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Crarrer 19

CHEIhﬂCAL CODRDINATIDN

AND INT EGRATION

You have already learnt that the neural svsiem provides a
potni-lo-point rapld coordinalion among organs. The neural
coordination is fast bul shori-fived, As (he nerve libres do not innervale
all cells of the body and the celhular functions need to be continuously
regulated; a special Kind ol coordination and ttegrallon has Lo be
provided. This fanction s carred out by hormones, The neural system
and the endocrine system joinily coordinate and regulate (he
physiological furctions 1n the body,

19.1 Espocrine Graxps anp Hormoses

Endommine glands lack dircls and ae hence, called dudiicss glands, Ther
secrelons are called hormones, The classical delinition ol hormone as a
chemical produced by endoortne glands and released mito the blood and
iransporied to 8 disianily located iarpel organ has current scientific
definition as [ollows: Hormones are non-nuirient chemieals which
act as intercellular messengers and are produced In trace amounts.
The new definition covers a number of new molecules n addition Lo twe
hormones secreled by the organised endocrne glands. Inveriebrates
possess very stnple endocrine systems with few hormones whereas a large
number of chemicals el 85 hormones and provide conrdinalion in' the
vertebrales. The human endoctine system Is described here.
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19.2 Humax Expocrine SysTeEm

: The endocrine glands and hormone
Faneal productng diffused Ussues /oolls located In
different parts of our body constiule the
endocrine system. Pltultary, pineal,
_:‘E::‘Jm“ﬁﬁ thyroid, adrenal, panereas, parathyrotd,
: thymus and gonads [(estls in males and
ovary in females) are Lhe organised
endoerine bodies 1n our body
(Figure 19.1). In addition io these, some
other argans, e.g., gastrointestinal tract,
tver, kidney, heart also produce hrmones.
A briel account of the structure and
functions ol all major endocrine glands
ared hypolhatamus of the human body (s
gven In the followtng sections.

Fiyprothalammnts

PHLHATY g

19.2.1 The Hypothalamus

As you'know, the hypothalamus i1s the
has:il part of diencephalon, forebraln
{Figure 19.1) and 1l regulates a wide
spectram of body [uncions. [L contains
several groups of newrosecretary cells
called niuclel which produce hormones.
These hormones reguiate the synthesis
and secretion of pllultary hormones.
However., the hormones produced by
hypothalamus are of (wo types, Lhe
releasing hormones (which sttmulate secretion of plluitary hormones) and
e inhibiing hormones fwhich mhibit secretions of pituitary hormones).
For example a hypothilamie hormaone called Gonadotrophin releasing
hormone (GnRH) sttmuiates the plluitary synthesis and release of
gemadotrophins. On the other hand. somatostatn rom the hypothalamus
inhibits the release of srowth hormone fram the pliutiary. These hormones
ariginating tn the hypolhalamie neurons, pass through axons and are
released [rom their nerve endings. These hormones reach the pliatiary
gland (hrough a portal cirealatory system and régulale the funclions of
the anlenor pltultary, The posierior pitultany 15 under the direct neural
regulatton of the hypothalamus (Fligore 19.2),

Figure 19,1 lLecution of endoorine glauds
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19.2.2 The Pltuitary Gland

The piinttary gland ts located 1n a bony cavity
called sella turstca and 1s atiached to
hypothalamus by a sialk [Fligore 19.2) It Is
divided anatomitcally inlo an adenohypophysis
and a neurohypophysis. Adenchypophysis
conslsts of two porllons, pars distalls and pars
inlermedia. The pars distalts regiaon of piiuttary,
commmonly called anterfor pllultary, produces
growth hormone [(GH), prolactin (PRL). thyroid
stimulating hermone {TSH).
adrenocorticotrophic hormone (ACTH].
Iuteinizing hormone [LH) and follicle
stimulating hormone (F5H). Pars intermedia
secTetes only one hormone called melanoeyte
stimulating hormone (MSH). However. In
hiumans, the pars intermedta s almost meroed AnteTior
with pars distalls. Neurohypophysis (pars Rty
nervosal also known as posterior ptivitary. stores Figure 19.2 Dhyrimmatle representation of
and refeases two hormanes called exytocin and {:‘;ﬁd%ﬁ;ﬁ:“ seiaiinsidp with
vasopressin, which are actually synthesised by
Lhe ypathalamus and are rmnsported axonally 1o nearohypophysts.

