VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

STLUDIES ON THE METABOLISHK OF
NUCLELIC ACIDS AND OLHER CONSTIIUERNTS
IN 9HE ADRENAL GLAND

by

TURUVEKERE R. RAWAIAH, M.Sc.

Thesie presented for ithe Degree
of Doctor of Philosophy of The

University of Glasgow

March, 1959.



ProQuest Number: 10646855

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uesL

ProQuest 10646855

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



Acknowledaments

I wigh to express my sincere gratitude %o
Professor Jd.No Davideon for giving me the opportunity
to carry out this research in his department and for
hig constant and unfalling guidance throughout.

My thenks are especlally due to Dr. W.C. Hutchison
for his continuous help and encouragement during the
whole of this work, I am indebted to Dr. H.N, Muoro
for his assistence in organising the dietary
experiments described in saetion 4, and to other
membery of the staff for their valuabke discussions
and suggestions.

L have great pleasure in acknowledging my
indebtodness to Dr, S.D. Silvey, bhecoturer in
Statigtics, for his help end advice in the
statigtical part of this thesis, to Mr. R. Callander
for drawing the figures, to lUr. D.R.S5. Cameron for
help with photography and to Miss R. Pevie, Miss
Me Inglis and Miss A. Melkle for valuable techuical
apsistance.

Pinally, I wish to thank the authorities of
the Commonwealth Technlcal Co-operation Schems for

the award of a Celombo Plan Scholardéiip, the



Univerglity of Mysore for greuting me study leave,
and the Gommonwealth Relations 0fflice, London,
as well as the Britieh Counecil for thelr constant
interest in my welfare during my stey in this

country.



Contents.
Page

Part 1. ln%reduaﬁiém.
lole Endocrine glands cescescsceevseassa L
1.2, Structure and composition of

the adrenal gland
Historionhk seesosvncescccsnsas
Gros9 morphology escecsccusss
Higltology evecensacsssncescaca

Adrenceortical hormones secsve

v & opp

Cholesterol and ascorbie acid.
The nucleio acldsy ececesvescsne L2
Histochonicol sitndies seeccecse 18
LeBe Funcbions of the adrensl cortex
funetions of the cortical
hormones eseescsssssoscsse 20
Control of adrenocortical
ACHLVIEY sseeveseveesnasvee 23
Abnormalities of adrenal
Punetlon sessssesasseasses 25
l1.4. Adrenocorticotrophic hormone esecees 27
1.5, Hormones and nucleic aclds . 30

Le6e Objects of the present investigetion. 33



Page
Part I, General methods esessesvasoscsaes 35
Part III. Results
Segtion 1. The aection of ACTH on the
adrensl glands of guinea~plge aond
rats foxr varying periods seeseceens B2
Bection Z. Effect of ACTH in rats
whose endogenouns ACGTH ls suppressed. 59
Section 3. The action of ACYH oun
normal, sdrenalectonised and
e0rbutic gUinea«=pigs eseeesosssennce 13
Section 4. Bffect of dletary chenges
on nueleic acid and protein meta~
boliom in normal amdé bumour-bearing
TOLE eesooavosesveossnsansseonassnee 39
Part IV. Discusslon.
4els Generel eoffecto of ACTH adwministratw
jon. Relative merits of oxpressing
the results os totel per gland eeee 92
Stimulation by ACTH in the guinenw
PLlE seesesesrnsasnenrnsosnvccesnse 94
Stimulation by ACTH in the 7at seves 98
Effoct of withdrawal of circulatbing
AGTH on the rat adrenal gland ... 100



4e5e
446,
4.7.

Bffect of withdrawel of ondogenous
ACIE in the gurinea-pig eseveocee
Differences in the rosponses to

ACTH betvween the rat and the

guinea=-pPliE esccesecsscesecsana.

Pogs mortem changes in adrenal
nueleie 20id8  sesvcevesccenosnsae
Bffect of ascorbic acid deficlency on
the guinea-plg adrengl 21land ceees
Influence of dietary changes on the
adrenal gland seosesvoesvecscscves
Metabolism o0f DA seececvovovocosnnsocas
Metaboliom 0f RNA seesosscsscscncosns
Rele of LP in adroenocoritieal actividy
SUMBOYY eevevssessssvsocccccasscvane

Bihii@gfﬁplly S 8060V OPHYOLUDHeOR Q00O

Papa

103

107

109
111
116



PART X

INTRODUCTION



1.1 Endocrine glaunds.

One of the devices by which an snimel maintailns a
proper contrel over Lis numerous physiologleal funcivlons
ig by the activity of the endocrine glands which seorete
thely appropriate hormones lunto the blood sitream. Thage
hormones have specific actions on other tissues, sonetimes
referred to as Yitarget organs.t It is now known that
gpome of the endocrine gleands, especlally those thatl
profiuce sterold hormounes secrete wmore than one hormone.
Alesg it 1o beginning to be evident that hormones may
have, in BOME casos, wider affects than those suggested
by the speecific relationshlp of the endocrine gland and ite
target organ,

In many essesn, the secretlon of hormones by ithe endocy:
organg is unfer the contyol of the pituitary gland
situated at the base of the brgin and itsslf an endocrine
DIZO e PThus in the adrensl coriex with which this thesis
is concerned, the production of adrenc-cortieold hormones
appears to be comtrolled by the adrenocorticotrophkic

hormone (ACHH) secreted by the adenohypophysis.

L.2 Structure and composltien of the Adrenal Glend .

Higtorigal
The firet descripitlon of the adrenal glande was glven |
1563 by Bartholomaeus Eustachius in his account of the

kidneys and tne name 'puprarenal capsules' wap introduced



a2

in 1629 by Jean Riolan. Though there was an early belie?
that these glende produce some subsitance with a epecial
function, it was ounly by the middle of the nineteenth
century that the idea was generally accepted. The

firet ountstanding contribuition Ho the undersitanding

of these glands in man was wade by Addison (1855) who
obperved the effects of the dlseasao of the sirensl gland
showing the characteristics of adrensl insufilclency, now
known as Addison's digeasa. Pollowlng this discovery
Brown-Séquard (18%58) by vemoving the glawds froa various
animals and Lfinding that this operatlion proved fatal,

esvablished that the adrenals were essentisl for 1ifc.

Gross morphology.

The adrenal gland consiste of two distinct parts,
the cortex and the medulls which have little resemblance
t0 each other and arve embryologleally disbinct. The
gentral medulla consipts of ecells derived from the
gynpathetie nervous gyshem while the pervipheral combex
ie composed of cells derived Ffrom mevodern. TMhe medulla
has been shown not to be gesentisl for life, since its
loss is not necesserily attended by fatel conseguences.

The covtex, on the other hand, canuot be completely



removed withownt disastrous resulis. It is therefore the
chrtexr that ie morve imporitant ln regulating physiological
funcition,.

It is intereosting to note that the adrensl cortex
oceuples & relatively large portlion of the whole gland,
Donaldson (1928) found that in Temale alblue vate the
cortex and mednlla weighed respeoctively 471 mgs and 3.1 mg.
while Flala, Sproul and Piala (1956) salculated that in
rats the volume of the medvlls is not mowe than 124 of
that of the whole gland. For men, Quinan and Berger (1933)
have weporsed that the medulla occuples 1L0% of the whole
gland.

The weight of the adrenal glende lncreases with age
and tends to a platbeau. In addition to varying with age
the welght also varies in accord with such physiological
eplisodes as oestrus and pregnancy. It aleo varies from
strain to gtrein and from species t0 specien. Generally,
t00, there ls a dlistinet mex dlfference. In rats the
female has the bigger glend (Donaldson, 1928), while in
the guinea~plg, which is remarkable in possessing a very
large adrenal for ite size, Baton (1938) Found thaib,
for animels of about 700 g. body weight, in the femsle
the glands weighed 117.5 mg. per 100 g and in the



male 126 mg. per 100 g. body welghtv. Thege figures ave

to be compared with 13.% mg. asnd 25.6 mge per 100 g. body
welght for male and female mice reported by Jones (1955).
An examinstion of Kojima's (1928) date on adrensl weights
in guinea-pigs brings out the further interestiung point
that the left sand the right adrenal glends ave not
necessarily of the same weight, the left gland being
10-15% greater than the right. Wo funeitional significance
hags been atitributed to this difference in the paired

organs which ocours in wost species and the factor involved

may well be their snatomical position,.

Histology.

Histologists have reported three waln bypes of cells
in the corxtical portion of the adrensl gland which ave
named from their distinetive appearance, The afrangensnt
of these cells is shown disgrematically in Pig. L.

Immedlately below the outer connective tissue copsule

isg the gona glomerulosa s0 called since the cells form

spherical clugters, This is followed by the zone

Fapeiculata in which the cells ave arrsmged iv columns

Torming radlial rows. In men and some other memmals thie
mone forma by far the meat extensive part of the coriex,

endl beitween it and the chromaffin tissue consisting of the
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medulle, lies the comparatively narrow gous rebticoulavig

which appesrs disyupbed and broken in its cellular arrangomea
The relastive slze of these zones varies very widely in
different specles; 1in man it has been egbimated that the
cuter gona glomerulosse occupies 15%,the szona fasclculais
T8.4% snd the zona reticularis 6.4% of the botel cortical

volume (Swinyard, 1940).

Adroenocorbtical hormones,

Although interest has heen evinced ever gince the
clagsical description by Addison of the disecase now kuown
by bilis name it wasg not until 1930 that very pobent exbtracis
were made by Swingle and Pfififner which were active in
adrenal ingufficiency. Coriisone was lsolated in o pure
state 1n 1934 snd since then nearly thirty coupounds have
been isolated and characterised and this ig probably not the
final 1list. Hot all the compounds that have been isclated
from the gland sre blologicelly acbtive. It is probable
that most of them are derdvatives of @ masll number of
bioclogically active hormones. The wost lwportant active
gompounds are cortisol, corticostercne and pldosterone which
iike %he other sdrenccorticoides belong to the group of
chomleal compounds khown generslly es 'steroldsy¥ derived

from the pareut compound perhydrecyclopentanophenanihone.



The chemiceald structures of these compounds are shown in
Flge 2

A great deal of aittention has besn pald ia recent
years vo the elucidation of the chemical nature and
biosyunthesis of the substances actually secreted by the
sdrenal cortex. It has been Tound (Bush, 1953) that in
most species, excevnt in the cat; cortiascl, corticosterone
end aldosterone couslbitube 85~100% of the ap-unsatuorated
-keto steroids ln the adrenal venous blood. 0f the larg
number of other compounds produced none excecdn 2.5% of th
total. In these investigations use has been made of
davitro methods in which the adrenel ls ewrterially
perfuned or the adrenal veln is cannulated and ciitrajed
homologous blood circulated through it (Hechter, 195%:; Ma
and Hechter, 1954).

The leveis of adrenccortical hormones clrculaving
in the blood are not very high. Their rate of gynithesig
by the cortex ls probalbly determined by thoe necds of the
body and the wate av which they are metabolised. in
normal human peripheral blood the anounts of coritisel snd
corticosterone prosent are resgpectively about 4.5 pg.

andl T+0 nge por 100 ml. pleswme (Morris and Willisms, 1953)
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though these levels are subject o diuvrnal variation
(Tyler, Migeon, Flor@ntinf and Samuels, 1954),

The method of formatiocn of cortico-sgtercids in the
cells of the adrensl corbex Is not fvlly kunown in spibe
of a vast amount of resemrch in this direcilon. However,
light has been thrown on various possible nmechavisms
and attenpls to isolate the engyme systewns have metv with
partial sucecess (Hechter and Pincus, 195435 Dorfumen, 1955).
The possible routes of blosyntheslis of corticosterolids
from acetate are outlined in Fig. 3.

The gynthesis of coridicosteroids is uesvelly assumad
o oceur by a route luvolving cholegberol, though there
is soms evidence for a more direct pathway which does
not involve this substance. The suggesstion has been
nade (Haynes and Berthet, 1959) that AVTH may act ab
5

the sthep involving the conversion of cholesterol to Iy-
nregnenolone, I# this 18 g0, 1% is poselible that the
alternative bisynihedic route which doss not involve
cholesterol may not be ACEH-dopendentd. The stepe involve
in the conversion of cholesterol to coritisol have bheen
desoribed by Hechior and Pyincus {(1954) and the enzynes
involved by Hayawoand Dorfmen (1952) and Plager and
Samuels (1952).

Yethods uged %o elucldate the detalls ol adrenc-

cortleosterold blosynthesis include studiles with adrensl
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glices and homogenates as well as cell-free systoms
(Uayano and Dorfman, 19523 Hofmann and Davieon, 19%4;
Bligh, Heard, O'Donnel, Webb, Saffran and Schowbanm, 1955;
Giromd, Stachenko and Veaning, 1956).  Extensive use
hag alse been made of hyperactive and ltumour-besring
huner glands (Dorfman, 1958). Unfortunately the latter
type of study ie limited %o humans becguse adrenocortical
tumour in leboratory awnimals iw extremely rare, AxpeT—
imentally induced tumours in the adreunal cortex of milce
have heen siudled hy Woolley (1958),

It will be seen from Pig. 3 that progesiterone may
give rise to elther corticosterone oy cortisol. Both
of these compounds appesr to have sgimilar functions and the
proportions of these occourring in the blood of different
gpeciesn varlies widely. The ratlo of cortisol to
corticosterone in man is about 10, ia ths sheep 15~20,
and ian the ox 1. The ret aad the rabbit excrete meinly
corticomberone (Bush, 19%53) while the guinea~pig excretes
mainly coritiscl (Burstelr and Dorfwmen, 1954). The main
factor involved in determining the relative amounts of
these substances secreted may bhe the avellibility of the

various hydroxylaiting enzymes involved.

Cholesterol and ascorblc aoid,

Mention must be made, at this stage, of two chemical

substances that are.found in the adrensl cortex to o



conglderable extent and whope chemicul determination has
been used to estimate the activity of the glend. These
are ascorblc acid snd cholegterol both of which decrease
in armount with sctivity of the glangd, .

Cholesterol has been lmplicated in the gynthesis
of cortlcosteroids and so it is presumably used up when
lhere ls a demand for corticoids, and the veriations in
the total cholesterol content of the adrensl gland estimaited
chemlically has been seen, in the rat, to correspond to
functional chauges (Seyers and Sayers, 1948).

The variation in amscorbic ecid content has also been
used very frequently as en index of gleund actively (Sayers,
Sayers, Liang aud Long, 1945, 1946). However there is
couslderable disagreement as to the exact role played by
ascorbic acld in the formatlon of adrenocorticosteroids.
Lowensteln and Zwemmer (1946) implicate ascorbie acid
directly in steroidogenesis In the cortex and olaim to have
gvidence for a slteroideascorbic acid complex, while
Schmidt and Staudinger (L954) clalm increased siveroidogenesi
in vitrge in swine adrenal glands whea ascorbie acld is
Presonts Dugal and Therien (1949) reported that ascorbic
acid administbtration inhibited the adrenanl enlargement
following recurrent exposure to cold, and this wase
confirmed by Nicholls (1956) who observed that the
inereased incorporatioa of 52@ into irorgaunic phosphate

gnd acld-gsolunble phosphate of the adrenal glond following



exposure of rats to cold is abolished by administration
of sodium ascorbate.

The continuation of cortical activity in ascute
conditions of sourvy when there lsg virtual sbsence of
ascorbic acld indiocetes that thls compound may not be
essential for steroidogenesls (Tong, 1950) and Jailor
and Boas (1950) have observed that in the adrensl of +the
fowl , which apparently has no sscorbic acld, the synthesle
of aterold is guite normal. Prunty, Clayton, Melwiney
end Mills (195%5), however, point out that wethods used
are not senslitive enough %o detect the presence of traces
of ascorbic acid. Skelton and Fortler (1951) while
studying the wesgponse to ACTH followlng adminigtration of
large doses of ascorblce acid found that thers was no
chonge in the adrenal cholesterol response bo ACGYH,

Dugal and Therien (1652) iun further experiments of

a more chromie nature reached different conclusions.

They reported that the effect of ACTH on the sdrenal
welght and chiolestervl content is potentiated by the
concurrent administration of large doses of ascorbic acid,
when such freatuent ls continued for a period of ben days
after hypophysectomy in the vatb. A similar synergistlc
effed@t of ascorbic acld and ACTH on the secretory activity

of adreunal cortex is reporited by Des Norois and leblane



(1952), Hayano, Sabe, Dorfman and Hechter (1956) have
produced evidence that the conversion of cholesterol to
progesterone by isolated mitochondrial preparations

of adrenal cortex is inhibited up to 40% by addition of
ascorbic acld, and put forward the important suggestion
that ascorbic acld acts as a restraining factor in the
biosynthetlc sequence and thils suggestion ls supported by
the recent work of Jones, Perim-Gollia and Dik-Nes (1958)
on scorbutic gninea~pigs.

Iven though the rate of agcorbic acid in corticostero:
bicsynthesis is one of the gresat mysterles of adrenocoriic:
physiology, there is no doubt about the gross effect of
acute deficiency of this vitemin on the adrenal gland,
which undergoes'a slgnificent increase in size (Rodony,
1919), due to enlargement of the cortex (Meyer and McCormi
1923), Interpretation of this enlargenent is again a
matter of controversy. Meyesr and McCormic claim that
the enlargement @s due to congestion and fatty infilitratio
large deposits of which occur in the zonae fasciculata
and reticuleris., and that this is therefore not true
hypertrophy. Gergely (1943) also suggests that the
enlargement is caused by mere swelling, pevhaps moaning
an increase in water content. On the otherhand, Stepto,

Piveni, Consolazio and Bell (19%1), who made measuremenbs
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of the composition of the glend, find a significant

increase in dry welght, particularly iu proteln content,

snd conclude theat there is true hypertrophy. Prunty, & al
also made the daportant obgervation that the adrenasl

glands ln gcorbutlc gulnea~pigs respond to the administratio
of ACTH by showing very much larger increases in weight than
nornal aninals.

The Nucleic Acids.

The preseunce of basophilic granules in the cybtoplasm
of human. adrenal coritical cells was noted by Sauntee (1936)
end following on the development by Brachet (1941) of
ribonuclease as a c¢ybochemical tool for the detection of
rivonucleic acid (RNA)y Rich and Berthong (1949)
demounstrated using ribonucleane that those basophilie
granules were composed of RNA and that the granules were
particularliy prominent in the adrenals of patlients who
had died of severe infections In 1956 Symington and
Davideon reported a eytochemical and biochemical study
of the nucled¢ aclds of the adrensl and showed that in
strossful conditions and also following stimulation with
ACTH there vag an increase in the concentration of RNA and
in the ratio of RNA 4o deoxyribounucleic acid (DNA). Since
the work +to be reopowvted in this thesis ie meinly concerned

with the nucleic aclds of the adrenal gland some



conslderation must now be given o the nature and
Tunebion of these substances in cells and tissues in

general.

OQceeourrence of nucleic acids.

Higtologicael as well as biochemical methods have
been used Lo detect and to estimate the nuclelc
acide in tissues. The forwmer make use of the strongly
geidic nature of nucleic aclds and hence thelr alffinity
for baslce dyes like pyrounin and methyl green. Brachet
(1941 ) used these dyes in conjunction with ribonuclease
b0 determine the localization of nuclelc¢ acids in tilssue
gections. The elegant method of ultraviolet specitro-
photometry of Caspersson (1941) onebled the dedection and
quantitative mepsurement of nucleie scids in the cytoplassm
and various other parts of the cell, while Davidson and
Waymouth (1943, 1944) carried out chemical estimations
of RNA and DNA. From all these early studies 1t was
possible to draw the broad concluslionsg that nueleic acids
are present in all types of cells and that while DNA is
mnainly confined to the nucleus and probably constitutes
the c¢hromosomsel material, the RNA ig present to & large

extent in the cytoplasm,.



Hibonweleic Acid .

X

alA de a polymeric substance of high molecular weight

conslsting of repealing nucleotide unite Jjolned together
through phosphodiester linkages, whose molecular structure
has been clucidated (Brown,and Todd, 19523 Cohn and
Volkin, 1953; Merkhem, 135%7), exe@ptifor the sequence

of auclechide unite in the polymer. Host of bthe evidence
to date suggests bthat the molecule of REA is lineavr.

There is, however, & posslibility of it having some

branched chains (Cohn, 1958) and sugare other than deribose
(Smith and Dunn, 1959).

It has been shown by differential centrifugstion of

cell Ffractbions that BNA 18 heterogeneous in cheracter and
et the tissue or even a single cell ulght contain
different types of RNA. The small emount of RNA associabed
with the nuclear fraction has been shown to be very much
more active than cytoplasmic RNA by isotope lucorporation
studies (Bergstrand, Eliasson, Hemmersten, Norberg, Riechard
and von Ubisch, 1848}, These earlier results have been
confirmed by a large numbexr of other lunvesllgetors (Barnum
and Huseby, 19503 Mcindoe and Davidson, 19%2; Smellie,
Melndoe, Logan, Davidgon and Dawson, 195%) and the subject
has beon reviewed by Browan and Roll (1955). In these

gtudlces on Hilk, which usually involve the degradation of



o

the compound Ho the nono-nucleotides, nuclesides b? hagpes
by alkaline or acid hydrolyslis, it is ewmphasized that
sufficient care must be taken to eliminate likely
contamination (Barnum, Nash, Jennings, Nygaard and
Vermund, 19505 Davidson, Frazer aund Butchigou, 1951).
The ilonophoretic btechnigue evolved by Davidson and
Saellie (1952) appears to be one of the most satlsfactory
methods faf the separation of the ribomononucleotides in
a fairly pure state, Tfree from concomitant impurities.

The main bulk of the cyvoplaemic RWA appears to bhe
present in the microsomal fraction while smaller @mounts
are present in mitochondrial and noun-geldimentable super-
netant fractlons. In general the uptake of rediocactive
precursors inte the microsomal fraction is closely similaw
to that of mitochondria whevreas the actlivity of RNA of the
cell sap tends t0 be higher than that of the particulate
fractionsg (Smellie, et al., 1953).

The effect of diet on the metabolism of BNA has been
investigated by Munro, Nailsnith aud Wikrsmenayalke (1953),
Wikramanayeke, Heagy and Munro (1953) wlochave shown that
changes in protein intake and in the ensrgy content of the
diet have a profound influence on the content and phosphorus

surn=over of vat liver RNA. The subject has been



raviewed by Hunro (1054),

Por gome years 1t has been recognised that RNA is
somehow concerned with protein synthesis, Caspersson
(1950) and Brachet (1950) showed that cells in growth
and secrztion are rich in IWA.  Gale and Folkes (195%)
obermved in disrupted staphylococcal cells that the

synthesis of proteins or the incorporation of amino

E\l

acidg depends on the nuclelc and content and is inhibited
by ribonuclease. Biochenical work on embryonic material
(Davidson, Leslie and Waymdnth, 1949; Leslic and
Davidgen, 1951) has showhk that synthesis of RINA alwayse
precedes protelin synthesis.

However, recent evidence in a lavrge number of cages
hes heen provided to show that protein syntheasis can take
place without de nove formation of RNA, Inhilbition of
aming acid Bncorporation into proveins by rivonuclease
obzerved by Gale and FTolkes (1953) snd othere is no%t
obgerved always and in all systens. Rat gkeletal muscle
mitochondria which contain RENA can incorporate labelled
leucine, & process which is stimulated by ribonucleasc
according to Simpson and Mclean (1957). Of particulsy
interest are the reports of Landman and Spilegelman (1955)
that the enzymes ribonuclease, lipase and trypsin do not

Inhibit the formation of the adspiive engymne pP~gselaciosidose



in whole B. megatherium cells but do so in homogenates.
Beljanski (1954) found that amino acid incorporation

into the protoplasts of M. lysodeiklticug cells was

inhibited by ribonucleass whereas no lnhibltion was
observed when whole cells were used.Tiss (19%8) hae
raported rapldly increased synthesls of protelnsg in yeast
cellam, which were ineubdted in a nutrient medium in the
abgence of phosphate, vithout de¢ nove formabion of RNA,

Deoxyrivonuelelic Acid.

