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Thyroid-stimulating hormone (TSH)

4  As we said, thyroid gland is stimulated by TSH (glycoprotein)
which is secreted by pituitary gland TSH hormone stimulates the
growth of the gland as well as the production of thyroid gland
hormones (synthesis and secretion).

+ TSH is stimulated by TRH (hypothalamic hormone) (tripeptide),
firstly TRH released into median eminence?® before it affects the

pituitary gland to secrete TSH.
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+ TSH is composed of 2 subunits: an o (nonspecific or
nonfunctional) subunit and a B (specific or
functional) subunit, in order for the 3 oy £
subunit to function it should be bound to ettt vyl Vs
the a subunit, as in figurel. & Tcs“ Ve
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DAG), cCAMP most probably for the synthesis and releasmg of thyr0|d
hormones, and the other two messengers for the metabolism of the
gland.
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FIGURE 40-6 TSH actions on the thyroid cell. Cyclic adenosine monophosphate (cAMP) along
with calcium ions (Ca**) and phosphoinositol products act as second messengers generated by
TSH binding to its receptor. All steps in thyroid hormone production, as well as many aspects of
thyroid cell metabolism and growth, are stimulated by TSH.



Thyroid gland

%  Thyroid gland lies in front of the trachea, weighs 30 g.

4  Composed of right and left lobes joined by an isthmus.

#+ It has a rich blood supply, and that indicates the importance of the
gland.

+ By 12 weeks of gestation, thyroid gland of the fetus begins to
produce hormones under the effect of the pituitary and the
hypothalamus of the fetus.

+  Production of fetal hormones is essential for the normal
development of the skeleton and the nervous system so any deficiency
in thyroid hormones in this time will lead to developmental problems
in these two systems.
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%  The fetus does not benefit from maternal thyroid hormones;
because they don’t pass through the placenta into the fetal blood

.although, they are small.



#+  Thyroid gland is composed of follicles, which are filled with fluids
(fluid full of proteins, enzymes, hormones, ...etc.).

4  These follicles are encircled by epithelial cells (or thyroid cells or
follicular cells), these cells synthesize the hormones and store it in
the follicles.

%  In between epithelial cells, there are parafollicular cells (or C cells)
that produce an unrelated hormone which is calcitonin has a function

related to the calcium.
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FIGURE 4248 —1. Siructure of the thyroid gland. The thyroid gland i

located anterior 1o the cricoid cartilage in the anterior neck. The gland
comprises numerous follicles, which are fAlled with colloid and lined by
follicular cells. These follicular cells are respomnsible for the rapping of
iodine and the synthesis of thyroglobulin, which contains thyroid hor-
mone as part of its primary structure. These cells also secrete thyroglob-

ulin the major protein of the thyroid colloid

into the lumen of the

follicle. The thyroglobulin protein that is stored in the follicular lumen
conitains numerous iodinated yrosines and thyronines, which are deriva-
tives of the amino acid yrosine. On command, the follicular cells ake
up the thyroglobulin and release the thyroid hormones mriiodothyronine

(T3 and thyroxine, or tetrraiodothyronine (T.). into the blood.



Thyroid hormones

4 As we know about the chemistry of hormones, they are either
proteins or amino acid derivatives or steroids. Thyroid hormones are
amino acid derivatives.

4 Thyroid hormones (T3, T4) exert a negative feedback mechanism
on the pituitary gland as well as on the hypothalamus. “understood?

Aaah ya 38ab?”

4+ They are composed of 2 Tyrosine residues, Tyr can bind lodine.
This is a unique property for the thyroid gland; as it is the only
gland in the body that binds an inorganic substance with an

organic substance.

4+ Also, the Thyroid gland can store hormones that are sufficient
for the human being for about 2 or 3 months. Also, this is a unique

property for the
gland.

4 The storage of
thyroid hormones
different than the
storage of iodine(6
months).
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+ When Tyr binds one iodine it is called Monoiodotyrosine (MIT),
but when it binds two iodine it is called Diiodotyrosine (DIT).

4+ Binding of Tyr with
lodine is called lodination.

lodination and
Coupling

4+ When two DIT bind with
each other, they produce a
hormone called
tetraiodothyronine (or
Thyroxine or T,4). This is
called coupling.

4+ When one MIT binds
with DIT, they produce
another hormone called
trilodothyronine (or T3).
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4+ T3 and T4 indicate the number of lodine.

