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PREFACE

Tue Ctsa FounnatioN, 2 usnique internetional institurion,
owes its inception to the generosity of CIBA Limited, Basle.
However, bemg established vnder British trust Taw, it enjoys
complete independence in practice and policy.

Under the guidance of its distinguished Trustees, the Founda~
tion offers accommadation ta scientists from 2)l over the world
at 1ts home in Portland Place. Foremost in its activities 13 the

SRR e P

Fach of these one-day study groups is being organized in honour
and around the work of an eminent member of the Foundation's
scienufic advisory panel, on which there are 1-3 representatives
for most of the countries of the wosld,

The Foundation convenes many other informal discussions
between research workers of different disciplines and different
nationalities and each year invitez an outstanding authonty to
deltver a special lecture. An exchange programme between
French and Britsh postgraduates 13 conducted and a fibrary
service 18 aymlable Furthermore, the Ciba Foundation attempts
m gvery other way possible to aid scientists, whether they be
Nobet Lauteates or young graduates making their first onginal
contnbution to research

‘The publmmm of the ﬁrst six study groups 18 regarded as

theless with rapid prod: of the pro~
c:cdmgs of both ccnf:rcnccs and study groups, it is hoped that
readers in more distant centres, away from easy reference to
the latest hiterature, can feel a httle more closely 1 touch with
recent developments and may be stmulated to make their own
topical contnbutions to international research.
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CHAIRMAN’S OPENING REMARKS
F. G. Younc

I cannor claim to be an expert on adrenal hormones, but Tam
very glad to have the opportumity to be here today to hear the
discussion and to meet many old friends. It seems most appro-
pnate to have a discusston on metabolic effects of adrenal hor-
mones in 1960, since it marks the centenary of the death of
‘Thomas Addison, the discoverer of the importance of the adrenal
glands, and of course the discoverer of the disease which bears
us name.

For thus reason alone 1t would be suitable to hold this con-
ference during the present year, but there is a much more
compelling reason in the presence in Great Britam of Professor
George Thorn, the guest of honour on this oceasion, Professor
‘Thorn and hus colleagues have done so much 1n this field of
1nvestigation that there can be no doubt about the appropriateness
of the subject we discuss today 1a his honour.

In constdering the title of this conference I was struck by the
need to use two plural nouns: “effects” and “hormones”
Addison never really commutted himself to any conclusion as to
why the suprarenal capsules are so essential to health and hfe.
There 15 some evidence that later m his Life he tended to swim
with the current of scientific and medical thought of the time
and to lean to the view that the fatal effect of disease of the
suprarenal capsules was not directly due to the disease of the
glands themselves, but to the damage and distutbance that were
thus induced m the neighbouring nerve trunks, At that time
the nervous system was thought to be domunant and in fact
almost alone 1n the co-ordination of functions in the body, and
the idea that humoral factors mught play a part was accepted
with difficulty and only very slowly.

Although the modern 1dea of hormones starts with Addison’s
publications it can be regarded as having been formalized by the
work of Bayliss and Starling early in this century, as the result
of which the word * hormone™ came to be coined, Derived from

1



2 F. G, Younc

the work of Bayliss and Starting and of others in the carly years
of this century, the idea seemed 1o be one hormons—one gland—
one function, But the many different actions of adrenaline
quickly disturbed the simphcity of the idea of a single function,
Since, however, the presence of noradrenaline in the adrenal
medullz was missed for many years, the idea that there might
be one hormone—one gland seemed to be reasonably established
until investigations on the anterior pituitary gland and, later, on
the adrenal cortex, revealed a multiplicity of active substances in
both glands, The isolation of many active adrenal steroids gave
r3se 1o the belief that no one of them could be the hormone of the
adrenal cortex, and in the examination of the multiple effects of
adrenal steroids, wath respect to physiological action and clisica!
effect, Professor Thorn and s collesgues have been most
effectively industrious. We owe it to them in particular that
there is less confusion in this feld than there mught otherwise
have been.,

The fact that species differences are now known to exist in the
propatttons of the different adrenal steraids which are iberated
1mto the blood 15 2 marter that should not be neglected in the
assessment of the function of the adrenal cortex in terms of
expentments mnvolving the effect of a single admnstered adrenal
steroid. The permissive action of the adrenal steroids which was
s0 clegantly described by Dr. Dwight Ingle 1s another complicate
1ng factor in the interp of sunple and agan
this ob fy well not be neglected by the bers of this con-
ference in the discussion today.

The stiking effect of adrenal sterords 1 relieving the syraptoms
of rheumatoid diseases, deseribed by Hench and his colleagues
in 1949, naturally led to 2 boom sn adrenal steroid research, but
1t is both chastentng and disappointing that after eleven years of
wtensive research we are sull not 1n a posstion to define the
mechamsm of action of sterords n this dramatic effect The
multiphaty of effects of adrenal sterords which we now secognize
poses a challenge which the bers of today's conf Tam
sure 4re ready to take up, and although progress may be slow
advances are being made, Ten years ago there was a good deal
of op about the ifi of it w which
endocrne glands were removed, or hormones administered to

normal ammals or to deficient animals, and the chan 'n the
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measured enzyme actwity in particular tissues was determined
at intervals and under various conditions. It seemed very reason-
able to suppose that this ultimately could lead to the pinpointing
of the effect of a hormone on particular enzyme systems. This
optimism has not been entirely justified, as things have turned
out, although as we shall hear from Dr. Ashmore today there is
more hope with respect to certain liver enzymes than there is
elsewhere. On the whole the conference will probably be more
concerned with the effects of steroids upon intact animals than
might have been expected on the basis of our views ten years
ago. Emphasis has perhaps shifted from enzymes themselves,
and the effects of hormones thereon, to the availability of co~
enzymes. Wenow realize full well that we have chains of enzymes,
and cyclic processes, all parts of which may be affected, directly
orindrrectly, by | The Aling of the multi:

systems which are involved has not yet led to an ability to pin-
point the 1nitial effect in the process for which the hormone may
be responsible. Whether adrenal steroids have 2 single point of
action on the basis of which we may explain the multiple effects
13 2 subject we shall have to consider, although again, the
optimism that once reigned n this respect is not so evident now
as might have been expected at one time.

It is unlikely that at the end of today’s conference we shall be
able to pinpoint any metabolic point as of focal interest in the
action of adrenal steroids, but I hope we shall have made a few
stabs at it,

1 trust, Professor Thorn, that at the end of the day you will
feel that we have, by our enthusiasm for research on adrenal
hormones, honoured you mn the way I am sure you would prefer
to be honoured on an occaston such as this,




ACTIONS OF CORTISOL AND RELATED
COMPOUNDS ON CARBOHYDRATE AND
PROTEIN METABOLISM

C. N. H. Long, O. K. Smrt and E. G. Fry

Department of Phystology, School of Medicine, Yale University,
New Haven, Connecticut

It is now well blished that the ad: ical hormones,
of which cortisol may be considered a prototype, exert a con-
siderable effect on the metabolism of carbohydrate and protein.
The hypothesis that the effects on the metabolism of (hesc sub-
stances are d and are 2 of an
rate of protein catabolism is based on “the following evidence.
(2) Adrenalectomy reduces the glycosuria and increased nitrogen
excretion of fasting totally depancreatized animals, while the
admunistration of adrenocortical extract, cortisone or cortisol
returns the glucose and mitrogen excretion to diabetic levels.
(b) Adremlectomy also reduces the nitrogen excretion and extra
glucose fc iated with such conditions as phlorrhizin-
ization or exposure of animals to reduced tensions of oxygen
(¢} The admunstration of an excess of adrenal steroids, such as
corticosterone or cortisone, to fasting normal, adrenalectomized
or 33 ized animals i to a marked degree, the
carbohydmte stores of the amimals. At the same time there is an
mncreased urinary nitrogen excretion sufficient to account for the
newly formed carbohydrate in terms of the extra protein catabol-
1sm (Long and Lukens, 1936; Long, Katzin and Fry, 1940;
Evans, 1936). Taken as a group these expertments appeared to
furnish adequate support for the view that a pnimary function of
the adrcnal cortex is to accelerate tissue protein catabolism, thus

ilable to the 2 large and new source of
carbohydrate to meet 1 which an adequate supply
of this foodstuff 13 essential for existence,

Ho“ ever, this view of the nature of the essential effect of the
carbohvdrate and protein bol

1h
tical
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has required modification stnce it was observed by Russelt (1939),

Long, Katzin and Fry (1940) and Ingle (1941) that adreno-

comcal extracts of ccmsone, admuustcrcd m rats fed thh glucose
B

d with ding or equivalent changes in protein
metabolism. The cxpenmems by Ingle (1941) were carried on
over several days of cortisone m;emon By this time the animals

ad developed marked hypergly iz and glycosuna, a cond-
tion now generally referred to as “steroid diabetes”. At this
time the glycosuria was gre:nly in excess of the amount that could
be t to the i  protein catal !

However, long-continued injection of cortcal hormones is not
necessary to demonstrate their capacity to alter the pattern of
glucose utilization itself, Long, Katzin and Fry (1940) showed
that animals treated with cortical extract over a four-hour period
have 2 smaller utilization and a greater retention of glucose, 2s
Tiver and muscle glycogen, than do untreated animals. A smilar
depression of glucose wtilization, at least as judged from the
respiratory quotient, was observed tn man by Thom and co-
workers (1940)

It would appear then that, depending on the experimental
condittons used, 1t can be concluded that the primary effect of
cortisol and allied substances is esther to accelerate tissue protemn
catabolism or to decrease the utilization of carbohydrate. Since
1t is well known that decreased catbohydrate utihization, such 2s
follows insulin deficiency, 1s also associated with a loss of tissue
protein, it becomes of some importance to decide which of these
two posslb]e modes of action 18 responsxble for the effects of
excess or d of onthe
of carbohydrate and protem,

This paper is to report some further experiments designed in

2n attempt to distingutsh between these two possible modes of
action,

Carbohydrate metabolism of fasting rats given an
excess of cortisol
When adrenalectomized rats, previously fasted for 18 to 24
hours, are mjected subcutaneously with 10 mg. of cortisol there
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occurs over the next 48 hours a continuous and remarkable
accumulation of carbohydrate in the bodies of the animals
(Table I). The features of this effect are (a) a rise in blood
glucose of about 40~50 mg. per 100 ml. which is evident from one
to two hours after the injection, and which is sustained at this
level for 48 hours; (b) an elevation of the liver glycogen, which
begins somewhat Jater than the rise in blood glucose, but s con-
tinued for at least 24 hours and is maintained at a very high Jevel
(150-200 mg. per 100 g. body weight) for another 24 hours;
(c) 2 much slower rise in muscle glycogen which is not significant
until 8 to 12 hours after the injection of cortisol; (d) 2 total
accumulation of carbohydrate in the body that is equal to the
amount present in the animal at the time of injection, and which
increases the total carbohydrate content of the body to levels
usually found in glucose-fed normal animals.

Table 1
¥ INJECTED WITH

Fastep RATS,
10 M. coRTISOL
All values mg. per 100 g. body weight
Total
Liver  Muscle carbo-
Glucoset  glycogen glycogent hydvate  Inerease
Controls 14 2 196 212 —
Cortisol 1 hour 16* 1% 210% 227 + 15
» 2hours 18 30 205 236+ 24
w3, 24 14 234 272+ 6D
PR 23 18 198» 239+ 27
O T 22 32 215* 269 & 57
" 12, 2% 82 255 361 + 159
no 2, 25 179 284 483+ 276
” 48 ,, 25 200 286 511 + 299
Fed normal rats 21 238 368 627 -

* Nor signsficant.
f 2 f body weighs
PR rE i ol ek fherding
These striking increases in the carbohydrate content are
panied by equafly fable i in utinary urez
excretion (Fig. 1), the excretion being doubled over the '24-hour
period. When the extra urea excretion i3 converted into the
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amounts of extra protein catabolized it will be seen that about
60 to 70 per cent of the amino acids released have been retained
as carbohydrate in the liver, muscles and blood, and that only a
small portion of the large amounts made available by the action
of this excess of cortisol has been utilized. When it is considered
that these animals have received no food for 48 or 72 hours the
paradox between the abundance of their carbohydrate stores and
its non-uttlization for their energy needs is apparent In other

FROTLIN 1055
Nxe.25)

RE
INCREASE IN
25 890Y GLUGOSE

Mg PER 1005 80DY WEIGHT

L3 [ iz 24

HOURS AFTER CORTISOL

Fis, 1, The effect of corusol (10 mg subcutaneausly) on the cirbo-
hydrate and protein of fas

words, in spite of the provision of an excess of carbohydrate
from the protein stores there does not appear to be a correspond-
Ing increase in carbohydrate utilization. The absence of any
increase mn utilizatton is 2lso borne out by data derived from the
respiratory exchange,

Consequently, it would appear that regardless of the source of
the carbohydrate, that 1s whether 1t 15 derived from exogenous
or end sources, the admi of cortisol di
glucose utilization and at the same time increases the levels of
carbohydrate in the Liver, muscles and body fluids.
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Experiments that indicate an effect of cortisol on carbo-
hvd holiso ind. 1 1 %
of in
protein metabolism

It was pointed out above that Long, Katzin and Fry (1940)
found an eflect of cortical extracts, without any change in the
nitrogen excretion, on the dispasition of fed glucose in normal
rats. In a converse type of experiment Engel (1950), using the
rate of accumulation of urea in the blood of nephrectomized rats
as a measure of the rate of protemn catabolism, found no increase
in urea formation until three hours after the injection of ACTH
or cortisone. Since Boucat, Guild and Merrill (1958) observed
that acute nephrectomy did not alter the disposition of fed
glucose, it may be concluded from Engel’s experiments that the

imulation of protein catabolism was either delayed under his
experimental conditions or that a change 1n carbohydrate meta.
bolism had preceded it.

In recent expeniments in this laboratory the effects of cortical
extract on carbohydrate metabolism were studied under three
other conditions in which alterations in protemn metabolism were
either absent or occurred only to a mimmal degree. In the first
type of exp fasted adrenal ized rats were infused
for 13 hours wath either glucose, fructose, glycerol, lactate or
malate in amounts of about 120 to 150 mg. per 100 g of body
weight an hour. The amount of hver glycogen deposition and
the r1se 1n blood glucose were compared with those found én

studied, adrenalectomy reduced, while prior cortisol injection
restored, the proportion of the precursor deposited as liver
glycogen. The same investigators also observed that the sub-
o wdenmal ma whunk an aarmal frorerd eate 1e

S Tiver glycogen deposition in fasted ad d
rats even though comparable increases 1n blood glumse.:{nd
lactate occurred. However, normal liver glycogen deposm.an
occurred when the adrenalectomized animals were treated with

adrenocortical extract or cortisone. Evidently a normal Cori
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cycle occurs only when adequate amounts of cortical hormones
are present in the body, or are released under the action of
adrenaline, As is well known, adrenaline in the short periods of
time used in these experiments does not increase the nitrogen
excretion. These experiments confirm those cited above since
the only difference is that following adrenaline injection the
organismn s presented woth an excess of lactate derived from an

4150 ADRENX -DIABETIC
=~
v H2s rayno
H ‘sLucosed coatisey
0 =
» 4100
H
S
H
3 478
a
g
3
i 4350 TLueoye
x omy #1003 rhear
H
SoRTIsOL
z 428 £DRVISOL
i - IS rryrey
o R S
- 4 Sauine
2 —+ v e
o i 2 3

wouns 4F Wryzion
Fio 2 The effect of cattisol and elucoss 1nfution, esther siogly

ot together, on the bload glucase of fasted adrenalectomuzed
slloxan-dsabetic rars

endogenous (muscle glycogen) source wnstead of an exogenous
one.

In the fast expertments in this seties, fasted adrenalectomized
alloxan-ciuabetic rats were mfused for a three-hour penod with
cither (2) a very small amount (10 pg. an hour) of cortisel,
(b} glucose at the rate of 20 mg per 100 g. an hour, or {c) both
Arcbinnt o d SRR A AEE R
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Experiments that indicate an effect of cortisol on carbo-
hydrate boli: ind d of cb in

protein metabolism

It was pointed out above that Long, Katzin and Fry (1940)
ﬁ?und an effect of cortical extracts, without any change in the
nitrogen excretion, on the disposition of fed glucose in normal
rats. In a converse type of experiment Engel (1950), using the
rate of accumulation of urea in the blood of nephrectomized rats
as a measure of the rate of protein cataboltsm, found no increase
in urea formation until three hours after the injection of ACTH
or cortisone. Since Boucat, Guild and Merrill (1958) observed
that acute nephrectomy did not alter the disposition of fed
glucose, it may be luded from Engel’s experi: that the

imul of protein catabolism was either delayed under his
expenimental conditions or that a change in carbohydrate meta-
bolism had preceded it.

In recent experiments in this laboratory the effects of cortical
extract on carbohydrate metabolism were studied under three
other ditions in which jons in protein lism were
either absent or occurred only to a minimal degree, In the first
type of experiment, fasted adrenalectomized rats were infused
for 1} hours with either glucose, fructose, glycerol, lactate or
malate in amounts of about 120 to 150 mg. per 100 g. of body
weight an hour. The amount of liver glycogen deposition and
the rise in blood glucose were compared with those found in
normal rats or adrenalectomized rats injected 3% hours previously
with 5 mg. of cortisol (Wintemitz, Dintzis and Long, 1957)

These results showed that in all the glycogen precursors
studied, adrenalectomy reduced, while prior cortisol injection
restored, the proportion of the precursor deposited as hiver
glycogen. The same mvestigators also observed that the sub-
cutaneous injection of adrenaline, which in normal fasted rats 1s
followed by a rapid deposttion of liver glycogen as a consequence
of the accelerated release of lactate from muscle, failed to cause

gni Ttver glycogen dep in fasted ad ized
rats even though comparable increases in blood glucose and
lactate occurred. However, normal liver glycogen deposition
oceutted when the adrenalectomized animals were treated with

adrenocottical extract or cortisone. Evidently a normal Cori
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laboratary. Rats either adreno-demedullated two to three months
before or adrenalectomized seven to ten days before were used.
After evisceration they were given a single infusion of 50 mg, of
plucose per 100 g. and then infused for a period of threc hours
with glucose at a rate of 15 mg. an hour per 100 g. The pre-
liminary injection of glucose raised the blood glucose to 150 to
200 mg. per 100 ml. while the subsequent continuous infusion

2254

2004
* 1ysd Aorzux
- Py
®
h
u 1504
2
g
EH ° ApAENx 4 corTIOL
3 ppsd A TSITE T
s
8
2
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1004 EVISCERATED RATS

sLUCOSE G mq ey
*I5mg 7100 q / Nuur
5

6 ©0% 16 15 zo 25 30
HOURS OF INFuSION
Fi6 3. The effect of cortysol on the glucose tolerance of
eviscerated rats.

brought about a further sise during the next three hours of sbout
25 mg. 100 mi. Under these conditians it might be anticipated
that any reduction in glucose utifization by cortisol would be
easily detected. However, neither the subcutaneous injection of
10 m‘gA of certisol, two, three or five hours before evisceration,
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preparations, Glucose infusion at the rate used produced 2
modest elevation of the blood glucose, a result that incidentally
indicates how little the glucose utilization rate of alloxan-diabetic
rats is improved by adrenalectorny. However, when the glucose
and cortisol were infused together the resulting increase in blood
glucose exceeded, to a significant degree, the increase anticipated

fon of the i produced by their separate
administration. The only logical conclusion would seem to be
that amounts of cortisol, which in themselves have little or no
effect on gluconeogenesis from protein, nonetheless have
marked effect on the utilization of infused glucose,

The effect of cortisol on the carbohydrate metabolism of
eviscerated animals

The experiments cited above support the view that cortisol and
its related compounds actually inhibit the utilization of glucose
and lead either to an excessive retention of glucose as liver
glycogen or to its accumulation in the body fluids, Since the
muscles are the major organ concerned with glucose utilization,
and are also a major site of action of insulin, 1t might be antici-
pated that in liverless or eviscerated animals cortisol would also
snhibit glucose utilization. Such an effect, however, has not been
unequivocally demonstrated. Although Ingle, Nezamus and
Humphrey (1953) found that eviscerated rats infused with glucose
and adrenocortical extract for 24 hours had hugher termual
blood glucose levels than untreated amimals, such an effect was
not found m shorter pertods (Bondy, Ingle and Meeks, 1954).
— . ' [ PR [ SR T o writha

blood glucose of eviscerated rats infused with glucose and insulin
for periods of six to eight hours  Wick and Drury (1951) 1nfused
eviscerated tabbits with {¥*Clglucase and found that nesther
adrenalectomy nor the injection of cortical extracts had any effect
on glucose utthization.

Since this is a matter of no Iittle importance to an understanding
of the site of action of the adrenal steroids, a further series of
experiments on the effect of cortisol on the carbohydrate mfmbal:
ism of eviscerated rats has been completed recently in this
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animals, that cortisol over either short or long periods of time
does not impm’r the glucose utilization of the extrahepatic tissues.
C the easily ble effects of cortisol on the
metabolism of fed glucasc or its precursors in intact animals
must depend on the presence of the Liver for jts manifestation.

The effect of cortisol on the protein metabolism of
eviscerated animals

The question as to whether cortisol or its related compounds
can increase the rate of 2mino acid release from the tissues of
eviscerated (liverless) znimals is also of importance. Ingle and
his colleagues in a series of papers (Ingle, Prestrud and Nezamis,
1950; Bondy, Ingle and Mecks, 1954; Tilton, Torralba and
Ingle, 1955) report that these hormones jncrease the rate of
accumulation of ammo mtrogen m the blood or plasma of such
animals, However, a study of therr results mdxmtcs that neither
in their time relatjonships nor in thejr magnitude are the changes

observed comparable to the effects on urea nitrogen formation 1
mtact animals given comparable amounts of these hormones.
For example Bondy, Ingle and Meeks (1954) found that cortisol
mncreased the rate of accumulation of amino nitrogen in the plasma
of eviscerated rats infused with glucose alone by about 6 mg. per
100 ml, in 24 hours, with no effects evrdent in the first four to six
hours. If it is assumed that the increase observed mn the Jonger
expeniments is distributed equally throughout the body water, it
repsesents an nerease 1n amuno nitrogen of about 4 to 5 mg per
100 g of body werght 1 24 hours Thus is to be contrasted with
the increased rates of urea nitrogen excretion found 1n adrenalec-
tomized diabetic rats (cf. Table II) after cortisol, which reach
over 7 mg, per 100 g. body weight in four houts and about 33 mg

in esght hours While 1t is perhaps incorrect to stress too much
the temporal and quantitative differences between effects obscrved
n d and intact rats, nonetheless it must be

that there are no such difficulties in demonstrating an extra-
hepatic effect of isulin, on erther carbohydrate or protemn
metabolism, Thus msulm has been found to decrease the rate
of ammno acid accumulation in the blood of eviscerated animals
(Frame and Russell, 1946) and to stimulate amina acid incorpora-

tion into the isolated diaphragm (Krahl, 1953; Manchester and
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effect also observed by Bondy, Ingle and Mecks {1954). Itshould
be noted that there was also no difference between the glucose
utilization rates of adreno-demedufiated renal d

rats.
250 ADRENX EVISCERATED RATS
N GLUCOSE-3Qmg /100 -zero tima
2251, 450 mg 71009 /hav
\\
\
200
\\
bl 175 o INSULIN-O bunst shovr
2 —=
E ¥*205-291
w 150
I
Q
8
2 e
°
]
g 100
3
o
s
10mg $¢ -3ho
yri64=-33¢
50
25
0
Q Q5 1o (] 20 25 30

HOURS QF INFUSION

Fic. 4 Effect of cortisol on the glucose-insubn
tolerance of eniscerated adrenalectomized rats

Since eviscerated animals are also depancreatized amumals,
other experiments were performed in a simlar manner, but with
the addition of a small amount of insulin (0-1 U.S.P. ume an
hour) to the glucose infusion. As may be seen in Fig +, prior
teeatment of the animals with cortisol had no effect on the msulin-

snduced fall in the blood glucose. ]
1t would appear, in 5o far a3 this may be judged in eviscerated
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as to whether they have more than one type of effect on metabol-
ism is making it difficult to give 2 corplete answer concerning
their mechanism of action.

The liver as a site of action of cortisol

The possibility of a direct effect of adrenal steroids on some
phase of carbohydrate and amino acid metabolism m the liver
stself is discussed here by Dr. Ashmore and Dr Christensen

PERIPHERAL TISSUES
wutcLE, ATIPOE £1C

Jreren
s

oo,

INSULIN awine J CORTISOLY
B
corpisor i TRSULIN
“AoPENALINE
wose 1150 | aians
p Actos

corTISOL 7

ADRENALINE

Fic 5. Possible sites of action of insuln and cortisol on the metabolstm
of carbohydrate and protem.

