Q. 37. Describe the anatomy of Adrena! g'and.

The adrerel gland is a compound structure with comolex fupe.
tions. It is sitwated on the urper border of each kidney, two in
number and rough!y triangular in shaps. It has got outer cortex
and inner meduil:. The o ter cortex of adrenal gland is essential
for vertebrate Jire aund its secretions are involved n the regulation
of salt and water rrcetabolism and in the maintenance of the
integrity of living menbranes, Tne inner medull: of adrenal gland
ir fluznces carbshydraie metab lism ard serves as a functional
adjupct to the symp.ihetic division of ths autonomic. rervous

system.

Apatomy ¢ The adrenal glands are paired, convoluted, some-
what pyra nidal 1n Shape and eacn beirg placed on the upper pole
of the correspondin: kidney.  Apatomically each udrepal gland is
a sinele gluno but wuncti nally end developm - ntally, it is a combi
bination of two giandsic oge consising of two {unciiona! units
known as outer cortex nd inner meaulls.  In some animals like
some fishes 1he corrx and ‘he m-dulla occur scparat<ly, The two
adrenal gl :nds oiffes froin eaqh other 0 s2ape,  Tae right adrenal
gland i trianguls:r and the je't oneis s:milupar in shape, The
vuier ¢cortex s o pproximately 80 percen: by weig t in the normal-
adult which 1 fim =pd g ldea yeilow 1z ¢ lour and the inner
medulla is soft 2ad recish-brown ia colour,

@ Capsules : Each adienal gland has got two capsules known

as true aud false.



(b) Glands proper : Bach adrenal gland measures about one to
two inches in leng h,

ope 1inch in breadth
ard atout ore fourth
inch in thickness. Bach
gland weighs about 5g,
Thev are smaller in
conditions associated
with a deficiency of
ACTH and becomcs as
much as four times
larger in resporse to a
chroric excess of
AC'H (1) Right
adrenal gtand: 1t is
triar gular in shape and
its apex directed up-
wards and the b se
dowrwards. (2) Left
adrenal gland: Ll is
semlunzr in shape and
forms a broad and ex-
panded base directed
downward:- and a taper
ing ajex d:r ct<d up-
~wards. The lower part
of the anterior surtace Fig. 82. Anatomical position of Human Adrenal
is in relation with the g ands at supcrior pole of each kidney.

t.il of the pancreas and the splenic vess Is,

ADRENAL KIDNEY

Q 38. Describe the structure and active principle of Adrenal cortex.

The adren 1 cortex 1 the outer 0st part of the adrenal glaad,
It is approxim :tely 80 percent by weizht in the normal adult ki sl
is go!. cn yellow in cilous and firm in coasi-tzacy. It is a v ry vital
organ of all aumals ans man It regulates salt, water, ¢cirbohy-
drate, pr -tein anc fat metaboli.m.

Histological stru:ture: I‘{ae celis of the adrenal corex are
polyh dr linsnape win well defi el nucleij Gigi appratus, typi-
cal mitoci.oniria wita hign lipid coatent in t eir protoplasm. The
adrepal ¢ riex is cove ed with tiick, coilogemous capsile from
which a fibrous trabesculae pass int) the substance o the uland
carryving Dlood vessels and Jividing tae cortex into cell columas,
In the meryo, th= a ren 1 cori x :s maac uo of adult outer zone
and foetal inner zone.  Adter oirt,, tae classical aldult z)ae torms
the acuit cortex fr «m wiicn .glomerul\ t, fasciculata and roticularis
develop, Tue cortical pirt 13 TiCa 10 asC T01s acid and c1vlesterol
esters ind arra ged into taige ZHones fromn outstde 1award,

(a) Zona glomerulosa ( Outer zone ) ; 'It is tiue out:r laysr of
the corleX siiU.iCd Lum . 2lalely seacath (ne idbrous capsuic and thejr

