Three Families of Hormones

1. Glycoproteins

· TSH, FSH, LH – all with CHO residues on them (ant. Pituitary stains with PAS)

2. Somatomommotropin

· GH, Prolactin (ant pit)

3. Proopiomelanocorticotropin (POMC)

· ACTH, MSH, B-Endorphin, Enkephalin

POMC Family

· a pro-hormone used by ACTH cells and MSH secreting cells

· the products released by POMC secreting cells depend on the nature of the enzymes expressed by a particular cell

· (-, (- & (-MSH [melanophore stimulating hormone]

· ACTH [adrenocorticotropin] peptide 39 aa   
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Some species specificity


First 24 aa important (common animals/man) 


1-10 activity 11-24 receptor binding

· (-LPH [lipotropin]

· CLIP [corticotropin-like intermediate lobe factor]

· (-Endorphin

· Enkephalin
Melanocortin Receptors (many roles of POMC peptides)

MC1-R – the primary (-MSH-R

Melanocyte proliferation and melanin synthesis

Anti-inflammatory actions via immune system cells

MC2-R – the primary ACTH-R

Stimulation of glucocorticoid and androgen synthesis in adrenal cortex

Stimulates lypolysis by adipocytes

Prolactin

· Lactogenesis

· CL function
· Pelage and antler growth (seasonal)
· Frequent suckling dec domamine inc PRL releasing factor (RF)

Growth Hormone

Somatomedins (IGF-I, IGF-II)

Polypeptides, homology to insulin (40%)

IGF-I  

Systemic and autocrine effects

Low neonatally, high at puberty, lower later in life

Skeletal and extra-skeletal development

Needed for adipocyte differentiation

IGF-II

Embryonic/fetal growth, with insulin


Under production or dec sensitivity
Over production

Growing animals
DWARFISM

Small size, juvenile proportions (jaw)

Normal shape at maturity but stunted (German shepherd)

Pygmies:

·  responsiveness to GH   

( IGF-I

GIANTS

Big Ben 3,620 lbs

Adults
ALOPECIA

Thin skin, hair loss (poodles)

Cushing’s Syndrome-

( cortisol inhibits GH synthesis
ACROMEGALY

Thickening of bones/joints and skin

Enlargement of internal organs (tongue, liver, spleen)

Other Hormones affecting Growth

· Thyroid Hormones:

· Insulin/Glucagon:

· Gonadal Steroids: (cause epiphyseal closure)

· Adrenal Gucocorticoids: (cortisol, corticosterone)

· Leptin:

· Local Growth Factors

Hormones of Post Pituitary

Oxytocin, neurohypophysin (no abbreviation)

ADH - anti-diuretic hormone (vasopressin)

*these are small peptide hrms (~8aa with MW ~1000)

Oxytocin/Neurohypophysin (secreted by neural stimuli – causing contraction of sm m esp in mammary glands and uterus) – must be given slowly to avoid spastic contractions

· Milk letdown 

· Uterus, oviducts 

· gamete transport

· birth

· Luteolysis (luteal source) – produced by the CL 

in some species

· Stimulation of uterine 

· contractions/birth induction

Vasopressin (ADH) – secreted d/t osmoreceptors 

and stimulation of SO/PV n

Two receptor types:

· V1A - Vasoconstriction (hypovolemia () – in 

blood vessels

· V1B - causes ACTH secretion (glycogenolysis () 

– in blood vessels

· V2-decreased urine production, ( salt and water

 reabsorption – in kidneys

· Osmoreceptors (atrial receptors) ( 

· Brain centers (supraoptic/paraventricular)

· detect 1% change in osmolality (mainly Na+),

· blood volume/pressure; Hemorrhage treatment

Diabetes Insipidus

· Central (lack of ADH secretion)

· Nephrogenic (renal tubule insensitivity to ADH)

· Polyuria and hyposthenuria (excessive watery urine) followed by polydypsia; ( thirst

