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INTRODUCTION
F G Younc

1t 13 3t once a salutzry fact and a challenge to rescarch that nearly
40 years after the discovery of msulin much dissgreement sall exasts
about the mechanusm. of action of this important hormone  The
annual volume of publications on this subject 13 enormous and 15
sull rapidly growmg nevertheless 1deas abous the way m which
tnsuhn acts appeat to steer an unsteady course beeween the Charybdss
of sugar teansport and the Scylla of direct acpon on idenpfiable
enzyme systems with occasional sidelong glances at other possibihi-
ties Perhaps m the end Charybdss will engulf Scylla and we shall
underseand the action of insulin m teems of a promonen of transport
of glucase into a cell by wirtue of an mflucnce of msuln on certam
enzymes or co-cnzymes which are themselves concerned with the

port of sugar across permeability barners of the cell  Alresdy a

few rays of light shine m this hopeful diection and the account of
the contnburions and discussions recorded 1 this volume shows that
there need be no deep dissatsfacuion with the progress made m
recent years

Although mectings for the ducusyion of current research and the
subsequent publication of a record of the contributions and
cussion are becomng not uncommon these days the meetng
which ths volume 13 the published record differed from many ot
m two respects The subject of discussion was m theory 2 narry
one although m praceee the discusions were wide while the
uking part mnclnded both chemusts and chnieans with a o
wmterese  Insulin way the focus of all providing the cohesse ©
which held the meetng together 1n wigorous discwssion for
successtve days

The absence of Professor Loubatidres who was kept away
hst moment by fanudy dincss was most disappomung but
present were deeply indebted to Rachmael Levine for filling
at the list moment and gaving a masteely sun ey of the
Professor Loubatitres and others on the action of anu,
sulphonamides

Although a full record of the discugions was made the
of the mectnn agreed g2 the beginmng that anybody wat
esaue from the record remarks which on due reflection
ferted ot vo be recarded i prine. Wath this i ma

o




xvi INTRODUCTION

urged to be informal and frank 1n their discussions and not 10 hest-
tate to ask smple questions as well as those that mught display the
eruchtion of the questioner The sumple questions can sometimes be
the most penetratng  How far ths exhortation was effective can
be scen from the following pages but 1t 15 refreshing to note that
very hele of the recorded discussions was m fact exesed by the
contnbutors

The expenses of the meeting mcluding much of the travel costs
of the members were provided by the Brutish Insubn Manufactucers
Ths orgamzation was formed as the vesult of an agreement between
the four manufacturers of insulin 1n Great Brtam {Allen & Hanburys
Ltd  Boots Pure Drug Co Ltd  Bnnsh Drug Houses Ltd and
Burroughs Wellcome & Co Ltd } to provide for exchange of mfor-
mation and the fostering of rescarch on msubm  The conference was
the first held under the auspices of the Britsh Insubn Manufac-
turers of which an account 15 published The editing of the record
was undertaken jomtly by Mr W A Broom of Boots Pure Drug
Co Ltd and Dr F W Wolff of Burroughs Wellcome Ltd Dr
Wolff also undertook most successfully the detalled adnumstrative
duttes imnvolved in the organization of the conference  On behalf of
the Brash Insulin Manufacturers the Charrman of their Techncal
Commuttee Dr G I Hobday of Boots Pure Drug Co Ltd opened
the meetng which was held m the Wellcome Bulding London
on September gth and roth 1958

All'those present hoped that the first meeting of this sort will not
prove also 1o be the Jast_and the pubhshed record may reveal some
of the reasons for this hope to those concerned m some way or
another with the substance that has saved more lives and made an
almost normal Iife possible for more people than any other hor-
mone  As was suid at the meeung 1t 15 indeed fortunate thae ability
to use msulm therapentically m no way depends on a detaled know-
ledge of 1ts mechanssm of action  But nobody can properly doubt
that prowth m the undcrstandmg of msulin and 1ts ways wil m-
evitably bring with 1t 2 wider and more effective therapeutic ap) b~
cation  The more the laboratory worker and the cimoan under-
stand cach other s tasks the more quickly the results of research can
fiecome frutful i the treatment of disease  Thrs book g5 publiched
as a contribution to this end

May 2nd 1959 F G Youxc









THE ACTIVITY OF MODIFIED FORMS OF INSULIN
DS H W Nior*
Departrent of Biochemstry Unwersity of Cambndge

The purpose of testing the acuviry of chenrcal structures relared
1o msulbin 3¢ to discover the essentral nite of achity 1n the malecule
a1 this may help towards reveshing the mechanssm of «s action
Another aspect of mvesugations oig thy natare wheeh will not be
dealr with icm 1 the smportans one of discovering modifications
which are more valuable and converuent in the ereatsment of diaberes

Abhough rerrospertive in e Sanger s formuls of mahin®? will
help us to deseribe bracfly previous results i the mam fiecld of re-

S My W, ey
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1t 1 The wructure of ox in wha.

ling structure to sctraty {Fig T} Vanots teviews ase o
on this subject - Amang them are those of Anfinsen and Redf;
Lt ™ Porter™ and Sanger ¥ A prepared eable {see Table ) o”
of the duungushed wack of the past 35 yeams w e =
modification of msuline would lead to the conclunons that the
tal groups or lnkages were the free carbogyl group the
hydroxyl groups and the duulphide bonds and thar ¥
essental bonds were the amino groups the guanidino ,
amude groups and the aliphaue hydroxy} groups

ot Hermond Fellow £ Hirdeal R wh | R, Wolf Mnbial el



4 MECHANISM OF ACTION OF INSULIN

‘When soon after 1ts discovery msulm was shown to be 2 proten
modification of the muleculer{y proteolytic enzymes was exten-
sively mvestigated  The use of proteolytic enzymes was mportant
because of thetr specific nature and the gentle conditions under
which they acted

The discoverets of msuln Banting and Bestt had shown that
trypsm destroyed msulin  In fact the duminution or absence of pro-
teolytic enzymes from the pancreas was one of the factors which they
made use of m therr 1solation of msuln - Other workers confirmed
this and the mactivating nature of pepsn and papam 19414 47
Epstem and co-workers did not believe the action of trypsin was
proteolytic and claimed to have reactivated msulin which had been
subjected to trypsn digestion for 42 hours 1 Theyr work could not
be confirmed hawever #* probably because their cetterion of msuln
action — convulstons 1n 2 rabbit — was too diffuse

The tryptic and peptic hydrolyses of msulin were further studied
mn detail by Charles et a/?1” at the Connaught Iaboratores m
Toronto and by Freudenberg and Ius co-workers n Germany !
Attempts were made to correlate the destruction of physiological
actrvity with the loss of protem The former was found to exceed
the latter greatly

More recently Butler ef al 567 showed that crystalline chymo-~
trypsmn trypsis and pepsin destroyed the actvity of msuln. Van
Abcele and Campbcﬁl found that under mild conditions trypsm
d1d not destroy the actvaty of nsulin and Hazns and Li® ronfirmed
this showing that only alamine was released

Lens 8 showed the release of alanme from msulin by carboxy~
peptedase and wath this he found that most of the actrvity had dis~
appeared Harnis and 112" probably using a more purified ‘sample of
enzyme found that activity was retamed 1 the molecule after
alanine was removed but that further acton resulted 1 the removal
of asparagine and a dunmution 1 the brological actvaty of s

It was at this pomt that the formula of wsulin was fum:lilvy 3}1111d
completely elucidated by Sanger and his team at Cambridge ¥ T ;_
opened the way to a more exact assessment of results i ths type o
mvestgation  Smnce then Smuth et af 43 have shown that Jeucne

ptrdase removes a derable number of amuno acids from

the thcrnunal end of msubn without complete imparment of 1ts

actvity
Our own mvesnganons were directed towards the preparation of




D $ I W NICOL s

msulin peptides of known structure which could be tested by the
rabbut blood sugar method and by the ghacose uptake of wolated
tat hemidiaphragms  Fisher s ¢ tost wasalways apphied to the latter

The action of carboxypeptidase on isulin was finst mvcstgated
The enzyme was first weubated with DEP (Dw-sopropylfluorophos-
phondate) which mactivates any contaminating trypsin and chymo-
trypsin present  Insubin was then added and the enzyme-substrate
muxture meubated at pH 78 Condinons were obtaned i which
most of the C-tetnunal alanine was removed but very listle of the
asparagine  When this was done the actiity was unaffected (Fig 2}
When however a greater quantity of asparagine was temoved
there was dimmution i buologrcal actvity (B3, 3} The work of
Harns and Lt was thus confirmed.

Sanger and Thompsont? had shown that the action of carbocy-
pepudase was more effective with acetyl-msulin as substrate than
with msulin  Acetylansubn (when only the ammo groups are
acetylated) 15 actnve {sce Table 1)  The pephde resulung from the
removal of alamne and asparagine by the action of carboxypepndase
shawed conuderable loss of acuwity (g )

The action of trypsin on insulin 15 at two sites on the ghcn) [alany{
cham (fig 1) These arc beyond the argmy) resdue 22 and be-
yond the lysyl residue®? 3¢ Thus the three products of hydrolyns
are a latge peptide (DHA msulin we have called |? aheptapeptide
Gly Phe The Tyr Thr Pro Lys and the termunal alanme ‘molecule
Diffetent conditions were used to increase the extent of the hydroly~
ss The most successful was when the substrate used was nsulin
which had been sreated with s ersene to remosve most of 1ts content
of zinc ft will be recalled that Smuth et af €3 first used ths low
content zine msubin 1 ther leuanc-ammnopeptidase esperments
After incubation for about 24 hours the trypuc hydrolysate was
then brought to pli 5« The supernatant of the trypac hydrolysate
contamned the heptapepude and alanme (fig 5) and lBlcsc were

d by ph and identified by paper o ph
after aaud hydrolyss The preaipitate contained both DHA msulin
and unchanged insulin (Fie 6} Separation of both was actuened by
an Andersen type columin? The mtegney and composinon of
DHA msulin was determuned by varous methods including an
analyns by the Moore-Stemn method carned out by Mr M Rers and
Miss B Worboys of this department and by the DNP N-terminal
analysis method 3¢




6 MECHANISM OF ACTION OF INSULIN
Taste 1
“THE ACTIVITY OF SOME CHEMICALLY MODIFIED FORMS OF INSULIN
Authors Procedi e Groups affected Aty
Flcudmberg n al (19311 Acd hydrolysis Pepuide bonds Ingchve
Phulips (x9s; Aad hydrolyss Peptide bonds Inzcuve
{Cone HCO
Malls (1954 Aad hydrolysis Pepude bonds Inactive
Conc HCl
du Vigneaud ef ol (193047  Reducnon S-S-bndges Inactve
Freudenberg ef al (1935)1®  Reduction S-S budges Inactve
Stern and White (1937) ©  Reduction $-S-bridges Tnacve
Freudenberg ef al (1932)%  Oxdation S-S-brdges Inactive
Freudenberg et al (1935)“ Ondation SS brdges Inactve
ﬁ?enkel-c‘mn J andH  Reduction S5 budges Inacuve
1950)
Ha(nnwt)en and Neuberger Iodination Phenolic hydroqyl Tnacuve
1 oups
Stern and White (1938)  Acetylaton PHnohe hydrosyl Tnacove
roups
Fx(:enk:)l Conrat J and H lodwepH 76~ hr Fifinolie hvdroxyl Taactve
groups
l-‘ncnke]-Cnnm J and H Phenyhsocyanate m  Phenohc and muda  Inacnve
(1950)1t chlomph:nyhso- zelc o
Fraenkel-Conrat J and H Dumbmzmemlphomc Aew phcnuh: ard Pastally
1930}t aad imdazole groups  active
Jensen ef al (1928 Acetylanon Anuno and others  Inacuve
Freudenberg et of (to28  Acetylation Amio  hydroxy! Parmal
1932)% ¢ 1mmo xtvcmb‘llg
inactivation
Hoplans and Wormall Phenybsocyanate  p- Free amuno grovps  Inachive
(1934 romoyh:nyl 150~
Jensen and Evans (1934} Ph:nybsccy:nate Amuno and hydroxyl Tnactive
groups
Stern and White {1038)  Acetylation Frec amuno groups  Active
Fraenkel-Conrat J and H  Acenic anhydnde Amumo groups Acuve
(1950
FryenkokConrat J ad H Ketene Amumo groups Actve
(xg5c)t
Fraenkcl—Canm J and H MmtntepH 4 T 30min Amino g oups Actve
1.-((1956))" 2 4-d.mrmb=nzme sul Axiuno groupsof  Acave
phon:
Ratz et al (1946) Sulphauon Ahphahc hydroyl Active
(Conc HSO at—18)  gtoups o of sermne n
Fracnkel-Conrat J and H - Phosphoryluuo Aliphatic hyd oyl :’;3:“1
(1950) ¢ et Tnactive
Ercudenberg et o (1932)  Formildehyde Reduction c
Scott {19 ' (52} orma!deh;rd Reduction Tnactive
Fn:nke!—Connk and Olcott  Formaldehyde at pH Amdo groups Acave
bl 5 Tatiwe
Carr et x {(1929)% Estenfication Free cax‘bcx)"‘ oncave
Freudenberg ef al {1931 Estenficanon Free carboryl groups aactve
Glendennun et o1 (1947) - Euterficstion Free casboxyl groups Ioacie
Mamma:m and Estenfication Frec carboxyl groups
(rgsop* TInacuve
d %) Ultra violet radiation Denatur
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e Aretyl Insobin 150 pg
—— wih Asparaging & Aloning

N N removed 150059
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ming

Bt 4 The geptide resulung from the act on of carboxypephdase on acety) md 4 -
£3bb ¢ blood-swgar method
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fonophoresls Expetiment on Whatman N 4 paper maorker strip(ninhyd ()
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Supernatant of tryptic digeat of In free fsulin

Y a8 =

3em 2am

tt
Septrnotont Monme  Heptepepiide
(purpie)  {orown)

Fi6 § Tht supernatant fed from the frvpts d gest of sl at pH $ 2

The assay of the first 1solated batch of DHA msulin showed hintle
acnvity 5 But gentler methods of extraction of the column Tl
followed by confirmatory anabysis™ gave samples of DHA mwubin
vehuck showed about 1§ per cent actviey (see for example Fig 7)
The heptapeptide showed no actvity (Fig 8) newher dida mxxlt\mi
of DHA msuln heptapeptide and l-alanme gave more than the leve
of DHA msohn alone (Figs © and 10) Complere estenficanon was
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Fic ¢ The supernatant flm1 from the trypue digest of wsulin at pH § 2

The assay of the first 1solated basch of DHA nsulin showed lméc
actvity 3 But gentler methods of extraction of the column ﬂuulxl
followed by confirmatory analysis?® gave samples of DHA msultn
which showed about 15 per cent actwity (see for example Fig 7
The heptapeptide showedp no actwity (Fig 8) nesther did a mm‘tur:i
of DHA msulinheptapepride and L-alamne give more than the leve
of DHA wisulin alone (Figs ¢ and 10) Complete esterificaton was
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carned out by methanolic hydrochlonc aad and st was confirmed
that actwaty was lost (Fig_ 11)

A sample of acety nsulin donated by Dr L F Stuth m which the
amno groups but not the hydroxyl groups of tyrosne had been
acetylated showed actvity  Estenfied and acetylated msubn have of
course been mvestigated before by other workers (see Table I) and
our work has 51m{>ly confirmed their results usmg the new assay

technique of the glucose uptake of the ssolated rat diaphragm
E*P:; Fraet  ARB ( ttr Senge ) t tw

o [ T Jenecom

N w1 (1) O5¥

5 [ tedosy

- _ —L L

I 4
GLUCOSE UPTAKE mg gle fgm td phagm/h

Fic 12 The actmity of Fractions A and B (Ssnger) on msulin_ scparately and together
Glucose uptake of rat diaphrage metho

The oxdized glycyl and phenylalanyl chamns (Fractions A and B)
were prepared agnicimnﬁeld) by electrophoress A smgle e :511;
ment showed (Fig 12) an increase m the glucose tptake ollIm
isolated diaphragm but at a level a hundred tumes less dxandms i
Together Fractions A and B gave only an addiive and not

ergistic effect (Fig 12
sy;m.%lly these (eé)emzxems chuefly those conncctc% with :2:
proteolytic hydrolysis of msulm show the importance i)lasp;rcali n
i the glycyl chamn and of the heptapeptide in the phenylalany!



D 5 H W NCOL 13

t the maintenance of the full actvity of msuln, Ths may reflect
sensiave and essential nature of the region around the second
«ercham disulphide linkage of msulin
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DISCUSSION

Younc T think st has been the hope of many people for many years
that the exstence of a prosthetic group of msulin mght tlumately be
revealed but simce the work of Sanger and Jus colleagres has clucnf:tcd
the complete chemucal structute of insulin the hopes of finding a prosthenc
group have tended to fade Dr Nucol s work done as it 35 with chenucallv
purtfied tracuons of msuln las m face shown that the mtegnty of 2
number of parts of the molecyle 15 essenttal for brologacal activity

This paper 15 now open for discussion

Kranr Does Dr Nicol have any information about effect of reduction
of the disulphide bonds 1 the A or B chains on actity of msulnt

Nicor I think a former colleague of ours at Cambridge Dr Ryle
with De Sanger did some work on the reduction of these disulphde
hnhages but st was not quite clear from their work or the work of others
m the United States and at Oxtord which of the disulphude Imkages
deftmtely 1 the most 1mportant It seems that as soon as one of them
goes actrty drops suddenly 1t not entirely Peshaps someone else here
mght have some contribunion on that topic

Perrow  Wallic has recently drawn attention ro the fact that mm these
large palypepude structures the actual units often are not important ani
that {gor example m the vasopressin type you can interchange 2nn0
aads It scems to me that with this work on syl we are approaching
the stage when 1t will be possible to synthestze an appropriate rng stc-
tare the actual amuno aads in the ring will probably not be very -
portant apart from certain amuno acds of the type Dr Nicol has drawn
attention 1o and then you would have to add the short chains to the sides
T know that 15 looking ahead a good bt _but I do think from what has
been sad this motmung that we 2re actually getting near thys posng

Renown I should like to ask Dr Nicol what hus prediction would be
concerning the biological activity of msubn which has been mdumeh
T believe that ths would be expected to alter the characienstcs of the

osmme groups?
teru:ot.g ch 1t would alter the tyrosme molecule Wich wark or}
{drt{{y}l g:;:ups }:hc css:;!u} :IA;:::\ :n
the hydroxyl groups m that molecule has been shown  An
of aczvxty‘?;/hﬁ:h drx’:rc may be 1n the 10dmated mnsubn [ should imagme
would have to do wth the essentral nature of the aromatic amino-2cx
tyrosine

acetylation 1n covenng of the h
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Scuamaye, Is the removal of zing from the msuln molecule by versene
ndinonal for the effect you obtuned by the trypsin digesnon or
cranont
Secondly how completely was the zinc removed from the nsubin
olecule before you obtaned the effect of trypsint
Nicot. Without the removal of zinc trypsin does act on msulin Tt
drolyses 1t to the extent of about 15 per cent of the total quannty of
ndes you would expect semoved  However you do not obtan

ough of the DITA insulin to make scparation easy  When the zinc con-
nt 1s reduced and 1t was reduced from about o 5 per cent content to
02§ per cent the extent of hydrolysis was more than doubled and
nugﬁ DHA mnsulin was obtained to make the separation easter It may

that the insulin molecule as such 1s composed of two of the units shown
id zinc may combine both umts through attachment perhaps to the
sudine molecule as has been suggested perhaps the removal of the aine
vens the molecule more eanly to the enzymuc hydrolysis of erypsin but
at 1 Just a conjecture

Of course Dr Emul Smith of Salt Lake City Utah first showed that
¢ action of leucine amuno peptrdase was increased on relatively zinc free
subn Our removal of zinc by versene was carned ot by a method
hich was first published 1n 1955 by Sluytermann (Birchim biophys
da 17 169)

Brirens  You have ceported that the scparated A and B chams have
low order of activity w!;xm tested on the rat dizphragm msubin assay
tave you had an oppartumity to study any other long chan poly-
eptides to see whether they sharc this property or 13 1t unique for these
-agments of insulin? Is there any possiblity th: such 1nsulin fragments
v be responsible for some of the msulin Iike effects on the rat diaphragm
hat are obsered 1n plasmar

Nicor  We have not tested any long chain polypeptides of ths nature
ome different substances other J::m wsultn of isulin related molecules

course give an increased glucose uptake  The interest these two have
or us 18 that one has to use such an unphysiologically high quantity of
$ mucrograms ta obtain an effect which you could get from insulin i our
12nds with about 0 1.5 nucrograms of insulin

horurr May I take issue wieh De Petrow on has suggestnon that the
muno-acrd sequence of a peotein 13 not a unique sequence for that protemn
nd that apan from 2 few wp saes, e < tomp
s random?

Sanger has analysed msulm molecules from five different specres and has
hown that they Jxﬂ':r from onc anotker only 1n minot changes in 2muno-
1ad sequence at one pomnt n one of the pepude chauns  Ingram has
Jemonstrated that the only diff i the lob lecules o
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blood from normal people and from sickle-cell pattents lies i a change
of only one amino aad 1 over three hundred present m the molecule
Yet this produces enormous changes m the chemical and phystological
behaviour of the whole molecule These are but two examples from the
large body of evidence accumulating and which shows that the amuno-
acid sequence of a protem 15 umquely determined and 15 genencally
controlled

Perrow Dr Komner broadly supports my view obviously because
my pomnt 1s that you have got certam sequences of ammo actd whch are
verv umportant attached to a ring which may itself have few prosthene
groups or smportant amino acids I believe what 1s required 15 a large
rng of the night size and that there will be a fair amount of permutation
possible with the ummportant amuno acids 11 that tng
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THE MEMBRANE TRANSPORT OF SEVERAL MONO-
SACCHARIDES 1N HEART MUSCLE AND THE REGULA-
TION OF THIS PROCESS DY INSULIN ANTERIOR
PITUITARY AND ADRENAL CORTICAL HORMONES*

H E. Moscan E Capznas ano C R Panx

Department of Physiology Vandetbils Unnv ersuty Medical School
Nadhaslle Tennessee

fn thas paper swe would hke to report some observations on the
assage o!y gﬁmxc and several other sugars through the cell mem-
rane i muscle Two questions have mvesagated it do
ugars enter the cells by diffusion or by 2 speaific transport system
which requires interaction between the sugar and the membraner
Second to what extent can the hormonal control of glucoss

1 planed by £ of the entry process: For
such studies an m 1o muscle preparationt 1t most desteable sinee
close control of yugar and hormone levels 1s possible  With these
connderanons 1n sund we have emploged the ssolated rat heart pes-
fused through the cororary arculation by a techrue analogoms w©
that desenbed by Blechen and Fuher !

The pattseular sdvantages of the pecfused heart compared to other
n xitro preparanions ate fust, sugar and hormones reach the eclls
rapudly Ky the wtnnee arculatory system of the muscle  Second
3!l substances enter the cell through the membrane spelf nnce there
srenocutedges Thid the muscle semains in a good physiological
condton as ean be dircetly obsenzd by the rate and foree of the
tieart beat.

THE KINETICS OF THE TRANSPORT PROCESS

¢ g of 2 non metabolized sugar throsigh the mem-
brane has been esumated by the aceumulation of the yagar within
the ecll after 2 suitable penod of perfiuson The accumulanon ha
beert measured by determunung the toral sugar content of the tssue
and subtracung the fraction which is extracellular  Label~d soe-

Thas work was apported by gramt frovs tde N tonal Science Foundanan, the U S
Putls, Heabih Servve aod ihe Amencan Neurt Anocation. ot
Tort {0 woak b been preveneed cartier mn prehaunary foem,

”»
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bitol an alcohol closely related i physical properties to glucose
stself was used to measure the extracellular volume As shown
Fig 1 sorbitol distributes m a volume corresponding to 30 per cent
of the ussue by weight  This value 1s css:ntxaﬁy constant after about
s munutes up to pertods as long as 2 hours as determmed 1 recent

7001

500}~

procu

100} @ = INSULIN I 2sem
o NO INSULIN
. . "
° B 15 30
MINUTES

ssolated perfused rat heart

Fic © The distribution of sorb tol and the water content 1n the
he abbrewiation for £ &

The curve has been drawn for the no msulin pomts 2 $E M 15 t
the standard error of the mean s

The heart was perfused with sorbutol 14C and camer to give 2 xoxbnollfenctn(r uvl;llo‘
Somg per cont n the pesfusate The heare was cxtracted as described carlsert? and the sor bl
Zzontent determuned by estimation of radzo ctivity using 2 Liqud scmtillanon counter
sorbitol of extracellular volume was calculated 25 follows

__ Mean Conc Sorb m tssue HyO er cotent of tusue (g}
ECY (fem) = e peosite 1

The amount of extr cellular sugar 1n any cxper
ECV by the perfusate concentrat on of the sug r Intra
the total sugar nunus the extracellulat sugar

sment was calculated by mulnplymng the
ellulay sugar was desermned 35

jon medsum was Krebs-

T these and all subscquent experiments to be described the petf s R
Hemselo 1 b carbonate buffers gassed contmmously with 95 per cent Oy and 5 per Cent =24
The temperature was mamtamed 3t 37 et wsed the

In there nd subsequent cxperiments m which hearts from mormal rats
ammals were fasted about 18 hours
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both the control and msulin senes I the penetration of the mem

brane occurred by smple diffasion 1t would be expected that the
ntracellular concentration would be directly proportional to the
perfissate concentration It can be seen however, that the rano of
the intracellular to perfusate concentration decreased as the perfusate
concentration increased the values falling from about 06'to 03 m
the control and from 0 8 1o 0 5 n the msuln sertes These kineties
suggest progressive saturatton of combining sttes for the suEar ths
would mdicate that transport mvolves an mteraction of the sugar

1 2szm

g

P
8 2

™
8

INTRACELLULAR CONCENTRATION MG/I0O ML,
-
3

“INGD ALVSNIEI4/IN0D WY INTIOVHLI

88 3 8 g B

400 €00 800 1000 1200 1400 1600 j800
PERFUSATE CONCENTRATION MG/IOOML.

200

Fic 3 The relinonstup of 1ntraceliular accumulation of 3-0~methy! glucose to the con
centration of the suga n the medim

Hearts from normal rats were perfused 1 all cases for 30 minutes No glucox: - x::lh:;
metbolaatle substrste wis present 1n the meduum No visile ymparament of functos
of the muscle has been noted under these condinions up to peniods of 1 hour 3omm "
glucose was determuned by the Nelson® procedure after extracton and dewomzant

described earhier 1

with the membrane Stmular obscrvations have been made m the
case of the erythrocyte and a discussion of their significance ts t
be found mn a recent review by Bowyer 2 4

More defimuve evidence for mteraction between the sugar and 8
membrane component was obtamed by determming the prcscn::
of competitton for transport between sugars No compcm;ro ]
would be antieipated mn a simple diffusion system  In dx:h cont o
experiment at the top of Table I the ntracellular 2ccum ufsmlon
a no bolizable pentose L-arab 15 shown after perfus

tion
for 15 minutes at a concentration of soo mg per cent The adds
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an equimolar concentration of 3-0-methyl glucose to the medium

hibited arabinose penctration by about 86 per cent Glucose was
1 equally effective mhibitor L~ was d
¢ msulin and the aceelerated system could also be mhrhited by
ucose although the extent of mhit apparently was not as
eat. In the lower panel 1t can be scen that the penctranon of
flose was also strongly inhibited by glucose

Tarte 1

THE DITECTION OF L ALABINOAE AND D-XYLOSE TRANSPORT BY J-0-METHYL CLLCOSE
A D cinorse
Lear binose w 3 determined as described 2 e 1 The lack of Larabiniose and 3-0-
methyl lucoe wal aton way detcrauned w separate expenmenty in which
Tcas ble Ton o sugar wa- obsereed whin bowt 4 7l of med umn wer  fe-
wculated through the heart £ 30 to 60 min tes.

S gor add dand Inteacelf la neentvat on
woler atoto Tond e of Pent se
Learoh no ¢ s fml me & SEM

Perf imfersm teswithmd meont 2 300 me per cent
b oewihaliton f thersugars nd atd

None ° ) 1571 4 100 (1)
yo-methyl glocose 1 1 | o l a8 & 90 ()
Glucose 1 1 | ° | Bo + 73(9
None + | 071 & 66 ()
Glucose 5 1 } I E 191 (0)

Perf sion for 10 minutes with ma, o 1 g 400 mg per et
Dossylose v 1h all ton of other g 25 v a5 4
None ° | 1316 3+ 10 {6
:
Glucoac 129 1 ] ° { 106 £ 1o

4P < copm ppnprate fontrol

Table I shows conversely that glucose transport can be inhibited
by Larabinose and 3-o-mcthyl glucose In the absence of msulin
the transporr of glucose 1s mndicated by the unhizanon of the sugar
from the medwm  D-spite appreenable transport mto the eell i
ean be seen that the free glucose distnbution remarned less than the
sarbitol or extracellular space of 300 vl fgm  As discussed n detaid
m eatlicr papers 111818 J:u mdicates that the glucokmase system
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keeps pace with glucose entry under these condions Wath the
addition of wmsulin however  transport was greatly increased as
shown by the nse n utilzation and now the frec glucose space
considerably exceeded the sorbtol space Thus can be most readily
mterpreted as due to an aceeleration of transport to the point where
the entry of glucose 1s s0 rapid that 1t exceeds the capacty of the
glucokmnase system The next lnes of the table show thatL-arabimose
was a poor mhubitor of glucose transport a 4 1 molar ratio of
pentose to glucose did not appreciably affect utilrzation and even 2

Taste 11

THE INHIBITION OF GIUCOSE TRANSPORT BY 1 ARARINOSE AND 3-O-MEFHYL GLUCOSE

In all expenments glacose was perfused ac a concentcation of 150 my; per eencfor

15 munutes Glucose was measu ed as previously described!? usng the hexokunase
zwaschenferment method to enst re speaif aty

Sugar adied and Insulin Unhiz ton Glucose space
malar ratio to ©3 kg fml melafir + wie &
ol uose SEM SEM
None ° 45 £ 05 (10) 227 £ 9
None + g6* + o (15) 458* =1
L-arabmose 4 1 + 97 #+ xo(10) 470 & 14
Learabmnose 12 1 + 74%+ 06 (11) 8t x 12
3-o-methylglucose 4 1 + §6%+ 13 (s) 275 £ 17
3-o-methylgl 1cose8 1 + 465+ 10(5) ap*E s

*P < ot vs appropnte control

12 1 ratio was not strongly mhibitory 3-o-methyl glucose[n oill
the other hand mhibited strongly at 4 and 8 1 molar ratios la
mstances where utilization was reduced the glucose spacchw as al s:
reduced Thus 15 evidence that competition takes place at tHc i::ld
pore step simce mhibition of metabolism within thcfcc lsumsc
cause an ncrease m space due to a nise 1n ntracellular br!cc gl o

In carhier studies wath the erythrocyte it was possibic mdxsucns
that competition between sugars can lead under certain csr:i yes
to transport of one of the sugars agamst a concentration g:?, bt
This active transport could also be shown in the case o
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nuscle (g 4) When the tissuc was petfused with 150 mg per
ent of 3-o-methyl glucose the intracellular concentrauon rosc to
bout 86 mg per cent n the first § mimnutes and then mcreased
lowly to about 93 mg per cent duning the next -5 minutes How-
ver when F,lucosc was added to the medum at the s-minute pont
he llular 3 hyl glucose d d the extent of fall
seing dependent on the amount of glucose added

With the 2ddinon of a tenfold concentration of glucose the ntra-
ellular 3-0-methyl glucose was reduced to 34 mg per cent thatss

PERFUSON WiTH 130 MG
LM GLICOSE

8

Tasen

==
\%:"{
¢4

eucose
ADOED T0 SERPUSATL \{

INTRACEOLLULAN 3 METHYL GLUCOSE MG./100 ML

o 8 © 35 0 B %
ayTLS

Tic 4 The acuve tran port of jo-mett )1 ghucone out of the cell due to compe rion by
Klocme (e the tra et systemn
concentrat i of 3-o-mett 3! glacose t the perl Gt was o stamed €150 mR et

ot htoughout the € penment The concentr tin of glocose added 13 st ted by the
¥ Tocs Beve the b den e, £

£0 40 per cent of the control value  Since 3-0-miethy glucose could
not be metabolized 1t must have been transported out of the cell
although this movement was agamst the concentration gradient

1 can be most canly explamed by depression of 3-0-methil
plucose influx due to the compenitne aenvaty of glucese for the
transport svstem at the external surface of the membrane  Inuide the
el however the glucose was raprdly metabolized and was there
fore sy effecunc as a compeusor for the efflux process As a sesult
flue transienthy exeeeded mflux and a nect movement took place
of 3-o-methn | glucose out of the cell A competition cffect of thus
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kind 15 readdly explaned on the basts of 2 carmer
sugar transport and 15 dufficult to account for by oth
{see discussion by Bowyer?}

On the basts of these competitrve studses the ord
the vartous sugars for the membrane-combining site
glacose > 3-0-methyl ghucose » xylose and I~
d on 1n these competinion studtes that
not-metabolizable sugars employ the same twansport
als provides valuable support for the assunption s
authoss that transport data obtamed with these 5
sugars can be used to draw conclusions regarding the
glocose wsalf In regard to the effect of meuln 3¢ may
that although the hormone accelerates transport 1t does
the system to one of simple diffusion snce the ketses

type and co berween sugarsassull d

The absence of an added duffuston element m the msulmized
13 also mdicated by the fulure of sorbitol 1o enter the cell {see
although thus substance s very simslar to ghacose wath
stz and Iipsd solubthty

The present obsecvations are i harmony with the eather
of Fisher et al 24 showing that galactase penetration m the
heart does not conform to the%(mmcs of smple diffasion and
galactose-and glucose are compettve for the transpore process

TIWE EFFECT OF VARIOUS HORMONAL FACTORS ON MEMBRANE TRANS
While the acceleratory effect of msubin on supar teansport «
to be well established from work m many hboratonies very !
15 known regardmg the possible mhuntory effects of other
on the transport process although such effeets would t R
from earher studres of glucose uptake  Prelimmary et
presence of transport mnhibitors 1 the muscle from alloxan-dia ‘
and also from normal amumals 15 presented w Table I Smce giv
cose which 1s rapudly mctabohzc(f was used as the test sugar & uzz
necessary to evaluate transport rates wdwectly by mmmcmtrg‘;
the utilization and distnibution of the sugar as discussed below u‘;
obtamed with hearts from normal amumals wath and wz:houn::hz:
are shown. for reference on the first two hnes The gluc%sc [ has
tion by the heart from alloxan-dibenc rats was severely epses <
the glucose distnbution h app P o
to the sorbtol space  This indicated that the of

g
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1 at the teansport step since 1 hexokmase had been nhibited
¢ glucose should have accumulated withun the ecll

These tentative conclusions could be supported and extended
mg 2 more direct and sensiive cxpenmental method m whl
casurernent was made of the transport of a non metaboluzabl
gar out of the cell. The technic was briefly as follows the heart
1 first perfased with a high concentration of L-arabinose 1 order
accumulate a large amount ingde the cell The medium was then
unged to sugar-free buffer which passed 2 single ime through the
sart and was collected over successnve mntervals of 1 o7 2 minutes

Tastz I

T8 EITECE OF INSULIN AND ALLOXAN DLABFTES ON GLLCOSE TRANSPORT IN THE
ISOLATID RAT HIAFT
The number of expenments 18 shawn i p reotheses. The asternk demotes
P vilue of <008 with reference to the normal control without msuls
Alloxan was wjected where 1nd cated 10 2 douge of 6o mg i tv 48 bours
befre sacnfice Food wasw thheld dunng the I t 34 hours and the terminal blood
sugar concentrations were umif rmly 3bo € 306 Mg feT cTht.

