~ THYROID HORMONE




Competency PY. 8.2

Synthesis, secretion, transport, physiological actions,
regulation and effects of altered secretion of thyroid gland

Specific Learning Objectives:

Physiological anatomy of Thyroid gland
Synthesis and secretion of thyroid hormones
Actions of thyroid hormones

Regulation of secretion




Introduction:

» Thyroid Is the largest of the pure
endocrine glands.

» Thyroid gland is located just below the
larynx.

>t Is made up of follicles.

> Follicular cells secrete T3 and T4
(thyroxine).

> Parafollicular cells secrete calcitonin



Physiological Anatomy
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Histology
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? Thyroid Hormone
Synthesis & Secretion



Steps in thyroid hormone synthesis

> lodide trapping

> Formation &Secretion of TG
> Oxidation of lodide ion

> lodination of Tyrosine

> Coupling

> Organification

> Storage

> Secretion



Todide

Pump
|'T> I | H202 l
.5 / 0 Thyroglobulin eroxidase o
T @ \\ precursor (Te) + lodination
Y @) ——>T; and
uxﬂ G
8| R J i Peroxidase coupling
0
a \( ER  Golg ]
Y oM
MIT, DIT -
RT, O RT,
Secretion T
T 3
3"__T :l—( —"C N
4 Proteases Colloid Endocytosis

Figure 76-2;Guyton & Hall droplet V.



lodination of Tyrosine
and Organification of
Thyroglobulin during
Hormone Synthesis
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Transport of hormones

Thyroxine -binding globulin

Thyroxine —binding prealbumin
(transthyrein) & albumin

99% -T4
T3-1/2L-1day,LP-6-12hrs,max acty-2-3days
T4-1/2L-6days,LP-2-3days, max-|5days
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Mechanism of action

T4 T3 Cell me/mbrane

lodinase j
17 e Cytoplasm

inoi —Thyroid —— Nuclear
Retinoid X —
receptor hormone membrane
receptor
—
Thyroid
hormone
response
Nucleus
Gene

transcription

Iy

mRNA
Synthesis of
new proteins
|
l | | | |
Many other CNS - -
systems Growth development Cardiovascular Metabolism

TCardiac output T Mitochondria
TTissue blood flow TNa*-K™-ATPase

THeart rate 1O, consumption
THeart strength T Glucose absorption
TRespiration T Gluconeogenesis
T Glycogenolysis
TLipolysis

TProtein synthesis
TBMR



ACTIONS
OF
THYROID HORMONE




Effects on Maturation

and Differentiation

*Amphibian Metamorphosis
» Tadpole to Adult frog

*Human

»Bone maturation
»Perinatal lung maturation
»Puberty



Effects on Neurological tissue/
CNS

**Fetal and Neonatal brain development
“*Neuronal proliferation and differentiation
“*Myelinogenesis

**Neuronal out growth

s Synaptic formation

Brain development —critical period- in utero to 2
yr post natal

Thyroid deficiency — Adult

structural and Hypo — dull, lethargic, prolonged
physiological impairment reaction time, excess sleepiness
of function Hyper- extreme nervousness,
Replacement therapy excitable, lack of sleep, restless,
cannot reverse the psychological disturbances
damage

Mental Retardation



Effect on general growth

dThyroid hormone is essential for normal physical
growth

dDecrease in thyroid hormone leads to decrease in GH
and IGF
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Figure 22—-14. Normal and abnormal growth. Hypothyroid dwarfs (cretins) retain their infantile proportions,
whereas dwarfs of the constitutional type and, to a lesser extent, of the hypopituitary type have proportions charac-
teristic of their chronologic age. (Reproduced, with permission, from Wilkins L: The Diagnosis and Treatment of Endocrine
Disorders in Childhood and Adolescence, 3rd ed. Thomas, 1966.)



Effects on Metabolism

Cellar metabolism
»Increase in metabolic activity of all cells in the body

»Increase in BMR 60-100 times

» Increase Caloric action

»Increase Heat production

»Increase Rate of utilization of food for energy
»|Increase Growth

»Increase Mental activity

»Increase In size and activity of mitochondria
»Increase Activity of Na-K pump

»Increase In all cell all metabolic pathways.