Over-seorelion of GH stimulates abnormal growth of the body leading
o gganism and low secretlon of GH results in stunted growth resulting
in pituitary dwarfism. Excess secretion of growth hormaone in adulis
cspectally in middle aee can resull in severe dislisuremonl [especially of
the @ee) called Aeromegaly, which may lead Lo setlous complications,
and premature death if unchecked. The disease 15 hard lo diagnose in
the early stages and often goes undetected for many years, untll changes
in extemal features become noleeable. Prolactn regulates the growth of
the mssmmary ghands s formestion ofmtk in them. TSH stimulates the
symithests and secretton of thyrotd hormones from the thyrotd gland. ACTH
sitmulatés (he synthests and secretton of sierold hormenes called
glucocorticotds from the ardrenal cortex. LH and FSH stmuiate gonadal
anttvity and hence are called gonadotrophins. In males. LH stimulates
the synthests and secreton of hormones called androgens lrom Leslis.
In males. FSH and andregens regulate spermatogenests. in females, LH
induces ovulation of fully mature follicles (graafian follicles) and maintams
the: corpus e, [orrhed from the remnanils ol e graallan lollicies
after ovulation. FSH stimuldtes growth and development of the ovarian

Partal eirciilaiion

__ Posterior
iliary
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Flgure 19.3 Disgraommatic view of the
' position of Thymid and
Parmthyroid
() Veniral: slole
b} Daorsnl sde

follicles I females. MSH acts on the melanocovies
fmelantn conlaining cells) and regulates plimieniation
of the skin. Oxyiocin #cis on the smooth museles of
our hody and stmulates thetr contraction. In females,
it sttmulales a vigorous contraction of uterus at the
me of child birth. and milk ejection from the mammany
gland. Vasopresstn acts mainly at the kidney and
sitmulaies resorption of waler and elecirelyices by the
distal tubules and thereby reduces loss of water
through unne (diuresis). Hence, it 1s also called as anti-
diuretic hormone (ADH].

An tmpatrment affecting symithests or release.of ADH
resilis ina diminished ability of the kidney 1o conseve
water leading to waler loss and dehydration. This

condition s known as DMabetes Insipidus.

19.2.3 The Pineal Gland

The pineal sland 1s loeated on the dorsat side of
forebram. Pineal secretes a hormone calied melatonin.
Melatortr plays a- very inportant role m the regulation
of a 24-hour (diurnal) rhyihm of our body. For
example, Il helps tnmamiaimning the normal rhyvihms
of sleep-wake cycle, body (emperature. In additton,
melgtoniiaisoinilvuences melabollsm. planeniation.
the imensinial cvele as well as our defense capability,

19.2.4 Thyreld Gland

The thyrold gland 1s composed of two Iobes which are
lotated an slitlhier side of (he uachea (Moure 19.3 4). Bolh
the lobes are mterconnected-with : thin flap of connective
tissue called isthmus. The thyroid gland is composed of
follicles anid stromal tissues Eacli thivrold ollicke 1s
composed of ollicular cells, enclostng a cavity, These
fellicular rcells synlhesise i{wo hormones.
tetralodothyronine or thyroxime (T, and
trilodothyronine (T.). lodine = essenital for the nonmal
rate of hormone synithests in the thyroid, Deficency of
lodine in our diet resulls i1 hypothyroidism and
enlargement of the thyrold gland, commonty called
goltre. Hypolhyrotdtsm during pregnancy causes
defective development and maluration of the growing
baby leading lo stunted growih [crelinism), mental
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retardation. low intelligence quotient. abnormal skin. deal-muitism. ete. In
atfull women, hypothyrotdism may cause menstrual cvele o hecome
trregular. Due (o cancer of the thyrold gland or due to development of
nodules af the thyrold glands. the rate of synities!s and secretion of the
thyrotd hormones 1s mencasad to abnormal high levels leading (o 3 condilion
calleil hyperthyroldlem which adversely affects the body physiology.
Exopthalmic goltre is a form of hyperthyroldism. characierised by
calargement ol the thyroid pland. protrasion of the eyeballs, Increased
hasal metabolio rale, and welght loss, also called Graves® disease,
Thyrotd hormones play an mportant role tn the resulation of the basal
metabolic rale. These hormones also supporl the process of red blood ocll
lomuation. Thyrotd hommones coantrol the metabolism of carbolyvdrates, proleins
and Fals. Matntenance of water and electrolvie balanee 1s also influenced by
thyrotd hormones. Thyrold gland also secretes a protein homone called
thyvrocalctionin (TCT) which resulntes the blood calclum leveis,