Type of animal Isdn Lolzaon Glucose spae
W timl mefefh olfe £
SEAM SLA
Noeraal ° l 43 40500 ay & 9
Normal IXt | 96 20509 | a1 s
All xan dusbet ¢ ° I 0, tos() | 7 2 9

P < .01 v1 Normal Apmal — No | &

“he amount of pentose appeating i the perfusate under these con-
1ons could be wsed to measure transport out of the cell provided
wtracellular arabinose was first removed  The collecuon of per-
usate dunng the first § mmnutes was therefore discarded since this
ime was suflicicnt to remov ¢ all extracellular sugar as judged by the
sashout of radioacun e sorbutol {see Fig ) The greater sensieaty
f this method can probably be ascribed to the fact that transport
ind*r these condirions 1s essenuially uni-ditectional since the con=
muous washing prevents accumulation of extracellulac supar and
nunymizes Lack trangport mto the cell

InFig §some of the results obtamed areshown Hy pophwcﬂom?
od to 2 marked nise 10 transport as compared to the normal animal
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Allowan duabetes caused a marhed depression but

of msukin s wifro the rate could be restored to the
tugh value of the normal In the dubetc msuln *
increase m rate demonstrating that a very broad
rate 1s under hormonal regulaion  The effect of s
from hypophysectomized ammals was relatrvely

NO INSULIN o~
INSULIN 1X 10 | uNiTS/ML &
NORMAL.

[ asem B DIASETIC

o HYPOX

w

3

S
¥

o
3
8

T

3
S
2.

TRANSPORT AATE  MG/GM /MIN

) %) o0
INTRACELLULAR L ARABINOSEL
MG

fic 5 The effter of alloxan dubetes and hypophysectomy ot the transport of L

o the eclls of the isolated heart ‘
“’}1:: !«h.m’ixu described in the text The concentranon of mﬁ;‘sﬁf zt::;'::l:

calutlated by sy nrmung the peitase contents of the uakmw l’:“bmgmnm

entost of the tssue at the end of the eyperupent The uneracelich ¢ L0

was ¢al lated on th 2 sumption of 3 unyorm stanbution w

I rate Although the ates
sumably to the already high con‘;r;l :h o et

out wsulm were widely separate

the rates with msulin were surprisgly close dIz w::sr }: )
worthy that in any geven seqes the rates showed rema
stancy as judged by the standard error of the ;moan

Yot w3 e ek effoct of Various CONCENtIations of 1nsuln ;
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1ng the prehminary period of pentose accumulation and con-
ucg during washout of the sugar 1 10-% umits per mullilitre
uced a large tncrease 1n rate amounting to 78 per cent of maximal
represented by the value for 1x 101 umes'ml 1 x 10 % and
¢ 10 8 untes/ml dsd not sigmificantly samulate the rate under the
wditions tested  This sensiavaty appears to be about the same as
red 1n other preparations such as the 1solated rat diaphragm

[ 2sem
w00~
I3
3 s00p
H
k]
ES
200
¥
H
"
14
g o 5 1
E S
E 0

%% 3% 365
INTRACLLLULAR L ARABNOSE
uow

+ 6 Theeffectof 1 concentraonentlenteof outwarder  potr of L arsbinoue
Mhe procedu ¢ 1 sanlined 10 the text The st ne rd e i forthe ¢ nir L rare aze shownan
H

The outward transport techme has also made 1t possible to deter-
tne with somie precision the time of onset of Insulimn actvaty and
follow the course of accelerauon minute by minute  As seen m
3 7 when msulnt was added to the perfusate dunne outward
msport of sugar an effect was noticed wathin about 3 mmutes,
3¢ onset was equally quick n the dubene muscl~ bot the sub-
et acecleraton was much slower  Fyen thowh the mnsubin
ded W as 1000 pmes the mimmal cffective concentration 3¢ took
©to four times longer in the diabxtic to reach the mamum rate
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Thns 15 2 mamifestation of the msuln resistance which has been
frequently noted m muscle from allovan-diabene anmals

It 15 of course most 1mportant to know what hormonal factors
are responsible for the nfubition of transport 1n the diabetic state
On the basis of a large background ofP knowledge from manv
sources 1t would be anticapated that growth hormone and adeenal
sterotds nught be nvoly eJP Fig 8 shows the effect on transport of

OIENT

NORMAL
Ixto t

02

NG TRANSPORTED/MIN /GM 7MGM % CONC GRA(

o
CONTROL MINUTES

xan-diabeic rats
orrzonta] broken

F1c 7 The time course of the snsulin effect i he rts from normal and allo
expenmens of o

ml at o e The h
Insulm w s ad Jed 1 2 coneentration of 0 X umsts per
1 e mdicates the maximum rate obtained with wsuha a5 decermned 1 ¢he

Fgs

daily injecnions of growth hormone for 5 days and/or cortisone mto ~
hypz;;?ysccmnuze% amymals The rate was mOdcratdﬁu reducc};‘lmiy_'
aither growth hormone or hydrocortisone alone and the con: e
tion of both hormones caused a severe depression of trans 3:: oell-
diabetic level The observanons snggest that a part o c::m .
known diabetogemc activity of growth hormone and comsIc:nhould
be attributed to mhibition of glucose transport 1 muscle It o
be noted however wm the case of cortisone alone that very Dig
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ses were employed It remains to determune the effect of corusone
lower levels since earher studics of glucose utilization by muscle
ym hypophysectomuzed arumals {Park er ol 1%) have not shown
renal sterords to be effective mhubitors 1 the absence of the
wary In regard to growth hormone we have been unable to
plicate the interesting report of Bronk and Fisher 3 despite re-

L[ zsem

>
3

»
3
8
7

HYPOX

GROWTH,
+HORMONE

o
3
?

1 CORTISONE

TRANSPORT RATE pG/GM./MIN

o
9.
¥

4 GROWTH HORMONE
+CORTISONE

L
o 100 0 300
INTRACELLULAR L ARABINOSE
LT
Tic 8 Theedectof g owth b and  corgone h port fLear bncse
s the lited beares by b, poghysecs rod 1t
||ghlr punfied krowth formone ft of the Endocrinol vy Srudy Section of the
Boon o ares of Heslih wa mected daily i dos ge of 0.1 g per 190 & fer &y
"be dady dotsge of cortisone w a1 abour 2 § mg per 160 pe day Treatruent W3 Contmued
*5dy the e e wrre made aboot 18 hours bef e sucnfice

seated efforts that grow th hormone added 1 1itro nlubuts glucose
tansport and utthzation  Experiments carn~d ont by De Margaret
Henderson 1 thus Laboratory using a very acuse grow th-hormone
pr?anuon and also the same materal B'168 employed by Bronk
and Fisher have shawn shohe aceeleration of transport m heatts from
normal ammaly, and a b e nsulin hike acccleratory effect in hearss
ftom hypophysectomuzed anymals,
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CoNcrupING REMARRS AND SuMMARY

The regulation of transport appears to be the closest approach
that we can make at present to defimng the site of acuon of the
above hormones on glucose uptake by muscle It would not be
proper however to assume that transport 1s necessanly the prmary
pomt of action of nsulin or the other factors The recent studtes of
Randle and Stmuth 18 for example tllustrate that sugar permeability
can be strongly nfluenced by changes m mtracellular metabolism
and a number of insulin effects on 1d and bol
discussed m this symposium and elsewhere are not explamed at
present by any single pomt of action

The principal conclusions which we would like to draw from the
present positton of our work are as follows the transport of D-
glucose D-3-o0-methyl glucose L-arabimose and D-xy lose through
the cell membrane 1 the presence or absence of msulin involves
mteraction of the sugar with a specific component of the membrane
The membrane-combimng site shows substrate stereo-speatficity
and 15 shared by pentoses and hevoses Glucose and 3-0-methyl
glucose have Ingh' affimtes relative to arabmose and xylose The
membrane~transport process can be regarded as the first step m the
metabolism of sugar by muscle 1t antecedes and 1s distnct from
phosphorylation by the hexokmase system and the product of
transport 15 the free sugar In muscle ‘transport 15 ordmanly slow
and appears to lumit the rate of glucose uptake As the rate-hmiting
process 1t 1s an appropriate site for hormonal regulation Insulin
causes a striking aceeleration of transport and alloxan diabetes 2
marked mlubion  The mhibition appears to be due to the effects
of pituttary growth and adrenal steroids m conjuncrion with a Iack
of ms

Subsequent expeniments using hearts from hypophysectomuzed
tats have shown that the transport rates vary from those reported
here to rates equal to or less than those of normal anmafs  The
explanation of ‘this vanation 15 uncertam but may be refated to
varseons m endogenous snseln levels to which she aamals are
unusually sensitive . Several mechantsms have been consideced by
which the 1 t wo myection of growth hormone and cortisone co
result m lower transport rates The hormones could (1) directly
mhibit transport or (2) decrease the sensiivity of the tissue tté
endogenous msuln At present we would favour the secon
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INSULIN AND THE TRANSPORT OF SUGARS
R.B fismx
Department of Biockemystry Ovxford

The perfused heart preparation has given msight meo same of the
problems assoctated with the permeabibity hypothets of 1 tn
action which are not casly attacked by the use of the who'e o~ the
eviscerated ammal or by the use of the sofated duphragm. Ths
paper deals wath some of these problems

The perfised preparation 15 the most reluble on~ 3t £~
the e of the wsulin-der of the pnetranom
surarnto cclls As Lindsay and Lhave shown (Fsherand L’ 2 2,
the penetration of galactose nto the heatt 1 markedly depreges
the presence of glucose m the perfusate Thu 1 undewsem, .~ 7
both sugars are competing for a common carner frez e - .
penctranion of sugars with a Tower affiuty thes e » £, 70
carner would be expected to be corresponding v+ e grnee”
deprosied by glucose At 2 Consequetice o o avr v pee w4
when the suiat to be studied s introduced £= L ord % o e
s glucose the rate at winch the sugar under « v v 27 2ren r
cells will not be 2 true measure of s mtnmee 3y =y e L
but will be much more an mdex of 1y sy ¢ e e
glucose for the common carmer Furthermore s we o, oy
traccllular glucose coneentration 1t Will ez 2 4 e 5
which plucose can compete for the camer Thse T - 7, e
any msuln effect an the rate of penctranon ¢ febe g v [y
The scafe of the tnsalin ofect could beso fa 5 o
factors that 1t mihe be too small tobe demonsgz 7+ L 27

We have mad- one test of these rather theo 4y, :,,.) !
Sachs and Bakshy Y showed thatmsulin mncrenssy Lom

S e

twon mto the cat beatt w1 but hatno detert, oL 7, o
penctration of Danbmose Dr Zachambh hay . _ 4 » -
sugar an the perfused rathearinmy liboratory 2t oL ) Ty
nslumu\(nv petfuar L-anbimose penetea.s oo /"’ T

3x dvs pabactose the wntraceliular concenenatog g fet
extertial cuncentration 101§ mnutes fspa . Pt
[l S BT

i

-t
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already been shown by Sacks to be mcreased by wsulin D-arabmose
penetrates much more slowly  the mtracellular concentratton reaches
only about one-third of the extracellular concentration after an
hour But the rate of penetration of D-arabmose 15 markedly n
creased by msulin - We hope to make compenton experiments m
order to determine whether the discrepancy between our finding
and that of Sacks 15 due to the sort of factors which T have discussed

One mught perhaps have made this sort of test with the solated
diaphragm asndecd some workers have done but there are grounds
for believing that the diaphragm does not yeeld useful mdications
of the kinetics of penetration  This 15 llustrated by our expenence
of the study of the kimetics of efflux of galactose from the ﬁcm n
expenuments of the same general nature as those described by Dr
Patk Mt D A B Young has made experiments m which the
heart 15 first perfused with galactose and any desired concentration
of mnsulin and 1s then transferred to a second apparatus in which the
perfusate contamns the same concentration of msulin but no galac
tose After washing out the dead space cffluent from the heart 1s
collected 1n timed periods By vartue of the hugh rate of perfusion
the galactose concentration m the effluent 15 always very low so
that we are effectrvely studying the efflux of galactose mto gafactose-
free medum

The data do not conform to a first order process When the
appropriate semilogarthmic plot 1s made the lines which are ob-
taned always make positive mtercepts ot the ordmate atis The
datado however conform with one qualificanon to the much more
complex equation for cfflux from cylinders withm which there 15 2
unformly low diffuston coefficent The expected relation which
15 given by Crank® 15 shown m Fig 1 In ths figure the fraction
of the mtracellular solute extracted m fime £ 15 plotted agamst
Diffa® where a 15 the raduus of the cylinder and D 1s the diffusion
coefficient withm 1t

We have transformed our observed fractions imto the corres-
pondng values of D/a” with the help of this curve and tested the
fit to the curve by plottng these dertved values of Dfa? agamst e
We should expect straight lines through the ongm provided hat
the fiwd which we were collecting came mmediately from the
surfaces of the cells Smee exchange between mterstitual fld and
perfusate 15 mterposed between the cell surface and our collecting
vessels we can expect the expenimental curve to devaate to some
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extent from a straight line through the ongm  We have mad~ a
theoretical study of the effect of supenmposing an exponential ex-
change betneen tuwe flud and pesfusate on the Crank relavon
We find that f the tme~constant of the exponential process 1 &

then the plot obtained should be a straght line for all imes greater
than 3/.K and that this line should meet the ume-axis at ¢ == 1/k This
theoreucal expectation 1s shown m Fig, 2 Our expenmentaf data
fit well with this as 15 shown i Fig 3 Data obtamed wathout

12 1 The expeted t mecwne of oo b toacfaninfm  clume of sclumon with a
Yunler ® thin whih the d Fuuon coet” St ) on Fumly lw The mecrupted cueve
repeoame  Fracedés gl ot 10 wh that the time Lot 50 Pt comt e b ar 1 i the
wame [y the po e vl ing oty & w dueon theough the G Lot

wmsubin and with 2 wide range of insulin concentrations 1s shown
wn ths fiure: and it will be seen that desprte 3 great vanation in the
hypes of the kncs ¢hey cut the tme-axis in reneral m the regron
of 05 munutes The fist pomnts on the lines are therefore on the
hineat pottions of th- curves and we can nterpret th- slopes of these
Ines at measeres of D a2

The stercepts on the tme-aws indicate 2 half ume of exchange
berween tvue Aud and perfinat- of 6,304 munates Despite ths
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already been shown by Sacks to be mcreased by insulm D-arabinose
penetrates much more slowly the mtracellular concentration seaches
only about one-third of the extracellular concentration after 2n
hour But the rate of penetration of D-arabinose 15 markedly m
creased by msulm - We hope to make competition experiments m
order to determine whether the discrepancy between our findng
and that of Sacks 1s due to the sort of factors which I have discussed

One nught perhaps have made this sort of test wath the wolated
diaphragm’ asndeed some workers have done but there are grounds
for believing that the diaphragm does not yield useful mdications
of the kinetics of penetration Thus 1s tllustrated by our expentence
of the study of the kimetics of efffux of galactose from the heart m
expeniments of the same general nature as those described by Dr
Parck MrD A B Young has made expennments m which the
heart 13 first perfused with galactose and any desired concentration
of msulin and 15 then transferred to a second apparatus i which the
perfusate contamns the same concentration of msulin but no galac-
tose  After washimg out the dead space effluent from the heart 1s
collected 1n imed periods By vartue of the hugh rate of perfusion
the galactose concentration mn the effluent 1s always very Tow 50
that we are effectively studying the efflux of galactose into galactose

ec medium
£rThe data do not conform to a first order process When tf]::
appropriate semilogarithmuc plot 1s made  the lines which are ’{',h
tamed always make positive mntercepts on the ordmate axis  The
datado however conform with onequalification  to the much more
complex equation for efflux from cylinders within which there hx!s }a]
untformly low diffusion coefficient The expected relanar;} wn :n
15 given by Crank® 15 shown m Fig 1 In ths figure Lhil ac von
of the mracellular solute extracted m tune ¢ 15 plotte d‘a it
Dtja® where a 15 the radius of the cylinder and D 1s the diftus

thin 1t

co:gxgl m;:wt::sfmmcd our observed fractions mto the czﬂ;&;
ponding values of Dt/a? with the help of this curve 2nd tcsrcﬂme
fit to the curve bv plotting these derved values of D/d agm?ii e
We should expect stralggt lnes through the ongin Piovfl' cm o
the flmd which we were collecting came muncdxatczl f;od e
surfaces of the cells Smee exchange between interstiby: ‘Ill,ccung
perfusate 15 mterposed between the cell surface and our c<:0 i
vessels we can expect the expernmental curve to deviate
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fhicrent exchange between cells and medium n the perfissed heart

he kinetics of cell penetration are still obscured to some extent by
xtracellular exchange processes This sort of obscuration must be
nuch more marked m the 1solated diaphragm  Not onlI 15 the
ime~coursc of exchange between miedium and exteacellular flud
nuch slower but the cells of the tissue must be non uniformly ex-
»osed to the sugar bemng studred for 2 Jarge part of the penod of
sbscrvation Judging from haprus and Con 57 data for thiosulphare

he extracellular concentration of solutes entenng the diaphragm
Tom the external medium 15 not likely to become stable untll more
han 30 mmates have passed, even for small molecules wath some-
thing of the size of msulin the delay may be expected to be much
longer Probably therefore one 1s dealing over a latge fraction
of the penod of observation with a preparanon 1n which the cells
are not only non-umtformly cxposed to the sugar but cven more
non umformly exposed to msuln

Reverting to our data for the efflux of galactose from the heart
we can now consder the significance of the values of Df¢® which
we obtain from the stopes of the straight Imes m g 3 Since a1s
the radus of the heart ccll which ean be assumed to be constant
these vanations imply vanations in D the apparent diffusion co-
efficient of galactose in the el Thus apparent diffusion coefficient
will be the product of the true diffusion cocfficient of the galactose-
caener complex and of the rauo of galactosecarner complex
cancentration to free galactose concentration  Since the diffusion
cocficient of the complex 15 unlikely to be varble the varnen
m apparent diffusion cocffictent may be taken as 2 measure of the
vanauon in concenteation of total avalable carner We have there-
fore made some preimmany explorations of theones of msuhin
acnon on ccli bility on the ruon that the -
tion of auxh\\‘c carpier 1 altered by tnsulm and 15 directly pro-
poruonal to the expenmentally determuned value of D &

In the fist place we have tested the hvpothess suggaad by
Fisher and Lindsay® that the carner {C) combines with an inhit stor
(b‘() to form an mactine complex (CX) and that wsulm also com-

e with (\) to form a complex (%) thus freeng carner This
Ieads t0 an equation with fsur unknowns We have fitted data for
contrals and for Dror 11sulin concentrations to dus by pothesis by
the methd of Teast squares an ! found dut the resuling equa ton
frall the points remarkably well This s shown ui Big 4
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Fic 2 The effect of mterposition of an expones bal exchange between cells and perfisate
on the plot of Difs ag m et

Time (nid)
10

The o mbers aguast
FiG 3 The xp mentally determs ed rel tion between Difa and ¢
(e Lines rep cuent the. £oncentranons of ms lba used 10 unit fbtre
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> presence of msuln 15 a measure of the insulin-dependent carmer
¢ have also supposed that the dependent carner anises by
mbination of mnsulin with some cell constituent present 1 hmted
yount so that there s 2 Michaclis-Menten type of relation between
ulin concentration and tncrease m apparent diffusion coeffictent
cr the control value This hypothesis 15 casy to fit to the data by
indard methods and as Fig § shows 1t fits just as wll as the first
pothess The tvo best & curves shown i Figs 4 and § are
arcely disunguishable

It ought howeser to be possible to disingush between the
potheses snce one invohves affimty of the sugar studied for 2
ngle carmer and the other sts affimty for two separate carners and
15 hughly unlikely that the affimaes for two independent carners
( two or more different sugars wall run m parallel Repetion of
¢ work with other sugars 1s therefore planned  Another approach
suggested by the work of Bronk and Fuher? on the effect of
rowth b prep on the permeability of the heart to
alactose This work sugg ested thata punfied beef grow th hormone
reparation approamately halved the apparent diffusion cocfhicient
f galactosc 1nto the heart both i the prosence of and in the absence
finsubn Thus ts much more casly explaned on the smgle carner
ypothests

At present we inchine towards the single carner hy pothests, since
he dual carner hy pothes:s 13 not needed to account fgro ctration
1 the absence of msulin and since the growth hormone observanons
re more f¢adily accounted for by the sngle carner hypothesis.

Work of this kind cannot naturally contnbute much to the
mportant question of the abiliy of the permeabiiny cffect of
ulin to account for all is phywolopical acvin . But very few
£ 113 effeets have been ddaimed to be totally inexplicable as secondary
ansequences of the permeability effeet “The latest of these 18 the
fiect on the carbohydrate metabolic pattern of the ssolated dia-
heapm which has been demonstrated so elegantly by Cham et of 4
would hke to ronclude by offering an explanation of dus effect in
erms of the Pﬁmubxht) effect

Tt & clear trom the work of Candcla ot of 3 Zuerler 1 2l and
aerlert that enzymes are cont aualhy escaping from the oclls of
he usnal kind of disphraem preparation. Lscape will certamly occur
rom damaged cells but Zi~tler believes that he has evidence that
nost of thus loss oocurs across tf ¢ wtact eell membrane  1f dusps 3o
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Boxio=t

C+x s CX

1#x *x

[T ,9;, 69

fasulin concentratlon ¢ ntishinrg
1 2 a .

Fic 4 The £it of the expernmental data to the single eamer hypothess of insulin acton.

We have also tested an alternative hypothesss namely that there
are two carrters one msul Jependent and one depend:
as suggested by Resnick and Hechter 8 To do this we have s::gﬁoscd
that the apparent diffision coefficient m the absence of msulin 15 2
measure of the activity of the msuli-mdependent carrier and that
the difference between thus and the apparent diffuston coefficient m

Insulln conc trotfon Qualt filt &

1 2 El 4

FiG 5 The fit of the expenimental data to the dua! carmer bypothess of snsulia action
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1t will be evident from what has been sud about diffision 1 the
diaphragm that enzyme concentrations 1 the mterstinsl find wil
much exceed those m the medium It 1s therefore well wahm the
bounds of possibulity that the mtersttal flwd may consntue a que
active kund of Meyerhot muscle extract (One would expet that
the enzymes most readdy lost from muscle cells would constimute
a glycolytic system m view of the known assogration of oxdanve
systems wath the partculate fraction of the cell ) In the absence of
msulin  when the extracellular glucose concentration should be
much higher than the mtracellular concentration this would mean
that glucose metabolism would be primanly glycolyte though of
course the pattern would not necessartly mnuc exactly that of
glycolysis m muscle cells In the presence of msuln when glucose
can pass readily mto cells the pattern would be expected to shuft
towards owdative and anabolic pathwavs Some support for tus
1s to be found 1n earlier data of Beloff-Chamn et ol * which sucgest
that m the absence of msulin most of the glucose n the diaphragm
15 extracellular

I beheve therefore that there 15 as yet no need to move fior t
posttion that the permeabulity effect of msulin 15 m all probabifity
responsible for 1ts physiologreal effects
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DISCUSSION e

Younc The earlier studses of Hober Logw: Pollak and others have
1mdeed fallen on most frmeful ground 1n recent years and { think Dr Park s
contnbution 1s a most and mmp one &n
It particularly appeals to me that he 15 able so efegantly

this
to make ase of
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the outward transport of sugars from celfs 1n order to study the vanous
hormonal effeces

1 would like 1o ask Dr Park a question mysclf ~ you mention 1n your
abstrace that you have found erther no effecs of growth hormone s suro
on plucose transport or an aceeleratory effect Do you find this aceelera-
tors effectsn bearts from normual rats of sn hearts from hvpophviectonuzed
tats, or 1n both sorts of heare

fasx In the heart from normal rats we bave not observed any s;}:m-
ficant effect of growth hormone 1n t1tro on transpory In hearts from
hypophysectomized rats there 13 2 marked acceleratory effect

Lrsint In contection with Dr Tark s experiments on outwaed erany-
ote Tshould Like to ecll ham that De Goldsten has confirmed it findings
using the evicerated nept d dog This ph which
Dr Ttk demonstrated in the perfused heart obtains 1n the whole evu-
cetated anmmal which must include of course skeletal muscle and other
miuhn-sensitive tissues

Some vears ago Dr Goldsten and 1inyeeted cortisone int> intact dogs
in high amounes untl the ammah became muhn msensitine Then we
eviscerated them and studied the distnbution of galactose with and with
out msulin - W e could not, and cannot at present demonstrate any tn
Pt noof 1nylin acten n the eviscerated anumal T am wondenng
therefyre whether we did not use 3 suffiaent amount of corsone to
d an nhik ot whether the infubitory effect 13 not present
m afl ussues. In the whole animal where the mas of the heart of conrse
# small i companson with the muscle and fat tsucs, the inhibition
rhenomenon muy not become ngmficant This would be important to
rewlve One coul L draw the conclusson that thus it iton phenomenen
hus 3 relateon o the dubetogenic effect i the whole organsm and 1t 1
oot yet clear whether st doos or not

Swimn {am sure we would all auree with Dr Tusher that there ate
limitasioy 05 the use of duphragm i smudics of the transport of yugars
There s however one potnt 1n hus dscision on which Fwould 1ke to
comnent

in the work which D Randle and tdosenibe in our own paper{sce p 65}
wewere indeed awate ¢f repe s that cortan ennmes ace [;f::?d tolal
{r m the berm i aphrapm dunng monbati - but we coutd not st w that
thoe woull wili e free glieose We incubatad a numbes of hem
daphtarns i bicatbens ¢ medom €t 30 muine o5 emder our wual
anbin n then wihfrew pornims of the mal v and wutated these
eenal tafirdher penod ot 1 hourind stheameccn? sorsbat i the
aheerce of tmue no furthes change of glucose content of the med Lm
ocourred after serannn from e none Undwl offy protan o see
lenedin - the matiem by the sna Lated bermdupbts m - tea oy fror
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the cut ends of the fibres T1magme — and this may
certamn of the enzymes conccmg:i m the uuhuu:: ﬂfn;lm:} “;Id‘:d:
seems from this experiment that under our conditions at am :atc“ nlt
dissimilation of glucose 1tself ocenrs 1n the mediem bathing ?hc tlssu\:o
Of course we do appreaate that this does not exclude the posstbility of
some glucose bemg bolized 1 the ¢ ) o
duaphragm by enzymes bound to the sutface of the cell as Shaw and
Stadze have recently suggested

Stewart Reyl and Dragstedt have shown that the embyronic chick
{ll:::t 3 d&;1ays otlg 15 refractory to the tovic action of cardiac slycosides and

at the tenth day the heart becomes sensive to the glycosides itisat

this later stage that the pancreas begms to function  We have found i
the gumea-pig pre-treated with msulin that the toxiary of the glycosdes
digown digitoxin and ouabain 15 markedly enhanced and I wonder
whether Dr Park or Dr Fisher have done any work on sugars such as
digitovose to know whether the transport of them 1s markedly acceletated
by 1nsulin or whether any other sugars inked to other substances to form
glycosides are also rapidly taken up

Frsuer I do not know whether Dr Park and I ought to come here as
twins and say No together but certamly for myself I have not and 1t
15 2 very nteresting 1dea

Whlst T am here I would just Like to say something about this business
of the growth-hormone effect 1 think a possible explanation 1s that when
we measured the effect of our Wilhelmu beef growth-hotmone prepara
nons on the penetration of galactose mto the heart we had to have glucose
present 1 the perfusate to slow the penetration down to manageable
dimensions and 1t 15 quite conceavable that the effect that we obtamed
there 15 secondary to the effect on glucose metabolism

D Arcy Iwould like if I may to direct my quesnon to Dr Pack  I'was
very interested to hear Dr Park mention that hypophysectomy tncreases
the transport tate wheteas growth hormone and cortisone 11 1110 de-
presses 1t T would hike to know for mnformation if you have tried the
effects of corticotrophmn etther i yivo or s viiro preparations

Pare  We have ot tested this at all

D Arcy 1 have wondered if that may possibly i some way explan
the difference between your 1 vivo effects with growth hormone and
your opposite results whick you found i vatro Could 1t be contamunation
of your growth-hormone preparaton say swith anather trophuc hormone

from the pumtary? -
Park PCon(armezuon by other ' R zd‘possxbxlxty and

msubn-bike or hypoglycaemicace * Ve “with prevceacy”

factors ot

snsulin bke ag™” oorims
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nmone preparations in many laboratorics and efforts to separate thus
uvity by chenmeal means from growth actwary have not been successful
our hands
Dessman | should bike to ask whether the kinetics of sugar transport
aght be cqually referrable to an energy mech Wouldn ¢ the
[uations fit yust a3 welly There may be an encrgy mechamsm which
sulin enhances or which nsubin infubits and 1t may not be necessary
seefer all the thinking merely to 2 membrane —  apofogrze for the word
nerely ta this very my thing called 2 \: 1t might be
wote {rutful to compare the different acceptor systems for energy 1n the
snicus tissues We find the heare different from the duphragm and alo
om the skeletal muscle  We also find all the ussues different from the
rain and 12 15 probable that the various encrgy transport mechamusms or
sergy-deseloping mechanisms differ i the vanous organs particularly

1the ;:A(ﬂmlc atrangement of the mes molved .
We have proposcd a hypothesis which assigns the function to msulin
fihe o : of b 1 to the mergg-, £ g site of muto~
hondna Under these arcumstances we might possbly say that the
sools which were d of different cc of glucose
ould well be different areas 1n the cell (a3 we can sec on electron mucrow
copy) with the memb within the cell the hond,

q! 5
fan enzyme system were attracted to or attached to’ a nutochondrion

endenng that area of the eell more effecune 12 would produce a duiferent
wol of utlization of sugar and generanon of energy

Ruant. Dr Hewson Swift and I have electron mucrographs of dua-
hragm which show a relatnely thick Liyer of mesothehal tissue on both
he pleural and penitoncal udes of the true duaphragm muscle It may be
hat these layers are related to the differences in kinetics of entry of vanous
wgars and to the differences betw cen duaphragm and heart muscle i therr
tevponys to vuuhin

