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Endocrine System
With Specid Referenceto Thyroid Gland

Endocrine system consisting of agroup of ductless
glands viz. pituitary, thyroid, parathyroid, pined,
thymus, gonads, pancreas, adrenal etc. plays a
very vita role in governing human behavior.
Thyroid is one of the most important glands that
control body’s metabolism and cacium levd. It
secretes iodothyronines that are (tri-iodo-
thyronine, thyroxine) and cacitonin. Its secretion
ismainly regulated by TRH (thyrotropin rleasing
hormone) and TSH (thyroid simulating hormone).
It helps in growth (physical, sexud, menta) —
development- metamorphosisand caorigenesis-
metabolism. The datus of thyroid gland may be
Euthyroid or Hypothyroid or Hyperthyroid.
Hypothyroidismincudescretinismin childrenand
myxoedema in adults. Common causes of
hyperthyroid state are Grave's disease,
multinodular goiter, thyroiditis, etc. Any
enlargement of thyroid gland, regardiess of cause,
is cdled goiter. Some common investigations for
thyroid diseases are estimation of serum T3, T4
and TSH, cholesteral, radioiodine uptake, thyroid
imaging, etc. Common drug used in
hypothyroidism is dtroxin, hyperthyroidism is
carbimazole and iodine supplementation in goiter.
Thispaper presentsafull picture of thyroid gland,
itsfunctioning, disorders, and treetmentswhichis
very sgnificant for human survivd.
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Theendocrinesysem or hormona system
Is a complex system composed of a group of
ductless glands known as endocrine glands that
pour their secretions i.e. hormones directly into
blood for passageto different body organsknown
as target organs in order to control their
functioning, metaboliam, call permeghility, growth,
differentiation and stress conditions.




December - 2012

The endocrine system includes the
pituitary gland, thyroid gland, parathyroid glands,
adrena gland, pancreas, ovaries and testes. The
thymus, pineal gland, certain portions of the
gastrointesting tract, the placenta, and kidney are
aso consdered endocrine organs. Lack of any
one of the hormones produced by these glands
causes serious disorders, many of them are now
produced synthetically and used in treatment
where adeficiency exigs.

The regulation of body functions by the
endocrine system depends on the existence of
Specific receptor cdlsin target organsthat respond
in gpecidized waysto the minute quantities of the
hormona messengers. Theamountsof hormones
are maintained by feedback mechanisms that
depend on interactions between the endocrine
glands, the blood levels of the various hormones,
and activities of the target organ.

Pituitary control

The pituitary gland otherwise known as
the master gland regulates many of the other
endocrine glands. It islocated at the base of the
brain, nestled in a bony structure called the
slaturcica. It is dso cdled the hypophysis. It
controlsthe adrend gland, the sex hormonesand
the thyroid gland.

Other endocrine glands

The other endocrine glands are not
directly controlled by the pituitary like the
parathyroid glands, the endocrine portion of the
pancress, the thymus, the kidney and the pined
gland.

The endocrine system serves an essentia
integrative function. Humans are beset by the
variety of insults, such astrauma, infection, tumor
formation, genetic defects and emotiond damege.
Theendocrinegland playsakey rolein responding
to these sressful gtimuli.
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Diseases of the endocrine system result
from too much or too little hormone secretion or
from theinability of the body to utilize ahormone
effectively.
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Thyroid Gland:

Origin: It is endodermd in origin and in human
embryo, it develops from the primitive fore gut.

History: the thyroid was firgt identified by the
anatomist Thomas Wharton in 1656. Thyroid
hormone was only identified in the 19" century.

Pogtion: it islocated in front part of the larynx
and upper part of tracheain the neck region.

Structure: it is the longest endocrine gland with
weight of about 25 grams. However, isinfluenced
by age, sex, reproductive state and diet of the
person. It is bi-lobed in human beings. It is‘H’-
shaped having two fairly symmetricd latera lobes
lying on eech Sdeof thethyroid cartilage athewise
known as Adam'’ s agpple, each about 5x2x2 cm
connected by a narrow band of tissue caled
isghmus. It formsacrossng infront of 29, 3 and
4" tracheal rings. Gland is highly vascular,
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composed of gpproximately 3 million rounded
fallides aranged in lobules each lobule having
about 40falliclesand held together by connective
tissue.