4 There is a third hormone, which differs in the location of iodine on
the bonds of Tyr, which is called reversed Ts (RTj).

+ S0, thyroid gland produces 3 hormones:

1- T4, the main one, has low activity (sometimes becomes inactive
under the effect of some enzymes), but it is a prohormone (produces
the other hormones T3 and RT3, and other products).

2-
3-

T3, the most active one.

RT3, totally inactive hormone.



+ So, iodination is an organic mutation (binding of iodine to
tyrosine), and coupling is binding of two iodinated Tyr. These two
iodination and coupling don’t occur on free Tyr in the colloid.

4+ Epithelial cells of thyroid gland produce a protein called
Thyroglobulin, which is o L e ot e

iodine transport, thyroxine and triiodothyro-
nine formation, and thyroxine and triiodothyro-

Composed Of Tyr nine release into the 'blood DIT, duo§otyrosine;
. . MIT, monoiodotyrosine; 'NIS, sod_tun:n-iodide

residues ranging el St idrinil g
between 100-130
residues. 7 ‘ =

# lodination and Mo & o %

- |

coupling occur on Tyr ows| ol o
in the structure of o N pemféf;l
Thyroglobulin, but not | ;, §@—» R L, e
all Tyr in the protein 8\ & cog % j

can bind iodine, about | ”‘”’V"\ 4—/@ il
n TJ
4-8 of them only can i Pl B O ‘.'g pam:osés

T { 4 Proteases: Colioid Ty
blnd $ drop let =
- - . Storage of Thyroglobulln The thyroid gland is
* SO, thIS prOtem carries unusual among the endocrine glands in its ability to store
large amounts of hormone. After synthesis of the thyroid
M IT, DIT, T3’ T4 and hormones has run its course, each thyroglobulin mol-
. ’ .. ecule contains up to 30 thyroxine molecules and a few
RT3_ When IN need It 1s triiodothyronine molecules. In this form, the thyroid hor-
L. mones are stored in the follicles in an amount sufficient to
taken |nS|de the Cel IS by supply the body with its normal requirements of thyroid
hormones for 2 to 3 months. Therefore, when synthe- |
p”’]OCytOSlS’ then |nS|de sis of thyroid hormone ceases, the physiologic effects of
. deficiency are not observed for several months.
the cell is lysed to Each molecule of thyroglobulin contains about 70

tyrosine amino acids, and they are the major substrates

that combine with iodine to form the thyroid hormones.
.But onlv 4 to 8 of these are normally incorporated into thyroid hormones

release the hormones,
then hormones pass into
the blood.

+ lodine comes from the plasma or from the cells themselves. There
are carriers for iodine and sodium; whenever the sodium enters,
iodine enters the cells along with the sodium, then into the colloid by
another carrier (pendrin), which is oxidized by peroxidase to
function.



Metabolism of thyroxine

%+ Tsand RT3 come mainly from T4; T3 75% from T4, 25% from
thyroid.
RT3 95% from T4, 5% from thyroid.
So, they are mainly from the metabolism of Ta.

B Table 53-1 Thyroid hormone turnover

Tl T 3 fT 3
Daily production (pg) 90 35 35/
From thyroid (%) B 100 25 5v:
__From T, (%) _ — 75 95v
Extracellular pool (pg) 850 40 40
Plasma concentration .
Total (pg/dl) 80 012 0047
Free (ng/dl) 2.0 0.28 0.20 vV
Half-Iife (days) i . 1 0.8 Vv
Metabolic clearance (L/day) 1 26 77
Fractional turnover per day (%) 10 .75 .90
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FIGURE 32.4 The metabolism of thyroxine. Deiodinase type 1 (D1) deiodinates thyroxine (T.) at the 5° position to
form triiodothyronine (T3), the physiologically active thyroid hormone. Deiodinase type 3 (D3) also enzymatically deiodinates
some T, at the 5 position to form the inactive metabolite, reverse T;. T; and reverse T; undergo additional deiodinations to
3,3"diiodothyronine before being excreted. A small amount of T, is also decarboxylated and deaminated to form the



% Tsand T4 are very dangerous hormones if they were free in excess
concentrations; they burn everything in the body; catabolize the
proteins.

4+ Therefore, the free percentage should be very low; T3 just 0.5% is
free while T4 just 0.02% is free.

+ Binding of these hormones to proteins has advantages; first to
prolong the half-life, second to prevent from filtration, third to
maintain the normal level of these hormones in the plasma.