DNA, which occurs excluslvely in {the nucleus of the
cell, is now accepted as being the chromosomal mbiberial,
po extengively studied by the higstologists by Feulgen
stoining (Peulgen and Rosgenbeck, 1924). Strong support
for the view that DNA carrieg the hereditary cheracteristice
during cell division was obtained by the diseo¥ery of the
bacterisl treancforming principles (Avery, MeLeod and
MeCerty, 1944) and by the recent work on the mechanism of

Invasion of Tsch. goli by the bacterlophege I, and other

i

irusee (Cohen, 19513 Kozloff, 19523 Burton, 1957).
The work of Chargaff {(1955) and others and the X-ray

diffracticn studies by Watson amd Crick (1953) have led
to en understanding of the structure of DNA and its
possible mode of duplication during cell divigion

(Levinthal and Crane, 19563 Meselson and Stahl, 195%58).



~fw Tt

Compared to RNA, DNA is o relatively stable molecule.
A large number of studies involving the use of radicactive
precursors such as inorganie 32p or substances labelled
with 14@ have confirmed thig councept of the stabllity of
DA, There 1ls very Llittle iuncorporation into the
DVWA of tigsues in which the mitotic activiiy is low end
in tissues having a large number of mitoses; such as
intestinal micose snd bhone mwmarrow, the incorporstion is
greatly enhanced (Swellie, Humphrey, Kay aud Davidson,
1955). Barlier work of Hevesy (1951) and of Furst and
Brown (1951) had showed very 1little incorporation of
ﬁg? or labelled adenine into the DNA of the nucled of
non-dividing cells. In rapldly growing tissues as in
lawer whilch is regenevating aflter partisl hepatectony
(Nyeaard and Rusch, 1955) there is a grcoatly increased
incorporation into DNA which is due to the new DNA thav
is being synthesised, The investigations of Barton
(1954) have shown that the isotopes once incorporated
into DNA are not ewchsenged, so that DNA is not in

dynamic equiiibrium with other constituents of the cell.

Histochemnical 8Studies.

ach of the work that has been done on the adrensl
gland 1s hlstochemical. In man such studies in normal

(Zomchek, 19513 Stoner, Whitley and Emery, 1953) and



streesful (Symington, Currie, Curran and Davidsen, 1955)
condlitiore have been mad@.in order to correlate the
changes obgerved with the fuhetional state of the gland.
The ugual method iz to make use of the suden staining
property of +the Lipids, When the gland is stimulated %o
secrete rore zortlcolds this is usually accompanied by a
decrange i the stainsble 1ipid in the various zsones of the
cortex and under extreme conditions of stress, it has
sometives been obsgerved that complete loss of this
material takes pvlace and the clear demarcation hetween
the zons veticularis and zona faseilculasta becomes
Irdigtinet. It must, however, be pcinted Gut that at

the same tine as thls decrease in {this sudanophilic lipid
tekes pleace there is e2n Increase in the phospho-lipid

n in the gland (Symington and Davidson, 1958)
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and since the sland welght is dnereased under conditions of
strece, there is presumably, therefore, an increasge in

the totel rhogpho«lipid conternt of 2 gleund. It is perhaps
possible that the lipid loses Lte steining property due to
thig whosphorylation,

The begophilic neture of the nuecleic acids has also
been used to study the norral and stressed adrenal gland.
Rich snd Berthomg (1949) noticed that in patients who
had died of severe infection, the basophilic grahules which

consleted of RNA were particularly prominent in the adrenal.



Adwinistration of exogenous ACTH stimulstbes the adrenal
cortex in a menner similar to that occurring when g

stress 1s apvplied. The histological changes which
sccompany thie are, with mild stimulation, increase in

cell slge in mona Ffagolculata, l.e. hypertrophy and an
increase in cell division with cousequeut lncrease in the
number of cortical cells, j.e. hyperplasia. Mitotic
fipures ocecur principally irn the zonu fasciculata, dbut

they may also be found in other parte of the cortex includ-
ing the zona rveticularie (Baxter, 19463 Baker, 1952). The
lipid droplets in the zona fasciculata become finer and less
concentrated, while +the zona gloaerulosa narrows without
much vardiation in lipid. Stimulation may also bhring

about hypertrophy of the Golgl apparatus in the oells of
the outer zona Ffasecioulate (Reese and Hoon, 19%8), and an
inorease in the number »Ff mitechondria ecspeclally in this
area (Miller, 1950). Intense stlaulatioa brings sbout

an apparently complete digapncarance of tue gzona glomerulossa
gecompanied by é vast increase in the vascularity of the
gland. Indeed massive adnindstration of ACTH can result

in a haemorrhagiec breakdown of the cortex (Ingle, 1951).

1.%, Functions of the Adrenal Corieix.

Functions of the cortlcal hormones.

An impressive aumber of physiological functions



have been listed as coming under adreno-comtical control,
though nmany of these may be only secondary effects.
Ingle (1944) bas made a survey of these various Ffunctions.
Only two of them will be consldered briefly here, the
effect on carbohydrate wmetebolism snd on electrolyte
balarce, These two are not necessarily divorced from
e¢ach other.

In carbohydrate metabolism, the cortical hormones
known ag glucocorticoids, work conjolntly with insulin,
the horgone of the pancreas, and the growth hormone, Among
the main effects of glucocorticoids are the increased
production of carbohydrate accompanlied by a concomitantd
inersase in urinary nitrogen, suggesting therefore thatl
gluconeogenesis occurs with proiein catazbolism as the
gsource of the newly formed carbohydrate (Long, Katzin end
Fry, 1940). In addition, there is an inhibition of
utilization of carbohydrate Ly the peripheral thssues
(Ingle, 1948). Cori and his coleagues (Colowick, Coxi
and Sleian, 194%) have demonstrated that hexokinase activity
which is stimulated by ingulin ds inhibited by adrenocortical
and anterior pitultary hormones. This result has been
confirmed by Bacila and Barron (1954) who also suggest
that these hormones combine with the -8H groups to bring
about thim inhibition, Clark (1950) using smino acids

labelled withlﬁﬂ'has ghown that not ounly do the gluco-



corticolds increase protein catabolism but prevent provein
anabolism as well. Recently Goodlad and Munro (1958)
have shown that cortlsone adminisbtration relesses amino
aclds by protein catabollsm in the carcass and that these
may be resynthesised into yroteins in other organs
depending on the energy suprly in the diet.

The recent discovery of aldosterone has confirmed
that this hormone is the most potent in maintalning a
proper electrolyte balance in the body and is in this
regpecet many Wmimes more active than deoxycorticosterone
in comparable amounts (Simpson and Tait, 1955). One
of the most striking facts about the adrenalectomised
animal is the logs of sodium and vretentlion of potassium.
Since the congervation of sodium is one of the functions
of the kididey, the lack of the bormone affects the kidney
activlity. It 1s supposed that the adrenal hormones
influence the enzymes or carrier gystems concerned in
the active re-~absorption mechanlesms in the tubule.
Similarly it is possible that these hormones facilitate
potassium excretion and in their absence thelr normal
gacretion of potassium in the distal tubule is prevented.

Aldosterone appears to be produced in the zons
glemerulosa of the cortex which, however, is little
affected by hypophysectomy (Deane and Greep, 1946).

1t is therefore possible that the secretion of aldosterone
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is independent of ACUH control. Lhis is borne out
by the results of Giroud, Stachenko and Venning (1956)
obtained with isolated zonsa glomerulosa,

Anong other functions of adfenocortical hormones s
brief mention might be made of their effect ocn ciroculating
lymphocytes, Adrenal insufficiency, elbther in the
Addisonian patient or in the adrenalectomised animal,
i® associated with the hyperplasia of the lymphoid tissue
and some increase in the number of circulating lymphocytes
(Yoffey, 1950). Adminisgtration of cortical hormones or
their increase endogenously by ACTH or stress or dissase
results frequently in a reduction in the number of
circulating lywphocytes - the condition known as
lymphopaenia. Thig hae sometimes been used as an
indication of increased adrenccortical activity and an

emplrical biological assay method (Spiers and Meyer, 1949).

Control of sdrenocortical activity.

The adrenal cortex is directly under +the influence of
the pituitery body at the base of the brain. The
pitultary is segmented into the anterior, intermediate and
posgterior lobes. The adenohypophysiey which includes
the anterior and part of the intermediate lobes, produces

a nunber of hormones which are adrenocortice-trophic



hormone, thyrotkopic hoxmone, somaitotrophic hormone,
gonadotrophic hormone and lactogenic hormone. The
removal of the pituitary (Smith, 1927), the operation
referfed to se hypophysectomy, ecliminates all these
hormones and brings aboub, smong other effects extensive
degeration of the adrenal cortex. The medulla is,
however, very little affected by this operation. Deane
and Greep (1946) in a detalled investigation of the effect
of hypophysectomy on rats, report a raplid post-operative
decline in adrenal weilght for the flrst 10 days followed
by a more gradual decrease. The degeneration of the
cells takes place in the zonse reticularis and fasciculats
whereas the zona glomewuloss appears to fanction normally
and indeed enlarges. The atrophy of the inner zones

is sccompanied by picrosis of the nuclel and shrinkage

of cytoplasm, the number of mitochondria diminish and
fuse, and the Golgli apparatus becomss compart, losing

its digitel processes. vimilayr observations have been
made on the guinea-pig by Schwelzer and Long (19%0),
though they point out thet there is & loge of sudanephilio
material from the zona glomerulosa in ghe hypophysectomised
guinea~plg which does not appear to be the case with the

rate These workere also show that intraoculer graft



of anterior pituitary tissue help to maintain the

adrenal coxitical activity, though below the norual level.
An atrophy of the adrenal corvtex similar to that in

the hypophysectomised animal takes place when an extract

of the cortex or an adrenocortical hermone is injscted

to the normal animsal (Ingle, Higging and Kendall, 19%8).

Clearly there is an interrelatlonship between the smount

of ACTH secreted end the amouni of clroulating cortico~

gteroldsa Sayers (1950) suggests that the cortlcoids

act on the adenohypophysis inhiblting the release of ACTH,

A direct evidence for this isg provided by the work of

Tuchmann-Duplessis (1952) who observed sn increase in

the number and size of basophils in the piitultary and

in its ACTH content by 50-60% atiter aéministration of

corticosteroids and suggests that these hormones iunterfere

with the secretion of ACTH. ihere is also the possibility

that this actlion may by indirect occourring vie the

hypothalamus (Vogt, 1955) which in turn may be stimulated

by impulses received from the baroreceptors in the cortolds

(Milles, 1959).

Abnormalities of ddrenal function.

Deficiency diseases.

Among the deficiency diseases of the adrenal cortez

the most extenslvely luvestigated is Addison's disease,



& large number of cases arising from destruction

of the cortex by tuberculoslig or other diseasses as
syphilis, amyloidosis and scleroderms.  Another

gimilar type of chronic adrenal deficiency disease

is Simmond's disease, which is caused as a result of
failure of secretions of the snterior lobe of the
pitultary. A less chronic type is the Waterhouse-~
Friderischen gyndrome found mostly in the new-born

baby after a difficult and prolonged lebour and in young
children. The adrenal shows consgliderable haemorrhage
and the condition is supposed to be caused by excessive
demand Tfor corticoids, with the concomitant outpouring of
ACTH stimulating the cortex beyond the Llimits of endurance

resul ting in a collapse.

Cortical syndromes,

Continued secretion of excessive amounts of ACTH,
results in o permanent over-gtimulation of the cortex
to produce corticolds and is called 'Oushing's syndromet.
The causen are usually pituitary malfuunction and may vesult
in a tumour of the cortex. The syndrome produces the
characteristic ‘moon face', and ocarbohydrate metabolism and
therefore fat metabolism is disturbed resuliing in excessive

depoaits of fat. In some cases it is seen to result in s



deflelency of wminerale « gorticoids, perhaps due o
degtruction ol the zoana glomerulosa. The other

familiar type of disease of the adrenal is the adreno-
genltal syundrome in which the cortex producss large
amounts of androgens or oegtrogens. In normal cases

the adrenal produces small amounts of these hormones,

but when the normal mechanism is grosely disturbed by the
presence of a tumour, the production of sex hormones will
predominate over the coritlcosterolds. Dorfmenn (1955)
has proposed an avtractive hypothesis in which he suggests
that in cases of asdrenow-genital syndrome, the enzymes of
the 021~ hyfroxylating system are defective and therefore
gbnormal amounts of sex hormones ere produced. The
tumours usually result in viriliem, but feminising tumours
aleo ocour. Sydnor, Kelly, Raile, Tly and Sayers (1953)
have demonstrated increased ACTH in the blood of patients
with virilising adrenal hyperplasia eo the disease may

well Be due to hyperpituitary activity.

lede  Adrenccoxticotrophic hormone,.

The atrophy of the adrenal coritex brought about
by hypophysectomy or by other means can be revérsed by
the administration of pltuitary extracts (Smith, 1930).
Humervous attempis were made to isolate and purily the

hormone without success until 1942-43 when two Independeht



announcements were made (L1, Simpson and Dvans, 1942}
Seyers, White and Long, 1943) of preparations from sheep
and plg pituitvtary glands of highly purified proteins
which were free from other pltuitary contaminente.
These preparations were found to produce selective
gtinulation of {the adrenal cortex of hypophysectomised
rots, as evidenced both by increase in gland welght and
by repalr of adrensal histology. Since that tine the use
of various procedures involving for exanple ulire«
filtration (Tyslowita, 1943), oxycellulose adsorption
(Asbwood, Raben, Payne and Grady, 1951) and ion-exchange
resing (Dixon, Moore, Stacke~Dunne and Young, 1951) have
resulted in preparations of very high potency. There
ig, however, no general agreement about the potency of
the various preparations, as the methods of blo-agvey are
themselves the subject of conslderable dispute., The
methods genorally employed are (1) Sayer's ascorblc acid
depletion test (Sayers, Sayers, Liang and Long, 1945) sand
(11) Saffran'e assay of corticolds produced by adrensl
gllices in vitwo (Saffran, Grad aud Bayliss, 1952; Saffran
and Bayliss, 19533 Saffran end Schally, 1955).

Dizon et al. (1951) have claimed that there are two
different Lfractions of ACTH, an ascorbic acld depleting
Factor and an adrvenal weight meintaining Tactor. Thege

¢laims, however, have not been substvtentiated and maoy well



be due to breakdown of the molecule of ACTEH during
igolation and purification procedured.

ACTH appears 4o be very susceptible to inactivation
egpeclially when glven intranuscularly or subceutaneously.
However the action of ACGTH is considerably prolonged
by making it into & ge¥ with gelatlin or o suspension
with zinc hydrozide.

Bven though the normal Ffuncitlonlng of the adrenal
gland reguives ACTH, ovevre-activity of the pituitary
rosultlng in en excess elaeboration of the hovmone will
stimulate the advenal cortex to produce very large
guentities of coritleal stereids. Certain stimuli such
a8 aduinlgiration of histamine and stressful condition
guch as shock and infection also bring about such
increases in ACGLE production. It is, bhowever, doubtful
whaether all these conditlons sect divectly on the pistultary.
There 1g evidence that higtanine acts on the adrenal
medulls releaping adrenaline which then aote through the
vasorotor control and hypothelenus on the adenohypophysls
(Vogs, 19%5). Adwinlsivation of ewxogenous ACTH
atinulates the gland in a wmenner sinilar to that
ccourring when a sitress is applied. The changes that
acoompany such gtlmulation have alrealdy been discussed
in the sectliouns degeribing the higtochomistry of the

gland and abnormalitics of 1ts funciion.



1.5, Hormones snd NWuclele scids

Investigation of nuelelc acid composition of tissues
following adminigtration of hormones or removal of
endocrine glands have not boen extensive and the earlier
work has been reviewed by Leslie (1955).

The effect of coritisone on nucleic acid composition
in liver has been studied by Lowe, Willlams eand Thomas
(1951) who report a decrease in RNA concentrsition per
unit welght of tissue, but 1t does not Tollow that
RVA syuthesls e reduced by cortisone, as the authors
suggent. Leslie (1952) added cortisone to the growth
promoting medium of cultures of embyronic chick heart
explants and found slight increases 1n total DNA synthesis
and RVA/DNA #atio. When cortisone and growth hormone
were combined, the totel synthesis of RNA and DNA rose as
mueh as 75% above normal over 6 days. Cortisone adminis-
tration has been found to bring about a general
cordabolism of muscle protein, and resynthesis of protein
in the liver depends on the intake of energy in the diet
(Goodlad and Mynre, 1958).

Injeotion of thyroxine iunto the rat produces
inercages in RNA, DNA and fthe protein conteat of the
kidney end spleen (Mendel, Jacob and Mandel, 1952).
Campbell, Innes and Kosterlitsz (1953) found by administer—

ing oestradiol to 1ntact and hypophysectomiged rate that



the hormone produces increases in DNA end in the RNA/DNA
ratio in the intact animal but not after hypophysectomy
80 that the effect of oesitrudiol appesrs to be mediated
through the pitui%ary, Dl Stepano, Diermier and
Pepperman (1952) have also provided evidence for the
pltuitary countrol of liver nuclele acids by showing
that hypophysectomy decreases the RNA content without
change 1ln DNA and thet injection of growth hormone
restoree the RNA and protein to the normal level. Campbell
et ale (1953) in their extensive siudy of the hormonal
control of liver nuclele acid in preguancy conclude that
there spre two independent RVA fraotiouns in the liver of
the pregnant rat , ons varies linearly with protein
content ag in non-preguant ratey and the other ‘excess RVUAY
ig guite independent of either protein content or the
amount of proteln eaten, but varies directly with the amount
of energy conguwed with the food and with the weight
of the placenta.

Marked stimulation of the pigeon crop gland
by lactogenic hormone has been shown to btake place
(McShen, Davis, Soukup snd Meyer, 1950). These aubthors
noted that an increasge in DNA takes place on the second
and third deys of hovmone administration, when the

higtological picture shows maximal mitotic activity.



Piala, Sproul and Fiala (1957) have noted a mavrked
gtlnmulatory effect of thyrotrophln on the rat thyroid
gland, Matovinovie and Vickery (19%59) have carried
out similar studies on the gulnea~-plg thyroid gland and
note that thyroitrephin produces hypertrophy but no
hyperplagia.

Fiala, Sproul and Fiala (1956) heve situdled the
effifect of the administration of ACTH on rat adrenal
glands and report large increases in DNA, RWA and the
proteln content of the gland.

Studles on the incorporation of 22P into the
adrenal gland of normal and hypophysectomised rats
was Lirst made by Gemzell and Samwels (1950) who showed
that the lncorporation into the inorganie phogphate of
the gland in the hypophysectomised rat was reduced but
gould be raestored to normal by a single injection of

32? lncorporation due to

ACTH. Similay decveame 1n
hypophysectomy was observed in the acid soluble fraction
of the gland (Relss and ﬁmlker%ﬁon, 1950). Riedel and
Rogsiter (1954) heve confirmed these resulbs and
further shown +that incorporation into lipid phosphorus
(LP) and ENA is similarly lowered in hypophysectomlsed
rate and restored to normal by ACTH injections (Riedel,
Logan and Rossiter, 19543 Togsn, Heagy and Rosslter,
1955). Rossiter and his colleagues in thelr extensive

invegtigations on the phosphorus mehabolism of the
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adrenegl glend of raits exposed to @ cold envivonment
have Ffound that 32? incorporation into tissue inprganie
phosphate increases to a maximum during the first 2 hours
of cold stress and then gradually falls to a value
elightly above normal during 24 hours (Nicholls and
Rosslter, 1955). After 8 days in the oold, there i a
marked lucrease in the adrenal weight, IP, RNA and DNA
suggesting hyperplasia of the glend (Wicholls, Heagy
and Rossiter, 1956 a) and & significant increase of

529 incorporation into LP and into RNA nucleotides
after 16 hours in the cold (Nicholls, Heagy and Rossiter,
1956 b). Both this group of workers and Symington
and Davidson (1956) emphasise that phospholipids may
play an important role in the energy transformation
reactlons in the asctive synthesls of corticosterolds.
Recently Hutchison, Burns and Hale (1958) have reporied
that in the gulnes-pig adrensl gland the nuclel are
entirely diplold and remain o0 even wheun ACTH
adminigitration 18 continued for periods up to three
weeks. Any increases found in the DWA content of the
glond after stimulation therefore represent tmue

hypevrplasia,.

1.6, Qbjects of the present investigation.

This brief survey of the literature indicates



the extrermely lmportant role that the adrensl cortex
plays in the physiology of animals and man. The work
of Rossiter and his collesguses indlicates the importance
of the phosphorus metaboliem of the gland and Symington
and Davidson have shown that ACTH causes big changes in
the RNA of the gland in men end in the calf. In view
of the lotter finding it secemed desireble to study the
effect of ACGTH on the adrenal glands of smaller experimental
snimals, which also offer the possibility of studying the
incorporation of isotopically labelled precursors.
Veasurement of the DNA coustent of the whole gland would
provide dlrect evidence of the number of cells in the
gland under various conditions, and aleo frow what is
known of the medabolic stability of DNA, sn increased
incorporation of labelled precursors would act as a

very sensltive indlcator of new DNA synthesis, A

gtudy of the total phospholipid would be of interegt in
view of 1te probable role in supplylng energy for other
metabolic veactions.

In addition, the use of animals such as the guineo-
pig which ave easily made scorbutic, gives the opportunity
of studying the effeet of withdrawal of ascorbioc acid on
the metabolism of adrenal nuclelc aclds, which might shed

some light on the functlon of ascorbic acld in the gland.

+



PART II

GENERAL METHODS.



The animals used were gulnea-pigs and albling rats
from the deportmental colonles, ewcept in one experiment
in Pays ILL, section 2. A1Ll animals were females. in
all casges, unless otherwise sitated, & control group of
gnimals wees iancluded and the body welghts were correctly
matched between the control and the test groups.

In moat of the experiments the long-acting Lorm of
AGYTH used was elther "Acthar-gel™ (Armour Laborstories)
or "Cortrophin-ZNY (Organon Laboratories). Where vapid
regponse was reguired lyopbllised ACTH (Crookes Laboratories
was omployod.

Gortisone was administered as cortlisone acetate
{(Morek, Sharp and Dohme) and cortisol as "Hydrocortisyl®
(Roupwol) or “HydroeAdiesen” (Organon Laboratories),
adninigtration in all cvasses belng intremugcular, unless
otherwlise stabed,

Radicactive phoaphﬁruﬂ-ﬁgy was supplied ap inowxgenle
orthophosphate by The Radiodhenical Centre, Amersham,
Tongland, elther ag carrier-free solution in dilute
hydrochlorie acid (PBS 1) or containing 1 mg. carrlepe
phosphate per ml. in isotonic saline (PBS 2). The
regquired quantity of >2E was injected intranmuscularly

2 hours before vhe animalsg were killed.



The animals were killed by sudden gihuaning and
were Bled from the neck vessels. The adrenal glaunds
were rapldly removed, fyreed from extrancous btissue,
welghed either on a sengitive beam balance or on a torsion
balaunce, In some cases the glands were stored in the
deep-Ffreeze cabinet (-15°) until required Ffor anslysis.

The glands wore homogenised iln distilled water in o
Potter-Elvehjem homogeniser to give a total of 10 ml,
homogenate. Ixactly 3 wml. of the homogenate were
plpetted into a2 10 ml. centrifuge tube (Fraotion A)
for guantitative estimation (Fig. 4), the vemainder
being transferred to another 10 ml. centrifuge ftube
(Praction B) for vadioactivity determinations (Flg. 5).
Both fractions were treabed with 0.5 vol. 30% (V/v)
loe-cold trichloracetic acld (TCA) and kept iv ice for
half an hour beforse cenitrifuging. The preciplitate was
gpun down at 2500 rep.m. for 10 min. ot 0° and the
supernatant fluid was collected for the determination
of the radloactlvity of the acid soluble fraction
(4,8) and of tlssue imorgenic phosphate (P1). The
replidue was washed with approximately 5 ml. ice-cold
104 (W/v) TGA and the washings added to the orlginal
extracth. The fluid from & second similer washing was

rejected,
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The precipitate wae then extracted suoo&ﬁsifély
wlth approximately 5 ml.. soetone, ethsnol, ethanol-
chlovoform (%:1) (twice), ethanol-ether (3:1l) snd finally
with ether, The 1lipid extracts from Fraction A were
e¢ollected YTor quantitative estimation of 1lipid phosphorus
(LP) and radlcectivity. The 1lipid extracts from Fraction
B were rajected. The residues were dried at room
temperature.,

Praction 4 was sudbjected to a modifled Schuneider
(1.945) procedure for extractlon of nucleic aclds. The
regidue wae treated with 2«9 ml, 0.5 N« perchloric acid
(PCA) for 20 min. at T0°. The extraction was repeated
with an egual volume of 0,5 ¥ - PCA and the residue
washed with cold 0.5 N ~ PCA. After each extraction the
tuben were centrifuged and as much of the supesrnatant as
posslble trangferred to & stoppered meosuving cylinder.
The extract was made up to a total volume of 10 ml. with
0.5 N - PCA, Portions of this extract were used For
guentitative estimation of DNAP, RNAP and total nucleic

aedd phosphorus (TWAP).