~ojumaoar cells lie with tacr 1ooeg axls parallel to tae surtace. They



are ‘arranged in ovoid or circular fashion. This layerscg:-]scws ol
small polyhedral cells arranged in rounded grlc-n'mand. drved
columns. The cells having deeply staining nuc 8 bs rstanty'
basophilic cyioplasm in which a few lipid ‘droplets mdy,,, 5 l? esent,
S — e Their lipids contents are low and
T \ CEILNETS cytOr‘]aSm cont;ams" ac cophj)]
granules. The columnar cellg
are comparatively sm.li and
thickly set. The cells are rounced
and arranged 1n groups wilth
smooth epdoplasiic reticulum,
elongated mizocnom_rxa with
transverse shelf-like 1cfoldingg
of the inner mitochondrial mem.
brane and lamellar cristze, The
large amounts of smooth endo.
plasmic reiiculum seems to be
involved in the steroid forming
process. The steroid biosynthesis
occurs in the mitochondriz. Zonga
glome:ulosa  secretes - mainly
aldosterore arnd a small amount
of giucocor:icoids and minerailo..
corticu-steroid hormones,

(b) Zona fasciculata ( Middle:
zone) 1 It is the broadest layer
with proportionately larger cells
contiining browish-yellow pig-
ment gra:vles,  This layer con-
sis's of cclumanar cells and lie
verticai to the surface. Tho cells
are usu.ily cuboidal, light stain--
108 and  binucleate and ip
columns or cord like fashion.
fhe ceils contain much tipoid

Fig. 83. Section of Adrenal material kno S
gland. CA-Capsule, ®ZG-Zona Wn as Jiposomes,

Glomeruloa, ZF Zona Fascicu-  -2I8C aIPOUn~.S of pho, nol pids,

lata, ZR.Zona Reticuleris, G=  I1atS, tatiy zcids and cholesterol,

Ganglion cell, Ca-Capsule cell. few vesicuiar miiochordria with
tubular villi and basophil zraouics in their Cyioplusm, The cells
are arranged in radiating columns and perpendicular 1o the surface;
The cells are rich in cholest-rol and viiemia C, These ure wtained
by Sudan Il and hence thesy are also called sudanophilic granules.
The mitochondria are more noorly spherical ang toe Cristae wpcaf
as short iubuiar invagin:.lions o ioner Membrane, This layer
contai.s large amounts vi smoolh surfeced endoplasmic reticulum
which are  suppo.ed to bereiated (o tue syutaesis of steroia hor-
monpes, Zona tascioulata seciecss predominantiy glucocoriicoids,
cortisol and corticosteroids,




_(e) Zona reticularis (Inner zone) § Thig layer i9in contact
With the medulla and consits of cells that are interblockad with
®ach other to form u reticnlar arrangement leaving wido bloqd
paces.  The cytoplasm coataing much agranular endoplasmic
Fel Wum, numerous lvgisomes and some deganerat:d pigment
bodies. Zyna r ticularig secretes sex corticoidg procucing sex hor-
mones and a small amount of giucorticocniis but no aldosterone.
?he domira .t secretions of th's larer are th: adrenal androzens
like dohyroepiinirosterone (DHAA) and androstenedions.



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

Adrenal ixedulla represents « modified sympathetic ganglioa
na is regulaied by preganglionic sympathetic nerves. A small

£

groups of ceils known as paraganglia which resembles adreaal
medulia. They are found near the thoracic and 2bdominal sympa-
tnetic ganglia,

Histology : The adrenal -medulla is made up of scattered,
irregularly aisposed polyhedral cells or sometimes neurogizal cells,
sichiy supplied with blood vessels and is coatrolled by sympa:aetic
nervous system. it consists of interlacing cords of densely inner-



vated cranule-containing cells surrounded by PIOOd SHARSES:
Morpholegically, two tyPes of cells can be distinguished which ?re
an epinephrine-secreting type that has larger, less dense gr:nules
and a non-epinephrine-secreting type in which the sncller, very
dens- granules fail to fill the vesicles in which they are contained.
The cells 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 oxidation of catecholamines by chromic acid,
These cells are described as
the chromaffin cells. The cells
i adrenal medulla are descri-
bed now-a-days as pheochro-
mocytes. They can also be
stained with ferric chloride
which turn the granules blue
and osmic acid turns them
black. Electron microscopic
study have revealed that these
gracules are surrounded by a
smooth-surtaced membrane in
secritory vesicle, the diameter
varyiong from 01 to 05u. The
packagipg prooess of tue gra-
nuless t. ke place in Golgi
app-Talus, Tne membrane- Fig, 86. Histological
epclosed granules move
towards th cell sur ace during discharge,
not have many rougb-surfaced vesicles. The moderate content o}
freec ribosomes 1s also present. The non-epinephrine secreting

grapules are re ea-cd Dy exocytosis and the granule contents enter
the blood stream.
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Structure of
Adrenal ' Medulla.
The medullary cells do
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I. Functions of Glucocorticoids : The glucocort coid hormones
have distinct effects on carbohydrate metabolism including promo-
tion of gluconeogenesis, promotion of liver glycogen deposition and
elevation of blood glucose concentrations, The glucocorticoids
posses the following biologic properties and some of which zre of
cocsiderable clinical importance,

