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Hisborical Review :

The advenal gland was £irgt described by Bustashius

in(1563%.
‘ ferentiate in

The staﬂn&bility of the

described by

chuver,'Leydig;wasﬂbhe'first in(18521 to dif-

it between corbex and medulia.

adrenal medulla has been

Vulpian (1856), who noticed a greenish

colouration‘mhioh took place when the adrenal medulla was
moistened with a dllute soluuion of ferric chioride.

It was thus co

nucleus msay be

Oliver
able rise of Y
adrenal medull,

In the s

Lengely (1901)
_1arity be tween

ncluded that a substance with a catechol
secreted by the adrenal medulla.

and Shaefer (1894) demonstrated the ‘Temark- -

1lood pressure following the injection of _
ary extract.

tudies of Lewandowsky (1899 & 1900) and
attentlon was drawn to the striking simi-
the response to s8timulabion of the sympa-

thetic nerves to an brgan and the reaction in the cor-

Tesponding organ to the injection of adrenal gland

extract-




| The final proof of the presence of noradrenaline con-
currently with adrenaline in the adrenal ‘gland of & number
pf animals, was given by several investigators Holtz and
Schawnann(1948), Bulbring snd Burn (1949), Buler and
Hemberg (1949). It was, further from adrenal gland extrach

- !

~that Bergatrom et al. succeeded in isolating noradrenaline
ohemlcally in (1949). Later in (1950) and (1951) Euler
ailed account of the chemical and blological

such hormone.

ine” or "noradrenaline" which is a primary
| amine of "agdrensline" or “epinephrine", representing a
damethylatad epinephrine (Soffer et al., 1961).

HO . GH—GH —NH—CE5
OH
HO
Adrenaline
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Histogeneais : | - B

In lower vertebratese.g. fishes, they are permen-—
antly separ ated, but as we ascend the scale of animal
 life int:o the amphi‘bia, reptiles and birds, they bacome

closely associated.

Iin n a.ls, they finally unite to form a single
gla.ndular s ucture, in which the adremal medulla is
aevidently shielded by the cortex. This arrangement has
gi‘adually c#m_a about in the evolution of vertebrates_. |

Grollzima.n (1947) in his book "Essentials of endo—
orinology" stated that the medulla is & pact of a widely
dlstributed chromaffin system.

The mmdullary cells are ectodermal in origin since
they ‘axre derived from the neurel crest in common wit:l_i
the sympathetic nerve ocells. In the course of develop-
ment unknown, fd:pces have caused them to occupy this cen-

gral position.




i A T e

| ight;h week of human foetal life (Gray, 1958), -

'cella from th neighbouring masses of sympathochromaffin
tissue migrate into. the foretal cortex along the central

| .vein' and form t'.he. medullary portion of the gland.

In ﬁhe

These cells bacome differentiated into two btypes:

' the sympathoblasts l.e'ading't:o mabture sympathetic ganglion
cells and the pheochremoblagts which develop into the
chroma.ffin ce ls. .

- Differentiation into chromeffin cells begins in the
third month of foetal 1ife but is not .complete until birth.
- Although adxre . :Ltie_-ia present as aarly as the third month
of foetal 1if

| s the chromaffin reaction, however, is not
-obtained unt

the £ifth month of intrauterine life.

In a co _'a:cative chemical study, Hokfelt (1951)
found that th
albino rat wa
adrenaline and noradrenaline could be'identified' with
prepénd_erance of noradrenaline (80%)- ‘The adrenaline
content graduglly increases to reach(84%)of the total
catecholamines in 120 days old rats which was ths oldest

'+ studied by Hokfelt.

| £irst gppearance of catecholamines in
at the elghteenth day old foetus. Both
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The ra

days-0ld embax
granules had
appeared to 1
sympathetic c
gppeared, as
(chromaffin ¢
however, do n;
‘the same Year

~f adrenal me

yos and all subéequent: stages.

ot exhibit such chromaffin granules.