Ismrow Just a very soull pomt 1t has been shown for example by
Dr Nacholls at hang, 3, thatthe effect of cortisone on the rettculo-endothelual
1ystem 1 antagomzed by ocstrogens We know that cortisone 1s dusbeto.
wew f anything whereas oastrogens have the oppasite effect 1n the
Houwsnay smmal and T won lered whether you had tned the effect of
oestrogens in antagetunng the effect of the cormone  The second point
u that in discussing these effects in ammals we have to remember that
the sdremal corticonds do not start betng produced normally in the ammal
tmmedurely at bith they only start beng produced immedu cly after-
wards, and that the nature of the hormones produced by each ammal
diffeeent. For example the rat produces Tihink 21w more corticos cone
tha1 cormone 50 | think we bave 3 veny, complated provre there

Paax W have done nothiny, atall with the oo rogens. 1 would sav



44 MECHANISM OF ACTION OF INSULIN

the cut ends of the fibres ¥ imagine ~ and this materia] may well inclnde
certam of the enzymes concerned 1n the unliation of glucose Bue
seems from this expeniment that under our conditions at any rate no
dissumilation of glucose 1tself occurs m the medium bathing the ussue
Of course we do apprecate that ths does not exclude the possibility of
some glucose beng bolized 1n the ) ” of
duaphragm by enzymes bound to the surface of the cell as Shaw and
Stadie have recently suggested

Stzwart Keyl and Dragstedt have shown that the embyromc chick
heatt 3 days old 15 refractory to the toic action of carduac glycosides and
that at the tenth day the heart becomes sensitive to the glycondes 1 at
thus later stage that the pancreas begins to function 'We have found ;
the guinea pig pre treated with msulin that the sovcity of the gly condes
digon digitoxan and ouabamn 15 markedly enhanced and 1 wonder
whether Dr Park or Dr Fisher have done any work on sugars such as
digitoxose to know whether the transport of them 1s markedly accelerated
by wnsulin or whether any other sugars Imked to other substances to form
glycosides are also rapidly taken up

Frsusr I do not know whether Dr Park and I ought to come here as
twins and say No together but certamly for myself T have not and xt
15 a very mteresting 1dea

‘Whilst I am here I would yust Iike to say something about this bustness
of the growth hormone effect I thunk a possible explanation is that when
we measured the effect of our Withelms becf growth hormone prepara-
tions on the penetration of galactose into the heart wehad to have glucose
present Lﬁc perfusate to slow the penetranon down to managesble
dimenstons and 1t 15 quute concewvable that the cffect that we obtatned
there 1s secondary to the effect on glucose metabolisnz

D Arcy Iwould like if I may to direct my %ucsuon to De Pack Iwas
very mterested to hear Dr Park mention that hiypophysectomy mcreascs
the transport rate whereas growth hormone and corusone s v1v0 de-
presses 1t 1 would like to know for information 1f you have tned the
effects of corticotrophm exther s 910 or 1 1#ro preparations

Pare We have not tested this atall

D Arcy I have wondered sf that may possibly i some way cxplaxz
the difference between your m vivo effects with growth hormone an
yout opposite results which you found i vitro Could 1t be conamsnation
of your growth-hormone preparation, say with another trophic hormone
from the pitustary? d

Panx  Contarnation by other factors 15 always a ossibihiry an
msubn-like or hypoglycacmic actuvaty has been observed with P’“:(’l:z
factors other than growth hormone On the other hand an unm! e
insulin-ike actwity 1 p1o or s vitro bas been observed wath gro
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SOME OBSERVATIONS ON THE MODE OF
ACTION OF INSULIN

L B Cuan
Istuuto Supenore D1 Sanud Rome

The following 15 2 bnef summary of some of the work on the
mode of actron of insulin which has been carned out in dus labora-
tory by the authot and hus colleagues over the last 8 years

As1s well known Gemill ¥ made the important observation thar
wmahn simulates glucose uptake and glycogen synthesss i the
ssolated rat diaphragm  This observanon was confirmed by many
authots amang them Villee and Fastings!® who wore the fisst to use
U-“(‘fhbc“ur glucose and followcd the fate of the 1C carbon 1n
vanous fractions Thosr results summanzed in Table ) formed the
starting point for the present nycsngatons

As will be seen from the figuresin Table I while 1n confirmanon
of Gerill sresults there was an anesease i ghucose uptake and glyco-
pen synthiesss the Jarger part of the glucose disappearing from the
mevhation flnd could not be accounted for ru{:rr m the absence
or n the presence of msuln and funthermore the increased
synthesis of glycogen sn the presence of nsuhn was nsufficient to
account for all the extra glucose disappeanng from the aincubation
medium  The author :ns his colleagues thesefore st themsclies
the tak to get a guantsavne balance shect of all the menboles
formed from plucose 1n the rat dughragm n the presence and
absence of myulm wath the view of asccrtamng the fate of the

extra glucose metabolized i the presence of msulin

SIPARATION AND QUANTITATIVE DETEXMINATIO N OF RADIOACTIVE
MITABOLITIS BY PATTR CHROMATOCRATHY

Orer 9o per cent of the radioactne metaboht=s formed from
F,’Mm wete recorered moan aqueous aleoholic extrace of the

o nepentzed muscls and n the medium of meutaton & aralt
Fant \‘mwn to be glieopn remamad 1 the msoloble rendae

The matabolires 11 the nevban v n adium and the muscle exrracts
were wparated by paper chromatography and qaanntsnvely detr

1 o
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smuned by a scanning device In the minal stages of these mvesnga
tions an apparatus sirntlar to that of Tomarelt and Florey! was used
m which a paper stap 15 passed by hand under the window of 2
Gerger counter and 1ts radioactivity 15 measured per unttasea This
was an extremely labonous procedure and can oxly be used for
d i ch graphy  To achseve a sufficeent degree
of separation of the metabolites 1t became necessary to use bidimen

Tamz [

I YIYRO UTILIZATION OF 1C LABECLED GLUCOSE BY RAT DIAPHRACM MUSCLE

Normal Duabetic

Fhathout With B sthout Wik
mgln sl t insul 1 insufn

Number of anumals 1"
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“Afier Villes and Hasnngs

s10na) matography and st was therefote essentl to devel
augxix:::“s,canmrgx gez"xccs Duse to the hruted ume 1 shall note .
1110 the detatls of this work which has been published m full
number of models were developed and one now 11 routme s
slustrated 1 Fig @ The paper chromatogram s held u‘; a
which passes across two en window Gesger counters xsci
uously from poshon to posnon thus cepostng for countung
arca of a cevtam size determned by the size of duphragms ,
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eross the end swndows for a certun ume penod. The frame
sored fint honzontally th=n when one full kne 11 explored, back
s the ongnal ponnon and serucally dovwnwards to explore the
exthne The ume penod depends on the mtensity of the radition
manating from the scanned area of the radiochromatogram when
here » only backpround radioscuvity  die scamung penod 18 48
econds f the background threshold 15 exceeded the faper 1 ex~
wied tive umes Jonger The n ovements of the paper xns - tirane
sperations are controlled electromucally  there are no prass or
ectromechameal parts

The recording, device for the Gerger pubses consists of an eleane
ypewnter the number keys and retum key of which are actuated
1 2 senies of solenonds An elecrronse disenminator trangmsts the
wnrber of pulses colleered by the Geer counters per tte wmie and
it arca to the appropriate solenords on the number kevs and sty
t on a blank sheet of paper winch n mosed by the carmage of the
ypewnter m svnchromzation with the  radiochromatogram
Number maps ate thus obtaned which give the ponton of the
adioactive spots and here wtens ty n\mi\cr of counts A gpml
wnther map and 10 Orespondine radiochromatogram are shown
abhy o

This mode) has been fusther mphfied by attaching the Goger
~cunters direcdly o the back of th sypewnter and wsng the carnace
of the tpewniter for moving the rdinchromatoceam which
stack with seotch tape to one end of the { lank paper sheet inserted
tth nypewnter catnaye (F, 3} thas the frame moving the paper
thomate ram 13 chmnared

A umpf: clectro ue 1c2 ner of monodimemuonal chromatoprams
hased on 1 saufar prmaple has abso been dcloped (Frg 4} Tt hay
the preat advantape over the ratemeter 10 that st grves the pumber of
rounts pes ua area sanned from backeround up to ane valu A
npical 5 enedimens sl number map nshown in By g

INTLLINEY OF INSULIN 0N CRUCOLE MTTAROIIN 1% THE NOLATID ey
DUATHEAC ¢

Th meah btos kemed from U % C bbelled glucoe 1 the
extract e f at diaphrazo and ot the nenhseon med umareshawn o1
e monedimeny nad radinc 19 cxrams shown w fag ¢ Tty
have been s Sptbint ashaetate T phogpdint @ e (nav egd mad o
() ehesuchants md ehee () A beter scpatation of the
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across the end vandows for a certan tme penod  The frame 15
moved first hanzontally then when one full lme 15 explored, back
to the ongmal pesiton and verncally downwards to explore the
nexthine The ime peniod depends on the mten.aty of the radiation
emanating from the scanned area of the radiochromatogram _when
there 15 onlv background radioactivity the scanming period 15 45
seconds if the bachground threshold 15 exceeded the paper 15 ex-
posed five nmes longer 'T'hc movements of the paper and the mmg,

are efe are Mo gears of
electeomechancal Apaus
The recording device for the Geiger pulses consists of an electne

typewniter the number keys and retum key of which are actuated
by a senes of solenowds An el d the
number of pulses collected by the Gaiger counters per time umt and
umt area 1o the appropnate solenouds on the number keys and writes
1t on 2 blank sheet of paper which 1 moved by the carnage of the
typewnter 1 synchromzabon with the radiochromatogram
Number maps are thus obtamed which gwve the po inon of the
radioactive spots and their mtensity 1n numiex of counts A typical
number map and 1ts ponding radinch gram are shown
w g 2

This model has been further simphfied by attaching the Geiger
counters directy to the back of the rypesynter and wang the carrage
of the typewniter for moving the radiochromatogram which 15
stuck with scotch tape 10 one end of the blank paper sheet mserred
1 the typewnter carmage (Fig 3} thus the frame moving the paper-
chromarogram 1s ehmunated *

A smple el scanner of & tch
based on a similar pinesple tas also been developed (Fig 4) Ithas
the great advantage over the ratemeter i that 1t gaves the number of
counts per umt area scanned from background up to any value A
typical monodimensional number map 1s shown i Fig, 5

INELUENCE OF INSULIN ON GLUCOSE METABGLISM IN THE 1SOLATED RAT
DIAPMRAGM

The metabolites formed from U- Clabelled glacose 1 the
extract of rat duaphragm and i the meubation medium are shownn

" 3 T &

shown i Tig 6 They
have been udentified as factate ¥ phosphate esters (in zone g} maltose
{m) ohigosscchanides and glycogen &s) A better scparation of the
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bolites 35 achieved by b ! che |
¢ Fi

The msulin effect on these meeabolutes 15 apparent ;mhfmltg 277:‘;

quantitanve amalyss from a visual nspection of the radio-

chromatogram given 1 Fg 8 Glycogen the oligosacchandes and

maltose are wncreased in the presence of msultn whde there 15 no

Fic 5 Part of map of 2 monodunensional radiachrosnatogram

appasent effect on the Jacne actd phosphate esters or the glucoss
present n the ussue  The results of the quantitative evaluation of

e radiochr ! y the g methods outlmed above
and the determnanon of radsoactive CO, formed are shown
Tables It and T They confirm the visval smpression and 1 adds-
tion show that msubn has no effect on the production of radioactive
CO, Smce Tables Tand I were completed many more exp
using the same techmque have been carsed out always wath the
same results

The rapidaty of the msulin effect on the polymenization of ghecose
1sshown 1 Figs gand 10 A definute sorease m glycogen obgosae-
charde and maltose m the presence of nsuhin 15 shown already after
3 munutes and 1s very p d at 7 and 15 minutes
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INFLUENCE OF INSULIN ON FRUCTOSE METAROLISM IN T3 JSOLATED RAT
DIABHRAGM?

Fractoss s much less metabolized than ghicose by the isolated
diaphragm muscle but the same merabolites are formed as are from
glucose (Fig 11} Q 1 of the radiock

Tastz I

INFLUENCE OF INSULIN ON DISTRIBUTION OF 3C IN GLUCGIE METAROLITEY I¥ AN
AQUIOUT-ALCOOIES EXTRATT OF RAT DIAPHBACM: MUSCLE AFTER INCUBATION WITH
NTPORNOLY LAYELLED CLLCOSE
Renalts expressod a1 counts (on p per) pes mannt {€ st )X 10 per 100 MG wek we
of duaphrsgm muscle buswho s unijmi Ol cose oy p  cent 10 pe tatho ctrve
8 ose per Wasburg vessel 30-50 tog 4 apheagm per vessel 1 06 ! Ined am

ncub t dfor g outes 2237 C 0 O

Rat —p ~rm g
Rfo oas 007 Rfo16 Rfo o
Gl ¢4 gk phae
ester
— Tty +Tntn  f—tned |4 fandn] Sl | 4 Dnstn
1 29 §58 - — 31 273
3 00 590 - — a2 By
3 931 350 T oz 437 474
“ 367 523 a8 2 2 507
Y 303 o4 5% 85 sa0 356
Che Pl phte
ester
Tnwaln | Dol
- 4+ = +
b bk 16 $o s s {usg) PAl 97
s 248 k0 61 s 1701185 65131
Rfo | Rfooy | Rfocy
Isdw | 11 Tad
o [N
7 Psiofays} sxf 7ol sejasy 53 37 {md{isajnzeirog
¥ larn: wal g7 ws| o s {arajusyi 46|60
grams shows that msuln aceel fically the same

P
at those mfuenced m the case of glicose metabolsm 1¢

polymenzation reacnons leading to maltose  ohgosaccharides
glycogen These 1s agamn no effect on CO, production ot laco
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formation nor 15 there any increase of the amouxt of free fructose
1 the tssue

INFLUENCE OF EXTERNAL GLUCOSE CONCENTRATION ON THE PATTERN
OF GLUCOSF METAROLISM IN THE ISOLATED RAT DIAPHRAGM IN
RELATION TO THE PERMEABILITY THEORY OF THE MODE OF ACTION OF
INSULIN

One of the widely current theones on the mode of acnon of
msulin 15 the permeability theory of Levine and bus colleagues™®

Tame 1T

INFLUENCE OF INSULIN ON BISTRIUTION OF 1C IN GLUCOSE METABQUITES AFTER
INCUBATION OF RAT DIAPHRAGM MUSCLE WITH UNTFORMLY TASERLED GIUCOSE
Results expressed a5 { pm)x 10 * per 100 mg wet wt £ duphragm m scle
Insuiin T umt/ml Gucase o1 per cent 10 yc radioachve plucose per Warburg,
vessel 30-s0 mg & phragm per vesseln o 6 ml medium, tncubated for 9o nutes

atz7 CmO,
Rat CO, Lat ad i Tnsol ble esdue
—Tusaln |+ s | — P | + Tuula | — ol [ 4 Dol
X 450 ‘ 430 %06 1020 1036 867
2 374 420 s 1030 Jiy 8E
3 3538 prey 170 a0 350 83
43 304 284 480 384 - -
4b 258 335 340 422 - -
Gy agen snolible
wde
P
s 144 128 568 881 25 433
é o 184 148 366 568 'é‘
7 242 1Bo _ —_ 83 26
3 360 284 — _ g 5r

According to this theory msulin acts by mncreasing the rate of cnlt,rly
of glucgse mto the cell” If this were the case 1 should be possxbc
to simulate the specific effect of msulin on glucose metabohsm by
increastng the glucose concentration  Expeniments to test this %Omf
were made by mcreasmg the glucose n the mcubation medium from
o1 to 2 per cent and guanntanvely determining by the smnmni
method seferred to above the free glucose m the ssue an

metabolites formed from 1t# The results are prcscmcd mbig 12
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3888

v

° as 10 15 20
Glucose concentrat an nukwdat oo medum 7

Counts 107/ mn

g

TG 13 I enceof thegle  concentration 1n the ;i i o fhe witeaceTas
<on ensraton of the  § tod £ t duphrages

and Table IV Te wall be seon that the free concentranon of .

m the tissue was proportional to the glucose concentzaton
mcubation medwm ~ Wich snereasing glucose concentration
sadioactive CO and the hicne and mereased considesably as
pomted out above thus does not oceur an the presence of

The concentration of the ohgosacchandes and glycogen also
cseased up to an extemal ghicost concentration of o5 per

but above this concentration there was no further effect the glucec
polymentang system vas saturated at sbout o 3 per cent

there was sull a very marked speafic wsulin effect on mat
ohgosacchandes and glycopen formation m the presence of as b
3 concentration as 1 per cent glucose as shown m Fig 13 and

m the presence of . per cent glucose at these high glucose con-

Tantz IV
INTLUINGE OF CLUCOSR CONCENZRATION QN THE RISTRIBUTION OF MC FROM UNTFORMLY
SABELIED CLUCOE IN RAT DIABSIAGH MLSTLE

Resulsexpresed  ¢pm x 107 {couned on p pesh per somg & @ wetne Meanvalues
of 1% expenments & 1

O newion | oxpercens | oaspercon | spercen | 1 pereem

A u LKL eoar
Zon g ose3y b moder | stor3g | Loty
Zone 38+06 | ssai1s | 35x20 | 17oxas
Zon g Y36+ t3 | «85 42§ [12104 320]21t0 L 118
Zon 1 12410413020 41622165 2 32| 23s0 £ a8g
Ch gen € naol bl read 2a4ay | WD L3 | 165430 | (70 & 44
o WILRD L wadue | wBATY ) Wwes
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centrations wsubin too showed no effect on CO, and Lactr~actd
production  The effect of ncreasing the external concentranon of
glucose on the pattern of glucose metabolsm 1 the wsolated rat
duaphragm 15 therefc ) ly and Iy different
from the specific effect of nsuln These ¢
not m agreement with the permeability
action of insulin

The mam ewdence for the permeabibity theory of the mode
of action of wnsulin was based on expenments on the mfluence of
nsulin on the rate of galactose disappearance from the blood of
evsscerated dogs 10 and later on stmlar expenments by Wack and
Drury 26 with eviscerated rabbuts_and by Park and Johnson - with
ewiscerated rats These authors found thar msulin accelerated th
rate of disappearance of galactose i the blood and on the assump-
tion that galactose was not metabolized by muscle {the mam re-
matung tssie i eviscesated antmals) concluded that this effect was
due to an mcrease i the permeability of the muscle cells to glucose
The premuse on which these expenments were based 1¢ tha
galactose 15 a metabolically mert sugar was shown to be meorzect
by Wick and Drury in the eviscerated rabbit and by ourselves 2
well as Nakads and Wick® i the wsofated rat duaphragm muscle
uswg radioactive galactose Radicacuve CO, was found to ‘ic
formed though n smafl quannties demonstratng that muscle
tissue contains the complete system for metabohizing galactose to
C(’I)‘Txe experimental findmngs on eviscerated amumals are dxﬁicu!t;o
mterpret in view of the fact that the animals werte beng conmuo&_ﬂ \t'
wfused with glucose i order to counteract the hypoglyca:nm;:; nc‘;:C
of hepatectomy and insulm active glycogen and ohgog;gc nde

thests was therefore occurrng under these conditions  The e

o be of 2 secondary nature
of msubm on galactose uptake may therefore be .

It would be more conclusive enidence 1f an effect of u!u o
galactose metabolism could be demonstrated m thc'};sv atd d o
draphragm 1 the absence of glucose Expernments to ; en e
catnied out using radioacave galactose and t}.l: q\:’;nﬁﬂ \:q o
chromatographic techmque referred to dpove® hs thml“ct s:%c o
the extract of rat diaphragm muscle mcubated wi ]%a:m gﬂms -
tamned only palactose m measurable amj;nﬁ dsx:: e e
radioacuve CO, were also formed  Ins Ahr et
concentration of free galactose m muscle duphragm

periments ate therefore
dl;:ory of the mode of
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of whether the muscle was meubated for 15 30 60 or

(Table V)

THE UTSSZATION OF GLUCOSE BY RAT DIAPHRAGM MUS
ANAEROBIC CONDITIONS

Another theary of the mode of action of msubn whit
suggested has been that msulin accelesates fhe hecokumase
generally assumed to be the first step of glucose metabe
expesiments on the effect of mcreasing glucose concentratior
pattern of glucose metabobsm  described 1 the preced:
graph are ncompatble not only with the permesbiity ther

Tasz V
PYECT OF 155U ON

N o

N SOLATED RAT DIAZHRACM

Reuults exprersed 19 cpm x 19 pov 50 mg Gwe wet wt D

wbited Ot o 04 ml phocshateadine med . Gl

copreorsauen s mediom oFo 1 per cent Total adioacy vty 3 5 per Warburg

vesed spprommarely 7 X 10 cpm {counted on paper) Number of
experments grven, ut puseschesee.

Tm finach | n W dhout s T 55tk nuln
o
21 310 & 110 (5) 3340 & 330
3 3420 & 330 (3) 3370 % 310
% 340 2 s8a e 3880 % 330
g0 3030 % 350 (8) 1490 2 380

alo with the hesokmase theory for of the action of msulin on
pattem of glucose merabohsm cannot be sunulated by mereasing
glum;c concenteations 1t follows that it cannat be simulated eather
Y increasmg concentrations of the fint product of glucose
metabohsm
It was thought that «f msultn acted on the hexokinase system
such effect should be d ble also under b d
aftet bricf meubanons n view of the fact that the hexokunase
Teaction 18 anaerobic provided sufficrent ATP 15 present To ther
surprise the present authots found that glucase 15 practucally not
metabohzed by diaphragm muscle under anacrobic conditions 18,
Asss apparent from Fyg 15 only free glucose s presentin -
muscle “sncubated anaerobically wath glucose for perods of 3
15 runates m bacatbonate medium  In phosphate buffer tor
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metabolism of glucose 15 very reduced under anacrobic conditrons,
even after 6o munutes mcubation very httle radioactive lactate was
formed (Table VI) However 1t was noticed that when diaphragm

Taste VI

FORMATION OF LACTIC ACID FROM GLUCOSE BY RAT DIAPHRAGM MUSCLE IN
CUBATED UNDER AEROBIC AND ANAEROBIC CONDITIONS
Re ults expressedascpm X 10~ of Jactic aad per
50 mg tsweincubared 2
phosphate-tutfered med am coota ming 01 pet cent pluco.c for 6o mnates
Rad ozctviey of uniformly Iibelled 4G glucose 1o uc 7 X 168 cpm Mean
values given + sem Number of expenments g ven im parenthesss

Iabated n Tncubated
o, N,
432+ 47 140+ 18
(2) (18)

muscle was ncubated first 1 oxygen n the presence of ghucose and
then 1n mtrogen active lactic-acid formation took place but only
for a few mimutes The presence of glucose was necessary m the

Taste VII
MIFLUINCE OF AEROBIC AND ANARROBIC CONDITIONS ON LACTIC ACTD FORMATION FROM
GLUCOSE BY RAT DIAPHRAGM MUSCIE
Results expressed a5 c pm X 10 ¥ of actic aad per somg tissue wncubared an a b carbonate-
buffered medium contaming o 1 pet cent elucose R dio cavity per vessel 10y of uniformly
Iabelled glucase 7 X 10 cpm Mean v lne gven & SEM Number of experiments
g ven 1 parenthases

*Ineubated 1a | [ ¢ batdy 17 budn
O 15mn O 15mn O forism

*I ¢ bated 1 | N witrod ced | N v trod od | Ny int od ced

1 cubited in y
dtons | Og1smn Tsma for smn rsmn for § 0
o * e Jucbated n { %o bated o | *luuboted 1y
Nyioan | Nyromn h zom
Lactic aad s3+10 117 £ 14 8 047 P5ETS 80+ 06
(34 (s) €3) ] ®

* Incubanion 1n p esence of ! C gluco ¢
+ Incubatson 1 presence of nox radioactve glucose

aerobic phase sadroactive glucose added m the anaerobic phase
after previons exposure of the muscle to oxygen m the presence
or absence of non-tadioactive glucose was converted only an very
small amounts to Jactic actd (Table VII) In more recent expeniments
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t was found that st was suffictent to expose the rat dia
nuscle to oxygen or to air for as short 2 period 25 3 manutes
resence of radioactive glacese to obtam the spurt of radiv
actic-acid formation

Tt seems thus clear that oxygen 15 an essentiaf requunte for
netabolism of glucose and no scheme which does not take
f ths fact can be consideted complete  That the fadure of
haphragm muscle to metabolize glucose under anaerobic condit
s not simply due 1o a depletion o?ATP 15 apparent from Table V

“Taste VIl
SNFLUENCE OF AERDMC AN ANASRONC INCUBTION ON T2 ADL OSINETUTHOSPIATE
CONCENTIATION OF RAT DIAPHRAGH MUSTIE
Reslis expres ed ¥ of ATP per 300 mp 4aph g mu le before ;m ub rop
wlafier 3 mintt  tncuds vt e pho ph te nd b ez bonate-bufl red miediom
Mean  solts of Fficen expeniment & S EM

1ot Afrraby

B abot temd o i P ophemed m

ans | Ao Areh An erob

102100 Mazas ¢ okt { Wwoib4 | Sjo—$7

which shows that aficr 7 mnutes meubanon m nutrogen there 1
still sulficient ATP present to enable the hexokinase reaction to pro-
ceed It should be recalled that under acrobic condiians there 15 a
streng msehn effect on the palyrenzation of glucose after 7 munwses
mebation

The presence of ATP 1 rot diaphragm muscle after mcubation
under anzerobic conditions for 7 munutes could akso be demonstrated
usatg radwoactive phosphate w the mcubanon medsuns  though
nacerally sts ¢wmover rate was reduced m companson with that
occurnng under acrobic conditions (Table X}

I may altogether become necessary fo tevise the currently ac~
cepted 1dea that glucoses-phosphate 15 the first meermeduate from
glucosemmuscle The experment reported m Table X 13 suggestive
m this duscetion? I this experiment 1at duphragm muscle was
fiet mncubated with 3C-plucose for 30 minutes and then after
wathing was sncubated 1n the absence of glucose for varyag time
penods” Quanutatny e radrochromatopraphy of the muscle extracts
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™

BAT DIAPHACH MUSCLE INCUPBATED UNDIR ARROHIC AND

ANAEROBIC CONDITIONY

Resultsexpressedase pm X 307 per 100 my nsue referred
10 3n wubal actwty of the medum of § X 10t cpm
(counted us paper) Duphragm imcubated 1n 3 phosphaten
butfered niediuma contaming 0 1 per cent glucose and 200 pe
of Na, BP0, Mean values given % 3¢ e, Number of

expenments g vor 1 parentheses

Time Adenoswnetriphosphate
smcubonon
ma Awsh e Anaceobic
3 560 % 33019} | 3£ 39(1)
7 $88 x 2300 | 21 ref®)
ts 519 & 3042} 93 % 10(8)

afier different ttmes of sncubation showed that all radsoactive poly~
menzation products of glucose as well as the free glucose m the

tissue disappeared rapadly, except the hevose pl
mereased about four imes (Table X} One wo

Tase X

hos)

a

hate esters which
d expect the first

DITRIBUTION OF b € AYIEN INCUBATION WTIt UNIFOEMLY LARELLED CLUCOSE FOLLOWED
B INCUBATION Y THR AMENCE OF SURTRAT
Results expressed s cpm. X 307 pec o mg dephrogm musde Gloeose suo Uy
present ¥ percent Actevity of medsum e tn. —7 X 10%

Afer encubation Afior ssevbat on dn
Fatons wﬁ'«c  glucse the absence of subatete
jomn rooug | jomm | fomuo
<o, 1z 30 58 103
Zone 1
15
u | RE=oglycogen 137 50 45
S | Rf = oas ohgosac 4t 33 at 87
hande A
E c:: gay ohgassc e i) 19 37
A | cunded
Zone 2
é Miltore. 83 a3 a3 23
]
g Zone
£ Rf»ozojﬂume B8 9 22 a7
Rf == o 34 hexose N
phosphater 14 1§ 34 33
s [
Glycogen of wectuble rendue "y Ty L33 1
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product of plucose metabolism to be o Very reactive substance

0t 10 accumulate 1 an actively metal g tissue as the
Phosphate was shown o do 1 thyg experiment

Tamz X1

THE BTECT O pvstpny N YR Ivcorropamay OF ¥ prrp ADENOSNEYRIPROSPTIATE any.
THOSHROCRMATIVE o ngy PIAPIRAGM MOS8 tCupATeD 1y THE ABSENCE AND PRESENFE OF
&)

cttco:
Rmduapmdu:pnxm * pex 100 g of b fe
s pe ncubated £t 30 s 5 eferred o
mm"‘"“““'!oﬁhtmcd‘umqfsox 3986 . Meduimcort 54 1ou s of N #po
Liperontns Aden 5 et pho phate B porearn
—— P re
N o, Wb ghaeo ¢ Noglcse
— s g | Moe
A ok ‘ e
d i | s
ol 1 | g
4 S24 | 644 | 203
3 627 | 65t | 133
3 ot | 3o a3
be 55| 863 | g2
H e | 826 4
i 670 sto 44
7 s8s | f1g | 14
: 89 | 755 | 165
Mean 7Y | 7 | 208
%32 [ +65 | 237
—— !

formed o1y be found except 1 some expennents but not iy 5

3 sttty signaficant eﬂ”ccg on the turnover of phosphocreyyye

{Table )" gy ey occutred only 1n the presence of plycy,.
ments to determune the specific activattes of PhOSPboczumx.
ATP are o Pprogress

T OF iosuny o ¢ SLUCOSS METABOLISM 1N BROWY g

s
13 )umsuscomcmd L
u;’f:!bc br{:;m adtpose tissue of the ra ingm muscle 4, l.:fn:

fetabolites as 1t 15 m the rat displ
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ohigosacchandes glycogen and lacnc acd (Bg 17) In
15 actvely converted mnto fat  Insulin was shown to
cogen oligosacchandes and rmaltose synehesis from '
brown adipose tissue of the rat but had no effect on f
CO, formation In fact 1t stimulated the same

as 1t did 1n the rat duphragm muscde In addinon 1t «
notably the synthesss ofP fa¢ from glucose (Table X1) T
brown adspose tssue of the rat msuln could be shown to
two synthetic highly endergonic reactions

Taste X

INFLURNCE OF INSULIN ON GLYCOGEN AND FATTY ACID SYNTHESIS FROM
¢ CLUCOSE TN RAT BROWN ADIVOSE TUSSUR SUCES
Results expressed as cpm X 50™F per mg tissue wey wi Tissue
mcubated for o munites 1n 2.6 m} phorphate medwn at 37 1 Oy
Glucose congentration ¢t per cont fadioactivty 12 gc per vessel
7 % 1t e pm {counted om paper) Mean values of eleven expenimenty
em

} No owsln Wish tnst hn

Glycogen  ohgosscchandes and | rza o1 33 Ek0S
‘maltose (1n agueous afcoholic ex
e

fta
Farty 30ds in wnsoluble tenduc) { o5& 1§ 7719

CoNCLUSIONS
The authors belies ¢ that none of the hutherto suggested hypot*

on the mode of action of msulin can account for all the ex|
data Insulin appears to excrt a spectfic sumulaung effect on dh
energy-requining synthenic reactions occurring 1 the cells an which
1t acts such as glycogen fat and protem synthests It muse ace bg
making energy available for these reactions probably from.a bound
form by 2 mecharusm whuch up to the present 1 not undesstoo
and forms the subject of present mvestigation m the authots

laboratory
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INsuLIy ACTioN AND THE PASTEUR EFFECT
N MuscLg

Py Ranpzg and G Howagp Shrry
Departisens of. B/ac/:emulr] Umutlslty of Cambm{sc

The uptake of glucose by many cells gng tissues 5 known ¢, be
2, c

e
Y Pasteur 15 4 Preseny thoughe ¢, depend upon the £y, that o
acrobyc Metabolism of glucose yrelds 5 smaller IMOUNE of e,
nich Phosphate than gerp, Metaboligy, c
View Substances suchas 4-chn tropheno)] which nhibie the Prodyc.
tion of energy rich Phosphage during Tespiration crease the uptake
of glucoge by celfs d tisyes under aerobse condition
Ingy © ncreases ghe erobic yppafo of glucose by certan
Mammaliap cells ang BSSes guch 5 skeleta] gpg cardiac Mmuscle
adpoge tissue Icucocytcs ﬁbroblasts and Jeng The Mechanysy, of
i on plycose Uptake 15 noe yet known though 1
the case of skeleta] anq arduc mysel, 1635 thoughe gp, -, the over,)y
R of yproke of glucose 18 hmyed 1ts rate of BUY 1o the
2]

 Uptake of {f b; cle mug also aceelerate phe entry of
fucose ing, therefore IMportant ¢o know Whether
Moyy o, bstances w 1t OXidatyye phosphorylmon would
Derease g, tp gluco, by m, m ar manner to
Msuly 4o Y accelery, th entry of glucose 1o the mys e cel]

€ Presene PATISON of the cHects of insulyy with those
tanowy g, ubstances Which ypyp, PIosphory laion

o0
© Uptake of Blucose ang yp ntracellyly, accumuhigon of
Bhucose % Yose Ly 1solated rae diaphragm A detatled accoune
2% Most oy 3 S¥Penmengy) methods ygeq has been published ¢lse.
Mhete (Ranpe nd Smughs's