However, it may be pomted out that readjustments in liver
metaboltsm could concervably bnng about alterauons n both the

bohyd: and protemn L of tl ipheral tissues
stnce the overall balance of the metabolism of thcse two foodstuffs
15 in the last analysis d d by the hp between

the lLiver and peripheral organs. The factors, including the
hormones, that regulate this balance are not well defined, although
itis apparent that cortisol and msulin are of major importance.
Fig 5 is a disgram imtended to indrcate the possible sites of
action of cortisol and insulin on the amino acid-glucose cycles



14 C. N. H. Long, O. K. Smrta asp E, G. Fry

Young, 1959), while its effects on the glucose utilization of
eviscerated preparations and 1solated muscle are too well known
to need further description.

Table 1T
ADRENALECTOMIZED RATS—FASTED 18 HOURS
Hours after cortisol—10 mg. s.c.

4 8 12
Increase in iver glycogen + 16 + 55 + 67
Increase tn glucose + 9 + 13 + 14
Increase in muscle glycogen 0 ] + 63
Total carbohydrate + 25 + 68 + 144
Increase i urine urea nitrogen + 42 +150 + 281
Protein equivalent (N x 6+25) + 26 + 94 + 175
Recovery of protemn as glucose % 96 72 77

ADRENALECTOMIZED-DIABETIC RATS—FASTED 9 HOURS
Hours after cortisol

4 8 12
Increase 1n liver glycogen + 2 16 —_
Increase 1n glucose + 42 + 51 _
Increase in muscle glycogen 0 0 -
‘Total carbohydrate + 44 + 67* -
Increase i unne urea mtrogen 72 +32:5 -
Protein equivalent (N x 6 25) 45 203 —_
Recovery of protemn as glucose 35 93 33) —

® Plus undetermined amount in the urine.
All values my per 100 g of body weight

Obviously, it is a matter of ymportance to determine whether
cortisol can 1 protemn bolism in the hepati
tissues to @ degree sufficient to account for its gluconeogenic
effect in intact animals, It is a curious fact that at the present
time we lack decisive evidence for both cortisol and insulin, on
the one hand of a hepatic effect of tnsulin, and on the other of &
peripheral effect of cortisol. Both may be resolved in the affirma-
tive as further work is done but at the moment this uncertainty
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cortical hormones show that the isolated tissue still exhibits the
differences observed in the intact liver. Thus a number of
investigators have found that the isolated liver tissue of adrenalec-
tomized rats forms less glycogen from glucose or other precursors
than does that from intact rats (Holmes and Lehmann, 1940;
Koepf et al., 1941; Bendall and Lehmann, 1942; Lipsett and
Moore, 1951). Pretreatment of the animals with cortical hor-
mones restored the defect or in normal animals increased the rate
of glycogen synthesis, The synthesis of liver glycogen also ap-
pears to be independent of the quantity of insulin in the body
since Miller (1949) found that adrenocortical extract increased
the liver glycogen to the same extent in both adrenalectomized
and adrenalectomized alloxan-diabetic rats.

'The interesting observation of Noall and co-workers (1957)
that cortisol may act by enhancing the rate of amino acid transfer
from the blood to the Liver, without having any effect on the
muscles, would also place this organ as a major site of jts action,
It might be pointed out, however, that if such an effect on amino
acid transfer does occur then it might be expected that the hor-
mone would have no effect on the protein and carbohydrate
metabolism of liverless animals

In spite of the large amount of work that has been done in the
last twenty years the only reasonable conclusion, at the present
time, is that there is still no explanation of the mechanism of
action of cortisol and 1ts related compounds on carbohydrate and
protein metabohsm that is adequate to account for 1ts effects
observed under all circumstances

Summary

The effects of adrenal steroids of the type of cortisol in
stunulating tissue protein catabolism and augmenting the amount
of carbohydrate in normal, adrenalectomized or dabetic animals
are briefly reviewed

It can be shown that, depending on the conditions under which
they are studied, the effects of these hormones on protein and
carbohydrate metabolism are not always associated with each
other In fasted animals there 1s a satisfactory quantitative
relationship between the extra amount of protein catabolism and

e extra carbohydrate deposited as Liver or muscle glycogen or
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between the liver and muscles. The sites in the periphery, where
there may exist an antagonistic effect on the amina acid or glucose
metabolism, have already been discussed. It should also be
remembered that the blood level of glucose can be regarded as a
regulatory factor in this relationship since any increase is invari-
ably fated with an i { msulin 1 Insulin will
reverse the flow of amino acids from the periphery to the fiver
and at the same time return the blood glucose to normal levels
by promoting glucose utilization, glycogen and fatty acid
synthes:s.

It would be a happy solution of a complex problem if it could
be stated that a decline 1n the rate of 2mino acid release was in
itself a stimulus to adrenocortical secretion but this has not been
shown to be so. Some years ago Tepperman, Engel and Long
(1943) pointed out that many conditions in which protein
catabolism is increased are also those associated with adreno~
cortical hyperplasia However, a direct relationship between the
two has not been demonstrated.

The fact that a deficiency or excess of the cortical hormones
influences the pattern of hepatic carbohydrate metabolism is
indisputabfe. Since this is evident when changes in protein
metabolism are either not found or are not demonstrable in the
peripheral tissues it may be suggested that there 1s a direct effect
of these hormones on the hepatic cells. Such an effect could also
be dered as d. bing the normal rel hips between the
liver and peripheral tissues in the regulation of protein and
catbohydrate metabohsm, Such types of effects are not un~
known. For example, Levine, Simkin and Cunningham (1949)
reported that the extreme insulin sensitivity of adrenalectomized
animals was not present after evisceration, a result symilar to that
found by Bennett and Roberts (1946) in eviscerated hypophy-
sectomized rats Another example 13 the observation by Lang,
Goldstein and Levine (1954) that the maximum capacity of the
peripheral tissues for the utilization of glucose under the action
of insulin is considerably less than that found 1n intact ammals
given glucose and insulin, implying that the presence of the liver
in some way was essential for maximal peripheral utilization of
glucose. .

Studies on the carbohydrate metabolism of liver slces taken
from adrenalectomized animals or those treated previously with
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DISCUSSION

oung: 1t is now twenty years since Long, Katzin and Fry
pubhshed the observzuon, sswmshmg at that nmc thzt xf  you

we still do not properly understand But the facts are undoubtedly
correct, and of great unportance

Fraser. Prof Long, in your comparnison of the response to
cortisol of the dibetic adrenalectomized and the simple adrenal-
ectomized ammals, there was very Little deposition of glycogen in
the liver i the dxabenc adrenalectornized amimal, whereas there
:vh:s a very strilung carbohydrate effect Could you expand on

it 7

Long: Muller has reported that adrenalectomized alloxan-
diabetic anunals given adrenocortical extract deposited Liver
glycogen to approximately the same degree as adrenalectomzed
anmmals, I think it 1s still an open question 3 to whether a small
amount of insulin is necessary for adequate liver glycogen deposi-
tion under these clrcumstances

ey ¥aal V3 e Mhaa Lo e een m e s L
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accumulating as glucose in the body fluids. In fed animals,
however, a marked alteration in the pattern of carbohydrate
metebolism can be found without 4ny significant changges in
protein catabolism,

Since cortisol has httle or no effect on the glucose utilization
and 2 relatyvely small effect on protein catabolism in eviscerated
(liverless) preparations it is suggested that specific effects of the
hormone on the liver itself may play an important part in deter-
mining the changes in carbohydrate and protein cataboltsm that
it invokes in the whole organism.

The ability of insulin to reverse both the rate of protein
catabolism and the apparent decrease in carbohydrate utilization
brought about by cortisol is indicated and the importance of these
two hormones in the regulation of a normal protein and carbo-
hydrate metabolism under various condstions is emphasized.
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animals that are already severely diabetic—the adrenalectomized
duabetic group of animals. The indications, from such expertments
as have been made on these arumals, are that there appear to be
no effects of cortisol on the glucose utithzation of the adrenalectom-
ized, diabetic, eviscerated ammal. It has not been determuned
whether there 1s a marked change i protein catabolism under
these cureumstances.

Morgan: In performed i with C. R
Park and D M. Regen, the perfused heast of alloxan-drabetic rats
has been used to study the inhibttory effect of adrenal steroids and
growth hormone on the penpheral unlization of glucose. The
Aemmen €. R e from the diabetic anumal

srmonal imbalance mnvolving

In order to locate the pont

Al Wi Liese 1OLINOtAL 14Liuls dol, 2t 18 necessary to Eno‘:’v what
Gham am b —mn b e s Fan o] smmen  mbalia s tha

L v

vanious external concentrations of glucose. In the absence of
msulin, the glucose uptake of the diabetic heart 1s depressed to
about 35 per cent of normal These rates could be taken as
approximately equal to mward transport since the intracellufar
free glucose concentration remamed low Thus the low uptake of
the diabettc heart is due principally to depressed transport. When
the hearts from hypophysectomized diabetic rats were perfused
ufxder comparable condm‘anf, the uptake‘ rates and‘_ 1{Atm§el&ular

tree glucose and 'y

“eletaled,
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nitrogen excretion, It appeared to me that in the first hour the
urinary urea excretion increased considerably in the saline control.
. Long: 1 mentioned that result with some reservations because
it 13 well known that attempting to correlate urinary nitrogen
excretion with a blood change 15 2 somewhat dangerous procedure.
However, there remains Engel’s observation, which I regard as
very difficult to explain in any other way, that in the nephrectomzed
ammal rates of accumulation of urea of the order of 3 mg fhr,
which would be necessary to account for the change in carbohydrate,
were not detected until after a very significant latent period.

Thorn., 1 am interested 1n your comments on Dr. Frank Engel’s
observations of the slow response of blood urea in the eviscerated
nephrectomized ammal This raises a point regardmg the import-
ance of the kudney itself in the rate of urea accumulation and
suggests that a more reliable experiment would be the hgation of
the ureters, leaving the endocrine kidney in place, rather than
removing the kidney in this type of experiment. I wonder if
Dr. Enge] has repeated the expertment with this type of technique

You will recall that st was Dwight Ingle who demonstrated
many years ago that in order to standardize a biological assay for
adrenocortical extract using a muscle fatigue type of recording 1t
was essential to remove the kidney of the adrenalectomized animal
in order to demonstrate a difference between the normal and
adrenalectormzed animal within a reasonable period of tume—
suggesting the importance of the kidney as a gluconecogenetic
organ.

Long: Some colleagues of yours (Boucat, N G, Guld, W. R,
and Mernll, J P (1958). Amer. ¥ Physiol., 192, 30) published a
paper in which they repeated the Engel type of nephrectomy.
They gave the anumals glucose by mouth and showed that there
was no interference, at least by acute uraetia, of the way in which
carbohydrate was disposed of.

Gross Have you any information about the effects of aldosterone
on carb bism ? was d| d that aldo-
sterone too has a gl effect and prod glycogen
deposition m the liver, but as far as I know no effect on protein
metabolism has ever been demonstrated. This would be another
example of the dissociation of corticoid effects on carbohydrate

bolism and protein bol

Long: T have had no expentence of this hind, but I understand
that the quantities of aldosterone required to show a glycogenic
effect are very much greater than those Jre‘quxredeo'r an effect on
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diabetic group of animals. The indicatrons, from such experiments
as have been made on these anumals, are that there appear to be
no effects of cortisol on the glucose utilization of the adrenalectom-
1zed, disbetrc, eviscerated anumal. It has not been determined
whether there 1s a marked change  protemn catabolsmi under
these circumstances,
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msulin, priwitary and adrenal factors. In order to locate the point
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step or steps are rate-hmuting for glucose uptake m the diabetic
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mtrogm excretion. It appeared to me that in the first hour the
urinary urea excretion increased considerably in the saline control.

Lorg~ I mentioned that result with some Teservations because
it is well known thar attempting to correlate urinary nitrogen
excretion with a blood change 15 2 somewhat dangerous procedure.
However, there remains Engel's observation, which 1 regard 23
very difficult to explain in any other war, that in the nep!
animal rates of accumulation of urea of the order of 3 mz. Jhe.,
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adrenocorucal extract using a2 muscle fatigue type of recording it
was essential to remove the kidney of the adrenalectomized animal
m order to demonstrate a _difference between the normal and
adrenalectormzed animal within a reasonable period of time—
suggesung the importance of the kidney as a gluiconeogenctic

Long Some mll:aguu of yours (Boucat, N. G., Guild, W. R,
and Memil), J. P. (1958). Amer. ¥. Physiol., 192, 30) published 2
paper in which they repeated the Engel type of nephrectomy.
‘They gave the anmals glucose by mouth 2nd showed that there
was no interference, at least by acute uraernia, of the way in which
carbohydrate was disposed of.
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these circumstances
Morgan_In i d 1n fation with C, R,
Park and D. M Regen, the perfused heart of alloxan-diabetic rats
has been used to study the inhibitory effect of adrenal steroids and
growth hormone on the peripheral utiization of glucose The
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vattous external concentrations of glucose In the absence of
nsulm, the glucose uptake of the diabetic heart 1s depressed to
about 35 per cent of normal These rates could be taken as
approximately equal to imward transport smce the mtracellular
free glucose concentration remained low. Thus the low uptake of
the duabetic heart 13 due principally to depressed transport. When
the hearts from hypophysectomized diabetic rats were perfused
u{xder comparable cand.monsr, the' uptake rates and'u"ltragel!ular
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nitropen excretion. It appeared to me that in the first hour the
urinary urea excretion increased considerably in the salise control.
Long: 1 mentioned that result with some reservations because
it is well known that attempting to correlate urinary nitrogen
excretion with a blood change is a somewhat dangerous procedure.
However, there remains Lngel's observation, which 1 regard ss
very difficult to explain in any other nay, that 1 the nephrectomized
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Dr, Enge) has repeated the experiment with this type of techmque.

You will recall that it was Dwight Ingle who demonstrated
many years ago that in order to standardize a biological assay for
adrenocortical extract using a muscle fatigue type of recording st
was essential to remave the kidney of the adrenalectomized snimaf
in order to demonstrate » difference between the nommal end
adrenalectormzed animal within a seasonable period of time—
suggesting the importance of the lkidney as a gluconeogenetic
organ.

Long: Same colleagues of yours (Boucat, N, G, Guild, W. R,
and Mernll, § P. (1958). Amer. 7. Physsol,, 192, 30) pubhshed 8
paper i which they repeated the Engel type of nephrectomy.
They gave the ammals glucose by mouth and showed that there
w23 no interference, at least by acute uracmua, of the way in which

carbohydrate was disposed of.

Gross: Have you any mformation about the effects of aldosterone
on carb d that aldo-
sterone too has = gh effect and prod: glyeogen

deposition 1n the liver, but as far as I know no effect on protein
metabolism has ever been demonstrated, This would be snother
example of the dissocration of coricord effects on carbohydrate
bolism rnd protein bol.
Long: T have had no experience of this kind, but 1 understand
that the quantities of aldosterone required to !hc;w a gly‘gogemc
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priate fast. In the adrenalectomized animals the blood glucose
nses from gbout 50 mg./100 m! to about 100 mg /100 m! jn the
first three to four hours and 1s then mamntamned at this level for at
least 48 hours. In the adrenalectgmized diabetic am’rr‘les the
B e TR S Sy PRI
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nadequate mnsulin secretion rather than a direct effect of cortisol
on the utilization of glucose by the pernpheral tissues.

Soffer. Have you any data on the effect of the glucogenic
steroids on the transport of glucose across the cell membrane,
somewhat along the Iines that you have shown ?

Long 1 have no evidence so far as the perrpheral tissues are
concerned. Our Chairman can answer better than I whether a
transport effect of cortisol on glucose through the membranes of
the muscle has actually been demonstrated.

Soffer. There 1s evidence that ACTH influences the permeability
of the cell membrane for xylose Such data have recently been
reported by Hechter and his co-workers

Cakidl That was only 1n adrenal tissue (Hechter, O , and Lester,
G (1960) Recent Progr Hormone Res , 16, 139).

Afnrrow Tn the merficpd haart sva hava hane « cahle 40 cLga

that changes 1n glucose utilization 1 vitro have been observed, by
considening the blood sugar level of the amumals involved ? If we
assume that the glucose requirement of, for example, diaphragm
muscle 1s more or less constant, then m the adrenalectomzed
e manl SLin 4 an NS S AR P B

what elevated, 'L'hus, for any given external glucose concentration,
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ation becomes almost exclusively limiting. Uptake, however, does
not, rise mL!he ‘hxgh‘ level reached in the normal with insulin,

per 100 £. of body weight) for 24 hours, the depression of phos-
phorylation returns and i, in fact, more pronounced than in the
diabetic heart, Thus pituitary and adrenal factors, in assocration
with insulin deficiency, appear to be le for the phosphoryl
ation defect,

This inhibition of phosphorylation indicates that the hexokinase
activity 1s reduced. This does not necessanly mean that hexolunase
13 inhibited directly by pitnitary and adrenal factors, but the
inhibition could be brought about indireetly by a change in the
level of g\\xfase—(\-p&r\csphmc. Tl:e levels of both g\uco&e-ﬁ-‘phos-
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time for all ¥inds of things to happen In these rather elegant
preparations that you used did the direct addinon of any of these
¥ ~cortisol for ple— e any effect ?
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an attempt by msulin to meet the situation created by cortisol
1 think this is the basus of steroid diabetes. The mmpottance of
1nsulin 1n modifying the effects of an excess of cortisol is shown

t.
Dby the following experiment 4 () ad ed diabenic

f (2,
ng r::risg‘x’w; )10 g, of cortisol subcutancously after an appro-




THE ROLE OF ADRENAL STEROIDS IN THE
REGULATION OF HEPATIC METABOLISM*

JamES ASHMORE

Department of Biochemistry, Indiana Unmversity Medical Center,
Indianapolis, Indana

‘THE major metabolic effects of the adrenal steroids have been
so well delineated 1n the classical study of Long, Katzmn and Fry
(1940) that we find ourselves twenty years later with little to add.
Although it has been apparent for some time that the steroids
of the adrenal cortex increase nitrogen excretion and glucose
formation, presumably from protein, it has yet to be established
whether the primary action of the hormone is on the liver or on
extrahepatic tissues, Many hepatic changes are directly referable
to corticoid action, but examination of the sequence of bio-
chernical events leading to the observed changes usually allows
the possible interpretation that these are secondary effects.

One of the first demonstrations of a specific hepatic change
mediated by the adrenal was that of Koepf and co-workers (1941).
Using liver slices from adrenalectomuzed rats they were able to
show that pretreatment of the 2mmals with adrenocortical
extracts increased the ﬁtru producuon of carbohydrate w1th
pyruvate as added sub: tudies with i
labelled pyruvate have confirmed these observations and would
mnply that the adrenal steroids accelerate the rate of glucose
formation from pyruvate. For example‘ liver slices from rats
pretreated for five days with cortisone (Fig. 1) show a depression
11 oxidation of Cyyy of pyruvate and an increased incorporation

of MC from this substrate mto glucose as compared with saline-
injected controls (Landau, unpublshed) Further evidence that
three-carbon compounds may be involved as substrates for
gluconeogenesis has been obtained using [YC]O, as a metabolic
tracer (Sie e al , 1959). Rats pretreated with cortisol for a period

* This work was supposted in part by grants from the US Pubhec
Health Service and Elt Lally and Cﬂmpany
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s when diaphragm muscle is excised and incubated i vitro, the
glucose uptake of the tissuc from the adrenalectomuzed animal will
be greater than that from the suimals treated with corusol. An
enhaneed glucose uptake by a tissue in vitro may not therefore
necessarily be an indication that ita total glucose utilizanon i titd
is elevated,

Long: In the experitnents where we used eviscerated animals we
o0k care 1 raise the blood glucese with a prming dose. A good
many of the i in which ! of this kind have
been mads, have been earried out at rather Jow blood glucose
levels, We endeavoured to raise the blood ghacose of all the
animals to about 150 mg./100 mi., and then gave cortisol 1o make
sure that we were comparing antmals with spproximately cqual
blood ghicose levels,
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aminases (Rosen et al , 1938) could enhance the introduction of
amino acid carbons into leading dly
to glucose. The questron remains “however whether apparent
changes 1n enzyme actmty are due to a primary action of the
bormone or represent *“adaptation”.

In the corticoid-induced changes in liver glucose-6- phosplm-
tase actwity it has been demonstrated that an increase in

Table I

IncorPORATION OF [MC]O, AnD [2-**C]PYRUVATE INTO GLUCOSE
AND GLYCOGEN i vito*

Blood €O, Blood. aluore Lecer glycogen
No Blood Lver Sp act Sp Sp act
o gluone gheogen o T frn /g
mg countsfmin | nmmz:rm / countsfmun
per cent p-molefg a-mole semole
Control—{C]O,

6 103 221 1,292 509 293 169 072 160
SE +5 £25 %150 £85 44 £25 +035 46
Cortisone—{1C]O,

10 180 448 1,533 669 569 419 48 2,150
SE 24 #70 +200 £33 270 £60 12 £490
Control—{2-*C] Pyuvate
3 7 297 298 298 025 74
sx +8  £20 +120 +115 $020 8
Cortssone—{2-14C] Pyruvate
3 178 580 690 585 17 985
se k12 £44 +100 55 305 24

# Ashmore, Landsu and Mahler, unpublished

gluconcogenesis precedes by several hours any increase 1n the
activity of the phosphamse (Ashmore et al , 1956). Smnce incre-
ments m fruetose d 2nd glutzmic-pyruvic
transaminase actvitees follow several hours to several days after
corticod treatment, 1t may be inferred that such changes are
secondary to other metabolic alterations Recently, Engel and
Scott (1960) observed that the adrenal steroids stimulate #n vatro
the action of glntamuc dehydrogenase, and they have suggested
that assocuation of the coenzyme with the enzyme is modified by
the hormone. Such 2n effect could represent a primary site of
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of five days show a marked incresse in the incorporation of
Iabelled earbon from both pyruvate and €O, into blood glucose
and liver glycogen {Table I). Since glucose formation from esther
Iactate o pyruvate would require CO, fixation and equilibration
with the dicarboxylic acids of the citric acid cycle, the chronic
cortisol-treated 12t must derive a considerable amount of glucose
via this process.

‘The effect of <ortisol on {*C]0, incorporation can be mimicked
by treatment of rats with lactate or malste (Ashmore, 1959)
‘Therefore, it is possible that a direct action of the hormone on

METABOLIN OF pyn UTATEA.CLE © 1 i) BY RAT LIVER BLIES

PR CEKY OF ADDED £1¢

Fre 1 The percentape of added ¥C from

[2-“C]pgru\ale {0 6 mn) recovered ss COy

and medium glucose 1 piven for hiver shees

from controd and cortisone-treated {10 mg per
day for § days) rats

hepatic tissue may not be invelved, but rather that an extra-
hepatic action of the sterord resulting s increased amounts of
substrate to the Iiver may produce the effects observed

Changes i the activity of 2 sumber of hepatie enzymes have
been noted followang sterowd treatment  Most of these alterations.
would be consistent with an increase 1n hepatic glacose produc-
tion (Renold and Ashmore, 1960) Glucocorticoads wcrease the
activities of two phosph 4! 6-phosph (Weber et
al, 1955) and fructose hasp P! {(Mokrasch
Davidson and MeGilvery, 1956), which catalyse essentially irre-
versible reactions leading to glucose formaven Corticord-
induced & in the setivitres of i and de-~

4 hosm
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aminases (Rosen et af, 1958) could enhance the introduction of
2mino acid carbons into holic p leading 1))
to glucose. The question remains however whether apparent
changes in enzyme activity are due to g primary action of the
hormone or represent “adaptation”,

In the corticoid-induced changes in liver glucose-6-phospha-
tase actwvity it has been demonstrated that an increase in

Table I

INCORPORATION OF [MC]O, anp [2-MCJPYRUVATE INTO GLUCOSE
AND GLYCOGEN i wito®

Blood €O, Blood glucase  Laver glycogen
Ne  Blood Lwer Sp act. $p act. Sp act
bt glucote glycogen Ao A countslmur £
307 4 30 60" .
mg - ts/aunnt Jmdn]
per cent wemolefg  pomole. p-mole pmmole
Control—{*C]O,

6 103 221 1,292 509 293 169 0-72 160
+5 25 £150 +85 +44 25 #035 46

Cortisone—{*C]O,

10 180 448 1,533 669 569 419 48 2150
SE 24 70 200 +33 70 X60 12 +490
Control—{2-1C] Pyruvate
3 72 297 298 298 0-25 74
sx £8 20 +120 +115 2020 +8
Cortisone—{2-1%C] Pyruvate
3 178 580 690 585 17 935
SE +12 44 +£100  £55 205 2%

 Ashmore, Landay and Mahler, unpublished,

gluconeogenesis precedes by several hours any increase in the
activity of the phosphatase (Ashmore et al., 1956) Since incre-
ments in fructose diphosphate phosph and glutamic-pyruvic
transaminase activities follow several hours to several days after
corticoid treatment, it may be inferred that such changes are
secondary to other metabolic alterations. Recently, Engel and
Seott (1960) observed that the adrenal steroids stunulate in vitro
the action of glutamic dehydrogenase, and they have suggested
that association of the coenzyme with the enzyme is modified by
the hormone  Such an effect could represent a primary site of
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corticoid action for increasing protein catabolism and glucose
formation.