YR

th weeks before birth and consisted only of
Adrenal:me appeared about the 22nd weeks

and Brenda (1968) in the same animal we:i-e
ify célls with ehromeffin gra.miles in fourteen
. | The chrom_affin
been ‘_id'eﬁtified in medullary cells which.

¢ intermediate in form between primitive

ells and pheochromoblasts. Such granules

well, in pheochromoblasts and pheochromocytes

*ells). The primitive sympathetic cells,
In
» the same authors stated, that some granules

dullary cells gradually increase-in size
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efter the eighteenth day of gestation. This increase

- Was accompanied by a change in electron density, from
| high to moderate, and a change in the btype of the stored

amine from noradrenalihe to adrenaline.

r

The average diameter of the granules of ad.reno—

!-medullary cells cont;inues to increage throughout the
foetal period of rabbit and by twenty-eighth days it is

~ possible to d.sﬁinguish two distinct populations of adre-
nowsdullary c lls._ The most numerous'(80%) had a larger

diameter and are the adrenaline storing cells, while the

remainder are smaller ones and are ths norad.renaline
storing cells, both adrenaline and noradrenaline storing

_ ohremaffin ce ls are ldentified at birth.
|

Although the granules' in a sectibn through a par-
| ticular cell were mostly either of adrenaline or nor-
adrenaline e, however, the two types of granules may
~ occasionally be seen in a single cell. -

Such grapules were also found to increase in dia~
meter throughout the per:.od between birth and the age of
three months (Coupland and Brenda, 1970).




The discovery of Ltwo different chromaffin . cells:ih th&f

éﬂrenal_medulla

It was first thought that the frequently observed

patches in chromaffin reaction were dus , to groups of

cells in various phases of their secretory cycle (Bennetb

1941)
nesgs Lo the pre

adrenaline.

This disc

- However, Holtz eb ala (l947)_referred this ,patchin'..
sence of another hormone probably nor- |
This was confirmed, in (1948), by the in-
vestiéation of Holtz and Schaumann and Buler & Hamberg (1949 b)-.

pvery of noradrenaline aroused the search

for the different cell types in the adrenal medulla and

the study of whether the medullary hormones were released

independantly or were secreted as a mixture of constant

proportion. Ber

getron et al. (1954).

The localizabion of the two catecholsmines in two

different adrenomedullary ¢ells was proved by thqkstudies'

of Burn et ala. ¢

.1950),
Branko (1952) in the rat and the oat-
only the adrenal

Hokfelt (1951) ; Outschoorn (1951),
They found bthat
ine content can be experimentally dec—

zased by insulin without affecting the noradrenaline

nontent .
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Branko (1951 & 1955) omploying varlous staining _
teahniques succeeded in demonstrating the presencé of the
two kinds of ahromaffin cells within the adrenal medulla

of the rat and cat :

. . {
A) In sbaining for acid phosphatase, he found that
‘the majority of the adrenal medullary cells contained acid
phosphatase. Inbetween such positive ¢ells groups of acid

- phosphatase negative cells wers present.

. B) when drenal medullary tissue was fixed in forma- |
1in and ingpec ed under ultraviolet light, some cell groups
wers brightly uoreacent agalinst a background of falntly

- £luoraescent ce ls.

C) Immerasion of the medullary tissuse in ammoniacal
silver nitrate resulted in daﬁkening of only those cells
which fluorescdd when fixed in formalin while most of the
cells remained unstained-

At that time, Hillarp and Hokfelt (1954) described
an additional teehnique to dilstinguish between the two
types of cells mploying potassium iodate, in which brown
.staining of groups of cells wore seen against a yellowish |
background, and were identical in distribution,-size and
shape, to the f uorescing cell—islets.




- 10 ~

| Bricke , et al- (1952), Redgate and Gellhorn (1953),
~ Zowsa tha stiulavion of restrieted areas in the hypo-
thalamus may salectlvely inocreases tha adrenaline or nor-
adrenaline conlient of blood taken from the adrenal vein.