Falidewal islined by cuboidd epithdium
and encloses hormone rich colloid secreted by
the epithdium. Under the simulation of thyroid
dimulating hormone, low cuboidd epithdium is
converted into atall columnar epitheium.

Blood flow in thyroid gland is about 3.5
t0 6.0 ml/gm/minute. Sympathetic fibersfrom the
uperior, middle and inferior cervica gangliaand
the parasympathetic fibers from superior and
inferior recurrent laryngeal branches of vagus
cranid nerves supply thyroid gland.

Hormones:

Hormones released from thyroid gland are,
1. Thyroxineor T4

2. Triiodothyronineor T3

3. Cdditonin

Except these three hormones there is
another hormone Reversed T3 or RT3 which is
biologicdly inert. T3, T4 areiodinated derivatives
of amino acid tyrosine secreted by the follicles.
Cdcitoninisnon-iodinated hormone secreted by
parafollicular cdls or C-cdls. Thyroid gland is
stimulated to secrete hormones by TSH or
thyrotropin from the anterior lobe of pituitary
gland.

Biochemistry:

The thyroid hormones are modifications, caled
thyronines, of an amino acid, tyrosne. Thyroid
hormonesareheavily ladenwithiodine. Themgjor
active thyroid hormones are thyroxing(T4) and
triiodothyroning(T3). Thyroxine and T3 are
formed by the molecular addition of iodineto the
amino acid tyrosnewhilethe later isbound to the
protein thyroglobulin. Most of the iodothyronine
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released from thyroid is T4 but ultimately an
enzyme caled deiodinase removes one iodine
atom from T4 and produce T3.

Regulation of Hor mone Secr etion:

Themgor regulatorsof T3, T4 secretions
are TSH, TRH, feedback, auto regulation,
exposure to cold and somatostatin (of
hypothalamus). Hypothalamus secretes TRH
(Thyrotropin Releasing Hormone) which
simulates TSH secretion of the anterior pituitary
that finally leads to secretion of T3 and T4.
Elevated levels of serum T3 and T4 inhibits
primarily the thyrotropes of anterior pituitary and
only tolittle extent the hypothadamus. Daily iodine
requirement for proper functioning of thyroid is
200 micrograms. If food contains excessiodine,
theiodinetrgpping mechanismbecomesinefficient
S0 that not much of iodineis trapped, wheressiif
foodiodine uptakeisvery low, theiodinetrapping
mechanism becomes super efficient so that the
entire amount of available iodine is trapped by
falicular cdls. Cold stimulates production of TRH
and serum T3, T4 isincreased and somatostetin
of hypothdamus inhibits thyroid secretion.

Role of 1odothyronines:

The thyroid plays an important role in
regulating the body’s metabolism and cacium
balance.

. T3 increases blood sugar level. On the
other hand, T3 increases peripheral
utilization of glucose due to T3 induced
calorigenesis. On the whole in
hyperthyroidism, blood sugar level
increases. But according to some recent
findings, in hyperthyroidism, resstance of
target cdlsto insulinrises.

o T3 decreases serum cholesterol level.

Also the freefatty acid leve israised by
thyroid hormones.
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. T3 enhances both anabolism (synthesis)
and catabolism (breaking down) of
protein. However, under physiological
condition anabolism supervenes.

. T3 causes loss of calcium via urine.
Osteoporosis can develop in
hyperthyroidism.

. Thyroxine controls the BMR (Basal
Metabolic Rate) by regulating oxidation
and production of energy.

. It regulates urine output by contralling the
working of the kidney.

° It maintains the muscular and nervous
toning.

. Physical as well as mental growth is
regulated by thyroxine.

. Itismugt for the development of skeletdl
sysem.

It is required for tissue differentiation as
well as metamorphossin amphibians.

It ismust for reproduction.
Role of Calcitonin or Thyrocalitonin:

It is a peptide hormone, released from
extrafollicular or parafollicular cdls of thyroid
gland. Itisnon-iodinated thyroid hormone, which
checks the concentration of calcium and
phosphate in blood plasma by decreasing
mohilization from bones. Bones, therefore, remain
strong and solid. It aso checks absorption of
ca cium and phosphate from gastrointestingl tract
and increasesexcretion of ca ciumand phosphate.
Itisunder thefeedback control of plasmacacium
concentration and issecreted when concentration
of calcium rises in the blood. Calcitonin is
antagonistic to parathormones secreted by
parathyroid gland. It is hypocalcemic and

hypophosphatemic.
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Diseases Related to Thyroid Gland:

The date of normd thyroid function is
cdled Euthyroidism. Diseasesof thethyroid gland
result from too much or too little secretion of
thyroid hormones.