It is difficult to evaluate the permissive action of corticoids in
the hepatic changes often referred to as *“metabolic adaptations™.

novmar
wto.
2y e
£
H

e am,

e meOme

o
romaxticap s

Fic 2 Liver glycogen expressed as_p-moles of
glucose per g of liver 1s given for rats fasted for 21
hours and injected wwith cortisol (F) or saline (C) three
hours prior to the experimental period In the lower
curves' [C]bicarbonate (50 ¢€) was injected three
hours after the cortisol end hiver glycogen (counts/
i fg } has been plotted for the same time period
(21 to 24 hours of fast) as glycogen content above
Each curve represents the mean of three or more
anumals and spread of points 15 given (I}

Experiments by Freedland and Harper (1958) and by Fitch, Hill
and Chaikoff (1959) have demonstrated changes in the activity

of various hepatic enzymes in response to dietary alterations.
hosohate dehvd,

For example, hver g! -6-phosph y asc may be
increased up to seven times by placing rats on a purified ration
bohydrate content. Adrenal ized rats fared an

high in
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such a ration do nat show this response (Weber, Ashmore and
Banerjee, 1960). However, with tryptophan peroxidase, an
enzyme whose activity will increase m response to injection of

STECITIC ACTIVITY - BLOOD GLUCOSE

0
3
w
3|
o,
Masen v £ %

Liven cLycocen " )

cewsex

Fic 3 Uppers cutves the speaific activity of blood
glucose has been plotted from 30 to 90 mnutes after
the injection of 50 iC of radioactiie bicasbonate 1n
fasted normal,~ adrenalectomized and cortisol-

carbonate  Fasted normal and adrenalectotuzed

rats were given 1 m-mole of sodium lactate at the

time of bicarbonate ijection  Each value represents

the mean of three or more experiments and spread

of pounts 13 given (1)
erther DL-tr han or ad ids, the sub induced
response 1z found in adrenalectomized ammals (Knox, 1951} A
primary action of the adrenal sterords to increase transport of
2mino acids mto hepatic cells (Noall ez al , 1957) may contnibute
to many of the enzymic changes observed. It remains to be
P
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demonstrated whether dietary effects on hepatic metabolism are
mediated through the adrenal, or whether the action on the liver
is a dircct one but requires the simultaneous presence of the
adrenal hormones. Knox, Auerbach and Lin (1956} have dealt
more extensively with the réle of endocrine and dietary factors
in the regulation of enzymic activity of various tissues.

10

«

SPECTRC ACTATIY BLOOD GLUCOSE (PW/mM » 168

©

LY )

FTIME TN miNDTFES

Fia 4 The spectfic activty of blood glucose 15

gwen for the first hour after smyection {1y ) of §

e of [6-1C)glucose 1nto fasted rats amected three

hours prewiousty with saline ot 5 mg of cortisof
suspended 1 safline

One of the most pronounced acute effects of glucocorticoids is
that of glycogen deposition. Admuni of a sinple
- - . Ve e e

10COTPOTAtIon UL [ 'wog M vt pupevpun samunin, aante s
studses by Wintermitz, Dintzis and Long (1957) have suggested
that in the fasting adrenalectomized rat there is some specific
impai; of glycogen In exp with fasting
nmfmal and adrenalectornized rats we have observed that alf
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animals show the same relative incorporation of [C]O, into
blood glucose. Pretreatment of normal antmals with cortisol
three hours prior to admintstration of labelled bicarbonate results
in a marked increase n mcorporation of #C into glycogen with-
out any significant change in the specific activity of blood glucose
(Fig. 3). Little 14C was incorporated mto the liver glycogen of
fasted adrenalectomized rats and lactate was without effect in

AcETATE K KPTOGLUTARATE

succonTe aLATE
FUUARATE  LACTATE

A£G PER 100 GRAKE OF LIVER

stimulating erther glycogen deposttion or incorporation of
[1C]O, 1mto this fraction (Ashmore, Cahill and Hastings, 1960).

In order to study further the acute effects of cortrsol on
glycogen deposition, rats were injected with [6-14Clglucose and
changes in the speaific actwity of blood glucose followed.
[6-14C]Glucose was used since recycling of the label could easily
be followed by peniodate oxidation of the blood glucose phenyi-
osazone. Any reincorporation of lactate from muscle metabolism
would result in actvity in the top three carbons of the glucose
molecule and could be detected in the mesoxyaldehyde resulting
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demonstrated whether dietary effects on hepatic metabolism are
mediated through the adrenal, or whether the action on the liver
is o direct one but requires the simultaneous presence of the
adrenal hormanes, Knox, Auerbach and Lin (1956} have dealt
more extensively with the réle of endocrine and dietary factors
in the regulation of enzymic activity of various tissues.

SPECIFIC ACTIVITY BLOOD GLUCOSE (cPbt/mM 2 305

Fic. &, The speafic activity of blood plucose 13
given for the first hour after injection (1v) of 5
s of [6-C)glucose 1nto fasted rats injected three
hours previously wath saline or 5 mg of cartisol

suspended 1n saline

One of the most prono\mccd acute effec:s of glucocumcmds 18
that of g gly of a single
dose of comsol o fmmg rats results in 2 marked i increase | xn hver

i Seas et B Me- o e

..... QARSI

i of gyt cu § fom In & wikh &sm\g
normat and zdrem!:cxmmzcd mls we have observed that all
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(Fxg 6) it appears that the adrenocomcmds my have an initial
action o the deposition of liver glycogen and this
effect may precede by several hours any marked change in the
rate of hepatic glucose production

Table IT
INCORPORATION OF M*C INTO LIVER CAREOXYLIC ACIDS

16-14C] Glucose- [4CI0y
Aeid fraction Control . Cortzsol ~ Control ~ Cortisol

Furnarate 200 220 20 70
Lactate-succinate 6,100 6,300 250 580
u-Ke:oqumate 550 500

Malate 430 670 230 260

(Each value represents the mean of pooled samples from three rats.
alues ate expressed as counts/mun fg hver)

Summary
Chronic admi fion of ad: ids to rats Tesuits in
enzymic char ' ‘ *
production

metabolism ¢ .

extrahepatic tissues In addition to the well-known effects of
cortisone and cortisol i ing hepatic gl an
acute effect of these steroids on synthesis of liver glycogen has
been observed i m the absence nf any pmnounccd Change n

d that

the synthesis of lxver glycogen from blood glucose m the fasting
rat,
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from periodate oxidation. Under the conditions of acute cortisol
administration no differences in the activity of blood glucose
could be detected in saline- or steroid-injected animals (Fig. 4).
After 90 minutes less than 10 per cent of radioactivity in blood
glucose could be attributed to reincorporation of 14C via the Cori
cycle. Pretreatment of the animals with cortisol three hours prior
to the experimental period did not change this value.

Tivew wveerr ]
o

g ",
3 ® % 20 |2
AL iy % 0 3

AT A .

™ 0
3 ”
L w (&
£
g 2
H 5
£ 3

ComtmoL comrmoL | comiacL  CoRTOL

Fic 6 Incorporation of radioactive glucose into liver and
muscle glycogen 15 given for control and corusol-treated
rats All ammals were fasted for 23 hours pror to the
expenimental period Each value represents the mean of
ze expenments and the spread of pownts 1s given (I}

Isolation of dicarboxylic acids of the citric acid cycle by using
d that there was no
___________ a1 avr o Fnven ont w0 afran

under these

glucose into glycogen was i
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In other words the rate of change of thf speciﬁc’ activity of the

1€ 111 LOLIPIELE EQUILIDIIUL LUEn UL COUISE LLC BeyLugolt towd v
dertved immediately from phosphorylated hexose, and it would
necessarily follow that it would be from t.he qu?ose .

. . chen
Gesell; fur dok 1 Homburg-Saar, Apnl, 1960)
studied this pomnt i the grasshopper Locusta rr:lgmluna duning
et ? 9 il S i a4

enzymes 1n the cell was high enough but that only the change m
ratio could explain the acute alteratton in enzymc activity you saw
Ashmore: We try_to measure enzymes under conditions of

S e ' Mo o . [O A B e
auguly constaut, the i, 1ot e enzyme dnu e traeenubin
concentration of the substrate we would have a better 1dea of what
this meant 1n terms of the cells, assuming of course that we had
not altered all these things 1n the process of solating the enzyme
o measure 1t,
Soffer+ Does the of Cyy nto

under the mfluence of sterords occur at the expense of the forma-
tron of fatty acids ?

_ Ashmore’ With the liver slices, particularly wath the concentra-

observed However this can be demonstrated i the adrenalec-
tomized diabetic anumal. If one gives the sterord back to this
anumal then an effect cen be demonstrated within two or three
hours. Under these conditions there 15 a_decrease 1 fatty acid
synthests from pyruvate. Agam, as Dr. Long has pointed out,
these effects depend on the interplay of insulin and the adrenal
sg_rmds, and if you choose your antmal you can demonstrate an
effect.



34 Discussion

Kwox, \V E. (1951). Brit J. exp. Path,, 32,
kNoM E A\!r_RBACll,V H,and Lm E C C (1956) Phystol Rev.,
)

PR ~ e oo agan

I\loxmcu, L.C, DA\'!lnsgov W. D, and McGruvery, R. W, (1956).

Novik i gf Rio LR,
oALL, cs, T R W L. M, d
( 957) S:muce, 126, 100 * nd o . .
R 2 enea EuTten o401 LA Williams,
. . v A, (1958)

S, H. .G, Asmw}zz\ I MAHm, R, and Frsuvan, W H (1959
. P ' Caxrero, A (1955)

) +. Fed. Proc
* | (1957). o

DISCUSSION
Manchester: When you find that costisal increases the ncorpora-

increase due to the Ereater quantity of glycogen formed ¢

Ashmore. Yes, that is correct 1n animals given cortisane for five
days. When the steroid 13 given only three hours before, the two
curves are fairly parallel.

Manchester. Butis more [“C]O, actua“y being fixed, presum;bly
mto either you amount
of [MCJO, fixation as a result of lncreasmg the level of pyruvate ?

Ashmore* 1 presume so

ong: One pont I think that Dr. Ashmore 13 aware of is that
changes in the enzymes of the liver can be produced both by
hormones and changes 1n the composition of the diet. Some years
ago Fraenkel- Conra: reported that the admimstration of adrenal
increased the 2remnase content of the liver However he
“n el that the came tvne n(eﬂ”ect could be produced

stemld

ses

product being immediately dernved 10 Ol Lapiu Siep savas
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In other words the rate of change of th.e spcciﬁc’ activity of the

derived ymmediately from phosphorylated hexose, and it would
piscibtnlitiy-se e, Sy SR PR

Gesellschaft fur Endokrinol ;.Saar, Apnl, 1960)
studzed this pomnt mn the grasshopper Locusta migratorta durning
queescence and flght. Bucher found very quick adaptive processes

' N

enzymes in the cell was high enough but that only the change i
ratto could explain the acute alteration in enzymic activity you saw.

Ashmore. We try to measure enzymes under conditions of
maximum activity. All one can say is that i situatzon B there 1s
more apparent activity than in situation A, However, this 1s not
sufficient to tell us what happens inside the cell. If we know the
affimty constant, the K, for the enzyme and the mtracellular
concentration of the substrate we would have a better 1dea of what
this meant 1 terms of the cells, assuming of course that we had
not altered all these things m the process of 1solating the enzyme
to measure 1t

Seffer Does the of Cqyy nto car
under the mfluence of steroids oceur at the expense of the forma-
tion of fatty acids ?

Ashmore With the liver shices, particularly with the concentra-
tion of pyruvate we used, 3t could be demonstrated that there was
2 farmangn of glucose at the expense of pyruvate oxidation

bohvd,

tomized drabetic animal. If one gives the steroid back to thus
anmal then an effect can be demonstrated within two or three
hours Under these conditrons there 1s a decrease in fatty acd
synthesis from pyruvate. Agam, as Dr. Long has pomnted out,
these effects depend on the interplay of msubm and the adrenal

s:;mids, and 1f you cheose your anrmal you can demonstrate an
effect
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DISCUSSION

. Manchester; When you find that cortisol increases the tncorpora~
tion of #C from [*C]O; into iver glycogen, this 13 not anly because
you ere getting more glycogen synthesis, 1517 Is there an increase
in the incorporation of *C ints glycagen over and sbove the
ncrease due 1o the greater quantity of glycogen formed ?

Ashmore Yes, that 15 correct in anumals miven cortsone for five
days. When the steroid is given only three hours before, the twa
curves are {airly pasallel.

Manchester+ But1s more [HC10, actuaily being fixed, presurnsbly
wto either oxal or mal; you i ing the amount
of [**C]O, fisation as 4 result of increasing the level of pyruvate ?

Ashmore. 1 presume so.

Long: One point 1 think that Dy, Ashmore 13 aware of i3 that
changes in the enzymes of the liver can be produced both by
hormones and changes in the composition of the diet. Some years
2go Fraenkel-Conrat reported that the admunistration of adrenal
steroids mcressed the argnase content of the liver. However he
thea weat on to show that the same type of effect could be produccg
< e . s L s

point, or the maximum specific activity, of the hiver giycoxen, siu
thes 13 o traditonally strong argument sn favour of the second
product being smmediately derived in one rapid step from the first.
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animals gppears to be the rise in blood glucose, In the experiments
where the various precursors were given there was no evidence of
in the of the t

& . o

hver glycogen
‘When we studied the effects of adrenaline in adrenalectomized
animals we fcund zhat one or four hours aft:r its mjection there
' -

4 b als Aon

*he amount
ted for in
d glucose,

which, at
the moment, sunply seems to dlsappear, which 1 the same kind
of effect that you observed. Dr W. W. Wintesmitz worked very
hard usmg a t;a tc try to ﬁnd out where ths caxbohydrat: was

ammals when you gave them pyruvate or lactate.
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Soffer: Under those circumstances 13 there any evidence to
suggest that these steroids influence the action of coenzyme

Askmore: Thus effect on fatty acid synthesis is beyond coenzyme
A, Dr. David Gibson in our department has recently demon-
strated that the defect is in the conversion of malonyl CoA to
palmtic acid; the carboxylation of acetyl CoA proceeds at 8 normal
or a supemnormal rate.

Dixon: Was this the lesion in diabetes ?

A{hman: Yes, in fatty acid synthesis,

Dxxm.: Do you think that is part of the same observation that
Chaikoft’s group made that the enzyme reducing the unsaturated
acyl CoA 13 specifically lowered in diabetes (Matthes, K. T
Abrzham, S., and Chaikoff, I. L. (1960). Biochim. biophys, Acta,
37, 180)

Ashmore: It depends on the system that you use to demonstrate
fatty acid hesis, If one uses a iculate fraction then appar-
ently one can go through the crotonyl CoA step where there is
some imparment. However, in the soluble fraction, which Gibson
finds accounts for the major amount of free fatty acid synthesized
in }he ‘hxer, one cannot demonstrate any intermediate between

ST NS e B

way up the Embden-Meyerhof pathway, used galactose, which sits
nght at the entrance to the undime pathway of glycogen synthests,
1n order 10 spot more accurately any alteration induced by cortisol
in glycogen synthesia ?

Long. No, we have not. That is 2 very good point.

Ashmore. Galactose 1s a very poor glycogen former and we have
been very discouraged in trymng to get any glycogen formation with
galactose,

Cahill* But 13 what httle there 1s sltered by the sterord state ?
Have you done that ?

Ashmore: No

Thorn. Have you exp d with varying of
glutamate mn studymg the lack of capacity of glutamate to form
glucose 1 your expertment? s there any possibihty that the
amount of glutamate you used in these parucular experiments
rmught be sufficient to act as an inhubitor at some pomnt in the cycle
of glucose formation ?

Ashmore: That 13 3 good possibihty. We arbutrarily selected
1 m-mole of each of the substances used.

Long: 1t 1s interesting to e, Dr. Ashmaore, that yous findungs
20 closely parallel our own. The first effect of co fasting
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the liver was removed from the adrenalectomized rat and the
amino acid incorporation into protein of the cell-free system
measured, was an important variable in determining the extent
of amino acid incarporation. Table I illustrates this result and it
13 clear that the rise in incorporation seen immediately after
adrenalectomy decreases steadily, so that ultimately the rate of
incorporation 13 below the normal level. This must mean that
although the secretions of the adrenal gland are needed to pre-
vent protein synthesis occurring at suboptimal rates, nevertheless
the immediate effect of adrenalectomy is a rise in the ability of the
cell-free system of rat liver to incorporate amino acid into protein
n titro,
Table I

ADRENALECTOMY OF MALE RATS AND INCORPORATION OF DL-{1-24C]
LEUCINE INTO PROTEIN OF LIVER CELL-FREE SYSTEMS

counts/min.fmg. protein

% tncrease i incorporation of cell-free systems
Days after  from adrenalectomized rat liver over that of

adrenalectomy sham-aperated controls
3 139
7 86
14 37
28 =8
36 —22

It is well known that although adrenalectomy 1s accompaned
by decreased nitrogen excretion (Long, Katzin and Fry, 1940,
Long and Lukens, 1936, Harnison and Long, 1940; Ingle, 1950}
nevertheless 1t does not favour long-maintamned protein synthesis.
‘There 15 evidence 1n the iterature that corticosteroids are needed
for optimal protein biosynthesss, for Lee and Williams (1952)
showed that long-standing adrenalectomy 1n the rat resulted in a
decreased incorporation of a dose of ijected [**S]cystemne nto
tissue protem and that treatment with corticosteroids restored
the incorporation towards normal Clark (1953) found that less
{*N]glycine was sncorporated 1nto liver protems of rats if they
were adrenalectomized and Reid and Stevens (1957) found that
adrenalectormnized rats showed a very small rise in incorporation
of mjected [1C]Jleucine soon after adrenalectomy but that ultr-
mately a smaller incorporation than normal eccurred. Long (1943)



THE ADRENAL GLAND AND n vitro PROTEIN
SYNTHESIS

A. Korxgr
Department of Biochemistry, University of Cambridge

DupiNG the past few years knowledge of protein biosynthesis
has been ob d by studying the incorporation of rad
amino acids into protein in cell-free systems obtained from
several tissues but especially from rat liver. Some evidence is
available which supports the ion that; idincorp
tion into protein in at Jeast some of these systems 1s 2 valid
method of studying the biosynthesis of protein (Campbell,
Greengard and Kernot, 1960; Bates, Craddock and Simpson,
1960) and various types of rat hver cell-free systems have been
used in an examination of the effects of hormones on the rate of,
and mechanism of, protein biosynthesis (Korner, 1958, 19594, &,
1960a, b). 'This paper is concerned with the réle of the adrenal
corticosteroids in controlling this process.

Adrenalectomy and amino acid incorporation

Zamecnik and Keller (1954) showed that if rat liver is homo-
genized and centrifuged at 15,000 g to remove mitochondria and
cell débris, t.hcn the supernatant flud, which contains micro-

IO PR Yo

such s‘ystems from the liver of normal rats and, under exactly the
same conditions, from the liver of rats which had been adrenalec-
tomized; 1t was found that the incorporation by the system
obtained from rats which bad been adrenalectomized a few days
previously was greater than that obtamed from rats with intact

adrenal glands. . X ]
Tt was soon noticed that the time after the operati  Zwhich
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Rats which have becn adrenalectomxzed for some tlmc have
little or none of vth h
antagonists to msulm action., In such an ammal insulin i is 2 more
efficient hypoglycaemic agent than in a normal animal and,
therefore, 1t will not be secreted to the extent that it is in the
normal animal. The relative Jack of insulin in the tissues of
adrenalectomized rats will ensure that protein synthesis will go
on at a somewhat lower rate than in normal rats, In addition,
protein catabolism at the periphery will be depressed in rats
which have been deprived of their adrenal glands and the flow
of amino acids to the liver will decline, thus decreasing the amount
of substrate available for protein synthesis. Removal of the
adrenal gland will also depress the rate of glycogen breakdown
because of the absence of adrenaline (Rall, Suthcrland and
Berthet, 1957), thus contnib towards the hypogly
tendency of the adrenalectomized animal

If this explanation of the long-term decreased rate of protein
s)mthesis in adrenalectomized rats 1s accepted, the immediate
tise in amine acd mco!poxat\cn into the protesn of the hver cell-
free systern foll 1 can be explained by arguing
that the inttial effect of adrenalectomy on slowing down the rate
of gluconeogenesis from amino acids results 1n the presence m the
liver of larger amounts of ammo acids than normal. Ths,
together with the presence of wmsulin, now unopposed by cortico-
sterouds, induces 2 state of affars in which protein synthesis
occurs at an enhanced rate It is only later on that the slowmg
down of the flow of amino acids to the liver from the periphery
and the decreased secretion of insulin consequent on the absence
of the id hormone-d to
the 1nsulin action overcome the mitral stimulus given to protein
synthests by the increased rate of gluconcogenesis.

Ad. 1

in hypopk ized rats

‘The results of some exp with hypopt ized rats
are 1n broad agreement with this suggestmn‘ In these ammals,
removal of the adrenal gland also results 1n an immediate rse in
the ability of the cell-free system to synthesize protein but the
percentage rise is not as great as it is when normal rats are
adrenalectomized. This difference may be caused by the relative
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drenal & Tt .
nated Ithft 8 partially p d rats
p to the growth.p g action of growth hormone
to 2 greater extent when adrenocortical extracts were given
together with the growth hormone.

Interrelation of adrena! corticosterolds and other
hormones in controlling protein synthesis

Any attempt 10 explain the rdle of the adrenal gland in con-
trolling protein synthesis must offer or sssume an explanation of
the way in which the other hormones, particulacly insulin and
growth k act in Tling protein bi hesis. The
view is taken here that the hormone which exerts the man controt
over the rate of protem biosynthesis is insulin and that growth
hormone sumulates the rate of protein synthesis mainly by
1 d msulin ion from the pancreas (Engel
et aly, 1958) and by releasing insulin from an inactive form
bound to tissues (Ottaway, 1953a, &). This view is discussed in
greater detail clsewhere (Ketterer, Randle and Young, 1957;
Young and Koarner, 1960; Korner and Manchester, 1960}

Admmstered growth hormone is more effective than adminis-
tered ansubm in causing controlled protein syntbess because
insulin alane Wil cause hypoglycaerma, and unless some means
15 available to correct and control 1t very kttle protein syathesis
can occur. In normal animals the hypoglycaemia 15 controlled n
part by the adrenal corticosternids which cause an increase in the
rate of catabolsm of extrahepatic protem and sn the rate of
gluconeogenests from amino acds {Long, 1953; Rosen, Roberts
and Nichol, 1959). In additson, the corticosteroids form, with
growth hormone, antagomsts to insubn action which render
rmuscle less seas:tive to the strmulating effect of tnsulin on glucose
uptake (Bornstein, 1953; Park and Borastein, 1953; Randle,
Taylor and Vargas, 1960, Randle, 1960) Wall and co-workers
{1957) argue that growth hormone and corucosterods also cause
an ncreased flow of glucose from fiver glycogen 1ato the blood,
‘This system of restraints on the hypoglycaenue action of isulin
enables 1nsulin 1o stsmulate protemn synthests without causing a
dangesous hypoglycaema which would also be end-defeating
that the available amino acds sould tend to be deaminated in-
stead of heing used as substrates for protemn synthesis.
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Rats which have been adrenalectomized for some ume ha\e
Iitle or none of the i id-growth h
antagomsts to insulin action. In such an animal insulin i is 2 more
effiient hypoglycaemic agent than in a normal animal and,
therefore, it will not be secreted to the extent that it is in the
normal animal. The relative lack of insulin in the tissues of
adrenalectomized rats will ensure that protein synthesis will go
on at 2 somewhat lower rate than in normal rats. In addttion,
protein catabohsm at the periphery will be depressed in rats
which have been deprved of their adrenal glands and the flow
of amino acids to the liver will decline, thus decreasing the amount
of substrate available for protein synthesis. Removal of the
adrenal gland will also depress the rate of glycogen breakdown
because of the absence of adrepaline (Rall, Sutherland and
Berthet, 1957), thus contributing towards the hypoglycaemic
tendency of the adrenalectomized antmal.