‘The furt investigations of Hok.felt (1953), Hillarp
and Hokfelt (1954) and Branko (1954) in the rat and the
cat were all i favour of the assumption that adrenaline
and noradrenal e of the adrenal medulla are two inde- |
pend.a.nt hormoner which are selectively made use of under
different cond:’_dbiona.

“Hillarp amd Hokfelt (1954), as well, found that bhe
nunber of medullary cells containing noradrenaline and
which form ‘brown insoluble pigments after potassiun :Lodate
oxidation varie

more or less proportionately with the
content of noradrenaline.

Branko & H 1960) found that nicotine injection in the
rab induced a selective loss of noradrenaline and selec~
tlve disgppearance of the chromaffin reaotion and of the

- fluorescence from the medullary lglets of ad.renal medulla.
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- Later, Wood (1965) described another staininé method
- with eosin yellow and aniline blue, which showed most of
- the sells to _ brown to purple in colour and the rest
yellow in colour. This latber mebhod had shown that
‘there exist m:t;hological differences between the two

‘cell types on the basis of granularity and size.

| The madority.of oe11s appeared to be larger in size
wlth finely granular cytoplasm,_whilé, the minority were

emaller in slze with a larger more denssly granular cyto-

plasm. The cortex appeared biue in colour.

To sum wp, these.previous studies suggested that
those cells of bthe adrénal medulla which stained darkly
with ammoniac sllver nitrate, brown with potassium
1odate or yellow with Wood's staln and which lacked: acid
phosphatase anh fluoresced when fixed in formalin, were

. eQnoerned with.elaboration of noradrensline; while, cells
which stained lightly with silver nitrate, yellow with
potassium iodabe and purple with Wood's sbain, contain-
ing acid phosphatasé and which did not fluoresce, were
adrenaline secreting cells.
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Such studies, strongly suggested that the adreno-
medullary eells secreting adrenaline and those secreting
noradrenaline,
topogrsphical r lationship were fairly autonomous in
function.

The physi logical \ralue of the localization of the
tfwo catecholam
edrenal medulla liss in the fact that either of which can
endantly to meet the gpecific reguire-

8 in two different kinds of cells in the

be secreted ind

ments of the organism.




Adrenaline and norsdrenaline hormones :

Blosynthesis :
Gurin and Delluva (1947) snd Udenfriend et al. (1953)

have demonstrated that both phenylalanine and tyrosine are
in vivo the precursors of adrenaline.

Phenylalanineﬁis'oxidized to tyrosine, the latter
is transported into the adrenal medullary cell to be oxi-
dized o dihydroxyphenylalanine (dopsa) in the non particu-

late cytoplasm, then it is decarboxylated to dihydroxyphenyl-—

othylamine (dopamine). The subsequent reactions invelv—
ing dopamine apparently took place in the granules or
uitochondria of the medullany ¢ells (Soffer et als., 1961).

At this site a good part of the dopamine is converted to
dihydroxyphenyl-acetic aeid, while a small proportion of
the dopamine is hydroxylated to noradrenaline. Some of
the noradrenaline undergoes methylation to adrenaline,

both compounds e¢lther stored in the gramules of their

secreting cells or sescreted into the nonparticulate cyto-
plasm to the blood.

According |to Blaschko (1959), the blosynthesis of

adrenaline and radrehaline_occurs as follows :




adrenaline in

of blood vsas

While &
'the adrenal me
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' H H H H
C - C - QOOH ‘HO C -0 - CO0H
H NH ' ' H NH
i | 2y om0 2
Tyrosine Dopa(3,4 dihydroxyphénylalanine)
E H OH H
lecarboxylase HO C=-0C =~ I\TH2 HO G - C - NH,
> 'H § ———> H H
H | HO
Dopanmine(3,4 dIMFdoxyphenyle thylamine) Norepinephrine
HO |
- HO '
Epinephrine |
Sources :
The nerve fibres are the important source of nor-

the body (Bell et al., 1963), also the wall
1s are rich in it.

