
Q. 37. Describe the anatomy of Adrenal gland. 
The adrer al gland is a compound structure with comnlex func 

tions. It is situated on the upper border of each kidney, two in 
number and roughly triangular in shap:. It has got outer cortex 
and inner meduila. The o ter cortex of adrenal gland is essential 
for vertebrate Ji'e and its secretions are involved in the regulation of 8alt and 
integrity ot iiving memb:anes, Tne inner medulli of adrenal gland ir flu:nces Caib hydraie metab lism and serves as a functional 
adjunct to the symp.thetic division of the autonomic. rervous 

got 

water metabolism and in the maintenance of the 

System. 

Anatomy The adrenal1 glands are paired, convoluted, some 
what pyra nidal in sihape and each being placed on the upper pole of the correspondin: kidney. Anatomicatly each drepal gland is 
a sineie glsnu but iunti nally and developm-tally, it is a combi-
bination ot two giands in one consisting of two 1unctional units 

outer cortex nd inner meaull:. 1n some known 
Some fihes, tiie corr X änd e m:Guila occur s paratcly. 
adrenal gl +ads uiffer îiUin each other in snape, 
gland is trangulir and the iett one is S:milunar in shape. The 

uier Crtex S pproximaiely 80 percent by weig tin the normal- 
adult wh:ch 
medulla is »oft änd rei ish-brown in coluur. 

a Capsules: Each adienal gland has got two capsules known 
as true aud ialse. 

as animals like 
The two 

Tne Tight adrenal 

is tiim ng Iden yellow ia c1our and the inner 



(b) Glands proper: Bach adrenal gland measures about one to 

two inches in leng h, 
one inch in breadth
and atout one fourth 

KIDNEYY ADRENAL 
GLANDS 

Inch in thickness. Each 
gland weighs about 5g. 
They are Smaller in 
conditions associated 
with a deficiency of 
ACTH and becomes as 
much as four times 

larger in response to a 

chroric e x cess of 
AC H 
adrenal gtand: It is 
triar gular in shape and 
its apex directed up- 
wards and the b se 
dowrwards. (2) Left 
adrenal gland: lt is 
semluner in shape and 
forms a broad and ex- 

(1) Right 

panded base directed 
downwaids and a taper 

ing aex dr ctrd up- 

ward. The lower part 
of the anterior surtace Fig. 82. Anatomical position of Human Adrenal 

is in relatiun with the g ands at superior pole of each kidney. 

tail of the pancTeas and the splenic ve's 1Is. 

Q 38. Describe the structure and active principle of Adrenal cortex. 
The adren 1 cortx 1s the outer OS part of the adrenal glaad. 

It is approxim .telv 80 percent by weight in the normal adult which 
is gol:'cn yelldw in ciiiou? and irm in consi t:acy. It is a v.ry vital 
organ of all aiiimals 3ni m20 Tt regulates salt, water, C »rbohy- 

drate, pr tein an tat metabsli»m. 

Histological stru ture : he celis.. of the adrenal corex are 
polh dr. I in snape win well dei ei nuclei; G »igi appiratu», typi- 

cal mitoci.oniria wita hign ipid coatent in t eir protoplas m. The 
adrenal c rtex is cove ed with tik, coilogenous capsule from 
which a ibrous trabeculae pass int» the substance o the uland 

carrying blood vessel and dividing tae Cortex iuto cell columas. 
In the embryo, th: a ren T cor x :s madc us or adult outer zone 

and foetal inner zone. Aiter dirt, tne clàssical aiult z one torns 
the aguit cortex fr in wniwn glonerul t, Í2siulata and r.tiularis 

develop, Te cortcal pirt is rica in asc rbis acid and c1ilesterol 

esiers ind arra ged 1nto tiiree Z ne> îron outstde ioward, 
(a) Zna glomerulosa (Outer Zone ): Tt is tue out:r layer of 

the cortcx >liu.e 1un. Jlale y oenealh tne örsus Capsule and their 

coiumoar cells lie with their loug aXls parallel to the surlace. Tney 



are arranged in ovoid or circular fashion. This layer consists of 
small polyhedral cells arranged in rounded groups or curved 

columnS. The cells having deerly staining nuclei and scanty 

basophilic cyioplasn in which a few lipid droplets may do preseni 
Their linids contents are low and 

cytoplasm contains ac dophil 

granules. The columnar cells 
are comparatively sm.li and 
thickly set. The cells are rounded 
and arran ed in groups with 
smooth e»doplasmic reticulum, 

with elongated miochoniria with 
transverse shelf-like icfoldings 
of the inner mitochondrial mem 

The brane and lamellar cristae, The 
large amounts of smooth endo 

plasmic reiiculum seems to be 
involved in the sterojd forming 
process. The steroid biosynthesis 
occurs in the mitochondria. Zona. ieee 
glomerulosa secretes mainly 
aldosterO!e ard a small amount 
of giucocor:icoids and mineralo. 
Cortic-steroid iormones. 