· Diagnosis & Trt: Pitressin (purified ADH s.c. 3-h effect)

· Analogues:Desmopressin  (1-desamino-8-D-arginine)

· conjunctiva/intranasal ~8-h effect

Thyroid Hormone Synthesis


DIT + DIT = Thryoxine (T4)

MIT + DIT = Triiodothyronine (T3)

· each molcule can bind up to 2 iodines

· final step is coupling of two thyroxines to make 

thyroid hrm


· every step is controlled by TSH from ant pit

· Iodine essential for thy hrm synthesis

· Iodine pumo – all available Iodine in circulation 

actively transported with in mins of injestion to 

follicular cells for exchange with Na ions 

(I/Na symport)

· I diffuses along cells dow conc gradient into

 lumem and is incorportated with the 

thyroglobulin – “organification”

· Final step is coupling – endosomes reabsorbed 

and fuse with lysosomes to digest the pr and release

the free fractions of T3/T4

Regulation of Secretion

· Ant pit secreted TSH in response to TRH from hypo to cause T3/T4 release from thy gland

· Most of T4 is converted to T3 in the liver (T3 is more potent)

· Increase levels of thy hrm have negative feedback mechanisms on the hypo

· Circulating thy hrm mainly suppresses ant pit sensitivity to hypo factors (TRH)

· Increase secretion in young animals relative to old

Thyroid Hormone facts

· 1 molecule of T3 per 3-4 molecules of T4

· Human/dog secrete T4:T3   4:1

· More T3 secreted in hyperfunction

· Only 20% of tyrosines iodinated

· Tyrosines recycled

· Iodide stored in the thyroid gland
· 60-75% of T3 produced by peripheral conversion from T4 (liver)

· T4:T3 ratio in plasma 20:1

· T3 3-5x more potent than T4 (T4 = prohormone)

Transport of Thyroid Hormone

· >99.5% (humans) of thyroid hormones in blood circulation bound to thyroxin-binding globulin (TBG) (binds T3/4 to prevent loss in circulation)

· Only free fractions of thyroid hormones biologically active

· Before produce any actions must divide from the TBG to get into the cell with nuclear receptors and it can’t be bound to a large molecule in order to be able to get into target cells

· In the proximity of tissue (in lesser concentrations) it will diffuse off

Metabolism of Thyroid Hormone

· T4 ½ life of 10-17 hours in the dog

· T3 ½ life of much less than that

· In order to be eliminated the iodine must be removed – there are two enzymes which can do this – type I and II deiodinases

Biological Effects of T3 (synergistic and permissive effects)

· Calorigenic

· BMR (
· O2 consumption (
· Sweating (
· Growth and development 

· Enhances GH secretion

· Production and effectiveness of IGF-I (
· Normal bone formation

· CNS-essential for normal development

· Protein, carbohydrate and lipid metabolism

· Stimulates protein synthesis, triglyceride synthesis and uptake (gut), production and utilization of glucose

· Also stimulates catabolism
· Cardiovascular/respiration

· B adrenergic receptors (
· Sensitivity to sympathetic stimulation (
· Peripheral resistance (
· Required for hypoxic/hypercapnic drive

· Supports erythropoesis   

· Hemoglobin affinity for O2 (
· O2 delivery to tissues (
· Lactation and reproduction

· Required for mammary gland development


· Lactogenesis and galactopoesis (
· (feeding iodinated casein, milk yield ()

· Normal cyclicity

· Onset of seasonal anestrus
· Others (adults
· Rate of bone reasorption(
· Degradation of skin and hair (
Cellular mechanisms of action

T3 substantially increases:

· K+/Na+ pump

· Mitochondria

· ATPase activity

· aa and glucose uptake

Clinical Disorders of Thyroid Hormone Production

1. Hypothyroidism – tragic look w/ or w/out goiter (accumulation of inactive thy hrm in thy gland)

· Iodine Deficiency

· Primary – thyroid follicles destruction/malfunction, thyroiditis, autoimmune – at the lowest/tissue level

