Endocrine Physiology

Types of Hormone Actions:
· Endocrine:  Hormone travels through the blood stream

· Exocrine: Secretion into anything but blood

· Pancreas → Exocrine Function → Secrete zymogens

· Paracrine- works in the vicinity/surrounding area

· Somatostatin

· GI somatostatin only works in GI

· Pancreatic somatostatin only works in pancreas

· Autocrine: secretion acts on the same cell that secreted it → Wherever it is released is where it works

· Thymus and thymopoetin

· Merocrine/Apocrine: Apex of the cell is secreted with the secretion

· Sweat glands all over body

· Holocrine:  The whole cell is secreted with the secretion

· Sweat glands in groin and axilla

Types of Hormones:
	Protein
	Steroid

	Require second messangers because can’t get through cell membrane.

cAMP –used by SNS

cGMP – used by PNS

Catabolism activated by phosphorylations.

Anabolism deactivated by phosphorylaton
	All have nuclear membrane receptor

Except: cortisol (has receptor in cytoplasm)

Affect DNA transcription/translation

Affects protein

No second messenger needed


	Name
	Where it came from?
	Direct Stimulus
	Direct Inhibitor
	Where does it go
	What does it do?
	2nd Messenger
	Syndromes

	Erythropoietin
	Renal Parenchymal Cell
	HYPOXIA
	↑ pO2
	BM
	Erythropoiesis
	Tyr-kinase
	Polycythemia → ↑ RBC

· 10 – BM doing it on it’s own → CA → Polycythemia Rubravera (Hct > 60%) & Essential Thrombocytopenia (All the cell lines are high but PLATELETS > 600,00)

· 20 – Hypoxia d/t something else → Restrictive lung disease, Renal cell CA, Severe COPD

Stress Polycythemia → ↓ plasma – concentrating effect (normal erythropoietin levels) Tx:  Hydration

	Glucagon
	α-cells of the Pancreas

β1 receptors
	Hypoglycemia

Stress
	Hyperglycemia
	Liver/Adrenals
	Gluconeogenesis

Glycogenolysis

Lipolysis

Ketogenesis
	
	Glucagonoma 

· ↑ glucose levels but insulin can’t keep up

· Related to MEN I (Wermer’s)

	Insulin
	β-cells of Pancreas

β2 receptors → +

α2 receptors → -
	Hyperglycemia
	Hypoglycemia
	Everywhere but BRICKLE
Brain

RBC

Intestinal Wall

Cardiac

Kidney

Liver

Exercising muscle
	Enhance glucose transport

ANABOLIC
	Tyr-kinase
	Insulinoma (Adults)

· Too much insulin

Nesidicblastosis (Child)

· Too much insulin

Labs:

· ↑ Insulin

· ↑ C-peptide

Recall too little insulin → Diabetes!!!

Type I

· Early onset

· DKA

· Anti-islet cells

· HLA DR3/4

· Assoc. with Coxsackie

Type II

· Obesity

· Late onset

· No DKA

· Insulin Resistence

	Somatostatin (Pancreas)
	Delta Cells
	Pancreatic Hormones (Insulin/Glucagon)
	When pancreatic hormones disappear
	Pancreas
	Inhibitory/Regulatory Function 
	cAMP
	MEN I

Present with constipation

	Pancreatic polypeptide
	F cells in the pancreas
	
	
	
	UNKNOWN
	
	


Stress Response:

· Glucagon responds within 20 minutes

· Cortisol → 2- 4 hours

· Stimulates Proteolysis → Gluconeogenesis

· GH →after 24 hours

· Stimulus = Growth/Stress

· Inhibited by = Hyperglycemia

· Fxn:  Proteolysis
· Insulin

· Responds to all the new glucose around – osmolarity relationship

· ADH

· Responds to an ↑ osmolarity of plasma d/t ↑ glucose molecules
	Name
	Where it came from?
	Direct Stimulus
	Direct Inhibitor
	Where does it go
	What does it do?
	2nd Messenger
	Syndromes

	Epinepherine

Epi cont.
	Adrenal Medulla
	Stress/Hypoglycemia
	Hyperglycemia
	Liver/Adrenals
	Gluconeogenesis