(a) Effects on different types of Stress : The variety ~f corndi-
tions like trauma, haemorrhage, infections, sencitizing actigens and
chemicals always demand additionai glucocorticoids, Any stress
particularly haemorrhagic shock produces alarmed rezction which
stimulates the hypothalamus to release corticotrophin releasing hor-
mone (C:H) that acts on corticotropbs of adenchvpophvsis to
secrete ACTH. The glucocort'coids cause rapid mobiiization of
amiro acids and fats from their cellular stores whic - make av:ilable
both for energy and for synthesis of other compounds, The amino
acids are used to synthesize certain essential intracelluiar substances
like purines, pyrimidines and creatine phosphate which are necessory
- for mainienance of cellular life.

(b) Effects on ACTH: suppression : All glucocorticoils suop-
ress the synthesis and secretion of ACTH, The uction o° steroids
is partially exerted at the level of pituitsty itself but i is possible
that glucocorticoids also aot to suppress CRF.

(¢! Effects on Inflammation and Allergy ( Auti-inflammatory
activity) : Glucocorticoids 1nhibit 1 flammatory and allergic reac-
tions in supraphysiolog'c amounts. Inflammation is cha:acterized
by Rubor (redness), Calor (warmth), Tumor (swelling) and Dolor
(pain). Their reaciions are due to liberation ot ch:mical ma‘terlalf
by bacteria or bacteria-host reaction with defensive force of bady



membrane

causine migration of leucncytes, rupture of lysnsnmal
' for natural

:‘l}d Production of immune~ hodies, These are necessary
iffoge mechanism of the hodv.
. (@ F.ffects on Haemopnietic System : Cortisol increases red
00d c-11 c~unt, increases neuntrnphil hut decreases lvmnhooy
and eosinanhile, When exces: cortisnl i seoreted by the adrenai
elande, palvcuthemin rtecu'ts and on the other h:nd, when the
ad"e_"al elands secrete no cortisol a=d anaemia oftan resul’s. ,.A
findino of lymnhocytonenia or eosinonenia is an imnortant dia-
gnostic feature for avernro 'uation of cortisnl by adrenal gland.

(f) Effects on Cardiovascular Svtem 1 Cortisol maintains
normal hlond volume with the help of the maintenance role on
extracellnlar fluid comnosition. During exce:s administration of
elucocorticoids, blood volume is raiced with cedema and }yperten-
ston.  Cortisol raises blood pressure by enhancing the a:iion of
catech~lamine and at the same time, cortitol reduces capillary
permeability. The rise of blood pressure is pnesikly due to increa-
sed. angiotensinogen formation which in turn produces €XC28S
angiotensin that leads to excess aldosterone secretion,

(g) Effects on Respiratory System : It causes maturatiol of
foetal lunc with manufacture of surfactant. It facilitates proper
ventilation in asthma,

(h) Effects on G.T1 System ¢ (1) Cortisol increases hydro-
chloric acid cecretion from the oxvntic cell of the stomach and
leads to hvnerchlorhydria. The continued administration of corti-
coids will diminish mucosal barrier which may lead to pentic ulce
leading manv complications. (2) It also stimulates trypsinogen secre-

tinn from pancreastosome extent and pepsinogen secretion to a lesser
extent. (3) Tt inhibits absorption of calcium from small intestine.

(i) Effects on Skin: Skin will be very thia with appearance
of purplish striae in hynercortisol iemia.

(j) Effects on Muscular System i (1) Cortisol causes loss of
muscle power and muscular w=2akness. 2 During adrenocortical
insufficiency, it cortisol is administered, it will restore muscular
weakness and 1oss of muscle power to some extent. (3) On excess
cortisol administration, muscular wasting and weakness are
loc~lised dne to muscle nroteins.