5°/3" monodeiodinase
TBG (thyroxin- | activity removes the 5
binding globulin). i iodine, converting T, to Tj.

Nuclear
/ ‘envelope
Na-K pump
Gluconeogenic enzymes
Respiratory enzymes
Myosin heavy chain
P adrenergic receptors

Many others

& 4 plasma 8 TR “Nucleus

99.98 % is
bound to TBG.

T, and T enter the cell
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carrier-mediated transport.

FIGURE 48-5. Action of thyroid hormones on target cells. Free extracellular thyroxine (T,) and triiodothyronine (T,) enter the target cell either by

diffusion or by carrier-mediated transport. Once the T, is inside the cell, a cytoplasmic 5'/3'-monodeiodinase converts much of the T, to T, so that

that cytoplasmic levels of T, and T, are about equal. Both T, and T, enter the nucleus. Thyroid hormone receptors bind to DNA at thyroid response

;‘i elements in the promoter region of genes regulated by thyroid hormones. The binding of T, or T, to the receptor regulates the transcription of these

% genes. The recepior prelerentially binds T,. Therefore, of the total thyroid hormone bound to receptor, approximately 90% is T;. The receptor that

%, binds to the DNA is preferentially a heterodimer of the thyroid hormone receptor and' retinoid X receptor. Thyroid hormone promotes the
nanscnpuon o[ genes cncodmg a w:dc range of promns mRNA messenger RNA
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#+ Proteins that bind thyroid hormones are: Thyroxine Binding

Globulin (TBG), alboumin, and Thyroxine Binding Pre-Albumin
(TBPA)

Concentration (pmol/l) Blndlng affinity

Actual bmdnng T, (%)
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+ Thyroid hormones are essential for fetal life for normal
development of the nervous system and skeleton, so a deficiency in
these hormones causes the nervous system and skeleton not to develop
properly.

+ These hormones affect the metabolism of all food stuff,
cardiovascular system, CNS development, growth, and many other
systems.
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Figure 77-5. Thyroid hormone activation of target cells. Thyroxine (T.) and tniodothyronine (T:) enter the cell membrane by a carrier-mediated
adenosine triphosphate-dependent transport process. Much of the T, s deiodinated to form Ts, which interacts with the thyroid hormone
receptor, bound as a heterodimer with a retinoid X receptor. of the thyroid hormone response element of the gene. This action causes either
increases or decreases in transcription of genes that lead to the formation of proteins, thus producing the thyroid hormone response of the
cell. The actions of thyroid hormone on cells of several different systems are shown. BMR, basal metabolic rate; CNS, central nervous system;
mRNA, messenger ribonucleic acid; Na’-K"-ATPase, sodium-potassium-adenosine triphosphatase



Hormones that function on the growth:

Multiple hormones, including growth hormone (GH), insulin-like
growth factors (IGF-I and IGF-II), insulin, thyroid hormones,

Glucocorticoids, androgens & estrogens contribute to the growth process

In humans.

Thyroid hormones deficiency

4+ We can say Thyroid hormone -as singular-; because the only
hormone that functions is T3.

+ Thyroid hormones are essential in normal amounts for growth;
excess does not produce overgrowth as with GH but causes
increase catabolism of proteins & other nutrients so it causes loss
of weight.

4 Thyroxine at normal concentrations has a permissive effect on
the action of GH on protein synthesis; in its absence, amino
acid uptake, and protein synthesis are not much stimulated.

= Similar to thyroxine and adrenaline on lipid
Note: Thyroxine means all thyroid hormones (T3 and T4)

+ Reduced thyroid activity in childhood produces dwarfs who are
mentally retarded, whereas reduced GH in childhood produces
dwarfs with normal intelligence (usually).



Hypothyroidism

UNDERACTIVITY of THYROID

If the THYROID shows @rrophy of its secretory cells or is inadequately
stimulated by the Anterior Pituitary:-

LESS (or no)
THYROID

insufficient HORMONAL SECRETION
eleased to Blood Stream
—TISSUE ()XIDATmlm dcprccscd
ie. Rate at whi s use energy is
reduced.
-~ The Basal Metabolic Rate falls. -
- ——less Heat is produced.
-—Body Temperature falls (and parson
feecls COLD)
units are stored with.water.
,SKIN Thick, icathery, puffy, yeilow
(due to circulating carotena).
Blood cholesterol Increases.
Appetite is reduced ; Weight increases.
Gutmovements sluggish+Constipation.
Heartand Raespiratory Rates and
Blood Pressure reduced.
Thought processes slow down —
Lat! v: Apathy; Semnolence.-
s‘:’:: % d:tlc. sparse, dry.
— usky voice. Bone marrow
X tfc CHUL —eg WIMM oF suppressed —ANAEMIA.

