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Week 17 Physiology — Endocrinology, Thyroid, Adrenal Charlotte Durand
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Thyroid gland has 2 functions — thyroid hormone production and calcitonin production

Comes from the thyroglossal duct —i.e. path from the tongue to the neck

Pyramidal lobe arises from the isthmus

One of the highest rates of blood flow per gram of tissue
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FIGURE 19-3 Thyroid cell. Left: Normal pattern. Right: After TSH
stimulation. The arrows on the right show the secretion of thyroglobulin
into the colloid. On the right, endocytosis of the colloid and merging of
a colloid-containing vacuole with a lysosome are also shown. The cell
rests on a capillary with gaps (fenestrations) in the endothelial wall.

FIGURE 19-2 Thyroid histology. The appearance of the gland
when it is inactive (left) and actively secreting (right) is shown. Note

the small, punched-out “reabsorption lacunae”in the colloid next to

the cells in the active gland.

~ 1. Describe the key steps in synthesis of thyroid hormones
‘ T4 (thyroxine) is secreted as the primary hormone along with lesser amounts of T3 (triiodothyroxine)
T3 has greater activity than T4 and is generated at tissues by deiodination of T4 (bv D1 eﬂ’lﬂdm“")
Small amounts of other stuff i.e. reverse T3 (not active) are also present

lodine homeostasis
- Dietary iodine absorbed by intestine = enters circulation. Minimum daily intake 150microg to maintain thyroid
function
- Table salt means 500 per day in most developed areas
- Taken up by thyroid and kidneys
- Some in bile/ renal excretion
- lodine excess and deficiency both cause hypothyroidism via inhibition of function

lodide transport across thyrocytes
- Basolateral membranes have a 2Na+ symporter (NIS)
- Secondary active transport -> Na transported out by the Na/K/ATPase
- Can generate intracellular |- concentrations that are 20-40 times the plasma concentration
- TSHinfluences NIS expression and retention in the basolateral membrane
- lodide exits across the apical membrane to the colloid via pendrin Cl-/I- exchange (named from Pendred
syndrome of thyroid dysfunction)
- NiSalso in many other tissues

Synthesis of hormones
Between the thyrocyte and the colloid = organification of iodide
1. lodide oxidised to iodine
-, 2. Incorporated into thyroglobulin — secreted via exocytosis of granules
- Colloid = reservoir of thyroid hormones (can have no iodide for 2 months before thyroid function
decreases) , ! .
3. When needed, colloid internalised by thyrocytes via endocytosis and undergoes lysosomal degradation to
discharge free T4 and T3
4. Thyroid peroxidase — membrane bound enzyme in the apical membrane of thyrocyte that mediates the
oxidation and reaction of iodide with thyroglobulin

NB: Needs iron to WOrK !
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TPO generates reactive iodine species that can attack thyroglobulin

First produces MIT, then DIT

Then, 2 x DIT molecules undergo oxidative condensation to form T4

T3 is formed by MIT + DIT '

Unused MIT/DIT are recycled by iodotyrosine deiodinase (recycling provides twice as much iodine as NIS does)
T3 and T4 are resistant to this enzyme

Lo~ O W;

Normal human thyroid hormone distribution is 3% MIT, 33% DIT, 35% T4 and 7% T3 traces of RT3
Secreted 80microg (103nmol) of T4, 4 migroc T3 and 2 microg RT3 per da

Four functions of thyrocytes
1. Collect and transportiodine
2. Synthesise thyroglobulin
3. Fixiodine to thyroglobulin to make hormones
4. Remove thyroid hormones from thyroglobulin

TABLE 19-1 Binding of thyroid hormones to plasma

Thyroxine-binding
globulin (TBG)

Transthyretin 15 20 1
(thyroxine-binding
prealbumin, TBPA)

Albumin 3500 13 53

SYSTEMIC EFFECTS OF THYROID HOROMONES
T3 binds to TR in the nucleus which then binds to DNA via zinc fingers and increases or decreases the transcription of
some genes

3

Calorigenesis

T4 and T3 increase 02 consumption of almost all tissues except adult brain, testes, uterus lymph nodes, spleen and
anterior pituitary. Some of the effects of thyroid hormones are due to fatty acid metabolism, some are due to increased
activity of membrane bound Na/K/ATPase. Effects can be still seen 6 days later

Carotenemia — thyroid hormones needed to convert carotene to vitamin A = yellow tint to skin in hypothyroidism (not
sclera)

Myxedema — proteins accumulate in the skin and attract water

/(MP3>
Heart- increases the genes forﬂ'wyosin hevy chains, SR Calcium ATPase, K channels, Beta adrenergic receptors. G proteins,

Na/K/ATPase P PULSC PRESWte 0L +o IN010pY ) | podpieran MSRIRNLL dUAL 1O kTN US Oddlation

Brain- not directly affected by T3/T4 astrocytes convert T3 to T4 in the brain, sharp increase in brain D2 activity that can
be reversed in hours by IV dose of thyroxine. CNS and basal ganglia affected in development. Thus, thyroid hormone
deficiency in development causes deafness, mental delay etc.