GLycogenolysis
	cAMP
	Pheochromocytoma (Adult)

· Adrenal medulla tumor

· Diaphoresis

· Assoc with MEN II

Neuroblastoma (Child)

· Highest regression rate

· MC abdominal CA in children

· (+) Posterior Mediastinum

Rule of 10’s:

10% malignancy

10% bilateral

10% Familial

10% Metastatic

10% Seen in children

Dx:

· VMA & metanephrines in urine

Rx:

α1 Blockers → Phentolamine → ↓ BP

Irreversible α1α2 Blocker → Phenoxybenzanine

Prazosine → HTN – 1st dose syncope, so take at night

Yohimbine – α1α2 → used for Impotence


Adrenal Cortex

	Name
	Where it came from?
	Direct Stimulus
	Direct Inhibitor
	Where does it go
	What does it do?
	2nd Messenger
	Syndromes

	Aldosterone
	Zona glomerulosa
	Low Volume
	High Volume
	Late DCT of Kidney
	Stimulates production of Na/K pumps in late DCT

Na reabsorption → Brings in 3x more water

K excretion

H excretion in Collecting duct → Alkalosis
	N/A
	Adrenal Insufficiency

MCC:  21-hydroxylase Deficiency

· Hypovolemia → ↓Na/↑K
· Female pseudohermaphrodite

11- hydroxylase Deficiency

· HTN → ↑Na/↓K
Conn’s Syndrome

· Serum Na ↑

· Hypokalcemia
· ↑ BP → more likely to depolarize


	Cortisol
	Zona fasiculata
	Stress/Hypoglycemia
	Hyperglycemia
	Liver/Adrenal 
	Proteolysis
	N/A
	SAME AS ABOVE


GI

	Name
	Where it came from?
	Direct Stimulus
	Direct Inhibitor
	Where does it go
	What does it do?
	2nd Messenger
	Syndromes

	Gastrin
	G-cells of antrum and duodenum
	↑ pH
	↓ pH
	Body of Stomach
	Stimulates parietal cells
	Ca2+ by itself
	Gastrinoma/Zollinger-Ellison Syndrome

· Actually a pancreatic adenoma

· Associated with MEN I

· ↑ Gastrin levels

· Ulcers all throughout Small Int.

· Tx:  Remove it!!

	Secretin
	S-cells of Duodenum
	↓ pH → food has now entered the sm. Int.
	↑ pH
	Pancreas and duodenum
	Stimulate HCO3- release to neutralize acid
	cAMP
	

	CCK

CCK Cont.
	I-cells of Duodenum and Jejunem
	Fatty acids (fatty foods)
	↑ pH
	Gall bladder

Pancreas
	Squeezes gall bladder to secrete bile

Stimulates pancreas to release digestive enzymes

Inhibits gastric emptying
	IP3/DAG
	

	Motilin
	Duodenum
	↓pH/distention/MMC
	↑ pH
	Paracrine action
	Controls segmentation (during meals)

MMC (after meals)
	IP3/DAG

Ca2+/Calmodulin
	

	GIP
	Duodenum
	Glucose
	Lack of glu
	Pancreas
	Enhance insulin release
	
	Postprandial hypoglycemia

Dumping Syndrome

	Somatostatin
	GI mucosa
	All GI hormones
	When all GI hormones disappear
	
	INHIBITORY
	cAMP
	MEN I


	Name
	Where it came from?
	Direct Stimulus
	Direct Inhibitor
	Where does it go
	What does it do?
	2nd Messenger
	Syndromes

	ANP
	Right Atrium
	High plasma volume → ↑ Stretch of Right Atrium
	Low plasma volume → no stretch
	Renal Artery
	Causes on to lose vol.