(k) Effects on Skeletal System 1 Excess cortisol administra-
tion leads to: (1} Inhibition of formation of cartilagin»us bons.
(2) Thinning of epiphyseal cartilaginous plate. (3) ‘D fect in the
formation of bone matrix and calcification due to lack of blood
calcium. (4) The inhibition of absorption of calcium from the small
intestine, os*eoporosis develops that may precipitate fracture. (5) It
antagonises the action of vitamin D.

() Effects on Nervous System : (1) Initially therz is cuphoria
and after cortisol ad ninistration, it is followed by sens? ot depres-
sion and sluzgich conduction of nerve impulse takes place throagh
nerve fibres. (2) Excess co tisol leads to re'uction in threshold
of electrical stimulation of brain which may precipitate epileptiform

convulsions.

tas



ficoq(::?(mE“;ects on Carbohydrote Metabolism 1 Q»rt_iqol nf‘d cor.
SIETONC  help carbohnwdiate metabolism by Incre sing neoglygq.
genests and reducing oeripheral utilization of sugar. (11 Decreaseq
glucose utilization by the cells : Cortisol ciuses a moderytg
decrease in the rate of glucose utilization by the cells which {,
baﬁt‘d on (i\‘DT‘\‘S‘F?d :lC(iV"v of the ()xi‘.ﬂlifn\ of N'\‘)Il. S),
glucocorticoids slightly de ress glucose transport into the cefls
which cdenrcss  cellular plucose utitizotion.  (2)  Raised blood
glucose concentration s The blood glucose CO cenirition i,
raised du to increcsed rate of gluconeogenesis and the moderage
reducion in rate of glucose ut ljzation by the 6clis. The enzy 4
glucos:-6-phosphatise  catalyzes the dephosphoryl tion of 11,
glucose which nromuotes ifs transport into the blood and tihe blood
g]ucose corcentration 1s 1urt 'er increased.

(n) Effects on Protein Metabolism : The met.bolisin of protein
is irfluenced by corusoi, corir osterons and #ldosterone in the
decreasing order. (1) Increased liver protein and plasma protein ;
Cortiscl reduces protein synthesis in many st hike mascles, skia
and bon- matrix but stimulates protein synthesis i the iver, (2)
Protein-wasting activity : Glu. ocorticoids acceleraie the breakdown
of protcin: like «ibumin and 1oh bit «mino acid uotake a d proten
syntresis bv many extrabepatic tissues. (3) Diminished transport of
amino acids : Cortisol deprestes :mino acids trai spoeit 110 moscle
cclis ane o her exirahepatic cells. (2) Increased plasma amino
acid concentration and transport of amino acid: «o:wdsol belps
to increase U € plesma concentra:ion of amino «Civs an. enhances
transport of amino acid into the hepatic cells.

(o) Effects on Fat Metabolism : The metabolism of fat is als0
influencea oy cortisol «ra curacoterone. (1) Stimulation of Lipid
synthesis :+ Cortisol increases lip::lysis ¥n the adipo-e tissue dus 19
fs inducing action on adipose tissue lipase whict: may ruise the
blood free faity ac'd lev:l, It increases peripheral lipogeneis
possibly due to an in-reased insulin secretisn, it lso accelerites
the <yn:bcsis of triglycerides in the liver  So, cortisol may stinul i@
Jipid synthesis in the hver. (2) Mobijizition of fatty acids :
Cortisol promoes pobihzation Of towt. soids 1vom aci, ose  18Ue
and trer. by it incicases the concen raiion oi ir.e fatty acids in 0e
plasma wrich ais0 increases their utiliza ivn for encryy.



II  Functions of Mineralocorticoids : The mincralocorticoids
are se e tivily effective 10 maintinance of eiestrolvie and watep
balance in the bory, The basic actions of miper.-1 coriicoids show
1ncreased tubular reabsorption oi sodism  but t ey huve got m Ly
additional secondary effecis,

(a  Effects on Kidney : Aldcstercne serves tubular reabsorption
of socium arnd chloride ions, tubular secrerior  or potassium and
alkalosis. (1) Tubular reabsorption of Sodium : Aldo-terons
ard other mineralocorticoids Eelp 1o increase the rate of
tutular reabsorption of sodwum i{rom the ienal tubules.