Urraxy OF SLucosy By 150tATED RAT DIAPHRAGH,
The Uptake of glucose by 1olated gy hcnudnphragm ncubated
F
65
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m a medim buffered with bicarbonate (measuted as the change m
glucose concentratton 1n the medium duning incubation for 1 bour
at 37 ¢} was found to be mcreased by anoxia and by 2 4-dinutro-
phenol (005 mM or 025 mu) sodm asente {my)  sodum
cyanide (mm) and sodiam salicylate (s mm) as well as by msuln
(o1 unitfml) The uptakes ranged from about 150 per cent of the
basal uptake 1 the presence of salicylate to about 400 per cent when
cyamde or msulin were present (Fig 1) On the other hand shen
diaphragm was meubated m a medum buffered with phosphate

© ANGE IN GLUCOSE UPTAKE (% OF CONTROL)
0 o s 100 200 00 400
1 u t

ANAERGBIOSTS

25 o w |
SOOM ARSEN TE_ O W

SODIUM CYANDE 1M )

500 SALICYLATE Sd0| 4

00 UM p-H DROX BENZOATE 3 10 M

INSULIN O 1 UNIT/34L

PHOSPHATE MEOM BICARBONATE  MEDIUM

the uptake of glucose
FiG 1 The effect of msulin anaerob oss or some cell powsons on
by wolated 1or hemdapbiagm aneubited 1 medi bufered v phasphite or bicatborate

aa 2 4-cimtrophenol

glucose uptake was not mereased by m"m conformuty with the

sodum de or sodium salicylate (Fig 1)
res(lhllts o?xuhers who have us?} pﬁospflate—éuﬁércldz mcdx.; (Dc‘mg
and Rothstem! Smuth and Jeffery!® ~Villee et ol Wl a;sk mm
Walaash¥) The lack of effect of these factors on gluz‘:,%s_e upt unedu
phosphate medrum appears to be due to madequate b A cn?%c et
these conditions (Randle and Smith$) We conclude ¢ efrctc]:]cr b
the uptake of glucose by 1solated duaphragm like that ohlc}l ercels
and tissues 15 mcreased by anowa or by substances Wd c] i
oxidatrve phosphorylation provided adequately buffered m:

usex
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In otder to determine whether anoxia and substances which -
Tubit oxidative phosphorylation might mcrease uptake of glucose
by diaphragra by accelerating, 1ts entry mto the muscle cell we have
also mvestigated the effect of these factors on the accumulanion of
free p-glucose and p-xylose 1 1solated draphragm,

ACCUMULATION OF GLUCOSF AND XYLOSE IN ISOLATED RAT DIAPHRACM

i f: bolizablesug: hasglucose whichis present
1n the free form withun a cell must depend upon the relative rates of
1ts entry mto the cell and of 1ts further metabolsm (see Fig 2) In

EXTRACELLULAR SELL INTRAGELLULAR
wrER AR WATER

GLYCOGEN
swweost —sP—foticosd] £ Lactic Ao
€0, +H

XYLOSE —-—.-‘ f——>xvi082

Fic 2 Factors mvolved 1 the inttacellular accumulation of F e
gl cose and xylosenr td phragon.

du‘flmgm under normal condinons the latter exceeds the former
and no free glucose accumulates (Park and Johnsons) although with
vanation of conditions the rate of entry may be enhanced or the
rate of unlization depressed to such a pomt that the order 1s reversed
and free glucose becomes detectable (Park ef af7) On the other
hand this difficulty does not arise 1f a sugar such as xylose 15 used
D-xylose docs hot appear to be metabolized by diphragm to any
apprectable extent (haprits and Cord) so that ‘the rate at which 1t
accumulates within the muscle cell may be expected to depend
solely upon 1ts rate of entry Accordmg?; we have examined the
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effects of msulin and of factors which mhibit owdative phosphoryla

tion on the mtracellular accumulanon of glucose and xylose m
1solated rat diaphragm

In what follows the amount of free sugar whach accumulates m
duaphragm 15 expressed as a space the glucose or ylose space bemg
that fraction of the volume of the tissue which contamns flud of the
same specfic gravity and glucose or xylose concentration as the
ncubation medwm’ Interpretation of these results mn terms of
the distribution of sugar between extracellular and intracellular flds
mvolves comparing the glucose or xylose space with the volume
of exracellular flud  Glucose or xylose 15 deemed to be present m
mtracellular water only if the glucose or xylose space exceeds the
volume of extracellular water The volume of extracellular water
has been determmned by measuring the space occupied by muln
raffinose sucrose or thiosulphate substances which are thought
to be confined to extracellular flud under normal condiions We
have found as others have that not all these substances yreld the
same value for the volume of extracellular flud  the smallest value
bemg obtaned with mulm and the greatest with thiosulphate
Since 1t 15 not known which substance yields the most reliable
esumate of extracellular find volume the conclustons which we
draw are for the most part based on all estimates of the volume of
extracellular flud

Spaces were measured 1 an mtact duaphragm preparation (Kips
and Cori?) i which none of the muscle fibres are cut The advantage
of this preparation 35 that 1ts spaces are apparently suniar to those
of the muscle 1 1o Intact diaphragms were mcubated smgly 11
brcarbonate medum  usually for 1 hour and the medim and ussue
then analysed and the spaces calculated

The distributron of free glucose between extracellufar and mtra-
cellular water 1 ssolated diaphragm under varous conditions 1
shown m Fig 1 It will be observed that when diaphragm was in-
cubated 1 bicarbonate-buffered medium m the presence of oxygen
free glucose appeated to be confined to extracellular flud This was
still the situation when msulm arsenute cyanide or salicylate were
present or oxygen excluded even though the uptake nfgl"“mcl”:}:
greater 1 every mnstance (cf Fig 1) This must mean clthc}l; 2 he
potential rate of mtracellular unlization of glucose under these (jot -
ditions exceeds 1ts rate of entry such that no frec sugar accunt ﬂ"
or that glucose does not enter the muscle cell 25 the free sug
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When diaphragm was mncubated in the presenceof 2 4-dimtrophenol
however not only did the uptake of glucose merease (Fig 1) but
some free glucose accumulated m intracellular water (Fig 3)
Furthermore when sodiun fluontde (which inhibits uulizanon of
glucose) was present in addition to ditrophenol even more glucose
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accumulated mtracellularly Henee unless the process of glucose
uptake 15 abnormal when dinutrophenol and fluonide are present
1t must be concluded that glucose does mdeed enter the muscle cell
as the free sugar and that 1t accumulates only when the rate of
vobizavon wolin the cell falls below the rate of entry These
results are therefore compatible wath the view that 1t 15 the entey of
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glucose 1nto the muscle cell which 1 the rate-Jimuting step m glucose
uptake and that msulin mereases glucose uptake by aCcefuatmg the
entry of glucose Furthermore 1t would appear that anowu and
substances whuch mhubit oxdative phosphorylaon Likewse 1
crease glucose uptake by accelerating 1ts entry mto the muscle cell
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Further support for this view 1s provided by the stgl: ‘:f;az
stmular sertes of cxpertments with p-xylose (Fig 4) Un b
conditons a small amount of <ylose accumulated 1 mrracicwm
water {equivalent to equilibration wath about 6-20 pet cent o e
cellular water) but m the presence of sulin arscnllattc gm i
2 g-dmtrophenol (with or without fluoride} or sabcylate
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absence of oxygen the accumulation of xylose was greatly enhanced
(equivalent now to :gulhbmxon with 40-60 per cent of mtracellufar
wates) We conclude that each of these factors also accelerates
the rate of entry of xylose mto the muscle ccll Although we do
not yet know whether glucose enters the muscle cell by the same
or a sumnilar process to xylose 1t none the less seems reasonable to
mfer that these results lend support to the view that anoxia and
substances whch nhubit oxadanve phosphorylation merease glucose
uptake by acecleranng the entry of the sugar into the muscle cell

SPECIFICITY OF EFFECTS OF ANOXIA AND CILL POISONS ON PERMEABILITY

The mvestigations of Levine and hus assocates (sce Levine and
Goldstein®) and of Park and hus colleagues suggest that the effect of
wsulin on the penctration of muscle cells by sugars has elements of
speafiaty For example sorbitol and mannitol although possessing
physicochenueal properties similar to those of glucose and other
sugars do not enter the muscle cell exther under E:ml conditions or
m the presence of insulin, It 15 therefore pertinent to consider
whether factors which inhibit oxidative phosphorylation accelerate
the entry of sugars into the cells of diaphragm m a speaific manner
ar whether they damage the cell barner* m such a way that sub-
stances leak through in a non-speaific manner  'We believe that the
process 13 a speaific one for the followng reasons

1 The rates of uptake of glucose and of xylose are always verv
different The extra uptakes of glucose (mg “of glucose/g of wet
diiphragmihr ) ranged from 15 when salicylate was present to
64 with cyamde wheeeas the corresponding figures For xylose
{mg of waosclg of wet duphragmjhr caleulated directly from
the xylose content of the msucf\\ erco 4sandoss Ifthe accelerated
entry of glucose and xylose was due to a breach in the cell barner
then we would expect the two sugars to enter the muscle at more
comparable rates Furthermore we would expect free glucose to
accumulate withi the muscle cell under these conditions

- With cach of these factors the muscle cell stll extubues selective
permeability ‘Thus in cach case msubn anovia and cell passons

Gemay porti n fehe cell Whilethere  a conud sable body of evidence 1 the ex stemce

B 8 sructure a commuderation of thy 1 not relcvant to our present d scuswon nd in ordct
o1 durfies posble s y proconc pron ssto s fure we will £ fer to 1 a1 the o1l
amer
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promoted uptake of glucose and accumulation of xylose (Figs 1
and 3 and Table 1) and also of fructose and ribose {unpublished
observations) but not of multn tmalose raffinose sucrose or thio-
sulphate (Table I) (The very small changes in the mulin maltose
raffinose sucrose and thuosulphate spaces observed may be reasonably
attributed to alterations m the volume of extracellalar flud) On
the other hand 1f diaphragm was ijured by cuttmg or by freezng
with solid carbon droxide extensive accumulation of tulin raffinose
or thiosulphate as well as of glucose or xylose occurred {unpublished
observations)

‘Tasge [

EXFECT OF INSULIN ANOXIA OR CELL POISONS ON SPACES OF RAT DIAPERAGM

Changes n spaces (o [100 g of wet muscle)

Tubn  Mlose  Raffose  Suoe Thosiphat Xylow

Control ) ( ) (0} ) e | G
Insulin 1 2 vt 3 /A IR
An erobios — IS
2 4 Duntrophenol | —1 +6 +6 +4 +3 + 2
Cyanide +5 +s + :
Sahicylate -3 -1 ' o -1 +3 +1

3 The enhanced rate of glucose uptake under anacrobic condi-
tons was immedrately reduced and the concurrent Joss of Potasn\m}
arrested by restoration of acrobic conditions durng the cousse o
the weubation (Big $) U the cell barnier had been mcv:m!%y
damaged durmng the anaerobic phase of the experiment 1t 33 d‘\o .
expected that the loss of potasstum and the more rapid uptahe o
glucose would have continued despite the readmssion ot oxygen

4 Tt was observed that msulmn was stfl capable of mm:aszgg
glucose uptake m the presence of 2 4-dinstrophenol arsentre cyans }
or salicylate or m the absence of oxygen (Fig @) As mze:ﬁ\ry?s
cell structure 15 belteved to be essentual for an cffect of msulm 1t
not likelv that 1t would have exerted an effect under anacrobic cﬁnd
ditions or m the presence of these cell pawsons f the eell barrser ha
been damaged by these agents

We conclude on the bass of these observations that factors w}uad;‘
mhibit oxidative phosphorylation do not promote the entry
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sugars mto the muscle cell by damagmg the cell barmer  Our results
supgest rather that ke msulin they accelerate the entry of sugars
by affecting the acuvity of a process which shows some degree of
specificity

REGULATION OF SUGAR ENTRY AND MECHANISM OF INSULIN ACTION

Although the detatls of the process whereby glucose enters the

muscle cell are sull obscure experimental evidence appears in-

creasmely to support the view that a transport process 1s mvolved
1

This may b g ngmsomen suchas that shown
.
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F1G 5 The effect of anaezob o s on the wpt ke of glucose and loss of potassium by solated
rat hemdiaphs g ancub ted n b carbonat med um

n digrammatc form an Fig 7 Glucose 15 depicted as combimng
with a specific constituent of the cell barrier at 1ts outer surface
Thence 1t 15 conveyed m combination with such a carner to the
mner sutface of the cell barner there to be released mto the mtra-
cellular miliew  Since a number of factors which mhubit oadative
phosphorylation appear to be capable of accelerating the entry of
glucose 1nto the muscle cell 1t scems reasonable to deduce that the
acuwity of the putative transport system 1 1n some way mhibited
by encrgy-nich phosphate Onc way m which this could occur 15
shownin'Fig 7° We suggest that the putative carner may occur m
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two nterconvernble forms differng perhaps by a phosphate residue
the phosphorylanion occurning by ‘reaction with an encrgy nch
phosphate compound The energy-nich phosphate compound 1
depicted here as ad, taphosphate (ATP) but 1t does not have
to be this particular energy-nch phosphate compound If a5 we
suggest only the non-phosphorylated form of the carrer s capable

Oucose Uptake (mg /g of wet dlaphrage/ hr )
5 I3 ki 8 9 b

I ANAEROBIC

I ANAEROIC ¢ INSOLIN

I AEROBIC ¢ INSULIX

SALIETIATE

l SALICTLATE + INSOLLY
I LY

2 4-DIRITIOPEERCL
234-DINIIRCPHERCE + INSOLIX

J INSOLIR
]

MIDE

=21
CYANIDE + INSOLIN

TwSULIN

Fi6 6 Influcuce of anacrobiosss or cell potsons on the response t snsulim of ysolated 138
hemmdiaphra m menbated n bicarbo ate medium

of combining with the sugar and of transporting 1t mto the cell then

ficrency of
esults would recerve some explanation Thus a de

Zl'llfl’r nduced for example by anaerobosis (Ottaw ay?) wou];:
favour the non-phosphorylated form of the carnier and the transpo.

the cell
OfSS;gcaerxlxz:En g::s 1ot mhibit oadative phosphorylation (Stadie™)
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the mechanism of 1ts effect on sugar transport 1s hkely to be different
from that suggested for amaerobtosts and substances which do
wmhibit oxidative_phosphorylation  One possibility  depicted n
Fig 7 15 that msulin may mcreasc the proportion of free carner (and
thereby accelerate transport of sugars) by mterferng speaifically
with phosphorylation of the carner in the cell barner  Thus it mighe
do exther Ey mhibiting phosphorylation of the carrier or by stimu-
Iating dephosphorylation of the phosphorylated carner

35 eellater Cul Barrier Intrac utes
wat »

Oua cerrt
omp1
Oy oy 0
N
Fre Carry
f———— 1P
ho phav

A < F————>aDF

o

©

shoryl ted
iy

Po 161 poi
Tindinmtin
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This hy{mthcsls of the regulanon of entry of sugars mto the
muscle cell and of the mechanism of action of sl 15 patenty
tentative - Alrernative interpretanons of the expenimental observa-
uons are undoubtedly concetvable at the present ime  Nevertheless
the hyrothms outlined above does appeat to have certan ments
and from the biclogical dp It imphes for
example that the rate of entry of glucose into the muscle cell 1
geared directly to the energy requirements of the eell It 1s abso
capable of providimg some pl for the d uptake of
glucose by sheletal muscle duning conteaction for i contracting
muscle much of the avarlable AP may be bound to the myofibol
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and so not avatfable to the process which we suggest 1s restctmg
the entry of glucose nto the cell 1n the resung state Einally 1e15of
interest to note that the mechantsm of action of msulin which e
put forward has cersam elements in common wath those provosed on
the one hand for the thyrord hormone which s believed to meerfere
with oxadative phosphorylation and on the other hand for glucagon
which 1s thought to promote the formanon of the acave {im fhus
case phosphorylated) form of hver phosphorylase

The particular sigmificance of the effects of sodium salicylate on
glucose uptake by olated diaphragm m relavion to the we of
salicylates 1n the treatment of diabetes has been discussed elsewhere
(Manchester ef af %)
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DISCUSSION

YOUNG Many 1nvestigators have pethaps thought of the posubdl:r):
of designing a machme wlich would not only make mcasurcmeﬁlts u
which would also write up the results Professor Chain and bis co czgfucs
bave got neatet to this sealization than most people. Certasnly zhc;: ?x us
who ﬁa‘e had the privilege of seemng the resules of his Jabours find them
most mmpressive the machmes he uses are wndeed astemshmg b of these

Levine 1 was very much wtercsted and wntrigued by both of
papers [ should like to discuss them sepacately 1f T may s e

Professor Chain 1 s previous p:lbhcmons a‘n;d :;g::l:‘lm tl:iztes A

to oligosacchandes in muscle p:
glucose and glycogen These observanons are m accord with thlcl?:rdmg
by Dr Fshman m Boston of maltotnose and ma\t()tctﬂo&:{m o

Now 1m relation to the acion of msuln directly ?ml es c;: Cha
rnakes the pomt that mere penetration ot avatability of gl 1uuco}l ol
mtenior of the cell cannot explatn the action of msuln smccla “gl ' Ec P
level leads to an mcrease not only m ohigosacchandes bur also h
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and lactic aced whale 1f insulin 15 added he does not find an increase 1n
the hacuc acid or CO Thus finding differs however from the results
of many other workers so that we must note that many workers have
found using labelled plucose that insulin daes mcrease the yield of CO,

and 1 wall refer 1o the Iatest of these from De Renold and his group
Using the wsolated fat pad  the addition of insuln with uniformly marked
glucose shows an merease 1 the yield of CO  and I believe Professor de
Duve found simmlar results 1n other tissues (See also Villee using dua

phragm J Biol Chem 1949)

The finding of an increased turnover of creatine phosphate 1 relation
to msulm action 1s of mnterest as a datum  but ¥ should Like to know from
Professor Chain how he correlates this with the intense sumulation of
glucose uptake glycogen formation and fatty acid synthesis 1n adipose
tissue which as far as [ am aware does not contamn creatine phosphate at
all In other words fat tissue which 15 very msulin senstive does not
contain the creatine phosph h and 1f that 15 supposedly the
primary point of mnsulin action 1t fails to explan insubn action on fag
ussues

Coming now to Dr Smuths presentation of Dr Randles paper 1
indicates that substances other than msulin may sumulate the transport
system 1n the diaphragm or in other tissues for that matter  Some years
aga we had shown that muscular exercuse daes to presuniably by humoral
mechanism and now 1t 15 shown that anacrobiosis and certain drugs
mnerease the rate of a transport system which according to the studies
here reported 15 spectfic for certamn sugars of particular structure

How ate we to relate all these findings? Wath the permssion of the
Charman who asked us to do so I should like to let mv har down It
will therefore be 2 muxture of fact and fancy I hope not too much fancy
1 believe that the effect of msulin 1 sumulanng n some manner the
transport of glucose and other stereospeafic sugats mto certain cells has

cen amply demonstrated I would agree with Professor Cort s remartk

at this does not mean that we know the mechanism of achon We are
perhaps nearer to 1t but we sall do not know the mechanism of acton
of msubn  The fact that many substances and condinons other than
msulin may be shown also to have an eflect on the transport system we
should like to explain 1 the following manner  The transport system
18 probably present in all cells metabolizng sugar yet some cells do not

oW scnsitvity to the action of msulin~ We beheve therefore thar
tnsubin probably does not act durcctly on the transport system sesclf’
However cortan cell systems such as musdle the conncetive nssues and
the spealized connective tissues bke fat cells may have ths eranspore
system shuclded under most condimans 1n the absence of msuln  This
evplans the fact that in a fasting ammal where the total output of sugar
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by the lver 15 small where about two-thirds of that output 15 utilized
by bram that the ammal does not become acutely hypoglycacric
Most of the metabolic mass which can utilize sugar like muscle and fat
tissue 18 closed off so to speak or its transport gates are firmly locked
However these locks can be removed hormonally by msulin under
artificral conditions by certam agents like dimrophenol o anacrobioss
and by physiological conditions like muscular work  Thns therefore means
that we have to look for something which ordimarily mhibits transport
m the msultn-sensittve tissues and that msulin remoses this mhubstion

Perhaps the findings of D Park that under the mfluence of antenor
pituitary hotmone transport 15 mhubited may lead to the eluaidation of
the nature of the cover for the transport system stself

Now as to the differences between glucose at hagh concentranon which
should gve the same results as does msulin but under certan condiions
does not I believe mn the first place that one can cull from the literatare
many mdividual expenments i which perhaps alf of the actions of msuln
have been 1mutated by igh sugar admmseration perhaps not from the
same laboratory not at the same tissue but as 2 general pictare The
stracellular enzymatic systems m the tissues are controlled by factars
other than hormones Let us for example take CO; production The
rate of the Krebs cycle for example 1s controlled by factors other than
msubn and may mn'a diaphragm taken from 2 normal ammal be already
at a height which cannot be sumulated by addional glucose entry In
other words the conditions are st n the cell If one takes the duaphragm
from an allotimzed ammal the amount of sotopic CO, production from
glucose 15 certamly less than m the normal ammal At the present
moment n spite of the very mterestng experrments of Professor Chain
1t would be too prematute to give up the notion that the most smportant,
3£ not the sole action of msulin on penpheral tissues including muscle
heart and fat tissue 15 to temove an shibition to the normat rate of trans-
port of sugats mnto the cell smeertor and that the state of the ntertor then
determunes the fatc of the sugar

Youne Would vou like to comment buefly Professor Cham?

Criany Let us first come o the rather essential pomt wherher msuln
does or does not increase CO production  We are certam that 1t dlfe;
ot 1 the rat diaphragm under conditions 1 which the e 3 2 ni‘zr C
msulin effect on the polymenzation of glucose and the same apchs to
the brown adipose tissue T should perhaps mention that as Drf wu‘l?:
has pointed out some authors have reported 2 stumulstizg effect of tns
on OO production g the solated rat dsaphragm and for this r}:asd?n W:
have carned out a very large number of experuments to sec whe et o
not we could confirm such effect Though it a few expernments :re
noticed an apparent effect this was not found to be statistically sigmificas
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but simply due to bologeal vananons Tt ¢, but not always

semembered by all nvestugators that no cogent conclustons can be drawn
1 this field of rescarch unless 3 sufficently large number of experments
to allow statistrcal analysss 1s carred out It 15 also certam from our ex~
peaments that msulin does not produce an nerease m hene-aaid forma-
von from glucose while imcreasing the external glucose concentration
1n the incubation medium markedly sumulates both CO, production and
acte 2cd production
Finally 118 not posaible to increasc the formation of fat by mcreasing
the external glucose concentration w the white adipose ussue above a
threshold value of about o 3 per cent s the spectacular way nsubin docs
m fact 1t would be difficult to understand thermodynanucally how a
senies of reactions as endergomsc as fat synthests could be sumulated by
changes of concentration of a substrate like glucose within physiolomcal
range which 1s removed by many reaction stages trom the end product
In my own view these facts show wrrefutably that the mode of action
of insulin cannot be expluned by a theory ke the permeability theory
which postulates that msulin acts by mcreaung the mmte“\tiar con-
centration of ghucose
Weate far from offering 2 detarled alternanive explanation of the mode
of action of wsulin afl we can say at present 1s that snsulin ensbles the
tussue cells on which 1t acts to carey out a larger amount of energy re-
unag synthetic teactions {polysscchandes %n and protewn synthests)
that 1t can accomplish 1 115 absence  Several mechanisms by which this
could be done can be visushzed and as has been already mennoned this
tsone of the masn problems which form the object of our present research
I shauld ke some member of this audience of disunguished specialists
 the field of 3 bohydrat bolism to offee some ex
planation of the results of our amaerobue expenments There s no guesnon
that without oxygen there 15 no glucose metabolism  Why 13 this so2
Some factor which no one seems to have ducussed vet 15 evidently
missng which brings oxygen mto the scheme of plucose metabolsm
and ghycogen synthesis  We do not know the nature of ths factot but
1t certanly not ATP and 1 feel that wathout knowledae of thus factor
1t wall be difficult to understand the mode of acnon of wsulin
Krant Leloir has shown that glycogen can be formed by luer from
undine diphosphoglacose  The possibility has accurred to me that there
may be an snsulin sumulation of a pathwvay from plucese 1o glycogen
Vi urndme diphosphagy or other gons nucleotides T should
Iike to ask Professor Chan whether wath hus techntques he could idenuf
such intermediates in muscle and measure their concentraton and radio-
activaty 1 relation to 1nsulin effects
Caary It ss interesung that you should hase mentsned dus Ths s
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of course a field 1n which we are actively engaged at the present, We
also beheve that something of that sort 1¥ m\gnl%’cd m thcptmspon of
ghucose and glucose unlizaton

We have got some radioactive nucleotides out of the rat dizphragm,
and we have got them partcularly out of hver but we are Just 1 the
process of wdennfying them and T would not like to say too much about
them except that one of the hver nucleotdes which we have got shows
a hugh specific achvity indicating a considerable turnover But this 15 2
problem under active mvesnganon

Conrr I'should like to mention that these undme necleotides are formed
by way of glucose | phosphate At the present time there 15 no other
mechamsm known for their formation.

Secondly the Lelotr enzyme 13 present m low concentration both m
hver and muscle about one-hundreth the concentratton of phosphorylase
Now while the enzyme exusts 1t does not necessany follow that it func
nons Ifitcould functionn the direction of synthests phosphorylase could
have 1ts mawn function as a glycogenolyic’ enzyme This 15°a possible
mechamsm

Cuamv May 1 ask Professor Cort 1t 1s true that at present there 1s no
pathway known apart from the classical one but does that necessarily
mean that no other pathway exists

Conrt I didn ¢ say that no other pathway ewsts I merely said thatm
order to form undine drphosphoglucose you have to go through glucose
1 phosphate Now the glucose I-phosphate could be nulzed directly by
the phosphorvlase or 1t could go by another enzymatic step to undme
diphosphoglucose and then be used by the Leloir enzyme but this enzyme
1s not verv active  The question 15 whether the actvity of this enzyme
15 of suffictent magmitude to explan the rate of glycogen formation 1
liver and muscle

Levine  Professor Cham contrasts the scemmng complesaty of dhe
transport theory with us stmple concept Insulin somehow rasses the
energetic level ~ Such a statement 1s far from ssmple No theory pro osed
for the action of mnsulin has yet reached the molecular level Tdo bebeve
however that there 15 a certamn amount of evidence for the faalitaton
of penetration especially when one considers that such materuals a5
galactose ylose arabnose and others wlich are not phasphorylated
to any extent 1 perpheral tissues are aded m their penetration mto
various cells by ms

BessMaN  Professor Chamn s mention of our results prompts me (0
present them together with our reasons for pesformung such ex%cnmm‘S

We tested the possibility that wnsubn mught act on car ohydrate
metabolism 1n tissue essentially deprived of a membrane bwé cun:mgl e
diaphtagm mto pieces so small (1-3 mullimetres square) that d xylose
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could penetrste them to the same extent without wmsulm as 1t could
penctrate the intact duaphtagm with insulin - The addinon of nsulin to
such pieces does not enhance the penetration of xylose ugmficantly
‘When such pieces are included 1n a medium contamng both glucose and
xylose there 1s the same penetration of xylose with or without 1us
but glycogen synthess occurs only in the presence of msulin - Since there
18 ap 1 P bifity 1n this prep without msulin and
yet there 15 10 glycogen synthests when such penetration has occurred
we interpret these data to mean that the role of msubm in sumulating
glycogen synthests 1s not primtanly the cffect of insulin upon cefl per-
meabiliey Insubin obv\ous( acts on the cell to 1mprove its permeabihity
but this 15 the result of 2 cKrccz effect upon carbohydrate unlization as
our expensments with damaged cells demonstrate

This brings me to the reason for such an cxpeniment  The pre-
oceupation with membrane transport as the site of action of msulin has
fed to a general neglect of what appears to be a more speatfic site of acion
of msubn namely the encrgy generating system  Professor Chain has
ponted out a number of meu%ohc pecubianues resulong from smsulm
action which cannot be explaned on the basis of a direct effect of msulin
on transport of substrate across cell membranes 1 should Jike to point
out certan other hughly 1mprobable assumptions which must be made
0 support a transport theary of the acton of insulm - The effect of tnsulin
on transport now embraces a large and vanied group of compounds m
cluding; sugars natural and unnatural ammo acids of every vanety and
potassium 1ons  The likehhood that all of these substances are moved
mnto the cell by the same mechansm 1s very small indeed  Secondly the
effcet of toxic substances such as cyamde and dimtrophenol on fachtating
membrane permeability suggests that encrgy metabolism 13 the question
not specrfic transport mechanisms  The effect of exercise on sumulanng
tubophydmc uptake without nsulin also calls for supplementary as-
sumptions and finally the relaton of different wssues all of which
wnbize glucose to the syndrome of nsulin deficiency 15 not explamed by
a permeability hypothesss § mean by thus that brain_ which uses glucose
almost :‘dumc"y does not require msulm at all that dubetie muscle
has 2 normal ability to unhze all substrates except glucose and that dia

c bner apparently can volize no substrate normally

Fot these reasons among othets we have attempted to develop a
unified hypothenis for the site of action of tnsulin - We believe dhat tnsulin
connects mechanscally the enzvme hexok to the hond:
This function of wsalin a3 2 brochenueat oxgamzer would produce al of
the phynological effects which have been asenbed to smsulin

¥t well known that mitochondra oudize mefficentdy i the absence
of an acceptor of ATP which can retum ADP 1o the site of oxidanve

G
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phosphorylation  ‘The attach of hexok to the honds
provides such an acceptor Bran mutochondna n contradistinetion to
the mitochondnia of the rest of the body have hevokimase attached
Ermly This obviates the need for the proposed functon of msubn

Tain

Muscle has an excellent acceptor 1 the form of the creaune kinase-
creatine system and requires no additional acceptor for normal oxda
tion In fact exercse which stimulates turnover in the creatine kunase
sys{_chm stumulates diabetic muscle to take up glucose

1

b

transport mech and T emp the plural, all

require energy which must be furnshed by an cfficiendy functionmg
mutochondral system  From such a system comes the energy for protem
synthests acetylation phosphorylation of thramme and the many other
anabolic functions which are deficient n the diabetic state

In order to accept the transport theory of msulin action we are obliged
to say that the deranged metabolism of the diabetic Liver 15 completely
secondary to the minor change mn muscle metabolism caused by ms
Jack From the acceptor-mnsulin hypothess however we can sce that
the abnormal m:czboﬁsm of the Lver results from the lack of an adequate
acceptor s'f(cm equivalent to muscle The liver regutres the hexoknase
system to be attached to the mutochondna for there 1s very Lttle creatine
kinase actrvity un hver therefore the lver 1s more dependent on msulm
for energy metabolism than muscle

Thus we have an opportumsty to umfy the physiologreal prcture of the
requirement of different organs for isulin with a sngle site and mechan
1sm of action of msuhn the connection of hevokmase o mutochondnia
to provide an acceptor reaction for energy generaton (A Contnbution
to the Mechanism of Diabetes Mellitus p 133 1n Fat Metaboltsm edited
by Victor A Nagar The Johns Hopkns Press Balumore 1954}










INSULIN AND GLYCOGEN SYNTHES{S
IN THE LIVER

Cmstian pE Duve

Laboratory of Physiological Chemnstry Lou « n

The problem of the action of msulin on ghycogen syathess m the
liver has been dealt with before m pubﬁmnons from Professor
Bauchacrt s faboratory and from our own (Berthet of of t Bouckaere
and de Duve * de Duve? and Hers and Bouckaert) but remams 2
chromc one  The most recent attempt to solve it has been made
by Levin and Wemhouse 8 These authors have made 2 carcful
nme-course study over periods ranging between § munutes and
4 houry of the mcorporanon of mdxoacuvle n hver and muscle
glycogen and i blood CO  on rats mjected with 4 trace dose of
untformly kabelled HC ghicose wath er without msulin (.o Urkg}
Theee groups of ammals were used rats fasted .o 1o .4 hours with
a very low mtcal fevel of hepane glycogen sinular ammals re-
cavingo 9 g of unlabelled glucose by stomach tube at the beginning
of the expeniment and post absorpnive rats having a biver glycogen
cantent of approumately . per cent The admuimstration of .
mhibited the net synthests of liver glycogen 1 the it two o,
and caused glycogenolysis m the third 2t prevented almost «
pletely the incorporation of labelled glucose mto hepatic glyco,,
n all three groups whde stmulating the appearance of HC
niscle glycogen and blood CO  Hypoglycaema occurred m
ammals even i those recerving ghicose  The authors sum up
results as follows  Under the conditrons employed here
niane of the glucose which disappeared quichlv from the blo
the anfluence of msahn entered the bver plycogen despie the
tarked effect 1 muscle

Thete can of course be no quarcel with this statement
but onc may queshon whether the condinons employed
appropriate for the study of the physiological effcets o?