↑ diuresis with Na/Water by dilating renal artery → ↑ GFR

Inhibits Aldosterone
	NO
	CHF

Responsible for  ↑ urination in SIADH

	Thymosin

Thymopoietin
	Thymus
	When T-cells enter thymus
	When T-cells leave thymus
	AUTOCRINE
	Control t-cell maturation
	Tyr-kinase
	


	Hypothalamus
	Pituitary
	Action
	Syndrome

	Dopamine (inhibits Prolactin)
	Prolactin
	Milk production
	Any tumor in the Pituitary will present with galactorrhea/amenorrhea
· Must check Prolactin levels

· Tumor doesn’t produce milk secretion itself

· MC symptom:  Headache (d/t ↑ ICP)

· MC functional tumor - Prolactinoma
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Pharmacology Connection:

Anti-psychotics:

· MOA:

· Most antipsychotics block Dopamine

· D2 Receptors most often

· Strong Anti-cholinergic effects

· Therefore, Galacturia/amenorrhea are common

· DA can induce vomiting (area postrema)

· Therefore, if blocked → no vomiting

· It is required by the BASAL GANGLIA

· Secreted by Substantia Nigra

· Responsible for the initiation of movement

· If DA is blocker extensively → EPS/Neuromalignant Syndrome

· Neuroleptic malignant syndrome → Rigidity (muscle contracts hard and does not release), Autonomic instability, Hyperpyrexia
· Treatment??? ( Dantrolene
· EPS

· Parkinsonian symptoms (drug induced)

· Dystonia – sustained contraction

· MC – torticolis

· [image: image3.png]


Rx:  Anti-histamine or Benztropine

· Tardive dyskinesia

· Akathesia → non-stop restless moving

· Drug Classes

· Phenothiazines

· STRONG anti-cholinergic effects

· Weak DA effect → ↓↓ EPS

· Chlorpromazine → block (1 receptos by accident
· Hypotension & sexual dysfx

· Fluphenazine

· Perchlorperazone → anti-emetic
· Promethazine → anti-emetic
· Thioridazine → pigmented retinopathy

· Thioxanthines

· STRONG anti-cholinergic effects

· Weak DA

· Used for homeless and migrant workers

· Lasts for 30 days

· Butyrophenones

· MOST POTENT → ↑↑↑ EPS, ↓↓↓ Anti-cholinergic effects

· Haloperidol

· Dropendol

· Atypicals

· Block 5HT2 and DA receptors

· Resperidone

· Used for neuroleptic anesthesia
· Clozapine

· Can cause agranulosytosis and seizures
· Olanzapine

· Can cause increased weight gain
[image: image4.png]



· Growth Hormone

· GHRH →→→→GH→→→→Liver→→→→Somatomedian→→→→Anabolic (When it comes out regularly)
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Stress →→→ Catabolic →→ Proteolysis (Gluconeogenesis

· Main Stimulus

· Need for growth

· Stress Growth

· Therefore, a child with Chronic Disease is Short

· Recall three periods of growth

· 0-2 mos

· 4 – 7 y.o.

· Puberty

· 2nd Messenger → tyr-kinase

· Syndromes:

· Don’t have enough

· Get short stature (rare cause)

· If somatomedian did not work anywhere in the body → Pygmies

· [image: image6.png]


Achondroplasia (AD) 
· Dwarfism

· FGF receptor 3

· Cell signaling defect

· Head and Trunk are normal size but have short limbs

· Laron Dwarf

· Somatomedian receptor insensitivity at extremities only

· Tyr-kinase not working

· Symmetrical everywhere

· Too much

· Acromegaly

· “My clothes don’t fit”

· Growth is not symmetrical → coarse features

	Acromegaly
	Paget’s Disease of the Bone

	Coarse facial features

Children = Gigantism
	↑ Osteoclastic Activity

· Osteoblasts trying to keep up → bad remodeling

↑ Ca2+ & ↑ alk. phos.

	
	Fluffy appearance on X-ray; Associated with Paramyxovirus

	
	Mosaic bone/Marble bone Long term:  Predisposition to Osteosarcoma
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Thyroid Hormone:
· TRH (Hypothalamus) →→ TSH (Pituitary) →→→ Thryroid Gland →→→ T3/T4
· Thyroid hormone is required for growth and differentiation in utero

· Thyroid Hormone Deficiency

· Cretinism

· Poor differentiation

· Eyes don’t know where to go

· Mother and the baby must be both hypothyroid

· The mother’s T3/T4 last for at least 1 month of the babies life

· Deficiency can not be noticed until the 2nd month of life

· If it is deficient the Brain is at danger because it is still growing → Retardation 
· Thyroid Composition