Estimation of DNAP. (Ceriotti, 1.952),

The DNA stendard was s purified sample of the sodium

salt of calf thymus DNA from the departmental stvocks



prepared by the method of Kay, Simmons snd Dounce (1952).
A stock solubion of DNA was prepared by dissolving au
accurately welghed amount (about 20 mg.) of puve, dxy
DNA in distllled water, with a drop of alkalil to help
gsolution, eand making up Ho 50 mle. 1L ml. of thieg solution
wag diluted with 0.5 N - PCA, heated to T70° Ffor 20 min.
o redissolve auny precipitated DNA and then made up to
50 ml. Both the stock solution and the standard
solutlion were kept in a reifrigerator. The amount of
DNAP in the stendard wes eslimeted on 1 ml. portions of
the solution by the method of Griswold, HumBller and
MeIntyre (1951) as described later.

Dupllicate DHA standards and veagent blanks were
carried outv with each group of estimations. Tor the
gstandard, 2 ml. of the DNA solution were pipeitted into
a 1% ml. glags-stoppered pyrex tube and for the blank
2 mle distilled water were taken iunstead. 1 wl. 0.05%
(/v) indole in dilstilled water (stored in the cold) and
1 ml. conc, HOL (AnslaR) were added giving o botal
volume of 4 ml.

2 ml., of the P8A extract (or 1 ml. extract plus
1 wml. water in cases whevre the concentration of DNAP
in solution was greater than 5 ng./ml.) were teken Lfor

egtimation along with 1 ml. indole and 1 ml. comec., HEl



as above. The tubes were immersed in a bolling
water bath for 10 min., cooled, and the solutions then
extracted with 3 successive portions of gbout 4 ml,
chloroform (B.PF. gradg). The chloroform layer after the
firet two extractions was carefully sucked off by mesns
of a Pastveur pipette and afber the lagt extraction the
tubes were centrifuged at low speed (500 repe.m.) for 5 min,
to separate the ligulid layers. The chloroform extracts
the colour due {0 substances other than DNA, the yellow
colour due to DNA iteelf remaining in the aqueous layer.
The colour Intensity was measured against the reagent
blank in the Unlcam SP 600 sgpecirophotometer at 490 mu.
¥In this laboratory it has been found +that purification
of chloroform as described by Ceriottd (1952) is nelther
necegsary nor desirable, This has been conflimmed in a

private communication from Dy, Ceriottl.

Bgtiwngtion of RNAP.

[modifieation of the method of Mejbaum (1939)].
Oreinol reagent: 60 mg. crystalline orcinol (BDLL)
per 10 ml. of 0.02% (V/v) Pefly.6H,0 (AnalsR, BDH) in-
tonc,.,HCL (AnalaR).
Standards D~ ribose solution containing 10ng/ml.

(equivalent to 4.13 npg. RUAP)



2 ml. PO extract and 1 ml. distllled water
(or 1 ml., extract plus 2 ml. water if the ewtract
pontained more than 10 mg. RUAP/ml.) were pipetied into
a weklk-cleaned” pyrex test tube. The standards
contained 1 ml., solution with 2 ml. water and the
blanks 3 ml. distilled water. % mle orcingl reagent
worg added to the tubes and the tubes were placed in a
vigorously holling water bath for exactly 30 min. and
then cooled rapidliy under the btap. The colour intensity
was mneasured against the reagent blenk in the Unlcam

SF 600 specitrophotometer at 665 mp.

#  Hote: Thorough ocleanling of glassware was esgenhisl
0 achleve reproduclble wesulis. The tost tubosn after
being cleaned with o detergent werve left in chromic acid
overnlghi. They were then thoroughly washed with tap
water and Dinally immersed in gless-dlstilled water fov

peveral houvrs before being dried.

Tigtimation of TNAP,

(Logan, Wamel ond Rossiter, 1952),
The spectrophotometrlic analysis was carried out on

the PEA extract of the nuclei¢ acids by measuring the



total absorption at 265 wn due o the vurine and
pryerinidine nucleosiden and nucleotldes present in the
extract. Te extraction procedure causes considerable
degradation of the nuclelce acids which, however, does
net wesult in any net logss of absorbing material
(Boaven, Holiday and Johnson, 1955). On the otheyw
hand, it 18 an essentlial feature of this method that
the nucleic acids should be degraded so that a direct
correlatlion between abgoﬁﬁivi%y and concentration be
made.

These measurenents were made, however, purely as a
check on the values obitained for DNAP sud RUAR, and in
all cases the total values obizined for the latter by
Geriotti and orecinol wmethods wes equal Yo that obtained
for TNAR by uvlitraviclet abgorpition within limits of

gxperinental errors involved in these methods.

Bstimation of Proteiln nitrogen (Prl). {(Panl, 19588).
Selenium dloxides 1%(YV/v) 560, (i & B) in
504(¥/v) H,90, (AnalaR).

Nesaler's reagents A solution of 3.5 g« gum
acgcia in 350 wl., dietllled water added Ho
o solubtlon of 4g. ¥I (AnaleR) end 4g.
Hel, (B.P, grade) in 25 ml. distilled

water and then made up to 1 1. .
Stondards Solution of ammonium sulphate (AnalsR)

$0 contein 1LOng.N/ml.



Prlf wag estimated in the rexidus after exbraction
of nuclelc acids with PQRA. The résidue was washed
with 8% (V/v) POA and dvied with ethanol and cther.
it wase then digested with 0.5 ml., Seﬂg reageat, until
the countents were clear, The digest was washed into
a measuring cylinder by rilnging with digtilled water
and made up to a known volume 80 ag to glve s concensration
of about LO=-30 ng. N/ml.

2 mle 0f the solution were treated with 2 ml
Nesgler's reagent and 3 wl 2 N-Nu0¥ (AnalasR). 2 ml.
pamonivm sulphate standard and 2 ml. water ag a blank
were similariy %rea%éd. The colour was allowed %o
develop Tor 15 min, and the intengl ty measured in the
Unicam B8P 600 spectrophotomeder at 490 mp against

that of the blank,.

The gombined 1lipid extracts from fracilon & were
made up to a known volume. 10 ml, extract were
pilpetted into a microkjeldshl flask, 1.2 ml, 10 N.E2804
added, the organic solvents evaporaied 1ln a waterbath
and the contents then dlgested over a flame. ln the

gavlior expeviments the phosphorus in the digest was



asseyed by the method of Allen (1940), and the
radiocactivity measured in % ml. of the blue solution
using a liguid counter (Type M6, 20th Cendury Electronics).
coupled to a sdaler (Bype 100 ¢, Penex Bgulyment).
In some exporiments the clear dlgest was made up bo
10 ml. with.digtilled water and radioactivity measured in
5 wle of this soluition, In these cases the vhogphorur was
detormined by o slight modiflication of the more sensgivive
method of Griswold gt _sl. (1951). Details of the
modified method are given below.
Reagentas reducing agentibd.4d g. of modivm meba
bisulphite (M & B, veagent grade), 4 g
Na, 505 TH,0 (AnzlaR, BDH) and 1 g lenaphtholw
Reomino=degilphonic acld {(BDH, exlbre pure)
diggolved in 300 wl. water, wmade up to L L.,
Ffiltered, ii necossary, and keopv in a
pboppered brown bottle. (The solution
keeps well Por several montha,. A small amount
of crystellisatlon sometimes occurved, but
thiln 4id not appear v0 affect the resulits in
any way).
Amnonium molybdate: 2.54{"/v) (AnelaeR) soluiion

in digtilled water.



gbandard: 2.193 g. KH2P04 (AnalaR) in 500 ml.
distilled water. 1 mle of this stock
gsolution wap dilubted to 500 nl. to give a
standard of 2 mg. P/ml.
Wathod: 1 ml. of the Llipid extract (or 2 ml. if
the amount of LP was less then 1 mg/ml.) was pipetted into
a8 gradueted pyrex test tube and 0.5 wml. each of 10 N~

HQSO and 4N-PBA were pipetted. When the orgenic solvents

4
hed been removed by evaporation in a waterbath the contents
were Gigested. Thé contents were cooled, diluted to

about 3 ml., and 0.5 ml. reducing agent followed by

0.% ml. anmonium molybdate aldded, the contents being

well mixed after each addition, Standards conglsting

of 1 ml., of the standard solution and 0.5 ml. 10N~H2SO4,
and z blank with 0.5 ml, 10 Nwﬂ2894 diluted with water

were treated in the same way. The tubes wers then
immersed in the bolling water beth for 10 min. The
polutions were cooled, made up exactly to the 5 ml. mark
aud the colour intensity measured ageingt the reagent

blank in the Unicam SP600 spectrophotomeber at 820 mu.

Bgtimation of the specific activitges of the acid

soluble fraction (A, s) and of tissue inorgsnic phosphate

(PJ).

The PCA extract of the homogenate and the first:TeA
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washing were pooled and made up to 20 mi., the solubiodn

AR

. . . s Y

being kept in ice. 1 wl. of this solution was plpebitad
e -‘\",‘

into a graduated tube, for phosphorus eestimation by,%hm\a

N

method of Griswold gi, gl. (1951) the radioactivity, X

beling assgyed on the blue soluticn as described fomﬁLP.

The remaining portion was noutrallsed with eomé,
emmonia (AnalalR) using phenolphthalein as 1adicatore
1 oml. Yathison's (1909) resgent was added to each tube
together with a Grop of a fine suspenslon of paw&@réd
glags (which considerably helps the crystallisation of
Mg(NH4)?049 in cases wheve the smount of incrgenie
phosphate present is very small). The tubes were keph
overnight at 4° and the resulting precipitate (sometimes
vory small in amount) was filtered, washed 2 oxr 3 times
with 10% (Vyv) smmonium hydroxide, dissolved in l-2 ml,
2N-HGL and the solutlon made up o 8 known volume. 5 mle
of this solution were taken for radiosctbive assay and 1 ml,.
trangferred to 2 grafuated tube for estimation of phosphorug

by the method of Griswold gt el. (L951).

Measurement of the speclfic activity of RNUAP and DUNAP.

The acid in-soluble non-~Llipid phogsphorus résidue
{(AINLP) Zfrom Fraction B was subjected bto a modification
of the separation method of Schnidt and Thannhouser (1945)

as described by Davidson and Smellie (1982 a).



The AINLEY residue was hydrolysed with 0.% NeKOH
(sbout 1 ml./% mge) for 18 hours ot 37°, the mila
hydrolysisg breaking down the RNA to acid soluble
mononucleotides. The DNA end protein, which sre
conslderably more cesiotant to this alkeline hydrolysis,
were precipltated at 0° by scidifying the hydrolysate
to pH 1 with 60% (Y/w) PeA. The precipitate was
centrifuged in whe cold, the supernatant being removed
by means of g Pasteur pipelte. The residue was washed

twice with aboult 5 ml. 0,50«-P6A and the washings vrejected.

Purification of RNA mononucleotldes by lonophoresis.

The supernatent fiuid (Aps) containing the ribo-
nuclectides and other concomitant phosphorus compounds
(Davlideon and Smellie, 1952by; Hutbchison, CGrosbie, Mendes,
Mcindoe, Childs and Davidson, 1956)was purified by
lonophoresis on paper by the method of Davidson and
Smellie (1952 a). The supernstant was brought to
P8 3.5 with N-EOH in the cold and the precipltated K0104
centrifuged down., A portion of the supernatant
containing about 100 ng. P wae applied along a line Tcm.
from one end of a strip of Whatmen 3 mm paper (72 % 7 cm.

in size). The paper was molstened with 0.02 M - citrate



buffer of @ﬂ§.5 allowing the excess ligquid to dvain off,
and suspended over g glags rod, the two ends of the
paper being lmmevsed in the buffer contained in two

glass or perspex dishes. A emoothed D.C. voltage was
applied by means of carbon electrodes placed in ecach dish
g0 that the anode was in the dish further away from the
gp0t. The separation wes cerried out with o potential
gradient of 1L v./cm. for o period of 18 hours. This
resulted in the geparation of the four mononucleotides.
The paper was removed, dried by means of gn infrared lamp
and the nucleotide bands located visually in ultraviolet
light at 260 mun by the method of Holidey snd Johnson
(1949). The bande were cut out and eluted by the method
of Comaden, Gordon and Martin (1947). The phosphorus

in the nucleotide Tractions wap measured by the method

of Allen (1940) and the wradioactivity assayed on the

blue solution ag already described, The specific
aetivity of RWAP was token as the mean of the values

obtained for the four individual nucleotidesn,

Purification of DUNA.

The precipitaeted mixture of DNA and protein was
suspended in 0.9% (V/v) ¥aCl, adjusted to pH7 with
NaOH, and treated with a solution of duponal (54 "/v)
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sodium dodecyl sulphate in 454 (V/v) ethanoll}, 1 ml.
being added Ho every 10 ml. mixture. The solutlon
was kept al roowm bLemperature for 1 hour wlith cccaslonal
stirring after vwhich cuough solid Nall was added to raise
the concentration to 1M. This precipitated the proteins
and in ordar o complete the prociplitation the tubeﬁywére
left in the deep Ffreeze cabinet (#15°) for 1 hour an&\%h@m
allowed to thaw. Tae precipitate was centriiuged, ﬁﬁ@
supermnatant was trealted with 2 volumes of ethanol an@ %@@
tubes were kept at 4° overnight to coagulate the DNA;WWﬁi@h
wes then centrifuged down,washed twice with T0% o thandl.
and deied with ethanol sund etheyr.

The DA was dissolved in dlstilled water with & drop
or two of Wall and a convenlent porition was transferred 1o
a micrdieldabl flask Lor phosphorus estinmation by the
method of Allen (1940). The radiosetliviity was measured on

the blue soluticn.

Yoditied procedure for the ilsolation of aueclelc aclids in

asmall amounts of tlssuc.

A slight modification of the method of Davidson and
Smellie (1952 a) was used bo isolate the nucleic acids

in which the residue was extracted with 2-% ml. U=-NaCl in



a bolling vater bath ftor 1 hour with the addition of 0.2«0.3
nl. duponal (cf. above), After centrifugetion, the
supernatant was removed and the residue re~extracted

ag before for axnother 30 min. The combined supernatants
rare treated with 2 volumes ethanol and the nucleice

acids allowed %o coagulate overunight at 4% centrifuged,
washed twice with 70% ethencl and dried with ethanol and
ather.,

The dry nucleic acid powder which is falirly free from
protein was treated as outlined above for separation of
the nuclelc acidg.

In thils case the ionephoresis for separation of
RNA nucleotides was carried out on washed Whatman 3 MM
paper strips, the washing being carried out as follows.

A few T3cm. lengths of paper were lmmorsed in 0.0l N-HCL
(AnmlaR) for several hours, the liquid being kept stirred.
The meid was then replaced by distilied water and changed
every fLeow hours until all the acid wasg washed out, afier
which the pepers were taken out and dried.

A very good separation of the nucleotides from the
Ao fraction was obtalned,four bands being clearly visible
in U,V light even when as 1ittle as 10-19%ng. total RUWAP
wae epplied to the papersa.

The epots were cut out, eluted and the sluates of
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the four nucleotides pooled. b mle oFf this solution
were used Tfor wadioactive aseay and L ml. transferred
0 a graduated tube for phogphorus estlmation by the
method of Griswold et. al. (1951).
The precipitate of DNLA, after belng waghed twice
with C.5 W, PEA, was dlewmolved in digtilled water with a
drop of UalH added, 5 ml, of the golution was used for
determining the rodicactivity and 1L wl, for estimation of
phosphorus by the method of Griswold et al. (1951).
In some experiments, a2s indicated in Part III, a
further purification of DNA by slectrophoresls on paper
was carried ouvt, The precipitate of DNA waes dissolved
in 02 ml, dlstilled weter and the pi adjusted to 6 with
0.1 N--EO, This solution wag applied o washed 3 Ml paper
ag in the cage of the RNA nucleotides and run at pH 7.5 in
0,05 M=trip (2-zmino-2-hydroxymethyl propane-ls3-diol)
buffer for 4 hours at 11 v./cm. The DVA spot which
vemaline at the orligin was cut oul, eluted from the paper
with O.1 NeXOH and the elunate made up to approximately
5 mle. with water. 5 ml., of this DNA solution were used
for measurement of radlogetivity and 1 ml. for phosphorus

eptimatlion as above.

Tosts of statistical s}gmificaac@.

Statliatical analyees of the yresultyg in the present

gerieg of experiments will be found in Pext 1II. The
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regulte in tvhe tables arve cxpressed ap mesu velues -

the standard error of the mean (8.E.) where

=y
L'JJ:Z.“*L’.‘ §§;§»)ﬂ'ﬂﬁ'
W (1)

E;.Eﬂ =

Student's ' dest was used to assess the significance
of the difference between the mean wvalues for two groups
of data. Where wore than two groups of data were
compared analyels of vaviaunce (Snedecor, 1946) was used,
The sapreossions P € 0,05, P 0,02, and P < 0.0 are used
in the conventlonal sense to indicate significance at the
b, 2% amd 1% levels reepectively snd P << 0,01 %o

indicate sigunificance at very much below the 174 level.



Flgo 4o
Outline of the prcocedure for the quantitative estimation

of counstituents of the adrensl gland,

Adrenal tlssue.

homogenise tndistilled water
(total vole LO ml,)

N ]
3 mle

- homogenate remainder of
FRACRION A homogenate
. PRACEION B.
0.5 vol. 30% TeA, O (zee Fige 5).
Acid soluble fraction (A 5) Aecid ingoluble residue
{combined with A B of L
Praction B, wash (%wice) with 10%
gee Fig. 5). Tep o
Hegidue washings
( Lipid solvenis reject,
Lipid extract (LP) non-Lipid residue
(AINLP)
0.58=-PeA, 70°
PCA extract Desidue
(total vols 10 ml.) © Wash
\ ary.
(DwaR) (READ) (TNAPR) (PrN)
(Cexviotti) (Qreinol) (Reve) (Nessler)
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Outline of the procedure for the determination of
phosphorus and radicactlivity of verlous components

of adrenal tissue.

FRACYLIOY B
(see Fig. 4)

GeB vol,. H0% TehA, 0°

s o . l
Residue e £
Acld soluble fraction (A,8) wa§?
L. vo. tot washing ( fwl.oc
¥ Als from Tracltion A (see Fig, 4)-rma = Wé&h
' 107
TGA, o°
- Second washing Resildue
: Romn indey LO42CT i -
1L ml.Tor ftemainden Lipid
2 entimation ¥ N@4Gﬁ 20 L~
gﬁ%ﬁigg radio- § e tﬂlson‘ vents
CRLYLEY ‘eagent, 4 j
precinitate (ATNLP) (&?)i
‘Pilter (see Tigs. 6 & 7T (reject)
wasl
Pt Eg{ﬂﬁﬁ)P04 Tiltrate
' (raject)

(2y)



Mg, ©
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Separation of nuecleic selds for determination

of specific activities

ATNLD
(%@@ Flg. 5.)

O3 N-KOH _
18 hr., 37 ecidify with 60%

Paea
Aci? soluble fractiom (A9S) Regidue
- ) wash (twice)
adjust o let washing et
[ &1 ‘€ o A
:E)H?;‘ 5 & with Q.58=-P8A
Lonophoresie Q?Q waah%ng Regidue
reject T (42
P and radioactvivity guiggal
of ivdividual monoe | od
nuelaeotides
supernatant R?@iﬂﬁ@ )
: 2 vol raiect
& ¥ & Q »
(RWAR) ethanol .
$u€erna%mﬂﬁ precipitate
reject) wash

{buAp)
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Modified procedure for isolation of pure nuclelc acids

Lrow small amounts of tissue.

 AINLP
(see, Fipg. 5)

Fxtract (twice with
M«Na@l + dupanalg 100"

|

Reagidue Extract
(reject) + 2 vol. ethanol

PR PNEN R AT, T T AT p .

praecipitate su?efn@ an
wash, Qry reject)

De3 H-XOH, 18 hr., 37°
aciddify with 60” PaA

Acid ﬁ@lu%l@ ) Residue
fraction (4,9 s
2 & N wash (iwlce)
let washing with O.58-P84,0°

lonophoresis Repidue : {a) or (b)
8k _ﬂH?’ o5

RNA nucleotides

{(a) dissolve in water

Pool eluates P oand reflosctivity
P and rediosctivity
(RNAR) (b) further purification

Dissolve in 0.2 mi., water
2d just to pﬁ&, ionophorenis.
Alubte with alkeld .

? and radloactivity

(D¥AP)
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Section 1.

The Action of ACTH on theo
Adrengl Glends of Guinsca-pilge

and Rats For Varying Perliods.



The initlal exveriments were Jasigned primarily
to study the effect of ACTH on the adrensl nucleic acids
of guinea-pligs. 24 animals of body weight 200-250 g.
were arvranged 1in 4 groups of 6 animals sach. One of
the groups was taken as the contrel and was untrested.
The other groups receilved intramuscular injections of
Acthar-gel, each animal receilving a total of 10 mg. per day
gliven in two doses. The 3 groups were btreated for 1, 3,
and 5 deye resyectively and the =nimals were killed on the
morning following the last Injection,

Analyses were carriad out on 6 pooled glands from
3 animals of each group =nd the results, which are showh
in Tsble &, represent the mzan values of the constituents
per palr of glands =snd also the concentrations per 100 mg.
wet welght of adwenal tissue.

From the results of the experiment it is evident
that the glands undergo congiderable enlargement between
the flrst enmd third days of treatment, It was therefore
decided in & further experiment to ineclude a 2-day treatment,
and also to study the incorporation of radiocactive phosphorus.
The experinent was slightly modified to include only two
animals (body wt. about %20 g.) in each group. The animalsg
received ACTH for 1, 2, 3, and 5 days regpectively exactly

as before, but the control group, in this case, received



Table 1

Effect of ACTH pdminisitration for varying peoriods
on guineawplg adrenals

Dayaes  of ACTH Adminigtration
0 (control) 1 % 5
wbe por 2 glends 131 = 3.8 154% 20,7 220 & 3.5 267 L 8.¢
%m@o) '
ne/2 glends 218 = 6.1 2413 22.0 11 % 8,0 371 L 3,
TP - .
pe/l00 mg. 167 = 0.2 1575 4.0 2141 Z 1.2 139 L 5,
neg/? glands 69.9% 046 B4.5% 6.5 129.5%0.5 149,51,
RUAP N . | ,
RE/200 mge 53.8% 1,0 54.9% 0.5 : 58,951,0 56415 1.3
ne/2 glande 26.85 0.1 26435 5.2 35.051.5 44,88 1.1
DHAP . - +
RE/l00 mge 2045« 0,7 17.0= 0.9 15.7=L.4 16.8= 0.]
RNAP/DRAP 2461 5425 5469 539
L2 /DUAP 8418 9420 8,87 8,28
Table 2

Anglytical values (ng/2 glends) for the adrenals of

guinee-plgs treated with ACTH Loy vavrying periods expressed
o8 percentege increases over the countrel group (Data from

Table 1)

Days of ACTH 1 3 5

FlLand wi. i3 68 104
LPp 11 43 70
RWAP 21 35 114
DNAT 0 5% 67




0.9% saline injections to compensate for any spiress
due o handling and injecting. In addition all anlmsals
raeceived $00 no 38@ 2 hours prlow 4o killing.