(b) Zona fasciculata ( MidáleE 
zone) i It is the broadest layer 
with propurtionately larger celis 
containing browish-yellow pig 
meni grai ules. This layer con- 
sisis of cclumnar cells and lie vertical to the surface. Th: cells 
are usuily cuboidal, light stain- ing and binucieate and in 
columns or cord like fasiion. The ceils contain much iipoid material known as liposomes,iarge anoun s of pho,pnol pids, iats, !atiy acids and cholesierol, iew vesicuiar miiochoadria with tubular villi and basophil granulcS in their oyioplasm, The cells are arranged in radiating co!umns and per pendicular to the surfacej The cells are rich in cholest-Tol and vitemia C. These re stained by Sudan {il and hence they are aiso Called sudanophilic granules. The mitochondria ars morc n. TIy Spner!cal and tae cristat sppear as short iubuiar inyaginit1ons ot 1anor membrane. This layer contais large amounts oi smoota suri2ced endoplasmic reticulum wic re suppo ed to be Teialed to the syutuesis of sterOid hor- 

mores. Zona lascicuiati secieies predominantiy glucocoriicoids, 

ca 

Fig. 83. Section 
gland. 
Glomerulosa, ZF Zona Fascicu- 
lata, 
Ganglion cell, Ca-Capsule cell. 

of Adrenal 
CA-Capsule, zG-Zona 

ZR-Zona eticularis. G« 

cortisol and co:ticosieroids. 



c) 
with the medulla and consi.ts of cells that are interblocked witn 

reticularis (Inner zone) This layer is in contact Zona 

reticnlar arrangoment leaying wido blood 

spaces. The cytoplasm contains mush granular endoplagmic 
Teti u'um, numerous vs v80mes and some deganerat-d pigment 

Z»na r ticularis secretes sex corticoids proucing sex hor- 
mones and a snall amount of giucorticocoi is but no aldoiterone. 

each other to form a 

bodies. 

The domirat secretions of th:s la er are th adrenal androgens 
like d.hydroepi.anarosterone (DH3A) and androstenedione. 



Q. 43. Describe the structure of Adrenal medulla and mecha- 
nism of actions of Catecholamines. 

Adrenl uedulla represents a modified sympathetic gacglioa 
and is regulated by preganglionic sympathetic erves. A small 

groups oI ceils known as paraganglia which resembles adreaal3 
medulla. 
tihetic ganglia. 

Histology 

by 

They are found near the thoracic and abdominal syapa 

The adrenal medulia is made up of 3cattered, 
irregulally Gisposed polyhedral cells or somet1mes neurogleai cells, 
sichiy supplied with blood vessels and is controlled by sympathetic 
nervous system, t consists of iaterlacing cords of densely inner 



vated eranule-containing cells surrounded by blood sinuses. 

Morphologically, two types of cells can be distinguished which are 

an epinephrine-secreting type that has larger, Jess dense gr :nulegs 
and a non-epinephrine-secreting type in which the Snller, very 
dens granules fail to fill the vesicles in which they are Contained. 
The cels are large ovoid or columnar in type containin granules 
whic are stained by chromic acid and its salts. The cells are 
stained brown due to »xidation of catecholamines by chromic acid. 
These cells are described as 
the chromaffin cells. The cells 
of adrenal medulla are descri- 
bed now-a-days as pheochro- 

They can also ba mocytes. 
stained with fersic chloride 
which turn the granules blue 
and osmic acid turns them 

Electron microscopic 
that these 

eix," 

black. 
study have revealed 

granules are surrounded by a 

Smooth surfaced membrane in 
secr toy vesicle, the diameter 
varying from 0°i to 0*54. The 
packagipg prooess of tue gra- CARONAFFIN 

CELLS 
BLOOD 
SINUS nuiess tke place in Golgi 

appraius. Tne membrane- Fig, 86. Histological Structure of 

enclosed gran ules move 
towards th cell sur ace during discharge. The medullary celis do 

Adrenal Medulla. 

not have many fough-surfaced vesicles. The moderate content oj free ribosomes S also present. The non-epinephrine secreting 
granules are re eased by exocytosis and the granule contents enter 
the blo0d slream. 