Catecholamines- toxicity of these is increased with high &levels. Effects of hyperthyroidism i.e. tremors, thyroid storms

can be treated with beta blockers P 4¢ & afﬁ‘nify 91' adlront wafr(} .
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3. Describe the physiology of insulin effects on adipose/muscle/liver
Half life of insulin is 5 minutes in circulation — binds to receptors, internalised

e Increased glucose entry

L e Increased fatty acid synthesis

e Increased glycerol phosphate synthesis
e [ncreased triglyceride deposition

e Activation of lipoprotein lipase

e Inhibition of hormone sensitive lipase
e Increased K uptake

Glucose entry

Glycogen synthesis

Amino acid uptake

Protein synthesis in ribosomes
Ketone uptake

K uptake

Muscle
e Increased
o
o
O
o
o
O

e Decreased protein catabolism

e Release of gluconeogenic amino acids

e Decreased ketogenesis
e Increased protein synthesis

e Increased lipid synthesis
e Decreased glucose output from decrease in gluconeogenesis, increased glycogen synthesis and increased

glycolysis

Charlotte Durand
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4. Describe how calcium homeostasis is achieved — on paper
5. Role of vitamin D

Sunlight
_—_l > itami Vitamin D3
2 - .
7-Dehydrocholesterol Previtamin D3 (cholecalciferol) SKIN
LIVER [25-Hydroxylase

Other

<«— 25-Hydroxycholecalciferol

metabolites
[ 24-Hydroxylase | 1o-Hydroxylase |
KIDNEY

24,25-Dihydroxycholecalciferol 1,25-Dihydroxycholecalciferol

1,25 dihydroxycholecalciferol (1,25-(OH)2D3 also made in placenta, skin keratinocytes and macrophages.
Stimulates expression of gene products involved in calcium transport and handling
Receptor is a transcription regulator in bound form e.g. Calbindin-D

Causes increased absorption from small intestine

Increased synthetic activity of osteoblasts (and therefore also osteoclasts)
Necessary for normal calcification of matrix (i.e. deficiency causes rickets)
Regulated somewhat by calcium and phosphate levels ie hen hyperglycaemic, less potent form is produced by kidneys
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6. What are the bodies responses to hypocalcaemia/hypercalcaemia

Hypocalcaemia
¢ 1Plasma calcium .

A

-

Péralh yroid glands :
1 Parathyroid hormone secretion
N

e sl

I

]
{ 1 Plasma parathyroid hormone l

—

ED /T

[ AL
( Kidneys [ : Bone
TCalcium =~ 11,25-(0OH),D3 T Resorption
_reabsorption . formation
VL Urinary excretion TPlasma T Release of calcium
of calcium 1,25—(0OH),D5 into plasma
S s
JL
(' Intestine
& T Calcium absorption

<_ Restoration of plasma calcium toward normal )

EIFCIIDE 9912 et —2nvt e

|

Hypercalcaemia
Mild —asymptomatic

Al

7. Calcitonin
Calcium lowering hormone from parafollicular cells in the thyroid called clear cells or C cells
Secreted in response to higher plasma calcium levels
Also stimulated by heaps of other hormones ESPECIALLY gastrin i.e. really high in Zollinger Ellison syndrome and
pernicious anaemia
Receptors in bone and kidneys
| Lowers phosphate too
| Inhibits the action of osteoclasts
Potentially important in young person development and prevents bone troubles in pregnant women

‘8. A note on hypocalcaemic tetany with hyperventilation
Calcium bound by plasma proteins
When a patient hyperventilates = blows off CO2 = higher plasma pH (resp alkalosis)
Higher pH = more ionized plasma proteins = more anions to bind with Calcium

9. Hypercalcaemia associated with malignancy
20% of hypercalcaemic pts with cancer have bone mets
Erosion of bone via prostaglandins from tumour = release of calcium
Humoral hypercalcaemia of malignancy happens through PTHrP
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