e important source of adrenaline hormone is

dulla. The ratio of adrenaline 5o noradre~

naline in the human adrenal medulla is 4 : 1 (Wiggers,

1949).
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Control of secretion 1@

and Buler (1949) have found that stimulation

of one particular area of the hypothalamus causes malnly
adrenaline to appear in the effluent, whereas stimulation
of another

- adrenaline.

ea of the hypothalamus releases mainly nor-
Stewart and Rogoff (1925) found bthat the

average rate of liherabtion of adrenaline lies between
0.0001 - 0.0003 mgm per kgm body weight per minute with

an average of 0.00025 mgma

Keele and Neil_(1960) stated that there are centres
in bhe reti

hypothelam

ular formation in the medulla oblongata and

which exercise a higher control.

Physlologic

Elmadiian et al. (1958) stated that active, agreassive,
emotional displays are related to increased excretion of

astions :

noradrenaline, whereas tense anxious, but passive emotional

displays srd related to increased excretion of adrenaline

in the uring. Keele and Neil (1960) stated that, the

sympathetic nerves through their liberated noradrenaline

regulate circulation, while the adrénal medulla with 1ts

» ~F adrenaline secretion, takes part in reec-
=tross, exercise, exposure to cold and

hypoglycaemia.
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Best and Taylor (1966) stated that there is, also,
a relationship between the adrenal medullary content of
noradrensline and the typical behavior in different species.
Aggressive ‘animals (cat, lion) have large amounts of nor—

adrepaline in the adrenal medulla, whereas, timid animals

~ (rabbit, guinga pig) have littles

Campbell et al. (1968) in comparing the biologiecal
activity of noradrenaline and adrenaline stated bhab
adrenaline causes excitabtory i-e3ponses in some regions
and inhlbitory ones in others. It excites constriction
of the blood vessels of the skin, it stimulates pilo-
erection and dilatation of plipil and in large quantities
nay cause swealbing, 1t induces tachycardia, the cardiac
output inereases and elevats the systolic blood pressure,
but not the diastolic one, the peripheral resistance :Eélls,
this is becaus¢ adrenaline inhibits the smoofh muscle
fibres of all arterioles except those of bthe skin. It~

Telaxes the smooth muscles of the uterus (in man), the
bronchioles, the intestine and the bladder.

Adrenaline, also, has a mebtabolic effects,’ 11: prod-—..
uces a rise of the blood sugar concentration by stimulat-
“ho breskdewn of liver glycogen bto glucose -and it

swacreases the metabolic rate. l
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On the pther hand, norédrenaline has piedominanbly
excltatory effects on the arteriolar mﬁsculature- It |
leads to a generalized vasoconstriction so that both sys-
ﬁolicwand diagtolic blood pressures rises sharply and the
peripheral resistance is greatly increased, bradyeardia

~oocurs and the cardiac output remains unchanged. Noradre-
-naline 1s approximately eight times weéker than adrenaline
in causing hepatic glycogen breaskdown.




e e <t o g e B b R PN e S L S RN
R R e s R sk ey e e b SR ‘

-~ 18 -

The ochromaffin reaction :

_ The granules in the adrenomedullary cells present
Characteristic staining reactions with various chenical
agents. Thaey are coloured black with osmic acid, green
with ferric chloride and brown with chromic acid and its
salts. | |

The latter one was termed "chromaffin reaction.

Gerard et al. ( 1930), stated that the so-called
chromaffin reaction did nof dapehd on chromium per se, butb
depended on the oxidabion of certaln organic compounds in
the adrensl medulla to form brown polymers and that this
oxldation can be produced by other oxidizing agents.'