The authors use glacagon free wsulin and therefore ap;
anoid one of the dangers which wv ¢ have denounced before
ever they fornuh no evidence that the tasulin they have
fact enurely devaid of glucagon  In our expenence some

Be
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Euzported to be glucagon-free and causing no apprectable minal
gﬁwerglycacrmﬂ when ijected mtravenously mto the intact an.mal,
still contan measurable amounts of ghucapon, as assay ed by the more
sensitsve Jiver-shee or phosphorylase methods  Such amounts could
mhibit glycogen synthesis duning the early part of treatment but 1t
15 doubtful that their effect could extend over the full experments]
penod of 2 to 4 hours

Much more damaging to the validity of the expersments is the
fact that practically all the anumals were hypoglycaenuc at the tune
of sacnfic. The strong dependence of the glucose-glycogen balance
of the Iner on the i{;Iood—xugar level has been repeatedly em
phasized Tn the present case the authors rule out a disturbmg n
fluence of hypoglycacra on the grounds that msulm faled to
stmulate the incorporation of radtoactive ghucose mto hiver glycopen
even an the post-absorptive ammals with hugh glycogen stores

However this reasonng would be correct only 1f the synthesi
and breakdown of glycogen occurred by two distinct processes and
1f there were 2 true pool of glycogen 1 which mcorporated radio-
active umts immediately became strongly diluted ~ The first a3
sumption 15 obviously mvalid 1f phosphorvlase 15 mvolved 1 both
the formation and rupture of the 1 4 o-glucosidic hnkages m gly
cogen Even assumung as has lately been suggested that phosphory
Tase acts only 1n glycogenolysis and that another enzvme system s
responsible for the synthesis of gheogen 1t 15 highly probable that
the newly wcorporated glucosyl umts will be added to the outer
tiers of the glycogen molecule thercfore at a site where th*y wall
be most vulnerable to the action of phosphorvlase  Any acceleration
of glycogenolysis will therefore effectvely counteract an mereased
formation of radicactive glycogen from ¥C glucose umless the
rearrangement of the glycogen molecules by branchung Pm“ﬁts
1s an extremely rapid phenomenon  That such 1s not the case has
been demonstrated by Stesten and Stesten® and confirmed 1n out
Iaboratory  An example of this 1s shown i Fig 1 fabelled ghacose
umts mcorporated under the mfluence of mstlin are seen 1o dls:\PPifI“
very rapidly from the glycogen as conditsons become less favourable

In shost whether glycogen synthesis 1s measured chenueatly or
on of radioactive glucose the same precautions
designed to explore the
10n of glucose 1o

by the mcorporan
must be strctly adhered to m experiments
role played by msulin 1n the physiological convers

Iiver glycogen
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{a) The nsulin used must be entirely free of glucagon

(b) The ammals must be kept at a normal or shghty clevated
blood-sugar level by an exogenous supply of glucose dunng the
whole experimental period since this 15 the state in which the
physiologieal secretion of 1nsulin takes place

As has been reported m previous publications (Berthet et af * de
Duve?) a sigmificant sumulation of hepatic glycogen synthesis by
admustered insulin has been repeatedly evidenced under the above
condions both by the chemical and by the 1sotopic methods It
has further been shown that the extra glycogen synthetized under
the influence of nsulin 15 denved directly from airculating glucose
and not from metabolites such as lactate or pyruvate formed
mercased amiounts by the pertpheral tissues  Finally an m suro
effect of nsulin on hepatic glycogen synthesis has been demonstrated
on ssolated liver shecs

An almost perfect counter-demonstranon of these results 1s pro-
vided by the recently published data of Spiro et al ®who have shown
that the hepatic glycogen stores as well as the ability of the 1sol.ted
tissue to convert glucose to glycogen decrease rapidly m insulin-
treated alloxan-diabetic rats as a resule of nsulin deprivation and
ate then restored by the admunustranion of msulin

In view of these resules and of numerous previous ones we see
no reason at the present time to alter our view that msulin plays an
essentaal and direct role i the physiological deposition of alimentary
glucose as liver glycogen  The fact that an action of msuln can be
demonstrated on muscle or adipose tissue under conditions where
no hepatic cffects of the hormone are seen 15 1 our opinion ir-
relevant to the main discussion since the hver occupies a umque
mctabolic position shared only to some extent wath the kidneys
as a glucose-forming organ  Neither do we sce an objection i the
well-documented finding (see for instance  Winternitz et o/ 19) that
the formanon of liver glycogen can be influenced mdependently
of msulin by adrenal sterords  The cffect of the latter obtans with a
vaniety of p and ot ly differs m ats mech from
that of msulin which appears to be fawly speafic,

Reeent investieations carrted out by Dr P Jacques i our ab-
oratory have p ded some add 1 on the action
of msubin on ssolated lver shices reported l? Berthet et al' The
Tesults obtamed on glycogen formation in these new expenn
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are summanzed m Table T It will be noticed that a stgnaficant
effect of msulin 15 obtamed with glucose but not with fructose 2s
precursor and that this effect 15 maximal between the 6oth and goth
munutes of incubation

A careful stanstical exammation of the results afier 30 minutes
mdicates that the value of 10 5 per cent 15 not truly representauve
of the insulin effect but arises from the summation of 2 Jarge number
of experiments 1 wlhich the hormonal effect was negligible with 2
limited numbser of cases where the nsulin stimulation ranged between
60 and 150 per cent The proportion of negatrve results appeared

Tasie 1
EFFECT OF ADDED INSULIN ON SYNTHESIS OF GLYCOGEN MC BY ISOLAYED RABBIT LIVER SLICES
Expenmental condittons of Berthet ef af  unpublished results of P J cques

Pey entage
I cubation N imber of stimulat on
Substrate tume mm compansons bymstln L4
Glucose-4C 30 33 +ra§ 31 5 oof
6o 21 4217+ S4 | <o 001
90 14 +249% 93 ae
1o 7 +2x0% 116 -
Glucose C 30 9 +106 & 41 <005
+ fructose
p—e 0 ’ o | 27343 ] -
Fruerosed C 0 23 + 2460 -
+ gluco e

to be smaller m the longer tert experuments but would prcsumta}?ly
mcrease agam 1f the incubation were extended over more than
.. hours (sce Fig T

Drjac(ques lis a)lso studied the conversion of ghicose and f‘x;lucw::
carbon to CO, 1n a linited number of experiments  His resuts 2
shown 1 Table I As 1s seen there are mdications of a stmulation
by msulin of the oxidation of the ficst glucose carbon and of fructgsg_
In all these expertments a significant posiive correlation was >
served between the effects exerted by msulm on the formaﬂo:lx‘ o
glycogen and on the production of CO, by the same livilr e
This correlation was particulasly striking (P < © oo1) WH Cd o
tures of the two hexoses with etther one or the other labelled w

used as substrates
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The first conclusion to be drawn from these new results 15 that
the observed effccts of tsulm are often of borderhne magmiude
and can eastly escape detection unless carefully paired shices are used
and the meubatton 15 stopped at an approprate ume  This however
docs not necessanly mean that they are artifacts devord of gh} sto~
logical sigmificance” The results of Fig 1 which were all obtaned
on shees from the same liver should suffice to render such a hypo-
thesis very unbkely Besides ill g clearly the imp ¢ of
time and the preferential effeets of nsulin on the conversion of

Tante I

IFECT OF ADDED INSULIN ON FORMATION OF 'CO, ZY ISOLATED FANBIT LIVER SLICES
U p bshed resuln [P Jacq es.

P ormge H
1 aubat N mber of ol on |
S bitrate inm mparisans by msul 1 ‘ »
Gl coset € 0 20 ‘+n*u [os | —
10 6 t 33864 | osa|
Glacose 1-4C s 6 {41 29 256 | oog
GlacoweMC 30 1 439446 | ofs| ~
+ fructose |
Gl coutlC 10 s {4+ o545 | a3t l<owe
Hfucose i
FructoseMC 0 o 43721071 220 | ooy
Fructone- 4 3 ] +34xn | ors| -
+ gluc ¢

glucose to glycogen these results imdicate further that 2 muld treat-
ment of the hormone with alkals which suppressesitshy pogly caermic
acton also destroys 1ts ability to mfuence glycogen synthesis m
wsolated Iver shices

A more bl 2 d by the exp 1
facts 15 that two factors one present 1n fresh J\Cﬁs and decreaning
m effictency as the ineubation proceeds the other appeaning during
ncubation’ combine to prevent the effect of msulin from becommg
evident i titro Only when the combined influcnees of the two
factors are mummal 1'¢ on an average berween the 6oth and goth
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are summanzed m Fable I Tt will be noticed that a signifcant
effect of imsulin 15 obtamed with glucose but not wath fructose 28
precursor and that this effect 1s masamal between the 6oth and goth
munutes of meubation

A careful stanistical examination of the results after 30 munutes
indicates that the value of 10 5 per cent 15 not truly representative
of the msulin effect but anses from the summation of a large number
of experiments m which the hormonal effict was neghgible with a
limited number of cases where the msulin stimulation ranged between
60 and 150 per cent The proportion of negative results appeared

Tasee 1
EFFECT OF ADDED INSULIN ON SYNTHESIS OF GLYCOGEN-C BY ISOLATED RABBIT LIVER SUCES
Expenmental condstions of Berthet et ol * unpubl shed results of P Jacques

Percentage
Facubat on Number of | stimdation
Substrate fme mn ¢ mpartsons by suln P
Glucose #C 30 ot +ros: 35| 340} 0001
60 2t 4237 $4 | 440 [<o00T
00 4 +49x 93] 8] 00
120 7 4arox 16| 1811 —
GlucoseHC ] 30 P 106441 | 260 [<005
+ fructose ‘
FructoseMC | | 0 +ar4y | o8| —
Fructose- 4C 30 3 4+ 2460 [ 040 —
+ glucose
to be smaller n the longer term experuments but would presumably
er more than

increase agam 1f the mncubation were extended ov
2 hours (sce Fig 1

DrJac(ques bgas also studied the conversion of glucose and fructose
carbon to CO_ in a lumited number of expernments Fis results are
shown m Table I As s seen there are mndications of 2 stumulation
by wnsulin of the ovadation of the first ghucose carbon and of fmc«; <
In all these expermments a sigmificant posiuve correlation was >
served between the effects exerted by msulm on the formation

by the same hver shee
glycogen and on the production of CO; Py< :OOI) o hen i

This correlation was particularly strhang ¢
ere
tures of the two hevoses with either one ot the other [abelled w

used as substrates



C DEDUVE o1

account for the increased synthes:s of ghycogen and oxadation of the
first carbon of the glucose molecule as well as for the general cor-
relation between g%ycogcu formation and CO_ production

As shown 1n experniments performed n the absence of msulin an
mcreased uthization of unlabelled glucose by the hver shices would
tend to depress the formation of radioactive glycogen and to increase
the production of #CO, from radicacnve fructose  Thus the ob-
served smulation of the latter process by msuhn conltd be explamned
sumply as a consequence of the effect on glucose uuhzation but if
this were the case ‘one should expect a negative correlation beeween
the effccts of msulin on glycogen and CO, formation from fructose

s d earlier the correl 1s positive and 1t appears
therefore that some direct effect of msulin on the unlization of
fructose also takes place Possibly as has been observed on the
1solated rat diaphragm (Hers~ Mackler and Guest ) this effect may
}:c restracted to a pathway of fructose uptake mednated by hexo-

anase

In conclusion the results described 1n this paper are 1 line with
those of other authors who have described cﬂj:cts of msulin on fatty
actd and proten synthesss 1 wsolated liver shces They provide
additional evidence that msulin sumulates directly the uptake of
glucose by the liver at least under some conditions
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munutes of ncubation under the conditions of our expenments are
the influences of insulin clearly observable Quute possibly this may
never happen under other experimental condittons

We do not know what these two factors may be  As far as the
first one 15 concerned 1t 1s possible smnce fed animals were used that
the tissue used 1s practically saturated with msulin at the start and
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that the hormone present 1 the control shces must first bect
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activated for a differential effect to become evident A d;f;zi?:m "
of the msulin-responsive enzyme systems with ume §:1 ol e et
for the second effect However there are many alees e
planations and nothing defimte can be said at the pr;Seﬂe s

‘As to the nature of the msulm effect 1t 1 best ::;_p 311: e s
of a stumulation of the primary phosphorylanon o gcc e
transport phenomenon preceding this process s



INFLUENCE OF INSULIN ON THE
GLUCOSE METABOLISM OF THE LIVER

F TarpiNG and P SCHAMBYE
Novo Te tisk Lab Copenh

4 peniiag

In previous studies of the glucose turnover m the body the smgle
mjecnion of ¥C-labelled glucose has been apphied ! as the rate of
gljucosc release and uptake can be caleulated from the exponennal
decrease of the plasma glucose speafic acuvity However 1t 1s
conditional that !Ec releasc of glucose into and the uptake of glucose
from the extracellular pool 1s mamtaned 1n a steady state  Thus
1t will not be possible to obtan rehable mformation about the
influence of msuln upon the glucose metabolsm from such data
as the steady state 15 outbalanced as soon as the hormone 1s admint-
stered and the plasma glucose concentration does not any longer
represcnt the concentration 1 the various compartments of the
pool

In order 10 be able to measure the rate of ghucose release from
the hver even durng actual changes in the size of the glucose pool
a method has been worked out 1 which the pool size does not
enter mto the calculanons  As the speafic activity of plasma glucose
mn portal and artertal blood 15 1dentical m the fasting state the
amount of unlabelled glucose released by the hver can be calculated
by setung the ratio of the speetfic acwaty of artenal plasma glucose
to hepatic venous glucose equal to the rano of the amount of glucose
passiag through the liver to the total amount leaving the liver

s method 15 apphied to a study of the mfluence of ntra-

portally and mtravenously adnumstered nsultn upon the release of
glucose from the hver

MATERIALS AND METHODS
The expenments were performed on normal cyclopropane anaes-
thenzed dogs Which recerved their last meal 18 holznstcforc A
hepatic vein was cathetenzed under fluoroscopic control and wfusion
of Bromsulphalemn (BSP) was applied m order to csumate the
cpatic plasma flow? After an equlibrstion penod followng the
9
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IfyA and yH represent the speaific acavity of glucose 1n attersal
and hepatic venous blood the ratioyAfy H will be equal to the ratio
berween the amount of ghicose leaving the bver (Q) and the amotnt
passmg through the Iver (D) hence

vA_Q

YH D
While D cannot be ascertained the value of Qs calculated from the
estmated hepatic blood flow and the hepatic-venous glucose con-
centration and further as

Q=D+a

where 4 15 the amount of unlabelled glucose released from the Liver
this amount can be dentved as

i=ae-5) W

Tlis equation will be sutable for hver output calculations even 1n
peniods where a steady state wath respect to glucose metabolism 15
not mamtamned as varations t the glucose poal do not mterfere

The glucose output caleulated accordng to this procedure 1s
shownn Fig 3and Table! together with the net amount of plasma
ghucose leaving the splanchme organs calculated from the difference
1 glucose concentration between a hepatic vemn and the femoral
artery multiphed by the csumated hepatic plasma flow

Resutrs

In Fig . the data presented was obtamed 1n a normal dog which
was mfused ntraportally and 14 days later mtravenously with
008 1u kg hr of glucagon free msulin The drop 1n blood sugar
way ngmfxc:m\y smaller when the hormone was admunistered via the
[\oml! vein, This observaion confirms the findings of Wesberg
et al ® who also showed that a content of glucagon 1 the msuln
Frepatation could not account for the obscrved difference They
explined this phenomenon by assuming that the Iner or more
speafically the imsulimase 1n the e retams or macuvates a greater
rart of the wsubin which 15 admmstered via the portal ven
at e ghicose output of the hver before and during an intraportal

:s\sm of00.1u of msubnfkg jbr 1s shownm Frg 3 Although
i fl)sz‘of msulin does not have any apparent effect upon the

7l blood-sugar concentration 1t could be anuaParch that of
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mtravenous mjection of a dose of randomly labelled MC glucose
{200 uc) blood samples were collected simultaneously from the
hepatic vemn and the femoral artery every 15 munutes for 1-2 hours
which served as a control period Infusions of glucagon free msuln
were then started at rates varying from 0 02-0 12 1 fkg /hr etther
mto a perpheral vem or the portal ven mto which a catheter had
been anserted via a small jejunal vem at least 4 days prior to the
e‘(penments

Plasma glucose was determmed according to Nelsorl~ and
Somogy1!® and BSP concentration according to Gaebler? and

HEPATIC VEINS
GLUC  KNOWN
SPEC ACT KNOWN (Y1)

MEPATIC ARTERY
GLuC.

<PEC ACT KNOWN {¥a)

PORTAL VEIN
GLUC UNKNOWN
SPEC ACT KNOWN (3A)

8a B
LR ol

aleulatiog the relesse
cdhod werked out fo clecing B 0

x The princrpl of the sctope it on method worked ot L0 (o

Fic
of unlabelied glucose () from the hver (Q =

Munkner @ Determmations of the glucose speatfic actvity were

erformed as previous! described 18

? The pnncqfles of tlzle caleulation of the amount of unlegnllc;i
glucose released from the lver arc shown schematically ml l’)%cod
The speafic actvity of the glucose 1 portal and m arlcrﬁzd oo
1s 1dentical 1f no dilution wth unlabelled glucose absorbe r::) "
the mtestmes occurs  This 1 confirmed cxpenmental]y 1!{1_ nlou[cosc
dogs starved for 18 hours although the concentration o1 g oo
may differ m blood from these two vessels  The arz;:nad | :cosc
actwvaty can thus be regarded as representative for all blood g!

entering the hiver
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snsulin affects the glucose uptake of the liver cells dus dose gven
meraportally might be followed by an alteration 1n the pet amount
of gﬁ:ocosc leaving the hver and also 1 1ts release of unlabelled
glucose This however was not the casc as the values remaimed
approxmately constant for the whole infusion period although
the hepatic cells presumably were exposed to concentrations of
msulin which would sumulate the glucose uptake of the peripheral
tussucs

Simtlar results were obtaned with intraportal mfusions of 004
oofando121u (kg jhr in Table I the artenal and hepatic-venous
plasma glucose and 1ts speafic activity are listed lcgczﬁcx with the
caleulated plasma output from the liver of unlabelled glucose before
and dunng an wfusion of 0 12 1.4 fke fbr meraportally The de-
erease n the artenal blood sugar only indzcates an mereased uptake
of glucose 1 the peripheral tissues as the output from the hver
zemamed dlmost constant

Taste 1
TWLCT O PUATAL INFUSION OF DNSULIN {0 13 LU JKG JHR) UPON THE ARTERIAL AND HEPAYIC~
VENOUS PLASMA GILCOSE COMCENTRATIONS AND THE GUTFUT OF CNLABELLID GLTCOSE FROM
THE LIVER OF 4 NOMMAL DOG

\ Femoral Hepane l Plams
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carried out an anumals i the post-absorptive state 1 which the
release of glucose from the Liver has been the domnating process
responsible for the upkeep of a constant blood sugar In addinon
wnsulin has neacly always been admimstered intravenously or sub-
cutancously and thus been offered the change of bemng bound to
or affecng the penipheral tissues far more than the liver and thereby
shifung the whole glucose pOTE 1Nto 2 more ed one-
stded process i the dircction from the liver to these tssues than
before

Tuture expenments probably have to be designed so the mfluence
of msulin can be v estigated upon the hver of intact ammals which
ate not only receving phystological amounts of msubn via the
portal venous blood but also are mamntained m a state where the
gluc:;sc metabolism has what might be defined as an inward hepanc
tren

SunMMARY

t The madequacy of the 1atope dilunon method after a single
mjection of NC glucose for measurng smaller varations . the
glucose release from the hiver dunng changes in the size of the glucose
pool prompted the devclopment of a method which permutted the
calculition of the amount of unlabelled lucose released by the hver
at any ume dunng changes i the plasma glucose concentration
This was done by rclatng the speafic acuwity of hepatic-venous
and artenal l:loocr sugar to the directly measured total amount of
glucose feaving the splanchme system

~ Thy mcxﬁod was applicd 1 studymg the effect of intraportal
and meravenous msulin infusion of from ¢ 0.-0 1. 1u fkg fhr nto
normal dogs  As previously observed the hypoglycacmic cffect
obtamed a&:r mtraportal infusion 15 40-50 per cent smaller than
after antravenous mgusml\ of an 1dentical dose but no deerease 1n
the hepane atucose cutput was found

3 Te1s supgested that future expenmients should be designed so
that the cffect of intraportally admnstered msulin 15 studied 10 2
hiver which 15 already takng up glucose

The authors wish to express therr apprecuaton to Dr k. Hallas-
Moller for valuable sugeestions and enticism and thetr indebtedness
o Professor A Thordahl-Chnstensen py a the Royal Vetenmany
and Agnicultural College Copenhagen for phang the X rav equip-
ment of his department at thar disposal
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mvestiganon which combmes the phys '
miroducng msubn nta dhe blood with mea +~
of glucose released from the Iner alone, should
sidered 1 selaion to previous expertmental
msuln effect upon the ngcr was studied 1 o'

Many mvestigators have nor been aple to
effect upon the glucose uptake or release of the *
fusion expennments® 33 1 Inver shces® or meace
the Iiver was suddenly excluded fom the blood

On the other hand a decrease n the glucose '
by kiver cathetenzation of patients! or with an
techmque using exther a smgle mjection® ar a co
M glucose ? although the authors of the lateer
of the decrease m the blood sugar 1 predomnantly
penspheral glucose uptake  However, our stadies with
did not show any evidence of an mhsbiion of the release
of 015 1u of msubnskg were myected meravenous
Berthel ¢t of 2 found that msulin m 14r0 sumulates the
deposition of radioactive glicase mto the glycogen of

None of these results present the neccssalg conclusve
nor docs the work which 15 charactenized by the o
munsstration of glucose to obviate the &l m blood
msubmzed preparation In such dogs de Duve ef al® for
the necessary amount of glucose was reduced 1o abont

, hep y while Lundsgaard™® could not confirm tuso
tion sn cats Lang et af & found m dogs an almost staular 7
as de Duve although they mterpreted this to be dug @ &
factos which stmulated the penipheral utilization of gl
did pot believe that the uthzanon of the fiver was causte
difference

The mteresting dat of Calull et al wino demonstrated 2 fiee
meabihty of the huver cclt membrane wath zespect to glucose

cluded any effect of msulin upon the transport of glicose actass

hepate cell membean but su%gestcd that the rate at Teasc
scokinase, glucose=

deterrned by the activity of I
the size of :hc}glucos&é-p o:phgatc pool and the level of exrculatn
glucose 1t the hormone docs have an effect on these factors "
thereby on the further transpost of glucose sato the mmbcl:ﬁapa »
ways then 1t should be studred under such cucnmst:mccsm] ¢ the
hver cells already take up glucose Previous work has mamly
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DISCUSSION

1

Mantze We have pred, 1n as direct a pt Tanner a3
possible to solve the problem of the immediate effect of insulin on glucose
production by the hver  Plastic catheters were placed at operation in the

Taste I
MEANS OF RESULTS [N NTNE NORMAL DOGS
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portal and hepatic veins of normal dogs a few days betote any further
expenments were undertaken  In this way 1t was possible to obtan blood
catering and leaving the hiver at any wstant wathout the metabolic dis-
turbances of acute surgery and anacsthesia

Tasa Nl
FITECT OF INSUTIN ON RECYCING Of ' ©
Recying wexprened sthe percentsg of “C sppear g _thonatom ¢ of ply ma
glucone 41 er the injecncn of 2 tracer dose of glucose labelled at carbon tom 6.
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15 38 \ - o
2 6a so -
3 73 | “ sz

1 v 7 1
s e n 1
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Hepanc glucose production the amount of glucose added by the hver
to the blood Rowing nto 1t, could then be caleulated from the hepauc
blood flow and the difference 1n glucose ecncentravon m kepanic and
rortal ven plasma
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DISCUSSION
Mantsr  We have attempted 1 as direct a phystological manner as
possible to solve the problem of the immedate effect of msulin on glucose
producton by the biver  Plastic catheters were placed at operation mn the
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portal and hepatic vems of normal dogs a few days before any further
experiments were undertaken  In this way 1t was possible to obtain blood
eutcnng and leaving the lwer at any m.tant without the metabolic dis-
surbances of actite surgery and anaesthesia
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Hepanc glucose production the amount of glucose added by the liver
1o the blood flowmg mto 1t could then be calculated from the hepane
blood fow and the difference in glucose concentration 1n hepatic and
portal vem plasma
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DISCUSSION
Manizr We have attempted m as direct a physiological manner as
possible to solve the problem of the immedsate effect of msulin on glucose
production by the hiver Plastuc catheters were placed at operation m the
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portal and hepatic vemns of normal dogs a few days before any further
experiments were undertaken  In this way 1t was passible to obtam blood
entering and Jeaving the hver at any mstant without the metabolic drs-
turbances of acute surgery and anaesthesia
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Hepane glucose production the amount of glucose added by the hver
ta the blood flowing mnto 1t could then be caleulated from the hepane
blood flow and the difference 1 glucose concentration 1 hepatic and
portal vemn plasma
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Before the mjection of insubin the difference 1 glacose concentration
between the hepatic and portal vemn was 9 9 mg per 100 ml and hepanc
glucose production 3 t mg per nunute per kg body weight Immedutely
after the mjection of 0 2 unts per kg of glucagon free insubn_ glucose
concentration dropped 1n both the hepatic and portal vems However
the concentration gradient between them did not change sigmficantly
and thete was no decrease 1n hepanc glucose production In fact the

PLASMA
GLUCOSE 1NOVO INSULIN LA

MG|I00ML

140

o
HEPATIC VEIN
oe

BO

50 ARTERY

PORTAL VEIN
40

© 10 20 30 40  MINUTES

TIME FROM INJECTION OF INSULIN

Fre 1 The effect of a single myection of glucagon free
wsulin on glacose concentrat on. (Dog €32
nse
only sigmficant change was an increase n glucose pmdumor}l‘ ;xé (rltrzp;’ cd
to the hypoglycaenua when the portal glucose concentraon
to 6o mg_per too ml or less e 10
The fall 1n blood-sugar concentration m normal dolgs 1;1 “:ggumon
msulirt 15 therefore not due to any effect of wsubn on n% ut:mel e
by the lver but results from an increase m glucose utliza

sensitive tissues
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From the teversal after msulin of the glucose concentration difference
between the artery and portal vemn 1t 13 evident that the ussues of the
splanchnic area which mnclude the mesentertc fat take part m thus response
Consequently calculanions of hepatic glucase output based on concentra

nion differences between hepatic ven and artery give misteadimg resules
{Beaarnetal Chn S 1952 ¥ 151)

20 r UNITS NOVO INSULIE
© ey -
; WPORTAL VEN

s ATIC VEN

L

10 20 20 40 50 50 70 8O  MINUTES

TIME FROM INKCTION OF Cn GLUCOSE

i 2 Cha pe in p ofic cavityof plasmaglico bef e
and sfter nwjecn nofimuka (D g C-33)

After the myection of a tracer dose of 1 Clabelled glucose 1ts specific
actvity it the plasma decays at an exponentual rate

The imjection of msubin 15 immediately followed by a change 1 the
rate of decay for a varable peniod of time  In some expertments there
appears to be a plateawing of the curve and this has been mtespreted by

some (Dunn et af J Biol Chem 1957 2.5 -25) to indicate compler
whubition of hepauie production 7 25 ~33) o ndiete comglece
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however aqualitative change 1n the source of the glucose comung from the
liver a portion of 1t 15 now derved from glucose metabolites coming
from msulm sensitrve nssues flooding the Iver and beme reconverted
w the liver to glucose In other words there 15 2 speeding up of the
Con cycle
Lrvine I should Like to show some unpublished data of wotk which
Dr Steele Dr Bishop and 1did at the Brookhaven Laboratory this summer

There are numerous publications now m the hterature on the use of
anmjection of C glucose 1n order to measure the output of C plucose
by the liver The spearfic activaty of the plasma glucose 1s determimed
and the log of the speaific activaty 15 plotted agamst time  The specific
actvity decreases due to the dilution by C glucose contnuously de-
hivered by the kver Wemhourse Wrenshall Searle and others have
shown that the mjection of msulin and/or the admumstration of 2 smgle
large dose of :C glucose stops the further descent of the speafic actvity
curve This plateau has been mterpreted as showng that no farther
unlabelled glacose 15 now comung into the pool Thus glucose and
“}‘:“h\m are said to cause an andubition of ghucose output presumably from
the hiver

Dr Stecle and Dr Bishop recently did such experiments with one
amendment We wsed hiverless dogs The ammals recerved a constant
mjection of - C glucose from a pump 5o that the * C glucose continuousty
delvered could not be mhibited by hormonal nfluences When un~
labelled glucose was gven a plateau lashing 2bout 25-30 mumnutes was
obtaned Whatever may be the true explananon 1t surely cannot be
expluned by an inhibition of output of glucose by non-exstent Lver
Insubin did ot 1‘)rodm:e a platean  but nather did 1t do so w ntact
controls It would seem at present that the effect depends upon something
present n certan ot of crystalline msulin

‘We believe 1 concert with other experiments by Stecle and de Bodo
that the glucose plateau 15 probably due to equibrium of glucose actoss
Iﬁodg' compartments espectally between the vascular and extracellular

ule

Rran Sumulation of peptide synthesis by msulin added m vutro can
be demonstrated 1n Tiver shees from rmildly diabenc rars (Kraht Rec
Progress Hormoe Research 1956 12 199) The sumulation 15 most matked
- or 3 days after the mduction of diabetes i the liver donor In lone-
standing severe diabetes enzymatic mecharusms for peptide synthesis
ate damaged msulin then has no effect i pitro but restores the capacity
for synthesss. after injection and the passage of some hours  The m vitro
wmsulin effect with hver shees from muldly diabetsc rats 15 selated to pre-
sence of glucose n the medwm  for example the radioactvity of glycine-
1 ' C mcorporated anto the peptde glutathione was found to be for



106 MECHANISM OF ACTION OF INSULIN

control shices from mild duabencs 63.. ¢ pm per mg plutathione with
msuhin but no glucose 598 with glucose but no b;nfulm 1480 wath
wsuln plus glucose 940

So 1 summacy these are cql:cnmcn(s which suggest that under a rather
special set of condinons msulin does have an 1 11ro effect on peptde
svnthesis 1 fiver shices and that this parncular effect 15 due to the effect
of msulin on the use of glucose Later today both Profestor Youngs
group and I will have something to say about the effect of msulin in tic
absence of glucose on peptide synthesis

Comr Thank you Professor hrahl

Lonc What Thave to contnbute to this subject 13 negatve in the sense
that 1t 13 not directly concerned wath the effect of msuhn on hiver gly
cogen  Professor de Duve recalled to your mund that there are other
hormones which have a very potent effect m stimulanag liver gy cogen
formanon These of course ate the adrenal steroids of the type of corn
sone and hvdrocornsone

1 think we all appreciate that these materals when given to fasted
ammals bring about a rapid 1ncrease 1n the amount of glycoger m the
hver [ dhnk we sf ould alf know and st has been demonstrated many
times that this effect 1s not confined entirely to glycogenoss from the
products of mcreased protein breakdown mn the muscles It has been
shown by several mvesugators including ourselves that 1f a measured
amount of glucose 15 gven to ammals with and without the adrenal
sterords that an the presence of adrenal sterouds a farger proportion of
glucose 1s recovered as liver glycogen In other words there 1sa sumula
tion of glycogen synthests not enly from the mtermediary metabolites of
protemn catabohsm but from glacose wtself

The ather pot thaec may b mertoned 1n ths regard 1 the observation
made by several faboratones that tn scvcrc(g afloxan-chabenc fasted rats
the level of liver glycogen 15 much hagher than thae observed m normal
rats fasted 10 a comparable degree This we have observed and 1t 15 of
course abolished as many 1y esugators have shown by adrenalectomy

The pomt then anses as 1o whether thesc effects of the adrenal sterords
on liver glycogen formatton fhave any relation o chie presence or absence
of nsuln 1n the body There 15 2 certan amount of evidence that they
are not related to the presence of msuln Muller for example has shown
tote are then adrenalectomuzed

that m severcly alloxan-duabetic rats

the admmistration of cortisone to suc ts 1 the same mcrlcasc

1 fver plycogen as 1s observed 2 Lare sunply adrepalec-
wsuhn e

tormized and have of course

He conduded, therefore that ths
101§ glycogen ©
senc

of the
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A good many years 280 when Lukens and I were mterested 1n the
effect of adrenalectomy on depancreatized amimals on some oceasions
we sacrificed both adrenalectomized-depancreatized anumals and hypo-
physectomized-depancreatized amimals at periods of up to 30 or 40 days
after the pancreatectomy when they were catng well and presumably
m a reasonable state of health and we also found at that time that the
amounts of glycogen i the hver were comparable to those found
normal anumals subjected to the same dietary regime and of course very
much greater than those found 1 anumals that were m dubetic acidosis
and coma

Our general conclusion has been that so far as the simulation of liver
glycogen formation by adrenal cortical hormone 15 concerned 1t does
not appear to be dependent on the presence of msulin - That of course
does not say that msulin 15 not also required for glycogen synthesis under
other aircumstances

Cramv 1 should ke to complement Dr Krahl's rematks We have
had this expersence we have done 2 number of perfusion cxpenments
with radioactive glucose 1 bver with a techmque which my colleague
Bovet has worked out and which gives excellent glycogen synthesis and
we find that m normal fiver the turnover of glycogen s at maximum so
that you could not expect an insulin effect 1 fact we do not get one
In the perfused liver of a ruld duabetic anmal on the other hand we do
find an effect on the glycogen synthests 1t 1s small but 1t 15 there

As far as hiver slices are concerned we have now had occaston duning
our nucleotde work to compare the nucleotides in the intact hiver m the
perfused liver and 1n shices We find that m the perfused organ about a
third of the nucleotides 1 the wtact Lver dusappear In the hver slices
more than two-thirds disappear In view of these results we distrust
results obtammed wath Liver slices

¥ wonder whether this small effect on glycogen synthess which Pro-
fessor de Duve has observed on Liver shees mught not be due to an effeet
on one particular kind of cell the Kupffer cells the phagocytic cells
which may be more resistant than normal hver cells to sheing I think
K:ﬂups that could be the explanaton and I would be very interested to

€ar what Profes or de Duve has to say about it We have never been
able to find a really sigmficant effect of msulm under those condinions

Comt Thank you Professor Cham  Would you like to answer this
question Professor de Duve about the Rupffer cell versus the hiver cell?