I. Functions of Glucocorticoids: The glucocort coid hormones have distinct effects on carbohydrate metabolism including promo tion of gluconeogenesis, promotion of liver elycogen dedo:ition and 
elevation of blood glucose concentrations. The glucocorticoids posses the following biologic properties and some of which are of 
co siderable clinical importance. 

(a) Effects on different types of Stress: The variety cf cordi- 
tions like trauma, haemorrhage, infections, sensitizing antigers and 
chemicals always demand additional glucocorticoids. Any stress 
particularly haemorrhagic shock produces alarmed reaction which 
atimulates the hypothalamus to release corticotrophin releasing ior mone (C H) that 
secrete ACTH. The glucocort coids cause rapid mobilization of 
amino acids and fats from their cellular stores whic make available 
both for energy and for synthesis of other compounds. The amiao 
acids are used to synthesize.certain essential intracelluiar sübstances 
11ke purines, pyrimidines and creatine phosphate which are necessery 
for mainienance of cellular life. 

of 

acis on corticotrophs o? adenohvpophvsis to 

(b) Effects on ACTH suppression : All glucocorticciis supp-
ress the synthesis and secretion of ACTH. The ction o: sterids 
is partially exerted at the level of pituit»rv itself but it is possible that glucocorticoids also aot to suppress CRF. 

Effects on Inflammation and Allergy ( Anti-infiammatory (c 
activity): Glucocorticoids inhibit i.flammatory and allergic reac 
tions in supraphysiolog'c anmounts. Inflammation is cha'acteized 
by Rubor (redness), Calor (warmth), Tumor (swelliog) and Dolor 
(pain). Their reaciions are due to liberation ot ch:nical materials 
by bacteria or bacteria-host reaction with defensive force of body 



causing mieration Oleucocytes, ruoture of lysosomal membranee 
and production of immun hodies. These are necessary for natural 

(d Ffects on Haemopoietic System Cortisol increases 

and eo«inonhil1«. When excess cortisnl is scoreted hv the adrenal 

diffnse mechanicm of the hodv. 
red 

Dod co1 count, incre ise r nentronhil hut decreases lv'n onooyte 

nd, polvcvthemi rerults and on the other hnd. whon tn 
A rcnal olands secrete no cortisol ad annemia often resuls 

'Dding of lymnhocytonenia or cosinonenia is an import ant dia 
gnostic featyre for overnro 'uotion of cortisol by adrenal gland. 

(f Effects on Cardiovascular Svtem 1 Cortisol msintains 
normal hloo volume with the help of the maintenance role on 

etracelnlar fluid comnosition. During exce:« administration of 

plucocorticoids, blood volume is raiced with nedema and hyperten 
sion. Cortisnl raises blood pressure by enhancing theartion ot 
Cafechlamine and at the same tine, cortisol re^uces capillary 
permeability. The rise of blood pressure is po«sihly due to increa 
sed angiotensinogen formation which in turn produces excass 

angiotensin that leads to excess aldesterone secretion, 

Effects. on Respiratory System t causes maturation of 

roetal luno with manufacture of surfactant. It facilitates pr°per 
ventilation in asthma.

(hEffects on G. I System (1) Cortisol increases hydr0 
chloric acid secretion from the oxvntic cell of the stomach and 
leads to hvnerchlorhydris. The continued administration of corti- 
coids will diminish mucosal barrier which may lead to pentic ulcer 
eading manv complications. (2) Tt also stimulates trypsinogen secre 
tinn from pancreastosome extent and pepsinogen secretion to a lesser 
extent. (3) Tt inhihits absorption of calc+um from small intestine. 