Hillarp ?nd Hokfélt, in (lggﬁ), 8taved that for
cytologlcal demonstration of adrenal medullary catechols
by oxidative - pigment formation, the following three
criteria must be fulfilled ' .o

|
1) The catechols must occur in sufficlentIJ high "concen~

»

tration so that pigments can be formed. o _
2) The catechols must oecur in such a stabe as'to'permit
2 catechols must be dissolved from the cells before

pigments can occur. | -

R
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the adrenal medulla :

- The chromafﬁin cells of the adrenal medulla differ

in their arrangement in various animal species.

In the
in this work,

common laboratory enimal, albino rat, used

the adrenomedullary cells are irregularly

scattered (Grollmsn, 1947) and vary in shape fronm cylin-'
drical to irregular polyhedral forms with a large number
of blood sinusoids allowing intimate contact between the

eells and the

The ecyth
graﬁular- Th

blood stream (Swinyard, 1943).

oplasm of the medullary cells is distinctly
ese granules which are chromophilic are never

dortical cellse.

The number of cbromaffin granules jn the medullary

calls is an i
In depletion

and are refo

ndex of their secretory content (Bailey, 1948).
of the adrenal medulla, the granules disappear

ed agaln with storage of secretion. Thease

granules are eoncerned with elaboration of adrenalins and,
noradrenaline hormones.

Iever i

(2955) was the first to report on the ultra-

structure of the adrenal medulla in the rat, followed later

by 8jostrand

d Wetztein (1956 & 1957) and by De Robertis



3 B e Pt T e et e e ad

-2 -

and Vaz Ferreira in (1957), when they studied the adrenals
of the mouse, guinsea pilg, cat and rabbit. ’

All the previous investigators observed small osmio~

philic granules in the cytoplasm of the secretory medul-
lary cells. The sleetron microscopic studies confirmed

-Phat the adrenomedullary chromaffin cells were eésentially

of two types, a dark larger cell containing abundanbt osmio-
phile adfenaline secrebory granules which readily stained
black with osmic acid against an opagus background cyto-
plasm and a smaller bright cell containing fewser number

of secretory granules of noradrenaline-

The mitochondria are normally compact in the dark
cells and often vaouolated in the light ones. Great varia-—
tions in appearance of adrenaline granules had suggested
thais inceptlon within saccular investments by an aggrega-—
tion of miero-grammles.

The medullary Golgi apparatus though fraquently
seen as a compact paranuclear complex may be more diffuse.
The nature of some cybtoplasmic saes was equivocal, though
many can be positively ldentified as ergastoplasmic, golgi-
form or miboc. ndrial in origin.
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The chremaffin cells‘in.man are large, nvoid columnar

cella Cruickshenk et al. (1968) arranged in rounded groups
or in short cords around sinusolidal venules. Very fine
_brown granules oan be seen In the cybtoplasm of these cells
1f the tissue is fixed in chrome salbts.

. Sympathetic ganglion cells lnnervated by pregan~
- glionic sympathetic fibres are arranged singly or in small
groups among the chromaffin cells of the adrenal medulla.

Small cells resembling lymphocytes, with deeply
stalning nucleil asnd 1little cytoplasm "the sympathogonia”

are also present.

Blood supply

The blood that reaches the adrenal medulla is mainly
venous with little arterial supply (Cowdry, 1946).

The blood is filtered through the cortex, so as
harmful substances may have been partly or completely
removed, perhaps others useful to thse medulla have been
added. |

Certainly thls blood ié especlally rich in cortico-

sterones and may posses much vitamin C.
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lllaries in the medulla anastomose and Tun
lons. They are wider than in the cortex, so
be Germed sinusoids and are drained by thin

Se

cd leaves ab the hilus by a single adrenal
all of which much connecbive tissue and nume-

uscle flbres are arranged mainly in longitu-

ic caplllaries are not well developed. Some
ciabion with the veins of the medulla and
ent forming vesasels that leave with the velns.