If this explanation of the long-term decreased rate of protein
symhesis in adrenalectomized rats is accepted, the immediate
tise in amino acid i mcorporatmn 1nto the protein of the liver cell-
free system foll \! can be explained by arguing
that the intial effect of adrenalectomy on slowing down the rate
of gluconeogenesis from amuno acids results in the presence in the
Lver of larger amounts of amino acids than normal. Ths,
together with the presence of wsulin, now unopposed by cortico~
steroids, induces a state of affurs in which protemn synthesis
oceurs at an enhanced rate, It is only later on that the slowing
down of the flow of amino acids to the Lver from the periphery
and the decreased sccrenon of insulin consequent on the absence
of the hormone-d d to
the insulm action overcomc the tmitsal sumulus given to protein
synthesis by the increased rate of gluconeogenesis,

Ad. soad

y in hypophy rats

The results of some expeniments with hypophysectoruzed rats
are n broad agreement with this suggestion. In these animals,
removal of the adrenal gland also results in an immediate nise in
the ability of the cell-frec system to synthestze protein but the
percentage nise is not as great as it is when normal rats are
adrenalectomized. Ths difference may be caused by the relative
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Iack of insulin in tissues of hypophysectomized rats since these
animals, being without the antagonists to insulin action, are
hypersensmvc o it and will, in conscquence, not sccrczc as much

. e tae e <t

and consequently in 2 smaller sise in synthesis following adrena-
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Fia. 1. Adrenslectomy and the response of sats to
the growth hormone or msubn stmulaton of m-
corporatian of pL-{1-3*CJieucine 11ito protem in a hiver
cell-free gystem
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fectarny. Some ncrease in protein synthesis does occur because
of the slowing down of gluconcogenesis

Growth hormone and insulin in adrenalecromized
rats
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or hypophysectomized rats with insulin will increase the incor-
yporaton of amno acid into protein in the cell-free system
towards the normal level

It can be seen from Fig, 1 that the stimulation of amino acid
incorporation by insulin and by growth hormone is much greater
in adrenalectornized rats than it is in rats which possess adrenal
glands It should be emphasized that this hyp itivity to the
effects of growth hormone and of insulin was observed in rats
adrenalectomized a few days before the experiment, that is in
rats which were, in any case, capable of showing greater than
notmal incorporation of amino acid into protein,

The hyp ity of adrenal d rats to the protein
synthesis-stimulating effects of insulin and of growth hormone
shows that the tissues of adrenalectomized rats are at least as able
as those of normal rats to respond to insulin or to growth hor-
mone, and that the decreased rate of protein synthesis found in
rats which have been adrenalectomized for some time must be
caused by a lack of the secretion of growth hormone or insulin

rather than by a lack of responsiveness of the ussues to these
hormones.

Cortisol treatment of rats

The results obtained when rats are treated with cortisol are
shown in Table IL. It can be seen that treatment of normal male
rats with cortisol, at all doses used, increased the ability of the
cell-free system to incorporate amino acids into protein 1 titro.

Table 1T

TREATMENT OF MALE RATS WITH CORTISOL AND INCORPORATION OF
DL-[1-C]VALINE INTO PROTEIN OF A LIVER CELL-FREE SYSTEM

counts/min {mg. protein

Dose of Hypophy-
cortisol groen sectomized-
each da Advenal Hypoph

for 7 days  Normal tomized tormized tomized
(mz rats ratz rats rais
[} 156 281 82 164
025 213 139 101 205
20 267 162 116 237
5.0 E L3 400 o
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Increasing doses of cortisol up to at least 2 mg. a day caused
progressively i d stimul of incorp but a dose
of 5 mg. of cortisol each day was not as stimulatory as one of
2 mg. each day, It i3 assumed that one of the principal results of
treatment of rats with cortisol is increased breakdown of extra-
hepatic tissue protein, which results in a flow of large quantities
of amino acids into the fiver (Friedberg and Greenberg, 19473
Bondy, 1949; Engel, 1951; Clark, 1953; Silber and Porter, 1953;
Aschkenasy and Wellers, 1959) In liver, corticosteroids stimulate
gluconeogenesis from some of these amino acids (Long, 1953;
Rosen, Roberts and Nichol, 1959), but the large amounts of amico
acids entering the liver cannat all be removed by such means and
extra protein is synthesized from the excess of amino acids in the
Hiver of these animals. This suggestion is supported by the
experiments of many observers who find that cortisol treatment
of rats, although accompanied by loss of tissue nitrogen, break-
down of tissues and loss of body weight, is also accompanied by
the maintenance, or even the augmentation of the weight and
protein content of the Iiver (Silber and Porter, 1953; Clark, 1953;
Dunn, Bass and McArdle, 1958).

When adrenalectomized rats ‘were treated with cortisol a fall
was observed 1n the increased rate of incorporation of ammo acids
into protein shown by cell-free systems prepared from the hiver
of these rats, Higher doses of cortisol are less efficient in depress-
ing the increased incorporation observed in adrenalectomuze
rats than are lower doses. Jt 1s suggested that the ncreased
gluconeogenesis caused by the treatment with low doses of

i id: the stimulatory effect on protein
synthesss of adrenalectomy but that as higher doses of cortico-
steroids are given, the inhibrtory effect on protein synthesis 1s
more and more successfully overcome by the effects of flooding
the liver with amino acids from extrahepatic protemn breakdown

Mechanism of adrenal control of protein synthesis

— JLINNPEL SPE TSN SRS SOVE PO A on S

cell-free system. The cell-free system used n these experuments
contatns the microsomes and the cell sap of the cell 2nd these
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can be separated from each other by centrifugation at high speed.
Neither of these two fractions of the cell-free system will, alone,
mcorporate amuno acid into protein to any extent 1 vitro since
the amino acids must be activated and prepared for incorporation
into protemn by reactions occurring in the cell sap (Hoagland,
Keller and Z: k, 1956; Hoagland, Za ik and Stephen-
son, 1957) while the actual assembly of amine acids into poly-
peptide chains occurs in the microsomal particles of the micro-
somes (Littlefield et al., 1955) When, however, the two fractions
are recombined, amuno acid incorporation agamn occurs at the
normal rate,

Table T

INCORPORATION OF DL~[1-'*CILEUCINE INTO RAT LIVER MICROSOMES
FROM VARIOUSLY TREATED RATS INCUBATED WITH LIVER CELL SAP
ALSO FROM VARIOUSLY TREATED RATS

counts/min /mg. protemn

Microsomes from

Hypophy-
sectomized-
Adrenalec- Hypophy- adrenalec-
Normal tomized sectomzed  tomized
rats rats rats rats
Normal rats 170 302
Adrenalectomzed o
rats
foluble } Hypophysectomszed 9 187
rats
"7 | Hypophysectomzed
Irenalectomzed
rats 12 153

Table 1IT shows the results of an experiment m which micro-
somes and soluble fraction were prepared from liver of normal
rats and from rats which had been adrenalectomized a few days
previously, and in which amino acid incorporation nto protemn
was studied on recombination of the two cell fractions. It can
be seen that microsomes from normal rat liver show the same
extent of ammo acid poration when they are bated with
cell sap from normal or from adrenalectomized rat hver In
addition it is seen that when mcrosomes from adrenalectomized
rat lver are wcubated with the cell sap obtained from normal
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TInereasing doses of cortisol up to at least 2 mg. a day cavsed
progressively i d stimulation of incorporation, but a dose
of 5 mp. of cortisol each day was not as stimulatory as on¢ of
2mg. each day. It js assumed that one of the principal results of
teeatraent of rats with cartisol 15 increased breakdown of extra-
hepatic tissue protein, which results in a flow of large quantities
of amino acids into the hiver (Friedberg and Greenberg, 1947;
Bondy, 1949; Engel, 1951; Clark, 1953 ; Sitber and Porter, 1953;
Aschkenasy and Wellers, 1959) In hiver, corticosternids stimulate
gluconeogenesis from some of these amino acids {Long, 1953;
Rosen, Roberts and Nichol, 1959), but the large amounts of amino
acids entering the liver cannot all be removed by such means and
extra protein is synthesized from the excess of amino acids 1 the
liver of these animals, This suggestion is supported by the
expenments of many observers who find that cortisol treatment
of rats, although accompamed by loss of tissue nitrogen, break-
down of tissues and loss of body wesght, is also accompanied by
the maintenanice, or even the augmentation of the weight and
protesn cantent of the liver {Sitber sad Porter, 1953; Clark, 1953;
Dunn, Bass and McArdle, 1958}

‘When adrenalectomized rats were treated with cortisol 2 fall
was abserved in the increased rate of incorporation of amino acids
mnto protein shown by cell-free systems prepared from the fiver
of these rats. Higher doses of cortisol are less efficient ta depress-
ing the i d p observed 1 adrenal ized
rats than are lower doses. It is suggested that the increased
gluconeogenesis caused by the treatment wath Jow doses of

J the stimulatory effect on protemn
synthesis of adrenalectomy but that as kigher doses of cortico-
sterowds are given, the inlubitory effect on protein synthesis 1s
more and more successfully overcome by the effects of flooding
the liver with amino actds from extrahepatic protein breakdown

Mechanism of adrenal control of protein synthesis

The next question which must be considered is the mechamsm
by means of swhich the adrenal gland exerts its wnfluence on the
rate at which aminoe acids ate sncorporated ito proten in the
cell-free systemn. The cell-free system used in these experiments
contains the mucrosomes and the cell sap of the cell and these
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from the endop! by of the
with dcotycholatc which solubilizes the lipoprotein, leaving the

nbosome particles It has been shown (Korner, 1959:, 1960:)
that rat liver nb can be prepared by the deoxy
method i a state which enables them to 1ncorporate amino acids
1nto protemn in an in vitro system Experiments have been carried
out in which the ribosomes have been obtained from the liver of
normal, adrenal ized and cortisol-treated rats and the amino
acid incorporation into their protein has been studed in witro.

‘Table IV
INcoRPORATION OF DL-[1-M“CILEUCINE INTO RAT LIVER RIBOSOMES
FROM VARIOUSLY TREATED RATS INCUBATED WITH LIVER CELL SAP
ALSO FROM VARIOUSLY TREATED RATS
counts/mun. fmg. protein

Rubosomes from

Hypophy-
seitomized-
Adrenalec- Hypophy-  adrenalec-
Normal " tomuzed  sectomized  tomized
rats Tats rats rafs
Normal yats %2 138
Adenatetomzed
rats 9 y
Soluble | Hypophysectomzed
Jractioni ass 496 658
Hypophysectomized-
adrenclectomzed
rats 459 634

The results are shown in Table IV and it can be seen that the
effect of adrenalectomy on the ability of the ribosomes to ncor-
porate amino acid into protein 1s the same as it is on microsomes
Furthermore, zhe ratm of speclﬁc acnvmes of nibosomes from
normal and d rats is the same as
the ratio of specific activities of the microsomes This result gives
support to the contention that it 1s these nbonucleoprotein
particles which have been altered as a result of adrenalectomy.
Ribosomes have a diameter of about 150 A and contain about
50 per cent nbonucleic acid and about 50 per cent protein (see
Palade, 1958). It has been shown by many workers that the
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rat liver, amino acid incorporation into protein is of the same
order as that obtained when both the microsomes and the soluble
fraction are obtained from the adrenal ized rats, These
results must mean that the enhancement in amino acid incorpora-
tion scen a few days after adrenalectomy must be caused by some
change in the microsomes of the liver and is not the result of
greater activity of the processes which occur in the cell sap and
which prepare amino acids for assembly into proteins

It is possible that changes have occutred, as a result of
adrenalectomy, in the activities of the enzymes of the cell s2p
which are not detected by the in estro system used because they
ate not luniting. It is also possible that changes have occurred
11 220 1n the reactions which provide the energy or the cofactors
required for activation, since these factors are supplied abundantly
to the in witro system and any change in their amount resulting
from adrenalectomy will not be detected It is, however, clear
that the microsomes are certainly altered as a result of adrenalec-
tomy. Stmilar experiments carrted out with rats adrenalectomized
some weeks previously show that here agam the lower incorpora-
tion of amino acids found is caused marnly by alterations in the
microsomes, The changes observed n cortisol-treated rats are
also mamly i the microsome fraction. Only minor changes have
been noted in the activity of the cell sap

If the hypothesis 1s accepted that ammno actds are assembled
into polypeptide chans on a nibonucleoprotein template m the

i then it 18 ble to argue that the hormonally
mduced changes in the mucrosomes zre likely to be changes 1n
this template  The minor changes in the quantity of RNA 1n the
mucrosomes obtained from the hvers of adrenalectormized rats of
of rats treated with corticosterords (Reid, 1956) are not sufficient
to explain the observed dsfferences tn amino actd-incorporating
ability. A change n quality of the RNA has occurred, for the
same quantity of RNA 1s more able to assemble amino acids into
protemn 1 those rats which have been adrenalectomized shortly

before the expermment
i B

b Fennt an

ALns i i e
with nibonucleaprotern microsomal particles or ribo-

together v
somes (Palade, 1958) It is possible to separate the_ribosomes
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'scdunmmtion pattern obtained when these particles are examined
in th_c analytical ultracentrifuge depends on the concentration of
ions in the centrifugation medium 2nd in particalar on the con-
centration of magnesium ions (Peterman ef of, 1938). It is
generally accepted that ium jons in high i
aggregate two 78 S particles into 8 105110 S particle and that
fawer i ions disintegrate the 78 S particles
into two smaller pieces.

.LExperiments carried out to sec if the state of aggregation of
£ at various fum fon fons duffers in
normat and in adrenalectomized rats have given preliminary
results which wdicate that, at 20y tagnssmm ian comeeoteation,
any preparation of nib btained from rats adrenal ized
a few days previously tends to have a somew hat hagher proportion
of larger-sized ribosome particles than a preparation from nortal
rat Iiver. Perhaps the farger particles incorporate amumno acids te
a greater extent than smaller particles contmning the same
amount of RNA.

Yt might be d that the RNA templates are unstable but
that the presence of amino acids available for incorporation mto
protems at the site of imcorporation, together with the presence
of the protein anabohc h smsulin, stabilizes the i
in a form 10 which they can incorporate amino acids into px
There is no direct evidence for this suggestion but it s at fesst a
possible one in view of the evidence of Clark, Naismuth and
Munro (1957) and of Munro and Clark (1960) that the stability
of Jiver RNA (and especially RNA in mucrosomes) 1s dependent
on the amount of free amino acids present i the tssues Perbaps
the adrenal corticostererds 1nfluence the rate of proters bio-
synthesis by causing alterations 1n the amount of amtno acids
available at the template and also i the amount of wmsafin present
in cells, and the propartion of the total terpl bilized 0 2
form which 15 capable of protein synthesis may depend on the
amounts of these which are avadable.

otem
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sedimentation patteen obtained when these particles are examined
En thf: analytical uitmcentrifuge depends on the concentration of
ions in the centrifugation medium and in particular on the ¢on-
centration of magnesium ions (Peterman ¢t of , 1958). It is
generally accepted that maguesium jons in high concentration
aggregate two 78 S particles into a 105-110 S panticle and that
fower i isis the 78 § particles
into two smaller pieces.

Expetiments carried out to see if the state of aggregation of

ib 3t various {um jon ions differs in

normal and in adrendlectomized rats have given preliminacy
resufts which mdicate that, at uny magnesium ion concentration,
any prepasation of sit btained from rats ad d
a few days p 1y tends to have a hat higher prop
of larger-sized ribosome particles than a preparation from ormat
rat fiver. Perhaps the farger particles incosporate amino acids to
a greater exteat than smaller particles containmg the same
amount of RNA.

1t mught be suggested that the RNA templates are unstable but
that the presence of amino acuds avadable for incorporation mto
proteans at the site of incorporating, together with the presence
of the protein anabolic hormone insulin, stabilizes the templates
in a form in which they can ncorporate amumo acids mto psotein
There s no direct evidence for this suggeston but it 1s at feast 2
posssble one m view of the evidence of Clark, Naismith and
Munro {1957} and of Munro and Clark (1960) that the stability
of fiver RNA (and fly RNA 1 ) is depend
on the amount of free amune acids present in the fissues. Perhaps
the adrensl corticosterowds nfluence the rate of protem bio-
synthesis by causing slterations in the amount of amino acids
available at the template and also in the amount of insulin present
1 cells, and the praporton of the total terplates stabilized m 3
form which 13 capable of protein synthesis may depend on the
amounts of these which are available
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This raises an additional point; when one is working at this level
of chemucal activity, one mght need to follow very carefully the
et e A L e e niad o aha

Ashmore Dr. Korner, m view of the turnover of various struc-
tural proteins in the rat, I wonder if what is being measured 1n the
pH 5 enzyme mi fracton is p ily thi h
serum atbumn ?

Korner: It could well be that, T am trying to demonstrate that
nibosomes synthesize a real protemn by looking at the synthesis of
serum albunun, Whether ribosomes are synthesizing other proteins
in addstion js difficult to say Certamly the rbosomes are not the
only part of the liver cell which synthesizes protein, for the muto-
chondria and nuclex do 0 as well. ‘It may be that the mitochondna
synthesize their own proteins and the nucleus 1ts own protein and
s0 on, If this ss the case I would have thought that the nibosomes
would be found to synthesize not only proteins for export from the
cell but also the proteins of the soluble part of the cell But this
35 merely a guess

offer. M: i the size of
the nbosomes. Do the fractions of insuln or steroid or ammno
acids influence the magnesium concentration and does the mag-

nesium concentration influence the size or the stability of the
nibosome ?
L2

. . . PR

Whether 1t 1s done through magnesium or not I do not know.

Ribosomes can certamly take up 2 lot of magnesium and other
10

ns
. Dixon Ts there any clear correlation 1f you measure the rates of
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d. Williams,

DISCUSSION
e where the

Long+ Is 1t possible to examine in another tissu
catabolic effects of steroids are much more marked, for eszmple
1 the thymus, the behaviour of the nbosomes towards amno ack

1ncorporation ?

Korner How big is the thymus ?

Long: The :hymus of a rat weighs about 300 mg

Korner- I think size 1s the trouble. From one rat liver I can
h ribosomes for five tubes and 1 have to use 100 tubes

exactly do you mean by stability ?

Korner It 1s 2 mere suggeston Suppose the rthosomes are
unstable and can be broken down 1 21w to smaller particles, an
suppose that one particular size of particle 1s the incorposating
form, then 1t could be suggested that mnsulin and amumo acids are
stabihizing the rtbosomes 1 the form which will incorporate amino

acids 1mnto protem.
Thorn Y?u nrc"probably famihar wifh.th k of Wacker and

chromuum, etc ).
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Korner: I have tried a lot of expeniments with various hormones
#n vitro and the results are vanable. that is, most times the hormone
does nothing at all, you get i O] but
the next day 1t gives 2 magmificent response another way. This s
partly because the system 1s so sensitive to 1ons. For instance, if
msuhin 13 added, this will trap magnesium to some extent and thus
alter the stability of the nbosomes, so that any experiment has to

e done at various magnestum concentrations. I have not found
any consstent effect of adding corticosteroids directly to the
titro system,

R,

erehe Am Frumm Alip — 0 afo cu®ais o wten

microsomes may easily be due to their ipactivation,
Korner: Where are the hormones inactivated ?
Bush. Mamly 1n the microsomes and cell sap There are alarge
Pk wde vty R it

Mirmboe A mce—ann o

some sucrose,
Pk T3

firdag dang ouns ann S P B

have found recently, however, that many of our liver homogenates
contamn. pyndine leotide to allow the of
sterotd hormones to go on normally without adding the usual
“fortifier”

Korney, Is the d part of the the 1i
part, or 13 1t the nbonucleoprotein part ?

Bush G, Tomkins (1056 Recent Progr Hormone Res,, 12, 125)
and many others have shown that the destruction 1s carrsed out by
typical enzymes, so presumably there 1s some protein around
somewhere

Korner The enzymes mght be attached to the hipoprotein of the
endoplasmic reticulum, 1n which case one might possibly get an
effect of added steroids with rnbosomes where the lipoprotein has

een removed

Bus)

If you were discouraged by your earher work on
‘whole microsome plus cell san. 3¢ ~ e vary waeth srhala
o
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else 1 this system spare from altering the swee of the panic,
namely affecting the ATP which has 1o be present to activate the
amino serds, What 1 have to do, in effect, is to find out how muth
of the magnesium tn the system 1s being used in conjunction with
the ATP and how much of it 1s left over to affect the size of the
ribosomes. There are several ways to attempt to answer this
problem but perhaps the most sansfactory would be to separate
out the different peaks by centrrfugation in a sucrose gradeent and
see which s2e or sizes incarporate aming acids, 1 have begun to
do this, but 1t 13 difficult unless a swingmg bucker on the uftra-
centnfuge is available.

Leddle, 1z would seem to me that this remarkably sensithe
system must be mnfluenced by nutrnittonal factors as well, Have
vau ever studied the effect of protein sntake on the incorporation
of ammo acsds snto these parncles ? Have you studsed the anabobe
steraids 7 YWas any control of nutrationaf factors mamtaned during
the studies tn which the pitustary and adrenals were remove .

Korner: The feecding of fugh and Jow protein diets is an experi-
ment 1 am gomg to do row, because clearly this witl influence the
stabahity of the nbosomes of my suggestion 18 correct. The alterna-
tive approach 1s 10 pesfuse Lver wath or without amuno acsds sn the
perfusing medium. I have done some expeniments with castrated
sats and with testosterone-trented rats, The effects are small and
I have not yet done enough to say what happens I have done
most of these expertments with pai-fed snueals, where the food
mtake was the same 1n expenimental rats and n controls. 1 may
53y, too, that starving the smimals for 12 to 18 hours does not seem
to affect the wmcorporation obtamed very much.

Gray Are you gong to try regeneratng hver ?

Korner. That has been done by ather workers. Regenerating
hver shows a much bigger incorporanon than normal hver. There
1 a1 cffect on the mictosomes, but also a marked effect on the
acuvity of the soluble fraction enzymes

Gray. I was refemnng spectfically 1o your own system.

Korner It 15 one of the things on our rather long hst.

Ashmore Do adrenal steroids affect the microsome {raction, 35
well as the adrenalectomy ?

Karner Yes. There are effects on the soluble fraction enzymes
but they are muck smaller than those gn the microsomes. 1 5
not yet found out whach of the steps i the soluble part of the call
5 beng affected but the magor effect 13 on the microsomes

Asknore 1 have been rather mengued by the observation that
the actvities of & number of the rmctosomal enzymes sre afl
increased by the influence of edrenal sterards. Sa this msght well
Dbe a point of action. I8 1t posaibile that the adrenal harmones are
affecung ts whole syster, pethaps as you have suggested by
simply altering in some way the structure of the particle 7

Aarran: Have you locked at any in tat70 action of, say,

on the mhosomes T

cortisol
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have tried a lot of exp
o LR Tt

o

with vatious I
)

1nsubin 15 added, this will trap magnesium to some extent and thus
alter the stability of the ribosomes, so that any experument has to
be done at various magnesum concentrations, I have not found
any consistent effect of adding corticosteroids directly to the in
iro system,

ush: As far as the nhole microsome plus sap preparation goes,
I should think you are preparing a very effictent system for the
PRovwr it A el roo e

microsomes may easily be due to their activation.
Korner: Where are the hormones nactivated ?
Eulxh' Masnly 1n the microsomes and cell ssp. There are a large

it Sugb et et A AR P AR

some sucrose.

Bush* Have you measured whether the pyridine nucleotdes are
in fact present 1n your preparation or whether they have either been
washed out or destroyed ?

DA e

et i .
*“tortitier "

Korner Is the d part of the the 1 i
past, or 18 1t the nbonucleoprotemn part 2

Bush. G. Tomkins

s {1956. Recent Progr Hormone Rex., 12, 125)
and many others have shown that the destruction 1s carnied out by

typical enzymes, so presumably there 1s some protein around
somewhere

Korner 'The enzymes nught be attached to the Lipoprotein of the
endoplasmuc reticulum, m which case one mught possibly get an
effect of added steroids with nbosomes where the Lipoprofein has
been removed.

Bush Yes If you were discouraged by your earlier work on
whole microsome plus cell 2ap, 1t would still be very worth while



54 Discussion

looking for effects on the nibosomes in which you may well have
got 11d of the mactivating enzymes,

ng: Is there any advantage in using some of the newer syn-
thetic steroids )

Bush: Certainly, The best thing is to use something kke
triamcinolone acetonide in which both ends of the molecule are
maodified so that mactivation is largely blocked,

Thorn: One mght hazard a guess that the particular system
which you are employmg might be mere susceptible to the Wit
drawal ‘of sterord hormone-—in other words, you may be near 3
maximum reaction and hence the addition of further homont
would not produce a signsficant change, whereas the withdrowsl
of h from the prior to the n of the
microsomal pasticles mught reveal « signsficeat alteration from
normal. Also, 23 Prof. Long suggests, although there are un
d nherent techmacal diffi the study of microsomal
parucles from tissues known to be highly susceptible to adrenal
stetord mught be profitable. I have :n mind such tissues as thymus
and lymphatic tissue.

