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Structure of the Thyroid

 glandular tissue is comprised of spherical follicl
lined with cuboidal epithelial cells (follicular epithe

* the lumen of each follicle is filled with a colloidal
secretory material (colloid)

« parafollicular cells may be found on the outside (&f
some follicles (C cells)



Section of thyroid gland
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What are the thyroid hormones?

* thyroxine (T4, tetraiodothyronine)
e triiodothyronine (T3)
e calcitonin

« T3 and T4 contain iodine




Synthesis of T3 and T4

* active uptake of iodide from the plasma
* organification of iodide

* synthesis of thyroid hormones occurs on thyroglob
within the colloid

thyroglobulin (Tqg) Is a glycoprotein hormone (8-1({%/0

carbohydrate)(660kd)!(%0.1-2) that Is synthesised by t
thyroid follicular cell and iodinated once it has been
synthesised.




Synthesis of T3 and T4 con't

amine hormones synthesized from the amino acid tyrosine

| + tyrosine—— monoiodotyrosine (Ml
(%70)

MIT + | __,  diodotyrosine (DIT)

DIT + DIT , thyroxine (T4)
(13 1-7 74) (%30) \

DIT + MIT triilodothyronine (T3)

hormones still attached to thyroglobulin
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Synthesis of T3 and T4 con't

* Thyroglobulin is pulled back into the thyroid folli
from the lumen by endocytosis.

*hormone release occurs by enzymatic (lysosomes)
splitting of T, and T, from thyroglobulin and the entr
free hormones (T3 and T4 are very lipophilic), MIT an
DIT are recycled) into circulation \




Tyrosine Thyroxine (Tg)
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Thyroxine and its precursors: Structure

Synthesis

Tyrosine
H H o

o | |
Ho—c—cf

| |
H NH, OH

Tyrosine
H H
- I I //O
Ho~«D)-¢ ¢

H NH, ©H

Thyroxine (T,)

RN
> HO—B oc':—c':—c:
I I H NH, ©OH

(2 tyrosine + 41)

Triiodothyronine (Tj3)

Figure 23-8: Thyroid hormones are made from tyrosine and iodine
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T3and T4

* bound to carrier proteins in the plasma

- thyroid binding globulin (TBG)
- albumin (10%)
- transthyretin (20%)

* mainly thyroxine (T4) is released(7:1)

-T3 Is formed by the deiodination of T4




Regulation of Thyroid Hormone Release

Production and secretion of T3 and T4 is controlle
thyroid stimulating hormone (TSH) released from t
anterior pituitary

* Increasing plasma TSH causes:

* release of formed T3 and T4

* Increased rate of iodide uptake

* Increased rate of synthesis

* Increased size and number of follicles

 TSH release under feedback control
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TRH
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The functional unit of the thyroid is the thyroid foll

» NORMAL FOLLICLE

Follicular
cell

Follicular lumen
containing Tg
rich colloid




This follicle has been stimulated by high TSH
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This follicle lacks TSH stimulation

Met Tg acomulation
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o Follicular cell:
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Thyroid stimulating hormone (TSH)

a glycoprotein hormone (15% carbohydrate
» secreted by the thyrotrophs of the anterior pituitar
» the major external regulator of the thyroid gland

» binds with the TSH receptor which is located on the
surface of the thyroid follicular cell

» stimulates all phases of iodine metabolism, increas\%ng

the synthesis of fresh thyroid hormone stores as well a
Increasing the release of thyroid hormones within 1 ho




TSH consists of an alpha and beta subunit

» The alpha and beta subunits are produced on diffe
genes in the thyrotrophs and are requlated by TRH
(thyrotropin releasing hormone) positively and T,
negatively.

» CHO side chains on the TSH molecule determine it
stability and biological activity.



In the pituitary thyrotroph:

Low T,or T, gives:

»increased TSH subunit synthesis and thyrot
hypertrophy

»tumour formation (cells then not responsive to
T,orT,)

»uncontrolled TSH release
»thyroid enlargement and overactivity




Increaszed alpha and
beta s=ubunit synthesis

HIt=-H TSH

+ + +
—h
Thyroid enlargement

and increased activity



High T, or T, gives:

»decreased TSH subunit synthesis

»inactive thyrotrophs may lose the capaci
respond to reduced T, or T, levels
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The hypothalamic-pituitary axis:

» Regulates hormone production.

The hypothalamo-pituitary axis is a classical negative
feedback regulatory mechanism in which secretion o
TSH Is modulated by thyroid hormones. Release of TS
from the pituitary gland is stimulated by thyrotropin
releasing hormone (TRH) from the hypothalamus. \
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T, & T, Control Pathways & Diseases from Mal
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T3 & T4 Control Pathways & Diseases from M




TRH:

»derives from the median eminence of th
hypothalamus

»thyrotropin releasing hormone, ie stimulat
TSH release




Somatostatin:

»inhibits TSH release

»potentiates the effect of thyroid
hormones on thyrotrophs, ie thyroid

hormone has inhibitory effects on
TSH release




The hypothalamic-pituitary-thyroid axis

» Asmall increase in T; and T, produces a diminished
response to TRH at the pituitary level.