· T3/T4 are made from tyrosine and the have a nuclear membrane receptor

· T3/T4 is responsible for the BMR

· Therefore, it ALLOWS various functions to speed up

· Permissive action

· Lets other processes to their job

· IF there is a deficiency everything will “shut down”

· The Thyroid Gland always concentrates Iodine

· Therefore, needs a ATPase b/c it is going against a gradient

· Synthesis

· [image: image8.png]


Tyrosine →→→ MIT/DIT + colloid = Thyroglobulin →→→ Peroxidase = 20% T3/80%T4
· T3 is the biologically active form

· T4 is changed to T3 by deiodinase from the liver

· Chronic Disease and Thyroid hormone

· If a chronic disease is going on the body conserves BMR b/c/ needs energy to fight illness

· That is why chronically sick people appear tired and worn out

· Thyroid hormone storage

· rT3 

· Often elevated when sick

· Sick Euthyroid Syndrome

· Someone is hypothyroid for a reason

	Disorders of Thyroid Hormone Secretion
	
	
	

	 
	Cause
	T3/T4
	TSH
	TRH
	Goiter

	Primary hypothyroidism

MCC = Iodine Deficiency
	Thyroid gland can't secrete thyroid hormones
	↓ b/c thyroid not functioning
	↑ b/c ↓ negative feedback from T4/T3
	↑ b/c ↓ negative feedback from T4/T3
	Yes, due to overstimulation of the thyroid gland by TSH

	Hashimoto’s Thyroiditis
	Autoimmune disease

See ↑ lymphocytes/MФ → destroying thyroid

Anti-thyroglobulin

Anti-microsomal
	
	
	
	Moderately enlarged

Non-tender

	Subacute thyroiditis

De Quervain’s
	Viral infection of thyroid

Acute inflammation → painful
Granulmomatous
	
	
	
	Painful 

	Lymphocytic thyroiditis
	Seen in pregnant women
Short lived → lasts 6 mos.
	
	
	
	

	Reidel’s Struma
	Connective tissue disease of thyroid

Tx:  Repeated surgery

Cause of death → suffocation
	
	
	
	“Woody” thyroid



	Pituitary hypothyroidism (secondary)
	Pituitary can't secrete TSH to stimulate thyroid gland to produce T4 and T3
	↓ b/c thyroid not being stimulated by TSH to produce the hormones
	↓ b/c Anterior Pituitary not fxning 
	↑ b/c ↓ negative feedback from T4
	 

	Hypothalamic hypothyroidism (teritary)
	Hypothalamus can't secrete TRH 
	↓ b/c thyroid not being stimulated by TSH to produce the hormones
	↓ b/c Anterior Pituitary not being stimulated by TRH to produce the TSH
	↓ b/c hypothalamus is not fxning
	 

	Distinct Characteristic of HYPOTHYROID ADULT:  Prolonged relaxation phase of deep tendon reflexes (stretch reflex)

	Distinct Characteristic of HYPERTHYROID ADULT:  Tachycardia and increased cardiac output
	 

	 
	Cause
	T3/T4
	TSH
	TRH
	Goiter

	Grave's disease (autoimmune)
MCC of Hyperthyroid < 50 years old
	Autoimmune disorder will directly stimulate thyroid tissue
Anti-TSH receptor 

Symmetric enlargement

Long standing effect

Heat intolerance

(+) Exopthalmos – inflammation behind the eye

(+) Myxedema – Edema behind leg – non pitting

(Brain/Heart involved in HYPO)
	↑ - in the early stages of disorder
	↑ b/c ↓ negative feedback from T4
	↑ b/c ↓ negative feedback from T4
	 

	Toxic Multinodular Goiter

MCC of Hyperthyroid > 50 years old
	Plummer’s Disease
	
	
	
	

	Euthyroid Goiter
	When iodine intake is deficient - thyroid gland makes more T3 & less T4
	↓ in T4 levels BUT T3 remains normal
	↑ b/c ↓ negative feedback from T4 which ↑ iodide trapping makes iodide available to maintain adequate T3 secretion within normal
	↑ b/c ↓ negative feedback from T4
	Yes, due to overstimulation of the thyroid gland by TSH