Increased aldost

: ‘rone i i eahinrp-
tion of sodium secration causes increased tnhulay rea%30rp

the extramell whlo_h tends to incroase the gnaatity of sndinm in
(2) Tubuladf su ar ‘ﬂ'll»"s and thars is no signifizant hvpsrnatfrania.
€cretion 0" Potassium * Allnsterana anhan~ g veoration

of poiassium
{ Um 1nto the distal tubules and eollecting tuhnies of the

kldney
*OCYS and thereb -
N JHa toeredy tha extrag: *1 mAtagaln: ar@Nn-
tra‘ion is cont extrac Mular flnid notassinm on gnn~el

under aidOQtero:::‘le‘(‘.‘ . The excegsive goneation of p():'i\"l‘!‘.t‘]"ﬂ ir)?s'
the extracallnt,y ﬁﬂ: :Wltv “.C(‘,I'P:\ch the notayiium corosntrtion 10
fon ¢ neenteario. ‘;' * cawsing hysokalemi». D creased no‘assium
ness C”.USC(‘.\ by ‘ ; evelans "‘,"“01“0 parlysic or gevere matsls weak-
memhbrarag wh‘i ‘h“"“’l‘ﬂ lar z'mnn_ of the nervs and mn?f'le ﬁbrg
Alkalosis s T ¢h drevents trangmission of action notentials,  (3)
alkalosis whit- deo _mcr""’“"‘d sccretion  of  aldostaron® promotes
in hadv ﬂu?‘i ‘"{I"a*"d seretion promates acidosis. ¥ne chinges
regulat vy m;chf;p . can b;r‘, cympeagated hy the no il acad.-base
Al 10.,5.}.&@'%“'8:% s ’“.'t! (4) Tfﬂm’ar reabsorption of chloride ions :
The chioride jong greatly enhanced reahsorption of shioride 1018
the ns are negatively charged which are repelled from

elec:mneg.mv . 7
yneeative tubular  flu'd attrasiad 40ward the
extracellular floid, and are attrasi ard

Al dr‘»)s)i' erggf:ﬁi ?:lt Fhﬁld volumes and Cardiovascular system :
volg e cwa%:”n/ afes and cnntro-?s extracelin‘ar fla:d vHlama, hlond
7 > ¢ardiac output and arterial blood pressa e, (1) Extracellu-
at" ﬂuld volume : Minerslacarticoids greatly increase ths manri‘ies
of syi1um, chioride and bicarbonate ions in the extrasel'nlar fluids.
(2) Polydipsia and Polyuria: Aldosterone causes a person to
bzcome thisty due to the stimulation of thirst center and ss a result
the nerson drinks excessive amounts of water knowa 23 prlyuria.
(3) Blood volume: Aldosterone helps to moderats increase in
bload volume because plasma volume increases almost proortio-
nally with extrace!lular fluid volume. (4) Cardiac output: Lack
of 2}dosterone secretion has a profound effect on cardizs output.
Ex.essive secretion of aldost rone causes resuitant inerzase ia extra-
cellular fluid volume and bl-od volum: increa:s the cardiae
output, (5) Arterial blood pressure: Excess aldosterons sause
increace in blood volume and thereby arterial dlood presaure is
raie !. |
‘¢) Effects on Cellular mechanism : The sequenes of events
causcd by the basic action o aldoscerone lead to in:resgs grdium
reabsorption arc the following : (1) Aldosterone diffuses lipid
solunility in the cellular merbranes to the interior of rhe tubular
eothelial cells, (21 Aldosterone combines with a tighle specific
recepror protein which has a swereo nolecular conriguriion ia the
cytoplasm of the tubular c:1ls 2nd it will .1low aldostcrone only or
extremely si nilar compounds to comhine,

[Il. Functions of Sexocorticoids 1 Several modepatelr active
male sex hormones calied adrenal androgens are continaously seerc-
ted by the adienal cortex. Progesierone and oestrogen are icmale
sex horinones and they have been extracted from tae adrenal sortex



© Il Functions of Sexocorticoids: Several modezitels activa
male sex hormones calied adrenal androgens are continuouasly seers-
ted by the adrenal cortex. Progesierone and oestrogen ars ‘zmale
$€X hormones and they have been extracted from tae adrenzl soriex



17 minute quantities. The multiple effzcts of sexocorticoids are dus
t0o 2n action on the g-netic mechanism controlling protein syathesis,
the sex hormones like androcen, oestrogen and pro:ester-nz, act by
stimuiating DN A-dependent svnthesis of certain mRN \’: in the
nuclei of their target cells. Oestrogen and androg:n play an
extremeiv iriportant role on the different action of sex in the foetus,
development and growth of sex organs, sex glands and secondary
S€X chiaracier in the childhood.