19.2.6 Parathyrold Gland

in humans. four parathyrotd glands are present on the hack side of the
thyrold gland. one pair each in tie bwo lobes of the thyrotd gland (Fygore
19.3 b), The parathyrold glands secrele a peplide homione called
parathyroid hormone (PTH). The secretton of PTH 1s regatated by the
clroulaling levels ol calcinm lons.

Parathyrold hormone (PTH) increases the Ca®" levels i the Blood. PTH
arts on bones and stimulates the process of bane resorption (dissoluiton /
demineralisation). PTH alsa sttmulales reabsarplion of Ca®* by the renal
tubules and Increases Ca® absorption from (he digested food. 1L1s, thus,
clear that PTH is a hypercaicemic hormone, 1.e., it Increases the blood
Ca® levels. Along with TCT. 1L plays a significanl role tn caletun balance
in the body.

19.2,6 Thymus

The thymus gland is a lobular struciure located beiween lungs behind
sternum on the ventral side ol aorta. The thymus plays & major role tn
the development of the timmune system. This gland secreles the peplide
hormones called thymosins. Thymosins play & major role in the
differentiation of T-lymphoceytes, which provide cell-mediated
immunity. In addition. thymesins also promole productton of antibodies
Lo provide humoral immunlty, Thymus 15 degeneraled tn old individuals
resulUng in adecreased production of thymoestns. As a resull, U Immune
responses of old persons become weak.
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186.2.7 Adrenal Gland

Our body has one palr of adrenal glands, one at the anterior part of each
kidney (Mgure 1894 a), The gland t5 composed of two types of tssues.
The centrally located tissue is calléd (hie adrenal medulla, and cuiside
this lies the adrenal cortex (Flgure 9.4 b).

Underproduciion of hormones by the adrenal cortex aliers
carbahiydiale metabollsm causing acule weakness and fallgue leading
(o a disease called Addison's disease.

Adronal cortex

Addrena! glond

Adrenal medudla

la] 14]

Flgure 19.4 Dingrammutic representation of @ (o) Adremsd gland above kidney () Section
shoviny (wo paris of adronnl dland

The adrenal medulla secretes two hormones called adrenaline or
epinephrine and noradrenaline or noreplnephrine. These are
commeonly called as catecholamines. Adrenaline and nomdrenaline are
rapldly secreted In response Lo stress ol any kind and durtng emergency
situalions and are called emergency hormones or hormones of Fight
or Flight. These hormones increase aleriness, puptlary difation.
piloereclion (mtsiog of hairs), sweating #ic. Bolh Lhe harmones increase
the heart beat. the strengih of heart contraction and the rate of respiration.
Catecholamines also sttmulate the breakdown of glycogen resuiting in
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an inereased concentration of gineose in blood. In addition, they also
sttmulate the breakdown of liplds and protelns.
The adrenal coriex can be divided into three lavers, called zona

reticularls (inner laver), zona fasciculata (middle layver) and zona

glomerulosa (outer laver). The adrenal cortex secretes many hormones,
commaonly called as cortieoalds, The corticolds, which are Involved 1n
carbohydrale metabollsm are called glucocoriicotds. In our body, cartisol
is the mam glucocorficold. Corficotds. which regulate the balance of vealer
and electmolvies I our body are called minsralocorticolds. Aldosteronie is
the matn mineralocorticotd i our body,

Ghicocorticolds stimulate glnconeogenests, Hpolysis and proteolysis;
and mhtbil cellulas uptake and uthisaton of amino actds. Cortisol 1s also
invalved In mamntaining the cardic-vascular sysiem as well as the kidney
functions. Glucocorticotds, particularty coriisol, produces antl-
mflammatory reactions and suppresses the immune response. Cortisol

stiimulales (he RBC pmduction. Aldoslesone acls malnby al the renal

tubules and sttmulates the reabsorplion of Na* and water and excretion
of K and phosphate fons, Thus, aldosterone helps i the mamienance of
clectrolvies, body Qutd volume, esmotle pressure and blood pressure.
Small amounts of androgentc sterolds are also secreled by the adrenal
cortex which play a role in the gowth of axial hatr, puble hairand facial
halr durtng puberty.