Lomg~ It 13 extremely intetesting that this effect falls off 50
rapidly after adrenslectomy. If you take out the hypophysis 2
well as the adrenals would you get the same fali-off ?

Korner: 1 you take out the pitwstary gland, and then when the
ansmal has recovered remove the adrenal, you get the vesy same
sort of rise and Fall-aff—it 13 nat so marked & nise buy you get the
same type of effect. I wondered for 2 time whether 1 was getting
n rxtm-ad:hcnal ,cﬂ'cct of ACTH, t:ur I searched the llteramr:: and

d that

hough everyone as to quite how
diatel; d \! hody does agree

13 secreted aft
that the maximal eflects are at about two weeks sfterwards, It
certasnly did not seem to correlate with my results, but clearly I
must put ACTH inta an adrenalectomzed anmal to see what
happens

Culell 1 do not think that would agree with the chmcal data
If one takes an Addisonian pauent off steroxd, especally small
doses of ntravenous sterord, withit one or two hours AC n
the blood rises to 8 maximal level, 1t 15 a very rapid response

Korner I read several papers about this Brodish and Long
(Brodush, A., and Long, C N H (1956) Endocrinology, 58, 666)
find, i rats, 8 very rapd nse in ACTH for a few hours after
adrenalectomy and then a fall to below postoperative levels for 12
houss and then the ACTH level nises sgam steadily and slowly
Gemzell and co-workers (Gemzell, C. A, Van Dyke, D C,
Tobias, C. A, and Evans, H M (195t} Endocrinolgy, 49, 325)
found an wmmediate and steady rise 1 ACTH secrenon rate
following adrenalectomy, while Cax, Hodges and Vermkos (Cox,
G S, Hodges, . R., and Vernikos, J, (1958). J. Endocr., 17, 177}
state that no well-mamtamned nse 1 blood ACTH 13 seen untid at
Jesst two weeks aftes adrenalectomy.
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Calull. 1 think we can safely say that in the human in an hour
or two 1t 1¢ right up and it stays at 1ts peak for as long as you can
keep the patient off sterotds—four or five days

raser. But didn’t you get the effect when you did it on a
hypophyscgt'onn_zed animal, Dr, I\om'er?‘

Vogt: Yes, but at what time after adrenalectomy—because that
makes all the difference In observations on adrenalectomzed rats
the highest level of eirculating ACTH is not reached until a few
weeks zfter the operation. Then there 13 tl’us very rapld swmg
between a high level ~+on tha-p i3 - eean ar?
low level when there 1, « P . 'I . |
rminutes, but apparen * 1 | 1 [
sistently producing a
after adrenalectomy .
about what happens in man?

Cahll 1 don'’t think anyone would dare do at!

Thorn Recently in our laboratory, Dr. V. K. Vance and Dr W,
Reddy. with their further modification of the assay method for

ACTH An‘.,..,: o= T H Nalnn pogs heom ~hla

v
therapy.

Long In the acute expertments it takes quite a while for the
ACTH to nse to a maximal level and you have this biphasic swing
within 16 or 24 hours, 1t goes up very high immediately after the
operauon, then there 1s the more or less dead pertod which we do
not quite understand, and then the slow progressive nse to the
charactenstic hugh level. Once the pituitary has been geared to a
hugh level of productton 11 1s then very sensitive to changes in the
blood steroid level

Thorn The possibility that mterests me 13 whether or not the
secondary mse in ACTH in the adrenalectomuzed rat which
survives on prolonged penods of saline might not reflect the
regeneration of small bits of adrenal tissue with the secretion of
small quantities of endogenous steroid,

Long. This would be a permussive action of these steroids on
ACTH synthesis It 1s an interesting 1dea.
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locking for effects on the ribosomes in which you may well have
go}:d ot; thi inactivating enzymes,

ng. Is there any advantage in usi; -

iyl Lo ther y ge in using same of the newer syn:

Bush: Certainly, 'The best thing 15 to use something like

' ~*tama cmatanida an which both ends of the molecule are

. far system

. * 1 the with-

} be near a

maximum reaction and hence the auwon wi sussw.s hormone

would not produce a sigmificant change, whereas the withdrawal

of hormone from the organism prior to the suppression of the

rmucrosomal particles rught reveal a sigmificant alteration from

xzon:xalJ A}so, as Prof. Long suggests, although there are un-

ly inherent tech 1 difficutl the study of microsos
particles from tissues known to be highly susceptible to adrenal
sterosd rmxght be profitable. T have in mind such tissues as thymus

that thus effect falls off so
take out the hypophysis as
- » same fall-off ?

s -y gland, and then when the
arumal has recovered remove the aarenal, you get the very same
sort of rise and fall-off—it 1s not so marked a rise but you get the

= M f---4 faua tvma whether 1 was getting
' © - aturean
wACTH
{oes agree
[T, wards It
certanly did not seem to correlate with my resuils, wut clearly 1
must put ACTH mto an adrenalectormzed animal to see what
happens
Calll. T do not think that would agree with the chimecal data
If ane takes an Addisoman patient off sterod, especially small
doses of intravenous sterord, within one or two hours ACTH in
the blood rises to a maximal level; 1t is a very rapid response.
Korner. 1 read several papers about this Brodish and Long
(Brodish, A., and Long, C. N H. (1956). Endocrinology, 58, 666}
find, mn rats, a very rapid nse sn ACTH for a few hours after
adrenalectomy and then a fall to below postoperative levels for 12
hours and then the ACTH level mises agamn steadily and slowly,
Gemzell and co-workers (Gemzell, C A, Van Dyke, D C,
Tobias, C A, and Evans, H. M (1951) Endocrinology, 49, 325)
found an immediate and steady nise i Al 1 secretion rate
following adrenalectomy, while Cox, Hodges and Vermikos (Cox,
T eed Vernikos 1. (1958) J. Endocr , 17, 177)
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diaphragm (Christensen, Cushing and Streicher, 1949). Subse-
quently we found it to be accumulated by the Ehrlich ascites
tumour cell; this uptake showed characteristics indistinguishable
from those shown by other neutral amino zcids {Christensen,
1955; Christensen, Parker and Riggs, 1958) Paine and Heinz
(1960) recently placed the “affinity constant’ of AIB for the
amino acid “carrier” of the ascites cell as considerably greater
than that for glycine and only shghtly less than that for L-alanine.
No catabolism or incorporation of this amino acid mnto protein
1n the rat could be detected (Noall ef al,, 1957). Later it was
possible to exclude the resptratory release of radioactive CQ,
from the carboxyl-labelled amino acid still more completely in
man {Christensen et al., 1958) Furthermore, the adminstered
amuno acid could be recovered in the liver of the rat, or in the
urine of man, with very httle if any loss of the 130 originally
present 1n the carboxyl group (Chrnstensen, Parker and Riggs,
1958), showing that the amuno acsd had not entered mnto any of a
number of possible activated or combined forms whose formation
and destruction would occasion oxygen exchange.

The technique used to study the influence of steroids on the
distnibution of this model amino acid 1s first to mnject a small
amount of 1t n labelled form mnto a rat weighing 120 to 150 g.
After a day or two, when the amino acid 19 still present and in a
steady-state distribution among the tissues, 2 mg of a steroid is
given 1n a saline solution, and after a few hours the AIB distribu-
tion 15 compared with that i a rat receiving an injection of saline
alone
Table I 1llustrates the quantitative results obtained for cortisol
(Noall e al., 1957) At two hours the steroid has led to an increase
of about 70 per cent in the AIB content of the liver. Cortisone
produces a somewhat slower change, so that the results shown in
Table IT were reached only in four hours Of a number of tissues
analysed, only the changes in hiver were sigruficant.

This change with cortisol appears quickly encugh for 1t, if
applied to metabolizable amino acids, to underly the rapidly

d gl is 2nd urea f ion seen with this
hormone. The acceleration of the synthesis of certamn plasma
proteins could also be anticipated from an increased hepatic
capture of amino acids, although the time relationships appear
this case to be Iess mformative.




ACTION OF CORTISOL ON TRAPPING OF
AMINO ACIDS BY THE LIVER

H. N. CuristenseN
ity of Michigan Medical

Dep t of Biological Chemistry, Unit
School, Ann Arbor

‘THIS report summarizes a series of observations on the action
of hormones on amino acid uptake by tissues. The observations
cannot be presented as a full study of the action of the adreno-
cortical hormones for the reason that our main objective has been
to try to understand transport rather than hormone action. It
appears, however, that knowing the character of these hormone-
induced changes may be very helpful to us in reaching an under-
standing of transport,

A tendency of the plasma araino acid level to be lowered in
persons suffering trauma or febnle infections has been recognized
for a number of years (Man e¢ al., 1946). A similar reduction in
the plasma amino acids of the rat after laparotomy was found
to be associated with increased amino acid levels for the liver
(Chnistensen ef al , 1948). This result was taken to support the
view that after injury the liver takes up amino acids more
vigorously to ncrease their rate of destruction and thereby to
produce the catabolic phase that follows severe mjunes. Kretch-
mar (1958) in our Department showed that the levels of ammo
acids jncreased in the liver of the rat for several hours after
cortisol was injected.

The argument here is equivocal, however, because a faster
release of amino acids from protein within the liver could also
explain the increased levels in that tissue. To eliminate this and
similar sources of uncertamnty, we have undertaken the use of
model amno aads, structurally designed to escape ordinary
structural alteration. The most uscful of these has been
a-2minoisobutyric acid (AIB), which may be pictured as an
a-methy! alanine. In 1949 we found this amino acid to be
effective in iphibiting the uptake of glycine by -ngsed
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Both questions were brought to our attention by the observa-
tion of Kipnis and Noall (1958) that insuhn administration
causes AIB (zs well 2s glucose) to enter rat muscle more rapidly.
‘This observation suggests two possible viewpoints, either that
insulin may perhaps increase the access of solutes to muscle
rather indiscriminately, or that AIB may perhaps be a rather
peculiar solute and a poor model amino acid This latter
possibility is perhaps strengthened by the finding of Manchester
and Young (1960) that the uptake of only glycine and AIB, out
of several amino acids, is influenced in this way by insulin,
Akedo (1960) in our laboratory finds now that the list of amino
acids influenced 1s somewhat longer.

Table IIT

INHIBITION BY VALINE OF AIB UPTAKE BY THE ISOLATED DIAPHRAGM
(Akedo, 1960)

Degree of concentration after 60 min,
—— A

“Intact” “Excsed”

diaphragm dwaphragm
AIB alone, 0-5 mM 0-39 097
Same+ r-valine, 10 mm 0 20 0 59
AIB, 0 5 mm + msulin 2 50 2-96
Same + r-valne, 10 md1r 200 —

Akedo (1960) has also shown that the uptake of AIB by the
isolated draphragm, or its transport into the everted gut sac, is
antagonized by other amino acids, as illustrated in Table I1I for
L-valine These results show the extent to which AIB s concen-
trated with reference to the external solution after 60 minutes,
while the uptake 15 still progressing; hence this 1s a rate deter~
mination Note that this antagonism occurs mn the presence and
in the absence of insuln, showing that the rate-hmiting process
15 still the mediated one and hence that insulin has not merely
removed barriers to diffusion It appears rather that insulin may
modify the shape of the affinity-determining transport site in
such 2 manner as to decrease the disadvantage imposed on amino
aads possessing the peculiar similarity between the two non-
functional groups on the o carbon. At least two binding sites,
one for the amino and one for the carboxyl group, are manifestly
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Table I
EFFECT OF ADMINISTERING CORTISOL ON AIB DISTRIBUTION
 Normal distrifution Found 2 hours after
adjusted to serum level of admumnistering
Tussue 1,440 counts/min.jml, 2 mg. cortisol
Serum (1-44) 1-44 + 0-10
Muscle 5:78 & 063 572 + 029
Liver 1.1 +1.7 17:5 +0-9
Kidney 55-7 % 4.7 642 48
Heart 99 & 1-0 106 % 0-4
Duodenum 207 1.5 18:5 £02
The srtceas wea sbn an 3 £ A
standa .
body - . . .
Thes « . N .
experi = . .
Table 1T

Errier oF 2 3G, CORTISONEZ ON AID DISTRIBUTION IN THR RAT
Control rats (5) Cortisone-treated (5)

Serum, counts/min. 1,170 + 50 1,320 £ 70
Muscle, counts/min. 4,890 £ 350 4,530 + 220
Laver, counts/min, 10,300 + 900 18,800 + 900*
Liver/serum 38+05 14-4 + 1-0%

Time allowed for sterosd action 4 hours, AIB 1njected previous day
{Riggs and Walker, 1960), The counts are expressed per gram extra-
celiufar or cellular wates, respectively, for setum and tissues,

* P for dufference <40+01 "The other differences are bot ngmificant.

‘This action 13 not produced under similar conditions by
testosterone (which does increase the muscle AIB) or by oestra-
diol (which quickly and strongly increases the AIR m the uterus
of the immature rat or rabbit). An equivocal action 15 produced
by aldosterone; several other steroids are ineflective

Before this result is evaluated two further necessary considera-
tions should be introduced:

{a) Does AlB really belong in the same transport family as the
normal amino acids for the various tissues of animals, as it docs
for the ascites tumour cell

{b) Do the g icoid:
amino acids only ¢

the hepatic port of
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Both questions were brought to our attention by the observa-
tion of Kipnis and Noall (1958) that insuln administration
causes ATB (as well as glucose) to enter rat muscle more rapidly.
This observation suggests two possible viewpoints, either that
insulin may perhaps incresse the access of solutes to muscle
rather indiscimunately, or that AIB may perhaps be a rather
peculiar solute and a poor model amino acid, This latter
possibiltty is perhaps strengthened by the finding of Manchester
and Young (1960) that the uptake of only glycine and AIB, out
of several amino acids, is influenced in this way by insulin.
Akedo (1960) in our laboratory finds now that the list of amino
acids mnfluenced is somewhat longer.

Table II

INHIBITION BY VALINE OF AIB UPTAKE BY THE ISOLATED DIAPHRAGM
(Akedo, 1960)

Degree of concentration after 60 min

“Intact™ “Evcsed”

draphragm dwphragm
AIB alone, 0 5 m 0-39 097
Same+ L-valine, 10 ma1 0 20 059
AlB, 0-5 mat + msulin 2 50 2-96
Same + r-vahne, 10 my 200 -

Akedo (1960) has also shown that the uptake of AIB by the
isolated diaphragm, or its transport into the everted gut sac, is
antagonized by other amino acids, as tlustrated in Table 11T for
L-valine. These results show the extent to which AIB 1s concen-
trated with reference to the external solution after 60 mmutes,
while the uptake 15 still progressing; hence this 1s a rate deter-
mination Note that this antagonism occurs in the presence and
in the zbsence of insulin, showing that the rate-limiting process
is still the mediated one and hence that insulin has not merely
removed barrrers to diffusion It appears rather that mnsuhin may
modify the shape of the affity-determining transport site
such a manner as to decrease the diszdvantage imposed on amino
acids possessing the pecular similarity between the two non-
functional groups on the « carbon. At least two binding sites,
one for the amuno and one for the carboxyl group, are manifestly
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Table I
EsFscT oF ADMINISTERING CORTIsOL 0N AlB DrsTRipUTION
Normal distribution Found 2 hours after
adjusted to serum level of administering
Tissue 1,440 coumtsfmin [mil, 2 mg. cortisol
Serum (144} 144 & 010
Bluscle 578 + 0:63 572 £ 0°29
Laver 11y 17 175 %99
Kidney 557 £47 642 & 4-8
Heart 99 10 10:6 04
Duodenum 207 21-§ 18-5 %02

The values are thousands of counts per min per ml,, followed by the
standard ersor, 'The normal values are based upon 29 anunals of vanous
body weights, interpolated to yreld values for & body weight of 137 g

s was the average body weight {standard error 13+5 g.) of the eight
3

iy
expenmental apimats (Noall et of , 1957
Table 0
EFFECT OF 2 MG. CORTISONE ON AIB DISTRIBUTION IN THE RAT
Control rats (3} Cortisarte=treated (5}

Serum, counts/min. 1,170 £ 50 1,320 & 70
Muscle, counts/min 4,890 % 350 4,530 + 220
Laver, countsfmm. 10,300 + 900 18,800 + 900*
Luwerfserum 88x05 14-4 3 100

Tume sloseed for sterord action 4 hours, AIB myected previons day
{Riggs and Walker, 1960) The counts are expressed per gram extra-
cellular or celtular water, respectively, for serum and tissues

* P for difference €0 01 ‘The other differences are ot stgmuficant,

This action 1s not produced under simular condions by
testosterone {shich dees increase the muscle AIB) or by oestra-
dio} (which quackly and strongly increases the AIB in the uterus
of the wnmature rat or rabbit) An equivocal action 15 produced
by aldosterone; several other sterords are seffective,

Before this result 1s evaluated two further necessary conudera-
tions should be introduced *

(2} Does AIB really belong in the same transpart family as the
snormal amino acuds for the various tissues of animals, as it does
for the ascites tumour ceff

(b} Do the gt il
amino actds only ?

infh the hepatic port of
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amino acids and cannot be further stimulated by adding either
pyridoxal phosphate or oestradiol disulphate,

After this stimulating action of oestrogen sulphates had been
observed, several transport systems nto the human erythrocyte
were found to be inhibited by these sulphate esters and by free
ocestradiol and stilboestrol. These solutes include glucose, as
already recorded by LeFevre in 1959, vric acid, and inorganic
phosphate (Table IV). Such effects can still be detected for levels
as low as 10-8M. At much higher levels cortisol and cortisone

Table IV

ACTION OF STEROCIDS AND ANALOGOUS COMPOUNDS ON UPTAKE OF
INORGANIC PHOSPHATE BY HUMAN RED BLOOD CELLS

Percentage of imtial extracellular
tnorganic *2P attamed for cells

60 min 120 mun.
None 285 537
Sulboestrol 2x 10~ M 179 291
Sulboestrol disulphate 2 x 10-4m 16-7 20-3
Qestradiol disulphate 2 x 10-4m 266 40 2
None 62 2 100 0
Cortisol 103 M 43+2 795
Deoxycorticosterone 104 at 47§ 746
Qestradiol 10-¢m 61°2 91-7

ne ml of cells was suspended s 30 ml. of the medwum of Raker
“ nl (1950) st pH 7 4 and 37°, under an atmosphere of 5 per cent CO,
d 95 per cent Op This medium contains 1 mn morgsruc phosphate

have inhibitory actrons ont phosphate transport These actions
apply equally at I mm-p hate and at 110 at
the latter concentration a phosphate transport by way of ATP or
d;phosphoglycenc acid seems !0 be excluded by quantitative
Witl diol hate in an 110 ph
phate medium the mediated uptake of unc acid appears to be
sttmulated, while the unmedtated uptake and the exodus of phos-
phate 1s in proportional degree inhubited. Th
B A
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involyed in amino acid transport. The presence, nature, and
steric position of a third group on the o carbon are not absolutely
essential to transport, as is shown by the rather fow structural
and steric specificity of the process. Insulin may well modify
the reactive site to dccre:uc still further the importance of this
third element in d how occurs.

Incidentally Dr. Akedo finds a similar ‘action of insulin on
amino acid uptake whether the older “excised” diaphragm
preparation of Gemmill {1941) or the “intact” diaphragm of
Kipnis and Cori (1957), is used. He also finds that the transport
of AIB into the everted gut sac is antagonized by vafine ot
methionine,

‘While the actions of peptide hormones on amino acid transpost
are being discussed, it should be mentioned that our associates
Riggs and Walker (1960) have shown that bovine growth hor-
mone, injected at the same time as AIB is injected into hypophy-
sectomized rats, caused the AIB to be removed from the plasma
and introduced into skeletal muscle at a rate that within 30
minutes was already distinctly faster In the untreated rat the
rate of AIB uptake declined for a week after hypophysectomy,
and only after ths interval could 2 maimal effect of the hormone
be obtained. By an indirect method of measuring average tissue
AIB concentration (Christensen et al, 1958) we have observed
abnormalities of AIB distribution in various endocrinological
diseases 1n man.

From the foregoing we must conclude that insulin acts on the
mediated transport of two unlike solutes This is not a unique
situation because a group of oestrogens influences a diversity of
transports in red blood cells and 1n Ehrlich ascites tumour cells
These observations grew out of efforts to discover how pyridoxal
phosphate is able to stimulate amino acid concentration by the

Ehrhch cell Mascn and Gul]ekson (1959) had observed that
h at very low

Jevels inhibit cemm B,,~cnzymcs by comp:!mg with pyridoxal
phosphate for the apocnzyme This observation led us to test
the effect Df thcse sulphnta esters on amino acnd uptakc by the

;xydndc reduction, the cells are fullv active 1n co centrating
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metabolically important, Nevertheless the entire nature of
steroid action on transport deserves full study not enly to improve
the understanding of hormone action but also to try to illuminate
the nature of transport behavionr.

Summary
A series of observations on hormone actions on the transport
of amino acids and other solutes has been reviewed and extended.
Corttsol produces a rapid and intense hepatic uptake of previously
injected a-aminorsobutyric acid  Cortisone produces a somewhat
slower and weaker action whereas steroids of other types fail to
produce ths action

'The antagonistic action of other amino actds on the movement
of a-2minoisobutyric acid into the isolated draphragm, or across
the intestinal wall, mndicates that this amino cid belongs to the
normal transport family for neutral amino acids. The movement
of this amino acid tnto the diaphragm is still subject to antagomsm
by valine in the presence of insulin, showing that insulin
strengthens a medrated transport and not a diffuston

Several oestrogens have been shown to intensify uptake of
amino acids by the Ehrlich ascites tumour cell, and to mhibit
the mediated entrance of seveml solutes mto the human red
blood cell. O the mediated uptake
of ure acid by the red cclI this action being assocrated with an
mhibition of the passage of inorganic phosphate The latter
action 1s shared with other oestrogens.

Important implications as to the nature of membrane transport
arise from the simultaneous occurrence of changes 1 a variety
of transport systems m the presence of a single hormone. By
analogy 1t seems likely that the increased capture of amino acids
is not the only change in transport that will be found to anse from
the action of glucocorttcords.
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These various oestrogen actions in transport are discussed
here because they indicate that the plasma membrane is probably
organized in such 2 way that dissimilar mediations may be
influenced simultaneously ‘These actions should warn us that
the adrenal steroids may also very well mfluence the migration
of additional solutes not necessarily all 1n the same way or with
equally important metabolic consequences, The dwessity of
actions produced on transport of unlike solutes raises doubt that
the operation of a dissimilar group of small shuttling carriers is
being influenced. On the contrary this diversity may emphasize
the importance of the macromolecular membrane matrix in
transport. From the relationship to pyridoxal phosphate binding,
and from a study of cestradiol [35S]disulphate uptake (Christen-
sen and Jones, 1960) a surface binding of the cestrogens appears
to occur; the same conclusion has been reached for stilboestrol
action on glucose transport (LeFevre and Marshall, 1959}

Steroid bindmg on the cell surface may well modify the
responsiveness of the plasma membrane to various solutes,
ilthough only if the cell has a properly placed site with the
ippropriate geometry to bind the steroid at very low levels would
:ndogenous 1nfluences ensue There 1s for example, no obvious
sasts for suggesting that the red blood cells respond to endo-
enous oestrogen levels or that therr metabolism 1s under
restrogen control. Cortisone at high levels has been observed to
educe fructose permeation 1nto red blood cells (Pletscher, Van

£y

Tennbon Acmansnn and Britmoche

Mansn and T aniamas

i
athout causing any net redistribution (Streeten and Solomon,
954) Accordingly the broadening of the study of the action of
srtisol on transport mnto liver 1s urged,

Such an extension meets some difficult technical barriers
'he transport systems, at least of amino actds and sugars into
e liver, although necessanly mediated, appear to be rather
pid for successful 2 £rwvo measurement. Furthermore tech-
ques for studying transport into ssolated hiver cells n vitro have
)t yet been perfected Perhaps transport systems into the Irver

lmit and only an ion of the

1l are garely g, 3 s o
gree of concentration, as for the amino acids, will prove
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p the entire nature of
steraid action on transport deserves full study not enly to improve
the understanding of hormone action but also to try to illuminate
the nature of transport behaviour.

Summary
A series of observations on hormone actions on the transport
of amino acids and other solutes has been reviewed and extended.
Cortisol produces a rap:d and intense hepatic uptake of previously
injected a-ammorsobutyric acid. Cortisone produces a somewhat
slower and weaker action whereas steroids of other types fail to
produce this action

of this amuno acid into the diaphragm is still subject to antagontsm
by valine m the presence of insulin, showing that insulin
strengthens a medrated transport and not a diffuston.