(@) Effects of Androgenic Sexocorticoids i These may influence
the orawth ard differtiation of secondary sex organs and characters
including pubic and axillary hair in male. The adrensl androg:ns
also exert mild effects in the female, not only before puberiv but
also throuchout life. Tn children of either sex, an excass of adrepal
ancrogen can cause phaliic hypertrophy, incr:ased muscularify,
rapid scmatic grewth and precocicus development of pubic,
axillarv and facial hair. The adulf individual can deveiocp acne
vulgaris, coarsening of the voice and recession of scalp hair. {hese
hormones ma- be responsible for libido in women.

(b) Effects of Oestrogenic Sexocorticoids : Thzse may cause
clitorial hvpertrophy, hirsutism, balding, coarsening of the voice,
amenorrhoes, infertility and brzast atrophy in women. In men and
children, it leads to enlargement of breasts ard maturation of
uterus «nd vagina in young girls.
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Q. 44 Winat is Adrenaline? Describe the physiologzical
actions of Epinephipe.

Eptaepirine is one of the active principles of adrenal medulla.
The content «f epinephrine of the resting gland is about 0°1 mg%.
The t tal store ot epinephirne in both glands is about 1" mg in man.

Physiological Actions of Epinephrine : Epinephiine lib:rates
from the adrenal meduila which acts 0.1 different tissues and by tems
of the body which are bricfly summarised below :

L OnkEyer (1) Tuere will be contraction vi meridional fibres
of the iris whica produce. wydriasis i.e. dilatation of the pupi! and
by contraction, the dil .tor muscle of iris aclj . g through p,-receptor,
(2) Sccietion of tear from the lacrimal gland. (?) Retracion of
eyeball due to the contraction of the muscles of Muller,

1I.  On Cardio-vascular System : It includes blood, beart and
blocd vessels,

(@ On Bloed : (1) There will be increased count of red blood
cells in tbe peripueral biood dus to the cootraction of tie sp een
producing a condition kaown as polycythaemia, {2) The eosinophil
count in the blood will be diminished. This reduction wuccurs
indirectly through the liberaiion of more ACTH ana thereby lisera-
ticn of cortical hurmones. (3) Epincphrine hastens the process of
blood coagulation by producing comnstriction of the blood vessels
and by libcrating more thromboplasun trom disiniegrated platelets,
{4) There will be raised white blood cell count, platelct count,
percentage of haewoglobin and increased blood volume due to
contraction of spleen,

(b- On Heart : (1) Epinephrine increasss the rate and iorce
of ti e heart beals, rhythmicity ana contractility of the hea t and the
cardiac output is 1ncreased. (2) Diiatation of the corovary bloog
vessels. (3) Toere will be increased exaubiity of myucaraium of
the heart. (#) There is raised condu.tiviiy ol the buadle of His of
the special junctional ussu. of ihe heart.

(c) On Blood Vessels ¢ (!) Epinephr.ne will cause comstriction of
all the bioua vessels ol the bouy with the excepiion of coronary
vesscls and bluod vessels ot the sk¢:i¢lal muscics which will be
di ated. (2) Tuere will be dilatation of tie coroaary v.ssels, vessels
of the skeletal muscies and hepatic bivoa vessels. (3) Tic venomotor
{one is ipcressed which nelps 1n venous reiuin.

III. On Respiratory System 3 It includes the action ot brog-
chial mu-culature and process oi respiration.

(a) On Bronchial Musculature ¢ (i; Epinephrin: will cayse
relaxation ot brouchual wusvulature, () It mud dose ui Cpiacphrine
is adminisiered (1 ml of 1ia L100y), taere will be cilatat.on o; tae
bronchial passage leacing 10 increased ventilation,

(b) On Respiration: (1, Sudden intravenous adminisiration
of epincphrine lu duaestilestiized Cal Causes €mPOrary cossaiton of
breathing due to rise of biood pressure and it is called adrenaline



apnoea. (2) Tt facilitates pnlmonary ventilation by relaxation of
the bronchi. 1 4) Respiratory auotient rises and therefors oxypen
consumpiion rise. by 20 to 4' % and carbon dioxide prodaction by

30 to 509%.