Hypothyroidism:

It is the condition in which the thyroid is
underactive. It isproducing aninsufficient amount
of thyroid hormones. It is the most common
thyroid disorder in which the body’ s metabolism
became dow.

Causes of Hypothyroidism:

Onthebasisof cause hypothyroidism can
be classified under two groups-

(@  Primary hypothyroidism  and
(b) Secondary hypothyroidism

In primary hypothyroidism, fault is
primarily in the thyroid gland, for some reasons,
thyroid isfailing to produce adequate amount of
iodothyronines. It can be due to (1) iodine
deficiency in the food or in maternd blood (for
thefetus), (2) destruction of thyroid dueto surgicd
removd, radioiodinethergpy, Hashimoto' sdisease
(in which the body produces antibodies against
thethyroid gland). Secondary hypothyroidism fault
lies in the pituitary or the hypothaamus, poor
amounts of TSH or TRH secretion is the cause.
Secondary hypothyroidism israre.

Types of Hypothyroidism:

Hypothyroidismisdassified according to
the age of onset. Thus (1) when the
hypothyroidismispresent sncebirth the condition
iscaled cretinism but (2) when appears after the
atainment of adulthood; it isadult hypathyroidism,
myxoedema or Gull’s diseese.

Q) Cretinism

Also called congenital myxoedema or
cretinoid dysplasia, isadisease of infants, which
does not appear until the age of six months
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because till that age, mother's milk provides
enough iodine.

It is characterized by dwarfism, physicd
and mentd deficienciesor under development with
a peculiar infantile facial expresson, big nose,
scanty hair, low body temperature, low heart best,
low blood pressure, large head, thick legs, pot
belly, pigeon chest, protruding tongue, swollen
eydids, short neck, dry skin, deformed bonesand
teeth and uncoordinated gait, retarded sexual
development, which includes delayed
development of sex glands, sex organs and
secondary sexua characters. If it istreated early
with thyroid hormones and trace iodine
supplementation of the diet, significant
improvement can be seen.

2 Myxoedema (Gull’s Disease)

Itisadisease of adultswhichis7-8times
more common in females than in maes. It is
characterized by puffy appearance due to
subcutaneous accumulation of hyauronic acid —
protein — chondroitin sulphate complex which
attracts water and leads to edema, low basal
metabolism, retarded oxidation, lack of alertness,
intelligence, failure to take initiative, retarded
sexud power, high blood cholesteral leve. There
is swelling of tongue and larynx causing
hoarseness and dow and durring speech, hair
fdlout from axilla, pubis, head and eyebrows. It
can betreated with oral adminigtretion of thyroid
hormones.

Hyperthyroidism:

Hyperthyroidism means over activity of
the thyroid gland, resulting in too much of thyroid
hormonesin the bloodstream. The oversecretion
of thyroid hormones leads to over activity of the
body’ s metabolism.

Causes of Hyperthyroidism:

Graves disease is the most common
cause of hyperthyroidism.
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Graves disease or Exopthalmic Goiter:

It is due to enlargement of thyroid gland
and oversecretion of thyroxine probably due to
an antibody which simulatesthe thyroid too much
in turn causing the excess production of thyroid
hormone. It is characterized by bulging of eyes
(i.e exopthdmia), highBMR, increased oxidetion
of food, emaciation, increased heartbest, higher
body temperature, excessive sweating,
restlessness, nervousness, dizziness, little deep
and fine tremors in stretched hands. Graves
diseaseis categorized as an autoimmune disorder.
Thediseaseismost common in young to middle-
aged women and tends to run in families. It can
berectified by removd of inflamed part of thyroid
gland.

Hyperthyroidism caused by multinodular
goiter inwhich one or more nodules of thethyroid
become over active. The over active nodules
actudly act as benign thyroid tumors. Another
cause is thyroiditis but it causes temporary
hyperthyroidism, usually followed with
hypothyroidiam. Itisan inflammetion of thethyroid
gland. In addition, if a person takes too many
thyroid hormone tablets, hyperthyroidism may
OCCUr.