Several oestrogens have been shown to intensify uptake of
amuno acids by the Ehrlich ascites tumour cell, and to inhibit
the meduated entrance nf sevcral solutes into the human red
blood cell O diol d imulates the mediated uptake
of uric acid by the red cell, this action being associated with an
mhibitron of the passage of morganic phosphate The latter
actron 1s shared with other cestrogens.

Important implications as to the nature of membrane transport
anse from the simultaneous occurrence of changes in a varety
of transport systems i the presence of a sigle hormone. By
analogy 1t seems likely that the increased capture of amno acids
15 not the only change in transport that will be found to anse from
the action of glucocorticords.
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DISCUSSION

Long- Would the decreased rate of entry of AIB into the fiver
mn an adrenak ized snum d by th i
of the hormone >

Christensen: That result has not been sought very thoroughly.
T R Riggs and L M Walker (1953. F biol Chem , 200, 69) have
shown that the hiver of the witamun B-deficient rat hay an m-
creased AIB caprure (in contrast to other trssues where accumula~
tion 18 decreased) If the anmmal 1s adrenalectopzed, however,
the hver no longer shows an increased AIB capture but takes its
place with the other tssues

Mlanchester: In muscle Dr. Wool in Chicago has shown that
drenal increases the fon of aming acids by the
ssolated diaphragm and that treatment with cortisol can bnng the
accumulanon of amino scids down to below the normal level.
That 18 the other way round to the changes brought about by these

activity was accompanzed by 2 loss o} protein and smina scuds
i"rom ttyhe cell, I wonder whether anyone has studied peptidase
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activity in a system such as the liver in which 1t 13 thought that
glucocorttcotds enhance the trapping of amino acids.

Christensen: 1 am not aware of any such studies. The pOSslblllty
that 2 peptide bond 1s first formed and then broken during trans-
port of an amuno acid 15 excluded because this would necessitate
a earboxyl oxygen exchange. That is, a nitrogen atom would
tempomﬂy take the place of one nf lhe arboxyl oxygens. A

Bush: Some of your effects were shown on the exit of AIB from
Ehrlich cells Do these cells show an entirely symmetrical effect
of :temlds' on transport of AIB m and out, or 15 there always a
Y . WL e U

beleve this 15 practical m vitro because of the time required for
circulation of the blood and for exctston of the hiver. I think that
I'!udxes of transport by the ltver 1 wiiro are very much needed

L By A L T I Ty T AL

witro studies are necegsary for a resolutson of the two fluxes.
Manchester- If one could do a really detasled mathematical study

of influx and efflux 1t mught go some way towards answering the

sort of problem you‘havel n mmd,L Butlon a ratkher ﬂuahzan:_zc leze}
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DISCUSSION
Long: Would the decreased rate of entry of AIB nto the hver
an ad; i} d animal be d by the

of the hormone ?

Christensen: "That result has not been sought very thoroughly.
T. R Riggs and L. M. Walker (1953 ¥, biol Chenm., 200, 69) have
shown that the liver of the vitarmun By-deficient rat has an m-
creased AIB capture (in contrast to other tissues where accumula-
ton 15 decreased). If the anmmal 1s adrenalectomized, however,
the liver no longer shows an increased AIB capture but takes 1ts
place with the other tissues

Manchester. In muscle Dr Wool in Chicago has shown that

d 3| the 1 of ammo acids by the
1solated diaphragm and that treatment with cortiso] can bring the
accumulation of amuno 2aids down to below the normal level
That 1s the other way round to the changes brought about by these

..... tanmq Pr tha Trvar

;::Nt;.\nty was accompanied by a loss of protein and amuno acids
from the cell. I wonder whether anyone has studied nentidase
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performing a reversible haemolysis in the presence of radioactive
S VL o et e S ralle by sha Hoffman

supplied from outside. In the latter case the oestradiol was
promptly washed off. Although it 1s too recently that we have
L T d Ll Nootend ol Rae o <imilar gction, Paul
idence that
the human
et LIVLU Lk

Gross* Have you any evidence about the specificity of these
effects? Are they specific for gestradiol or did you nvestigate
other sterords ?

Christensen- The effect 15 obtained at high levels of deoxycortico-
sterone and of cortisol. It cannot be considered a highly spearfic
action

Vogt® Have cardiac glycosides any effect like this ? 3
_ Christensen. The red blood cell does not take up ag)ix.m‘acn:l‘s

membrane to entering solute. Perhaps the target cell, that 1s the
cell that responds at low levels of a steroid, may have sites of
appropriate geometry so that the sterords even at low levels will

e bound near enough to a transport site of a given character to
1nfluence that transport

Liddle You mentioned at the beginmng of your paper that 1t
would be logical for an increased rate of serum protem formation
to oceur a3 2 result of the tnereased amino acid uptake by the liver
pighstuiantiobiier s ol A

1o cemrncde

demonstrated that prednisone shortens the half-hfe of -
labelled albumin (in press, Hely med. Acta) Secondly, corticoids
do not usually decrease the serum concentration of albumun I
think if we accept these facts we have to assume that there 13 an
mcreased rate of pmducm;n of serum alburun and that albumin
aptininb i St e b e e LT
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there will be g tendency for a lesser outflow and a greater inflow
of amino acids to take place. If this applies to all amino avds,
treating zlgem as a group rather than scparately, this will bring
about a bigger inflow of AID in the presence of insulin and 8
smaller outtlaw. Since the AIR cannot go into protein or mto any
other mectabolie channel the result will be an enthanced accumula-
tion of this amina acid mn the presence of insuln, though this

hanced lation 15 a secondary of the primary
action of msulin i stimulating the formaton of protemn from the
uulizable amuno aesds

Soffer- If the liver 13 exposed simultancously to a number of
agents such as AIR or glucose or potassium, under the influence
of various hormones, Is there any prediection for the transport of
one of these sub across the cell b as aganst the
other ?

Christensen Untl we can study a surtable preparation of Iver in
titro T don't see how we can study the rate of glucose traasport,
which Dr Cahulf and Ins associates have shown to be exceedingly
fast Comparisons among solutes will be difficult to make untl
wt vitre techniques are avalable,

Morgan. In association with D G. W. Liddle we have measured

AIB uptake in the ssolated perfused heart and find this to be
sccelerated by msulin, However, the insulm effect was dependent
upon the concentration of AIB, so that a very much larger effect
of msuln was obtaned at low AIB concentrations, and at suffict-
ently high concentrations insulm had na effeer ar alf This would
suggest that samething of thus sost could be gomng on with some
of the ather amino acids with which it has been difficult to demon-
strate an ansuhn effect We have alsa tried to obrain an effect o
insubin on the effiux of AIR from the perfused heart snd can find
none.
Bush How did you obtamn the evidence that the oestradiol and
1ts disulphate were only bound at the surface of the red cell, Dr
Chastensen? Have yon any evidence that the disulphate was
being bound as such, or was it bewng hydrolysed to the free
steroid ?

Christensert "The studies were made with #S-fabelled oestradiol
disulphate  The amount of this substance bound by erythrocytes
12 only about 30 per cent of what would be requsred to bring the
level in the cell water to the level prevasling outside 'This propor-
tion rernains constant over a very wide concentration range,
suggestng that 2 binding site of low affiuty ts present in a large
amount, so that st cannot be uptoalmy
of the steroid  On the other hand if the red blood cefls are broken
by beng frozen, and the cytolysate is enclosed n a ceflaphan bag,
oestradiol disulphate will continue to enter the cytolysate hy
dralysis for a very long time, untl one can calculate that ten fimes
as high & level 18 present mnside a3 13 found outside. Furthermore
we were able to sntroduce oestradiol disulphate inside the cell by
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of asl d schema of the bolism of glucose in this tissue.
It would appear that metabolic control of fat synthesis and storage
may be ac}neved to a cons!derable extent by controlling the

dicated by the circled
number 1 1n the drawmg. Greater availability of glucose-6-
phosphate results not only in increased availability of Cyy frag-
ments for the synthesis of fatty acids, but also 1n the increased
availability of reduced TPN (triphosphopyridine nucleotide) and

ADIPOSE TISSUE

GLUCOSE

G-§~P ® GLYCERIDES
Tnex‘--P—‘———slycucl P—’(/ \\\’-Glyuml
Pyruvate ——s Acetyl-Conmemg, T4

oyl = cu F\ﬂl) heies

o

:yr:t!

Fig. 1 Simplfied scheme of some interrelations between
carbohydrate and fat metabolism mn adipose tissue ‘The
arcled numbers sndicate two probable main pomts at which
control of fat storage and release may be exerted (see text)
Note that the well-established existence of an active phos-
phogluconate-oxidative pathway 1n this tissue 18 not shown

thus of hydrogen in 2 form sustable for utilization in the reductive
synthesis of the fatty acid chain Furthermore, mncreased avail-

acids to glycendes (Cahull, Leboeuf and Renold 19:9)
Although control of the of gl

results prumarily 1n control of synthesis and storage of fatty ac:ds

1t may also influence fatry acid release as a result of the require~

ment for glycerol phosphate 1n the synthesis of glycendes, There




EFFECT OF ADRENAL HORMONES UPON
ADIPOSE TISSUE

Arpert E. RenoLD, George F. Caurr, Jr.®, Bernaro LesoEUF
and M. Guirrermo Herreraf

Departments of Medicine, Harvard Medical School and the Peter
Bent Brigham Hospital and the Baker Chinic Research Laboratory,
New England Deaconess Hospital, Boston, Massachusetts

It is becoming incrcasingly evident that adipose tissue 13
probably the major site at which overall control of fat syathesis,
storage and release is exercrsed (Wertheimer and Sthxm, 19485
Wertheimer and Shafrir, 1960). On the other hand, the existence

of adrenal cﬁccts Jupon the metabohsm of Ilplds is well sub-
- - - s A€ok s afFanbe (Walr

gemes o

Explorc \vherher our undcrsmndmg of ‘the effect of the adrcm]
cortex upon hptd bolism may be d by
the actron of adrenal hormones upen isolated adipose tissue.
‘Throughout these studtes the preparation used has been that of
the unchilled and minimally handled epididymal adipose tissue
of the rat. The effects of adrenal hormones have been observed
either as a result of their addmcn  eitro, or by companng tissues
obtained from normal, -treated
anmmals The effects studied were rclatcd m tbc disappearance
of added substrates and to the net change 1n titratable fatty acids
of the medium, or to the metabolism of substrates labelled with
14C  The methodology used has been described elsewhere in
some detai] (Winegrad and Renold, 1958; Cahull, Leboeuf and
Renold, 1959, Jeanrenaud snt}‘f‘{muld. 1960)
AR £ h ot P maad oart
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of a st d schema of the of glucose in this tissue.
It would appear that metabolic control of fat synthesis and storage
may b: achieved to a derable extent by lling the

o 6-phosphate, as indicated by the circled
number 1 in the dmvmg Greater availability of glucose-6-
phosphate results not only in increased availability of Cey) frag-
ments for the synthests of fatty acids, but also in the increased
availability of reduced TPN (triphosphopyridine nucleotrde) and

ADIPOSE TISSUE

SLUCOSE

LN GLYCERIDES

Tne{--l’a—-—myuml ,,_,(/ \\\hclyzml

Pynivate —s=acety|-Copmry AN 5 rwy e

cirRie

Fic 1 Simplfied scheme of some interrelations between
catbohydrate and fat metabohsm 1n adipose tissue ‘The
circled numbers indicate two probable main points at which
control of fat storage and release may be exerted (see text)
Note that the well-established existence of an active phos-
Phogluconste-oxidative pathway 1n this tssue 1¢ not shown.

thus of hydrogen 1n a form suitable for utiltzation in the reductive
synthests of the fatty acid chain Furthermore, increased avail-
ability of glucose-6-phosphate also rcsuhs in mcreased nvaxl-
ability of glycerol phosphate (from

which is required 1 order to esterify the newly synthesized fatty
acids to glycerrdes (Cakull, choeuf and Renold 1959)

Although control of the gl
results primanly 1n control of synthesis and storage of fatty acds,
it may also influence fatty acid release as a result of the require-
ment for glycerol phosphate tn the hesis of glycerides. There
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is good evidence to indicate that in this tissue 2 highly active
. 0 4 Leiesan alyeerides, on the one hand,
ither. Whereas free fatty
' erification in this tissue,
glycerol cannot be re-utilized because ol the very limited (perhaps
absent) ability of adipose tissue t0 phosphorylate glycerol.
Accordingly, the continuous occurrence of re-esterification of
fatty acids in adipose tissue is dependent upon the continuous
availability of glycerol phosphate which probably is derived
almost exclusively from the ‘metabolism of glucose-6-phosph1te-
Thus, if the availability of gluccsc-6-phosphate 15 severely
curtailed (as 1n severe fasting or in the absence of insulin), the
non-availability of glycerol phosphate results in 2 net release of
free fatty acids and free glycerol by adipose tissue (Wood,

Leboeuf and Cahull, 1960).

Whereas msulin probably exerts 1ts effects upon both fatty
acid synthesis and net fatty acid release in adipose tissue by way
of 1ts control over the availability of sntracellular glucose-6-
phosphate, evidence is available to indicate that fatty acid release
from adipose tissue may also be durectly controlled at the Tevel
of the hydrolysis of glycendes to free fatty acids and glyceroh
1e at the level of lipolysts per s¢ (as indicated by the arcled
number 2 m Fig. 1) Itisat this point that adrenaline and nor-
adrenaline have been shown to exetlt pnmanly therr lipolytie
action (Cahill, Leboeuf and Flinn, 1960; Lynn, MacLeod an
Brown, 1960) Also, the Itpolytic effect 1n viiro of preparations
of pituitary ‘adrenocorticotrophin and pituitary somatotrophin
appears to be localized at this site (Leboeuf and Cahill, 1960)

.o - Weroflv considered some of the mechamsms
. etin

Adrenal corticords aimd Ust b3 e G EEPRE
adipose tissue. Inour opinton, the existence of direct adreno-
% —: <nnn hnogenesis is suggested most clearly by the

' L 1051

acetate found 1m liver suwts v
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cats was retumned towards normal by superimposed adrenalec-
tomy or hypophysectomy. More recently, Ashmore and co-
workers (1958) have demonstrated that adrenalectomy restored
towards normal the depressed lipogenesis from pyruvate of hver
slices obtained from alloxan-diabetic rats, while the administra-
tion of cortisone to the diabetic adrenalectomized animals re-
blished d hepatlc 'r gt from pyruvate (Fig. 2)

However, when Dr. T d repeated these exp
our laborntory, using aa'xpa;e tissue from normal, diabetic, and
d rats, 2 jon towards normal of

wowwac

bustmic  omsEnc
aox ey
« confrsone

»
wicaouoLes
carson
LIy
LAt

B

F16.2 Li from [2-4Clpyruvate (40 lesfl.) b

Liver shices, incubated n Hasungs brcarbonate buffer (K+ ~— Y o
m-equv.fl} Data from Ashmore ef al (1958)

the depressed hpogenesis of diabetic tissues as a result of

adrenalectomy was not observed (Jeanrenaud and Renold, 1960)

Furthermore, a fauly ext:nswc survey of the membohsm of
e el Cionon

n

strates were sirnilar in tissies ob d fi drenal d and
from normal rats, provded that comparable nutrstional condstions
had been adnn‘ed Also, adipose tissue obtained from adrenal-
ectomized rats was not unusually sensitne to insubin added 1
itro.

Although the report which was published as a result of the
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studies just mentioned (Jeanrenaud and Renold, 1960) empha-
sized negative aspects with regard to adrenocortical effects upon
lipogenesis, one observation, in retrospect, may have been
inadequately stressed. As shown in Table I, the administration
of cortisone to fasting adrenalectomized animals resulted 1 a
definite d 1n fipogenesis from (2-#Cjpy by subse-
quently isolated epididymal adipose tissue. Since the animals
were adrenalectomized and fasted, their nutntional state was
comparable, and it must be inferred from this data that, under
these specific conditions, an inhibitory effect of cortisone upon
lipogenesis by adipose tissue was apparent, an observation in
keeping with the studies of Welt and Wilhelmi {1950) on the

Table I

EFFEcT OF CORrTISONE toN (10 Ma. USLY

24 AND 12 HOURS PRIOR TO DEATH) UPON LIPOGENESIS FROM

[2-¥C)PYRUVATE BY EPIDIDYMAL ADIFOSE TISSUE FROM ADRENAL~
ECTOMIZED RATS (data from Jeanrenaud and Renold, 1960)

Group of animals Incorporation of pyruvate Cyy snto
(all adrenalectormzed) JSatty acds (umoles per mg ussue
ntrogen)
Fed ad lintum 2 14+0 36
Fasted 24 hours 1 78+0-38
Fasted 24 hours and corti-
sone-treated 0412007

effects of cortisone admunsstration 11 £1z0 upon the incorporation
of deuterium from body water into depot fatty acids, and the
nl\;;:) recent observations of Riet-Cotrea, Magalhaes and Kraht
(1960).

Effects of adrenal steroids, added in vitro, upon the re-
lease of fatty acids by adipose tissue, The effect of adding
adrenal sterowds tz <itro upon fatty and release 15 shown
Table 11, also taken from the report of Jeanrenaud and Renold
(1960). It 1s apparent that the presence of cortisol resulted i an
increased release of free fatty acids and that a rnliuon’shl:p
. - [ TR AR Y SN Y S

release i witro is only partly specific for steroids with gluco-
corticoid activity, since deoxycorticosterone was alsa effective,
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although to a lesser extent. The lower cortisol concentration
used still exceeds the levels existing in normal human plasma by
one order of magnitude. It is evident that additronal work with
other steroids and different concentrations will be required before
accepting the biological validity of these observations with
1solatcd tissue. Hoswever, clear-cut corollaries of this effect of

icoids upon fied fatty acid release are avarlable
in wive, since Scow, Chernick and Guarco (1959) in pancreat-

Table I
EFFECT OF CORTISOL AND DEOXYCORTICOSTERONE ADDED in vitro

UPON THE NET RELEASE OF NON-ESTERIFIED FATTY ACID FROM RAT
ADIPOSE TISSUE* (data from Jeanrenaud and Renold, 1960)

Net
non-estertfied Steroid-

No of  fatty and induced
Steroid added ammals  release release
wequiv./mg.N,
I: none 12 0 45+
11+ cortssol, 3 pg fml 12 098 0-53+0 13
III; cortusol, 30 ug /ml 12 2-70 22420 32
1w deoxyoomcosterone, 12 1-51 106+0 22
30 pg /ml.
pansans carried out in the same aninal (4 pieces of adipose tizsue for uch
mnml) Vx!uu reased 3 net n[ns= (m #equiy } per mg_of tistue mutrog
cubatu umzd out for 3 hoursn a Ibunun-Kre! l-hlnrbnnne buffer mnmmng
fA.m!y-n ol vanance all values P<<0 001
1 tests ll lgmut I =4 10 P<0 007
l mt 1 702 <0 001
1 420 <0 001
HI lgnm( 11 5 40 <0 001
1 sganst IV 317 <0 001

ectomized rats and Gillman and co-workers (1958} in pancreat-
ectomized baboons have established the exstence of major
adrenocortical effects upon lipid mobilization and ketogenesis,
Effects of adrenal steroids, added in vifro, upon the
metabolism of glucose by adipose tissue. We have empha-
sized above (Fig 1} the central réle of glucose metabolism in
controlling fatty acid synthesis and release in this nissue. It
seemed of special interest, therefore, to know whether the clear-
cut effects of cortisol added i vitro upon the release of free fatty
acids by adipose tissue could be related to alteration of glucose
metabolism by adipose tissue  Although Jeanrenaud and Renold
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studies just mentioned (feanrenaud and Renold, 1960) empha-~
sfzed negative aspects with regard to adrenocortical effects upon
lipogenesis, ane observation, wn retrospect, may have been
inadequately stressed. As shown in Table I, the administration
of corti to fasting adrenall ized animals resulted in 2
definite decrease 1n lipogenesis from {2-14Cpyruvate by subse-
quently isalated epididymal adipose tissue. Since the animals
wete adrenalectomized and fasted, their nutritiopal state was
comparable, and it must be inferred from this data that, under
these specific cond: an ishibitory effect of cortisone upon
Iipogenests by adipose tissue was apparent, an observaton in
keeping with the stuches of Welt and Withelmi (1950) on the

Table X

EFFECT OF CORTISONE ADMINISTRATION (10} MG, SUBCUTANECUSLY

24 aND 12 HOURS PRIOR TO DEATH) UPON LIPOGENESIS FROM

{2-3CJPYRUVATE BY EPIDIDYMAL ADIPOSE TISSUE FROM ADRENAL-
ECTOMIZED RATS (data from Jeanrenaud and Renold, 1960)

Group of ammals Incorporation of pyruvate Cyy mta
{all adrenalectomized) Jatty actds (umoles per mg ussue
nitrogen)
Fed ad bbitum 2 142036
Fasted 24 hours 1-78%0 38
Fasted 24 hours and corti-
sone-treated 04140 07

effects of cortisone admunistration ¢ v1zo upon the mcorporaton
of deuterium from body water into depot fatty acds, and the
more recent observations of Riet-Correa, Magalhaes and Krahl
(1960),

Effects of adrenal steroids, added in vitro, upon the re~
ease of fatty acids by adipose tissue, The effect of adding
adrenal sterods #z titre upon fatty acid release 15 shown in
Table II, 2lso taken from the report of Jesarenaud and Renold
(1960). It 13 appasent that the presence of cartiso} resulted in an
increased release of free fatry acids and that a relationship
existed between cortisol concentration and the magmitude of the
release of non-esterified fatty acids The data also suggest,
however, that the cortisol effect upon non-estenfied fatty acid
telease i vitro 1s only partly speaific for sterords with gfuco-
corticord activity, since deoxycorticosterone was also effectse,
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cortisol effect upon glucose metsbolism #x vitro might at first
glance tend to cast some doubt upon the physiological significance
of the cortisol effect, 1t should be recalled that adrenaline stimula~
tion may well be continuously involved in the normal release of
fatty acids in vivo (Havel and Goldfien, 1959; Bogdonoff,
Wessler and Merritt, 1960).

The incnrporau'un of amino acids into adipese tissue
Pproteins in vitro. Althuugh stud:cs of adipose tissue metaboltsm
have tutherto t drate and fipid boll
we have recently become mtcrestcd 1 the possible usefulness of
this tissue for studies of protemn metabolism. As shown m
Table I, rat adipose tissue and rat draphragm obtained from

Table I

INCORPORATION OF LABELLED CAREON FrOM [1-M4CJeL¥cINE INTO
TCA“PRECIPITABLE PROTEIN OF RAT DIAPHRAGM AND EPIDIDYMAIL
ADIPOSE TISSUE INCUBATED in viro

Diaphragm Adipose tissue
Counts/min /mg. protemn 194427 2,370+ 169
Counts/min./g. tissue 29,100 24,480 + 680
Moles substrate carbon/&
tissueX 10-% 93 8 29+0 77
Bigsrbonate bufer no sdded bormone, no added glycose
TCA tnchloroaestic a

the same anumals incorporated appm'umately the same amount
of labelled glycine into tissue protein per unit of ttme and per
unit of wet weight of ussue. The resulting speaific activity of
the tissue protein, however, was ten times greater for adipose
tissue, a consequence of 1ts extremely low protein content. In
this tissue, 1t 15 hkely that a large portion of tissue protein 19
enzymic protein. | Table IV further shcws our prelnmmnry rcsults
concerm  * - e * b

upon th .
protemn "

control expeniments with other sterods still have to be carried
out, 1t would seem that } 1 effects on the P of

amino acds 1nto adipose tissue protein can be demonstrated and,
that the presence of cortisol 12 vitro inhibits the rate of incorpora«
tion of glycine into the protemn fraction of ths tissue,
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have been unable to demonstrate effects of cortisol added in titro
upon glucose metabolism by adipose tissues with or without

imul by insulin, quantitatively small but
significant effects have been recently obtained by Leboenf and
co-warkers (unpublished observations) worhing with lower con-
centrations of glucose in the medium and in the absence of
insulin. It would seem that effects of cortisol upon glucose uptake
and metabolism by either resting tissue, or by tissue stimulated

PAIRED DATA
10 =i
A=—-222%SEQT78

A MOLE GLUCOSE
PER g TISSUE

ADRENALINE ADRENALINE ('O-‘M)
-4 +
1o7%m) CORTISOL (30 g /mt )
e e A R
bonate buffer, glucase s Je/l,, atbumin
concentration 3 4 g per 100 m! Data from unpublished ob-
servations of Leboeuf, Renold and Cahill

by nsulin, are at best quantitatively small and quite difficult to
demonstrate, large numbers of experiments being required to
bring them out Accordingly, 1t is perhaps of special interest
that clear-cut and quantitatively larger effects of cortisol added
s vrtro upon glucose uptake and metabolism by adipose tissue
can be demonstrated 1n the presence of adrepalne, ACTH or
growth hormone, 1¢. 1 the presence of agents which stimulate
the metabolism of glucose in a fashion clearly different from that
of nsulin (Catull, Leboeuf and Flinn, 1960) An example of this
observation 1s shown m Fig. 3. Although the requitement for
combined hormonal agents in order to demonstrate a_clear-cut
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{1) The synthesis and storage of fat in adipose tissue is con-
trolled 1n Jarge part by the metabolic availability of glucose, both
as a source of fatty acid carbon and hydrogen, and as a source
of actwvated glycerol in the synthesis of glycerides. In addition,

WSULIN
eFFecT

Tipolysis itself may be directly activated by agents such as
adrenaline and noradrenaline.