· Secondary – TSH deficiency – at middle/ant pit level

· Tertiary – TRH deficiency – at highest/hypo level

· Ex – Euthyroid Sick Syndrome 

· Non-thyroidal – the deiodinases are non-functional

· Altered conversion of T4 to T3 d/t decreased activity of type I deiodinase and/or T4 transport

· See low T3/T4 levels but high rT3

2. Hyperthyroidism  - white eye look w/ or w/out goiter

· increase metabolic rate

· hyperactivity; weight loss; diarrhea; behavioral changes

Hyperthyoidism
Hypothyroidism

Goiter
Goiter

( metabolic rate – wgt loss
( neuromsuclar – lethargy/stupor

( cardiovascular/respiratory rate
Dermatological problem – hair (

( activity
Stunted growth

( gut motility – diarrhea


Lab Results

· T3/T4 levels

· RBC/Hem

· Cholesterol

· Glycerol

*use these to differentiate btw 1/2/3 hypothyroidism

Diagnosis

· History + Symptoms + Plasma Hormones + Blood; Biopsy

· TRH/TSH stimulation (1° vs. 2° vs. 3°)

· TRH in 3 will eliminate problem

· TSH in 2 will eliminate problem

· If no response to either indicated inability of thy gland to respond to endocrine stimulus – indicates 1

· I131 uptake – use radioactive iodine to track uptake into thy gland

· Differential: ESS; e.g., adrenal hyperfunction (all metabolic hormones!)

Treatment

· Surgery (e.g., hemithyroidectomy)

· Hormone supplementation (synthetic T4; start with low doses; b/c of –ve feedback – don’t want to block endogenous hrm)

· Radiation therapy (cancer)

· Blockers (thiouracil derivatives-thiocarbamides: ( iodination and T4(T3) PTU side effects in cats, use Tapazole (methamizole) – block I syntheses in hyperthyroidism

· Stimulants (furosemide; ( T4(T3) furosemide is a mild anti-diuretic 

· Diet, electrolyte infusions, e.t.c.

TREATMENT MAY BE FOR LIFE!

Function of Calcium
· Bone structure

· Neuromuscular function

· Membrane permeability

· Blood coagulation

· Enzyme activity, secretory processes (hormones)

· Second messenger

Ca in the body

· Bones w/ 99% 

· Hydroxyapatite the matrix component; is the place from which Ca can be recruited in time of need

· Soft Tissues

· Intracellular – moslty bound to membrances of mito, ER, plamsa membranes

· Extracellular

Ca in circulation

· 40% pr-bound

· 60% diffusible 

· 70% complexed with other ions

· 30% ‘free’ diffusible Ca

· mammals with 2.25-3.74 mmol/l

· laying hens w/ 3.74-9.98 mmol/l

Sites for regulation of Ca

1. GIT: intake 1000g and 900 excreted (intake is about 10% of daily requirement)

· active, transcellular transport in duodenum

· passive paracellular transport in jejunum, ileum, colon

2. Bones: rapid exchange of up to 20g/day

3. Kidneys: 10g filtered and 9.9 reabsorbed

Parathroids

· Seen in terrestrial amphibians onwards

· 2 pairs in the neck, one often with the thyroid (1-5 mm)

· 2 cell types: chief cells (produce PTH) and oxyphils (function unknown)

Regulation of PTH secretion

· Secreted continuously, not stored 

· 90% of PTH synthesized destroyed in chief cells

· Hypocalcaemia   PTH secretion ((<9 mg Ca2+/100 ml serum)

· Hypercalcaemia  PTH secretion (
· Vitamin D3   PTH secretion (
Function of PTH ( Blood Ca2+  ( Blood HO4-

1. BONES:

Affects osteoblasts (2-3 h) and osteoclasts (after 12 h)
( Osteoblastic bone formation, no osteoid degradation