19.2. B Pancress

Panereas 1s a composite gand (Fiaure 19.1) which acls as both exocrine
and endocrine gland. The endocrine pancreas constsis of ‘Islets of
Langerhians’. There are about 1 1o 2 miliony 1slets of Langerhans i a
normal human pancreas representing only 1o 2 per cent of the pancreatic
tssue. The two main types of celis e Isled of Langerhans are called
a-cells and f-eelis. The a-cells secrete a hormone called glueagon, wihitle
the f-cells secrele insalln.

Glucagon is a peplide hormone, and plays an tmportant role in
maintaining the normal bipod glurose levels.: Glucagon acts matnly on
the liver cells (hepatocyles) and stimulates glveogenolysts resuling n an
mereased blood sugar (hyperglycemia). In addidon. this hormone
stimulales the process of gluconeogencsts which also comiributes 1o
hyperpiveemita Clucagon reduces the cellular glucose dplake and
ulilisation. Thus, glurason 1s 3 hyperglycemic hormone.

Insulin ts a peptide hormone, which plays a major role n the
regulation of glucose homeosiasts. Insulin acts matnly on hepatocytles
and adipocyles (cells of adipese Ussuc), and enhances cellular glucose
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uptake and ulthsatlon. As a resull, there 15 a rapid movement of glucose
from blood to hepatocvies and adipocyles resulling in decreased blood
glucose levels (hypoglycemia), Insulin also stimulales conversion of
glucose (o glycogen (glycogenesis) in the targel cells. The glucose
homeosiasis in biood 1s thus mainiained jointly by the two - tnsulin and
ghucagons,

Prolonged hyperglycemia leads to a complex disorder called diabetes
mellitus which 5 associaled with loss of glucese thmough arine and
formation of harmful compounds known as kelone budies. Diabetic
palienis are successfully treaied with tnsulin therapy.

18.2.9 Testls

A patr of 1ésits is prssent in the serolal sac (outslde abdomen) of male
mdividuals (Flgure 19, 1). Testis performs dusl functtons as a primary
sex organ as well as an endocrine gland. Tests 1s composed of
seminiferous tubules and stromal or Isterstitial tissue. The Leydig
cells or Interstitial cells, which are presend in the intertubular
spaces produce a group of hormones called androgens mainly
testosterone,

Androgens regmlate the development. maturatlon and functions of
the male accessory sex organs like epididvints, vas deferens. seminal
vestcles, prissiate viand  vrethra ete. These hormones sUmulate musctlar
growth, growih of factal and axtiary hatr, ageressiveness, low piich of
volee ele. Andregens play a major sttmulatory role m the process of

spenmalogenests [formation of spermalozsa). Atidrogens acl on Lhe central

uéirml,s_vslﬂn and tnfluence the male sexual behavionr (hbido). These
hormones produce anabelle (synthetc) effects on protein and carbohydrate
melaboltsim.

19.2.10 Ovary

Females have a palr of ovanies located in the abdomen (Floure 19, 1). Ovary
15 the primary female sex organ which produaces one ovam durmg each
menstrial evele. ln additton, ovary also produces iwo groups of sterold
hormmones called esirogen and progesterone. (vary 1s composed of
cvarian [ollicles and siromal Ussues, The estrogen s synlliestsed and
stcreled mainly by the growing ovaran lollicles. Afler ovalatlon, the
muptured follicle is converted (o a structure called corpus luteum, which
seCreles ainly progesterone.

Estrogens produce wide ranging actions such as sttmmilation of growth
and activilies of lemale secondary sex organs. development of growing:
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ovarian follicles, appearance of female secondary sex characters (e.g,, high
pitch of volee, efc.), marmmary gland development. Estrogens also regulale
female sexual behaviour.

Progesierone supports pregnancy. Progesterone also acls on the
maammary gtands and stimuolates the formatlon of alveoll (sac-like
structures which store milk) and milk secretion.

19.3 Hormoses or Hearr, Kinvey anp GastromvrestmalL Teacr

Naw you know aboul the endocrine glands and thetr hormones. However,
as mentioned eariter, hormones are also secreted by some Ussues which
are 10l endocring glands: For emmple, e afrial wall ol ciir heart secreles
a very impaoriani peplide hormone called atrial natriuretic factor (ANF),
which decreases blood pressure. When blopd pressure is increased, ANF
Is secreied wlilch causes dilation of the blood vessels, Thits réduces the
Blood pressune.