{2) Adrenalectomy does not appear to alter significantly the
metabolic activity of subsequently isolated adipose tissue, pro-
vided that comparable nutnitional conditions have been achieved
at the time of sacrifice, The admuistration of large doses of
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Interrelations between hormonal effects and electrolyte
effects. In Dr. Thor’s presence, and since several of us are
indebted to Dr. A, Baird Hastings for our first exposure to
studies on tissue bolism, it may be appropriate to end this
discussion with the reminder that, when thioking of adrenal
effects upon metabolism, one should not forget the possible
interrelations which may exist between the electrolyte effects of
that endoctine gland and the metabolic effects which it exerts

Table IV

EYFICT OF COPTISOL AND OF ADRENALINE ON THE INCORPORATION
OF [I-MCJCLYCINE INTO PROTEIN BY RAT EPIDIDYMAL ADIPOSE
TIssUE (data of Herrera and Renold, 1960)

wholes {1-3CTplycine recorered
i bissue protein, expressed as
Gllucose  ymoles carbon {100 mg, dry fat-
Jree tissue (3 hours

Hormone added ety
PC
Coneot 30 i, H b } <00t
ot 30 g, $ R } <002
gne ine 15 g fml. 6 o ) <o o

None 16 0 924 .
Adrenaline 18 g /ml. 16 0 351 } <0-001
* Probabulity thae difference is mignificent

upon ussues. As an example, the dependence of the insuhn
effect upon adipose tissue on an appropriate balance of cations
{n the medwm 18 shown in Fig. 4, wiuch summarizes data obtained
by Zahnd in our laboratory (unpublished observations).

Conclusions apd summary
1t would scem to the authors that a sumple and generally vahid
conclusion concerning the réfe of the adrenal cortex in controlling
adipase tissue metabolism may not, as yet, be drawn. The
Tollowing, however, may be of use 23 a prehminary imerpretation
of the results which have been outlined above.
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(1) The synthesis and storage of fat in adipose tissue is con-
trolled in large part by the metabolic availability of glucose, both
as a source of fatty acid carbon and hydrogen, and 2s a source
of activated glycerol in the synthesss of glycerides. In 2ddition,

wsULN
EFFEcT

itpolysis stself may be diectly actvated by agents such as
adrenaline and noradrenaline.

(2) Adrenalectomy does not appear to alter significantly the
metabolic activity of subsequently isolated ad:pose tissue, pro-
vided that comparable nutrtional conditions have been achieved
at the ume of sacrifice, The administration of large doses of
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corti ids i1 vivo d d lipogenesis of subseq
isolated adipose tissue, both from pyruvate and from glucose.

(3) The p of cortisol, or deoxy
sterone in the medium sigmificantly increases the net release of
free fatty acids from isolated adipose tissue, cortisol being most
effective in this regard. The effects of cortisol alone on glucose
metabelism by this tissue are difficult to demonstrate and
quantitatively too small to be of likely significance in explaining
the fatty acid-releasing activity of the steroid. In the presence
of insulin, cortisol is ineffective, while in the presence of adrenaline
cortisol achieves definite reduction in glucose uptake and ghreose
metabolism, Since fatty acid release from adipose tissue i tito
may well require pathetic stimulation, itis possible
that the lipolytic and ketogenic activity of cort ids in
snsulin-deficrent animals may be related to interference with
glucose utilization by adrenaline-stimulated adipose tissue,

(4) Isolated adipose tissue effectively incorporates amino acids
from the medum into adipose tissue protein. The presence of
cortisol and of adrenaline in the medium decreases the rate of
this incorporation, although considerable work is still required
to establish whether thrs observation is of real physiological
stgnificance.

{(5) The importance of the ionic environment in conditioning
the occurrence or the magnitude of hormonal eflects upon this
tissue 1s worth some emphasis, especially 2s related to the effects
of the hormones of the adrenal cortex

7
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DISCUSSION

Long- It 1s perhaps u‘nposslbh m calculate it, but assumng thﬂt
this effect on protein 13 e the
tion of the adipose tissue towards the total mcreas: one observes
1n mtrogen excretion must be quite small. When protein metabol-
1sm 1s sumulated with adrenal sterords the excess nitrogen 18
comirllg from a much larger pool, presumably largely from skeletal
muscle.

Renold; 1 am sure that this 1s correct and that adipose tissue
Protem s unhikely to be a major source of unnary nitrogen How-
ever, adipose t1ssue protein may turn over rapidly. It 1s likely that
1t 1s primanly enzymuc protemn and there 15 good evidence fo
suggest that enzymic “atrophy” and “ sdaptation” may occur 0
quite a remarkable extent 1n this tissue as a result of, for instance,
fasung or refeeding

orn Or you could put 1t another way 1n the total energy
l’:qulrfm:nts of the organism under fasting crrcumstances, al-
P\ ripa el ool O Nan e St s

effect.

Renold Direct interference with and catabohism of adipose tissue
cytoplasm mught well be another way of releasing adipose tissue
at]

Long- I like the way Dr. Renold put that I am sure 1t has
occurred to all of us in different terms. The hiver can apparently
lose a large amount of protein during a fast—up to 30 per cent
without too much impairment of enzymic actiity. You could
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perhaps extend that kind of concept further and say that one of
f-hf- reasons v:hy we get effects after cortisol sx’mﬂax; to fnsu{fn
JOURE S R AN AR R R T L e ' e

enzymes in the adipose tissue.

Christensen: Is information available as to the size of the foss of
liver mass or protein, to permit a decision about the adequacy of
the liver a3 a source of the excess mitrogen catabolism resulting
when corusol is given ? .

) Long. Direct measurements of the change in fiver proten i rats
given an excess of cortisal show that the Liver proteins are not the
source of the extra urine nitrogen.

Thorn; Even in the liver, 1t has been shown (Roberts, 5. (1953).
J. biol. Chem., 200, 77) that glucacorticoids may have different
effects depending upon the state of the liver, i e. a Joss of protein
from normal hver and & gan 1n protein in regeneratng hiver,
S)l‘_ligestmg, that the imtial state of the tissue may exerta deterrming
P =%

. . . - act that
H deoxy~
¢ — ¥ other
steroids to see what the specificaty of this response is 10 terms of
tl;nl{ typi of freroid you give? I know you were modest ‘x‘n your
PRI AR SHPP A e\ S AP s ST S

levels in fasted adrenalectomized rats given 10 mg, of cartisol
subcutaneously The maximum level achieved, occurting within
an hour of two after the igection, was about 100 pg 100 ml
It continued at this 1evel,x‘or quite a long nme .
oAy S 37 LN 4 o e e ey

release i1 vitro was 3 ug.fml , which 1y about one order of magnituue
greater than the expected concentration in normal human plasma,

or about three times the level Dr. Long just mentione not
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particularly bothered by the finding of activity of deoxycortico-
steyone since, in this instance, we are desling with concentrations
sev:ml ordus of magmtude ﬁmhn removed from expected
! nes for is unhkely
to be farr, in t}us nstance
Bush You say your 3 pg. is only three times Dr Long’s level
but in actual fact 1t isn’t, because the rat is an ammal in which
18 known that there is a fair amount of transcortin and very pmbably
the ratio of cortisol concemxauons w0 the plasma to the concentra-
tion 1n the tissues is of the order of 10 to 1, So that the level in
your experiments is probably already thmy umes as much, in

glucose, Adrenalectomy of the diabetic anumal certamnly does not
improve qucose uullzauon by the liver, or I presume, by the

great extent? Did you have a chance to put i’ fructose, for
example ?

Renold* Fructose has no spectal way of getung into this tissue—
1t has to get 1n through hexokinase and therefore 1t cannot be used
to answer your potnt,

Cahsll- There 13 no  question but thzt adipose ussue 18 different
fron} area to area, 1e andr?gen" far, oestmgen fat, etc. Some

surpnse whenever she injected 1t into her leg there was marked
atcophy of ¢he fat Jn her bumcks 1t appeared as though there

from area to area .
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perhaps extend that kind of concept further and say that one of
the reasons why we get effects after cortisol similar to insulin
deficiency is that the steroid is depressing insulin synthesis in the
islets of Langerhans, Here a specific protein—insulin—is being
synthesized, and even small effects on 1ts rate of synthesis might
well be reflected by much larger effects on carbohydrate metabol-
ism. In effect, this is what you arc saying can happen to the
enzymes in the adipose tissue,

_ Christensen. Is information available as to the size of the loss of
liver mass or protein, to permit a decision about the adequacy of
the liver as a source of the excess nitrogen catabolism resulting
when cortisof 18 given ?

_ Long. Direct measurements of the change 1n liver protein in rats
given an excess of cortisol show that the Lver proteins are not the
‘ 5. (1953).
. . = different

»f proten
+ g hver,

sterords to see what the specificsty of this response is in terms of
the type of sterasd you give? I know you were modest in your
claims that the phenomenon was physiologically important, because
of these high concentrations, but I do think that in this kind of
finding one ought to_be clear about the exact magrutude of the
diffe from physiol 1 d { Your effect
13 being achieved with what 1s approximately one thousand times
the probable physiological concentration of sterords in the tissues

Renold. Corticosterone 13 somewhat less effectve than corusol.
Otherr st‘em'l_ds we have not examned properly as yet, Itis obviously

: - .
It continued at this level for quite a long time.

Bush: But that 18 much more clearly physiological hecause you
are probably at about only two and a half times the maximal level
that that animal will achieve with ACTH stimulation, so0 I think
your observations relevant to physiology It 13 stull a very high
ievel but 1t is of the nght order of magnitude,

Renold The lowest effective level for cortisol on fatty scid
release in vtro was 3 ug [ml., whichis about one order of magnitude
greater than the expected concentration tn normal human plasma,
ar sbout three times the level Dr. Long just mentioned. _am not
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particularly bothered by the finding of activity of deoxycortico-
sterone since, in this instance, we are dealing with concentrations
several arders of magmtudc /un}m removed from expected

1 ones. Ml 1 comparison i3 unlikely
1o be farr, in this 1nstance.

Bush: You say your 3 pg. is only three nmes Dr. Long s level,
but mn actual fact 1t 1sn’t, because the rat is an animal in which it
1s known that there is s fatr amount of transcortin and very probably
the ratio of cortisol concentrations in the plasma to the concentra-~
tion 1n the tissues 18 of the order of 10 to 1 So that the level m
your expeniments 1s probably already thurty times as much, in
terms of effecttve tissue concentratton——not just three.

Ashmore: There is an apparent difference 1n regulation of fatty
acid synthes:s m hiver and 1n adipose tissue. The synthesis of fat
by the adipose tissue requires the simultaneous unlzation of
glucose Adrenalectomy of the drabetic arumal certainly does nat
lmpmve g]ucose unhzat' n by th liver, on sume, by thc

Rengld: No. \We have tried pyruvate, acetate and glucose, e
have not tried a combimation of pyruvate with other substrates.

Ashmore- Are any other substrates utilized by the protein to any
great extent? Did you have a chance to put imn fructose, for
example 7

Renold: Fructose has no special way of getting into this tissue—
1t has to get 1n through hexokinase and thetefore 1t cannot be used
to answer your pomnt

surpnise Whenever she injected it into her leg there was marked
atrophy of the fat. In her buttocks 1t appeared as though there
ght be hwenro‘?hy. 1 JUSX t mention th zhxs asa passlng pomr of
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Fraser: Tt is very interesting to hear this discussion o{ how}he
t

carbohydrate and protein effects, or are there other effects that are
more cogent or direct 7 In some of our hypophysectomized patients
we noticed a very raptd development of cortisol deficiency when
e Bl LT L L et ndings which

Has anybody

wstand fs the

apparent synergism of the growth hormone and costsol 1n their
anti-insulin effects, notably m the msulin response 10 a hypophy-
sectomized antmal; it has not been possible to restore that response
t0 normal by growth hormone alone without producing toxic
effects. T think the same applies when gving cortisol al This

trcularly as we were using sdrenalectomized ammals. One of the
first things that happens after one gives an active sterord of this
type 1s dilution of the blood The assumption 1s that the intra-
cellular water becomes available to the extracellular compartment.
‘We thought that there might be an early change in the haematocnit
which preceded the change in the carbohydrate metabolsm. So
far 1t appears that the haemotocrit changes become evident some-
where midway between the nme when one detects the effect on
the blood sugar and the time when one detects the effect on Liver
glycogen, that 1s about the second or third hour after giving the
steroid, not earlier
I have thought about the synergism betw een the growth hormone
and cortisol 1n thetr action on insulin  The effect of cortisol ss very
largely centred upon the liver and that of growth hormone i$
tred on the penpheral tissues  When one 1s gving insulin to

cen!
femanhucontamizerd animals there 13 a sensinivity 1n twva directions
“ - 4

the carbohydrate and mtrogcns:xuman ot hypo w=rguieu
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animals, we showed that although the xﬁuggen excretion fm’ agiven
PR A e ek e Son b Rty

although we still found a comparable is increase in nitrogen excretion.
So it lcaks as if the hypophysectomized snumal has some other
that 1s not repared sunply
by giving ev:n these very large amounts of cortisol, Ths I inter~
Ppret to mean that quite possibly the effect of growth hormone, or
at least the effect of removing the hypophysis, 13 more related to
fom]e hormonal control of glucose metabolism at the peripheral
evel.

Fraser- Is there not some evidence in hypophysectomized dogs
that the glucose released from the liver i an insulin test could not
be restored to normal with growth hormone alone, without exces-
sive or toxic doses ?

Long- ‘This work was done by de Bodo and his colleagues who
fpe‘ak of the norfnahzm'g ‘effect of adrenal steroids on the carbo-

than growth hormone alone.
Thorn: The quesuon concemnmg wat:r metabollsm was an



GENERAL DISCUSSION

' e interesting to hear this dxscusuun nf how the
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Hitiausaoa, y
carbohydrate and protein effects, or ate wueie e
more cogent or ditect ?_ In some of our hypophysectomuzed pmenu
“~ad o varv rapid development of cortisol deficiency when
-+<2 etk findings which
Has anybody

. lerstand is the
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» in 2 hypophy-
e that response
rodueing toxic
»of alone. This
>rmone may be

) » water changes

a little lm more I relduvh w f cortisof, par~
ucularly as we were using adrenalectom:zed ammals, One of the
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extracellular fluid volume to approximately the imitial control

chemical structure 7
raser: The withdrawal phcnomenon does not occur 1n relation
to mmeralacurnoaxd.l as strikingly as in regard to cortisol. I have
no doubt that there is a component of the runeral action, but can
it explain all the effects ?
Nabarro What 1s the definttion of the term “metabolic effects” ?
It seems to me that there are two uses for this term  On the one
d we have the cunslderauon of mchu gross metabolic changes
and, on the other hand,
one 18 trying to find the metabolic basis for some of the more
important actions of these adrenocortical hormones In dealing
with cortisol and 1ts actions we sull refer to 1t as a glucocorticord
hormone. T thmk one 15 forced to do this partly because there 1 no
other generic term which describes the actions of cortisol, but
there 1s no doubt that as far as body physiology goes, the more
mportant actions are things like controlling the distribution of body
I‘i‘tﬂds and maintenance of' btlood pressure and renal function.

thynuc the gl

eﬂ’ects, and the ann~mﬂammatory effects? Has anybody shown
n m: the molecule, that there 15 any

sterotd demons!nung different potencies between these effects; in
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Fraser; Dr. Slater and others in our unit have measured these
changes with simultaneous body space measurements of water,
sodium and potassium (Slater, ). D, H., Belcher, ], and Fraser,
R. (1960). 3rd Bad Gastein Conference on Radioisotopes, to be
published). On withdrawal of cortisol from the hypophysectomized
subject, water moves from the extracellular into the tracellular
compartment; the converse happens swhen one restores cortisol.
As Dr. Thom said, it is evident after some hours. We did not have
enough measurements to know exactly how quickly the change
occurs, but it is demonstrable. This is apparently a feature a lutle
more ch. ic of the hypoph d subject than simply
of the adrenalectomized subject——this is the sensitivity to these
body-water swings if the cortisol supply is withdrawn. One cz;l

put a hypophysectomized subject very rapidly into a coma, and
P I Y I T L TN LT e Anse pot

can occur but has been tare in our expertence, partly because of
the rapid use of mtravenous cortisol with the first evidence of

untoward reaction.
It would not appear that the primary effect of cortisol on water
bol; s duated via the ic hormone (ADH)

x
mechanism, but certamly in the Addisoman patient this would
Tepresent on 2dditional possibality which would not be available in

response after the adminstration of a water load, then certainly a
release of this inhibitson should occur following the ingestion of 8
sizeable quantity of alcohol since the latter inhibits the secretion
of ADH_‘ Studies 1n our laboratory would mdscate that no such

L L R S etenn

alcohol, results 1n no increased unne volume over a five-hour
period as contrasted to the control studies where no aleohol was

previously given.
The effect of the adre:mrl cortex and its glucogenic steroids on
T i tta mntatant o

b mmerelonen 6n snrerasting

feaches & pe;k in eight to twelve dayy when, despite the continved
admimstration of the harmone, there occurs an abru sl 1n the
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claimed there 1s a separation of this kind and to see exactly what

they will do to the nitrogen excretion, for example i fasting

adrenalectomized animals. Then one mught find that this so-cal!eg
ALl A ae S s 8 menes $hns Tt hases aarmnara

. L [ ROE AL SR P TN SR U U

at a tume 1nto a jomnt.

Fraser. The abnormal electrocardiogram 1s not purely an
electrolyte phenomenon, I suppose, and that is a strlang feature
of adrenocortical deficiency I think there 1s a farr amount of
ancillary evidence malang 1t unlikely that this sbnormahty depends
on electrolyte changes; and these changes are 1n the heart and the
brain, not the liver.

Cope- In separating and studying the metabolic as opposed to
the water effects, testing on the human has the great advantage
that human betngs, even diseased ones, are pretty umform through-
out the world Therefore one can usually get the same effect 1
different places 'That 1s not always true of laboratory animals,
even between two laboratores mn the same country. I do not think
anybody has demonstmtedtm the human subject any trend to-

Y ST T TR TR B R

protein achon, but one difficulty 1s to explamn 1n any way the fact
that the mtroduction of steroids orally, 1 ¢, through the liver, is not

more potent, at any rate in man, than the intramuscular or systemic
route. Gomng through the liver you would expect the sterord either
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ather words are they all working by precisely the same chemical or
enzymic mechanism ?
Bush: The‘.n:‘ is an analogue produced by the Schering group
X S ha SR Pan

avhiak o fb atecte oo e -

effect. ‘The difficulty with the anti+nflammatory agents that needs
remembenng s that on the skun a good old preparation of lead is
sull very much used; and systemically there are aspirin and half a
dgten other ‘thmgs. I think a segregation of ant-inflammatory
P RSV e AN S

o massnmn <Fala L L

this 33 3n ansmals, but the first trials 1n man show smidar results.
It 15 100 early 1o release the chereal formula of this compound,
but we really think that in prineiple 1t 13 possible to dsssoctate the
glucacortivond reactions.
horn® This type of action would appear to simufate ephedniae

or adtenahine.

Wetsstesn Our compound has no chemcal likeness to them, of
course, it 1s 2 steroad .

Busk I do not thiak ‘that we can distmiss the separation of
N R S A i P
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they will do_to the mtrogen excretion, for example m fasting
adrenalectomized anumals "Then one mght find that this so-call
pehrcA vty i i

effects, be determned by, let us say, 2 primary effect on the hver ?
1Vhat 1s the real evidence that there is a true local effect of a sterord
L e e e e P A o et el asterg

different situation when one tries these things en the skin in con-
centrations of one per cent or more, or mjects several milligrams
at a f1me 1nto a joint.

Fraser+ The abnormal electrocardiogram 13 not purely an
electrolyte phenomenon, I suppose, and that 1s a striking feature
of adrenocortical deficiency. 1 think there 1s a fair amount of
ancillary evidence making it unlikely that this abnormality depends
on electrolyte changes, and these changes zre in the heart and the
bran, not the hver. X .

wards selective of the vanous of what one
ptwiiich o e v

PSS e

protemn action, but one ditheulty 1s to explain m any way the fact
that the mtroduction of sterords orally, 1 e , through the hver, 1 not
more potent, at any rate in man, than the intramuscular or systemrc
route~Going through the liver you would expect the sterord either



88 GeNErAL Discussion

to be decomposed a lot and therefote to be less active, or altema-
tively to act on the target organ in the liver and therefore be more
active In fact oral and systemic routes seem to be equally potent.
Both processes may happen, but it seems most unlikely that they

exactly balance.
P NI S SR SIS DS P SURF JULY CIppiie
L S U & S

......... -

AROTRL 1IN SEQUINENE, 1L SEEMS, 18 taINg Us 111 & GIUIE. Vi
we are discussing sn man is the effect of glucoconicoids on any one
of a group of clmical conditions each of which undoubtedly
tepresents a long senes of intermediary reactions, for instance an
mflamed knee or asthma or ocedems or ulceranve colms. In
reactions as complex as these one would hesitate to predict that it
would not be possible to devise a modification of a steroid or other
substance which could effect 2 specific reaction 1n any one of these
complex pathways and thereby exert a relanvely high degree of
specifiaty. Aspirin 13 8 good example. Aspinn does not affect
the deposition of hver glycogen effectively but 1t certainly is
effective 1n reducing the mflammatory reaction. On the other hand,
Dr. Cahill's point 18 to emphasize the fact that when one specific
compound such as cortisol 15 ¢ffective 1 a wide vanety of ap-
parently d pathol 1 d, b one would hope or
suspect that the multi-efT mmught be explained by a single
fundamental mode of action.

Cope: Perhaps the most uniform test object available at the
present time for tesung these steroids 18 the patient with cheuma-
toid arthrim:. Such pattents can be compared tn laPaLmongs
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lesser fluid-retaining effect than do the parent hormones corusone
and cortisol. To this extent, then, there has occurred some
separatton of effect.
Cope We are leaving out electrolytes.
P AR A e i o S .

adding that compound to a system, one should surely have another
control contamning & stmilar steroid without the pharmacological
action you are wmterested mn. That pomnt was touched on by Dr.
Bush. He felt unhappy, as I did, about the fact that deoxycortico~
sterone acetate apparently produced smmular effects to cortisone
one of these esperiments. I should like to feel that we had 2s a
control a steroid chernically more sumular to the test obyect than we
have had 1n some of these experiments.

Christensen: We right think of thus as a group of compounds
vmh th: ablhty to modlfy port T access In general. Det:u

AT P

phystologrcal importance  This general situation would permit a
hormone to have more than a single prumary effect, especially at
exceptionally high dosages.

enold First of gll, I agree with the need to test many steroids
- fuos [ S et Ve

of the reasons why we feel that 1t 1s important to go as far ag we
can with the study of interactions between individual sterords and
individual tissues, keeping in mind, of course, that the tissue
puialoivainat-ast o -

glucose and mannose metabolism are disturbed 1 true diabetes
rnel.htus, cen:amly m some pauems with Cushing’s syndrome
is lunited to that of
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glucose and suggests pri 0
true steroid diabetes to be sssociated with relative or absolute

insubm insufficiency one would expect a reflection in the mannose
tolerance test as well as in the glucose tolerance test.

Long: 1 suggested earlier that steroid diabetes 1s really pan-
c‘rtatic diabetes of varying degree. !ngle,‘ who ‘hasLdone most of
AL e T R SUN AR 41 e Lomcang when

AHBB0LIALEU WILL LIS 13 @ Very Large gIyuogen Uipusiuu =
ultimately there appear the characteistic changes in the islets o
1 h quite ] hose produced by other kinds

urme

f nvae_ctiemastar an h

‘ene and a¢ this

Phn bar o
wliu Iy PELZIYLAENNA VELY QUICKIY—ISILILN OLIE U1 LWU JUuko
Long. With glucose ?
Fraser+ No, without glucose
Tl Y10~ e . ita-

SR

L4m¢, YWOUId WS glycosunia and hyperglycaemia occur bl tud
fasted human withm 30 or 60 munutes after the infusion of cortisol ?