( Resorption of Ca2+
( numbers and activity of osteoclasts

( production of organic acids (citric, lactic)-lysosomal bone matrix degradation

Later osteoblastic bone re-growth starts again; low PTH stimulates osteblast function

2. KIDNEYS:

99% of calcium filtered is reabsorbed, mostly in proximal tubules, tightly coupled with Na+, dragged 

with water; some in the Loop of Henle (also coupled with Na+)

Only small fraction reaches distal tubules (this is the only part regulated by PTH)

( PO4- reabsorption in proximal tubules

Ca2+ effects in kidneys very rapid, before bone effects

Important for minute-to-minute regulation, only fine tunes as scope for control limited

Regulation of Calcitonin Secretion

· hypercalcaemia (>11 mg Ca/100 mL serum)

Functions of Calcitonin 

· Antagonizes PTH effects in the body (calcium!)

· (Blood Ca2+

· Important in growing organisms, less important in adults

· BONES:

· Osteoclasts:   ( activity  ( size  ( lysosomal enzymes

· Effects (receptor-mediated) take a few hours

· KIDNEYS:

· Minimal effects

· (PO4- loss in proximal tubules

· INTESTINES/LIVER:

· Minimal - ( Vitamin D3 production?

Functions of Vit D3 ( Blood Ca+2  and PO4-

· INTESTINES:

· Ca2+ absorption (active) in duodenum, calbindin synthesis

· Pumped in exchange for Na+ against a concentration gradient

· PO4- absorption in distal small intestine

· BONES: (VitD3 acts like PTH in bones)

· Essential for normal bone formation(in absence: excessive osteoid, weakened bones)

· ( PTH sensitivity

· ( Osteoclasts

· KIDNEYS:

· Receptors in distal tubules (like PTH)

· ( PO4-/Ca2+ reabsorption

Ca/PO4 Homeostasis – other hrms involved

· Glucocorticoids 

· oppose calciferol actions (GI)

· Estrogens/androgens

· oppose PTH actions by slowing turnover of bone
PTH Disorders

1. HYPERPARATHYROIDISM

 A) (1°) – usually an enlarged parathy gland leads to hypercalaemia

Inc PTH – Inc serum Ca at expense of bone and inc reabs in 

kidney

· Hypercalcaemia (normal phosphate)

· Bone resorption (fractures)

· Mineralization of soft tissues (Ca deposits in soft tissues)

· Decreased neuromuscular excitability (inc in Ca in circulation will dec extracellular pool – leads to dec in excitability and dec in muscle contractions – leading to muscle weakness

· Increased thirst and urination (Ca2+ blocks ADH effects)

B) (2°) - rare

· Nutritional (normal absoption in the gut – but the trafficing to bone is disrupted)

· Renal (altered removal of Ca in urine – leads to inc of Ca in circulation)

2. HYPOPARATHYROIDISM

· Hypocalcaemia (phosphate may be elevated) – mov’t of Ca to extracellular pool (from the intra pool)

· Muscular weakness, ataxia (inc Ca in extracellular pool can cause tumors and can lead to muscle fatique)

· Cardiac arrhythmias (inc propagation of signal from SA node)

3. HYPOCALCITONISM (tumors, nutritional-bulls)

4. HYPERCALCITONISM (not recognized)

5. MILK FEVER (cattle)

· Pregnancy - Ca2+ to fetus; Term - off feed, lactogenesis 

· Additional reasons - ( PTH sensitivity

· Treatment: low Ca2+ diet, vit. D3 2-3 days before term; calcium glucuronate s.c. post-partum

Pancreas

Regulation of Insulin Secretion

· Insuling secreted primarily in response to glucose

· Glucose enters the cell by transporters (GLUT2 relocates the glucose to cytoplasm)

· In the cytoplasm and under the activity of glucokinase the glucose is made into G-6-phosphate

· This increases the ATP in the cell

· ATP in cell will close the ATP-dependant K channels and the cell depolarizes – creating an opprotunity for Ca influx