The results are glven in Tables 35 and 4. The
anelytical values (mg./ﬁglands) of the two oxperiments
are also expressed an pereentage increases of the test
groups over the control groupns, and are shown in Tables
2 and 5. Table 6 shows the statistical analysis of data
presented in Table 4 for the uptake of 33? into RUAP
and DWADR,

The glands show a vesponse 4o the adminlstration of
ACTH by vhe first dey as indicated by the inecrease in
gland weight as well ag in RNAP end LP. The DNAP,
however, does not ghow any measurable incveanse over 1 day.
The increases become move marked wiith coutinued admninistration
of AGTH, and after 3 days there ig a 60«70% ilnerease in
gland weight and an even greater increame in RNAD.
fxpressed as percentage increases over the controls, the
LP iunereaseg much less than the RNAP and the glend weightb.
Over the %5 day period there ip no consistent ploture
because the continued increase shown in one aexmperiment is
not shown in the other. Measurable increases in DNAP
are seen after the msecond day, snd amount o 25=-30% over

£ .4

the contyrol values after % days of treatmeont.



Table 3
Bffect of ACTH adminigtration for varying periods

on guinea~pig adrensls

Daye of ACTH Administration

0 (control) 1 2 3 5

Whe/2 g%and% 197£0,5 227%4.5 254=1%,2 319516.1 206534,8
Mo

ng/2 glends 29627,6 32128,0 345221.0 433315.5 367512.5
pe/100 mg. 15013.4 14220,5 136= 0.1 135« 1.2 141 4.0
- ne/2 glands 68.740,2 84,2553 $357,7 128,258,8124216.5
PE/100 mg. 54.930.2 3%220.7 39.1%0.8 40.220.7 422 0.7

DNAP ng/2 glaunde 44..4%0.8 38.256.2 48.,920.3 55.350.4 57% 8.8

1g/100 mg. 23.150.2 172%2,6 19.8%0.6 18,9%0.5 19.320.5

14

LP

RNAP/DIAP 155 2425 2,02 252 2.19
LP/DIAP 6069 8457 8,086 Be33 6454
Table 4

Specifle activities (relative to tlssue inorganic phosphate
x 103) of RWAP and DNAP from the advenals of guinea-pigs

treated with ACTH fox varying perlods

Days of ACTH 0 1 2 3 5
RIAP 55,8 = 0.2 32.093,2 40435003 47.430.1 49.551,¢
DIAD Bed £ 0.5  4.9%0.3 10.8%0.8 12.651.0 12.9%51.7

-



Table 5

Anglytiecal values (ng/2 glends) for the adrensls of
guinea-pigs treated with ACTH for varying periods
expressed as percentage increaseg over the coutrol group

(Data from Table 3)

Days ol AQTH 1 2 3 5
Glands wt. 15 29 62 50
LP 9 17 4.6 24
RNAP 2% 44 87 81

DNAP 0 10 25 28




Table 6

Statistlical analysis of date presonted in Table 4,

Analysis of variance %0 test the significance of

differences botween the mean values of the wrelative

ppecific activities ol BNAPR and DNAP from control and

AQTH=treated groups.

ﬁaﬁree of degrees of sum of nean varisnce
variation freedom pguares squares wratio, I
Total 9 509.8

o o iy o5 - %' 12147

BVAR Trestment & 485,41 1215 To- = 2448
Residusl 5 24,7 4 a9
Total g 168,.,8

DNAP Trestment 4 159.1  39.8  #%8 = 20.5
Regldual 5 Qe 7 .94

™

Por n, = 4 and B, = 5, F=11.39 at 1% significant level.

There is therefore a wvery highly significant differvence

between the mean values for control and ACTH-treated Zroupe

for both RNAP and DNAP.
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Pignificant increases of 32@ uptake into RVAP
and DNAR are shown after 2 days and these increases
gontinue with Turther sdminisgtration of AQTH,

The preceding sxperiments showed a lag perlod of
up to 1 day in the action of Acthavegel in iﬁ&ucimg a
pignificant chenge in the amount of and the 52? incorporaision
indo the nucleio asclds and LP. It was therefore decided
to study whether this delsy was due meivly to the glow
aetion of Acthar-gel used and on experiment was carrvied
out with guineg=-plgs combiuning the Acthave~gel with hyopkil-
ised ACTH,

Three groups of 4 guinea«pigs (body wt. 430-470 g.)
were takon. The eontrol group received 0.99% geline
injections, Bach animal in the othor groups received 2 mge
lyophilised ACIH every 4 hours during the dsy and one
ifnjection of 5 mg. Acthar-gel during the night. The ‘two
groups were treated for 1 snd 2 days wespeoctively. The
animale wewre killed on the morning Pfollowing the lagt
fnjoction. 500 pe 8y was given o each aniwmal 2 hours
before sacrificae.

The DNA was purified in this and the following
experiment by ionophoreslis on paper ag degeribed in the
secblon on general methods.

The resulis ave showvn in Tables 7 and 8,



Table 7

Stimulation of gulinea-plg adrenal glends by a combination

of Acthar-gel and lyophilised ACTH

Days ACTH afuninistration

0 (countrol) 1 2
wt./2 glande (mg.) 253 < 14.6 287 £ 18,7 319 % 15.6
. ne/2 glands 444 % 32 575 = 81 619 = 40
ne/100 mge 177 % 183 £ 4 183 * 14
AT ng/?2 glands 114 £ 10.7 162 £ 21.8 188 iﬂ?.a
ne/2.00 ng. 45.5% 1.8 60 £ 4 59 £-1,4
SHAD ng/2 glonds 39,35 3.7 49.3% 4,0 48.4% 0.8
ne/100 mg. 15.6% 0.6  17.2% 0.7  15.2% 0.8
_ pe/? glands  3690= 325  5080- 830 55202 160
Frl ng/100 mg. 1460 1740 1750
RNAP/DUAP 2,91 %429 3,88
LP/DNAP 11.3 11.7 12.8

Table T(a)
Mean body weighis of animals used in the experiment

reported in Table 7.

Days of ACTH 0 (control) 1 2

mean body wbt. (g.) 452 = 15 442 = 12 457
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In oxder to find the effect of ACTH on guinea-plg
adrenals over short peviods of a few hours, an experiment
was carrvied out with 3 groups of 4 animals (body wh.

430-470 go)e  In this experiment, only lyophilised ACTH
wan used. One of the test groups roceived 10 mg.
lyophilised ACTH and was killed 4 hours later. The two
otheyr growps were given 5 mg. lyophilised ACTH per aniwmal
every 4 hours and killed 8 and 16 hours after the inibial
injection. Bach animal weceived 500 mne 5%? 2 hours
before sacrifice.

Phe analysew were carried out with the pailr of glands
from each snimal and the resulte ave glven in Tables 9 and 10.
The mean body weighte of the animals used in these bwo
expeviments ave glven ln Tables T(a) and 9(a).

(Notes  The eontrol values in Tablep 9 and 10 are the

same o those given in Tables 7 and & since the two experiment
wore carried oudb simultaneously with animales of similer

body weighte, snd the seme counitrol group served Lfor both).

In thege experiments it 1is seen that the admivnistration
of lyophilised ACTH plus Acthay-gel glves s rapid responge
whilch sppears to be maximal after 1 doy, any fuvther
increanes observed with continuved treatuent bheing withoud

statisticnl shgnificance. Although this applied to the



Table 8

Specifiec Activitice (relative to tlesue inorgenic

phosphate x 10°) or LEP, RUAP and DNAP from adrenals of

guinea=plgs receiving both Acthar-gel and lyophilised ACTH,

Daye of ACTH 0 1 o

TP 1645 % Lo4 12,7 £ 3.3 22,0 £ 2.4
RNAD 126 = 1.6 22,8 £ 1.7  22.6 % 1.6
DNAP 466 X 0.4 18.1 2 2.9 17.8 % 4.8

Effect of lyophilised

Table Q

ghort intervals of Htime

AOGTH on guinea-plg adrenals over

Houre of ACHE sdminligstration

0 (conirol) 4 8 16
w%f/Q glands {ng.) 257 1 14,6 2095 9.6 244%11.2 260 L 20.5
P ne/2 glonds 444 Z 52 4045 13 425520 470 * 37
dads . 3 N 12
ng/i00 mge 177 = 3 17753 1776 180 I 8
ng/? glends 114 & 30.7 105+ 4,2 1285 12 125 & 4,4
RIAP . .
pg/100 mg. 45,55 1.8  45.931.2 50.6%1.8 48.0% 1.1
- ng/2 glonde  39.3% 3.7  4l.2f2,2 41,7i2,2 45,1% 1.3
£ A}; ) '
ng/100 mg. 15.6= 0.6 18,151.2 16.550.6 1T.4% 0.8
. pe/2 glemds 36902 %25 54805200 37105171 4040% 260
Pyl
1g/100 mge 1460 1520 1480 1560
ANAR/DNAP 2491 2455 5407 2,80
LB/DIAR 114 9.9 11.1 107




Table 9(a)
Mean body weights of animals used in the experiment

reported in Teble 9.

Hours of ACTH 0

i

8 16

1+

Body wte (go) 252 L 15 449 % 16 445 X 23 450 % 20

Table 10

Specific Activities (relative to tlssue inorganic phosphate
X 103) of LP, RNAP, DNAP from adrenals of guinea-plgs

regeiving lyophilised ACTH for short periods,

Hours of ACYH 0 4 8 16

Lp 1645 £ 104 18.9 % 0.6 16,1 £ 0.7 16.3%1.2
RAP 12.6 3 146 1546 £ 0.6 21.4 £ 3.1 15.9%0.6
DNAP 4e6 = 044 5.0 L 0.8 5.8 Fa1.25.3 1.0




o . . - . .
=R into RNA and DNA, the vrelative specifie

sl

upbake of
aetlvity of LP does wnot conform to this patitern. A
poseible interpretotion of %hiai&iwau&&@ﬁ latver.

The effect of Aetharegel plone is never so great and
davelops more gradually, treatment for 1L dey lnduecing a
alight hyperéropby in the gland with no measurable inereasc
in DNAPR, Stimulation for 2 doys or wore causes an increasso
in the amount of DUAR, and this ie also shown by a very

5e

3

plgnificant increaspe in the upitake of

(Iﬁ‘ig. 8) .

P into the DHA

On the other hand adeinigiration of ACIH to gulnea-pigs
for shoriver peviods of time up to 16 hours does not
produce any such stimulabion. The group treated Lfor 4 hours
givos velues for glend weight snd amounts of LP and RNAP
amtually below the control values though these differences
are not stavtistlcally significent. The relative speciic
aebtivities of LP, RUAP and DHAR aleo do not show
glgnificent differences betwaen the vest and control groups
except foxr RWAP in +he case of the group wecelving ACTE
for & hro.

Bffedt of ACTH for varyiung periods on vot sdrenal glands.

The experiments with guineas~plge showed that the degvee

of etimulasion of the adrenal gland depends on the duration



Pige 8o

Comparison of the effect of Acthar-gel alone
or Acthoregel in combination with lyophiliged
ACGTH on advrenel nweleie acida in gulnea~pigce
Obhoorved inorecases in the test groups reproscnted
o8 percontoge over control group.

(Vote the diffevence in scalen Tor DWAP aad REAR).

SN
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of ACTH administration. It was of interest, therefore
Yo carry out a similer experiment with rats.
Four groups of 6 female albino wrats (body wt.
160-1.80 g.) were treated with 10-mg. Acthar-gel daily
for 1, 2y 3 and 5 days wvespectively. A control group
of rate received 0.9% saline injeotions, 500 une of
32? was given 4o each rat 2 hours before killing on the
dey followiag the last injechion. Analyses were carried
out on 6 pooled glands from % animals of each group, aud
the results are shown in Tables 11 and 12.
The analytical values (ug./2 gland) of Table 11
are alzo expresged in Teble 13 as percentaoge lunereases
for the ACTH~treated groups over the control group.
The statistical analyses of data in Pable 12 are given
in Table 14 and show the significence of the differences
in the mean values for the uptake of 52p into RNA and DNA.,
Treatment for 1 day produces no noticeeble increase
gither in the gland welght or in any of the constituents
measured. A marked lncrease, however, appears to occur
batween 1 sud 2 days and no furiher increases are observeble
with continued treatment. Although there is no measurable
increase in DNAP over the & day period Tésted, an

incresged uptake of 32? ig observed. The relative specific



activities of LP and RWAP show a significant decrease
compared with the control velues. The totael radioactivity
of BRNAP (Teble 12) remains falrly constant.

The changes obscerved in nucleic aclde of the adronal
gleande of both gulnea~pigs and rats upon ACTH aduivnistration

are compered in Flg. 9.



Table 11

iffect of ACTH on rat sdrensls for varying periods

Days

of AQTH

0 (control) 1

s

wi/2 glonds
(mg. )

re/2 glandg
Rne/100 mg.
ng/e glends

RIWAR

ne/L00 mg.
ng/2 glands

1ne/100 ng.

DWAP

RWAP

/DEAD

LR/DNAP

554255, 7
08432545
1685649
29.951,0
54eTola?
15489044
25,151, 6
2,17
ToL3

. oy
5509-5.2

89,629,6
160=7.0
50, Tw246
54 4 Bl o
14432047
25,850 ,1

2,14

6427

2 3 5
T0o152e5 66.820,8 69,65446
108 12,1 202,653.3 107 5.5
155 Z446 154 2646 155,552,0
59015448  37.T5Led  39.0%5.0
554065449 55.652.9 55.955,5
Lhodelel 13.620,4 15.851.4
20,450.8 20.450,9 19.7%0.4

2471 2477 2,99
7455 7455 775




Table 12
Speciflc activities (relative to Tissue imorganie phosphate x
)
10”) of LP, RVAD and DNAY from the advenals of vais given

AGTH for periods up to 5 days.

LY

Days of AQTH 0 1 .2 | 5 5

5P 29,5 = 0.1 24485147 24432545,19.851.0 2L.222,0
QNAP 64.5 & 0.2 65,452,090 60 TA.6750 ii.d R0.650.2
DWAP 4.2 £ 0.5 6402001 Te5%0.4 8.151.0 8.850,2
Slotel radiom

gggévity'@f 1920 1940 2340 1880 1920

% Potal radloactiviity of REWAP = mg/2 glands w relative

specific activity.

Table 13
Analytical values {(ng/2 glands) from Table 11 for the ACTH
sreated groups expressed as percentage inereases over the

goutrol group.

Days of ACEH % 2 % 5
Gland wi. 1 27 20 25
Ly 0 1L 5 9
RNAP 3 5, 26 31
DWAP 0 O 0 O

L=y



Table 14

Statistical analysis of regulis given in Table 12.
Analyois of wvaviance to test the significance of
differences between the mean velues of welative spegific
goblvitics of RNAP and DNAP for the AGTH-treated and

control grouns of ato.

gouree of degress of sum of Rmeaaq variance
rarliation Treefon gguares souares rabtlo ¥
Total 9 475

RNAP Treatment 4 AL0.9 102.7 TT2
Residual 5 6hed 1245
Total 9 295

DEAP Treatmend 4 2646 .65 11.48
Remidual 5 2e9 0«58

For ny = 4, 0, = 5 $he value of F = 11.39 at the 1% level
of significance and 5,19 at the 5% level of signilficance.
It is seen that the differences between the mean
velues of the relative gpecific activities Lfor RNAP arve

significant at less than the 54 level and for DNAP at

lLess than the 1% level.



Gomparison of tho action of Acthoregol
on guinea-plg end rat adrenal glando,
Tops increases ln gland welght, awount
and relative gpecific activity of RNAP,
Dotiomes increases in amount and relatvive
specific activity of DNAP
(Woto the difference in seales Lor top and

botton Tigures).

L
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Sectlion 2.

Effect of Txogeunous ACTH in Rate

whose IEndogenousn ACIH 18 suppressed.



The resulits reported in Section 1 indlcate thatb
the vats from the deparimental colony respond to ACTH
t0 a leosser degree thar do the guinea-pigs. This could
be because the endogenously secreted ACIH in the rate is
gheouring the effect of the ACTH adwinistered. Txperiments
were therefore desmigned, and are described in this section,
t0 suppress the endogenous ACTH before carrying out infections
of ACTH,

the wmost obvious ﬁay to do this is 4o use hypophypect-
omised animals but this method involves the withdrawal of
other pitultery hormones besides ACTH aud is also limited
by the supply of an adequate number of animals which have
beon sucgessfully operated upon. It ig also worth noting
that Vogt (L953) has claimed that, in the dog, only a
minute part of the anterior lobe oxr of the pars tuberalis
will maintain the adrenals in a normal condition and
that Zuckerman (1953) has stated that, in the rat, the vemoval of

parg tuberalis for complete hypophysectomy is quite

impossible.

There is evidence, on the other hand, that sdminlstration
of edveno-corticolds such as cortisone or cortisol brings
about changes in the advenal cortex simileyr to those
obtaining in hypophysectomised rate (Sayers, 1950;
Tuthmann~Duplessis, 1952.;Krohn, 1955). It was therefore

decided to investigate the adniunlstration of such corticoids



a8 an sliternative to surglcal removael of the pi%uita&y,
though 1t was felt essential to carry out some preliminary
studies with hypophysectonised rats o serve as a basis
for comparison.

Hypophyaectony was carried out under tribromethanol
ansesthesia, using the perapheryangeal approach (Smith, 1927).
Bither Bromethol (Boots) ov Avertin (Winthrop Producis)
was used and each rat wes given intraperitoneslly
0.8 m1./100 g« body weight of a 2.5% ('/v) solutlon in
digtilled water. Afber operation the rals wore allowed
t0 recovey for 10 days during which time they were
modntained on 5% (YV/v) glucose solution and 0,9% saline
in addition %o thelr normszl food. After killing every

rat was examined Tor aguy posslible remnent of the pituitary.

Lffect of ACTH on hypophysecetomiged rats.

Twelve August rate (body wit. 150-180 g) were
hypophysectonised and allowed to vecover for 10 days, slx
animals receilving 10 mg. Acthar-gel per dey from The
8th %111 the 10th day. On the 11th day both groups were
killed 2 houvrs after adwinisitration of 250 nce 32?.

Pouyr glandes from two animels of each group were pooled
and analysed.

In a subsequent experiment 24 albino rats (body wi.



150=180 g.) were hypophyseotomised and divided into

two groups of 12 animals, one of which yeceived ACTH

ag above., All the animals were killed on the 1llth day

2 hours after recelving 250 ue 32? Bix gleands from 3
rats of each group were pooled ivn this case for analyois.

The resulte are ghown in Tables 15 and 16 as well
a8 in Flg. 10 and Flg. 11.

It 1o to be observed that hypophysectomised rats
regpond to the administration of AQTH, but the effect
appears to be essentislly hypertrophy. GlLand welght
inereases by ebout 100% and similar increases are seen
ia the amount of RNAP and P, This response, however,
is not reflected by any significant increase in the
DNAR content of the glend either in August or albineo
rato. The large increase inm LP and RUAP due Ho
hypertrophy 1ls likewise reflected in the concentrations
of these two conadtituents which show a marked increase
afver ACTH sdumlunigtratlon.

The relative specific activity of RNAP shows a
slgnificant drop in the ACTH-{treated group whereas the
differences between the groups in the uptake of 32?
into LP and DVAP are perhaps not siguifilcant.

It die intervegting, however, to uote the differences



Table 195
EBffect of ACTH on hypophysectomlsed rats killed 10 daye
afber opaeration. The test group was given 10 mg. ACHEH

daily Tor 3 days prior to killing.

August rain Albino rats

no ACTH AGTH no ACTH ACTH

wt/2 glonds (mge) 22.053,1 5645045 20,2425 40.851,0
ne/2 glands 22,7=1.7 46.950.2 29.6%4.9 67.452.1

Lp SR + + +
ng/100 mg. 100 £6.5  120X2,0 1466.2 1650,y
ng/2 glends 15.9%0.8 25,850.3 10.690.8 32.7%4.2

RIAPD . N .- N
ng/L00 ng. 61=6e0 T1=0:2 52,8=2,7 68,5=05

ne/? glends  B8.7oL1.0  9.650.% 11.650.6 13.750.6
DNAP N . N .
p-g/'l@() iﬂg. 4-0 "‘7 .O 26.5"‘006 5705"403 3506""006

REAP/DUAP 1.60 2.69 0.91 257
LP/DNAP 2461 4.68 2.55 4492
Pable 16

Bpecific activities (relative to tlssue inorganic phosphate
x 1.07) of LP, RUAP and DNAP from the adrenals of hypophy—

sectvomiped August rats

August rate

no ACTH ACTLH
Le 23 1.8
RNAP 5¢5 1.8

DNAPR 0.28 0.33




The edffoct of hypophysectomy on the
adrenal glands of female Augumt wate killed

10 dayn after operatlion.
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FMig. 11

The effect of hypophysectomy on the
adrenal glands of female August rats killed

10 days after operation.
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between the two sirains of rat used in this emperiment.
In both cases the animels were of similar body weights.
The gland weights do not show any significant differences
between the two strelns either in the ACTH-treated oz
untreated groups but significant differences are obgerved
in the case of the other constituenits. The amountsg

of LP and DNAR in the gland of the albino vat ave higher
than in that of the August rat irvespective of whether
the animal bas received ACLH afier hyperphysectomy oy 1notb.
The concenitrations of these subgtences ghow similay
differences. Yor RNAP no difference is observed in
concentratlon and the picture in the case of the amount
per glend is not clear ocut, the August rat having e
elightly higher content in the unirested group while the

reverse occurs in the trested group.

Effect of cortisol on the rat adrenal gland.

Before cmbarking on any studies of the effect of
ACTIE on cortisol treated wats, it was first of all necessery
to gtudy how the administration of cortisol itself would
effect the adrenal gland. In an inltial experiwent a
bateh of 40 rate wap divided into 10 groups of 4 rate
each (body wbe 140-160 go). One of the groups was baken

a® the control and wao given 0.9% saline injections.



63

Three levels of adminigtratlon of cortisol (Hydrvocortisyl),
at 5, 10 2nd 1% mg. per day were chosen and tregiment wos
continued for 1, % and % days respectively to different
groups, making nine groups ia all. The rots were killed
on the day following the last injJection and snalysihs

were carried out on the palr of glands from each rat.

The eresults which gre given in Table 17 show that
adminigtration of cortisol brings about & slight decrease
after 1 day in the glend weight and in the smounts of
LP and RUAP. The different dosage levels do not show
any @ifference in the suppressive action, 1% mg. belng
no more effective than 5 mg. There i no observable
change in the concentrailons of any of the constlituents
but the RNAD/DNAP values for aunimals receiving 10 and
15 mg. are slighivly lLower than for those receliving 5 wug.

Continued administretion of cortisol for 3 dayse
bringe about a very signiflicant lowering in the gland
weight pnd in the amounts of LP and RVAP as well as &
glight decrease in the amount of DNAP. Here agaln there
appoers t0 be no marked difference in the effect of a
daily dose of 5 mge cortisol as compared with 10 and 15 mg.
The congentrations of LP and ANAP are also lower than
the control value and the concentration of DNAP in the

groups receiving 10 and 15 mg. coritieol are significantly



Pabhle

LY

Bffeot of cortlsol on »at advenal glands
a) a sbudy of different domage levels

, M COT L no. of days treatmentd
controls &%lfﬂay 1 5 5
WQ/Q glands . N "
WEe ) 4G 4 Cmd 0 5 41, 7~2.8 ﬁ?.??§.9 5Le2= 242
10 43.232.0 34,9324 36.6% 1.1
1§ ‘44’09""4.2 :54*0:")"“'1.0:2 5009“"‘ 1.@
pe/2 glands 5 70405403 5L.956.5 43,95 645
85,8w4,9 10 700§t§ G 55.82540 ;4.5¢ Geb
i 125 1?01‘”‘7 7 ’;94.0--12.? f{lou” 193
PIEN . " '
ng/100 meg. B L@S.B%B L 1;7.;m4.0 13844ml2,2
169.5%4.9 10  163.996.9 159.426.2 118.1= 6.8
. :@.5 l?ﬁgoaﬁbul lﬁ?.?-—-@.f) .L}f?é 1«* 4 9
ne/? glends 5 23,812.6 17, 6*?.3 18405 143
29:;*’2.&‘2 1@ ')2 8“0.8 17.1?1.8 ‘16 8 Qo,}
: L5 PA.%WJ O 17e200.7 14eBm 0,5
Rm.ﬁ.l) e N
7a/100 mg. N 5 57 0~1. 4642227 51.ﬂ+ Lo
bgcl"“gcﬁ :-]j) Jt;’! j‘,’;).g ‘4 ﬁ$2.? ){»} a?';“ Qt’@*
15 55 2mB2e8 B0 6~1 43e6e 149
neg/? glandg 5 1a.7~0 8 11.?v% 12. 2, 0.2
14 @‘”Q 8 .L@ l.)og"'{)o? e:.‘.o.,""'o B 12 ::f"" G L
15 14, mo.ﬁ 1“,2“0 & 11.ﬁ~ QeT
DIAD - =
1g/100 mg. . 5 1. Smu.g 5L 1~L. 3975 2.6
BO o0 o 3 10 9&.130 2 j).)wo 0L )&.ﬁ$ O ?
' 15 2T e Om2 o8 W.@mﬁ 0 3T.T= 1
5 1e89 1.49 1e48
REAP/DNAP 1.97 10 170 138 1629
15 175 Le42 Le351
5 5459 4o 48 Be57
LP/TNAP 5,52 10 5ell 4e52 Be35
15 Bed2 4447 572
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higher. The values of RNAR/DNAP and LP/DVAP represcnting
the RNAP and LR content per cell are aluo very much lower.