Fraser. One or tho hours afterwards.

Long: What degree of hyperglycaemia did you have ?

Renold: Tt is easiest to answer the questton from studies 0
fasng patients with renal glycosuna. Intravenous wmnfusion of
cortisol results in modest hyperglycaemua and marked sncrease in
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eating a diet high in carbohydrate and receiving these very large
amounts of sterord ?

Fraser; 1 am not questioning the mmportance of your pont at
all. It 15 quite correct because this is a very common test for
prediabetes. You give an acute load of cortisone and produce
glycosuria quickly m a prediabetic but not 1n a normal subject

Long: With glucose ?

Fraser: No, with cortisone alone.

Long* 1 thought that simultaneous administration of glucose was
necessary,

Fraser: 'That §s true, but it 18 not the only way to do this.

Cahill: We are talling about mg /24 hours. Normal man
s e nnA s AN e D Ll Ag AL e - £

accurately by the enzymic determination

rimty: 1€ Dr. Long is correct m his adeas about the pancreas
wouldn’t we expect to see patients with long-standing Cushing’s
syndrome and hyperglycaemia who have reached 2 state of pan-
creatsc exhaustion ?

Soffer: 1 think one should assume that diabetes mellitus 1s
different from steroid diabetes, partrcularly in view of the two
points you have made  In the first place the pauient with Cushing’s.
syndrome even of long duration rarely develops ketosis, and
secondly steroid drabetes is comparatively refractory to the actton
of msuln In my experience with a very sizeable number of
patients with Cushing’s syndrome cuse of the disease is only
AV e it shuk Sugicnuheuni i

question of severity ? .
Long: What makes steroid diabetes different from the diabetes
of the depancreatized animal 1s that these changes are reversible
If you stop the steroid the diabetes disappears and the 1slet changes
disappear too Thus 1s not the kind of thing that you see with
grlnw\h hormone where you have 2 permanent destruction of the
sslets
. Callow- As a che'n-ust I feel that this question of the difference

etther 1 cellular constituents or actual chenucal consttuents, It
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is possible that the topical application of a one per cent cortisol
omn’nent |s not qulte so far from nature

centrations of hormones whu:h are several nrdm of magn:m:l
o nf she

2 £ of the s tween the con-
centrations in plasma and the extracellulnr fluid (Bush T E.(1957).
Ciba Found Coll. Endocr, 11, 263 London: Churchull). I think
effects found under these conditions have to be taken with 2 very
considerable pinch of sa]t—»m fact one needs a tin of Cerebos.
Your ott cun camenn al-
though not
allowances
the possibr

Y an ke

as in vivo
Gross As a
to time I was
say on the one
cology”, Whe
hormones, esp
this 1s somethn
are generally ¢
physiological rz -
h - : oduction
bsolutely
+ nportant
cortisol
1 during
weeks and months then a stage of prolonged overdosage wall
develop whxch 13 no longer physiological bur may corrcspond to
a 1 stage of
Thorn: The dilemma concerning the level of © L

. . . . PR £ o rom




tration producing an effect is well known to all of us. On the one

d we can study the overall effect of hormone on the intact
organism; in thus situation, one can relate directly the hormone
o L e N

in other words require a pharmacological level of hormone. In
these crrcumstances, one 1s justified m using a wider range of
hormone concentration i an effort to detect such specific effects
as i with sub or co-f The 1 of
this to the mntact ism 1s fraught with as much
danger as the attempt to idennfy specific mechanisms of hormone
actron when the hormone 18 administered to the intact ammal or
to relatively intact tissues. I suspect that what troubles me 1s the
that the of hormone alone indicates

“specific” or *“non-speaific’” effects rather than using the term
“specific” when one been able to demonstrate a specific
mechanmsm of action For example, it is possible to demonstrate
that a large number of substances (chelating agents and so forth)
can nhibit the activity of the zmc-contamning enzyme, alcohol
dehydrogenase. In contrast, the inhibitory action of thyroxine has
been shown to be characterized by a competitive reaction with
PN and not to be compeutive with the substrate. It would
appear to me that thus specific type of mnhibition of alechol dehydro-
genase by ‘hy"{vxl.l;le, n v«;hmh the kunetics of the competitive
ARSI DT T e S Bt i Bt

the actuat level of thyroxme concentration.

Bush 1 feel a lutle disturbed by thts argument I don't agree
with the muhitant “chuckers-out™ of data of this sort—it 15 very
Eareless to do t}t.\s, because we do not k‘nciw, ::or 1nstance, that we

which appear with large we may be
as
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is possible that the tnpigal appheation of 2 one per cent cortisol
b {0 wnt o <bn on fan Fanee mmben

sbove those found naturally in ivo, T don’t think one should do
this, but I do think one must question findings ¢ vitro with con-
centrations of hormones which are several orders of magninﬁiz

M POTDICHES RS A A Aok Sy

. BH .
effects found under these conditions have to be taken with 8 very
considerable pmch of salt-—in fact one needs a tin of Cerebos.

Your other point about local concentration 13 one reason, al-
though not a compelling one, why I myself am willing to make
allowances with 1 vitro effects of this sort. I agree with you that
the posstbl; of local jon are_there. However, I{IE

as in vo.

Gross: As a pharmacologist who teaches physiclogy from nme
to time I was very glad to hear this question I think we cannot
say on the one side * physiology ** and on the other side *“pharma-
cology”. When we speak today on pharmacological effects of
hormones, especally corticords, we really mean overdosage and
this 1s something different. The dosages of glucocorticords which
are generally miven today in therapy are not so far out of the
physmlaglc‘:‘xl range Under the mfluence of ACTH, or un’t‘ier the

lysiolot W el Sl el andneelntie menduenan

weeks and months then a stage of prolonged overdosage sill
develop which 1s no longer physiological but may correspond to
hal Juce

a p: [ stage of
Thorn* The

e dilemma concerming the level of hormgne concen
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tration producing an effect 15 well known to all of us. On the one

we can study the overall effect of hormone on the intact
organism; m this situation, one can relate directly the hormone
dasage to the anticipated maximum secretion of which the organism
is capable—a point tllustrated byL Dr,LGmss’s dxscussmn; ‘When
L. St piis et S ekt s SApteptr

exerts its effect and moves down to a purified enzyme substrate
system, then one must mevitably face the problem as to how far
lack of facilitated factors may imparr a specific hormone action or
1 other words require a pharmacologrcal level of hormone. In
these circumstances, one 1s justified 1n using a wider range of
hormune concentratton in an effort m detect such spCClﬁC effects
with or The f
t}us nformation to the intact organism 1s iraugm with as much
danger as the attempt to identify specific mechamisms of hormone
action when the hormone 13 admintstered to the intact animal or
to relatvely ntact tissues, I suspect that what troubles me 1s the
concepuon zhat the concentration of hormone alone indicates
* 51 ** or “non-specific” effects rather than using the term
“specific” when one has been able to demonstrate a specific
mechanism of action  For example, 1t 13 possible to demonstrate
that a large number of substances (chelating agents and so forth)
can mhbit the actvity of the zinc-contamning enzyme, alcohol
dehydrogenase. In contrast, the mhibisory actton of thyroxine has
been shown to be characterized by a competitive reaction with
PN and not to be compeutive with the substrate. It would
It S . it S e

that even with substances which hnve relatnvely specific eﬁ'ec:s.
one has a spectrum of potential actions which broadens as the dose
or concentration 1s raised, If we focus too much on the effects
which appear with Jarge concentrations we may be exsmining
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actions which are very remote from the more speasfic ones which
we are trying to find.

‘The other thing 13 that even at relatively low levels there are
sometimes non-specific effects which can be very misleading An
TTemEY inleresting paper was presented recently at the Physior

from a given antigen-antibody reaction, This means that the
e SV bt 4 sttt/ - K WO
£ - .

1 .

. .

of cortit and

1
nothing about corti
cortisol would be very interesting.
Long: A long time ago we compared corticosterone and cortisone
and we found that their effects on carbohydrate metabolistm were
the same, although there were itative diff in favour of
cortisone and cortisol,
Afarnan: It does seem to be relevant to some of the other
questions here, because with cortisol and corticosterone there is
of biol 1| ies, isn’t there ? For instance
is

18 1t not so that the y action of
relatively weak ?

Thorn  Yes; corticosterone has a definite anu-inflammatory
reaction but it 13 considerably less effective in this regard than
cortisone or cortisol. There 13 no differential in favour of cortico-
sterone  Its limited usefulness anses from 1ts relatively high degree
of salt retention, hence 1t has never been praduced in large quanti-
ties for elimical use.

Stack-Dunne: Do the expenimentalists who have studied the
effects of cortisol on various uissues in detail know the relauve
amounts of cortisol needed to produce a similar effect 1n dufferent
tissues ? If Dr. Long’s suggestion of speaficity of the liver as the
chief site of action of corusol 13 accepted one mght expect to find
effects 1n other tissues when the dose 1s increased because of the
basic 1 1 the b But one would expect
the special target tissues to show the effects at relanvely lower doses.

g+ § kpow very little, except what we have slrcady heard,
about the relative sensitivity of different tissues to adrenal sterords.
The effects an the fiver in the adrenalectomized diabenc ammal
can be demonstrated with glucose and quite small infusions of
cortisol
Vhen we used the eviscerated animal and injected very large

A o b3
amounts of the same soluble preparation intravenousty we found
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no effect even in amounts a hundred tunes or more greater than
the effective dose m sntact animals. The effects on the isolated

the question was raised there as to whether 1t was not some 10nic
effect. Aldosterone was most active in this preparatton—many
times more active than cortisone.

Thorn: 1 think the point 1s a good one. The difficulty arises from
the fact that 1t is awkward to compare the metabolic activity of the
heart with a totally different metabolic process going on in the
Iiver without making some arbitrary statement regarding what these
represent

We have omutted from our discussion the stnking individual
organ sensitvities which patients with Addison’s disease may
exhubit when given a standard dose of cortisone One patient on
a mantenance dose of 25 to 375 mg, may develop an acute
psychosis whereas another patient may develop a bleeding ulcer.,
Such a tremendous alteration 1n a target organ suggests that factors
present smatly an the tissues may modify sigmficantly the effective-
ness of a standard dose of hormone.

Askmore: Several years ago 1t was demonstrated that if one mjects
C-labelled steroid and meassures glycogen deposition, most of the
Iabelled steroid is outside the ammal before the maximum effect
on glyccgen deposttion 1s reached

Bush. C D. West and L. T. Samuels (1951, ¥. biol. Chem , 190,
827) found the same thing with mtrogen retention n rats a{ter
testosterone.

Poes e L e Fee L e

SR S .

sts own ACTH  If this 1s true it is very surprising that the dangers
are worse 1n twnthdmwmg steroids covered by a short course of
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. 77 % o ~Finterest to us was the detecs
- 1scontinuance of long~
. ' aal was still unrespon-
sive. Actuauy, v . * v ould anticapate would
hﬁppen, but 1t does fortify our knowleage that when the ininal
rise 1t ACTH 13 sssocrated with a marked depression of adrenal
activity, the result 1s that little or no steroid will be secreted
Whereas if this same small amount of ACTH had been seereted
by an individual whose adrenal had been previously stmutated by
exogenous ACTH, one might have antcipated that even: the small
amounts of endogenous ACTH which were first secreted might
produce an appreciable physiological effect.

ixon: So as a result of that you find that jt is pretty safe to
withdraw steroids as long as you give ACTH for a few days
before?

Thorn: Two precautions are pecessary. One must have evidence
that the adrenal is capable of responding to exogenous ACTH
Thus 15 dane by transfersing the patient to a very potent steroid
preparation i which the excreted metsbolites fram the mamnten~
ance dose of therapy will not prevent the detection of a rise
endogenous steroids If, under these circumstances, one can
demonstrate a good respanse, then one can reduce sterord therapy;
but one must sull check at short ntervals to determne whether
or not endogenous ACTH acuwity 15 present since it 15 entirely
possible te have an adrenal reaction to exogenous ACTH m an

dividual whose end ACTH d has been per-
manently depressed.

Soffer- During the eatly penod of steroid therapy when the
quantinies available were limuted, patients were being treated with
corticotrophuin for prolonged perods. Several reports appeared n
the literature which pointed out that the imposition of a stressing

drawal of 1

situation foll g the with could, snd
“teed accasionally did, result in acute adrenal insufficiency.

. - ==~ vma that the regufar intermittent
. srolonged treatment

arly protect such
e g stress after
erhaps discon-

V adrenal func-

410N May CONUNUL fus u .«

Wettstein: ¥ should Like to come back w u.. question of a
i £ Dol

of effects in different steroids
1t has been possible, for example, to differentiate the androgenic
and the anzbolic actnwity of androstane denvatives to a great
extent. This example meets Dr Cope’s requirement because 1t
has been proved m man, among othess by Dr Liddle. So I sm
not reluctant to accept similar possibilities i the glucocorticod
field 100, and 1 would agree entirely with what Prof. Thorn has
sad. I doubt, however, that Dr. Gross can agree wit r.\sopc"
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statement about the umformity of man as a test object, because in

chinical ! one may lly get quite different

results in different populations
e

(NI IV T SRR

that I believe that thus pomnt 1s not proved

Wettstein. Opposing results may be explamed by overdosage
because there 1s, naturally, not a one hundred per cent separatton
of the two effects.

Fraser You get more anabolic effect per mg of sterord, If you
do 1t per androgenic effect that 13 quite another story. I do not
belteve 1t has ever been proved on a patient and that 1s the only
thing that matters, It may be true in the rat.

Prunty. In a conference run by CIBA Ltd of Horsham on
Duanobol (February, 1960) there was some discussion about the
difficulty of producing any effect on the skeletal muscle of the test
anrmals, In fact one had to rely on a specific and rather spurious
muscle, namely the levator ant,

Wettstemn: We do not rely on the levator am only, bus on sermnal
vesicles and prostates too. The anaboh¢ acttvty 1s tested with the
nitrogen balance and the weight gam.

raser. But the problem 13 how 1o test the androgenic effects,
not how to test the nitrogen balance.

Kellgren: In the vanous n which d:
have been used to suppress or delsy anugenic mnflammatory
responses the umform feature has been the great efficacy of the
steroxd when given at the tme of challenge or at the time of
imtiation of the mflammatory process. It 1s much more difficult
to suppress the process once 1t has got under way. Thus in itself
would suggest that the important site of action was a local one,
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perhaps not : through

praduced by action on the Jiver. I personally am fooking forward
to hearing more in future about the effects of these steroids on
protein sy , icularly in those such as plasma
cells, lymphocytes and mesenchywmal cells which are particularly
involved in these reactions. It seems to me tha there one might
get near to the core of the problem of the anti-inflammatory, ot
anti-affergic responses.

My other posat 13 about the chinical phenomenon of zpparent
steroid tolerance in some patients. Patients suffering from wide-
spread inflammatory diseases of great severity appear to tolerate
very large doses of corticosteroid, the equivalent of, say, 1 g. of
cortisol ‘dadly, without producing any di i
ibuduras M CB tha § any wnameladt, |

Jiated tobe distush

could be 3 by in the conjugation and
dggndauoq of the steroids or by a specific increased susceptibiity
prisibeinsibainr et ivet it

Cushing’s disease, whether induced by increased endogenous
agrenal honnz:ne or by exogenous hormone, thert 18 such a
| ROReReY o v Sy
. . - 3

tered m large doses 1o guinea pigs, for instance, the syndrome
p d is one of h 3} and marked obesity, and one
finds at autopsy striking hyperplasia of the slets of Langerhans.
“TThe obesity 13 very bkely the secondary result of increased insulin
secretion, which wt tum 1s vety likely secondary to the hyper-

glycaermua produced.
Gray. It s a different distribution of far from thar of ordinary

obesity,

Renold- Now [ have to invoke the point made by Dr. Catulf,
that adipose nssue 1 ifferent locations zesponds differently to
various stimuli. In other words, fat isn’t fat.

Gray. Or st 1s fat gone wrongl

Remold" Not necessarily—one glance at Marilyn Monroe should
convince us that there are some fat deposits which are hormonally

controlled?
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Voigt* What happens with steroid if you add it to a tissue of to

a cell solution? Is 1t metabolized or what happens to it? My
Question comes from the observation that digitahs glycosides are
spht at the site of action and after epimenzation and further con-
L T N TR LA o e ri0zay

alteration m added sterord, namely testosterone, and have been
unable to find any change.

Renold: Cortisol, also, does not appear to be metabolized to any
significant extent by adipose tissue w1 vitro—as judged by the
amount of free coritsol remaining in the medium at the end of the
wcubation, In general, of course, we must remember that some
bpid-soluble substances probably are “extracted” into the large
Itpid vacuole of each cell—thereby influencing the concentration
of these substances 1n adipose tissue cytoplasm.

Cahill, There 1s a possibility that the concentration may even be
Yower than that i the medum because of the large non-polar

cortisone as yet explains its clear therapeutic value The thera-
peutic value of these steroids s after all the one action that
stimulated the whole of this interest 1 think clinicians would agree
H d e .

pletely ignorant ot and 1 would like to know whether that particular
type of action has yet been of mnterest to physiologists

Thorn T would assume that the reason that this has not been
explored more generally 1s due to the fact that one can demonstrate
50 easily such a high degree of activity of cortisol locally m in-
tfja\med tissues. This, of course, does not rule out an additional
actor,
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. dead rhraugh metabolic disturbances
SLshibanee

antr-allergic Tespotses.

My other poutt js sbout the chinical phenometion v uge ¢

steroid tolerante in some patients. Patients suffering from wide-

spread inflammatory diseases of great seventy appear to tolerate

very large doses of cottwosteroid, the equsvalent of, say, 1 g, of
cortiso] daily, without i any i di: ! i

metabolic disturbances, and I wonder why this should be so

Thorn: It ray be that this 13 merely an exagaeration of what we

o I ren tndvidusls are given s standard dose

> U e Arfferences in

b > sould not be

- is, In others

& differences

ugation and

susceptibty

+ semndwidual

Gray: We nave sva " v he effects 1
protein and carbohydrate metabolism, but we tuasg st really heard
much about fat metabolsm 1 do not quite understand hotw what
we have hesrd links up wath the chnical observation that in
Cushing’s diseass, whether induced by increased endogenous
adrenal } or b at there « such a
charactenistic deposinon of fat I do not think that I can tie that
up with the work on the adipose nssue,

Reneld: The difficulty here stems, 1 am sure, from the occurrence
in vioo of cowntes-regulatory efferts. When cortisone 3s sdmunss
teced in large doses ta guinea pigs, for wmstance, the syndrome
produced 29 one of h | and marked obesity, and one
finds at autopsy strkng hy lasia of the wlets of L. h:

e obesaty 13 very likely the secondary resule of incressed msulin
secretion, which 1n tumn s very Likely secondary to the hyper-

glycaenus produced
Gray- It 1s 2 dufferent distribution of fat from that of ordinary

obesity,

Renold: Now 1 have to mvoke the pont made by Dr. Caall,
that adipose trssue i different locations responds differently to
various sumult In other swords, fat isa’c fat.

Gray: Or 1t 13 fat gone wrong!

Rnold: Not necessanly—ane glance at Marilyn Monroe should
convinee us that there are some fat deposits which are hormonally

controlled}
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In vivo, also, it would seem that thyrmd hormones belong to the
group of agents with Lipolyttc activity. More work on thus subject
18 evidently required.

Gross. In the discussion of the effects of adrenal hormones on
protein metabolism I was quite surpnsed that the point did not
come up of why the plasma non-pm(em nitrogen rises in adrenal

The jon is either that there 1s an
mcrease of blood :onoentranon owing to fluid loss, or that there
13 a diminution of glomerular filtration rate. I think, however,
nesther of these two explananions is satisfactory. 1 wonder 1f this
increase of non-protein nitrogen in the adrenalectomized animal is
only due to renal insufficiency, or if extra-renal effects on protein
metabohism are involved

Prof Long, have you any evidence or any 1dea if the eﬂ'ecu of
cortisol and of other cortical
are mn some way connened wnh the antitoxic eﬂ'em of these

evbnsnannn

Long: 1 have no xdea 23 to the relatmmhlp between the carbo-
Pl v -

hvedunan

Soffer: The renal plasma flow is significantly reduced.

Gross: Tt 1s reduced but 1t 1s not so far reduced as 1n other
condittons tn which the P nitrogen m
plasma does not increase as in adrenal insufficiency.

Soffer: Both the renal | plasma flow and the glomerular filtratton
rate are lcmered and 1t is at this point that we begin to find an
ncrease in the blood urea nitrogen.

Prunty. On the other hand you can see very low rates of glo-
merular filtration without any increase of non-protein mitrogen

Thorn: In reviewmng the antitoxic activity of adrenal sterotds as
well as therr immediate effect on water and electrolyte exchange,
one must consider some interesting aspects of tissue and patient
susceptxblh(y A patient wnh severe m:lxcna\ msutﬁuency may be

n -
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Bush: 1 would like to cavil at Prof. Long’s proposal of unitary
actton, There is nothing which would strictly disprove hus sugges+
tion with regard to physiological concentraticns at the moment,
but I think it would be 2 pity 1f 1t were accepted on those grounds.
‘The posttion is pretty clear that effects on protein metabolism tn
fibroblasts and other cells can be achieved in tissue culture with
relatively low concentrations of cortisol, The anti-nflammatosy
effects, and effects on isolated lymph nodes or thymus, have been
achieved in vitro or by local apphications at concentrations which
are tao small to have a systeric effect on the liver. Although these
actions may depend on the same sort of ictic:n in dlfferer‘xt tissues,
N e T L LT L N e

those of the classical ionized membranes, in which the state of
ionization of the membrane syas shown to affect the passage of
charged sub across it (Michaelis, L. ). Na

schaften, 14, 33; Mond, R., and Hoffmann, F. (1928). PAig. Arch.
ges. Physiol , 220, 194). It seems to me at present that the only
action of these hormones ar their receptor site which one can
conceive of as bemg reasonable 1s that, relauvely spealung, they
combine with and then “stay stll” on the site. This leaves one
with very few physicochemical effects to play about with 1n order
to explan their effects on Jiving cells, A very attracuve theory is
that they may simply cover a polar regton of a ‘ pare”, or some other
crucial arez of & brologrcal structure and just block the chasge
effects of that polar region. All the older 1deas that they might

T O T o
- - wave

e . . . {or

. Lo ent,

b . - - pan
- " TH

and growth hormone, 1 €. 5t INCreases the reicsse vt Liee sy scids.



CHAIRMAN’S CLOSING REMARKS
F. G. YouNg

A confe of this sort is i allowing people to see
each other, to chscuss matters with each other across the room.
One reads a man’s papers rather differently once one has had the
opportunity of discussing things personally with

If 1 may be flippant for one moment, in the emergency in one
part of Africa some time ago settlers who were scattered naturally
equipped themselves with short-wave radio transmutters and
recervers in order to keep tn contact. The short-wave radio signals
‘would not always go round mountains, so some of the stations had
to relay to others. One night one of these relaying stations received
a series of messages about fast cars which needed to be stopped,
and other rather alarming gs. These messages were passed on,
although they seemed to be in rather a curious accent. Later there
was some indication that these messages might be comuing from
Alaska, by some freak of radio mnsxmssmn. Ulnmately it was
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manremn Ao o
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which we have been discussing.

Another factor of considerable interest is that of specific tissue
susceptibility—in a pattent with advanced Cushing’s syndrome
and loss of s'uppgrﬁng structure in’ d'le bov:iy, one may Ebslerve

area and the gain in another.

Of great interest to me has been the repeated observation that
a patient on long-term high dosage steroid therapy with well-
developed Cushing’s synd. iated with very thin sk, poor
muscles and poor supporting structures can undergo a major
operation for a complication such as a bleeding ulcer and yet lus
maston will heal perfectly. Here again the problem anses, by
what means does local tissue mnjury estabhsh prionity for tissue
repair in the face of a wid, d hzed d mobl
tion of i spite of the of
quantities of cortisone and cortisol as great as 500 mg /day in the
post-operative phase? ‘This 1s a particularly noteworthy event
when ‘one appreciates the advanced state of protein depression
present n these patients prior to operation

Another area of mvestigation should also be mentioned, namely
the effect of cortisone on virus infection, I believe it was Weinstein
who demonstrated quite clearly that cortisone admumstration
enhanced the stage of virus mvasion of the cell although st ap-
peared to have no demonstrable effect on virus multuplication
within the cell.

Finally, we have not discussed today the all-important effect of
adrenal steroids on brain metabolism and the emotional and
psychological reactions of patients The effect of adrenal hormones
©on brain tissue may be one of the few keys that we possess for un-
ravelling that difficult area of a comrelaion between chemical,
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