observations.
Gobelli et al. 1982, Figs. 6 and 7. © 1982



Diabetic Response to IVGTT

subject to the IVGTT test. Points are a single
1s. P eters as in Table 12.3. Note the slow recovery
of the publisher from Cobelli et al. 1982, Fig. 21. © 1982




AIDA Model:

N.H.GB. o

[

0 PLASMA INSULIN 100
~

4
]
,/

Glucose Model

CNS (+RBCs)

Extracellular
ompartment

Patient-Specific Model Parameters

1. Body weight: 70 kg

4. Hepatic insulin sensitivity (S,): 0.5

2. Renal threshold of glucose (RTG): 9.0 mmol/L
3. Creatinine clearance rate (CCR): 100 mL/min

5. Peripheral insulin sensitivity (Sp): 0.5

Insulin Model

s
(

Tissue)

3

40U ACTRAPID

PLASMA INSULIN

40U NPH

]

o TIME 24

INSULIN

PLASMA
——o— ACTIVE

2
g

% INITIAL INJECTION

ACTRAPID

TIME
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Endocrine System Modeling

* Motivation
— Models and Simulations Capture Biological Processes
— Use to Design a Control System for Manipulating Hormones

e Example for Glucose Regulation — Normal/Diabetic

— Flows and Equations

— On-line Model — AIDA
e http://www.2aida.org/

— Thought Experiments
* Normal Glucose Metabolism
* Diabetes
— 1x (Daily insulin injection) vs
— 2x (Daily finger prick and test using glucose monitor, then inject)
— Continuous monitoring and glucose/glucogon pump



http://www.2aida.org/

Future of Endocrinology

* Endocrine Society President on the Future of

Endocrinology

— https://www.youtube.com/watc

n?v=FkID8Z0DDIo

e Genetics and the Future of Enc

— https://www.youtube.com/watc

ocrinology

n?v=ky0Jp8ko2D8

Videos from: https://www.news-medical.net/health/Future-of-Endocrinology.aspx



https://www.youtube.com/watch?v=FkID8Z0DDIo
https://www.youtube.com/watch?v=ky0Jp8ko2D8
https://www.news-medical.net/health/Future-of-Endocrinology.aspx
https://www.news-medical.net/health/Future-of-Endocrinology.aspx
https://www.news-medical.net/health/Future-of-Endocrinology.aspx
https://www.news-medical.net/health/Future-of-Endocrinology.aspx
https://www.news-medical.net/health/Future-of-Endocrinology.aspx
https://www.news-medical.net/health/Future-of-Endocrinology.aspx
https://www.news-medical.net/health/Future-of-Endocrinology.aspx

Endocrine System Books and Websites

Aroused by Randi Hutter Epstein

— The history of hormones and how they control just about
everything

The Endocrine System by Stephanie Watson and Kelli Miller
— Fact filled and easy to read by a lay person

Modeling Biological Systems by James W. Haefner

— Chapter 12 on Hormonal Control in Mammals

American Association of Clinical Endocrinologists

— WWW.3ace.com

Endocrine Society (US)

— www.endo-society.org

Society for Endocrinology (UK)

— www.endocrinology.org



http://www.aace.com/
http://www.endo-society.org/
http://www.endo-society.org/
http://www.endo-society.org/
http://www.endocrinology.org/

Additional Slides

 Based on Member Requests Here are Slides
for:
— Placebo Effect

— Stress Impacts on the Endocrine System per
Robert Sapolsky



Placebo Effect

 Placebo Effects are Real

Observed in animals and babies

“More expensive" works better

There is a dose response relationship
Injections work better than pills

Ability to overpower real drug effects
May actually get stronger over time

May be transferable from other believers
Typically sugar pill or saline injection

e Statistics on Cures

50% Western Science Based Medicine
33% Placebo Effect
17% Unknown

* Definition

— The placebo effect is a psychosomatic
phenomenon in which symptoms of a
disease or condition lessen — or even
appear to be cured completely — from
the patient being merely exposed to a
treatment, as a result of the body
releasing endorphins. Believing that
their condition will be improved, they
will begin to feel better and perhaps
identifiable symptoms may disappear,
irrespective of whether the treatment
has any chemical or pharmacological
effect. Because of this, controlling for the
placebo effect is an essential part of
medicine.