Further administration of cortigol up dto § days does
not appesr to bring about any greater decrease in the
sounts of RUAP and DHAP even though LEP shows g olightb
tendency to fall both in eamount and ik concentzation.
he concentbration of RENAR vemains unaffected compared
with the 3 dey itreated groups, but that of ONAR increases.
Thig is 1o be oczpecited since the welght of the gland
continues bo show a decling.

B0 Lt is clear that the effect of cortliscl which
i only slight alber treatment for 1 day becomses marked
after 3 dayg. The level of cortisol asdwinistered doon
not appear to be of great importance. It 1s therefore
posgible that the hormone which is vwot very seluble in
aguecus media deo absorbed very slowly from the aite of
injection. In order to coulirm this enxplanation 1+t
was declded to give rats & series of injections of
cortligol and kill thewm st verying intervals aflter the
last injoction. If the action of the c¢ortiscl is
prolonged due to slow abgorption, one may oxpeet thatb
the suppressive action will continue for some time before
normal production of endogenocus ACTH can be resumed.

Six azroups of 4 albino rate (body wh. 140-160 g.)

were given 10 mg. cortisol (hydrocowtisyl) deily for



5 daye and the iwnjectioneg then stopped, The different

groups were kllled on the 4th, Bth, 6th, Tth, 9th eund

11tk days thus giving 0, 1, 2, 3, 5 and 7 days reﬁpeetivmly

for pospible wrecovery after gitopping cortisol sdministration,

The comtrol values for wrabs receiving saline injections

are btaken Trom the previous experiment (Teble 17) for

comparison since the awimals were of the game body weighi.
Anglyses were done on the palr of glands from each

animal and the wesulds are shown in Table 18 and in Pig. 12.
£t is obvwloung that even after stopping the adninigtration

o coritisol, pliultary secretion of AUTH remains suppressed

ond this lack of endogenous ACH resultes in countinued

atrophy of the adrenal gland For a period as long as a wesk.

The gland welght shows a steady decline as also do the

amounts of LP, RNAP and DNAP. The concentratlion of P

tends Ho decreass wheveas that of REAP rewmsing faivly

steady at the control value after showing an inltial

deoreage during the period of trestuent with cortisol.

The concentratlon of DNAY shows a ateady increase egzcepd

possibly in the Last group. Ihe velues mf*%%%% and ﬁ%%ﬁ

representing the conbent of RNAP and &% per cell show

8 glgnificant lowering with continued suppression of the

&l aud.
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Pig. 12

Continuved sction of coritisol on rat

adrenal glends after cesaption of adminligirvation,
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of ACTH om coritlisoledreated 1abf.

b

A preliminary experlment was carrled out cduninistering
ACGTH o cortisol=itreated rats to obtudy the effect on glond
composition anﬁggP upvake. A daily dose of 10 mge.
cortisol for 3 days was chosen Yo bring about en adequais
suppresgion of the gland and in one group o test dose of

10 mge. ACTH was also given in an astempt to nullify the

801

{ads

affeot of cort

Three groups of 12 rate (body wi. L45«160 g.) were
used, One of the groups, taken as tho control, was
given 0.9% saline injections. Ihe second group received
10 mge cortisol (Hydrocortlsyl) daily and the last group
was glven the seme dose of cowrtisol along with 10 mg.
ABthare-gel por day. The treatment wag continmed for 3
days and on the 44t day cach ratv was given 200 ne
and killed 2 houws later.

Analyses were carried out on 6 pooled glends from
3 aniwmals of sach group snd the resulis are shown in
Tableg 19 and 20 end in Pigs. 1% and 14.

The suppression of the gland browght aboult by
cortlieol is more than veversed by 10 mg. of ACTH
adminigtered exogenously. In the ACTH-treated group
the gland weight sund the swounis of LP and RNAP sre

greater then the control values. No significant



Pable 1

9

Biffect of pimultaneous administration of coritisol snd

ACTH on rat adrenal g

CONTROL TREATED
cortisol cortisol + AGTH
wide glands (mge) 4641 o 440  BLGE - 54 o6 = 245
pe/t glenda  TT7.1 5 9.2 4640 & 4,0 97.5 £ 5.8
LP N N .
1g/100 mg. 166 L 0.4 14546 L 6.3 180 I 18.1
ng/? slands o4 Lo, 15, %10 3101 % 2,3
H;Kd.ﬂi? N e o
1ng/100 ng. 51eB o DT  47¢9 = 1.0 5646 = 142
ng/2 glonds 1245 = Lid 1045 &£ 045  10.5 & 0.5
DIAR . N .
}13‘/100 mgc 26.&3 v 164- 3305 b 1.33 2000 haad C)aﬁ
RNAP/DNAP 1,92 Led4d 2,96
LR /DNAP 64% 4458 Ded
Tabla 20

Specific ackbivities (relative to tissue inorganlice phosphate
P

‘:( e L AJ o L -
% 10”7) of LP, RNAP and DNAP from adrenels of rats receiviang

cortisol and ACQTH

Controls Gortisol Cortisol + ACGTH
LR 6.2 % 0.5 16,9 < 5.3 32455 %44
RNAP 22,0 £ 1.3 1646 £ 1.6 14.9% 0.9
DEAP 2.7 = 0.2 L7 £ 045 BedL 0.7




The effect of ACTH on the adrenals of

cortigol=treated roboe
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The

FPige 14

affTect of AGTH on the adrenals of

cortliaol=trepted Toto.
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diflevences, however, sre seen in the concentrations

of these constituenta. The DNAP content of the gland
ig less than the control value in both the cortisple
troated groupg irrespective of vwhether ACTH i& given orp
not, 20 that the exogenous AGIH does noid appear to
produce any hyporplasia. The same pattern is seen also
in the uptake of 32@ inbo DWA, the relatvive specific
gebivity not showlog any significant diffevences, Oxn
the other hand the relative specific activity of RNAP ig
legp in the treated groups then in the control group.
For LR, however, the value of velative speciflc activity
in the treated groups le signiflicantly grester than the

GONTroL value.

Jigintenance level of ACTH,

It was of interest to find the level of AGUH, whieh
arter cutting off the endogenous supply wilth cortisol,
would meintain the rat at the normal level. In the
following experimenty lun which the rats supply of endogenous
ACTH was cut off by & low level of cortisold (5 mgi) fox

2 gdays, varying amounts of ACTH were adminisiored Loy

% days b0 dlscover which of themn would bring the adrenal

!

back to the normal level.

Pive groups of 4 rats, (body whe 140160 g.) were



glven 5 mg. cortigol (Hydvo~-Adresan) daily for 2 days.

Por the next % days the cortisol treatment was continued
and four of the § groups received respectively 2, 3, § and
5 mg, Aothar-gel per day. The countrol values are -the
same ag in Tabke 17 siunce the animals in this experiment
were of gimilar body welght. The snimals were killed

on the 6th day and analyses were carried out on the pair
of glands from each animal,

The results vwhich are shown in Table 21 lundicate
that at the 2 mg. level of ACTH the glands do not
recover sufficiently from the suppressive actvion of
cortisol. The guppression, however, is completely
reversed by administration of 3~5 mg. of ACTH per day.
There appenrs to be no greater response 0 5 ug. than
i9 showe foxr 5 nge, since there are no significant differvences
between the groups receiving 3, 4 or 5 mg. Hence 1%
was decided to choose the 4 mg. level of ACTH ag the
normal maintenance dose and to glwe the control group
in the next experiment 4 mg. Acthar-gel dally after
Initlel cortiseol suppression.

Tour groups of 12 rats (body wbte 130-150 g.) were
given 5 mg. cortisol (Hydro-Adresan) dally for 2 dayo.
Thereafter they received Acthar-gel in addition to the

cortisol. The control group received 4 nge. as malnitenance
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dose and the other groups 5, 10 and 15 mg. ACTH in
excess of thls.dose.  The ACTH adminloiration was
continued for % days aﬁ@ on the next day the vats were
cilled 2 hours after recelving sn injection of 500 o
EQE. Ansglyses were done on 6 pooled glands from 3
aninals of each group and the results are given in
Tables 22 and 23.

The gland welght shows a ¢ontinusel increase with
increasing amounts of ACTH administered, accompanled
al80 by @& concoumitant increage in the swmounts of LP
and RNAPR withdut, howaver, any change in the concentration
of these subsbances, The amount of DNAP does not show
any increase, although the uptake of 32@ gshows & slight -
inerease in the groups receiving 10 and 1% mg. ACTH above
the contirol groupe. The uptake of 32p jinto LP shows ne

significant change, while there is a decreaso into RNAP,.

Effect of ACTH on young rats trested with coritlsol.

Flale et ale (1956) have reported considerably
increaged amouvnits of DNA in the adrenals of young Wistar
vats vhich had recelved very large dosen of ACTH. it
wes thevefore decemed degirable to study whether young
rats from our colony would vrespond to AQTH in a similew

Toshion. It was decided to examine the effect of the



Effect of ACRY o

Table 28
n the adrenal glends of ratse treated

with cortisol

mng. 0f ACTH administered per day

A {control) 9 14 19
wi/2 glande 43474242, 51,0m5.8 56,052.2 608 = 2.4
We ) a
_ pe/2 glends 70.271.9 B8443%5.6 864224.6 92.9 T 5.9
- pe/100 mge L6L 2.5 165 13,0 154 £6.5 150 % 6.5
ne/e glands 24.620.6 29.8%2.6 %0.450.8 32,7 £ 2.0
RWAP - e . , Ay - . N .
RE/LO0 mge  B0ed=2el 53,2952 54.5w2.0 5%7 = 149
 pe/? glands 11.320,6 12.5%71.1 10.9%0.5 12.0 £ 0.4
DNAP@Q/lOO mgs 25.9%1.8 24,320.8 19.620.7 19.9 ¥ 0.7
RNAD/DNAD 2418 2,38 2,79 24,73
LP/DNAP 621 6475 7490 775
Table 23
Specific activities (velative %o tissue inorganic phosphate

z 107 )ef P, RNAY and DNAP fvom advenals of cortisol-treated

rats receiving ACHH

nge ACTH administered per day

4 (control) 9 14 19
LP 3148 = 0.6 5545 < 4aB 5445 £ 2.7 Bhe6 = 442
RNAP 22,5 = 1.4 20,5 £ 1.0 18,1 £ 1.2 1641 = 1.6
DUAR 7.0 = 0.8 Te2 = 046 9.0 L 0,9 9.1 = 0.9




dose levela of ACTH being administered to older rats and
glso o0 study the incorporation of 32?.

Pwenty Pour young female albino rats, 3~4 wecks
01d (body wi. 35«50 g.)} were divided into 2 groups of
12 each. They were given daily 5 mg. coritisol (Hydrom
Adresan) for 2 days. Thereafter, in addition to cortisol,
the control group received dally 4 mge Acthar-gel as main-
tenance dose and the vest group 15 mg. ACTHH 1n excess of
the maintenence dose, for 3 deys. On the 6th day the
aninaels received 500 uc 52? and were killed 2 hours later.

Sin glends frowm 3 animels of each group were pooled
aund analysed, The results szré ghown in Tables 24 and
25,

It 18 seen that even though the gland weight increases
markedly in response to ACTH administration, the constit
uents examined show less spectacular increases of only
B56%e 42% ond 15% for RNAP, LP and DNAP respectively.

The relatively smallexr incressgesn asre likewise reflected
in the conceutrations which show a slgnificent lowering
.”in groups recelving larger doaes of ACTH,

The relative specific activity of DNAP is significantly
increaned, whereas that of BNAP decreases and no chauge
1s observed Jun the case of LP.

It 1o apparent that the response in young rats



Teble 24
Effect of AQUH on the adrensls of very young rate afbew

gorcvisel btreatment.

f== By

Cortlsol Cortlisol
+ 4 mge ACTH -+ 19 mg. ACTH %,itere&ge

- (4) (8) (ﬁﬁé- x.100)
wi/2 slands (mge)  L7.1 = 0.7  30.1 £ 0.8 76

ref2 glends 2848 - 2.6 40,0 = Ce® 42
LP _ ‘

p2e/100 mg. 165 = 10.2 133 o 2,5

ne/2 glends 134 3 044 20,9 2 0,2 56
FATAP . .

»E/ 100 mg. T9ed = Lol 6943 = La7

ng/2 glends Tol = 0.2 8.2 & 0.4 15
DIAR . +

1e/100 ng. 42¢) = Le2 2741 = 0.6
RWAR/DNAP 1.88 2458
LP/DNAR Ge94 4492

Yable 25
Specific aetivities (relative to +Vlssue inorganic phosphate
% 107) of LP, RNAP, and DNAP from the adrenals of very

young cortisol=treated rats recelving ACTH

Cortisol + 4 mgs ACTH Cowvtisol + 19 wngydm

5P 54,1 = 12,5 41.0 = 5.8
RNAP 3707 = 442 24,5 L 2.7
DNAP 1547 = Lok 2445 % 246
Total vaolioactivity 505 507

of RNAP %

LR

% Total radioacuvivity = hmount(pg/?2 glands) = ﬁ%%



to the doses of ACTH given 1s better than that obtained
in mature rats, but iz still not 2o geeat as thab
reported by Flela ot al. (19%6). It was, thevrefore,
deecided to carxry out an experviment giving very large
doges 0f ACTH similar to those glven by these workers.
Four rats, 3=4 weeks old (body wie 35-50 g.) were
used in this eaperinent. Two acted as controls and were
given 0.9% salins injections. Bach of the othex two
recoelved 79 mg. Acitnar-gel delly. The rats showed g
gsevere reaotion o the high dose ol ACTH sdministercd
and on the 4th day one of the raots, whilch had by then
recoived 225 mg. ACTH, wag given 150 uc ~°P and wag
killed 2 hours later, as it was suffering Lfrom severe
disrrhoen with haemorvrhages from nose and eyes, Logether
with o Gisteonded abdomen. Ireotment was contlianued foxr
the other rat in an attempt o glve & tobal of 450 mg.
ACQTH, This rat, however, died after 5 days when it had
veseived 375 mge ACTH. The glonds from the dead wrab
were also removad and analysed. The contreol ratits
received 150 ne “2p 2 nours before killing. Ihe resulis
ave ghowk in Tables 26, 27 and 28 as well as in the form
of a histogran in Flg. 15.

Ag compared with the osontrol animales rat 1 shows

[



Table 26

Effect of very large doses of ACGTH on young rats

Gontrol ACMH=-traated

rat 1 (a) rat 2 (b)

wi/2 glends (mg.) 19.4 5140 57 4

nefe glands 3L.6 5340 4440
LP

7&@/100 e 162 , 104.‘7 76;6

ng/2 glands 1%.0 5445 20,8
RYAD

2e/100 mg. 66 67 51

ne/2 glavnds 8.0 1367 10.8
nyap

1e/100 ng. 4046 22,8 18.8

ng/2 glands %05 740 860
Pr.g

neg/L00 mg. 1540 1450 1500
RNAR/DNAP 1462 2,05 2,76

 1LP/DNAP 3405 445% 4407

{a) Sacrificed on the 4th dey efter receiving 225 mg. AGTH,

{(b) Died after recelving a totel of 375 mg. ACTH,



Table 27
Specific activities (relative to inorganic phosphate
% 10°) of LP, RWAP and DNAP from adrensls oq&oung rate

recelving very large doses of ACTIH,

ACTH-treatod
Control (rat 1)
np 102 23
RIVAP 58 19
DWAP e 11.8

Table 28
Analytleal values (ug/2 glands) from Table 26 expressed

ag percentage lnereases over the conitrol values,

rat 1 rat 2
gland wk. 163 196
LP 68 59
RNAP 165 129
DINAP 46 35

PpyN 142 182




Flgs 15

The effect of lurge doses of ACTH on the

adrenszsla of ilonaltoyre raiti.
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great response to the high dose of ACTH m&minisﬁera@%gﬁ
indicated by the increamse in gland weight (L63%), wﬁ;é%
ip reflected in gpimlilar increases in RNAPR and in Pril (\;
(1.65% and 142% respectively). However, the inemeage\
in the eamounts of DNAP and of LP ie not so great and .
hence the concentration of these two substances shows é
subgtantial lowering. The reletive specific actvivity of
DNADR shows & significant increage whereas the actlvities
of RVWAP aund LP are considerably lowered.

It le dnteéresling to note however, that in the case
of rat 2, which died during treatment, even though the
gland welghtv ie much larger than thet of rat 1 which
also recelved ACTH, +%his inocrease iso not reflected in
other constituents ginoce the smounts of LP and RNAP ave
conpglderably lower +than in the ACTH-treated rat which

survived, snd even the amountv of DNAP is slightly reduced.



Saection 3.

The Action of ACYH on Normal,
Adrenalectonmised and Scoybutie

Guinea~pigs.
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Gulnea-pidn the following experiments deseribed iun thise Ee
animale for work on the adrenal glands slace they\mre
more Qlfficult to deal with than rate and are alsé\more
easily subject to stress. However, in view of ﬁha&
Pact that they have larger adrenal glands relaﬁive é@

s

body weight than vate and also because their glends ”ﬁ\
espond better %o administration of ACTH and bh‘mtremafa;
atimuli they are in some ways peculisrly suited to the X% !

: - R
gtudy of adrenal physlology. In some types of @xperiment%;ﬁg

RN
W4
v
44

such as those involving ascorbic acld deficlency where 1
rats cannot be used becauvse of thelr ability to synthegige h
this substance, guinea-pigs arve the obvious choice.

this substance, guinea-pigs are the obvious choice. of the

e LRSS EY ST e e it il st e
high concentratlion of ascorbic acld in the adrenal cortex.
In the following experiments described lu thie seectlon
an luvestigetion has been made of the possible use of
adrenochdrticosterolds such as coritisone aud coritipol to
control the endogenous ACIH in guines-pige, of the effecy
of unllateral adrenalectomy on the nuclelc acid metabolism
in the remailving gland with and without exogenous ACTH,
snd of the effect of ascorblc acid deficiency on adrenal

nucleic acld metaboliam,.



Bxperinental .

Unilateral adrenalectony wag carvied out under
ether snaesthesls uslng the wentral approach, the left i
gland belng removed at operation.

In the ascorbic acld deficlency experiments the
enimals were given a Alet consisting of equal parts of
bran and osts. The control animals in these cases were
given the same diet but wveceived a supplement of 10 mg.
sscorbic acid dsily provided as a 1% ("/v) solution which
was glven orally by means of a teat plpetie. The animals
were weighed every -4 days, and the diet was continued
until th@%@ﬁﬁ group showed severe deficlency slgne such as
ateady loss of body welght, haemorrhagic joints, etc.

In the experiments designed o gsuppress ﬁh@ﬂandagenous
ACTH, it was decided to use a coritigo-~sterold in view of
the resgulits which had been obtained wlth retse using
cortisol. In order to discover whether other cortical
hormones were also effective, use was made of coritlisone
which is known to be a blelogléal derivative of cortisol.

An indtial experlment wags carried out with two
groups of 3 guinea-pigs (body wi. 240~260 g.). The
control group recelved 0,9% saline injections and the
test group e dailly dose of 10 mg. cortisone for 3 days.

Tach animal was glven 500 ne 52? on the 4th day and



killed 2 hours later. Since no significant changes
were observed in thisg experiment, a further sxperiment
ineluding © aninals in each group and designed on
similar lines was carzled out. Ihe animals used in |
this second experimeant were rather larger (body whe A
440=460 gy ) The analyses were carried outlt oun the paif
of glends from each animal.

The results of both experiments are glven in Table
29 and 30 aund from these it ls appareut that administratlion
of cortisone to guinea~pigs at the level used in our
sxperiments does not bring aboult any significant changes
either in gland weight ox in the congtituents measured,

The incorporation of 32? into any of the fractions,
LP, BNAP or DNAP is totally unaffected by the administrasivion
of cortlsone.

Symington and Davidseon (1956) have studied the
effect of a two stage bilateral adrenalectomy in human
cases. where, after the removal of the Tirst glend, some
time le allowed for the second glend to recovewr from the
effectns of the operation and ACTH then edministered, in
regponse o whilch the gland undergoes significant changes.
The mecond gland is subsequently removed, and an senalysis

of the two glands showe the differences that have been



Table 29
Effect of cortisonce administration on the pguines-pig

adrenal gland.

Expt. NO.% countrol corTigone=treated
130 « 445 140 ¥ 6.0
wi/2 glands (mg) - .
2 220 - 16 207 - 273
1 208 = 7.7 204 £ 8,0
ne/e glande ; .
2 343 - 25 %20 = 40
L " +
1 16}» ':“ 5 3.‘!?-6 b 1 ] 5
ng/100 mg. . .
& 156 w 2,5 153 « 3,2
1 63 = 2.1 65 % 1.9
pa/e glands N 4
phd 04 ed= 8.0 90 « 11
1 48 e« 0.2 47 = 2.8
pe/100 mng. N -
e fff?} e 0 * g l“? Ll l . 2
1 50w 246 56 4 24%
ne/? glands + "
2 4 5 - ?5 . 5 4-8 “a ’?’ . 7
DA . N
1 2% w L% 20 - 242
1na/100 mg. - T
2 21 = Q.4 235 = 0,8
RNAR/DNAP L 2e12 1.82
2 2,07 186
LP/DHAR 1 6497 5469
2 Te54 0eH4

# fThe number of animals in each group in expevimenis

1 and 2 19 % and 6 respectively.



brought about in the second gland by the admninistration
of ACTH, Thus the first gland from the subject sgerves
a8 & control for the second gland, It was declded o
follow thie orocedure, and gstudy the effect of unilateral
adrenalectony in the guinea-pilg on the metabolism of the
remaining gland.,

In the gulnea-pigs, however, the two adreusl glandg
are not of the sawme sige, the left gland being
significantly bigger than the right (Kojima, 1928), aund
it ie vsually asgsumed that no functionpl slgnificance cen
bo attributed to this difference (Jones, 1957). It was,
however, deslrable %o eetbablish that the &dotal amount
off nueleic acld in the two glands was directly proportional

2p ana

to the gland welght and that the incorporation of 3
the action of ACTH were similar.

The gnlnea~pigs usged voried widely in body weight
(300-T50 g.) and were divided into two groups of
corresponding individuel veights. The control group was
untreated snd the ltest group received daily 10 mg.
Acther-gel Tor 3 days. On the 4th dpy 500 me ~°P was
adminigtered to each animal 2 hours praocr 0 kilding.

The right snd the left adrenal glands from each animal were

welghed and snalysed separately. The resulits are shown

in Tables 31, 32 and 33,



Table 30
Bftect of Cortisone sdministration on the gulvea=-pig
adrenal gland
Specific Activitles

(relative G0 timsue inorganic phosphate x 10°)

Bxzpts Noa Control Cortison=treated

1 11e2 £ 1.8 1045 = 049

LI-.J s -}.
E 16.0 - 2.0 1400 - 2o8
1 121 + 1.6 10.1 £ 0.7

RWAR " &
2 1%¢4 ~ 2,1 14.8 » 1.6
1 1.8 & 0.2 2.1 = 044

DRAP * 4o
2 Hel = 1Lo0 Teb = Lo

Table 31
Composition of the individual adrenal gland in the guinea-pig
before and after ACDE adwinigtratlion.

Control ACPH=-trented

Goni(R) glemi(n) “E° % 100 EN(R) iena(n) RxL00
wio (mge) 106 121, 1442 14143  161.8 1446
LP {(nge) 192 208 Be3 2547 2427 3¢5
RVAP (mge)d3.2 50 15.8 80 91.7 14.6
DIAP (mg.)20.5 2444 19 23%.% 28 20
RWAR/DNAP 2.11 2.0% Sedf %028
LR/DHAR  9.37 8.52 10.% 8.67

(Wotes: Bach number in the table i1s the mean of 4 values).