8 nerve fibres enter the medulla through the
f these end in touch with the chromaffin

Ppass oulb into the zone reticularis of

iological study of man and rat adrensls

e et sk g e

i

According to Arai (1920), sixty-five days isdéhe'mean
age of* the first ovulation in rat, although accng?ng to

Vierard's tab
hretween 8 ~ 1

k-

L '-‘T’;"‘-‘.‘i-_‘};‘f_ Nt

le the first menstruation in man appears f***

Q years.
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The cessatlon of breeding period in female rats takes
place between 18 and 20 months, while in man between 40
to 45 years of age. Jackson (1913).

The period of gesbtatlion in albino rats is twenty- -
one days. The adrenals of bthe foebus are very small.
. During the last day of fosbal 1ife, they are about 0.5 mgm/
Zhown by Hokfelt in (1951), who carried out
an exhaustive blological study of the catechol content in

pair, as was

rat and man in different sge groups.

As the cabeshol conbents were very small, the adrenal
glands of about thirty foetuses were required for each

extract.

The cabechol contents of bthe adrenals had heen debter-
mined biologically and where sui’ficienﬁ material was ob-
tainable the calorimetric method was also applied. The
Lfirst emount of cabechol conbent was found in rat's me&ulla
abt eighteen dgys of foebal life, it was about 0.015 u/pair
and 20% of which was adrenaline- At this age scatterad
chromaffin cellls could be observed in the adrenal medulla.

From day to day thereafter both adrensline and nor-
"+ contents inoreased rapidly with preponderance
vt e uoylaued component "adrenaline”™ which. reached




34% and 43% two and one day beforse birth respectively,
while two days aftor birth adrenaline content was 56%
and four;_day laber reaches 60%. Thirteen days after
birth 1t was 64% bo reach BA% ab 120 days 0ld albino ra
which was the oldest age stbudied by Hokfelt (1951).

~ The fol owing table was glven by Hokfelt o coupare
the adrenal:in and noradrenaline contents in male ang

femaie rabs :

Male Female

Noradrenaline (micro gu/gm tissue) 164.9 126.6
Adrenaline (miero gr/gn tissug) 899.0 9787.0
Noradrenaline (micro gm/kgm body weight) 27.5 3l.2
Adreneline (micro gu/kgm body weight) 14840 195.8

Although noradrenaline and adrenaline contents in
micro gm/gm Gissue, was higher in male than female, the
amount related |to kgm body weight was higher in :Eemal.e'
than male. R

However, adrenaline conbent expressed in percentage
~* the catechols showed no significant difference bet-

wohe WRID UHD SOXOHE
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_ There was no significant difference in catechol con-
tents of adrenals during twenty-four hours.

When enaline and noradrenaline contents of the
adrenals were studied in man » Hokfelt showed that since
28 weeks before birth till 75 years of age there was a
gradual incrgease of the percentasge of adrenaline from
0 - 93 %.

In the same year (i951j West and Hunter assorted
that the sympathomimebiq catecho¥ cdmpouhds in man first
sppeared in the non maﬁh&labed férm noradrenaline. This
was in contrast to foetal rat in which adrenaline and
noradrenaline appeared concurrently three days before
birth. '

Howevex, in both rabt and man adrenaline becomes
larger in percentage, in rats two days after birth and
in man two years after birth.

Effect of unilateral adrenalectony :

Several studies were made on unilateral adrenalectomy
" unat of them dealed with 1ts effect on the adrenal
Y no atbtentlon to iﬁé affect on the medullsa.
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Mac Kay et al. (1926) stated that the remaining

gland hypertrophied and the increase in size was due to
the increase
Pollegrino et
physiologicall
roemaining gl
tion ranging f
trophy of the

the size of the oortical cells. However,
al. (1963) studied cytochemically and

the effect of momoadrenalectomy on the

y after different times from the opera-
om 3 - 60 daya and stated that the £yper-
ortex was due to lmgrease in the number of
cells and not the eell volume. A}though the nuglggr

d in the first ten days, 1t later under-
crease, returning sgber twe weeks of the

volume inoreas

@ normal value.

The cholge of the removal of left or right adrenal
gland did not alber the results, as there was no differ-

ence according o the slde of the removed gland.

W