(G) Effects on Skin Skin will be very thia with appearance 
of purplish striae in hynercortisolem1a, 

Effects on Muscalar System : (1) Cortisol causes loss of 
muscle power and mnseular wa kness. 2 During adrenocortical 
insufficiencv, if cortisnl is administered, it will restore muscular 
weakness and loss of muscle power to some extent. () On excess 
cortisol administration, muscular wasting and weakness are 

locliced dne to muscle nroteins. 
(k)Effects on Skeletal System Excess cortisol administra-

tion leads to: ) Inhibition of formation of cartilagin us bon:. 
(2) Thinning of epivhyseal cartilaginous plate, (5) D fect in the 
formation of bone matrix and calciication due to lack of blood 
calcium. (4) The inhibirion of sbsorption of calcium from the s'mal 
intestine, ns'eoporosis develops that may precipitate fracture. (5) It 
antagonises the action of vitamin D. 

Effects on Nervous System: (1) Initi ally ther: is cuphoria 
and after cortisol ad ninistration, it is followed by sense oB depres- 
sion and sluegish conduction of nerve impulse takes place thro sgh 
nerve fihres. (2) Excess Co tisol Jeads to re.tuction in threshold 

of elec'rical stimulation of brain which may precipitate epileptiform 
convalsions. 



ticoste:one help carbohvdrate metabolism by incre sing neogluco 
glucose utilization by the cells Cortisl cuses a moderate 

based on depressed activity of he oxi 'aion of NADH. SS, 

(m) Effects on Carbohydrote Metabolism 1 Cortisol and cor. 

nesis and reducing neripheral uilization of sugar. Decreased 

decrease in the rate of gucoe ut:liz tion by the cells which is 
NADH. S, 

giucocorticoids slightly de res« glucose transport into the cells 
which ienress cellular glucose utiliz»tion. (2) Ralsed blood Raised blood 

is glucose concentration The blood glucose co centration ig 
raised du to nerescd rate o gluconevgenesis and the moderate 
reduc'in in rate of glicose ut lization by the Ccl s. The enzya The enzy re 
glucos-6-phosptatase catalyzes the dephos 0syhoryl.1ion of lier 
gucose which nromotes its transport into the blood and thc blood 

glucose corcentration is iurt er increased. 
(n) (nEffects on Protein Metabolism: The met bolis1n of protein 

is influenced by corti^oi, col osteron- and ldo»teT:ane in the
decreasng order. () Increased liver protein and plasma protein 
Cortisol edues protein synthesis ia nauy tisu lke S les, skia 

2) and bon natrix but stimulales protein syathesis in the iiver. 
Protein-w asting activity: Glu ocorticoids acceleraie the breakdown 
of proitins l1ke aibum1a and ioh bit ämino acid untake a d protein 

synthesis bv many extra:epatic tissues. (3) Diminished transport of 
amino acids: Cortis»l depres es amino acids trai spl i.to n»scie 
celis anu o her exirahepatic cells. (4) Increased plasma amino 
acid concentration and transport of amino acid: oisol nelps 
to inCIeast ti e plasma concenirai10n of amino aCiis a0 enha nces 

transport of amino acid into the hepatic cells. 

(o) Effects on Fat Metabolism: The metaholism of fat is also 
influenced by cortisol an curiuo:terone. (1) Stimu!ation of Lipid 
$ynthesis : Cortisol increases lip lysis in the ad1po-e tissue dus to 
fs inducing action on adipose tissue lipase whict: may ruise the 
blood free fatty acid lev: 1. It increases peripheral lipog:ne is 
possibly due to an in reased insulin secreti »n. 
tbe synihcsis of triglycerides in the liver 
lipid synthesis in the iver. (2) Mobiliztion of futty acids 
Cortisol proma es Dobiiz.:tion of t.l aoid» îron a i, ose issue 
and ther. by it inCíeases the concen raiton vi ire talt diids 10 t0 

plasma wi:ih aiso increases iheir utiliza ivu for energy. 

itiso accelerates 
So, cortisol may stinulit 



Functions of Mineralocorticoids: The m1neralocorticoids II 
are se etiv. ly ttiectve i iu matnt Dance of eie:tsolyie and wate 
balance in the boy. The basic actions of miner-1 e»rlicoids show 
increased tubular reabsorption ol sodium but t ey h-ve gut m ny 
additionai seconda1y effects. 