7

The weight of the gland and the levels of the
gonstituents neasured, il.e., LP, RVAP sud DNAP are
plignificantly smaller in the right gland than in the
case of the left gland, When these differences are
expressed asg the perceatvage oxcess of the left gland
over the right glanﬁ(&%ﬁ x 100) there is a 15-20% excess
in weights ,RNAFP and DNATR, The LP, however, does not show
this large difference. These differences are nowt
obaservable whon expressed as concentrations per 100 mg.
welght of tissue (Table 32) and the uptake of-°P into tho
vight and the left gland is seen to he the sawe as shown
by the relative specific activities of the LP, RHAP and
DHAR

ireatment with ACTH increases the size of both the
glands to the same extent so that the percentage excesn
(§§§ % L00) continues to be the same, except in vhe case
of L® which tends to decrease below the normal value. The
concentbrations of the constituents for the xight and left
glands arve agaln the same, though diffewxent Lfrom normal
values., The relative speclfic activities do not show
differences beltween the two glands.

Lt is therefore justifliable in the case of the
guinea-plg to alopt the procedure described by Symington

end Davidson aund to obitain the centyrol end test glands



Pable 32
Compositlon of the right and left adrensl glands of
guinea~plgs, before and after ACTH administration,

expressed as concentration per 100 ng. tissue,

-0

dontral AGTH» treated
R I R I
1P (ng,) 182 & 046 176 = 3.5 167 = 3.1 158 - 8.5
o g -+ or v & i o T,
BNAD (mge) 41ed = L3 4345+ 1.2 58,9 &£ 2.9 55,5 = 2,9
DNAP (ge) 19e8 = 0,7  2Le5% 142 17,5 = 1.3  18.2 & 1.4

Teble 33
Specific Aotivities
{(relative to tissue inorganic phosphate x 103)
of LP, RNAP, and DNAR from the right and left adrenal glands

of guineva-pigs before and after ACTH adminigtration,

Controlk ACTH=traated

R I R I
TP 8.2 < 2.6 Ted 2 0.4 14,0 % 2,0 1%.4 £ 1.0
RNAP 11e6 % 1.2 13,6 < 2,0 15.9 £ 3.0  16.7 £ 1.2
DUAF 4.6 = 04l 443 20,1 10.7TE 1.0  11.3 % 0.5




from the same animal by removing the adrenals in two
operations.  During the Tirst stege the lerger of

the two glands i.e. the lefd one is removed and the
rlght glend obltained when the snimal is killed some
days Latexr. During the post-Gperative periocd some

of the animals recelved AGIE and in each case the
resulte of compensatory hyperirophy plus ACTI ow
compensgatory hypertrophy alone fdu the right glend could
be compared with those for the corresponding normal
left gland,

Due to the major nature of the surgery invelved and
the high mortality among the opersted animals and also
bewause the use of 32? in this type of experiment ig
precluded, these studles were not puvsued long enough
to yield o representative set of data. However,
ouneh results as were obtained are of some interest and
are shown in Tables 34 aad 35,

Aunimal 1 was ellowsd $0 recover fox 7 deys aftew
removal of the left gland and received no ACEH, so thatl
any increase observed in this case vrepresents compensaiory
hypertrophy. Animal 2 was also allowed a post-operative
recovery period of I days but regeived during this
period intremevscular injectlons of 10 mg. Acthare-gel

per day. The remgiuning group of 3 anlmols wan allowed



Table 34
Effect of unllateral adrenslectomy in gulnea-pig on the
metabolism of the remalning adrenal gland, wilith and
without ACTH adwinistered post-operatively.,

Comparison of gland weighits,

Aﬁ%§?1 %ﬁ?b(gé?§d ?“§hb §1“ﬂ& E%k~x 100 Treatment and remearks

{:’;.

a0 very foﬁ?eom@en%w
1 133 156 17.2 3 days no atoTy
AGIH jﬂyp@rm
Trophye
regoveyry for

2 10% 179 77 3 dayes +
ACTH

5 136 2L 60 recovery for

4 16% 299 BL( 7% 7 days + 5

5 T8 140 79 days ACTH

Table 75
Effeet of unllateral adrenalectomy in the gulnea~plg on the
metabolion of the yremaining glend, with snd without ACGTH
administered pooteoperatlively.
The total amount of the constituent in the right gland is
oxpressed as pereentage increase over the corresvonding

anount in the left gland l.c. E%& iz 100
aninal animal aﬂmmala
1 2 Bed & 5 {(mean)
np 20 56 a7
RNAP 5L 110 105
DIAP 15 27 26

Notes For the conditions of dreatment applicable +t0 each
animal see Table %4).



to recover for T days and then received for the next
5 days 10 mg., ACTH {dally before belng killed on the 1lth
day.

In ell cases the wvalues obtalned for the right gland
are shown as the psrcenitage increase over the corregponding
value for the left gland from the geme animal.

It is clear that even though the left gland is
normally somewhat largey than the vlght gland nevertheless
the size of the right glend 1sg lncreased by compensatory
hypertrophy followlng extirpation of the left gland and
that ACDEH producesg a congiderable further increase in sige
znd this is reflected in the levels of the cowstliuents
determined, The sdministration of ACTH after T days of
recuperation does not bring sbount any grealer synthegis of
RWAER and DNAY than ips adwlnistration does during the
Firset 3 deys, but the amount of LP increases to a gfeat@r

extent.

Pxzperiments on scorbutic guinea-pigs.

Ae bhas already been gtated in the General Initroduction,
the role of ascorble acld jin sdrenceortical function ia
contradictory. It was therefore of interest to study
vhether this substance played any importaunt role in the

nucleic avild metabollism of the adrenal gland.



In & preliminary exzperiment 6 guines-pigs were
made scorbutic as deseribed in the expevimental part
of this sectlon, Three of the animalp were given
10 wmge. Acthar-gel daily for 3 days Lrom the 15th day of
feedlng vwhen the animals were exhibiting definite signg
of deficiency., Crn the 18th day all animels were killed
2 hours after belng given %00 uc 38?. the snalyces
were carried out on Tthe pair of glands from each animal,
The resulte are giveun in Tables %6 and %7, and svhe results

=)

of the statistlcal anslysis to determining the significence
of ddftervences betwsen the wean values Tor the data per
palr of glands are shown in Tsble 38,

The scorbutic guines-plgs wespond to adwinistration

of ACTH by showing highly sigvificant dirferences in gland

welght (P < 0.01) and RNAP (P <<0.01) and significant

vl

differences in LP and DVAP (P < 0.02). ILikewise the
amounts of RNAP and LP per cell represented by the

ratios %%%%, anéT%%ﬁ also ghow increases in the group
receiving AQTH, The increases 1ln the amount ol RNAP and
DNAY ara accompanied by significont increaéeg in 32@
incorporgtion as shown hy the values for the relative
specific activities of these substances, whereas thatb

of TP, though higher in the textv group s perhaps nokh

gsignificant.



Table 36

Effect of ACTH on the adrenale of Scorbutic guilnes-pigs.

no ACTI ACTH
wt/2 glands (mg.) 224 ¥ 5,6 573 £ 33
ng/? glands 412 £ 16 67L X 63
LR + +
1g/100 mg. 184 - 2,9 178 = 4.5
ne/2 glonds 105 = 442 220 = 12
RWAP . +
ng/loa ng;. 4—{3.7 s :....5’ 59.7 - 0.8
ne/2 glands 44,2 Z 0.6 5342 = 2.7
DNAP . .
ng/100 wmg. 19.7 = 0.5 L5e7 = 045
REAR/DNAP 2457 978
LP/DNAP 9432 1165

Pable 37
Specific activities (relative o tissue inorganiec phosphate x
ey ]
10”) of LP, RNAP and DIWAP from the adrenals of scorbubic

guinea~pigs.

oy

ne ACTH LOTH
LP 13 & 1.0 17 £ 2,5
RIAP 8.9 < 0.2 122 = 1.0
DNAP 17 2 0.5 4.6 L 0.5




Table 38
Statistical analysis of results in Table 363
'$' tests to determine the significance of differences

in the mean va.ues from groups wlth end without ACIH

D;gwae of  values of 't gorrespogding
reedon found values of 'p
Gland wb. 4 4e34 < 0,0L

LP 4 4.0 < 0.02
RWAP 4 Teld << 0.01
DNAP 4 595 < 0,02

Lable 39
Changes in mean body welghts (g-) of giincs~pigs showing
the effect of defieiency of adtorbic acid with snd without

ACTH administration.

[

seorbutvic . Bcorbutie scorbutic scorbutic

diet + vitec (5)° diet + vit. diet(5) dlet + ACTH

¢ + AGTH(B) (6)

Initiel wh. 481 = 11 490 £ 10 480 f31  so1 I 22
(onoh fery 436 £ 16 453 230 335 f25 548 L 30

#  The numbeyr in brackets indlcates the no. of animals in

sach group.



e

In a second experiment 4 groups of 6 guimeampigé
(body whe 450=550 g.) were chosen such that the groups
consisted of animals of maotubeld body weight. They wera
all kept on the ascorbic acid deficlent diet, 2 of the
groups recelviag a supplement of ageovrbioc acld . Brom
the 2let day one scovbutic group aund one supplemented
group received 10 mg. ACTE (corirophln-ZN8) dally Pfor 3
daye and on the 284h day, the animals were killed 2 hours
after B0OO pe “°R per smimal.

The mean body welght of the animals in each group, atb
the start of the experiment and on the day of killing, is
given in Table 39, and the analytical rvesulits in Tables
40 and 41, and in Pig. 16, the statistlcal analysis Lo
determining the signiflcance of diflferences in the nean
values for gland welght and the smounts off constituents
per pair of glande is glven in Table 42.

Apart from confiyming the vesulte of the previous
experiment (Table %6) of the pronounced stimulation of
the gland by ACTH in scorbutic animals (Group D in this
experiment), these wesults show that the onset &f gevere
seurvy Litseld tends to bring about an effect similar to

the sdministration of ACRIH. The lunocreases in gland

wetleht, LF, RNAP and Pyl in scorbutic snimels is of
iy )

the same ordexr of magnitude ap in the ACTH-treated group,



Table 40

Analytical values for the adrensal glands from the guilnes-plgse

whose boly welights arve given 1n Table 39,

Seorbutic diet + vit., ¢. Scorbutic Diet
no ACTH AQTH no AGTH ACTH
wt/2 glands (mg.) 193 T 14.6 239711.4 243.5 £ 15 3578 16
ng/2 glends  3%8 = 29 458 28 445 & 22 627% 35
LP , . . .
1g/100 mge 185 = 5.7 101+ Tel 18546 131 17646552
Re/2 glands  91.2% 6.4 135.5% 7.9 149.8 220.2 208% 17.0
REAP 2t + * +
11@/109 NEe 4763069 56ebm 1.2 6le2 = Je4 5749~ 1.8
ne/2 glonds  37.0= Jek 38425 3,0 4440 £ 1.6 50.1F 2.9
DNAP + S + TEPU
ng/100 mge  19.3% 1.1 16s1= 0.9 1844 = 1.4 14.6% 0.9
Mg/2 glonds  3.21% 0427 4,50 0,22 4.15 = 0.23 642450,47-
Pri . " XN
mg/100 mg.  1.67= 0.06 1,79+ 0.06 1.68 ¥ 0.08 1.81%0.0%
RNAP/DNAP 2,46 3455 3440 4415
LP/DUAP 9,67 12,0 10.10 12,5




Pable 41

Specific activitien (relative to tissue inorgenic phosphate
% 107) for LP, RUAP, and DNAP from the adrenal glands of
guines-~pligs showing the effect of ascorbic acid d8ficiency

with and without ACTH adwinistration.

scorbutic diet + vit G Peorbutic died

no AGHH o AQTE no AGTH + LOTH
LP 158 & 1e3 2046 & 1.6 159 £ 4.3 2042 <147
RNAPD 849 = 142 25,2 % 2,0 16.1 £ 1.7  29.0 ¥i.9
DWAP 0 2.8 £ 0.7 Ted £ 044 248 208

Table 42
Statistical analysis of data presented in Table 40;
T4 tests bto determine the significance of differences
between the mean values of the different groups Lfor the
agtion of ACGTH on gulnes~plgs placed on & scorbutic dietd

with and without & supplement of ascorbic aecid.

Measure #Groups Degrees of value of *'14' corregponding
tested compared freedom tound value of pv
AsB 9 2.51 ¢ 0.05
AsC 8 2436 < 0.05
wte of glands .
AsD 9 763 < 0,0%

BsD 10 6405 < 0.0




Table 42 (contd,)

woasure #Groups Degrees of value of '%' corresponding

tanved compared freedom found value of "pt
AsB 2e 50 < 0.0§
AsC 8 2e38 < 0.09

LP pg/? glonde
A¥D 9 593 < 0.0L
B 10 Fe'T < 0.0L
Al 9 ¢35 < (e UL
AQ 8 277 < 0,09

RYUAP ng/? glands
AsD 9 604—& < 0,01
BsD 10 2420 about 0405
AR 9 0.27 0ot significant
AsC 8 260 041 not significe

DUAP ng/2 glands ant
¢&8D ' 9 3500@ » < 0002
BeD 10 1,81 not significant
AsB 9 P18 < ¢.00
AsQ 8 2.65 < 0.0%

Prl mg/?2 glends
BsD 10 5499 < 0.01

3% A = Diet + pupploment of vitemin ©

B o W £ 0 + AGTH

C = Diet
:{} e Diﬁ‘;“@ b AGTH:G



Tig. 16

The effect of ascorblice acid dedicioucy aund
AGEY adminigtratlon on the guinee~plg adrvenal
glend, |
(The vertical lines on top of the columnsg show

the pitandord omror)e
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whlle the lncrease lun DNAR is not significsasat. The
only significant increase In DNAT 1s in the scorbutic
group reoceliving ACIH (Group D, P < 0.02).

The relative gpecific sctvivity of RNAP in the
georbutic group is higher then in the control, and in
the two ACD-treated groups ie very much higher, though
in these two groups it 1s of the same order (Groups B
and D) in spite of the enormously inereased amounts
of BRNAP in Group 8 compared vo Group B. The DNAP, which.
in this experiment was purified by ionophoresis on paper,
shows no incorpozation of 322 in the control group and
anong the other groups which do show lucorporation, the
ACTH-treated groups have higher activities then the
scorbutic group. The relative gpeciflic aotivity of
LP is the same fox the mcorbutle group as for the control
group, and while both ACTH~treated groups show an increased
incorporation into LF, in this case  too, there is no

glgnificant differenice between them.

Effect of cortisol on scorbutic animals.

In view of the observation that the onset of gcurvy
brings about hypertrophy of the adrenal gland 1t was
of interest to xnow whether the deflclency undex the acute

condltions employed in these expsriments wes ltself acting



as a non-gpecific stress Ihrough the medium of the
afdenohypophyele causing the release of endogenous ACTH.

One would expect that 1T thie were the case, the
adminigtration of a corticold to blook the pituitery release
of ACTH would be effective in preventing the increases

found in the gland in saorbutic animals.

Bince it was Ffound earlier that cortisone adwministration
to guinea-plgs 4id not have any marked effect on the
composition of the adrenal, 11t was declded to use cortiscl
ingtead eince this had proved effective in rats and also
to adninlster the drug during the period when the scurvy
was developing.

Four groups of 6 gulnes-pigs (body wt. 300~408 g.)
were fed as in the previouvs experiment. From the 10th
to the 20th day inclusive, two cf the groups, one with and
another withont the supplement of ascorbic acid, recelved
5 mg. cortisol (Hydro-Adresan) daily. All the animals
were killed on the 2lst day, 2 hours after being given
500 me 2°F,

The initlal and Tinsl mean body welghts of animals
for the different groups sre given in Table 4%, sud the
analytical results in Tables 44 and 45, as well as in
Plge 17 The statistical snalysis for determining +the

@%gmificance of differences hetween the mean valueg of

\



Table 43
ffeet of cordtisol on wormal and scorbutic gulnea=-pigs.

(2) Mean body weighits of animals (g.)

non-ageorbutlce scorbutic |
no cortisol cortlisol wo cofrtisol corsciaol
| I (63! 753 COTESS
Tod i) 544 =11 338 210 w34 214 833 L 1o
foal (Bled o1 a7 s iae eredas 66 im

Table 44
Effect of cortisol on normal and scorbutic guinea-plgs.

£rn,

(v) Anelyiicel resulis.

r non-georbutie sedrbutlie
no covitisol cortisol no coptisocl corbisol
| (3) (b) (c) (1)
3 " - G
wi/2 glonds(mg) 208 £ 5.3 195 2 6,7 230 ~ 4e5 197 = 10,9
Cong/2uglands 61 = 7.0 %25 £ 8.2 ses Lg. omii L oiz.l
ne/100 mge 173 = 5.9 165 £ 4.5 168.7%3.9 158 L 6.1
ne/? glande 99,35 447 B87.8% 2.9 116.4%2.5 92.4 £ 7.7
RNAR " - + -
ne/100 mge 47435 1.2 45,08 1.4 51.0%1.7 46.4 £ 1.4
ng/2 glemds 40.05 0.1 42.5% 1.4 43.0%1.7 44.1 % 2.5

DYAP . . . .
PE/I00 mge  19.5= 0.8 22,0 1.1  18.2=3.8 22.5 < 1.1

mg/2 glamds  3.5020.2 3.05% 0.09 %,99% 0,07 318% 0,25
Pyl . . . )

mg/100 mge  1.71-0e06 1.5720,05 1.67= 0.05 1.61%0.13
HIAR/DNAR 2,47 2,06 2,69 2410

LR/ONAR 9438 7e61 8.90 Te13




Table 45
Effect of cortisol on normal end scorbutic guineas-pigs.

(c) Specific activitles (relative 4o tissue inorganic

b4
phosphate x 107)

non-gcorbutio scorbutic
ne CorLisol COTbl SOL no cortisol COT 1i.60 1.
(1) (8) () (5)
LP 17.1 % 2,3 21.4 £ 2.2 19.4 %30 19,3 %2 3.1
RWAP  14¢4 21,0 15,4 % 2,3  10.32 1.3  21.35 % 4.3
DNAPD 0 0 0 0

Table 46
dtatistical snelysis of date presented in Table 44;

4' tests Yo determine the significance of differences in
the mean valuves for the differvent groups used to study the
effect of cdrtlisol on guinea-plgs kept on o scorbutic diet

with and without a supplement of ascorbic acid.

nessures #Groups  Degreed or value 0F 140 Corresponding

tested compound freedom found value of "pt
AsB g 1.47 not signifiecant
AsC 9 %600 0,02

Wie of glonds
AsD 9 089 not sigrificant

GsD 10 2480 < 0.02




Pable 46 {(contd.)

Measures #lroups Degrees of value of '4°! caxraspgn@imgf
togboed compound frecdom Found value of 'p!
AT Y - B 54 - £0.,0L .
A3Q 9 24,22 < 0.05
LY ng/2 glands
C:D 10 509 <001
AsD 9 8L notv siguificant
H3C 9 2o 20 < 0.0%
RUAP ng/? glends
AsD 9 09 not significentd
G:D 10 2,90 < 0,02
DNAPR pg/2 glands not significant
for any groups
tented,
AsB 9 2404 not signiticantd
. Az G ) 2ok < 0.01
l?rﬂ;'mg/Q _glands
Asgh 9 1.00 not. slgnlficant

CsD 10 Sel2 <0.0%L

# Az Diet + Ascorbie acid supplement.
P (1] % 1] b1} + eovii EJQ:!‘S. .
C¢s Diet.

Dy Diet

3
'l

corsisol.



gland weignt and the anounts of constituents per pair
of glands is glven in Zable 46,

Administration of cortisol to gulnea-nigs on an
ascorblo acid deficient dlet with cr without a
gupplement of the vibtsmin tends to suppregs the adreunal
gland, but not t¢ any significant extent, as is shown
by thes gland weight, RNAP and PrN convent of the gland
in groups A, B aund D,

There ig no incorporation ol 32? into DNA of any
of the groups, nor 18 there any significent differsnce
in the velative specific activities of LP, In the
cage of RNAR there 1ls e glight incrzase in 323 uptake by

the two scorbutic groups.



F:io g. 1t?

The effect of ascorbic acid deficieoncy

and cortigol sdminigtration on the guinea-

plg adrenal gland.
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Secbtion 4.

ELfect of Dietary Changes on
Bucleic Acld and Frotein ietabolism in

normal and Tumour-beasring Rats,



It ig kuown that the aduinistration of cortical
hormones such as coritisone brings about o general loss
in body protein, accolpanied at the gene tlme by an
accommlatlon of protein in the liver (Tremolieres,
Derache and Lowy, 1955) and s pimilar situation alsgo
obtaing in tumouvr-bearing animals (Stewart and Begg,
195%).  Bege (1958) has reported adrenocortical
overactivity in tumour~bearing ra%a‘&nd Verzar and
Togt (1953) also consider that changes in the novmal
dies constitute a foxrm of stress,.

It was therelfore of interest to exemine the
effeoct of diet on ithe nucleic acid and protein nmetabolism

in the adrenal gland of rat,.

Experimentels  Temale albine rats weighing 170-200 g.,
from the departmental colony were usged in these
gxperiments,.

The tumour was the Walker carcinoma 256 which was
vropagated by trangplantatlon.

Diet. The general dletary arrvangements were
modelled o provide diiffereunt levels of protein and of
energy (VMunro snd Nalsmith, 1L953). AL D aite 1g. OF
o vitamin-miveral-roughage mixtuee (Munro, 1949) was
given %0 all animals, At 5 p.m. they ate a mesl that

provided all the protein of the diet. Iin the casge of



414

the rat receiving an adeguate protein intake the
evening meal contained 2.4 g. of caseln (unexirscted
grade, Glaxo), L.2 g. carbohydrate (equal parts of
glucose and potato starch) and 0.4 g. fat (margarine).
The corresponding evening meal in the case of rats
recelving protein-free diet had ell the wvasein replaced
by an isocsloric anount of carbohydreta.

At each of these two levels of protein the basio
diet provided 21 Keal:../rat/day and earbohydrate was
added to the morning meal to bring the energy inteke up
to any desired level, At fivst all rate were given a
total energy intake of 33 Kcal¥day (about 1200 Keal./sg. me
body surface avea) for a period of 5 days, in order that they
might become accusitomed to the diets. Thig onergy intake
was obtalned by adding 2.5 g. starch and 0.5 g. glucose
t0 the morning meal.

Aftber this preliminary period of adjustment, the
animals at each level of\dietary proteln were divided
into a group receliving a‘high energy intake and a group
receiving a low energy intake. Those on the high energy
intake were glven 5 g. starch and 1 g. glucose 1in the
morning meal, the total deily eunergy content of the

diet being 45 Kcal. (about 1800 Keal./oqg. me)e



In the case of animals recelving a low energy intake

the supplementary carbohydrate was withdrawn from the
morning wmeal and they were thus reduced to the 21 K gal,
provided by the basic diets (about 850 Keal./sq. ).
Administration of the various diets was continued for
slx days. At the end of the period a batch of rats

in a Pasting condlition was killed in the morning at

10 a.m., 17 hours after the last protein meal and
another bateh killed at 5 pene 8 hours after the lagt
energy meal. In the case of experiments involving

32P incorporation 500 nc 32? wag given to each rat intra-
mugcularly 2 hours prior to killing,.

The results of the guantltative anslysls are shown
in Mlge. 18 statistical analyses to determine the
slgnificance of differences in the mean values for the
differvent groups of treatuent are glven in Pables 4T7-51
for gland weight, PrN, LP, RNAP and DNAP.

The time of killing does not appear to affect either
the gland weight or the amount of sny of the constituents
measured and has not been furither considered.