Treatment of Thyroid Disorders:

The god of trestment for any disorder is
to restore the thyroid gland to norma function,
producing normal levels of thyroid hormones.
Specific trestment for any thyroid disorder will
be determined by the physician based on:-

° Patient’s overall health and medical

history
o Extent of the disease
. Patient’s tolerance for specific

medications, procedures, or therapies
. Expectationsfor the course of the disease
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o Petient’ s opinion or preference
Treatment for Hypothyroidism:

Trestment may include prescription of
thyroid hormones to replace the deficient
hormones. Dasage of thyroid hormone may need
to beincreased over theyears. Y early or biyearly
checkupsare usudly required to ensurethe proper
dosage of thyroid hormones is taken. A patient
usudly takesthyroid hormonesfor therest of hig/
her life

Laevothyroxine, Eltroxin, is popularly
used by ora route in hypothyroidism.

Treatment for Hyperthyroidism:

Soecific trestment for hyperthyroidismwill
be based on type of hyperthyroidism.

Trestment may include use of anti thyroid
drugs such as carbimazole (Neomarkazole) that
help lower the levd of thyroid hormones in the
blood, use of radioactive iodine, in the form of a
pill or liquid, which damagesthyroid cdlls so that
production of thyroid hormonesisdowed down,
surgery to remove part of the thyroid (the
overactive nodule), use of beta blocking agents,
which block theaction of thyroid hormone onthe

body.
Goiter:

Any enlargement of the thyroid,
regardless of cause, is cdled goiter. It is a non-
inflammatory and non-neoplastic enlargement of
thyroid gland. Goiter is of severd types, like

a8 Smplegoaiter: - Itisdsocdlediodinedeficency
goiter.

b) Endemic goaiter: - It occursin certain areasin
northern hilly areas where soil and ground water
areddficient iniodine.

c) Colloidd goiter: - A greetly enlarged thyroid
in which the fallicles are distended with colloids.
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d) Toxic goiter: - Enlargement of thyroid gland
due to some toxic material and aso associated
with exopthamic and sysemic diseese. Very high
concentration of iodine may also cause
hypathyroidism by inhibiting iodine organification.
Itisknown as Wolff-Chaikoff Effect. Such goiter
is called Hokkihodo goiter. It is very common
among Japanese, as they take in about 8-25
micrograms iodine per day in the form of sea
weeds.

Goiter can betreated by takingiodinated
tablets and consumption of iodinated sdt in the
daly diet.

Hashimoto Goiter :-

It isan autoimmune disease which occurs
in middle aged femdes dueto sengtization of ther
own thyroid protein caled thyroglobulin.

Thyroid Function Tedts:

Thyroid function tests are common
procedures performed to determine how well the
thyroid isfunctioning. Some of the most common
thyroid function tests include the following: -

1) Blood Tedts. - To measure the levels of
T3, T4, TSH and a protein called thyroxine
binding globulin (TBG) in the blood which helps
determine thyroid function.

2) Ultrasound of the thyroid gland: - To
detect Sgns of growth and other irregularities.

3) Thyroid Scans - Using radioactiveiodine
or technetium, a radioactive metdlic dement to
reved any physicad abnormdities of the thyroid.

4) Functional stimulation test: - Tests that
help differentiate whether the problem lies with
the pituitary gland or the thyroid gland. One such
test includes injecting thyrotropin releasing
hormone (TRH) and measuring the pituitary’s
response.
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Other testsare Thyroid Antibodies Test,
Thyroid Needle Biopsy, and measurement of
serum thyroid hormones (T3, T4) by RIA
(radioimmunoassay).

CONCLUSION

Thyroid plays very vitd role in human
beings. It is associated with physica, mentd and
sexud functioning of our body. Thyroid gland and
memory arevery muchrelated sodsoitisrelated
to many other important functions of our body.
Many findings prove that proper functioning of
thyroid is very much necessary asit controls the
body’ s metabolism and maintains proper calcium
level. People should be aware of diseasesrelated
to thyroid gland and should take utmost
precautions to avoid them by taking iodized sdlt,
sea food in their daily diet. As we al know
“prevention is better than cure’.
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