D2 Duve  We have not locahized the glycogen i our expenments
This was done a number of years ago by Dr Hastings and hus group
who found that the glycogen (oxmes by hiver shices 15 deposited almost
exclunvely in the peripheral layer of cells that 15 in the cells which
recave the most oxygen
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With repard 1o the other comments made they all sousd rather
damaging and T feel that 1f we had shares m the Liver most of us would
statt selling out after what we have heard There 15 no doubs that the
hepatic actions of nsulin ate elusive and more easily missed than demon
strated  As a result of thus negative results are muc{ easier to obtain than

osttave ones and the latter are usnally registered only by workers nho
gcbcvc an action 15 o be found and have the patience to go on locking
for 1t under dfferent conditions Thus personal bias exerts 2 sigmificant
uflnence on the nature of the results and this 15 very unfortun to Despite
this fact there are now on record at least ten different mstances m which
effeces of msuln have been observed on the synthesss of glycogen fany
acids or peotens i hver slices or perfused hivers and these have to be
explamed away as artifacts devoud of phystological sigaficance before
the hepatic action of msulin can be densed

That lack of msulin causes severe disturbances of hepatic metabolism
15 recogmzed by everybody and the pomt at wssue 1s really whether madin
correces then by a direct and rapid action on the hver or 1ndsrectly an
1 a delayed fashion by way of its effects on other tssues A well kno;’van
and ymportant paper by Renold er al (J bol Chems 1055 213 135) bae
done much to further :Kc mdirect theory  With Dr Renold s pmmssm:;,
T would bke to recall the more recent mvestigations by prroher 4
(J biol Chem 1958 230 761} whach argue n favour of the direct theoty
showing that the hcj:anc disturbances ocour as rapidly as é‘;: e
o Erpiesre oo bl Bl gy

d that they are then corrected m fess than 4 hotrs by
Z?mt:x:hn Iylnfor(u.natcly the authors did not study the effect of msibm

frer a shorter ime-span
: rCcoi[ This s T :l’uik a good summary of the whole Pr%b‘cm and
wonder whether Dr Renold would add to what has been sa 1 et

Rexorp  Professor de Duve has mentioned the somewhat e
results obtamed 1 Dr Hasting s laboratory by Spiro —~ uﬂx‘s T
treated allovan-dialEhe rats acutely depleted of msu]m&-é_ an cr'\tlrm e
wsing chronie alloxan~diabene rats given msuhn The ! ut:f ‘:hc T
time being at least 1s ope of degree not quality Some lg 1 observed
response when compared with the muscle response “tg:i su ol for ach
It 15 forthermore difficult to know when msulin W r;lw{m e
ussue really begins  Finally Spiro s findmes do stor ah? E cmu s
chromic alloxan-dubetic rats mstlm prcdufes }‘\AVP‘:)B "‘3:“ ot con
Cmsc‘il al ;, 2nc gl sm;}::\il: or output Henc‘: in this situation

& ter hepatic glucose uf oo
5311;:: vthe hyp(f’glycagcnuc effeet of snadn cannot be secondary t
b
hc{:\[:;\:l?:{sc Iike to comment miote generally Some years ago When
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we reported the differences ewsting i the response to wnsulin adrmunustra
uon of subsequently 1solated nssues we were particulatly tmpressed by
the differences between tissues rather than with the absence of an ins:
effect on biver We concluded that exther mnsulin did not durectly alter
liver metabolism or that 1t exerted a dufferent effect upon this tissue  The
need for the drffermg nature of such an effect upon Liver 1f any has since
become even more apparent since the absence of a permeabihity barmer
for glucose at the surface of the hiver cell has become so clearly established
Such a different effect of tnsulin may well exist and 1t 15 tempting to
suggest that it should perhaps be looked for i the hver as the tissue m
which the demonstration of such an effect woud be least likely to be
clouded by the more easily obtamned effect at the cell surface To be sure
the liver cell may have other mterphases or membranes than the cell
sutface A truly different type of msulin effect upon hver has for instance
been recently postulated by a group of workers i Munich (Lamprecht
Buochemusche Zeuschnfi July 1958) 2lthough the presently published evi-
dence 15 not completely convincng
Smirn Twould hke 1f Imay juse to ask a question  Liver contams an
enzyme which mactivates msulin and which has been called msulinase
Is this a factor which should be taken 1nto consideration m attempts to
demonstrate an effect of msulin on carbohydrate metabolsm m hiver:
For example could the inconstancy of the response of the liver shee to
sulin be attributable to destruction of added msulin by this enzyme to
variable extents i different expermments?
Corr Does anyone wantto say anything about the destruction of msulin
m the hver and how raprdly 1t mlE,Zt be 1n normal hiver as compared to
dubetic liver  Are there any data avatlabler It seems that no one can
answer your questton I am son
ScuaMBYE. " As you may imagine from my talk I am not wailing to selt
out any shares to Professor de Duve yet I think 1t 15 very important also
to realize the difference berween the normal and the diabetic state. When
we lack msulin completely certanly the liver glucose metabolism 15
normal and this may sgow thatordinanly themsulin present 1n the normal
ammal keeps up a normal carbohydratc metabolism which we cannot
€Opy m any way by adding mnsulin cither intraportally or intravenously
becavse we have a J,ffmm direction of events Therefore 1 suppose that
before we really gave up our shares we should try to study the effect when
the hiver cells are working an the same way as the muscle cell does when
we try o imnfluence 1t with msu
Comr The amount of work now avaiable on the action of 1nsuhin on
the Tiver 15 Jarge sndeed but 1t seems we need many more expeniments
before thus problem can be finally settled












INSULIN AND INCORPORATION OF AMINO ACIDS
IN1TO PROTEIN

K L Mancoester and F G Youne
Departuent of Brochennstry Unuersity of Cambnidge

The ongunal discovery of Von Menng and Minkowshs m 188917
that the fastng, depancreatized dog has a much larger negative
mtrogen balance than 1ts normal control has long suggested that
nsuln has an anabolic influence over protemn metabolism More
recently Lukens and McCann'* have shown thit adnumstration
of msuin to the depancreatized-hypophysectormized cat leads to the
retention of nitrogen and Best et a1 11 9 have found that treatment
of the hypophysectomized rat with msulin induces growth though
thus latter observation has been challenged by Wagner and Scow 2
who claim that nsulin only promotes the appetite of the rat and
that similar results can be obtamed by forced-feedmg  Many workers
have noticed® 713 that nsulm lowers the blood amwmo-acid level of
the mtact ammal and suppresses the nise of blood amino acids which
normally follows cvisceration 34 Insulin lowers the blood level of
33 methionine admimstered to either the mntact or eviscerated dog «
50 that the fall of the blood amino-acd fevel follosng insulin 1s the
result of an mcrcased removal of amino acid from the blood rather
than a smaller release of amuno acid by the tisues That nsulin
depresses the rse of the blood ammo-2ad level m the eviscerated
ammal mdicates that 1ts site of acon must be at least m pare the
extahepatic tissues

Lack of  sweable i vitro system has so far hampered attempts to
disclose 1 more detal the mechamsm of the action of mnsulin on
protem bol n p 1 p so far reported do
not difftrentiate as to whether the effect of insuln on protemn meta-
bolism 15 mediated through 2 pumary action on glucose utilization
ot by a direet cffect on protemt metabolism unrelated to the action
of msulin on catbohydrate bioch y An inw n of this
problem has been the aim of the work descrbed here

Smex et al 1n 195! and krahl tn 1953° desenibed experiments in

which they studied the incorporation of BC alantne and glycine
.

iy
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respectsvely into the protem of the wsolated rat duphragm when
was ncabated m a2 medm contang the Lbelled 2mmo sad
Both groups reported that the addinon of isuln to the medium
stumlated wmcotporation of #C alaine and glyeme m o protein
when mcubated i a medm contamung no added glucose ot other
curbohydrate  Addition to the medium of glucose 1 place of
msuln however produced vared effects Krald found that
stumulated the transfer of #C glycme mio the protem of the dia
phragm whereas Smex ef al found that addiion of glucose to the
medium actually depressed meorporation of 25C alanme mto protet
and that thus depression was even more pronounced when pyrmars
was added to the medium 1 place of glucose Both groups found
that addiion of glucose or pyruvate to the medrum dimunshed the
stimufatmg effect of msulin on wcorporation In view of the signt
ficance of these results 1t was decded to study further the effect of
msulin glucose and pyruvate on sncorporanon of 2 Jarge namber
of different labelled ammo acids mto the protemn of the isolated
diaphragm

Duaphtagm was removed from Albmo Wistar rats weighng
about 130 g which had fasted about 20 hours before death  The
h chaph were bated for 2 hours at 37 m 2 Dubnoff
metabolic shaker i a bicatbonate medwm gassed with O + CO
(o5 s) and contammg Jabelled ammno actd { 1 or 3 umolelm} and
specific acivity about 130 pC/m-mole) Glucose andrs]yruvatc when
present were added to a concentration of 12 5 nmole/ml {2 s mg mii
and 12 mg fml respectively) Insubn (Boots crystalline) was use

at 4 final concentration of o 5 umt/ml At the end of the meubanon
d 1 trchl etic and

the hemi-diaphragms were hc

(TCA] washed 1 hot TCA (to extract nucletc actd) dmo}ivcd dm‘
NaOH reprecipitated with TCA the precipitate washed wi
alcohol then ether and dred m a vacuum desiccator The prot:{n
samples were ground to a powder plated and counted as mﬁ?ﬁ; ¥
thick samples Though no absolute specific achvities wese oe

mined the counts obtamned from different sam&ks were directly

roportional to their different specific activitees
F lsic’)lated diaphragm will mcosporate ¥C from u?b[bcg:g ;E‘uurlso
aads mnto protem at a constant rate fnr a pcnod O t:;c?usly addc

al
even when no teadily owdizable matenal 1 stm
etgy pro~
ut circumstances which mterfers with en
to the medrum, b res which s ande

duction (; brosss an
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and duntrophenol) severely curtarl incorporatton (Fig 1) HCmcor-
porated mto the diaphragm appears to be firmly bound — when
diaphragm whach has been d mn a medium g 1
Labelled ammo acids 1s incubated for a further pertod n 2 stmilar
medium but contammng unlabelled ammno acids the MC m the
diaphragm 15 not lost It 15 of mterest to note that the rate of
incorporation of a #C-labelled ammno acid 1s not changed by the
2ddinon of other unlabelled amno acds

CONTROL

[ ] ANAEROBIOSIS

] evanoe (10 M1

b AZIDE C(IOM )

D DNP (25 X 10"}

Fic 1 Effect of snacrob osts and of the ddion of va ous mh b fors o the medim o
the mcorporanion of Cfrom 1 C glycne into protein of the 1solated rat duaphragm

INCORPORATION

Additon of mnsulin to a medium contaming no added oxidizable
substrate has been found to stimulate the incorporation mto protein
of the 1solated duaphragm of ten different 1C-labelled amino acids
ofamixture of *C-labelled amuno acids {a radioactiy € protein hy dro-
lysate) and of one ¥§ labelled amuno aad (Fig 2) Though the
amount of activity incorporated and the magnitude of the stymula-
tion by msulin vaned from one amuno aad to another 1n each case
addition of msuhn to the medm produced a highly sigruficant
sumulation of mcotporation of hbcfkd amuine acid o protem
‘The amount of radioactivity mcorporated wnto proten from gluta-
mate and aspartate was rather low whereas mcorporanon from
leuaine in partcular was much higher than the general average
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On the other hand the response of lencme to the addion of msulin
was rathet less than average, whereas the stmulation by msulm of
meorpotation of methionine was much higher than for anv other
ammo acd

AURNNE T 1
GLYCINE T — 3
+
teoeme T 1
i)
ISOLEUCINE +
PHENYLALANINE _ :t‘_“:.

SERINE 3—

LYSINE T 3
+

ARGININE. 1

{ PERCENTAGE OF CONTROL)}

GLUTAMIC ACID
ASPARTIC_ACID
MIXTURE OF AMINO ACIDS

INCORPORATION

¥55 ~METHIONINE 1
H

le substrate
Fic 2 Effiect of the addition of wmsulin to a medm contaming 16 oyd zab)
o the mcargoration of radicactivity from abelled amumo acds into Protei of the wsolated
B the absence
“Ihe blocks represent meorporation m the prescace of msusn merTpoaIAM L
of i shom by the dotee e All the amino scids were the Ltsomers and umformly
HCLibelled except 1HC glycme and #5 methionine

had no observable effect on
Addinon of glucose to the med\umm: d no ot

the meotporation of most of the differ
ten of 1sglated draphragm (Fig 3) exceptm the case of mcd‘:mmni
leucne and glutamate where 2 shght stmulanon was © ﬂ(“x;cic
and of alanne where a definite depression of ncorporation l:)d
was endent  Addinon of pyrmate to the medim likewse ha ng
observable effect on the mcorporation of most of the different amJa
acads mto protemn of the 1solated dxaphrafgm (Fig 4) mc:pt{ possi c‘y"
1 the case of aspattate and agam very de imtely 1 the cas~ o Ahﬂmm
Alanmne apart addition of msuln t0 2 ‘medium already contaming



K L MANCHISTER AND F G YOUNG 117

glucose or pyruvate sumulated the imcorporation mto protemn of all
the amno acids studied (Figs s and 6} and 1t will be secn by com-

anison with hig 2 that the magmtude of the 1 produced
ﬁy wnsulin 15 the same when exther glucose or pyruvate are added
to the medum as m their absence In general it appears that the
mcorporation of a labelled amuno acid nto the protem of the

ErT———

GLUTAMIC ACID

ASPARTIC_ACID ,

S METHIONINE 3‘
H

Fic 3 Eff ct of the dduon of gl ose to th_med m on the incorporaion of radio-
acti_ty f om labelled amma 1d o protet of the Lol ted rat diapl

Th blocks zepresentinc poration  th p esenc € glacose mcorporation tn the absence
of flocose h wm by the dotted line

All the amurio 3cids wete th Lok omers 4 umiformly #C- belled, except 134C glyene
and %S m thuonine

INCORPORATION ( PERCENTAGE OF OONTROL )

wsolated rat diaphragm 1s not affected by the addinon of glucose or
pyruvate to the medium  but that 1t 1s enhanced by the addition of
msubin equally n the presence or absence of added glucose or
pyruvate

These tesults are nterpreted to mean that msuln simulates pro-~
tem synthesis as measured by the transfer of labelled amno acids
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On the other hand  the response of leucine to the addinon of nsulin
was rather less than average whereas the snmulanon by wsulm of
mncorporation of methiontne was much hugher than for any other
amino acid

ALANINE }

GLYCINE J -

+

LEUCINE }

1

ISOLEUCINE 1 =+
PHENYLALANINE }

SERINE : }

LYSINE T 3

ARGININE ]

(PERCENTAGE OF CONTROL)

GLUTAMIC ACID

ASPARTIC ACID }
MIXTURE_OF_AMING_ACIDS -

375 -METHIONINE -3
H

FiG 2 Effect of the addinon of msulin to 2 medum contatmng no oxdizable mbsm‘k;
on the ncorporation of radioacovity from labelled amuno acids 1nta p otein of the solt
rat duaphragm

“The blocks represent mcorporation in the presence of nsilin,
of insulin 15 shown by the dotted line All the amuno aads were
1 Clabelled except 1-1C glyane and * S methionine

INCORPORATION

sncorporation m the ab ence
the Lessomers and uniformaly

Addinon of glucose to the medinm had no observable effect on
the mcorporation of most of the different ammo acids wnto the pro-
tem of 1solated draphragm (Fig 3) except in the case of met}uonms
leucme and glutamate where 2 shght shmulavon was ob':un‘s
and of alanme where a defiite depression of mcorporation of *C
was evident Addition of pyruvate to the medium likevase had no
doservable effect un vhe meotporanon of mos of the differens muﬁﬂ
acids mto protein of the 1solated draphragm (Fig 4) except possibly
1n the case of aspartate and again very definitely in the case of alanme

Alanne apart addition of 1nsulin to 2 medium already contammg
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glucose or pyruvate sumulated the mcorporation mnto protemn of all
the amuno acds studied {Figs 5 and 6) and 1t will be scen by com-

anson with Fig 2 that the de of the 1 produced
gy msuln 15 the same when either glucose or pyruvate are added
to the medium as 1n therr absence  In general 1t appears that the
mcorporation of a labelled anino acd imto the protem of the

LYSINE 3-
ARGININE g—l

GLUTAMIC ACID

ASPARTIC ACID )

Mix
RS 5ls

5 METHIONINE a—

INCORPORATION ( PERCENTAGE OF CONTROL )

Fic 3 Effect of th  dd tion of glucose t the med m on th ncorpor tion of radio=
sty £+ m 1 belled semno s top ot o of the solated £ ¢ duphragm
The blscks reptesent 1 corporatia 1 the presence of gl tos mcorporation in the bsence
of glucoses shown by the dotred i «
th mino aqds were the Luson ers 3 d unaf rmaly MCA belled except 114G glyeme
and 45 mectuorune

wolated rat diaphragm 1s not affected by the addinon of glucose or
pyruvate to the medism but that 1t 15 enhanced by the addition of
msulin equally 1 the presence or absence of added glucose or
pyruvate

These results are mterpreted to mean that msulin sumulates pro~
ten synthesss as measured by the transfer of labelled amuno acds
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from the medium snto the protem of the diaphragm by a mechansm
that 1s dependent of 4 sumulation of carbohydrate metabolism
It has been suggested elsewhere!? that msuln promotes peptide syn-

es1s by wncreasng the avathbility of energy and pentoses (for
nucleic acids) required m this process The results presented here
provide no support for this view  Nor do they support the thesis®

INCORPORATION ¢ PERCENTAGE OF CONTROL }

{FS-METHIONINE.__1—3~

of radio~
Fi6 4 Efficct of the addition of pvruvate to the medsum on the incotporation
acuv‘lty‘ﬁom labelled aptin 3 acids nto protemn of the ssolared rat & aphsay™. = o1 the sbe
The blocks reptesent 1ncorporstion in the presence of pYiat t¢ Incarporatol

£ 2 15 shown by the dotred hnd
mAfl ‘:th Z::.’:; zfm were the L-ssomers and umsformly MClabebed except 3 ¥C glyame

and S meeh omne

bydsate
that a competition miav cxist between protemn and carbol <
m:mbohsmpfoz the smulatimg action ofP msulm and that :{?mmﬁ~
tion of cathohydrate metabohsm b\fr_ ansubn mxgh}: leadtoa

£ the sumulation by wsulin of protemn synthesis
tv.o%; quzs;or:‘;;n;m zvhy the behaviour of alantne 18 50 afgy%x;:}i
Smex ef al consdesed the posubility that m the presence of a
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glucose or pyruvate the incorporation of C alantne into duaphragm

rotetn 15 dimmushed because of dilution of the ¥C alanune by un-
fﬂbc“cd alarunc formed from the added glucose and pyvruvate  This
possibility has been tested by the addition to the medium of ¥C
glucose ot pyruvate of the same speafic actvity as the alanine 1

ALANINE :}
GLYCINE : }
LEUCINE ; }

ISOLEUCINE 1

S=METHIONINE 1 }

Fic 5 Effectof the add mon ofsnsulint s meds m conts ng gl cose on the incorpo at on
of radioact £y € om labelled ams 0 sy 1o provesn of the wolated €2t dushe gm

“The blocks fepeesent mcorpo ¢ on tn the presence of imsubin, wncorpoe non m the absence
of xuln s shown by the d sd b ¢

Al the amunts acids wete the Lasomers a 4 un formly ‘Clabelled except 14C ghycine
and 85 m tuonine

INCORPORATION [ PERCENTAGE OF CONTROL?

place of untabelled glucose or pyruvate Under these aarcumstances
anunation of pyruvate to form alanine should not lead to a dimimu-
ton of the spearfic actwiry of the added #C alamne  In fact addivon
of C glucose or pyruvate to the medium in addition to 3C alanine
feads to a greater incorporation of HC than when alanine alone 11
added {f1e "'7} and morcover under these arcumstances msubn
further samulates ncorporation  These results prowvide definite
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support for the hypothesis that additon of unlabelled glucose or
pyruvate depresses the mcorporatton of HC from ¥C alanine mto
draphragm protem as a result of the endogenous production of un-
Jabelled alanine % Direct evidence that 14C-labelled ammo acids are
formed by diaphragm from MC glucose and pyruvate 1s shown 1

PHENYLALANINE l 3—
SERINE ) 3—

LYSINE 3
ARGININE =
GLUTAMEE ACD __, _ +

ASPARTIC ACID }
MIXTURE OF AMINO ACIDS }

35 -METHIONINE :

INCORPORATION (PERCENTAGE OF CONTROL)

4 containng pyruvate on the MEOrpora
- orein of the ssolated rat diaphragit-

Fic 6 Eff ctof the addinon of nsulin to 2 medn
1m the absence

s10n of radsoactrnty from | belled amino acids 1ato P
e blocks represcnt icorporation in the presence of sl incorporation
: by the dotred Line
afAmu“d;: “md‘mO:Trad‘{ ere the Lsom 1 Clabelled except 11 C glyane
and ¥S methionme

ers and wnuformly

Fig 8 A sample of protem from diaphragm ncubated wldllu:g
glucose or pyruvate on hydrolysis and separation by cok 3
chromatography mto its component amino acids shows peal sun—
radioactvity for aspartate glutamate and alamme the largest

B e s hat ss the effect of fastng ;sn

It 15 perunent to ask at this stage W] rE
the ability of the olated diaphragm to 1nCOTPOrate aming
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Does lack of food hmut the avadability of energy and so depress
incorporation and the ability of the diaphragm to respond to insulm >
The work that has been done so far with diaphragm from 24-hour
fasted rats suggests that lack of energy 1s not rate ltmimg

Fig 9 shows the results of an expeniment comparng the basal
corporation and response to nsulm of draphragm from the nen-
fasung 24-hour and 48-hour fastmg ratIn fact the basal incorpora-
tion 15 only very shightly 1f at all affected by fasting and the response

FOOD
WITHHELD

NO INSULIN

INSULIN_ ADDED l

NO INSULIN l
24 HR
INSULIN ADDED [

NO_INSULIN l
O HR
INSULIN_ADRED. l

Fic 9 Effect of faung on tcorporation of * C glycne nto protem of solated rat dia
phragm and 1ts response to msubn (o 1 anut/ml)
No glocose was added to the medum

48 HR

to msulin 15 the same m each case The response of the dxaphmgx:
and the effect of msuln on mcorporation of amimno acids ;:mcd
thereforc appear to be as consistent as 15 the response of the dsaphragm
and the effect of msulin on glucose uptake . 4
In the experiments so far discussed msulin has always cc:tmt;s d
at the rather high concentration of 0 5 umt/ml Ths cm:icw y 0!
was chosen 5o that the amount of msulmn present shoul né)fm :r:
Iimting factor However msuln at very much lower art ! more
physiological concentranions will sumulate mcorpgrauonfas o
glycmne wto diaphragm proten  Addition to the medium o



K L MANCHESTER AND F G YOUNG 123
1 1.
as 0 5 muilliumt of wmsulin/ml d a half-

of incorporation with or without addion of glacose to the medium
(F1g 10) and a smaller but sull statistically sigmificant sumulation 1s
observed with as hutle as 0 o5 midliumt/m]  Addition of mnsulin to a
concentration of 0 o1 millmt/ml has no observable effect Even
at these concentrations there 1s no suggestion that addition of glucose

INSULIN
(mu/ml)

soo | R S
os 3 Ng ADDED
oos[—3- Hucost

ool

2 ——
os T
oos[

col4-

GLUCOSE
ADDED

o 20 40 60
PERCENTAGE INCREASE IN INCORPORATION
PRODUCED BY INSULIN

Fig 10 Companson of th  flect of wnsulin at low con enma o th meorpo ¢

"
of**C glyane mto protemn of l ¢ solated rat diaph gm ncubated i media w th sad wathout
dded g1’ cose

to the medium apprectably alters the response of the 1solated dia-
Fluagm to the sumulating effect of insulin on the mcorporation of
'C glycine into protein

Finally admunstration of msulin to the normal rat stimulates the
ncorporation of HC glyane mnto the protemn of the subsequently
solated duaphragm (Fig” 11) whereas mcorporation of ¥C glyene
wto protein of the diaphragm from the alloxan-dibene Tar w bardly
half that of the diaphragm from the normal rat Treatment of the



I24 MECHANISM OF ACTION OF INSULIN

alloxan-diabetic rat with msubin rases the abiliey of 1ts solated dia
phragm to incorporated HC glycne wmto 1ts protem at nearly the
normal tate

To summanize the sesults show cleatly that msulin at several con-
centratrons and under a vanety of conditions stunulates the m.or-
poration of amuno acids mto the protemn of the rat diaphragm  These
experiments however do not indicate the actual mechamsm by
which msulin brings about this stmulation though 1t appears to be

dependent of a I 1on of glucose utilization

r BT

NORMAL

NORMAL + INSULIN j.

}ALLOXAN DIABETIC
ALLOXAN DIABETIC
+ INSULIN

Bro 15 B tot afforan dubete snd of restment smih sl of the ropeal snd llosan
disbea_sat on the tacorporation of* G glycu ¢ mto p oteia of the 1s lted diaph agn

Pormua rus treated with imsuli receyed 1 unse sbrutancously 1 hour befoe dea

Al gvand abetrc rats recerved 1 urat PZ wnsulin daily for 4 days before deat

INCORPORATION

because neither the basal incorporatton nor the enhancement of -

corporation by mnsulin 15 affected by the addition of ghucose of

‘yfgvate to tl‘;e medium  Tnsuln could stmalate the transfer of
E\beﬂcd amtno aads mte the protemn of diaphragm i at least t:}v:
ways either by enhancing the movement of amino actds from. :
medium mto the cells of the tissue or by promoting the acnv:?; l?c
the protem syntheszing mechanism wathin the cell m;‘)';?;v i: e
experiments of Levine and Goldstein!? and of Park et 4 omx1
effcct of msuln on the transport of sugars mto muscle x!:sccmus )S’
that 1nsulin enhances the entry of ammo acids mnto the ce
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view would be 1n accord with the recent findings of Kapnis and
Noalt® that msulin stimulates the transfer of amno-1sobutync aad
from the medum into the tissue of the whole diaphragm prepara-
tion. However the actual mechamsm by which insulm %nngs about
thus oceurrence still remarmns obscure
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HORMONES AND PROTEIN SYNTHESIS

A Korncr
Department of Biochemustry Unnstersity of Cambridge

A cell free system can be prepared from rat hver which will 1n-
corporate radioactive amino acids mto protem 1 1 itro (Sickevitz 19
Zamecrk and Keller 2 Sachs'®) In its essenemals the system 15
a2 simple one  Rat liver 15 lightly homogenized at 0 1 a suitable
buffered medim contamng salts and the unbroken cells cell
debns nucler and hondna are d by centnft
The supernatant which contamns the microsomes and the soluble
fracnon of the cell 15 shaken at 37 with admosxncm‘phusph:lc
{ATP) as encrgy source an ATP g g system {phosp
and phosphocreanme kinase were used in the expenments to be
described) and g phosphate (GTP) When a radioactive
amino acid 15 added under these condinons some of 1t 15 mcor-
porated mto proten

1 have been using preparanions of thus type as a tost system mn an
mvestigation of the way i which hormones influence the bio-
s{nthmx of proteins In'domg so there 15 an tmphiait assumptron
that the reactions studied wath this cell-free system are those
which are occurnng duning protem biosynthesis 1 vno  No one
has yet shown that net synthests of protein occurs m this o witro
;yxtcm but this 18 not surprising m view of the short life of the cell-
ree system  Ewidence 15 accumulaning however which strongly
supports the view that the reactions which oceur during amino-
aad incorporation mto protem m ¢itro are also the reactions which
occur during protein synthesis i tio It 1s known for msunce
that when amino acids are mncorporated tnto protem m this system
they arc located throughout the length of the pepude chan not
Just atsts ends and the newly incorporated radioactne ammno acids
are joned to other ammo acids by a-pepude bonds It 1s unlikely
that the reaction studied wath the m t1ro system 1s an exchange
between the labelled amino acd supplicd and a similar unlabelled
amino acad n protem because libelled amuno acids once they are
tcorporated are not washed out of protein by meubation with
excess unlibelled ammo aad  The view that protem synthesis 15

ny
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occurnng albeit at a very slow rate 15 also supported by the ob-
servation that tnore ammno aad 1s meorporated mto protein when
several radioactive anruno acds are added to the meabation mxtre
than when only one labelled amino acid with the same amotnt of
radioactivity 15 present, for thus suggests that several ammo acids
are simulrancously mcorporated mto protemn as one would expect
to occur durng protem synthesis Finally Campbell ef af® have

Normal Rats

Hypophysectomsed Rats

—a

"

Specifie Aclwity of Totof Protein

] 20 30
Time m sy
e
Frc 1 Speafic act ty of protem afier vanious e of mcorporation of DL-leucines
O el e syeters. Compatisen of aorsl nd Aypophysectonzed ra

shown thae much of the radioacuve amino aad incorporated into
protein mn this system goes nto a specific protem namely albumin
All of these observations encourage one to beleve that the events
observed wath the i 11tro svstem do reflect something of the events
which occur dunng protemn synthests i the cell but one must of
caurse be on one's guard to detect distorted reflections of these
esents

I started this work (Romer® by comparmg the amounts of
radivactive ammo acid ncorporated mto protem in systems of this
type prepared under ngidly dized from the hvc;s
of normal rats and from rats which had been hypophysectomize
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\
Both groups of rats atc the same ration of food Fig 1 shy
amino acid 13 ncorporated rapidly into protens og the hw,
paration from normal rats and that the speaific activity of the pi
reaches a plateau after about .o mmutes A simalacly shaped
wat drawn from results obtamed wath a preparation from the live

AMING ACID
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R
i

et YPEGFIS AMING ACD
I % ACTIVATING ENZYME

m~JFLar
m ACTIVATED
AMING ACID

HN

MICROSOM,
PRRTGE

MICROSOMAL
PARTICLE

Y PROTEIN

Tie 2§ bem e epresentionn, (b present<ay byporbes. of the
squence of e cton Wl hbang bout proven b osynthens

of bypophysectomized rats but here the final speaific acuvaty of the
protemn was only about 40 per cent of that attamed by the proten
from the normal tats
One can now pose the question Where among the many steps
which are known to occur dunng the biosynthesis of protens are
the prtwtary hormones exerting there influencer  Fig 2 sumumanzes
x
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1 hughly schemattc form, the steps which are thought to occur
dutmg protem brosynthess Some of these steps have been qute
well established on some pounts the evidence 15 nor conclustv. and
occasionally there 1 ﬁ‘anf speculation but the whole pres nts 2
reasotable working hyﬁcthesu which enables one to design expen-
ments and which can be altered or abandoned as necessary
scheme talkes no account of the protem synthests which occurs 1
nucle: (Allfrey ef al?) or mtochondra (Sumpson ef al2) suce lirle
detal1s known of the sequence of reactions mvols ed n these svstems
Amuno actds cross the cell wall probably by some active process
(or ace synthesized nstde the cell) and are activated by specific amino-
aad activating cnzymes (Hoagland ef af 6 1t 15 supposed that there
are twenty enzymes of this type i the cell sap each spectfic for one
amino actd although the ewstence of some’of the twenty has vet
10 be demonstrated (Lipmann 1 Nismann ef a/13) 'The acuvation
step requires ATP and 1t 15 suggested that an anuno acyl-adenosine-
monophosphate complex 15 formed on the surface of the activating
enzyme It 15 posuble that Vitamn By, may be a co-factor of the
activating enzymes (Wagle ef al®) Hoagland ef af ® have good
evidence that the activated ammo acid now forms a complex with
the low molecular weight (10 000-20 000) soluble ribonucletc sad
(s-RNA) of the cell The amuno acrd 1s attached to the polynucl;o-
tide through ad. and cytosme monophosphates (Hecht e¢ a9
and 1¢ 15 possible that more than one subfraction of the s-RNA cuts
with varying affirties for each amno acid (Schweet ez af 1§) GIF1s
needed m the next step which 1s the transter of the amuno acid from
the s RNA (Hoagland ef al?) to the RNA template of the mlcl:'o'
somal particles where 1t falls into 2 place on the template which 1s
speaific for that ammo acd  Crick® has suggested that each am“\g
acd may be bound to a speafic tonucleotide of the s-RNA sﬂh
that 1t 15 this trnucleotide with the amuno aad attached whie
enters the microsomal particle and binds to the complementaty
bases on the RNA template by base painng  thus placing the ““}‘:‘d‘"
acid m a spearfic postuon It is possible to construct schemes Wl <
will satisfactorily account for the way m which the four bases
RNA taken three at a time can code without ambiguity e
swenty anune acds fonnd 1 protems (Cock et al 9 i
Luttlefield et a/ 32 have produced good cvidence that the ﬂcwle
assembly of polypepnide chams from ammno acds occurs mmn
mucrosomal particles  These parnicles are  nbonucleoprol
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granules about 100-150 A m dumeter and they are probably
rdentical with the electron dense granules noted by Palade'® on one
side of the lip brane of the endopl. reticulum m
rat hver and other cells When all the amno 2ads ate present on
therr speafic loa on the RNA template m the microsomal particles
peptide bond formation occurs between them and the finished
pepude with 1ts spearfic amino-acid sequence pecls off the template
and passes first mto the rest of the cell via the endoplasmuc renculum
and if the cell 15 a secretory one 1to the organtsm as a whole