Changes in the protein intake alter the Pri snd the
LP content of the adrenal glands sigunificantly, an
adegquate protein dlet caveing an 1ncrease in the amountis

of these components in the glend. Although on the



Iige 18

The offect of Qietary changes on the metabolicm

of the adrensls of normal Tomsle raito.
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Table 47
Analysls of varliance to test the significance of
differences between the mean valueo for glend weiehtb
omong groups of rate fed with different dieto.
{Gata of Pig. 18)

o " o

souree of degreen oF pum of TcTahy) varlance

variation freedom squares squares ratio, F
To tal 15 458
gubolasses T 288
Energy levels, B 1 56 56 264
Protein levelsm, P 1 Q0 90 4 e 28
Time of killing, ¥ 1 0 O
Intervaction, BxP. 1 1.3% 155 GolT
% PxT. 1 i 3 0.14
" Ex'T, 1 7 7 0¢335
Residual 8 170 2le2

Por ng = 1, n, = & the value of F = 5.32 ab the 5%
glgnificant level.
There 1s thevelfore o slgniflicant interaction betwesen

energy inteke and protein content of the dlet,



Table 48

Analyesls of wariauce o0 test tho significance of

differences between the mean values for Pyl enong

groupn of raty fed wilth Alflfevent diete

(data of Pig. 18)

ey

souree of degrees of pum of mean variance
voariation Troedon sguares agusres wratle, ¥
Tobtal 15 252,544
gubclapses i L74,518
Bnergy levels, B 1 1,444 1,444
Protein levels,P 1 B4,590 84,590 8.68"
Time of Killing, ¥ x 2L,6090 21,609 Reéd
Interaciion, FuP. 1 65,504 63,504 650"
" PxTh 1 490 490
" TxT, L 1,980 1,930
Residual 8 12,289 9,779
Tor g = 1, and B, = 8, the value of F = 5,32 at the 6595

slgnificant level,.

Therefore, dievary changes iun the proitein bring aboult

significant diffevences 1lu the protein countent of the

gland and also changes 1n energy intake ghow o

plgnificant interactlion with protein.



Table 49
Analyeis of variance to test the slgnificance of
differences betwecn the mean velues for LP smong
groups 0f rats fed with different dlets
(data of TFig. 18).

gource of degreen of gun oFf mean varisunce
varigtion freadom squares sguares ratio, I
Total 15 1,104 |
subclagsen T 8175
Energy levels, R 1 126 126 3,46
Protein levels, P 1 353 333 9.15%
Time of Killing, T 1 3 2
Interaction, IxD. 1 189 189 Ge@
u PxT, 1 27 o7
" BxT, L 28 28
Regidual 8 291 56,4

For Iy = r and B, = 8, the value of F = %,%52 at the

5% significant level,

Therefore, changes in the protein content of the diet show
8 slignificant effect on the LP content of the adrenal gland
and the interaction belween energy eand proteln content of

the dlet is slgnificant nearly at the 5% level.



Table %0
Analysis of variance t0 test the significence of
differeonces between the medn values for RNAP among
groups of rats fed with different diets

(data of Fig. 13)

gounrce of &egreem-of' s of  mean variasnce

variatilon frewedon pouares aquares yatlo, F

Total 15 478

Subelasses 7 146 _

Inergy levels, B 1 1 1 0,02
Protein levels, P X 5 5 01
Time of killing, 7 i 13 1% 0.2
Interaction BxP. 1 11 1l 02

W PxT. 1 20 20 0.5
L BxT. 1 48 48 1.2
Regidual 8 3352 4042

Por By = 1, and n, = 8, the value of F = 5,32 at the 5%
significant level,
There is therefore no slgnificent effect on the RVAP content

of the adrenal glend by any of the changes in the diet,



Table 51
Analysie of varlance to tent the significance of
differences between mean values for DNAP smong groups
of rots fed with different diets

(data of Tg. 18)

source of .&@gr@@ of gum oFf mean varisnce
variation froedom sy ares sguares ratio, F
Total 15 526
subclasees 7 1845
Bnergy levels, T 1 De3 03 0.01
Protein levels, P L 0.6 0.6 0.02
Time of killing, T 1 440 440 015
Interaction Ixl. 1 Qe3 9.3 Qe

" PxT. 1 25 245 Oel

" BxT, 1 044 Oed .01
Residual 8 2461 24,1

For my = 1 and n, = 8, the value of P = 5,352 at the 5%
slgnificaent level,
There is therefore no significant offect on the DNAP

content of the adrenal gleand by any of the dietary chenges.



avevage of the twoe levels of protein intele the onergy
content of the dietv does not have s slguificant offect,
the acticon of the extra distary cavbohydrate at the
low level of protein intake wag to reduoe the gland
weight, Prl and LP whereas at the highey level of
prodein intake 1t teoended o couse the opposlite effect on
each consiltuent. This difference of action at the twy
proteln levels is significent (P < 0.05).

Xt le intevesting to wote, however, that at the
sewe tine, none of Theseo dhanges in the provein or
enevrgy content of the dilet alfects the nuclels aclds the

smounts of RUAP gnd DNAP remaining unaltered.

Expevinments with tunour-bearing roits,

The rats with the Wallker carcinoms were put on the
game diet reginen as the normal rats and were given the
protein-Tree and high prodvein diets. As before, cach
of the dietary levels of proieln was assoclsbted with
either a low energy dlet or a high energy diet, giving
four different diets in all.

Table 52 contains the represpentavive data for the
welght of adrensl glands of normal and tumour-bearing
rate given the various diets. It was apparvent that while
the nornel rates do respond to dietary changes by showing
changes in the gland, the tumour-bearing rate show a

general tendeney for enlavgoment of the gland withoutb



Table 52

Poired gland weights (mg.) of adrenal glands from normal

and tumour~bearing rats on diffevent diet.

: | Tumoup~-
Diet Normal bearing
Lp, LE 43 48
LP, HE 34 49
Hp, LE %8 50
Hp, HE 50 62
Mean 4205 5203
LE = Low Energy intake

HE = Hlgh energy intake
LP = Protein-free diet
HP = High proteln diet.
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significant diffewvences heotween the varioug diets.

It is therefore desivable o present the pooled data
for all the tumour bearing snlmals as compared with

. gimilar date for the normsl animalg also on the same
dietary treatmeﬁﬁ."'

(Vote: In = sunsequent experiment with tunouw
bearving rats 1t was discovered that there waes a pyogenic
infection of the tumour. The glands, however, were
taken out as usual and analysed and the resulis are
shown separately).

The results for the normal animals on various diets
have been averaged and compared with those of tumour~
bearing and infected tumounr-bearing animals in Rig. 19.
Thease results ehow that the gland welght as well as
the content of LP and of Pr¥ show a significant increase
in the case of the tumour-bearing raits as compared with
the normal rats and in the case of animals with an
infected tumour thieg inerease ig very prounounced.

Though +the amount of RNAP in the two groups of jumounrs-
bearing rate is slightly higher than in the normal group
this increage is not significant, nor is there any
gignificant difference betwsen the two tumounr-bearing
ZroNps. DNAY shows a slight increase in the case of

tunour-bearing rats. The infected tumour group, in



Mige 19

Yhe effect of the yresence of the Walkewx
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aplie of the greatly lnercased glond welpght, has a
mean DVAP content less then thet found in the non-
infested tumour group, and it was also observed that
there was & greater variation between individual
velues of DNAP in this infected group then in any other
gTOUD» The incorpovaition of 32@ into the adrenal
glonds of normal and tumowr-bearing raiﬁ placed on
variouns diets was studied, The specifle actbivity
of the acid-soluble Ffracition (ﬁ ) i® shown in Plg. 20.
the ecase of the normal vats the gspecific actividy

of Alu Lo significantly less in the high energy groups

» both provein-Tree ahd high protein dieta. When the
0n%wﬁy contents of the diet is low ag in groups 1 and 3;
vhe difference in protein supply does not appear to
alber the refioactivity of the scid-soluble frachtion.

These varietions in the gpecific activiity of the
acgidegoluble fraction due to changes in diet observed in
the normal ratves are completely sbolished in the tumonye
bearing rats in vhich the incorporation is very much
lower than that found in norwmsl animals.

Plge 2L shows the velues for the specifice sctvivitics
of the 4ym, LP, and RNAP fractions for novmal rats

recelving various diets killed elther in the morning
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The effect of dietaxy changes on the speeific
activity of the acld scluble fractlon mlse;)
of the adrenals in normal and tumour-bearing
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or in the evening. The wats killed in the morning tend
t0 show generally greater incorporation into all
froctions irrespective of the dietary changes. However,
in group 4 foxr LP and group 1 Lfor RNAP, the incorporation
appears to be about the same both in the morning and
evening.

Ezxemination of the results for the uptake of 32@
into the DVA of infgoted tuwmour-bearing animale shows
that there 1s a great desl of varistiorn in the specifie
activity from animal to anlmel, the animals with larger
DHA content showing relatively high incowporation.

Vhen the specific asctivity of DNA is plotited as a
function of the covregponding smount of DNAP per pair

of glands in both the tumour~bearing snd normal raty
(Pig. 22) & cloar tendency in the tumour-bearing snimsls
¢ 32

for greater incowyporation o P ap the amount of DUA

increases is observed.
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PART IV

DIBCUBHBION.



441, General offects of adninistration of ACIH,

From the resulte presented 1% is clear that the
changes in the adrenal glaend brought about by stimulation
or suppression are rendered more obvious when the
anglytieal figures are given ag smounts per whole gland
than when they are expressed as concentrations per unit
welght of tissue as was done by Symlngton and Davidson
(1958). In the experiments reported hese with rats,
the effect of stimulation with ACTH is +o produce
hypertrophy ss shown by the awmount of RNAP per pair of
glands which shows incresses of up to 304, while the
concentration is hardiy affected becauvse the gland welght
increases correspondingly (Table 11). In the immaturs
rats which were given 15 mg. ACTH for 3 days (Table 24)
there is an inoreaae of 55% in total RNAP, bul expressed
as ng. per 100 mg. there is a significant lowering perhaps
because other constituents of the gland ave increasing
more rapidly. BEven when there is an overall increase of
165% in RNAP content as was found in the rats given
massive doses of ACTH (Table 26), this is not reflected
in the concentrations.

The guinea-plg on the other hand, when treated with
ACTH shows significant increases in RNAP? even when the

resulte are expressed as concentration per 100 mg. welght
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of %isﬁue (Pebles 1, %, 7 and %6). When expressed as the
total mmmmﬂb per palr of glends, these changes are shown
up mnore prominently.

Hhere 1o generally a counsiderable increasge in total
Lﬁﬂcont@nt per gland both in the guines-pig end in the
rgm on treatment with ACTH. I these results are

// expressed ag ug. por 100 mge. tissue, however, there is
" no ' fhongze in the case of the gulnea-pig (Table 7) while
Vtﬁér@ is a reduction in the rat (Table 24). In general

the LP closely resembles the RNAP in its respomse to

{Q@Tﬂ except in casem where dietary factors also play a
/pwamln@nt vart, since it has heen observed that dletary
ehang@a bring about significant alterstione in the LP
gont@nt of the glend (Table 49).

" Hutohisom et sl. (1958) have recently reported thot
in guinea~-plgs the adrenal cells are essentially diploid
and remain so after stimulation by ACQYH, In view of this
finding it is reasgonable to think that sny increase which
oceurs in DNA ig not due to polyploldy but represents a
true inersese in cell number, Hence the results when
exprensed as the ratios RNAP/DNAP end LP/DNAP represent
the content of RNAP and LP per cell and increases in these
ratios can be taken to wepresent hyperitrophy.  ACTH

gonerally tends to bring sbout an increase in bhoth RNAP



and LP per cell when administered elther to the guinee~
pig or to the rat.

Stimulation by ACTH in the guinea-pig.

Theres ia a considerable lag period in the action of
ACTH in inducing messurable changes in the nucleic acid
composition of the adrenal gland. The duration of this
lag periocd devends on the nature of the ACTH used. With
Acthar-gel the glands show slight hypertrophy after 1 day
with no increase in the BNAP content or in the incorporation
of 32? into DNA, so 11 i®m veasonable to suppose that wno
increase in mitotic activity in the adrenal coritex occurs
alter treptment for 1 day with Adthar-gel. Thereaftey
there 18 a continuous iancrease in the DNAP content up to
5 days and the incorporation of 52p pises to about 27 %%
of the normal value dupling this period (Pig. 8),
indicating marked hyperplasia. The RNAY content rapldly
inereases per gland as well as per call indiecating simul-
taneouvs hypertrophy. The LF countent per cell which shows
an initial increase hag returned to the normal level by
the 5%h day of ACTH administration (Tables 1L and 3).
This may be related to the depletion of neutral fat,

which is demonstrable histochemically, and which mey be,
partially at eny rate, converted to phospholipid.

The initinl effect would therefore be to luncrease the

3

v
3
N

\
\
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LP per cell bubt as the number of colls inerenpes snd
the total LP per gland is 4istributed smong & larvger
numherfhallw, there could be & tendency for the amounty
of LP in each cell Yo be weduced.

PThe alight decreesse in genersl wresponse to ACTH
obseyved in one of the experimenits (Seble 3) in the 5
dey test group es compared to the 3 day group is perhops
not a true pileture because of the large variation between
the two individual animels included in thie group.

The nge of lyophilised ACTH to cause gulcker
prtimulation of the gland in the guineca-pig does not bring
about any significavnt livoreases up to 16 hours either in
the gland weight or in the constituents measured which in
this case include PrN (Table Q). There is, in fasck, a
alight tendency for these 4o decline over 4 hours, even
though this decline is not stetistically significant. 50
fas ag incowporation of 32E ig concerned, there is in
general no increased uptake into RVAP, DNAP or LP. The
group klllied B8 hours after initial injection in this
experiment {Table 10) does show a higher relatvive speclfic
activity for RNUA thsu the other groups, but thie may have
been Aue to the Ffact that this group was killed in the
evening at 4 pe.a. while a%l +the other groups were killed

a% nook. Such verlistion in incorporation due o



differences in the time of killing has been noticed in
other experiments also (Fige 21), an observation which
asgrees with the finding of Barnum, Jardetazky end Halbevrg
(19%8) that there is a divrnal variation in 52p
ingorporation into wvarious fractions of mouse liver. it
seems therefore that lyophilised ACLH does not cause any
stinulation in the adwrensl gland of the guinea-pig up vo
16 hours.

When a combination of lyophilised ACTH and Acthar-gel
is employed for stimulation, the stimulation appears to
he 80 strong that there is a great increase in DNAP content
by 24 hours (Table 7) and apparently no further increase
after that up bo 48 hours. As regards incorporstion of
32?, inereases to sbout 400% of the normal value are
obtained after 24 hours and continuned stimulation shows
no Turther increase (Table 8; PFig. 8). It is
theoretically impossible, if the stablility of DNA is accepte
ed, for both the specific activity and the amount of DHA
30 remain constant under these conditions. One would
expect some Turther lncrease in amount during the second
day and the fact that this ls not observed may be due to
the difficulty of estimadting DNA with accuracy because
of errors in the method and losses during the separation.

Singe it has been seen that Acthar-gel alone does



e
not cauvse any lncrease in DAP content ox ;gy 1nao€pafavion
into DWA with & 24 hour period of stlmulation, 1% a@peaf

that Acthare-gel in conjunction with lyophilised AC@&

which is likely %o be absorbed move readily into the
cireulation, will bring sboul a pronouunced 1nareeas*ii

b \
PRSPONNC. It ig also 1o be noted that while the rai @ of
'\
AT

‘\ v,

the content of RWAP, LP and PriN gountinues bo incr@ame.ﬁ\\
/

Turther, even though the smount of RNAP increases after

DHA synthesils does not ghow any increage after 1 day

1 day, the relatlive specifie activity which shows a
rapid rise at 24 hours, renaine at this level at 48
hours (Fig. 8), The signifiemnce of these findings is
disounsod later (9ee 4.6).

The radiocactivity of LP ig very variable, showing a
decline at 1 day ond an ivereasse at 2 days (Table 8).
This variability which i# @0 often found wlth LP mey be
due to the fTact thet the snalyses were cavrvied oul on the
lipid extraet of the tissue obtalned after the initial
treatment with TB8A. Tven & very small smount of the
highly active acld soluble fraction contaminating the
Lipld Fractlion would vitiate the comparstively low values
for the radiosctiviity of LP. Studies of LP metabolism

32

uging % therefore call for greater atieatlon o

purification than hay heen given in these euperimentso.



More useful resulis might be obtained if ﬁhe lipid
extract were evaporated to dryness and re-extracied
with chloroform as was done by Davidson e} al. (19%51).
The results presented in Tables 34 and 35 show that
unllateral adrenalectomy in the gulnea-pig acts as a
conglderable stress bringing about 'compensatory hyper-
trophy' within three days aflter operation. Thie resgulis
in an increase in HNAPR, LP as well as in DNAP, so that
'conpensatory hyperplasia' must also be taking place.
In the gulnes-plg, therefore, the need for the adrensl
corticoids cannot be met by the remalinlug gland after
unilateral adrenslectony without compensatory hypertrophy
and hyperplasisa. I¥ in sddition, AQTH is given to these
saimals, the effect is more pponounced resulting in a
very large increase in RNAP and DNAP and this additional
stinulation by exogenous ACTH appears to be the same
whether the adminlsitvation follows soon after operation

or after a wokk.

Stimulation by ACTH in the rat.

The regponse o ACTH administration la the rat i
not only slower but also very much less promounced then
that in the guines-pig, even though 2«3 t{imes more

ACIH 1s given to the rat per unit body weight than is



adwinisitered o the guinea-plg. When Acthay—gel is
given there ie no noticeable change after 1 day either
in glond weight or the components weasured (Table 11).
At the end of 2 days there is a significant increase

in RUAP and LP and theveafter no further changes arve
BOET. The maxingl increasaes are of the order of 30%
avove the noxrmal values, Thers is no measurable lunecrease
in DNAEZ up to 9 days. The only indication of lncresses
mitotie setivity le the increased uptake of 32@ into DNA
and here agein the effect is not as pronouced as in
guinea-plgs. Hypertrophy of the gland is shown by
increases in the RNAP/DNAP ratioc.

As high a dome as 1Y mg. Acthar-gel dally glven %o
adult rate (Lsbles 22 and 23) after controlling their
endogenous AGIH secrebion with cortisol produces
counsgliderable hypertrophy but hawrdly causes any increased
incoyporation of 323 into the DWA, so that it can
reasonably be concluded that there is no increased
mitotic raie. A similar dose of Acthar-gel given to
immature vats whose ACGUH seoretion is suppressed by
cortismol administratlion {(Tables 24 and 25) causes en
increase in DNAP and o marked incresse in 52p
incorporation into DNA, go that lematuvre rats respond

o ACTH by showing adrenal hyperplasia. In addition
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very pronounced hyperirophy of the gland itakes place.
Yhen massive doses of ACTH sre administered, as
wae done by Fiala et al. (1956), the glends, which sppear
gorged with blood, show a greal increase in all the
conetituents measured (LP, RWAP, PrN and DNAP) (Table 26).
It is. imporitant, however, to remember that siimuiation
a8 severe as that used in this experiment way result in
naemorrhagie breskdown of the cortex (Ingle, 1951).
Phe veason For the large differences in response observed
by Piala el gl. (1956) and by the author way be the fact
that the Aneriean group used Wistar rats which are o
different strain from those used in the CGlasgow laboratory.
Differences in the composibtion of the adrenal glend due
to veriatiov in strain, such as between August rats and
albine rate have been observed and are veported in

@&blﬁ 15,

Bffects of withdrawsl of circulating ACTH on the ratl

sdrenal gland.

Adyenal cortical atrophy induced in the rat by
administration of cortical extracts or cortical hormones
ig very well known (Ingle et al. 1938). Sayers (1950)
proposed the hypothesis whereby he envisaged that the
tevel of circulating cortical hormones effecyively

controls the pliuitary secretion of ACTH, an increased

al
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level tdnding %o inhiblt this secretion whereas a rapid
ntiligation of these hommones by tissues as ocours under
gonditlons of stress decresses thelr blood level and
thevefore Guduces greater ACTH secretion.

The wesults given in Pables 17 and 18 ghow that the
effect of cortisol ig to caunse atrvophy of the sdrenal
gland. The earlicest changes observable are in the LP

and RUAP countent of the gland. These show a decline

..

which 1s slighv at 1L day, vexy marked at 3 days, and
sherealver slow and continuous. The DNAR content of
the gland aleo showe a decrease from the normal value
{(Fig. 12) and this may perhaps indlcate that some
fegeneration of the cell nuoled ig involved in the
avrophic Process.

It ig lnteresting to note that the level of cortisol
administered is of no great gignificance in ceusiang the
atrophy of the glend, 5 mg. per day being Just about as
affective as 1Y ng. Lt would appear thervefore that
there is e minimal level 0f cortisold in the blood which
couges complete suppressiorn of ACGTH production by the
plitultarye. However, the fact that a 10 ng. dose of
cortisol administered for 3 days continues to be
effective in suppressing pituitary actlvity for a Turther

weelk (Fig. 12) indicates that the hormone, which is
&
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wabter-ingoluble, ig slowly absorbed into the mifgﬁlaﬁiam
£rom the site of lunjection and +thisg will tend %ﬂﬁlimit
the blood lewel of cortlisol attainable with nigher doses.
A comparigon of the effect of the doses of cortiscl used
with the eflfect of hy@@phgseetmmyg wnpere there is no
guestion of ACTH secretion, indicates that the amount

of cortisol absorbed Trom the site of injection ism
adeguat§ to suppress completely the avimals endogenouns
ACTI gecretion, The appropriste data are presented Loy
albluo rats of compareble sige dn Pables 15 and 18 which
show that the two methods profuce simllar decreases in
gland weight, and in the congtituents determined.

Sinee the surgical removal of the source of ACTH
involves the withdrawal of other hormones of the pituitary
besides ACTH, including esomatotrophic hormone, and also
because of the diffienlty of removing the entive piituitery
at opevation, it is perbhaps move satiafactory to uese
cortigol 4o control the secreitlion of ACTH, though 1%
ghould be remembered that cortleol &lso byings aboutb
other metabolic changes,

A&t the end of the 10 day period of the withdrawal
of ACGTH (Table 18), the deeline in gland weight, in LP
and in RUAP is about 55% and in DNAP shout 3%% of the

norasd values which are all highly significant. Bince
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thene losses ocour enly in the zonae fascliounlata

and reticularis of the cortex, lecving the zona
glomerulosa and the medulla almost unaffected (Deane
and Greep, 1946) it appears that the damage Lo the
cortical cells in these reglons ls extensive, perhaps

also involving the aucled.

Effect of withdrswal of dndogenous ACTH in guinea-pigs.

Atrophy of the guinea-pig adrensl coritex induced
by cortisone sdminisitration has been veported, and
hypophyeectony brings about similar changes in the
zonae fasoloulats snd veticularis (Schwelgzer and Long,
1950). 80 it is reasouasble to sssume that the
wilthdrawal of ACIH can be brought about either by the
removal of ltie pituitary or by suppressing itse gsction
by corticolds.

in our.experiments, however, sdministration of
L0 mg. cortisone d&iiy for 4 days does not produce any
significant change either in gland welght oy in the
components measured (Table 29). The uvptake of 32?
into LP, REAP and DNAP 1ls alsc essentially unchanged
(Table 30). These observations are in agreement with
those of Prunty el gl. (1955) who administered coriisone
to scorbutic guinea-plgs and observed that the gland

weight la cortisone-itrested gulinea-pige were the same
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as in normal guinea-pigs.

Burstein and Dorfman (1955) have identified the
urinery exoretion producte of cortisol netebolism in
guinea-plg and have falled to find any cortisone.
Therefore cortiscone may not be a normal metabolic product,
though there is histochemlical evidence that it does, in
some circumgtances, have a supproessive action on the
adrenal cortex. Further attempts to suppress the
pltuitary function with cortisol given over a perlod
of 10 days (Teble 443 Tlg, 17) brought about only a
glight drop in the welght of the gland, and iis
constituents, but the deocrease was not statistically
significent (except in the cawse of LP conient). It ie
therefore concluded that cortisol, and perhaps cortisone
also, do inhidbit the pituitary function in the guines~pig
but that the effect of this inhibition on the adrenal

is not s0 pronounced in the golnea-pig ap In the rTate.

Differences in the responses to ACTH between the rat and

the guines~pig.