IV. On Gastro intestinal System : Foineptrine act on  the
glnnds (\f pratio-intostine! tract ke sal varv gl "'f‘"?‘ u_‘;,n.dq of
stomach and intestine liver cal! bladder and spleon.

(' On Salivary Gland ¢ Fpinephrice inhihity secrotiin of th,
digestive glands nd it will stimulate the secrotion of the aal
pland, Tie cecretion obtaincd from salivary glande e tiick 4
scanty, Tt will stimul te profuse wotery secret 1on and tota volume
of salivary secrefion is meressed

‘D) On Stomach and Intestine! Fpinephrine intihity tig
gasiric and irtcsunal plands and there will be ro secretion of
gasiric and intestinal juce.  This Lhormone inhibits the perict 12ic
movemeni of stomach and intestine and increases (0 tone <, the
sphinciers,

(¢) Onm Liver ¢ Bpinephrine stimulates the process of glveco-
genolysis and thereby liver glvcogen is converted into < lu-g3e
swhich will circulate in the blood to procu e nyperglyciemia and
glycosuria. The content of hiver glycogen is diminished.

(d) On Gall bladder : Epinephrine produces relaxation of the
plain mu-cles of the gall bladder with construction of sphincter of
Oddi. The present conception is that the hormone produces
contraction ot the gall bladder to help in the expulsion of the bile
from the gall biadder.

V. Oan Spleen: Epinephrine produces contraction of the plain
muscles lining the trabeculae of the spleen and the stored blyod
comss out of the spleen and circulates in the tlood stream,

VI. On Excretory System : Epincpurine effects on kidney,
urinary bizdder, skin and sweat glands. ‘

(a) On Kidoeys : (1) Toe small dose of epinephrine produces
constriction of the efferent rénal arterioles but no effccts on . ff:rent
renal arterioie aznd as a result, urinary output is increased, (2)
Lar:e doses of epinephrine produce constriction of both ffarent
and cfferent renal arterioles, filtration through ite glomerulus is
greally diminished and urinary outpui is much reduced.

(b) On Urinary bladder : Epineplirine produces relax tion of
the detrusor muscles of the urinary bladders with the consiriction of
the internal urehral sphincher.

(¢) On Skin : Epineplisine will cause eonstruction o the arcec-
tor piii muscles and as a 1e-uit there will be erection of the hais.

(d' On Sweat glands : The sweat clands in the axiila and
groin are acuvalca by epinephrine conent of plasma, The sweat
secretion of the horse depends on catecholimine goncentration
of plasma, The apourine glands secrete thick, odoriferous secietion
as a resuit of sympathetic stimulaiion und they are controlied by
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adrepergic fibres rather than by cholinergic fibres and are
conirolled by sympa hetio centres of the central nervous system
rathzr than by the para:ympathetic centres.

VII. On Metabolism : Epineparine has got some effect on
general metatolism. carbohydrate an? fat metabolism.

(@) On Genoral Metabolism @ (1) The basal metabolic rate
is increased about 20% bv moderate doses of epinephrine and large
doses cau-c a fall of basal me:abolic rate, 2 espiratory quotient
is raised due to increased cardiac output upto 30 to 40%. Oxygen
consumptirais iacreased upto 20 to 409 of the basal level and
carbon dioxide production is increased by 30 to 50%. (3 Epineph-
rine is calorigenic and heit production is immediate but comes to
normal level quickly.

(b) On Carbohydrate Metabolism : (1 Epinephrine or norepi-
nephrine raises the blood sugar level. Blood glucose is converted
to.mu.scle glveogen which is converted to laciic acid. Blood lactic
acid is converied to liver glycogen. (2) Epinephtine augments
glycogenolysis, glycogenesis and glycolysis. Epinephrine to some
extent also causes néoglucogenesis. (3) It mobilizes liver glycogen
aud provides sugar for the active tissues. ‘4 E)pinephrine
stimulates the process of glycogenolysis. The blood sugar Jevel
will rise and there may be glycosuria when the blood sugar level
exceeds the enal thr.shold value of glucose. (5) Epinephrine may
stimulate hepatic gluconzogenesis by acting as an inducer for key
gluconeogenic enzymes like pyruvaie carboxylase, Fi{’P-ase and
glucose-6- phosphatase.