Tasie

LITECT O1 HYPOPHYSECTOMY ON THE DNCORPORATION OF LAREIED AMINO AGDY
INTO MICROSOMAL PROTEIN 1N VITRO
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Onc could study each of these steps separately 1n an attempt to
denufy the pomt or pomts at which pitutary hormones are
exernng therr cffects but a short-cut 15 possible  Centnfuganon of
the cell free system av 105 000 ¢ scparates the microsomes from the
soluble fraction of the cell which contams the acuvating enzymes
and the s-RNA mtermediate  Neicher of these two parts of the cell
mcorporated much radioactise ammno aaid alone but together they
mcotpotate as much as the unscparated system 1t 15 possible that
one ot these two parts of the whole system s unaffected by hy pophy -
sectomy  Table I summanzes m mamx form the results of an
expenment i which mucrosomes and soluble fractions
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separated from the hvers of normal and hypophysectomzed rats
en microsomes from normal rats (Nm) were mcubated under
the conditions desenbed with soluble fraction (Ns) from normal
rats thespeaficactvity of the microsonal protem wast46¢ p 1 fmg
but when microsomes (Hm) and soluble fracton (Hs) both
from hypophysectomized rats were mcubated together under
1dentical conditions only about half as much amino aad was
corporated mto protem  If mucrosomes from hypophysecronuzed
rats (Hm) are mncubated wath soluble fraction from normal rats
(Ns) there 15 only a small nise i the amount of ammo 2ad meor
porated mto proten compared with that obtamed when the micro-
somes from hypophysectomzed rats (Hm) were mcubated with
soluble fraction, also from hypophysectomized rats {Hs) Agan
when microsomes from normal rats (Nm) are mncubated with
soluble fraction from hypophysectomized rats (Hs) almost as much
ammo actd 15 mcorporated mto microsomal protem as when the
mucrosomes from normal rats (Nm) are meubated wath soluble
fracuon from normal rats (Ns) This must mean that hypophy
sectomy has not within the hmuts of these expertments resulied
1 a sigmtficant change 1 the ability of the activating enzymes to
actwvate armno acids nor m the abity of the s-RNA to form an
amno-acid complext or to transfer the ammno acid from the s-RNA
complex to the microsomes The lower mcorporation of ammo
aads mto protem shown by the system prepared from hypophy
sectomized rats compared wath that from normal rats must be 2
result of some change mn the microsomes themselves o
It mught be argued that microsomes from hypophysectomiz
rats suffer more extenstve degradation durng the course of an ex
penment than the nucrosomes from normal rats and that this
accounts for the lower incorporation shown by microsomes from
hypophysectomized rats This could be caused exther by the pre-
sence of more active degradative enzymes such as cathepsms of
ik 1 1 the prep from hypophysectomized rats of
by some alteration i the microsomes as a result of hypophysec-
tomy which makes them more susceptible to these enzymicactuviies
Expeniments were therefore carred out m which the mcorporatf{oﬂ
of radioactive leucme mto mucrosomal proten was measured a:}:r
vanious penods of pre-mcubation of the microsomes either Hll bl:
presence of the whole homogenate or m the presence of the solu
fraction of the cell Fig 3 shows the results obtamed 1n one suc
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cxpernment when nucrosores were pre-sncubated alone and 1w n
clear that pre-meubanion docs depress the abhity of the mcrosomes
to mcorparate amumo aads into ﬁ:romn but the cffect of pre-

b on from hypophy 4 rats and on
these from normal rats 13 very sumtlar  This resule supports the
view that the change m the microsomes which occurs as a result of
hypophysectomy 15 one which depresses the abihey of the mucro-
somies to meorpotate amino acids i the ammal and s related to the

100,

a olinetol Specif § Attivity of Micrasomal Protem
»
e

t i
L] 20

Tias of Pronasotion {win}

Fie 3 Effectof  noutst mesof p rancub fien Ot icxoson 6 from normal
watsmazed vats on the specf b 1y of thew p of @ after 300 uteanaub &
ment, Thesesmlreare exp evod  per entag of the spresfie actmty face w il ¢
experumencsh #n by n10oro & wh b hud not been pre-meubated.

depression of protan synthesss w the haer which
h)potﬁhysmom) {Simpson ef o/ %) and 1 vot 2 sceonc
which becomes apparent only as a result of the expent
nques used

1ig 4 thows the results obtamed when the miere
separated agatn from the soluble fracnon after ncub
minutes and the sadoactisity of cach protan Fraction
determuned It 55 clear that hypophyseetomy of the
spmufieantly altered the abahny of the syntheszed ¢
off the RNA template of the muzosomes ance the
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activaty 1 the soluble fraction protemn to that m the microsomal
protemn 15 sumilar i the preparations from normal and hypophy
sectomuzed rats

It was found that mucrosomes from hypophysectonuz d rats have
less RNA per mg protem than mucrosomes from normal rat
However the differences in the ability to mcorporate ammo acds
o protemn cannot be ascribed simply to a quanutative change m
the RNA of the mucrosomes brought about by hypophvsectomy
for as 15 shown m Fig § a quaitative change has occurred m the

200

crnfng

150

St Aviy o P ow

Nomal Prpophysectomssed
Fia 4 Specifc actty of m-rosoml prote  and ofsolble fracon proten fromsort]
and ypophysectomized rat Iiver separated again sfier mcubation for 30 mmutes 12 ¥
with Lfeacigot

RNA of the microsomes as a result of hvpophvsectomy Th%
specific actty of microsomal protem 15 plotted agamst the ug }‘:
RNA present m the microsomes m Fig s and 1t 3 clear that the
RNA of mucrosomes from hvpophvsectomized rats 1s Jess efficient
m a weight for weight basis than RNA from microsomes frlom
10rmal rats at meorporating amno aad mto protem It s also clear
Tom Fig s that addimon of mucrosomal RNA from normal ra;
sver results 1 the matntenance of the speaific acuvity of; mxcmsoxmA
yroter at a steady rate but a sunilar additon of microsomal Idu[\f

tom lver of hypophysectomized rats results 1n a steady fa :
microsomal spectfic acavity That part of the RNA of the micr

omes which 1s particularly concemed m protesn biosynthesis 18
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altered as a result of hypophysectomy so that 1t 15 less capable of
acting as a template: When from hypophy d
rats are added to the system one 1s adding partly tnacuve RNA
Experiments have been and are bemg carned out to see 1f treat-
ment of the hypophysectomized rats with pitwtary and other
hormones can restore the abihity of mucrosomes from hypophysee-
tonuzed rats to mcorporate ammo aads into protemn at a normal
rate The results obtaned with two hormones GH and msulin

For ot Rets
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Fic
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will be mentioned Tt was found that treatment of hypophysee-
tomized rats with ox GH was successful in markedly ramsing the
amount of amino aaid which 1s tncorporated mnto protetn m the
1 vitro system and 1t was shown that GH acts mainly by rmproving
the incorporating ability of the microsomes and not on the reactions
carned out m the soluble fracuon of the cell In this respect GH s
reversing the effects of hypophy y but full of the
weorp g ability of l{): to the normal level has not
been achiesed by treatment with GH alone  Jt 1s probable that the
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other pteuntary hormones play some part m the control of the
reacttons which bring about protemn synthesis

The anabolic action of insulin can also be demonstrated with this
system  Table I 15 a mattrx diagram which shows that wha
hypapliysectomized rats aze treated with msubin (o 5 unts PZIidav
for 7 days) almost three times as much anuno acid 15 meorporated

Tasce Il
EIPECT OF TREATMENT OF HYPOPHYSECTOMIZED HATS WITH INSULIN {0 (0§ LU
PZfDAY FUR 7 BAYS) ON THE INCORPORATION OF LEUGINE MG INTQ MICROSOMAL
PROTEIN N VITRO

{cpmfmg)
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11O Protetn m 11 vifro expersments compared with that mmrpcmé:&
mto the proten from untreated hypophysectomized rats In b\s
case not only were the microsomes from insulm-treated rats able
to mcorporate more acttvated amumo acids than those frox;; un-
treated rats but m addition the soluble fraction of the cell was
better able ta prepare the radioactive amuno acid for mcorporam;
Thus 15 shown by the fact that mcubation of the mucroromes ul‘:n
hypophysectomzed rats (H) with soluble fraction from s bt
treated hypophysectomuzed rats (HI) resulted mn greater 10607 .
tton of amuno acid than oecurred when the microsomes and sofuf
fraction were both from untreated hypophysectomuzed rats "
Table IIT summanizes the results of prehiminary expenments Wi
rats made diabenc wath alloxan  The {’ower wncarporation of apund
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acids mto protemn shown by the alk drabetic rats (D) pared
wth control rats (N} 1s somewhat restored when the dubetic rats
were treated with msubin (DI) but not altered sigmficantly when
they are treated wath ox GH (DG)  Thesc observations lend support
to the view (sce Retterer ef ol ? for discussion of this subject) that
GH requures the presence of msulin before 1ts anabolic action can be
fully realized but that nsulin can cause anabolism i the absenee of
GH (Salter and Best'?)

Tasie 11

EFFECE OF ALLOXAN DIABETES () AND OF TREATMENT OF ALLOYAN-DIABETIC RATS WITH INSULRN
(310 72/oaY #O2 § DAYS) (DI) OR GROWTII IIORMONE (3 3 1C: {DAY FoR § DATS) (05) ON THE
INCORPORATION OF LILCINE € INTO MICROSOMAL PROTEHIN ‘TN VITRO.
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Finally [ want to mennon the results of some expeniments on the
effect of hormones on the mcorporation of amina anids 1nto protem
m tue which are tn agreement with the conclusions drawn from
the m v oxpenments which have been discussed  In these ex-
perments anino aads were mjected mto the femoral vein of the
rats and successive fobes of the '{1\ er removed - 10 and 20 muutes
after the imjection Each lobe of hiver was homogemized and the
soluble fraction and mucrosomes separated from one
microsomes were treated with sodium deoxycholate i
deseribed by Lattleficld er al 12 and separated nto tno ©
mucrosomal parucles contaming about 50 per cene R



138 MECHANISM OF ACTION OF INSULIN

cent proten (Palade and Stekevitz%) and the )
fraction probably consisting of the Ipoprotem ende
culum The radioactvity of the protemns of cach of
fractrons was assessed and are plotted in Fig 6 which
amuno acid 1s rapidly meotporated mnto protem 1 the
particles and that the radioactive protem 1s transferred
deoxycholate soluble fraction of the mcrosomes and *
soluble fractton of the cell (cf Littleficld ef ol %}
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d:c;ychnhxt -M2) and the soluble fraction of the cell [-A-Yat vanoasumes
venaus mycenon of radioactive anune zad it a normal 13t

In hypophysectomized rats less amune aaxd 15 meorporated ¢
protem 1n the smicrosomal pactucles than 11 notmal rats dan lr}ll e
sequence less radinactive protetn 15 transferred to the deoxyd olte
<oluble fraction of the microsomes and to the soluble fracuon o he
cell Treatment of the hypophysectomized rats with ox GH ot wxm
snsulin mereased the meorporation of amino acids mnto proten .
the microsomal parncles (Fig 7) and consequently ncreas
specific actrty ot the other two facnons
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SUMMARY

Hypophysectomy reduces the amount of amuno aad which 15
meorporated mto the protewmns of bver wt tro or wm v The
acuvity of the ammo-acid activating enzymes 15 not significantly
altered by hypophyscctomy nor 1s the ability of the s-RNA to form
an amuno-acid-s-RNA complex  The microsomes themsclves are

<o fmg Prosen

=X= Hypophyse tamlsed
-+

~O- Hypopbymectomised

4+ 1 i

5 L] ) 0
Time (i atur bjection

Fic 7 Speaficact ity of m crosomal part cle protem from normal, hypophysectomzed
ml—nnlmwphymm red and inaulinre tod hypophysecto  2ed &3ty £ vanou t mes
fiermtt ousinyechion € rad oactive anmno 3ad

Jess able to incorporate amino acads wnto protein as a result ofhy po-
physectomy probably because of a change 1n the RNA of the
template  Treatment of hypophysectomized rats with ox-growth
hormone or with msulin could restore m parc the impared abilicy
of the microsomes to tncorporate amino acds ito protein Allovan-
diabetic rats showed a smilar imparred amwo-aad meorpotating
abihty which could be resrored by treatment of the dubene rats
with insulin but not under the condinons desenbed by treatment
with ox-growth hormone
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DISCUSSION
Krant For some years st has been elear that insulin has both short term
nd long term effects on protein synthesss In these two extremely luad
apers 'Smm Professor Youngs laamory both aspects of the effect of
nsulin on protemn synthesss have been discussed  The sccond paper by
Jr Komer oFms up new avenues of cxpenment regarding the long-
erm cffcets of msulin on protem svnthetic processes  The remamder of
ny discussion will be devoted to describing some expenments of our own
whuch cover somewhat the same ground as those discussed by Dr Man
hester with a shghtly different point of view
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Effect of mmulin w the absence of g cosc

My own interest m this as pomted out by Dr Manchester began in
195 when Smex, Hasungs and MacMallen on the one hand and I on
the other_tndependently observed and reported that mnsulin apparently
had an effect to sumulate anuno-aad ncotporation to proten 1 the
absence of added extraccllular glucose This effcct of msubin, whuch 15
independent of that on glucose transport, apparently represents one facet
ofthe peneral action of insulin to itzate c:IluEr tearrangements favounng
ansbolism  (hrahl Perspectnies Brol and Med 1957 T 69) Two years
aco m&’ colleague Dr Wool began further expenments m this field to
establich the reality of this effect of insulin i the absence of glucose s
results have been remarkably simalar to those descrbed by Manchester
Ewall review them rapidly to show that in one ficld, at any rate two
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INSULIN
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Fic 3 Incorporation of C ¢ Histdine wto muscle proewn Effect of
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p groups of have got exactly the same or ncarlK
the same results This 15 extremely rare 1n anything having to do wit

e mechanusm of msulin action

In draphragms from f d rats msulin stunulates icorporation of histidine
lysine or phenylalanine mto protem esen i the absence of added glucose

In an effort to reduce the amount of glucose which mighe have been
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Fic 3 Incorporaton of C ¢ Amun aads 1ato musde protem
Effect of glucose concentration
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cartied over by the duphragms from the fed rats we incubated the
diaphragms for . houts without glucose or insulin then added mnsulin
to half the samples and continued the incubation fot .. hours more  Under
these conditions 1n which any glucose i the extracellular fluid would be
exhausted we sull observed 2 simulation by msulin of amuno-aad
mcoxpvntmn
‘These ate further control expenments with diaphragms from fed rats

The argument was that f the effects of insulin described above mere due
to tncreased use of glucose under the sumulus of msulm - then addinon of
enough glucose would produce the same cffect as msuhn 1t had been

sLucose
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freviowly shown by Gemmull years ago and by us under the present
expenimental condinions, that increase in glucose concentration led to an
werease in glucose use Howerer asyousee the addition to the medium
of 15amg per cent o cven 600 my per cent glucose dud not promote
meorporation of hisudine Iysine pﬁm)hhmre or alamine nto protan
of dupheagms from fd rats We therefore concluded that the effect of
tnsubn shown in Figs 1 and 2 was in leed one concerned with anuno aads
et seand not with glucose transport

¢ onzual expeniments undertaken by W ool were concemned umply
with establishing an effect of 1nsulin on amuno-aad incorporation m the
abunce of glacose By the tume this had been completed other ques 1ons
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arose  what 15 the mecharusm of this effect of nsulin n the ahsence of
glucoset In particular 1s thus effect of snsufin completely accounted for
by an effect on the transport or accumulation of amuno acidst The present
answer to this second question appears to be negatve for reasons stated
below

Kipnis and Noall (Biochim Biophys Acta 1958 28 226) working at
Wastungton Unuversity reported that ansulin mereased the rate of ac
cumulation of a non uhilizable amno acd o anunarsobutyric acid (ATBY
by diaphragms m sitro There are differences between the cffcct of
msulin on AIB accumulation and on amuno-aad mcorporaten into
protemn (Fig s}

GLUCOSE  INSULIN
3] © lufml
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Fic 5 _Incorporation of G Histidne mnto muscle protem
Eeect of glicout and msulin 48 kours fseed eats

First msuhn IB 1 but not ly the
ncorporation of ammo aad mto proten by diaphragms from anurhals
fasted for 2 or 3 days Thus demonstrates cleatly that an increase 1n tidl;:‘
acuwity of the protem does not necessanly (ollo\:"r an increase 1 d‘[ t
specific rad viey of ¢k cadsof the pool Secondly
with diaphragms from fasting animals additon of glucose and ms;llhn to
the incubation medium gives no greater sumulation of AIB accumulation
than 1msubn alone 1n contrast glucose and msuln act synergtstasy
upon mecorporation of amno aad 1nto proteir gIVING 3 sumul:}tlw:
larger than the sum of the stmuli produced by esther alone  From thes
facts Wool and I have reached the working hypothesis that snsubn ma?{’
have some effece on pepride synthests i addition ¢o that on 2mno-acK

transport
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In summary msehn promotes pephde synthesis 10 Tt
s Tmr)y mmpoacx‘f:x of the b effect can be x¢
duphrges Gom fed s imsulin samulates weorporation of amMAC
snto protesn ¢uen wn abseres of wided ghocose Whether this 18 acean
by an el effect on amuno~zaid Lanspory from extracellubar o
el ghar Trmans to be seitled by fisrthes spenment T dupl
from ¢8 hour fasung 1313 msulin afome has no ygmficant effect on ¥
syrhesss glucose alone promates tt, and tnsalin 3nd glucose tog, «
synersticall A s Jas swatson obtains for synhens of |
o1 proten m Inver shices from muldly dubene fats Thys component

ol 2asbolic sction 15 apparendy dependent on samulation of g

A

utilzation
1n conclusion, § should hke 10 mention thay Professor H Cl
nd voworkers have shown that other hoemonesdohase effectse
20¢ accumulation by anymal wssees  Fox example afier myecnon,
adseasl € 31 ovvsteronds promote accumulztion of AIR by tner butt
by certn athet tsues this may be webated co the conseryon of protan
10 gheogen Also oestrone promotes avcumubanion of AIB by uterus
Yt rot by othes ussury suck ax Iner upon whch orstrane has o par
teas growth-promonng effects o we are now n the position of
having 10 upravel the contnibunons of mdvidmt hormanes by way o
amne-acid ceansport and to shaw whether ar rae these vactous hormaones
hase sall othes effeens on protemn synthests
Dictrss Thank you very much Professor hraht for your mnteresng
;mmm a0d ontwmanon of some of the work of the preceding speakers
b! s chwious to us alf now 1 dunk, that there 15 room for Mematve
vpotheses on the acnion of snsulin on the eorporation 1h 2w ands
B st nthet telds concernmg msubn action The balanee of emdence
ws o e m fivour

- of direct sumulatory <ffect of msubn on amumo-
awe find Prefes :;\'d' e ppaready sndependent of glucast wansport,
o s0r Resh! and Ds Manchester i ag soement on ths basic

There s alo the
quesnon of e txiemt of energy required for thy
ir:yv:\;}\ﬂ:m which bears upon the wotk of De ﬁmﬁ who hz: n :
o on\m 'l thusk apphicd the findings of Lipmann and Zamecuk
e (mm.cm views of Erozcm bosymhens to try to locslize the
iy anx‘x" ‘:‘ :ﬁmn :hmi ;(T‘\mmmjd nnghdy xends o pm thys dowm
fc(;:“ milm\\;z}um :1 :h :‘i;)f"m of nbonaclsc 3ad m promoung
wrhnebadatlawm
Ot O v1ews whick aze perhaps not tasy to recon
o nm“\m:; r:znm there 33 more than one fctor :%?r?d, and thy

Proow A
it 141 8 eke tma b de pomts The fine s did Dr Koeser
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rose what 15 the mechamism of thus effect of msuln 1 the absence of
ﬁlucosc! In particular 15 this effect of insulm completely accourted fo

¥ an effect on the transport or accumulation of amuno ands The present
;n;“ er to this second question appears to be negative for reasons stated

elow

Kipms and Noall (Biochun Biophys Acts 3958 28 226) wotking at
Washington University rcporm{ that 1nsulin ncreased the rate of ac
cumulation of a non-utilizable ammo aad a-amunoisobutync acd (AIB)
by duphragms ur sitro There are dfferences between the effect of
wnsulin on AIB accumulation and on ammo-acid ncorporavon mnto
protemn (B, 5)

GLUCOSE  INSULIN
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Fi6 5 _Incorporation of Ci¢ Hisndine nta musdle protem
Effect of glucose and msulia 43 hours fasted rats

First msubin AIB accumul but not sigmficantly the
sncorporation of amino acid mto protem by duaphragms from ammals
fastef for 2 or 3 days This demonstrates clcarl}' that an merease 10 ﬂdl}?-
activity of the protem does not necessanty follow an merease md‘l 3
speafic radioactivity of theamino acids of the mtraceltular pool Sccslll'ln ly
with duaphragms from fasting ammals addition of glucose and msuln to
the incubation mednsm grves no greater sumulation of AIB accumulanon
than msulin alone 1 contrast glucose and ansulm act synergisucaly
upon ncorporation of amtno acid mto proten gving a stm d:lm‘
larger than the sum of the sumult produced by etther alone From these
facts Wool and I have reached the working hypothesss that msuln mﬂg
have some effect on peptide synthesis 1n addinion to that on ammno-ac
transport
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In summary insuhn promotes peptide synthesis 1 rat diaphragm
muscle Two components of the nsuln cfect can be 1dentified In
diaphragms from fed rats insulin simulates mcorporation of amuno acids
mto protem even 1 absence of atdid glucose Whether this 1s accounted for
by an msulin effect on amino~aaid transpore from extracellular to mtra
cellular phase remams to be settled by further expennment  In diaphragms
from 48 hour fasting rats msthn alone has no sigmficant effect on peptide
synthests glucose alone promotes 1t and msulin and glucose together act
synergusucally A ssmslar sitvatron obtamns for synthesis of glutathione
or grotem i liver shees from muldly dubetic rats This component of
wnsulin anabolic action 15 appatently dependent on stumulation of glucose
utilization

In concluston, T should like to mention that Professor H Chnstensen
and co-workers have shown that other hormones do have effectson amno-
2ad accumulation by ammal ussues  For example after mjection the
adrenal C-11 oxysterords promote accumnutation of AIB by Iiver but not
by certam other tissues this may be refated to the conyersion of protem
to glycogen  Also oestronc promotes accumulation of AIB by uterus
but ot by athet nissues such as bver upon which oestrone has no par-
teular growth-promotng effects So we are now 1n the position of

ving to unravel the t of individual hormones by way o
amuno-ac1d teansport and to show whether or not these various hormones
hasc stil other effects on protem synthesis

Dicxens Thank you very much Professor Krah! for your mteresting
ercsm and confirmation of some of the work of the preceding speakers
It 15 obvious to us all now I think that there 1s room for alternauve
bypotheses on the action of insuhn on the incorporation 1 amuno aads
5 1n most ather fields concesnimg msulin action The balance of evidence
seems to be w favour of ditect stmulatory effect of mnsulm on amuno-
aad incorporation whuch 13 apparently independent of glucose transport
3s we find Professor Krahl and Dr Manchester m agreement on this basic
pomt

There 15 also the question of the extent of encrgy required for the
protem synthesis which bears upon the work of Dr Komer who basm a
very oniginal way I'think applied the findings of Lipmann and Zameentk
and others on modern views of protem biosynthesss to trv to localize the
cxact pomnt of action and 1f 1 understood at rightly tends to pn this down
to an alteration 1 the effectiveness of nbonucleic acsd 1 promoting
Pprotein meorporation mn the cell

So we have had at least tw 0 views which are perhaps not easy to recon
ale but n these matters there 1s more than one factor affected and thy
1 10 new situation

PETROW  May I moke two httle pomes  The first 15 did Dr Korner

L
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use rats that were adult: Because as hypophysectomy alters the pattern
1 wondered whether castration would alter the pattern There may after
all be some sort of synergstic effect between the testosterone type of
compound and insulm’ and that brings me to the next pont

It has been suggested recently ~ I think 1 the BALJ withun the hist
2 years — that msulin 15 the major anabohe hormone of the body Now
that may well be true and I think probably prior to Puberty 1t 1s difficult
to see where the anabolic effect 15 gomng to come from ~ There 15 no
testosterone present as far as we know m the tissues But after puberty
you have Ithink a synergistic effect between androgens and the msulin
hormone

Korner In answer to the specific pomts ratsed by Dr Petrow ~(a) The
rats used 1 the experiment I have described were young adults 1e 3 5
months of age and weighing 150-.00 gms (5) Prelimunary expenments
with castrated male rats mdicate that androgens are concerned tn the
amuno-acid incorporation into protemn 1n the system 1 have described

Youne I did not understand clearly whether Dr Petrow was sug
gesting that the growth hormone of the pitwitary gland was not an 1m
portant anabolic hormone of the body I understood him to say that
insulin was the major one  Did I understand correctly?

Prrrow  That 15 the suggestion put forward m this recent paper

Younc I do not think that we can dismuss the effect of the pitmtary
gland on growth as lightly as that I myself am very mpressed by the
mportance of the pancreas i sumulating anabolism of protem but the
work of Scow m recent years has shown that 1n the rat at any rate one
sees an anabolic effect of growth h 1 completely dep
ammals mamtained on a constant dosage of msulm  Whle one should
not underrate the importance of msulin 1 anabolic processes such as pro-
temn synthesss I think one also should not be so much swayed by such
1deas as to demote the pitutary gland n general and 1ts grow ch hormone
1 particular n

Long Iwould hike to address a question to Dr Korner Smce remov:
of the hypophysis removes two types of effects on proten mmbolls}:
the growth hormone as well as the adrenal corticotrophic hormone I’
he studied these effects 1n arumals deprived of therr adrenals of prcvnoush)’
treated wath latge amounts of ACTH or hydrocortisonez One mught
anticipate rather oppostte effects with ACTH and growth hormone .

Kornir Thank you Professor Long for your guestion on the role
of the adrenals i this amino-aad ncorporating system My prelinunary
obserations show that small doses of ACTH given to normal or hy'P“‘
physectomuzed rats decrease the amino-acid tncorporation nto pro'eis
obtamed with the mucrosomal system but that when small amounts o
ACTH arc gaven to hypophysectomized rats together with GH a some-
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what greater incorporation 1s scen than when GH 1 given alone I'may
add that adrenalectomy results in decreased mcoxgonnon of amino aads
1nto protein n vitro and that the effect 1s exerted both on the microsomal
and on the soluble fraction of the cell

Date Iam not at all sure that my intervention 1 properly relevant to
the brithant contriburons to this symposium which we are supposed now
10 be discussing and which have been concerned wath the evidence for
the promotion by msulin of the synthesis of cell protems from amno
aads and wth the more detaled method of that synthesis Listening to
these commumcations however and more especially to some of the
eather and equally mportant ones dealing with the effect of msulin on
the relation between the glucose contents of the blood as 1t enters and
as 1t leaves the hiver m the Lving amimal Thave been wondesing whether
m discussing the signficance of the posttive and negative balance ob-
served sufficient attention has 1n all cases been grven to both sides of the
account Most of you will be aware chat I have never had any proper
ground for a claim to be regarded as a carbohydrate biochemust or mdeed
as a real biocherust of any kind I cannot {clp recalling however the
expentences which I had 1n the very czrlz days of research on msulin and
1ts actions 1n as happy and Lively a collaboration as 1t was ever my privi
lege to enjoy wnﬁ Charles Best whom we would so gladly have seen
here today Joseph P Hoet who 1s actually here and my own colleague
at that time thelate H P Marks  Students of the effects of nsubin were
even then faced with what seemed to be the paradox that msulin as was
to be expected caused glucose to disappear from the arculatory blood,
but that nobody had been able to discover what became of 1t The first
and natural supposition had been that 1t would have been synthesized to
glycogen and deposited as such m the tissues When however an ex
cessive dose of msulin was njected into normal mice with the result that
they fell into hypoglycacmic coma m some 20 to 30 munutes so far from
the glucose which disappeared from the blood bemg discoverable any
where in the body as extra glycogen all the naturally occurring glycogen
of the hiver muscles or any other tissue had also disappeared leaving an
ammal practically devord of free carbohydrate 1 any recogmzable form
'The theory which was then rather freely promulgated mndeed was that
msulin caused the transformation of carbohydrate mto some unknown
form 1n which 1t escaped detection by available methods With my then
still young collaborators however I found myself looking at the apparent
paradox gmm a different angle We reckoned that the amount of free
catbohydrate 1n any form which was available ar any one momentin
the orgamsm of a small anumal such as 2 mouse would by 1tself only
suffice to meet the needs of 1ts rapid owidative metabolism for say half
an houe or s Normally the baﬁmce was bemng constantly mamtamed
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by the catabolism of cell protems with a resulung formation of mutro-
genous excreta and glucose which would provide for a long mamtenance
of the blood sugar even i the absence of food

We thought therefore that the paradowcal effect of msuln could be
accounted for 1f we could suppose that apart from an mittal promonon
of the synthess of blood sugar mto cell glycogen 1t would also effectivdy
prevent the production of new glucose from protem  The oudave
metabolsm would then be essentially concentrated on the small quanaty
of carhohydrate available as such at the nme of myection and the pre
vention of new formation from protem would under such conditions
become the central feature of the insulin effect and lead to an early collapse
and death from carbohydrate exhavstion The only expenmenta! ton
tnbution which we were able to make was to show that 1n the evis-
cerated preparanon with blood sugar mamtamed b} artificial ifision
all the éxtra sugar disappearing from the blood under msulin could be
accounted for by glycogen deposiion m the muscles and by owidation,
We had no means available for testung our supposition that mselin would
also stop or restrict the new formation of sugar from protem m the
Iver Tmust leave 1t to our colleagues who have just given us such con
vinemg evidence of the promotion bymnsulm of svnthess of protems
trom amumio acids to judge whether the preventon of proten Dreak
down which we envisaged would not be another aspect of the synthetic
action which they have demonstrated

My only excuse for speaking 15 that I have had the impression — very
probably 2 mistaken one — that some of the results under discussion c’e;rhﬂ
today have appeared once again to be producing paradoacal robl }imf
of the carbohydrate balance sheet and T have wondered whether these
may agam have involved a neglect of the factor of the suppression @ =f
new formation of carbohvdrate from protem which I stll suspect o
bemg perhaps the most important of the actions of msulin 1can only
thank you all for tolerating what may be an srrelevant mtervention, a5
for humouring an old man s ancedotage!

Dickens  There 13 no nieed for me to say what a pleasure 1o wis 10
hear such a clear and vigorous account from Sir Henry who has pu!h! :l
whole thing 1 proportion by hus temarks  We are very glad thas he ha
this accident which meant his entrv mto this work at that ume .