	Pituitary hyperthyroidism (secondary)
	Tumor secreting TSH
	↑ b/c ↑ TSH stimulating thyroid to produce hormones
	↑ b/c of tumor and is the driving force for the hyperthyroidism
	↑ b/c ↓ negative feedback from T4
	Yes, due to overstimulation of the thyroid gland by TSH


Treatments for Thyroid Conditions

· Hypothyroid

· Thyroxine (T4) → needs to go to the liver for activation

· L-thyroxine (T3) → Synthroid

· Hyperthyroid

· Be aware that they can die from arrythmias

· Put on Propranolol for the heart

· Peroxidase  Inhibitors

· PTU

· Inhibits peripheral activation of T3/T4
· Stops rapidly dividing cells

· Methinazole

· Inhibits T3/T4 release
· Radioactive I131
· Blasts Thyroid



Adrenal Steroids



Stress




Hypothalamus




CRH






 POMC →→ (Pro-Opio-melanocortin)




Pituitary




ACTH




Adrenal Cortex




Zona fasiculata




CORTISOL



PERMISSIVE UNDER STRESS → PROTEOLYSIS for GLUCONEOGENSIS

· POMC

· Opio → “High Feeling”

· Analgesia → takes pain away

· Runner’s High

· Melanocortin

· MSH → Hyperpigmentation with Addison’s Disease

· Cortisol Deficiency

· Can’t handle stress → crash

· Infection

· MCC in Children → 21 β-hydroxylase deficiency

· MCC in Adults

· Abrupt stoppage of steroids

· Auto-immune

Adrenal Steroid Synthesis

· Adrenal Steroid Enzyme Deficiencies

· 21 β-hydroxlase

· MCC in Children 

· NO Aldosterone

· NO Cortisol

· ↓ BP

· 11 β-hydroxylase 

· NO Aldosterone

· NO Cortisol

· BUT →→ Have weak mineralocorticoid =  11-deoxycorticosterone = ↑ BP
· 17 α-hydorxylase

· NO TESTOSTERONE → Male pseudo

17-OH


21 21

11-deoxycorticosterone



11 11

Aldosterone



Cortisol

· Cushing’s

· Too much ACTH → ↑↑↑ Cortisol

· Small cell CA → ↑↑↑ Cortisol

· Cortisol tends to be the hightest in the morning (AM)

· If extremely high do a 24 hour test → b/c if there is too much ACTH will be high all day

· Dexamethasone Suppression Test

· Give low dose to suppress

· Obese

· Depressed

· Normal variant
· Suppression occurs
· Give high dose

· If true Cushing’s = No suppression

· If suppressed = Pituitary Adenoma

· If not suppressed = Small Cell Carcinoma

· Measure ACTH

· ↑↑↑ ACTH = ectopic source

· ↓↓↓ ACTH = Adrenal Adenoma

Parathyroid Hormone

· PTH – Phosphate Trashing Hormone

	
	Signal
	Serum Ca2+
	Serum P
	Urine Ca2+
	Urine P

	PTH
	↓ Ca2+    ↑P
	↑
	↓
	↓
	↑

	VITAMIN D
	↓ Ca2+   ↓P
	↑
	↑
	↓
	↓

	CALCITONIN
	↑ Ca2+
	↓ Ca2+
	
	↑ Ca2+
	


· Be sure to check Phosphorus

· If Ca2+ and P are going in different direction – Think PTH

· If  Ca2+ and P are going in same direction – Think Vitamin D

· 2nd messenger for PTH = cAMP

· Calcitonin comes from c-cells of Thyroid → Inhibit osteoclastic activity

· Embryology

· Superior Parathyroid glands → 4th Brachial Pouch

· Inferior PTH – 3rd Brachial pouch

Actions of PTH

· OSTEOCLASTIC ACTIVITY

· Cofactors → Vitamin A and Mg

· Too much Vitamin A = Hypercalcemia 

· Moans, Groans → pancreatitis

· Bones

· Stones

· Acts on the PCT of the kidney

· Waste P (secrete it out)