(a 
of socium and chloride 1ons, tubular sE crerior ot potasstum and 

Effects on Kidney : Aldestercne serves tubular reabsor ption 

alkalosis. 
and other 
tubular 

() Tubular reabsorption of Sodium: Aldo-terone 
mineralocorticoids elp io inCTease the 

Te abso ption 
rate of 

of sodium irom the enal tubules. 



ncreased aldost°rone secretion causes inoreased tnbular rea>iorp 
ion So41um whioh tends to incroase th9 qu3ntity nt 99aun n 
The extraceilular flidsand thora is no signii:ant hverna**na 1 ubul ar secretion of Potassium Allosteron? enha17y G o poiassium into the dist al tubules and collecting tubuies of the 

y and thereby th» extrao lular fluid notasi n ion 91rou- tra ion is controlled. The excessiv^ secretion of potaisina ions 
the extrac-llnlar flnid causig hy kalemi. D cresed no'assium 

uder aidosterone activitv deoreaees the notasiun c07contrit1on i 

c" ntra'ion develons muscle par 1lysis or govero ma a 
Dcss C?used bv hyp ry olar zation of the nervg and nmSCle nore menbrares which nrevents transmission of actio1 notentin!s. (3) Alkalosis: The increa«ed secretion of aldosterone promotes
alkalosiS whil: deereasd se :retion nromotes acidosis. ne changes in bodv fluid pH can be compe 1sated hy the norm} acid-base 
reguBatry mechanisns. (4) Tuhular reabsorption of chloride ions 
Aoterono causes great!y enhanced reahsorption of shioriie 1048 
cChioride ions are negatively charged which are repelled tron 
the elecC'ronegative tubular flu'd and are attrastsd t0%APd the 

bEffects on Fluid volumes and Cardiovascular system:
extracelular fuid. 

Aldosíerone regu' ates and contro's extraceliu'ar fid v vlum, hlovd 
you,crdinc output and arterial blood pressu e, (1) Extracellu- 
lar fiuid volume: Minera1nearticoids greatly incrense the auani ies 
oS 1iin, chloride and bicarbonafe ions in the extraccl'alar fuids. 
(2) Polydipsia and Polyuria: Aldosterone causes a perso to 
become thisty due to the stimulation of thirst center and as a result 
the nerson drinks excessive amounts of water knowa *s polyuria. 
(3) Blood volume: 
blood volune because plasma volume increases afmot pro ortio. 

nally with extracellular fluid v»lume. (4) Cardiac output : Lack 
of aldosterone secretion has a profound effcct on eardias output,. 

Exessive secretion of aldost rone cau:es resuitant inereasa in extra 

cellular fluid volume and bl od volums increa«*s the cardia 

output. (5) Arterial. blood pressure: Excess aldosterone eause 

increase in blood volume and thereby arterial olood pr:saure is 

raie. 

Aldosterone h:lps to moderats increase in 

Effects on Cellular mechanism : The sequence of events 

caus d by the basic action oi aldoserone lcad to ineresss g vdium 
reabsorption ar the fol!owing: () Aldosterone difuses lipid 

soluility in th+ cellular rnerbranes to the interior of the tubular 
eithelial ceils. (2 Aldosterone combines wiih a ighlr specifio 

recepor protein which has a stereo nolecular ronrigur ition ia the 

cytoplaSm of the tubuiar c:lls 2nd it will allow aldo«terono only or 

extremeiy sinilar corn»ounds to combinc. 

IIt. Functions of Sexocorticoids Several moderately aciive 
male sex hormones caliei adrenal androgens are continuouslyseere 

ted by tbe adienal cortex. Progesterone and oestrogen are iemale 

sex hor nones and they have been extracted from tae adronaB dortex 



IIt. Functions of. Sexocorticoids 
male sex hormones cailed adrenal androgens are continaously seere 
ted by the adrenal cortex. Progesterone and oestrogen are temale 
Sex horinones and they have been extracted from the adrenai cortex 

Severa moderatei7 active 



in minute quantities. The multiple effects of s°xoco1t'coids 2re du2 

LO an action on the genetic mechanism controlling protein synthesis, 
the sex hormones 1ike androgen, oestrogon and pro :esteron, act by 
stimuating DNA-dependent svnthesis of certain mRN in the 

nuciei of their target Cells. Oestrogen and androg>n play an 

extiemeiy important role on the different action of sex in the foetus, 
development and grorth of sex organs, sex glands and secoadary 
Sex charac er in the childhood. 