The relatively large size of the guinea-pig adrenal
gland is nobeworthy. While in the rat the adrensl
welght per 100 g. body welght ls about 30 mg., the
corrvesponding figure for the guinea-pig is about 100 mge.

and it is of interest to note that the value for men 1is
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only about 1L0~15 mg. In the wvat +the secretion of
corvlicolds by the adrenal is higher than in the gulneca-pig
{Bush, 1951) and i+t therefore sppears that the rab

adrengl gland, even though small by comparison to thatb

of the gulnea~pig, 18 secreting its corticsl hormones
under greater stimumlation. On +the bagie of this
comparison 1t 1¢ possible that the gulnes-plg, becanse

it lacks strong stimulation by ACTH, needs & reletlvely
large gland %o synthesise its requirements of coritlcal
aberoids,

The differences in respouse 0 exogenous ACIH are
also very pronounced. With a dose 2-3 %imes that given
to the guinea-pilg in terms of body welght, the rat shows
only hypsrirophy. The guinea-plg, on the other hand,
regponds more guickly and showe more pronounced hyper-
{trophy and hyperplasias. These differvences wmay possibly
be due to elther (i) the rapid inactivation of the ACTH
administered in the rat dbut not in the guinesn-plg, or
(ii) to the fact that the rat adrenal norumally funciions
under the Infiuence of a hilgher level of endogenous ACGTH
than 1ls bhe case in the guinea~pig so that the additlion
of gore ACTH by an exogenous route has a relatively small

effect in the rat hot cauges considerable stimulation



in the guinea-pige. The first possibility seems unlikely
gince the ACTH used was stabllised in the form of a 9Jel

to prevent its insctivation by rapid destruetion, and it
therefore appears nore likely that there is o great
gifference between the amount of cireculating ACTH in the
rat and in the guinea~pig.

Differences observed in the effect of withdrawal

of endogenous ACTH by corticoid administration ox
otherwige, point to the ssme conclusion. The suppression
of ACTH secretion for as short a time as 3 days causes
narked atrophy in the rat adrensl gland and by 10 days
extenslve degeneration has set in involving even the cell
nucloei. in the guinea-pig the atrophy isg only alight.
The #at adrenazl, being apporently wmaintained under the
influence of a high internal secrvetlon of ACEH, rapidly
collapsges when thisg is ocut off, but the guineas-plg
adrenal, since it is unot normally so strongly stimulated
by ACHH doss not degensrate s0 markedly when this
stimulation is withdrawn. It ig possible that the
guinea~pig may make greater use than the rat of pathways

of corticold bilosynthesis which are not ACTH-dependent.

Ao2s Post mortem changes in nuclele acids.

The administration of wmasaive doses of ACTH 4o the

rat which died after Y days treatment sinulates exireme
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conditions of stress vesulibing ultinately in death.
The gland in this aunimal, as is to be expected, Lo
guch bigger then in the rat which seprvived similar
treatment with ACIH for 3 days (Tables 26 and 28) bub
the smounts of RWAP and of LEP, and perhapse also of DNAP,g
are lower in the dead yat, indicating that within a few ¢
hours after death, autolytic changes bring about a
consgiderable decline in the BNA and phospho lipids.
Thig observation cmphasizes the need to accept the

post morten data on human advenal glands with caution.

4,5 Effect of ancorbic ecid deflcieucy on the guinea-pig

adrenal gland.

The adrenal glsnds underge considerable enlargement
showing a significent lnorease in weight during the
development of seute scurvy {Table 40). This wae £irset
obgerved by Rodomy (1L919) and has since been confivuned
by many other workers (Heyer and MeCormic, 19283 Gergely,
194%; Stepto et ple, L9513 end Pruaty g% oke, 1955).

An anslysis of the gland shows significant incresses

in the RUAP, LP, and Pri content of the gland and these

changes are coumparsble with thowse produced by sdwinistration

of 10 mge ACUH for 3 days (Yable 405 Mge L6). TPFuvther,

these changes can be prevented from occurring in the

A“.



gland by adminlstration of cortiscl which interferes with
the pitultory seoretion of ACUH {Table 443 Tdge 17}
Hence it is concluded that the changse occurring in

late sourvy represent true hyperirophy of the gland,
brought sbout by increased pituitbary secretvion of ACTH
due 1o the sitress caused by the conditions oif scute
deficiency.

Gulneg-pigs during the late sbages of scurvy respond
to administration of ACTH showling a very pronounced
inerease in glaend weilghtb. {Tables 36 and 403 DPig. 16).
Miis observation is in agreement with that of Prunty
efe. ale (1955).

Quy resulits lrdicate marked hyperplasis together
with hypertrophy, since, in addition to an increase
in the DNAP, the KNAP and the LP pexr cell also show
increases, The increases lun GNAP and LP per gland,
though marked, awve sitill not so great as to indicate
& gpecific effect of the removal of ascorbic acld since
administration of ACTH for 7 dsye to non-scorbutic
guinea-pigs has shown similar increases (Tables 2 and 4).
There i no evidence that the rewmoval of ascorbice acid
sensitizes the adrenal cortex to the sotion of ACKH and
the effects of ascorbic acid deficiency withoud

admini stration of exmogenous ACGUH, since they are
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reversible by cortisoel, are apparently due to an
increased scometion of ACIH by the aniwals pituitoxy

& result of the atresy arising Trom the seurvy. These
resalts, therefore, do not support the idea of Hayano
et al. (1956} and of Jones et al. (1998) that ascorbic

a0id acts as a resgvtraining factor iun the bilosynthesis

of adrenocorticoids,

4oed Influence of dietary changes on the advenal gland,

ur cobseevations point to the fact that dletary

changes have an iuportant effect on the general metabolism
of the adrensl gland, A supply of dietary prodein
and therefore an adeguate smino acid level in the blood
plays & prominent role in the biosynthesis of proteln and
LP in the gland, In the abgence of an adeguaite supply
of aswmine acids, & large onsygy intake briugs about a

gignificant fall in the Pril and TP content of the gland,
while with o liberal supply of amino sclids together with
a high energy lntake PrN and LP are increased (Pig. 18).
These changes in diet do not bring about similar changes
either in the BNAP orx in the DHAP content of the gland.
Hence protein synthesis tokes place wlithoult Incresse
in the amount of R4,

The cloge assoclation between RVA and protel
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metabolism has already been dlscussed in the Introduction
to thés thesls, but it is perheps worth reealling that
recent evidence indicates that protein synthesis can
take place without de nove formation of RNA.  The
inhibition of swino acid incovporation into proteins
by ribonuclease observed by Gale snd Folkes (1953) and
others is not elways observed in all systems. Rat
gkeletal muscle mitochondria, which contain RNA, can
incorporate labelled lewncine into their proteins, o
process which is stimulated by ribonucleasse according
to Simpson and MeLean (19%7) and vapid synthesisz of
proteins by phosphate-~gtarved yeast cells which do not
synthesise new RNA has been reported by Liss (1958).
Such formation of new protein withou%.gg novo syntheslse
of RWA is suggested by the wesulils on {he rat sdrenal.
Acaording to the scheme proposed by Munro (1956)
the blood pool of amino acids enters the protein syuntheile
gecuence 1n variouns organyg, depending on the energy supply
provided in the dist. The amino acid level can he
inerveased either by catabolimm of muscle protein under
the influence of cortical hormones (CGoodlgd land Munro, 19%9)
or by dirvect proviesion through dletary iuntake of protein,

a8 is done in the experiments described here. These
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amine aclds would supply the building units fow protein
gynthesis in the adrensl gland.

Dietary changes appear o have an effect on the
incgorporation of 52? into the scid-scluble fraction
(AES) of sdrvenal tissue (Fig. 20) and also into the
nuclelie acids and other fractions (Fig. 21). The
supply ol exitra eneygy in the diet reduces the iuncovporatlion
Lo &13 significantly, the effect being observed to &
greater degree when ithe protein content of the diet, and
therefore the supoly of amivno sclidse is cut off. This
reduced lncorvoration of 32E into the acld-goluble
nuclecolides and other compounds, is perhaps an indivect
influence of +the increased wetabollc aclivity of the Liver
vosulting from the provision of energy.

It is aleso noteworthy that the growih of a tumour

> s » g3 * 2-
similarly reduces the incoxrporation of 7 £

into the
ascid~soluble fraction of the adrensl gland (Fig. 20)
agein indiosting that iacreased metabolic actividty in
other paris of the body reducsgs the lucorporation in the

aedrensl «

AeDHe Mebabolism of DEA.

A large number of stbtudies involviang the use of
isotope incorporation into YWA (furst sad Brown, 1951

Smellie gt ale, 1955) have ghown that in normal sninalp
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incorporation invo WA 48 low in tissues which have few
gell divislons, but is higher in tissues Like bonoe marrow
and fantegtinal mueops which have greater mitotic activiiy.
The present position has been reviewed by Davidson (1957).
Further 1t bos elso been shown that the synthesis of DHNA

ie lrreversible (Vygaard and Rusch, 1955). Since DNA
gongsitutes the chromosomal material and the DMNA content pew
pet of chromosomes ig Falrly constanit for any glven speclien,
1t is suggested that DNA ls not in dynanie equilibrivm

with other constituents of the cell, but that DNA is Pormed
during mitosis and, once formed, wremeaing intact throughouy
the 1ife of the cell (furst aud Brown, 1951).

In our investlgatlons, atitempts have been nmade to
pbtain DNA frop the adrenal gland in o fairly péwve condition.
In gll cases the relative specific activity of the DHA
i very emall in the uvormal gulnea-~-plg or wvat. Vhen the
anount of DNA avsgileble permite a further purification
by fonophoresis on paper o observable incorporation of

B0 . . .
? P is demonstrvable (Tables 41 aund 4%),. In the case of

.

RWA it has been emphasiszed (Barnum el nle, 19503 Davidson
ot ale, 1951) that nuclectides chiained by simple hydrelyiic
methods are likely to Ye heavily conbaminatbed with noine
nucleotide oowmpounds and therefore Davidson and Bmellilc

{1952} devised the ionophoretic technlque which gives &



falvly satigfactory purification of these nucleotides.
It ie Likely thet the wethods of DWA puritfication by the
ususl precipitation procedure do not remove the lasd
traces of prodein which mey include gome radlosctive
phospho=-protelit, Tuprther, the precipitate of DNA nay
have adsorbed on Lts sweface other vadiocactive compounds
which cannot readily be washed out with aclds even though
Daovet and Stevens Hooper (1957) have claimed that this
e possidle. Jueh vadloactive contanlnation may raise
conglderably the speeific activiity of DUHA, These
iwmpurities can, however, be easlly separaied by subjecting
the DHA to ionophoresis. When this 1s done the radlosctivity
decrsases markedly and the amount of phosphorus corresponding
o DNAP ls also counsliderably reduced.

When due precauntions ave taken to obiain pure DA,
32? is an extremely sensitive indicator for detecting new
DUA gynthesis in the adrenal gland, In the casge of the
guinea-pig treated with lyophilised ACTH there is no
increased upiake of ﬁQP up 40 16 hours (Table 10). With
Acthar-gel theye is ne increased upteke even at 1 day, so
that These gtimulations do not cause any incresse in
mitobtic rate, but 5 rapid and continual rise as appavent

when trestment with Acthar-gel 1e contiauved beyond 1 day.



Ag nas already been dlscussed, the use of lyophillised

ACTH plus Acthar-gel acts ag & great stimulant inducing
rery rapid mitotic activity which remesine conetant after
raeaciing the umaximun value at sbout 24 houwrs, at which tine

2? ineorpoeration into

thers 1g an increase by awvoul 400% in ?
DA,

In the case of rats also the iancreased incorporation
of “°F into DNA under the action of Acthar—gel cccurs only
s conptant (Teble 12; Bige 9)e

1a
52

‘T Yukes place iunte the DNA of

at 2 days and therealter

Increased uptake of
the adrenal glends of scorbutic guinea~pigs (Tuble 41)
bot this observation iz not always reproducible (Pable 45),
Hence 1t 1@ doubiful whether scurvy always induces synthesis
of new DNA, In thisg experiment orn scorbutic guinea-pigs
(Tables 40 smd 41) 1t wad further noted that the two

ACTH-treated groups with and without a supplement of

significantly greater than that of the ofther group. The
reasoln Tor lhis anomaly is, however, not ciear.
dypophysectomlised rals show very little lucorporation
of 32? into DNA, and stimulation with ACTH for % days still
does not result in any provounced lucrease in 32? uptake

(table 163 Fig. 11). 1% i therefore reagonable o suppose



that %hé dose of ACHH given does not cauvse any significsnt
im rease in wnitotie activity in the hypophysectomlsed rat,
but causes only hyperirophy. Similavly, aduinistratlion
of cortisol o normal yvaits reducesg the incorporation into
DEA (Table 20) and simulisncous treatment with 10 mg.
Actharegol daily, although indusing hyperitvophy of the
glond, does not dnerease the lucoxporetion of 32@ into
DNA sbove the normal value. It seems, therefove, thed
when the ianternal secretion of ACTH is supprossed awn
gxogenoud eupply of 10 mg. dailly to adult wates does nod
cauge hyperplasia.

On the other hand, significant inecveases of
uptake into the adrenal DNA of cortisol-ireated ilmmaturs
rate arg observed when thege arve treated with 15 mg.
Acthar~gol dally (Table 25) and also when wmuch lavger doses
of ACGIE are given 1o immature vats which had not received
cortlimsol (Pable 26), In the latter case theve lg, in
addition, & measurable increase in the amount of DNAP. It
would meem that hyperplasia can be produced in the rat
adrenal by very larvge doses of ACTH, though, of course
the reppouse in the young ret mey be differont from thab
which occuys in the mature snilmal,

The wole of MNA in sdvenoccoritical function is not

fully underatood. DRA hes sometimes been lmpllicated



in protein metabolism and the position has bheen reviewed
by Wilkins (1957), but whether it does play seny imporitant
role in sioiley processes iun the adrenal is not clear
Prom ouvy experinentso. Lt i poseible that an increaved
demand for corbticosteroids sueh ap would oceur wader
mlld stress i met by byperivophy of the gland, but when
the demand lg greater than can be accommodated by simple
hyvertrophy, an inercase la the cell nuwmber becomen
necessary, resuliting in further synthesls of BNA and
pervheaps also of protein,. it is also to be remembered
that in condivions of ovevaetivity of the gland, such

a8 Cusghing's syndroms, marked hyperplasia of the gland

ia found. Very great stlmulation of the gland with
AGTH ox the gpplication of & severe sivess perhaps sgimulate

guch conditlons of overactiviity in cauging hyperplasio.

LeGa Metabollsm of RNA.

Adninistration of ACTH sauvsee hyvertrophy of the
adronal gland resulting in en increase in the RNAP
conbtent not only of the glend as a whole but algo of
cach cell. In the wat this increase in gnount is,
however, accompanied by a net lowering in the relative
gpeclfic activity. Thip finding which 1s consistently
reproducible undeyr dlfferent conditions of stlmmlation

in the experiments with rate reporited here is appavrently



in contrast with that of Nicholls gt agl. (1956 b)), who
Find . that emxpoonre of rals o cold fox 16 hours brings
akont an imgreaée in the incorporation of 32@ into RBHEA 53
nucleotiden, Since ewxposure %o culd is presuwmed Bo R
act a8 a otress on the pliulbory releaging more ondogenous
ACTH  the weagon for this differonce in the incorporation

into BWA 1o not clear. The experiments descrlbed in

thig theeio wostvly involve 5 days of ACTH adwminlstration

32@

with a Z-hour incorporation at the end of this pexiod

whereas Nlcholls et al. subjected the rate to o sirens

Jgﬁ incorporation ocourring duving

lasting for 16 hours,
this entire period. Purvher they used Sprague-lDawley
rate 2 different strain from those used in (lasgow.
It is possible that these differences in experimnental
condltions may in pert be respounsible for different
incorporation patterns observed. |

The ned lowering in the velative specific activity
of BYA Indicatos that the pool slze of RBNA is incveasing
while the incorporatbion is not keeplung pace with it.
further the total radiosetlivity of RNA, the product of
relative gpeclfic activity and RNAR content per pair
of glands (Tables 12 and 25), remaing falrly steady
before and after ACTH Yreatment. It appears, then,

that the rate of syonthesis of RNA, a8 moasured by the



uptalke of 323, ig not affected by stimulations with
ACTH but that the entire increage is due to an
enlargement of the pool slzge of RNA caused by restraint
on the breakdown of RNA, Similar findiangs have been
reported by Munre gt al. (1953) in theiv studies on the
gfiect of diectary changes on the RNA content of rat liver
and the renewal ol RNAP. They have found that by
providing an energy rich diet hoving o high protein
content, the amount of liver RNA ip increased withouts
any significant change in the proportion of phosphorus
atomns replasced in o given tlme. Hence it is concluded
that adminigtration of ACTH iunterferes with the normal
mechanism of bresskdown of RNA in the adrenal of the rat
and the increase in RNA condent is mainly due to thig.
Withdrawal of endogeunous ACTH from wats through
the administration of cortisol has been found to bring
about a rapid decline in RNA content of the adrenal
gland. Since the administration of exogenous ACTH
restraing the breakdown of RNA it is poseible to
envisage the situation vihere complete lack of ACRI causes
a ropld and unhindered broakdown. Administration
of 32? to the cortisol-treated rat reveals a decreased
inecorporvetion into RWA (Table 20). This may be due
to decreased synthesis of RNA or it may be a8 secondary

effect due t0o reduced incorporation into RNVA precursors
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in, for exemple, the scld-soluble fraction, as a vesuld
of the general disturbance of metabolism by cortisol.

The metebolism of BNA in the guinee-plg is diffeventd
Trowm that seen in the rat,. Adwinigtration of ACTH brings
gbout 2 movre rapld and more pronounced increase in the

}QP shows

RYA content of the gland and the uptake of
an increase with stimulatlion in contrast o the »at.

This Pfacet indicates that the vaite of syntheslis of RNA

ig increased in the ACTH-treated guinea-pig.e Also,
wnlike in the wat, the withdrawel ¢f endogenous ACTH

does not canpe breakiown of HNA to any significant ewtent
in the gulnes-pig, so that the elfect of ACTH on the
metaboliem of RWA in the gulnes-pig appears to be somewhat
different fwom that in the wrat.

I% hag been shown that protein syathesis iun the
pdrensl gland can be indueced to take plaece withount
increave in the smount of BYA by providing asn encrgy
rich diet countalning adeguate protein. £t must, however,
be pointed out this sequence of biogynthesls of protein
in the adrenal gland is not necessarily the same as that
which takes place under ACTH gstimulation. A olose
verelilelicu between the amouvnts of RNA and protein is
observed when increased syunthesis takes place due %o

gtlunlation by ACTH.
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Symington, Duguld end Davidson (19%6) point outd
that under stimulation with ACTH, the content of
anzyme plosphatase incresses in the adrensl gland,
lndicating Increased protelin synthesis at the same btime
an the RUA gontent is rising. In the experiments
vaported in this thesis similar close assoclation has bheen
observed, Administration of lyophilised ACTH 4o guinca-
pigs which does not induce any increase in the REA coutentd,
up %o 16 hours does not yroduce any inerease in the
protein eontent (Table 9). When o rapld stimumlation
is caused by adminlistering lyophilised ACYH sud Acthar-
gel , pavellel increases are observed in protein and RNA
(Table 7). In the scorbuitle guinea-plgs in which the
adrenals undergo considerable bypertrophy both RNA and
protein wndergo comparable increases.

There ig no doubt that HA playe a very promineni
part in the adrenal cortical funcitlon, both under norasl
gonditione and uvnder condlitions of gtross even though
its role 18 8till not clearly undersitood. It i
posaible that 1t is dntimatoly conuected with the
aynthesls of proteins, especially the engyme proteins
whose activity ilucreases with stimulation of the gland,
L% is noteworthy that the wlthdrawal of endogenous AGIH

in rats, which rapldly decreapes cortical activity,



probably by the losps of enzymes, also brings abous

a decrease in the LNA, Btimnlation, which inercapes
corticold output, likewise increasesn RNA content. Such
g wole of RVA in siterold biosynthesis may not bo divect,
hut only secondary, ns ig indicated by the fact that ACTH
gstinulation brings about an Increase in sterold outpud
within a Pew wminutes while the inerease in the R¥A doos

not take place Cor seversl hours.

bale Role of TP in adrenocortical aebividty.

It ig also woril notlng at this stage that the LP
content of the adyrenal glead closely follows the REAP
and the Pri content in ite changes under sbtinmulation
by ACHR and is weletod o the protein pattern in iis
changes following dletavry vaviatlong, Lt appears
thevefore that LP 1is more direetly related to the
protein than to the RUA, The recent veport of Hendler
(1958) that lecithinase A and lysolecithin inhibid
the incorporatlion of dsotoplically lsbelled phenyl-
alanine into protelns of hen oviduct minces, gives
gepport bo the poseibility of phospholipids taking

pars in the blogeunesils of proteinsg,
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The effect of adminisirvaetion ¢f ACTH on the
mebabollow of nuclele aocid, phospholipid and protein
in the adrenal gland has been studled in the guinea-
pig and ian the rat.

It has been shown that ACTH does not eausc
changed in nuclelc acld and protvein content of the
gland antil sevaeral hours afber asdministration.

AGTH causes hyperirophy ag evidenced by an
increase in RNAP content per sell, and hyperplesia awp
shown by an increase in DUAY content of the gland.
The response in the gulunee-plg 1o nore rapid and
nore pronounced than in the rat. In the guinea-plg
inereases raaging from 85-110% over the control
values are obteinsble for REAP by stimmlation with
detharegel For 5=-5% days, or by stimulation with a
combluation of Acthar-gel and lyophilised ACTH for
24 hours. The increase in DEAY amounts to aboud
50% over the cowtrol value. In the »at the maximal
inersase obtained in RVAP is aebout 30% while no
moasurable incerease occurg in DEAP.

The suppression of endogenous ACTH by sdminlgtreie
ion of coritisol to the rat is shown 4o be as
gffective as hypophysectony. Such treatment resulis

in rapid and extengive damage to the coriex, as
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ghown by the decrasse lu nuclelc zelid content. A
gimilar ouppression of endogencus ACTH in the
guinea-pig by cortisol adninisiration does not
pause & severe deeline in the muclele acid content
of the gland. The suggestion 1s made, in cvder
to explain thege diffevences in the itwo species,
that the adrengl in the rat is funcitioning under
greater stimulation of endogenous ACIH, the lack
of which cauges rapid degeneration, while in the
guinga~-plig the stimulation by clrculating ACTH is
comparstively small.

Studies on 32? incowporation into RNA indicate
that in the rat the increase in RNA content of the
adrenal glond undey ACTH stimuvlation is csused by
the cessation of RNA breakdown, while in the guineg-
pig the stimulation causes increased vate of
gynthesis of RWA, so thet ACTH appears 0 control
RWA metabolism in different weys in the two species.

Incorporation of EQP into DNA has shown thed
synthesis of DNA in the adwenal gland of the normal
animal is negligible, while ACTH sgitimvlatlion causes
a large ineresse in incorporation 1ln the guines-pig
and 8 smaller increase in the rat,

The effect of severe ascorbic acid defleiency on

adrenal nuclelc acid metabolism has been studlied
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in the guines~pig. It hes been shown that the
hypevitrophy of the glend which oceurs in seute ‘
geurvy cen be prevented by simultancous a&mini@traﬁiOﬂ'v
of cortieol, so that the sitress caused by the discase
presunsbly results in enhanced pilwiltary secvetion of
AGTH.

5 Dietvary changes have been sbown to gause
glgnificant changes in the LP and the PerN content
of the rat adrensl, without chenge in anuelelic acid
content and to alter the pattern of 52p incorporation
into various fractions of adyensl tissue. A
protein~free dietv with a high energy invake couses
a decrease in LP and Prl, while an adequate protein
diet elpo providing a high energy intake, couses an
increase in LE and PpeN, An enevrgy-riech dietv decreases
the Incorporation of 52& into the acld soluble
fraction, this decrease being wmore pronounced whon
the diet is protein-ifrec.

D The presence of g btumour in the body preduces
pronounced chenges in the adrenal of the yait, btending
to inereasc the LFP and Prl content of the gland
wi.thout, however, auy aigm&fic&nt'ahange in the
nueleic acid content, There is a marked suppression

of incorporation of ~°P into the acid soluble



fragtion of the advenal. Inereased synthegig
of DA is indicated by sn inerease 1ln the speclfic
activity of the adrensl DUVA of vats bgeying an
infected tumour.

10 The significance of these chenges as well as
the possible role RVUA, DVA and LP in adreno=cortical

fongtion is discussed,
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