· Vitamin D Action

· Active Vitamin D = 1,25

· Enhances GI absorption (jejunem) and kidney reabsorption of Calcium

· Ca2+ ATPase in the Late DCT

Hypercalcemia

· MCC of Isolated Hypercalcemia → Parathyroid Adenoma

· Associated with MEN I and II

· 20 Hyperparathyroidism

· MCC is Renal Failure

· Osteitis Fibrosa Cystica → can cause renal failure

· Renal Osteodystrophy

· Osteomalacia

· Demineralization of bones = soft bones

· Osteopenia

· ↓ bone mass b/c bone matrix fails to keep up with bone resorption

Osteoporosis

· ↑ osteoclastic activity

· ↓ Bone matrix

OsteoPETrosis

· ↓ osteoclastic activity

· Lose flexability → bones can shatter

· Lose BM

	Hypoparathyroidism
	PTH
	Serum Calcium
	Serum P

	10 Hypoparathyroidism

· Tetany

· MCC = Thyroidectomy
	↓
	↓
	↑

	Pseudohypoparathyroidism

· Problem is with the receptors not working

· On PE → short 3rd/5th digits

· Kidney Problem


	
[image: image1]
	↓
	↑

	Pseudopseudo

· G protein messed up


	↑
	(N)
	


· Drugs that act like calcitonin

· Phosphonate

· Inhibits osteoclastic activity

· Used for those who can not use estrogen

· Mithramycin

· Medullary CA of Thyroid → MEN II

Posterior Pituitary

	Hypothalamus
	Paraventricular
	Superoptic

	ADH
	20%
	80%

	Oxytocin
	80%
	20%


· Understand that it is made at both

· 2nd Messenger

· IP3/DAG

	Name
	Where it came from?
	Direct Stimulus
	Direct Inhibitor
	Where does it go
	What does it do?
	2nd Messenger
	Syndromes

	ADH
	Post. Pituitary
	High Osmolarity
	Low Osmolarity
	Collecting Duct
	Opens up H2O Channels

Free Water clearance ↓ d/t reabsorption
	IP3/DAG
	SIADH
· Too much ADH





· Diabetes Insipidus

· No ADH Activity → Free water clearance ↑↑↑

· Plasma Volume ↑↑↑ = Serum Osmolarity ↑↑↑ → Urine Osmolarity ↓↓↓

· Is it nephrogenic or neurogenic?

·  Water Deprivation Test

· 1st maintain a stabilized osmolarity then add DDNP (Synthetic ADH)

· If the concentration ↑↑↑ by 25% → Central (Neurogenic/Head injury)

· If concentration stays the same → Nephrogenic problem (drugs)

	Name
	Where it came from?
	Direct Stimulus
	Direct Inhibitor
	Where does it go
	What does it do?
	2nd Messenger
	Syndromes

	Oxytocin
	Post. Pituitray
	Nipple

Large uterus (preg.)
	
	Smooth muscle 

Mammary Glands
	Contraction of Smooth muscle

Milk ejection
	IP3/DAG
	Used to induce labor

Too much oxytocin → Uterus contracts harder →uterus will recoil and retracts more blood upon exposure → HYPOTENSION

Uterine Atony → lose tone

-  Reason why during delivery the woman defecates/urinates as she delivers = normal  


Traditional�
Atypical�
�
Dopamine�
Dopamine/5HT�
�
Positive Symptoms�
Positive and Negative Symptoms�
�
More side effects�
Fewer side effects�
�






Most specific way to diagnose is to look at the SIGNAL


10 → Organ


20 → Pituitary


30 → Hypothalamus





2nd Messenger


N/A


It’s a steroid





Stress Hormones


GH


Cortisol


Epinepherine





Testosterone


DHEA





Disease = 1 organ involved


Syndrome = May places involved





SIADH = ↑↑↑ ADH





↑ Plasma Volume





Stretch of Right Atrium





ANP





Inhibition of Aldosterone = Can’t reabsprb Na+





Dilate Renal Artery → Polyuria





5 ways to get SIADH


1.  Pain → ↑ ICP and stimulate release of ADH


2.  ICP → pushing on the nuclei to induce rel. of ADH


3.  Drugs


4.  CA (Small Cell CA)


5.  Hypoxic Lung Disease → Restrictive





↑ Urine Na+


↓ Serum Na+





2 Drugs that can cause DI


1.  Lithium


2.  Demicocycline