(a Effects of Androg enic Sexocorticoids i These may influence 
the erowth ard differtiation of secondary sex organs and characters 

androg ns 
also exert mild effects in the female, not only before puberty but 
also throughout life. In children of either sex, an excess of adrenal 
androgen can cause phaliic hypertropiy, incr:ased musciarily, 

somatic growth and precocious development of pubic, 
The adult individual can deveiop acne 

These 

including nubic and axillary hair in male. The adrenal 

rapid 
axiliary and faciai hair. 
vulgaris, coarsening of the voice and recession of scalp hair. 
hormones ma be responsible for libido in women. 

(b) Effects of Oestrogenic Sexocorticoids: These nay cause 
clitorial hpertrophy, hirsutism, balding, coarsening of the voice, 
amenorrhoe», infertility and breast atrophy in wonmen. In nen anda 
children, it leads to enlargement of breasts atd maturation of 
uterus and vagina in young girls. 



. 44What is Adrenaline? Describe the pbysiological 
actions of Epinephine. 

Epinephrine is one of the active principles of adrenal medulla.
The content «f epinephrine of the resting gland is adu o'i mg% 
The t tal store ot epinephirne in both glåndsis about 1 mg in man. 

Physiological Actions of Epinephrine: Epinephrine Jib:rates 
from ihe ädren«l medulla which acts o ditferent tiSsues and sy. tems 
of the body which are bri fly summarised below: 

I. On ye i (1) Tnere will be contraction oí meridional fibres 
of the iris whica produce mydriasis i.e. dilatation of the pup1l and 
by contraction, the dil tor muscle of iris actiug through f1-receptor. (2) Secietion of tear from the lacrimal gland. (3) Retraviioi of 
eyeball due to the contraction of the muscles of Muller. 

II. On Cardio-vascular System: It includes blood, heart andd 
blo d vessels. 

(a) 
cells in tbe peripueral bi0od due to the contraction of tie sp een 
producing a condition koown as polycythaemid. (2) The eosinophil 
count in the blood will be diminished. This reduction vCcurs 
indirectly through the liberation of more ACIH ana theieby lioera- 
in of cortical hurmones. (3) Epin: phrine hastens the process of 
blood coagulation by pruducing cun:triction of lhe blood vessels 
and by libe ratig more thromboplasiin îrom disiniegrated platelets. 
(4) There will b: raised white blood cell count, platelet count, 
DE rCentage of haemoglobin and increased blood vulume due to 

On Blood: (1) There will be inereased count of red blood 

coniraction of spleen. 

(b On Heart: () Epinephrine increases the rate and íorce 
of tie heart Deal», rhythmicity ans contractility of ihe hea:t 4nd the 
cardiac outpul is increased. (2) Diatation of the coroLaiy blood 

vessels, (3) There will be increased exJitibility of myucardiun of 
the hert. () There is ralsed condu.tiviiy ol the buadle oi His o 

the special junclional lissu. of ihe heart. 
(o On Blood Vessels : (:) Epinephr.De will causs constriction of 

ail the bioud vesScls ul tne bouy wiih the excepiion of coronary 
vessels and bluod vessels of the skeietal nuscies which will be 

di ated. (2} Tuere wili be dilatatioin Of tie coroüaly V.bocls, vessels 
of the skeletal muscie s and hepatic biood VEssels. ) Tuc veuvmotor 

tone is increased wDIch neips in venous reiuin. 

III. On Respiratory >ystem lt includes the actiou ot bron- 
chial mu culalure and pruCEs» oi respirativn. 

(a) On Bronchial Musculature (i Epinephr.n: will cause 
relaxation o brvucnial uusuul dtuie. (2) it miud duse ui epiae phrine 
is adminisiered ( nl ui l ia iu0), there wili be dilatat.on oi the 

bronchiai pas>age leaoing io 1acreased ventilaiivn. 

(h) On Respiration ( Sudden intravenous admluistratioon 
of epine phrine 1u auaesthesii1zed cat Causes tenporary cL Ssailon of 

breathing due to rise of biood pressure and it is called adrenaline 



apnoea. (2) It facilitates pulmonary ventilation by relaxation of 
the bro1nchi. )Respiratory auotient rises and therefore oxygen 
Consuion rise: by 20 to 4 % and carbon dioxide production by 
30 to 50%. 

IV. On Gastro intestinal System: Foinephrine nct on the 
glands of p:st.o-int stina} ract ke sal vary glanda, glands of 
stoma ch and intcstine, liver, all bladder and spleen. 