The justaglomerular cells of kirdney produce s peplide hormons cslled
erythropoietin witch stimulates ervthropolests (formauon of RBC).

Endocrine cells present in differ=nl pans of the gasiro-Intesiinal trcl
seprete four major peptide hormoenes, namely gastrin, secretin,

cholecystokinin (CCE) and gastric inhibitory peptide (GIP). Gasirin
acls on e gasiric plands and sitmuolates the secretton of hvdrochlonc

actd and pepsinogen. Secrelin acls on the exocrine pancreas and
stimulates secretton of water and Mearbonate tons. COK acts on both
pancreas and gall bladder and stimnlates the secretion of pancreatic
emzymes and bile julce. respectively. GIP tnhibiis gastrie secretion and
motility, Several other non-endocrine Ussues secrele hormones called
growth factors. These [aciors are essential for the normal growth of Ussuces

and thedr repairing fregeneration.

19.4 MgeceanEs or HorMose AcTioN

Hormones produce their effects on target Ussnes by hinding to specific
proteins called hormone receptors located n the largel Ussues only.
Hormuione receptors present on e coll membrane of the targel cells are
called membmne-hoand receplors and the receplors present inside the
targgel cell are called thitracellular receplors, mostly nuclear receplors
(present in the nuclens). Binding of a hommane to 1S receptor leads Lo the
formation of a hormone-receptor complex (Figure 19.5 a, b). Each
receplor Is spectfic to one hormone only and hmee receplors are specific.
Hormone-Receplor complex formation leads (o certain Blochemical
changes 1 the largel ussue. Targel tssue metabolism and hence
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physiological [unctons are regulated by hormones, On the basis of their
chemical nature, hormones can be divided into groups ©
ll) peptide, polypeptide. protein hormones [¢.g£.. nsulln. glicavoh.
pituttany hormones, hiypothalamic hormones, ele.)
1) steroids |e.g . cortisol. lesiosterone, estradiol and progesterone|
() lodothyronines (thyrold hormones)
{ivi amino-acid derivatives (.o, epm_éplmﬂr:j.

Hormones which tmteract with membrane-bound receplors normaily
do nol enier the target cell. but generale second messengers e g, cyclic
AMP. IE,, Ca™ etc) which tn (urn regulale cellular melaboltsm (Figure
15, 5a). Hormones which inferact wilh inlracellular receplors e g, sterold
hormones, lodothyromines, efc] mastly reguldle pene expression or
clmomosome (unclion by the interacuon of hormone-receplar complex
with the genome. Cumulative blochemical actions result in physiological
and develppinenial eflects (Flzue 19,50),

.——Hm'mtm:: (.., TSH)
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Mo DA D cell membrane
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Figure 19.5 Diagramutic represéndution of the mechanizm of hormone actioy
(o) Protein hivmeone  (b) Sterold hormone