· Ca channels open as K channels close – extracellular Ca influx

· Increases contraction of myosin on actin on the membrane – leading to release of vesicles and exocytosis of insulin from the cell

Biological Effects of Insulin  - facilitator of glucose transport

1. MEMBRANE GLUCOSE TRANSPORTERS (GLUT)

· Members of the 12 membrane segment transport superfamily

· Several known types of GLUT; isoforms vary with the type of tissue

· Insulin stimulates GLUT1, 3 & 4 recruitment in the membrane of insulin-responsive cells

· Notable exceptions: brain & exercising muscle

*Insulin increases recruitment and activity of GLUT

2. HYPOGLYCEMIC HORMONE

· Glucose Homeostasis

( glucose transport into muscle and liver

( glycogen production (skeletal muscle and hepatocytes)

( catabolism (glycogenolysis) by hepatocytes

· Fat Metabolism

( uptake of glucose and fatty acids into adipocytes

( triglyceride formation

( catabolism (fat breakdown) by adipocytes

· Protein Metabolism

Essential for amino acid uptake by skeletal muscles and other cells

( protein synthesis


( catabolism (protein degradation)

Clinical Disorders – Diabetes Mellitus

· Type I: hypoinsulinism, hyperglycemia (Insulin deficiency)

· Loss of pancreatic islets in inflammation, autoimmune diseases, viral infections, exhaustion

· Type II: Often associated with obesity (Insulin resistance)

· Insulin levels may be normal but resistance of tissues seen

· Diminished responsiveness to B cells to glucose

Symptoms and Lab Findings

· High blood glucose, (availability to cells

· Glycosuria

· Polyuria, dehydration, polydypsia (thirst)

· Increased catabolism of fat and proteins (ketosis-Type 1 mainly) 

· Polyphagia, weight loss

· Elevated urea and cholesterol

· Increased liver size

· Cataracts (dogs) – accumulations of waste products

· Susceptibility to infections

· Vascular collapse, capillary failure

· Diabetic coma (d/t lack of catabolic/anabolic metabolism – leads to infections
Treatment

· Insulin (mainly Type I, Type II at later stages)

· Low glucose, high protein diet 

· Exercise

· Fluid supplementation (d/t PU/PD)

Glucagon

· Secreted in response to hypoglycemia

· Somatostatin and elevated fatty acids will decrease secretion

· Aa will increase secretion

· Produced as a larger proglucagon

Biological Effects of Glucagon – Hyperglycemic hormone

Glucose Homeostasis

· ( glycogenolysis in liver

· ( glycogen formation

Increases fat and protein catabolism; lipolytic, ketogenic

Adrenal Gland

Catecholamines - Medulla

· An innermost medulla produces catecholamines:

· Epinephrine (dogs and cats: 60-70% ) and Norepinephrine

· An outer cortex produces steroid hormones glucocorticoids and mineralocorticoids (Cortisol & Aldosterone)
Biological Effects of Catecholamines

· Changes distribution of receptors (blood vessels vs muscles)

· Changes the affinity of the receptors to the hrm

· Most important: results in an increase in the Ca which increase muscle contraction

Adaptive Response to Stress

· ( rate and force of contraction of the cardiac muscle

· ( vasoconstriction

· ( dilation of bronchioles

· ( lipolysis in fat cells

· ( metabolic rate

· ( glycogenolysis

· Dilation of the pupils

· ( certain “non-essential” metabolic processes     (e.g., GIT secretory activity and motility)
Sex Steroids – Zona Reticularis

Androgens
· Produced in males and females

· In dysfunctional conditions XS androgen 
causes masculinization (hirsuitism)

· Normal physiological function in females?

· Sexual libido?

· Some secondary sex characteristics

· Aggressive behaviour?

Glucocorticoids – Zona Fasiculata

Glucocorticoids are ESSENTIAL FOR LIFE!