Placebo Effect Video: https://www.youtube.com/watch?v=cwY|TfCoofE



https://www.youtube.com/watch?v=cwYjTfCoofE

Stress, Portrait of a Killer

e Stress Triggers an Endocrine System Response
— Hypothalmus to Pituitary to Adrenal (HPA) Axis
— Good News when you need it to avoid tigers
— Bad News when you don’t and it persists



The Adrenal Glands

Adrenal glands

Kidneys

Adrenals secrete:

Epinephrine (Adrenaline)

Norepinephrine

Cortisol & Androgens

Aldosterone

Cortex

Medulla

glomerulosa

fasciculata

Zona ——|

Zona

Zona; "

reticularis

— Aldosterone

Cortisol
e
androgens

Epinephrine
&
norepinephrine

i o

[T



Fight or Flight Response

lungs take in

hypothalamus sends
signal to adrenal gland

more oxygen

|

heart beats faster and stronger

stored glucose and M
fatty acids freed
from liver and muscles

adrenal glands release
catecholamines and
glucocorticoids

T metabolic rate increases

Figure 5.1. The fight-or-flight response.

ACTH = adrenocorticotropic hormone

Cortisol — helps cells release stored food particles.
Epinephrine — increases blood flow to the muscles

Cascade of events

You see the Tiger

Brain signals the Hypothalamus to
release CRH which signals Pituitary
to release ACTH to adrenals

Adrenal gland releases epinephrine,
cortisol causing the response

Heart rate and breathing increases
Pancreas releases glucagon

Liver releases stored energy

Fat cells release stored energy
Immune system shuts down
Reproductive system shuts down
You outran the Tiger this time !!!




' OVARIES

Chronic Stress Response

YOUR BODY

STRESSED

EYES

Blurred vision, fatigue,

pain in and around the
eyes, headaches, twitching
THYROID

Lower production of active

BRAIN
Disrupted circadian rhythms,
increased risk of depression

and dementia p.
EARS

Ringing (tinnitus), ; ¢
hearing loss thyroid hormone, T3
-2 / e—————— HEART

SLEEP ; 4
Decreased deep Sle6p o ’ Increased heart rate and.
(phase 3); insomnia } blood pressure, higher risk

it of heart attack and stroke
B T ADRENAL GLANDS
! sad fatUepaiits s Cortisol and adrenaline
GUT surges, lower sex hormones,
Acid reflux, decreased blood glucocorticoid resistance
flow, leaky gut and food LIVER
sensitivities, altered transit Blood sugar surges, pre-
time, irritable bowel synd

diabetes, diabetes, metabolic
syndrome
Lower sex hormones, IMMUNE SYSTEM
diminished sex drive Inflammation, more

N susceptibility to infections
and autoimmune conditions

Reduced bone density, CELLS

increasing fracture risk Shortens telomeres, the
SKIN timekeeping caps on
Increased oil production, chromosomes

acne, eczema, psoriasis, BLOOD VESSELS
cold sores, wrinkles Stiffens arteries and

Compromised Immune System
Ulcers

Heart Attack

Memory Loss

Depression

Obesity

Sapolsky PBS Video

— Stress, Portrait of a Killer
— Watch 20:18 to 29:55

— https://www.youtube.com/watch
?v=eYGOZuTv5rs



https://www.youtube.com/watch?v=eYG0ZuTv5rs
https://www.youtube.com/watch?v=eYG0ZuTv5rs

Stress Reduction
Take a Break

— Walk, listen to music, snack, nap, read a poem
— Take a hot shower or bath

Personal Time Management

— Do more and fret less, get over it
Meditate
Exercise

Take a Rest Day

— Avoid screen time, Hide phone, Get a hobby
— Spend time with family and friends

— Go to a museum, movie, play, concert