() On Fat Metabolism : (1} Catecholamines = activate the
hormons-sensitive lipase in the adipose tissuse and increases lipolysis
thereby B-effect and activate CA vi? mechanism, This raises the
blood free acid level whose osidation increases enmergy production
in cardiac and skeletal muscles durinz stress. (2) It mobilizes of
fat from d:pot by enhanciog lipase a-tion. (3) Itincreases fatty
acids and glycerol level in blood. Both epinephrine and nor-
epinephrine are equaily potent in the mobilization of i+ A from the
adipose tissue. ,

VIII. On Endocrine (:lands : Epinephrine has got effect on
“anterior pituitary and pars intermedia. (1) Epinephrine stimulates
«nterior pituttary to secrete more ACTH = which again helps in the
release of glucocorticoid hormones after stimula'ing thz sup:a-renal
cortex. Glucocorricoids increase blood sugar level throu:h gluco.
neogenesis process. (2) Thlis hormone acts on melanophores.  The
effects of M5+ on the dispersion of melacin granules within
melanophores are antagonised by catecholamines through adrenergic
«-receptors. It causes contraction of melanophores of toad and frog.

IX. On Nervous System : (1) Large dose of epinephrine hag
got direct depressant action vn the spinal cord and muscle tone and
the reflexes will be diminished. (2} It causes iucrease or decrease
of conductivity of nerve impulse. (3) i pinephrine stimulates
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activating system (ARAS) causing constant

wakefulness, irritability and gnriety. (4) Injec’ion of epinephrine
into the ventricles of brain causes depression, coma with loss of
reflexes. Increased al rtness is the usual response. During an
emergency which provokes a generalised sympathetic respon.e, the
usefulness of increased mental alertness for fight or flight i8 obvious.

ascending reticular



Different Systems \ Epinephrine ‘ Norepinephrine

I. Cardjovascular System :

(@) Blood ; |
Eosinophil count. Increased. No effect.
(b} Heart : | -
(1) Heart rate. Increased. Decreased.
(2} Cardiac output.  Increased. | Decreased.
(3) FPulse rate. Increased. Decreare .
(4) . Blood pressure :
(1) Systolic Pressure. Increased. Increased. -
(ii) Diastolic Pressure. No effect ' Increased.
(11i) Mean Arterial Pressure. Decreased. Raised.
(¢) Blood vessels : .
(1) 1In denervated limb. Vasodilatation. Vasoconstriction.
(2) Coronary vessels.  Vasodilatation. Vasodilatation.
(3) Net peripheral vas- Vasodilatation. Cverall vasocons-
cular effect. | triction. |
(4) Peripheral resistance. Decreased. Increased.
(d) Blood flow through
organs : -
(1) Skeletal muscle. 100% increase.  Unaltered or
decreased.
(2) Liver. 100% increase.  No material effect.
40% decrease. 20% decrease.

(3) Kidney.

(4) Brain. 20% increase. ‘Slightly decrease.



Different Systems
11, Respiratory System :

(1)
(2)

Process of respiration.
ronchial muscle.

ITI. Metaboligm -

(1"
(2)
(3)
(4)

Oxygen consumption.
Blood suvar level.
F'ree fatuy ucid release.
Glyco zenolysis.

1V. TIntostine

(1
(2}

V. Central Nervous System

Small Intestine.
Large Intestine.

VI. Eye: Dilator pupillae.

VII.

Reproductive System
Non-pregnant ut:rus in
rat or cat.

Epinephrine Norepinephrine
Stimulated. Stirqulatcd.
[nhibition. Inhibition.
Increased. Increased.
Increaged. Increased.
Increased. Increased.
Decreased. Increased.
Inhibition. Inhibition.
Inhibition. Inhibition.

: Increased mental No effect.
anxiety. .
Excitation. Bxcitation.
Inhibition Inhibition.



‘Noradrenaline or Norepinephrine
| Noradrenaline is secreted by adrenal medulla.
» Chemically, it is a catecholamine and 1S closelyrel
3. It is the immediate precursor of adrenaline.
4 Like adrenaline, noradrenaline is also secreted under emergency condition. Hence, it 1s

called an emergency hormone.
5 Most of its 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 of blood vessels.
9. Respiratory rate 1s increased.
10. Metabolic rate 1s increased.
11. Blood sugar level is raised.

ated to fyrosine and phenylalanine.
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