(a On Salivary Glandi Fpinephrine inhibit secreti n of the 
digestive glands nd it will stimulate the secretion of h alivary 

glane, Te ecretion obtained from salivary gland« is thick and 
scanty. I will st mul te vrofuse watery se«ret ion and total volume 
of salivary secretien is ncreased. 

b) 

nct on the 

On Stomach and Intestine 1 Epinephrine inhihits te 
gastric and irtcstinal glands ind there will be no serretion of 
gastric ani iniestinal ju ce. This lormonc inhibits the perist Itic 
move me ni oi siomach and intestine and increases the tone oi the 

sphinciers.
(c) 

senolysis and thereby liver glvcogen is converted into luose 
hich will cirCulaie in íhe blood to prou e nypergly Cemia and 

On Liver Bpincphrine stimulates the process of glyco- 

glycosuria, The content of iiver glycogen is diminished. 

On Gall bladder 1 Epinephrine produces relaxation of the 
plain mucles ot the gaii bladder with constru:tion of sphincter of 
Oddi. The present conception is that the hormone produces 
contraction ot the gall bladder to heip in the expulsion of the bile 
from the gall biadder. 

V. Oa Sp!een: Epinephrine produces contraction of the plain 
muscles lining the trabeculae of the spleen and the stored biood 
comes out of the spleen and circulates in the blood stream. 

VI. On Excretory System 1 Bpineparine effects on kidney, 
urinary bladder. skin and sweat glands. 

(a) On Kidneys: (1) The small dose of epinephrine p:od uces 
constriction of the efierent renal arterioles but no effccts on ff-rent 
renal arterioie and as a result, urinary output is increased, 

Laree doses of epinephrine produce constriction of both afferent 
and efferent renal arterioles, filtration ihrough the glomerulus is 

greatly diminished and urinary out put is much reduced. 

(b On Urinary bladder: Epinephrine produces relax tion of 
the detrusor muscles oi the urinary bladder with the consiriction of 

the internal urethral sphincher. 
(c) On Skia: Epinep.rine will cause eonstyuction o tne arcec 

tor piii muscles and as a ie uit thore Will be crecijoin of the hairs. 

(2 

dOn Sweat glands : The sweat glunds in the axila and 
groiare acuvalea by epinephrine conient of plasima. The sweat 
secretiou oi thc horse iepends on Catecholämine Concentration 
of plusma. The apouiine glands secrete thick, odoriferous secietion 
as resuit of sympaihetic stimulation und they are controlied by 



adrenergic fibres rather than by cholinergic fibres and are 
controlled by sympa hetio centres of the central nervous system 
rather than by the para:vmpathetic centres.

VII On Metabolism Epinephrine has got some effect on 
general metabolisn. carbohydrate an fat metabolism. 

a On General Metabolism: (1) The basal metabolic rate 
is increased ahout 20% bv moderate doses of epinepbrine and large doses cau-e a fall of baial me'abolic rate. 2 Kespiratory quotient is raised due to increased cardiac output upto 30 to 40%. Oxygen consumptia is increased upto 20 to 40% of the basal level and 
carbon dioxide production is increased by 30 to 50%. (3) Epineph rine is calorigenic and heat production is imnediate but comes to normal level quickly. 

(bOn Carbohydrate Motabolism (1 Epinephrine or norepi- nephrine raises the blood sugar level. Blood glucose is converted 
to muscle glycogen which is converted to lacclc acid. Blood lactic acid is converied to liver glycogen. (21 Epinephine augments glycogenolysis, glycogenesis and glycolysis. Epinephrine to some 
extent a.lso causes néoglucogenesis. (3) It m»bilizes liver glycogen and provides sugar for the active tissues. 4) Epinephrine stimulates the process of glycogenolysis. The blood sugar level 
will rise and there may be glycosuria when the blood sugar level 
exceeds the renal thr.shold value of glucose. (5) Epinephrine may 
stimulate hepatia gluconsogenesis by acting as an 
gluconeogenic enzymes like pyruvate carboxylase, FDP-ase' and 
glucose-6-phosphatase. 

(c) On Fat Metabolism (1 Catecholamines activate the 
hormone sensitive lipase in the adipose tissuse and increases lipolysis 
thereby B-effect and activate CA vd? mechanism. This raises the 
blood free acid leve! whose osidation increases energy production 
in cardiac and skeletal muscles during stress. (2) It mobilizes of 
fat from d-pot by enhanciog lipase a:tion. 3) It increases fatty 
acids and glycerol level in blood. Both epinephrine and nor- 
epinephrine are equaly potent in the mobilization of iFA from the 
adipose tissue. 