SEMMARY

There are spectal chemicals which act as hormones and provide chemiteal
coordination, miegratton and regulation m the human body. These hormones
regtilate metabolism, growth and development of onr organs, the endocrine glands
or certatn cells. The endocrine system ts composed of hypolhalamus, pliuitary
and ptneal, thyvrold, adrenal, pancreas, parathyrotd, thyvmiis and gonads (lestis
and ovary). In addition to these, some olher organs, e.g., gastrointestinal tract,
kidney, heart elc., also produce hormones. The pitultary gland 1s divided into
three major parts. which are called as pars disialis, pars intermedia and pars
nervosa Pars distalts produces six trophic hormones. Pars tnlemedla secreles
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only ane hormaone, while pars nervosa (netrohypophvsis) secreies lwo hormones.
The ptutlary hormones regulate the growth and development of somalle tssues
and activities of pertpheral endocrine glands. Pioeal gland sectetes melatontn, which
plays a very imporiant role n the regulation ol 24-hour {diwrnal) rhythms of our
body (e.g.. thythms of slesp and slate ol betng awake, body temperature, etc.). The
thyrotd gland homones play an important role (n the regulation of the basal
melabolic mite, development and maloratton of the ceniral neurn! system.
eryihropoiests: metabolism ol carbohydraies. proleins and fats, menstrual cycle.
Another thyrold hormone. Le., Unyrocalctionin regulates calehum lesels it our blood
by decreastng 1L The parathyrold glands secrele parathyroid hormone (PTH)which
increases the blood Ca®* levels and plays a major role in calctum homeostasts. The
thymus gland secretes thymosins which play a major role in the differentiation of
T-lymphocytes, which provide cell-mediated mmmunity. In addition, thymosins
also therease the producticn of antibodies Lo provide umoral tmmumity. The
adrenal gland 15 composed of the centrally located adrenal medulla and the outer
adrenal cortex. The adrensl medulls secretgs epimephinne and norepinephrine.
These hormones increasealeriness: pupliary difation. pllocrection, sweating, heart
beat, strength of heart contraction, rate of respiration. glveogenolysis, lipolysis,
protealysts. The adrenal cortex secréles glucocaricoids and mineralocorticolds.
Glucocoritcotds stmulale glnconeogeness, lipalysis, protealyvsts, erythropolesis,
cardio-vasoenlar systenn hinod pressure, and glomernlar fltrmtion rate and nhibi
milarmmatory reactions by suppressing the immune respense. Mimneralocorticolds
rezulale waler and clectrolyie contents of the body. The endoctine pancreas secreles
slucagon and insulln. Glm:ﬂgm stimuilates ﬂjjf::hgmﬂ!yqla and glhuconeogenests
resulting m hyperglycemiz Insulm stimulates cellular glucose uptake and
utilisation, and glycogenesis resaliing in hypoeglyeemia. Insulin deficiency
and/or lnsulin reststsmce resull in & disease called diabeles mellibs.

The testis secretes androgens, wiich sttmulate the development, maturation
and functions of Lthe male accessary sex organs, appearance of the male secondary
sex characters. spermalogenes(s, male sexual behaviour, anabolic pathways and
erythiropolesis. The ovary secretes estrogen and progesterone. Estrogen sttimulates
wrowth and developmenl of (emale acoessory sex organs and secondary sex
characters. Progesierone plays a major role in the matntenance of pregnancy as
well 4% tm mammary gland development and lactation, The atrial wall of the heart
produces atrial naiduretic factor which decreases the biood pressure. Kidney
produces erylhropofeitn whtch sttmulates erythropotests. The gastrointesiinal tract
serreles pastrin, secretn, cholecysiokinin and gastric inhibitory pepttde. These
Hormones regulate the secrelion of dlgcﬂ.lnfejuu:m and help in digestion.

=EAIS



e Ty ——— 251

.

ExErcises

Dl the Fillowine:

@) Exocrine gland

() Endecriwe sland

[e)] Horiione

Dingrammatically indicale the Jocatton of the vanous endocrine glands in our
body.

List the hormones secreled by the following:

{a} Hypothalamus (b) Miullary (o) Thyroid  (d} Parathyrold

{io) Adremi) (0 Pamcreas (@) Testts (W) Ovary
[l Thymus {11 Atrivm k) Bidoeoy ) G-I Tract
Fll i the blanks:

Hormones Target gland

{a) Hypothslamde hormornies

(1) Thyrotrophin [TSH)

(e} Corticot rophin (ACTH)

() Gemnidotropliins (LI, FSH)
(] Meolannirophin (MSH]
Write short notes on the fumelions of e following bormones:
fal) Paratbyroid hormaiie (PTH) [b) Thyrakd hormones

() Thymosins (d} Anlrogens

o] Estrmgens (0 Insalin amd Ghicagon
Give momple{s) ol

(i) Hyperglyeemic hormoneand i‘l'j‘]]!lﬂI}’l’.’mﬂl(‘. hnrmone

(3} Hypercalcemie hormone

[e) Gonadotmphie honmones

[} Proges|atlonal linmmon

fe filood pfesﬁum Imﬂﬁg hormone

(i Androgens and estrogens

Which hormanit defictency s respansible for the following:
fa) Diabetis grellilis [b) Gotlre (0] Cretiisin

Briefly mention the mechantsm of action of FSH,

Mitlehi the follgwing:

Column 1 Column IT

fa) T, (I} Hypothslamus
{bi PTH (1) Thyrokd

(] G| ) Preatiany

fil) LET (v} Parathvrowd

SEEas
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