. -~

DWAAFONG SA’MAL
GROWTH and
Mfm DEVELOPMENT

Al mwlestorres” of babyrooc sre
Talmy e

TH YROXINE (Cskars by mowuth) restores rndividuals vo normasl.

Chllds deficiency of Thyroid:

<+ Thyroid hormones are essential even during fetal life; for normal
development of the skeleton and nervous system.

<+ Deficiency in Thyroid hormones produces Dwarfs called Cretins
(Cretinism).

<+ Cretins have a failure in growth and development of:

- Skeletal -Sexual -Mental




Adults deficiency of Thyroid:

=+ Deficiency in Thyroid hormones called Myxoedema.

= Slowing up of all bodily processes (From Tissue oxidation to
voice).

-Thought
movement

-Heart -skin

-Appetite

temperature, etc....

-Blood cholesterol

-Respiratory
- Body

The ones who has a deficiency in Thyroid hormones (Thyroxine)
cannot think.

364 Pursiolocy

7

Hyperthyroidism

TABLE 9-9. Pathophysiologv of Thyrold Hormanes
Hyperthyroidism Hypothyroldism
Symptoms Increased basal metabolic rate (BMR) Decreased basal metabolic rate

Treatment

Weight loss

Negative nitrogen balance
Increased heat production
Sweating

Increased cardlac output
Dyspnea (shortness of breath)

Tremor, muscle weakness
Exophthalmos
Goiter

Graves’ disease (Increased thyroid-stimulating
immunoglobulins) .

Thyrold neoplasm

Excess TSH secretion

Exogenous Ty or T,

Decreased (leedback inhibition of Ty on the
anterior lobe)

Propyithiouracil (inhibits peroxidase enzyme and

thyroid hormone synthesis)
Thyroldectomy
¥ (destroys thyroid)
B-Adrenergic blocking agents (adjunct therapy)

Weight gain

Positive nitrogen balance

Decreased heat production

Cold sensitivity

Decreased cardiac output
tilation

Lethargy, mental slowness

Drooping eyelids

Myxedema

Growth retardation

Mental retardation (perinatal)

Goiter

Thyrolditis (autolmmune or Hashimoto's
thyrolditis)

Surgery lor hyperthyroidism

I~ deficlency

Congenital (cretinism)

Decreased TRH or TSH

Increased (by negative feedback if primary defect
is in thyroid gland)
Decreased (if defect Is in hypothalamus or anterior

pituitary)

Thyroid hormone replacement dierapy

-Gut



Exophthalmos (protrusion of the eyeball):

Because of the increase in Thyroid-stimulating immunoglobulin
protein TSI, which Results from graves’ discase.

Note: Thyroid-stimulating immunoglobulin causes protrusion of the
eyeball, But not in all hyperthyroidism (not in all conditions).

Goiter (enlargement of thyroid gland):
Types of Goiter:
1. T3, T4 are low (Benign non-toxic goiter)
(hypothyroidism)
2. T3, T4 increase (malignant toxic goiter)

(hyperthyroidism)
TABLE 15-5° Wpu of Thyroid Dys&mdlom &
e N L L Y L X Vo e e T T TS O e L Rt
YROID PLASMA CONCENTRATIONS : R
DYSFUNCTION CAUSE OF RELEVANT HORMONES P%
Hypothytoidism Primary faflure of thyroid gland | Tyad T, f TSH
Secondary to hypothalamic or anterior ! Tyand T, | TRHand/or | TSH No
pituitary Gilure
Lack of dietary iodine | Tyand T, t TSH :
Hyperthyroidism Abnormal presence of thyroid-stimulating f Tyand T,; | TSH
immunoglobulin (TSI) (Grave’s disease)
Seconaary to excess hypothalamic or anterior f Ty2:d T, t TRHand/or T TSH
pituitary secretion
Hypersecreting thyroid tumor t Tyand T | TSH No

By making some tests, not by
appearance; we can decide whether
goiter is toxic or not.

*If you have any question don’t hesitate to
ask me*
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