· Many metabolic functions (carbohydrate, protein and 
lipid metabolism)

· Anti-inflammatory and immunosuppressive effects

· Developmental effects (e.g., formation of lung surfactant in the fetus)

· CNS actions
Immunosuppressive Actions of Cortisol: Blunted Immune Response

· Vasoconstriction, decreased capillary permeability (membrane stabilization)

· Slower white cell migration (inhibits chemo-attraction of immune cells for inflammation sites)

· Slow wound healing (decreases transcription of genes for chemokines and cytokines)

· Inhibits the production of several growth factors thereby reducing the production of selected immune cells
Catabolic Actions of Coritsol

· progluconeogenic to increase glucose synthesis

· cortisol can inhibit uptake of glucose at specific tissues – instead it recruits aa, plasma glycerol and fatty acids 

Mineralocorticoids – Zona Glomerulosa

· Increase Na+ reabsorption in the distal 
convoluted tubule and collecting duct of the 
nephrons in the kidney (renal sites of action)

· Reduce K+ reabsorption (?K+ loss)

· Have the net effect of maintaining blood volume (pressure) [water retention following Na+ reabsorption]

Renin-Angiotensin Regulation of Aldosterone Secretion

· The juxtaglomerular (JG) apparatus of the kidney:

· Sensory cells (macula densa) in the wall of the kidney tubules continuously monitor the Na+ concentration in the fluid in the kidney tubule and blood pressure in the kidney.

· If Na+ levels or blood pressure falls, the macula densa stimulate the release of renin from secretory cells into the blood.

· Renin is an enzyme that converts angiotensinogen, a constituent blood protein to  angiotensin I

· Angiotensin I is converted into angiotensin II by an angiotensin converting enzyme (ACE) in capillary endothelial cells in the lungs

· Angiotensin I and II have vasoconstrictive actions and increase blood pressure

· Angiotensin II stimulates the secretion of aldosterone by the adrenal cortex

· Aldosterone acts on the cells of the kidney nephron and stimulates the retention of Na+

· The retention of Na+ causes the retention of water and an increase in blood pressure

Clinical Disorders

1. Adrenal Cortical Insufficiency (Addison’s Disease)

Primary or Secondary

· Low cortisol

· Hypoglycemia

· Increased urea

· Weight loss, decreased appetite

· Loss of Na+ and water, dehydration

· Weakness, depression, lethargy, fatigue

2. Hyperadrenocorticism (Cushing’s Syndrome)

Catabolic Effects

· Hyperglycemia

· Increased lipolysis

· Increased protein catabolism

Kidneys

· Loss of K+, retention of Na+/water

Hormone
MW
Subunits
Halflife

TSH (2)
28000
A & B (1)
50 mins

LH (2)
30000
A & B
30 mins

FSH (2)
30000
A & B
2-3 hours

GH
22000
Polypeptide (19 aa)
6-20 mins

PRL
22000
Peptide (198 aa)
15 mins

T3




T4


10-17 hours

PTH(3)
10000
Pro-hrm (115 aa)
20 mins

Calcitonin (4)
3585
32 aa
5-10 mins

Vitamin D (5)


15 days

Calcitriol (6)


15 hours

Insulin
6000
Pro-hrm (86 aa) A & B
3-4 mins

Glucagon (7)
3500
Peptide (29 aa)
6 mins

Catecholamines




Sex Steroids




Glucocorticoids




Mineralocorticoids




(1) Alpha subunit – common to species

  Beta subunit – hormone specific (AB’s react to the B unit)

(2)Glycocilated hormones with a longer ½ life

(3)N-terminal (1-34) active; 1-7 activity; 25-30 binding

(4)Produced by parafollicular cells (C-cells) of thyroid gland; species specific

(5)VitD3 from diets only in cats/dogs (no light conversion)

(6)1000x more potent than Vit D and less tightly bound

(7)Single straight peptide (unlike insulin); only first 6 residues are important for fn (unlike insulin)
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