VIII. On Endoerine Glands: Epinephrine has got effect on 

inducer for key 

the 

anterior pituitary and pars intermedia. (1) pinephrine stimulates 
nterior pitu:tary to secrete more ACTH which again helps in the 
release of glucocorticoid hormnes ater stimulating th2 supra-renal 
cortex. Glucocoricoids increase blood sugar level throu:h gluco. 

2) This hormone acts on melanophores. neogenesis process. The 
within effects of MSH oa the dispersion of melauin granules within 

melanophores are antagon ised by catecholamines through adrenergic 
4-receptors. It causes contiaction of melanophores of toad and frog. 

IX. On Nervous System (1) Large dose of epinephrine has 
got direct depressant action un the spinal cord and muscle tone and 
the reflexes will be diminished. 2 It causes iucrease or decrease 
of conductivity of nerve impulse. 3) pinephrine stimulates stimulates 



ascendimg reticular 
wakefulness, irritability and aniety. 4) 
into the ventricles of brain causes depression, coma with loss of 
reflexes. Increased al rtness is the usual response. 
emergency which provokes a generaliscd sympathetic response, the 
usefulness of increased mental alertness for fight or flight is obvious. 

activating svstem (ARAS) causing constant 
Injec ion of epinephrine 

During an 



Different Systems Epinephrine Norepinephrine 

I. Cardiova_cular System 
(a) Blood 

Eosinophil count. 
Heart 

Increased. No effect. 
(b 

(1) Heart rate. ncreased. 
Increased. 
ncreased. 

Decreased. 
Decreased. 
Decreare3. 

(2 Cardiac output. 
(3) Pulse rate. 
(4) Blood pressureIncrea 
() Systolíc Pressure. Inereased. Increased. 

Increased. 
Raised. 

(ii) Diastolic Pressure. No effect 
(iii) Mean Arterial Pressure. Decreased. 

(c) Blood vessels 
(1) 

Coronary vessels. 
Vasodilatation. 
Vasodilatation. 
Vasodilatation. 

In denervated limb. VasoconstrictionD. 
Vasodilatation. 
Overall Vasocons-
triction. 
Increased. 

{2) 
Net peripheral vas- 3) 
cular effect. 
Peripheral resistance. Decreased. (4) 
Blood flow through (d 
Organs 

(1) Skeletal muscle. 100% increase. Unaltered or 

(2) Liver. 
(3) Kidney. 

Brain. 

100% inorease. 
40% decrease. 
20% increase. 

decreased. 
No material effect. 
20% decrease. 
Slightly decrease. (4) 



Different Systems Epinephrlne Norepinephrine 
11. Respiratory System 

(1) Process of respiration. Stimulated. 
(2 ronchial muscle. 

Stimulated. 

Inhibition. Inhlbition. 
III. Metabolism 

(1 Oxygen consumption. Increased. Increased. 
Increased. 
Increased. 
Increased. 

(2) Blood su'ar level1 Increased. 
(3) Free fatty ucid release. Increased. 
(4) Glycogenolysis. 

IV. 
(1) Small Intestine. 

Decreased. 
Intostine: 

(1) 
2 

Inhibition. 
Inhibitioon. 

Inhibition. 
Large Intestin�. Inhibition. 

V. Central Nervous System: Increased mental No effect. 

VI Eye Dilator pupillae. Excitatjon. 
anxiety. 

Bxcitation. 
VII. Reproduetivé System : 

Non-pregnant ut:rus in Inhibition Inhibition. 
rat or cat. 



Noradrenaline or Norepinephrine 

1. Noradrenaline is secreted by adrenal medulla. 

2.Chemically, it is a catecholamine and is closely related to tyrosine and phenylalanine. 

3.It is the immediate precursor of adrenaline. 

4. Like adrenaline, noradrenaline is also secreted under emergency condition. Hence, it is 

called an emergency hormone. 

5. Most ofits actions are similar to those of adrenaline. Some actions are just the reverse 

of adrenaline. 

6.It slightly increases the heart beat and the cardiac output is not increased.
7.It increases blood pressure. 
8.It stimulates the constriction ofblood vessels. 
9. Respiratory rate is increased. 

10.Metabolic rate is increased. 
11. Blood sugar level is raised. 
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