Protein metabolism

Moderate dose — protein anabolism
High dose — Protein catabolism
Increase uptake of AA

Fat metabolism

Stimulates lipogenesis & lipolysis
More degradation than synthesis
Hypo- Increase in body fat

Hyper — Decrease in total body fats

Carbohydrate metabolism

Stimulates all aspect

Increase rate of Gl absorption of glucose
Uptake of glucose glycolysis, gluconeogenesis
Increase Insulin secretion



Effects on CVS

“*Increase in HR, CO, SBP

‘*Heart-

dIncrease concentration of myosin & actins
dIncrease Na-K pump activity

dincrease Myosin ATPase activity
dMyocardial contractility

dIncrease Myocardial hypertrophy
‘*Decrease Peripheral resistance

**Thus Increase SBP & Decrease DBP
“*Hence Increase Pulse pressure




Effect on skeletal muscles

*Increase Na-K pump No. & RMP

*Increase Na-K pump activity

“*Increase Ca pump activity & uptake of Ca in SR
**Increase Myosin ATPase activity

“*Increase Max shorting velocity

Hypo- muscle stiffness, delayed relaxation, slow
movements, impaired muscle glycogen
Hyper- muscle weakness, wasting , fatigue.




Thyroild Hormones

Action of Thyroid Hormones - Physiologic effects

+ Endocrine Effects
Decreases T ¥z of most

other hormones

Fetal Development
Brain maturation
Skeletal maturation

VO2, heat production

A

Lipid/CHO metabolism
increased gluconeogenesis
increased glucose absorption

> hyperT can worsen DM
general [cholesterol] decrease
increased lipolysis

Thyroid
Hormone

& free radical formation

increased BM

Increased VO2

increased heat production
(except brain/testes/spleen)

decreased SOD = ROS

Lag time hours—=>days

Genomicand
non-genomic action

J

Cardiovascular
increases myocardial contractility
Ca™ ATPasein SR
myosin heavy chain alpha
increases b-adrenergic Rc
positive inotropic/chronitropic

Sympathetic

increase fadrengeric Rc
decrease c-adrenergic Re
increase cat action post-Rc

Neuromuscular
muscle catabolism
= myopathy
increased speed of
muscle contraction
hyperrefiexia

Skeletal

stimulate bone formation and
resorption

net result = resorption

hypercalcemia

hypercalciuna

increased urine
OH-proline/pyridinium X-links

Gastrointestinal

stimulate gut motility
= diarrhea

possibly responsible for weight
changes

Pulmonary
Maintain normal hypoxic
and hypercapnic dnve

Hematopoietic

increased EPO production = increased
erythrocytosis

increased RBC tumover

increased 2.3 DPG =
increased O2 dissociation from Hb
increased O2 available at tissue




Regulation of
Hormone Secretion



—>__ Metabolic Needs >

Modify Set Point
HYPOTHALAMIC- v

PITUITARY- Hypothalamus <

THYROID AXIS 7° lntograilon Center

Thyroid Releasing Hormone

Messenger (¥) l

Pituitary Gland |e—

27 Integration Center

Thyroid Stimulating Hormone

Messenger @ ¢
Thyroid Gland

Follicular Cells
|

lated
Regulate T3 and T4 _T,Increase

Variable
@ & Effector

Mitochondria

@ doo7buoT

@© doo7uo0ys

Increased ATP & Heat Production

Thyroid Hormone




Effects of TSH on Thyroid gland

e TSH (from the Anterior Pituitary Gland)
Increases Thyroid Secretion by

Increased proteolysis of the thyroglobulin
Increased activity of the iodide pump,
Increased iodination of tyrosine

A LW NN —

Increased size and increased secretory
activity of thyroid cells

5. Increased number of thyroid cells- change
from cuboidal to columnar



Assignment :

LAQ :
Describe actions and regulation of thyroid
hormones in the body. (7+3marks)

SAQ :
Synthesis of Thyroid hormone (5 marks)

Note : disorders of thyroid hormone will be covered in
practical demo class along with endocrine photos graphs