» T;and T, act at the hypothalamic level by inhibiting m
for TRH synthesis.

and only this free hormone has an inhibitory effect on the
secretory activity of the thyroid.

» Only unbound fractions of hormone are metabolically’ﬁ\act



The hypothalamopituitary axis Is affected
by neural influences:

» dopamine physiologically inhibits TSH secr

» glucocorticoids have been shown to dull th
response of the pituitary to TRH

» oestrogens increase the sensitivity of
thyrotrophs to TRH




Additional Mechanism of T3/T4 Release

Cold exposure:

» a decrease In temperature acts via the
hypothalamic thermoregulatory centre to incre
release of TRH \

e an increase Iin temperature has the revers
effect




» Classical Mechanism

E,-ER complex binds directly to EREs in target gene promoters.

» Non-Direct DNA Binding Mechanism—ERE independent Genomic Action

Protein-protein interactions with other transcription factors.

» Ligand-Independent Genomic Action

Growth Factors activate Protein Kinase Cascades leading to phosphorylation (P)
of ER at EREs.

» Non-Genomic Mechanism

Membrane-associated ERs mediate estrogen actions.
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Thyroxine and its precursors: Activity

_intraceliular effects | o - %o
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monocarboxylate transporter 8 (MCT8)
responsible for directed transport of T3 into
target cells and for export of thyroid
hormones out of thyroid epithelial cells.
Genetic disturbances of MCT8 in patients
result ina biochemical constellation of high
T3 levels in combination with low or normal
TSH and thyroxine levels leading to a new
syndrome of severe X-linked mental

retardation.
Allan Herndon Dudley (AHD)




Physiological Actions of Thyroid Hormones

~essential for growth in childhood

e various metabolic effects:

- Increase breakdown of carbohydrates \
- Increase breakdown of lipids
- determine metabolic rate

- level of heat production




Effects on Organ Systems

« HEART — Increases rate, decreases force
 VASCULAR - vasodilation
* Gl — Increased motility and absorption

« SKELETAL — Increased bone turnover

* NEUROMUSCULAR - hyperactivity, increased
contraction




DISEASES OF THE THY ROI1)

« M TRE - Enlargement of the thyrowd gland
= ansces
— 1. mld wodine deticiency
— 2. parnal deticiency ol a synthesis enevime
— 3. dimuimished TS H sumulation
— 4 thyrouditis (mtlammation
= . imfecion
= b auto-immune disecase
« Panents’ levels of thyroad hormones remain
relatively normal ¢, euthyroad




Golter

 swelling in neck due to thyroid hypertrophy
* both hypo- and hyperthyroidism

m Figure 21-29 Goiter due to excessive TSH stimulation




DISEASES OF THE THY ROI1D

« HYPOTHYROLIDISM - low circulanng levels of
thyvrond hormones (Myxoedemad

« Llauscs
— 1. severe iodine deficiency

— 2. severe deticiency of one or more  synthesis
CHZENVINCS

— 3. severe pibumtary dvsfunction (e virtually no
TSH stimulation)

— 4 talure of thyroad gland to respond o TSH

— 5. removal or destruction of sigmificant portion
of thyrowd gland during treatment tor

hvperthyroidism




DISEASES OF THE THY ROILD)

= HY MMM HYROIIISM causes cont.

— thyrowditis
* mflammatory discase of the thvrond
* Hashimoto s discase 15 the most common
- an auiocnmmune mflammatory discase causimg
uliimately atrophy of the gland




DISEASES OF THE THY ROILD)

» HYPERTHY ROIDISM - increased
circulating levels of thyvrond hormones

« Causes
— 1. Grave's disease
— 2. toxic goitre

— 3. tnmours - primtanry mour or ectopic
production of thyrond hormones




Thyroid Dysfunctions

e cretinism

- congential absence of T3 and T4 or chr
lodine deficiency during childhood

- retarded growth
- sluggish movements

- mental deficiencies




 adult hypothyroidism

- low rate of metabolism and lethargy
- decreased body temp
- decreased heart rate

- outer skin becomes scaley

- myxodema — swelling of sub-cu connective




 adult hyperthyroidism
- Grave's Disease
- tall stature, hyperactivity
- high rate of metabolism
- high body temp

- high heart rate




GRAVE S DISEASE

antibody producing cells

: . J'} . . : other lesions
thyroad mmlijrmng antibodies ¢ calaracts
THY RO

v

very low TSH via <5 excess T3 & T4
fecedback to the {!1

byvperhyroadism




Exophthalmus

m Figure 21-31 Exophthalmus

- edematous swelling at the rear of eye socket
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Figure 247 Changes in thyroid hormones during sewere illness. FT,, Free thyroowine; rT,, reverse tricdothyronine; T3H,
thyroid-stimulating hommone; TT,, total triodothyronine; 7T, total thyroxine. (Redraswn from Demers LA, Spencer CA: NACE:
lnboratory support for the diagrosis and monitonng of thyroid disegse, 2003, p 11, with permission. feailable at: wwaonach.org.)
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