Conr I thmk of course Sir Henry that new formauon of wd‘o\;
hydrate 15 a process which stll exasts  The debate was really wlmher! o
new formatton 1s from protem only or whether fatty acids atc e e
1y thus process as well During the period which I mentioned earher ‘ZD; "
duabetes was explamned by over-production then this could only bfi tes
by assuming that the fatty acids were giving a fiet gam m‘ca'rbhhy fr;a ;
byt since we know hing about dracy of fatty
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acds and proteins the present 1dea 1s that fatty acids are not important
contnibutors of carbohydrate although labelled fatty acids through a
common catbon pool may seemingly show that fatty aads go to carbohy-
drates So protein 15 at the present time supposed to be the mam source
of the formation of new carbohydrate and 1t 15 possible that 1f mnsulin
promotes the synthesis of protem that this means simultaneously a de-
creased breakdown of protem In this sense your pomt 1s very well
taken that this might very well result 1n a lessenung of new formation
of carbohydrate simply by shifting the equiibrium from protemn break-
down to one of protem synthesis

Date Do you not think that possibility does come into some of the
problems that we were discussing eatlier today:

Cort Yes Ishould think so very much especrally even m diabetes
where protein catabolism 1s increased this action of wsulin mav well
play an important role
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SUGGESTED IMPORTANCE OF ADIPOSE TISSUE AS A
SITE OF INSULIN ACTION AND AS A MAJOR SITE OF
METABOLIC INTERRELATIONS BETWFEN
CARBOHYDRATES AND FATS*

AuserT E RenoLD ALBERT [ WINEGRAD BERNARD JEANRENAUD
AND Donatp B MARTIN

The Baker Climc Research Laboratory and the Departments of Medicine
Harvard Medical School and the Peter Bent Brigham Hospital Boston
Massachusetts

‘When considernng the metabolic mterrelations between carbo-
hydrates and fats 1¢ 15 customary to be pimanly concerned wath the
Lver I should Iike to review observatons which suggest that our
concern should be equally devoted to adipose ussue a tissue hughly
specualized for the synthens of fatty acids from glucose as well as
from other precursors With relation to glucose the ssgmificance of
this problem may perhaps be underhined by recalling that as first
definutely pomnted qut by Stetten and Boxer the storage of glucose
carbon as fatty acids easily equals and frequently exceeds 1ts storage
as glycogen

Although most of the observations to be reported will concern
the effects of msubn upon adipose tissue I should like to make 1t
clear at the cutset that they will not really bear upon the mechianssm
of msulin action In thus tissue we areas yevat the stage of describing
that msulin does rather than how 1t does 1t

The studies to be presented as well as our general mterest m
adipose tissue and its hormonal control have been early and
lastingly nfluenced by the extensive work carried out 1 the lab-
oratottes of Wertheimer and Shapiro! 182 in Jerusalem Haus-
berger m Philadelphua® 13 and Favarger in Geneva 3 Wertheumer s
classic review published 1n 1948 20 emphasized the observation that
glycogen accumulates 1 the cytoplasmic im of adipose tissue cells
under certamn. rather specific circumstances among which the ad-
munistration of msulin to duabetc rats was promument When first

Spp tedmpartbyth Adl Fundt n In Rye NwYok dtheN: 1
ye N w Yo the Na_nal
‘&omxl mg Heakh, United States P blc Health Srvie Bthsd Maylnd (G ¢
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concerned wrth this tssue 1n 194925 we observed (Fig
wnsulin was myected mto the grom fat pad of sx du’
bemng myected as control on t%c ather side) glycogen d ,
greater sn the msuhnanjected pad suggesting a direct, [
msulin upon this tissue The glycogen levels shown ¢
become quite considerable when related to fat-free st

{PZ1 Sunits i 1o feft qoin fot equol volume saling
Wntp ¢ gnt g o n tat Glycogen meas red 20 hou ¢ later}

sanine iny Liw

seveoozn
-

Fic 1 Local action of mnsulin m six drabetic rais. Dats from Renold et ¥

Subsequently the ewstence of a direct effect of msulmn v an

se uss?!c sugges:ed hese was established «r vitro Y? Km& ¥
E;) Haugaard and Marsh 7 using glucose uptake an ovcygﬂ‘!‘
sumption respectively as parameters of msubin effectivencss
insulin effect upon sliced brown ads iosc nssue hasalso R
as pointed out yesterday by Chan but this nissue of almost gm“ .
appearance shauld pml;ably not be constdered as represen
adtpose tissue 1n genera

Iga.vmg patd Lg longed and respectfial © d\ctg‘:: -
the ntervening years we have recently renewed our Ml e
adipose tssue using the epididymal fat pad of the male rat:n -
preparatton carefully avording teanng, shang c%ﬂlllmg 0: o 3 iy
necessary handling n the process of securing 1t This ussts
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better termed a fat sheet than a fat pad smee st
pending mediam and 1 the appropriate size rat isa.
4 to at most 1 mullmetre thick 1 any one
pomt out to those justly cntical of the unhomogens
exnsting m ssolated & sues that in thus mstance glycog,
 utro may be shown to proceed rather homogenco
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£10 3 Effects of sasulin sdded s ro an onadsnon of glue U4 L 1o CO andon
<orporsnion of glucose carbon ante lip de by £at adipose kssue after incab bon pe-

virying fram ¢5 smastes to 6 hows o ubsaon carried out e Keeh bcahonate
ontaang o mMl of glucose, asalin conceatcatia when present 0 1 Gt per

out {unpublished observations of Blacklow and Martin)  The asst
= symum treeal and furth may be quite c ly sub-~

wided mto as many as three preces for each pad a total of sux preces
for cach anumal  Early results concemmg insulin cffects obtatned
ader these condinons revealed them to %c of unexpected magm-
tude and the decwsion was made to engage m 2 rather long-term
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ﬁrogrammc of re-evaluation of the effecttveness of msulin and other
ormones upon this nssue  Some of the ob ervations gathered
since™ 16 gl be summarized here

Fig 2 dllustrates the effects of msulin added m 11#r0 at rather high
concentration {o 1 unttml ) upon the oxidation of glucase carban
(usng uniformiy labelled glucose) to CO, and 115 unlization for the
synthesss of long-cham fatty acids It 15 apparent that the effect of
msubin 15 marked early (15 munutes) and persistent (up to 6 hours)
although some diminution of effectiveness during the last 3 hours
15 suggested [ should Iike to pomnt out that on the balance sneet
these two metabolic fates of glucose carbon (1 e ondation and ipo
genesis) accounted for approximately two thirds of the glicose dis-
appearing from the medium both with and without added s
Also that 1t 15 not necessary to use labelled glucose f adipose
tissue 1s menbated m a Warburg flask without centre well m the
presence of glucose the respieatory quotient 15 wually close 1o
unmity and net gas formation or uptake 15 therefore mmimal
wsulin 15 now tipped in from the side-arm  the respiratory quotient
ncreases immediately to between 2 and 3 and net gas formation
becomes evident proceeding n Linear fashion from withmn seconds
of msulin additsion to at least 3 hours later Observations m 1h§
system are presently actively bemg pursued i colfaboration Wﬂd
Dr Enc G Ball in the Department of Biological Chemustry Harvare
Medical School *

Insulin effects upon adipose tissue occur at remarkably low con-
centrations of the gormone as shown m Fig 3 In this mstance siX
preces of adipose tissue from one rat were used and a clear-cut
nsulin effect was observed at the concentration of 10 n-ucro—dllll;ﬂs
perml (or 10~ units per ml ) a quute consstent and umform E_
whatever the mdex of msulin actvity used  Sull Jower concentr:
tions are frequently but not mvarably effective Paxendxca»:lu)‘
I mught recall that the most generally accepted figure for ms e
Itke activity of normal human plasma obtained m the fasting 5
15 of the order of 100 micro-units per ml chests

Although effects of msulin added m 1 stro upon fatty acrd syn! il
have been described m 1solated Iiver these effects could sof be o
tamed 1n biver ssolated from diabetic animals ”$ It was of mterest ui
find therefore that the dircct effect of msulin upon glucose 00

o O
* Some of these results h ve been published by Ball E G Martn D B and Coop
{1959) J biol Chem 234 774



tion ap nd Jipo, Ogeness fro,
adipose ¢ Suc obtayn, cdf
the bag ehne g

Was comxdcnbl) less th
Bg 4[::!1:1- CMongtr,,
Beresis vyag d m
“Pectfically fepe

Slucose
UPTaxe
AMIgm g 4y

4 2 renogp etal

1 plucose could pe (|

b:uc 2Mmals
e dmb

r:-s :har vhcn

Iearly den



158 MECHANISM OF ACTION OF INSULIN

Table I 1t 15 apparent that (as previously shown by Milstentt
carbon dioxide only) unstimulated adipose tissue metabolizes
carbon-1 than carbon-6 to CO_ and more carbon-6 than ~—r
to fatty acids suggestng the ikely presence of the phosphog!
oxidattve pathway m this nissue In confirmation 1 have
authorized to state that Drs Shaw and Winegrad working i

EFFECTS OF INSULIN ADDED IN VITRO ON LIPOGENES!S
BY RAT ADIPOSE TISSUE
Umic omales carban per mg nitrogen o ¢ 3hours)

noRMAL piasETIC
[ 3

farry aads
Ft 4 Esch column refers to substrate carbon mcorpor ted into adipose tisue s
during the perod of ncubation the lsck columa beg the mean acuty of e ey 3
the presence of sasuln (0 ¢ umt pet ml) the shaded colamn representin the mean of e
paured controls. Normal and Disbeu refes to the stae of the ammals from whch
ssues were obraned. The Bature of the substrate 1 indicated by the leies ot e top
exch pur of columns a3 follows G¥ glucose-U G, 20 mufl. A scersot ¢ Somafly
G unl belled glucose 10 munl Note that m the foutth pai of columns o sl s sy 4
and that the vanable examncd in thu smstance s the addinon of unlibelled glucoe T
bracket adjounung each column indicates the standard ercor of the mean of the

and does not make allowance for the paired matare of the d ta

Stadie s laboratory have demonstrated d&c g_xcicncs of|consld::a§if
b ar plog
actvity of both gluco te apparenrt R e table shat

hydrogenases m this tissue It 15 al
when msuln 15 present both metabol ihod
activated although not to a symular extent 1n all mstances e
like to concentrate first on the fatty acsd data and pomt out tha i
ratio of carbon-1 to carbon-6 icorporated mto fatty acids refn(l: 4

the same albeit at a much higher level of actvity The ratio o 2

lic fates of both carbons are
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from carbon-1 to CO_, from carbon-6 however 1s severely shifted
towards carbon-1 It 15 customary to dispose of such discrepancies
by pomnting out the relative lack of relubility of any calculations
based upon CO data alone (reflecting perhaps varations n pool
stzes for various paths from suby to CO,) althougl this r

g

Tante 1

EFFECTS OF INSULIN ADDED IN VITRO ON THE METABOLISM OF GLUCOSE-I-MC BY RAT
ADLYOSE TISSUE®

Number of 1 opoaton nt
expert ¢ 1 Il Oxd tort €O Sy &
carbors | ¢ bus | b 1 | arbons
] ° 092 oz4 o019 039
6 + 636 o33 306 631

*Allvle peseda micro wles of gl coc ca bon-z or carbo -6 per mg biss
tutrogen. Incub & o carned out for 3 houirs 1n Krebs b carbonate buffe contaring 20
tmullimoles per bt ¢ of glucose I sulm conce tratio  when p escnt o 1 it pe ml

does not appear entirely convineing mn this mstance  Be that as 1t
may however the more standard and rather generally accepted
mode of calculanng relative activaties of the glycolytic and the
phosphogluconate-oxdative pathways (based on fatty aad data)
d a pletely sumilar stk of glucose-6-
phosphate metabolism between the two pathways wath and without
wsulim (Table I)  We ateach importance to this mamly because 1t
clearly suggests that the major acton of smsuln upon this ussue
becomes effective before gl -phosphate leaving d trans-
port andfor phosphorylatton as the only known determimnants
ch we could not say

Parenthencally I should like to add that we have utilized the thus
observed highly active CO, formation from glucose-1-18C as 2

ely and i our hands the most appropruate mdrcator of msulin-
like activaty for bio-assay purposes ¥ The sensittvaty of this bio-assay
system 1s 16 micro untts per ml (13 & 4 per cent of control value
4 being the standard etror for twenty observations) This msulm
sensievity 15 not altered by adrenalectomy or by costisone over-
dosage 93 finding 11 agreement wich the observations of Levine
the eviscerated dog discussed elsewhere 1n this symposium - Further-
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more the depressed hipogeness from pyruvate extubated by adipose
tissue from alloxan-diabetic rats 15 not retumned toward normal by
supertmposed adrenalectomy 7 1 marked contrast to hepatic lipo-
genests from pyruvate under these conditions * This discreparcy
could be established even m the same group of anmals as llustrated
m Fig 5 and 1s presently mtcrpreted as suggesting that the adrenl

Tants I

EFFECT OF INSULIN UPON THE METABOLISM OF CARBON-6 OF GLUCCSE TO FATIY ACIDS
BY WAY OF EMBDEN MEYERHOF OR ALTERNATE PATHWAYS®
(Calculation discus ed n Reference 21)

1a Einbde 1 ¥ ia aleeuate
Animal no Total Meyerhof | Veaatiernate | pathvay (per
pathu pathut ay cent of t wal)

No nsuli adt &

16 037 034 o1 35
117 066 o4 042 54
it 062 oz 041 6
12 041 013 026 63
113 o025 014 on “
128 023 010 o1 57
Moan 55
1 st added 1+ all flasks
) I 38 264 374 59
120 834 201 343 34
121 291 11 179 62
125 959 500 459 48
126 419 230 180 43
127 848 48 366 8
Mean $2

* See foomot  Table I

corncal effect upon hepatic lipogenesss mav well be sccondgry to
other hepatic metabolic events mduced by glucocorticord admm
stration or withdrawal

I should Itke to devote the last minutes of this presentation © twlc
a5 yet somewhat unrelated observations which T would use m;;':it)s’
to emphasize the probably muluple nature of the regulatory ;mn "
exerted upon adipose tissue effects which we are only just beg? o
to analyse T am fortunate in bemg able to present w ork fmmFo !
present and past collaborators some ver recently obtamed  Fus!



A E RENOLD ef ¢l 161
Albert Winegrad now workimg 1n the laboratores of Dr Stadie
Dr Lukens has recently expanded observations begun jomnsly
n the effects of bovine growth hormone on adipose oissue 1
> We had previously found thar growth hormone added
» sumulates glucosc uptake stmulates CO, producton but

LIPOGENESIS FROM PYRUVATE 2 ¢
BY RAT ADIPOSE TISSUE BY RAT LIVER SLICES

NORMAL DIABETIC DIABETIC NORMAL DIASETIC DIABETIC
aox oy

tc § Adiposcti uea dliver s eswereobt od from ¢h sam ammals Note that only
& “values b tn t bsol ¢ valu s should be compared berween s 2 sin the con-
s ofth tncubat nswithvegardt tm as well s the refezence mea urem ¢ diffe ed
br ket diowu g ea h col mn indicates th e nd d of error of the mean for each
P(unp blihed d ta of Jeanrena d a d Renold )

Is to sumulate bpogenesis When as shown i Fig 6 the oxada-
n of carbon-1 and carbon-6 was measured 1n the same tissue at
urly mntervals for 4 hours unstimulated tissue persitently pro-
ced more CO, from carbon-1 than from carbon-6 and the
dition of msulin at the end of the first hour resulted m 2 much
ater mcrease of CO  production from carbon-1 than from
tbon=6 as cxpected from obscrvations already discussed (Table 1)
hen growth hormone however was added after the first hour

apparently selective sumulation of the owdation of carbon-6
sulted - A possible explanation of this rather uncxpected finding
M
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would sug gest a specrfic sumulation of the glucuromc ad pathway *
Itzsnecessary to pomnt ont the fugh concentration of growth hormone
required to exert this effect upon this tissue

Secondly Drs Peter Bally and George Cahill m our laboratory
have studied the effects of glucose upon the mcorporation of
palmitate-1-4C mto adipose tissue tnglycende and uponits ouda

EFFECT OF INSULIN (0 1u/mi) & BOVINE GROWTH HORMONE (fmg/ml)
ON THE OXIDATION OF CARBON | & 6 OF GLUCOSE BY
ADIPOSE TiSSUE OF NORMAL FED RATS

conTROL AN INSULIN (T} preaTe
220
180 .
/
140
MM Ty NN
—c
¢ ‘ee-

~

] HE TR
HOURS
In the case of mms
6 Each powt sepresents the howlv rate of HCO, production
wd ‘erowth b smons the sddimon, of ether hogmons aiviardately followed the oy I
fection st the end of the first h ur Incubation was cartied out m Rrcbs pho pha
(obsstvations of Winegrad Shaw Lukens and Stadic)

nonto CO  Asullustratedn Fip 7 the presence of glucosc at %U!!C
low concentrations increased fatty acid storage but decreased 3;:}'
aaid oxidation ** Also Gordon recently reported a darect s I}
effect upon fatty acid release by adiposc tissue m the presence o
glucose

wc
# These studies have since been published by Winegrad A J Shaw W 5t die

dR nold A F (1ps J bol Chem 234 102
RN 2“1:1‘115: :inwmyx(cgesx of publicaion by Balty P R Cohall G ¥ Jr 1eb of

** Th se
B and Renold A E.(1960) J bio! Chem
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1should hike to begm the sumsmary by pomting out that accordme
to the s.hema prevaking 10 or 15 years ago gluca ¢ (with regard
to sts relanons to far metabolism) wos primanly transported as
glucose to the hver there tran formed mnto fatty acds transported
a3 farty acds or trlycendes to adipose tissue for storage tecalled

EFFECT OF GLUCOSE UPON INCORPORATION OF
PALMITATE 1 C'% INTO TISSUE LIPIDS AND
UPON ITS OXIDATION TO €0,

BY RAT ADIPOSE TISSUE

0

FAMTAIE
T
15 e g v

treit

t M
PERSENT
€ENTRCL 100
13 Blucose]

PLORY s : 223 . %0
NoOF MNMS 9 3 3 s 5 10

1

o
socose] WE 8 3 Y Y 25 8o 100

0
'

F10 7 In ubat on camed out i Krebs b carbonat buffer v th 5 per eont Bt fre human

albuman 2nd 2

mEq)! palmic te-r46C N te thit the viises ace expresed 83 per cent of the

conzrol vatue obt ned m tte bsenc of glu 3¢ (d 2 of Bally C tul LeBaof nd Revold)

whea needed to the hver and chere taansformed into ketone by
and thus finally made avasable for general consumption by »
such as musele In accord with newer knowledge this schema
b en largely replaced by direct fatty acid synthens from ghucose
adipose tisne wself and direct uthzation of fatty acds released
adipose 11 suc not only by the bner but also {and to 2 major

by tissues such as muscle ‘m particular heart muscle  This being
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should we not really expect a hughly sensive
regulatory system for fatty aad synthesss farey
fatty acid relesse by this tissuer We bebieve that

to be the case and feel that we have found a5
evidence of a direcr action of at least one hormone
adtpose tissue 2n action exerted upon glucose
synthests glucose oxdation and Guy acd
magmtude of the effect of msulin upon lipogenesss *
and the low conc of msulin required

may well be the mam site of msulin action upon '
data we have gathered to date are for the nme F
with a primary moudn effect upon this tissue at an
glucose utdizanon specifically between extrare!
mntracellular glucose-6-phosphate while not of co
other sites of action on parameters not measured  As
made no distmchion between an effect of msulin
traeport or phospharylation
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INSULIN IN SERUM PROTEIN FRACTIONS
K W Tavior*
Departnent of Buochennstry Unwersity of Cantbridge

Measurements of the glucose uptake of the 1solated rat diaphragm
have now been shown by manv workers to be the bagis of 2 sensiive
mode of msuln assay m vitro Howover when the method s
apphed to blood 1ts reliability may be semously affected by the
presence of other substances m blood This 15 especally the case
where the blood serum of duabetic man or anmmals 15 concerned
Thus Randle and Young ®® and Bornstemn ? have descnbed Lipo-
protem type mhubitors of glucose uptake by the diaphragm 1
duabetic men or ammals Field and Stetten? claim to have detected
an « globulin mhubitor of msulin action 1 the serum of ketosed
human diabetics and more recently Vallance-Owen et af 28 have
described an msulin mhibitor present 1 the serum albummn of
Eumrs with fled diabetes Accordmg w Groen® wnd

s co-workers adrenalme too may mnhibit the action of msuln
even when present m concentrations which are stated to be
physiological

There are moreover many substances which may by themselves
stmulate the action of mnsuln thus certan small molecule sub~
stances such as sahicylate or dimtrophenol are now known to increase
glucose uptake by the diaphragm and serum albumun has been
reported to do the same 1314

A further difficulty relates to the form m which crculating
nsulin 15 erscnt mn blood Yrom the studies of Berson et af 4 1t
seems Dike! {ﬂmt some of the msulin present m the serum of msuln-
treated diabetics may be bound to globulin by what 1s appatently
antibody and this anubody bound msubin may nof be necessarily
avallable for action on the diaphragm It 15 also possible that not
all the msuln m normal serum 15 brologacally avadable when un-
diluted serum 15 employed and tested on the diaphragm

These considerations led to an attempt to fractnonate serum pro-
tem for msubn actvity  The method which we have found most

* Elmor Research St dent
165
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valuable has been zone electrophoress on treated cellulose columns
In general § ml of serum have been electrophoresed for 40 houss
at 1000 volts in a phosphate-borate buffer pH 84 After clectro-
phoress the separated protetns were cluted from the column and
the protet concentration of s ml portions of the eluate determmed
by measuring the optical D at 280 m/u 1 the Beckman spectro
photometer In order to locate msulin 1 the serum protein fraction
a trace labelled 1] mnsulm has been prepared and electrophoresed
m the presence of serum  The results show that a peak of radio
actwvity appears migtating somewhat slower than the albumm
frachon This confirms the observations of several other groups
of workers that free insulin migrates on starch blocks or paper with
a mobility shghtly less than that of serum albumm at or about
this pH

lnPthese expennments especal attention was paid to the posstbility
that the msulin atself might have been damaged by 1odmaton so
that 1ts electrophoretic moblity was altered since Berson® has re
ported that this type of damage may take place using radio-todine
The preparation obtamed however had a sumdar mobiity on
electrophorests to that of un-odinated msuln and behaved
simitlarly when subjected to paper chromatography m a butanolf
acetic sy stem

The next serics of experiments were concerned with the effect ﬁn
the glucose uptake of the diaphragm of serum fractions obtamed hy:
electrophoresing serum mixed with excess unlabelled msulin
this expenment fractions were dialysed agamst disulled ::lmtl“
freeze-dned and the dry protemn restdue dissolved 1n bufféred g “&
cose before testung on the diaphragm A maamal effect 15 ob!:mllle
with the slower moving albuzmn fracu)ons with some smaller
effects on the p andy globulins (see Fig 1,

When nom?al s:rurgx was electropharesed without nddmo‘:ls the
greatest effect was found agam in the slower-moving af llfg“-“
fractions with somewhat lesser activity appean:]% m the f 136““7
globulins These results have been reported m fi elsewhere "

Broadly sumilac results have been obtamed by testing ﬁ'ﬂm‘t’cd
made by electrophoresmg the serum of disbetic pattents tmr
with msulin sumulation bemng obtamed m the slower- but muchrz:
faster-moving albumin fractions and also m the p andy gf‘;s have

In recent publications both Beigelman® and Bolinger et 4 g
mndependently reported that msulin activity 1s present m the p-
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y-globulin fractions obtamned by the electrophoresis of normal
human serum though some doubt seems to exist as to whether or
not albumn may also exhibit this on occastons

In 2 general sense these expenments agree with those reported
above although the effects we have noted m the albummn zone
appear to be somewhat greater than theirs

132
z 531 2| =
|z AfEE] 21 2
g | Sf{e3{ g &
g1V 3|¢
- “Q)'
L e
Ve
-
ze
3
-3
H
)
Ta

FG1The £ tof umpro mf & mdebyzon 1 tophore s onthegl o
puke fihe soltede d ph gm om0 Ex  melmaddedto  mbf e e to-
phoe

Since labelled and unlabelled nsulin added to serum mugrate m
the slower moving albumin zone 1t seems probable that the actvity
found m this region when serum to whuch zdditions have been made
15 electrophoresed 1s due m fact to free msubm present i the serum
However some doubt as to the exact nature of the sumulating
effect duc to the p andy globulin remamed and 1t was deaided
therefore to see tf this effect was neutralizable by msulmn antiscrum
preparations  Since human msulm was not avarlable 1¢ was decided
to prepare antiserum against ox nsuln and to test this agamst ox-
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serum protein fractions Antisera to ox msubn were prepared
gunea-prgs by the method of Moloney and Coyall using an
emulsion “of msulin m ol Such prepatations will completely
neutralze the effect of msulm n stmalating the glucose uptake of
the solated rat diaphragm  Control preparations made by imjecting
o alone into gunea-pigs did not nentralze insulm Neutralization
of the effects ot the msulm on the rat duphragm have also recently
been reported by Birkenshaw et of 8

Glucose uptake mg glucose fqmwet diaphragm ffy

RN A
MEDIM MEDIUM + MEDIUM +
257 OXSERUM 250X SERUM +
75 ANTISERUM

Fi6 2 The effect of anuserum to ox msulin prepared n gumea p g on the snamulanon by
ox seruza of the glucose uptake of the 1solared rat diaphragm

Tt was first decided to attempt to neutrahze the effects of wh&lc
ox serum by the antiserum preparatton In Fig 2 are shown the
results of such an experiment

The ox serum was tested m 25 per cent dilution with an ant-
sersm concentration of 1 m 15 Complete neutralization of ‘:;xc
stmulating effect of the serum has been obtamed These results
have been obtaned with other specimens of ox serum & dhe

The results of electrophoresing ox serum m parallel wa i
flects of various fractions on the glucose uptake of the 1solated ra
laphragm are shown m Fg 3

lgn‘ pgurposes of mvesngagtmg effects on glucose uptake bbmad

lv1stons of fractions have been made into albumumn and post-al ull;m!-:
one and B andy globulns It will be seen that while the who
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albumnm fraction has no effect on glucose uptake there 15 a small
effect 1 the post-albumn zone a greater effect m the B globulns
and the greatest effece 1 they globulins These effects appear to be
neatralizable by anti-sera as can be scen m Fig 4 vsing another
sample of antiserum

GLOBYLINS

£} pot 280ms

i}

w
o
T

It (over basal

~
o

1
1
1
1
|
|
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Effert of fractio on ghicose Ut ke by
o

& phr gm Amg Jgm wet daphragm
Q.

Fic 3 Theeff toffr omm debythez n lectioph  sisofno mal o% serum on th
gucose uprak ofth olated ¢ chaphr gm.

In the left half of the figure are shown the neutralizing effects of
antiserum on the B globulins and post albumin fractions and on the
night are shown the effects on they globulins From these results
therefore 1t seems that all the effects of ox-serum fractions on glucose
uptake are neutralizable by ox msulin antsera Stmular results have
been obtamed with the ¥ globulns prepared by elect
from several other ox-serum samples
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Complete neutralization of the effects of the whole serum of an
msulm-treated diabetic pattent have also been obtamed as well as
neutrabization of they globulin of the same patient It seems there.
fore that 1f the antserum test 15 a specsfic one these y globubn
effects are due 1 fact to msulin

[ would lthe now to return to the effects of serum albumm mself
on glucose uptake - Several workers have 1n the past reported that
scrum albumimn enhances the uptake of glucose by the 1solated rat

3 FRACTION Il+1l (2-GLOBULIN) FRACTION ¥ (y-GLOBUILIN)
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£
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- 1g-

s P<0 02
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g O5—
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8 BUFFER+ BUFFER+

= FRACTION FRACTION

PRET BUFFER + BUFFER+

H FRACTION + FRACTION+
ANTISERUM % ANTISERUM

Fic 4 The neutrslization of the 1 ulin effect of ox serum proter fractions by antisérum
to ox msulin prepared in gunca pigs

duaphragm and 1€ has been suggested by Randle!! that thus effect
mlght b%: duetaa ccncammanong of the albummn by msulin - Column
clectrophoretic experiments support this conclusion In these ex-
peruments the whole albumum fraction of ox serum /F"’“ faster-
moving fracuons of human albumm do not ek -
mdeed there 35 3f anything a shght whibtion .
Albumin from several species however made

preaipitation method of Komner and Debro*

uptake of the diaphragm — the effect beng

greatest m

- 'z
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In Fig 5 are shown the effects of human albumin prepared by
thus method on glucose uptake compared wath the effects of albumin
denved from human serum to which a small quantity of insulin had
been added before precipitation In this casc the albummn prepara-~
nons were preapitated with tnchloraccnc aad extracted wath
alcohol dualysed agamst dunlled water lyophilized and after
making up 1n buffered glucose were tested on the diaphragm A
small effect 15 scen wath the sample made from serum without

»
o
T

PeOOO)

"l mt o prognd
:

o

Aegol

N
SERUM M4+ ADDED ISUUN
o R A

g 5 The effcct of albumun prepa od by th fi-chional p eaipt & 1 of protemns fo
normal serum on the gl cose tptak of the isotated a¢ ds phr g

additions and a very much larger effect wath the sample to which
nsulin had been added These results mdicate that nsulin mav be
co-precipstated  with serum albumun under these  condinons
Albumin stself appears to be without wsulin activity and mdeed
the tesults of the work of Vallance-Otwen ef a1 indicates that an
antagonust may be present in ths fraction

Before drawing some general conclusions mennon should be
made of more recent work on the setum of msubn treated duabetics
It was noted 1 some expeniments that the effect of the y globulin
fractions obtained by electrophoresis of serum of these individuals
was considerably greater than normal even though the whole
seramm stself had no stansnealty sigmincant effect on ghucose uptake
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These results led to an attempt to extract msulin from ths type of
serumbyanacid-alcoholmethod After dualysis agamst water freeze-
dred extracts were made up m buffered glucose and tested on the
duphragm  The results of such an expetiment showmng 2 lasge
v-globulm effect are shown m Fig 6 In ths case whils the un-
fractioned serum 15 without effect on glucose uptake a larger offect
1sobtained with the extract These results confirm the work of Ba.rd
and Bornstern- who have shown by a simifar extraction techuque
that wsulin raay be present m the serum of such wdivaduals though
1ts brological activity may 1 some way be masked

Mrs LIOArs after soluble sl
P<0 02

BUFFER 4 BUFFER 4
SERUM 25%  EXTRACT

Amggucase fon.wet Caphragn /b (over basat)

Fio 6 The effect of serum and crude acud-ethanol extracts of serum of an wsulha trated
disbenc pagent on the glucose uptak p

To summarize 1t secrns that m whole serum all the effects 1
sumulating glucose uptake are due to msulin  Likewase the gnmtt;
Lating actvity of plasma protem fractions seems also to be dee
msulin 1f msubn antierum sepresents 2 specific sulin antag«zg!l;
We have found no evidence that zlb\;}xmg ";flf free from ms
stnulates the uptake of glucose by the diaphragm

EIectmphorests) of human serum has revealed sumu.lamrir‘ gfﬁ
on glucose uptake 1n two zones namely the s]ow:r-muvmgd “\m—
zone and the p andy globulms Since free msuln fabelled or
labelled 2dded to blood appears to nugrate n the slowcr—movfxcr:%
afbumun zone the effect observed in ths zone m normal serum 2



£ W TAYLOR 173

clectrophorests would scem ta represent free cieulating plasma
msuln

Studues with antsera al o suggest that the effects noted i the p
andy globuls ace due to msuhin fthis1sso then thss insubin may
beassocrated m some way with the globulms  Berson® has suggested
that globuhin-bound snsulin 35 presenit 1 the serum of nsulin-treated
duiabencs and 2t 1 not smpossible that simlar assoctation of wsubin
vath andy globubinstakes place even deerum Theideathat
wsulin may 1 some way be assoctated with serum proteins 1s not
entrely new  Using 10n exchange columns Antomades ef al? hag
also reported that msuln added to blood may behave differemly
from the aizculanng hormone and 1t has been sugested that ths
may be due to the assonanon of msulin with serum protems

Bnally the possibibty that some of the blood msulin of wreated
dubetcs may be bound toy globulins and therefore biologeally
unavatabl. may be a chmeally important one and thus dese
full mvestigation
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BIO-ASSAY OF SERUM INSULIN-LILE FACTORS*

PauL M BRIGELMAN
Unwersity of Southern Californsa School of Medicne

There has been abundant evidence that alterations m adipose-
tissue metabolism are mduced by nsuln 458 More recently ¢ has
been noted that mcrements of glucose uptake by adipose tissue are
responsve to such small concentrations of msuln that an mnsulin
bio assay sensitive to 10 micro-umts/ml may be feastble with this
system %6 For the past year this techmque of bio-assay for insulin-
ke activicy utihzing glucose uptake by wastar rat epididymal
adipose tissue has been studied at the Umiversty of Southern
California Medical School  This method has proved highly seasiuve
and quute stmple but does not appear as yet to be vety precise

MreTHODS

Fed male Wistas yats were stommed by 2 Blow o the head and
quickly killed by decapitation  Segments of epididymal adipose
tissue were rapidly exaised quickly weighed 1 a torsion balance
and immediately added to Krebs bicatbonate buffer contaming
glucose Human sera and concentrations of wsulie were added to
the buffer and glucose substrate 0 .. per cent albumtn was meorpora-
ted with the controls and the msuhin determmations Incubation
proceeded for 2-4 hours i a Dubnoff metabolic shaker under 95
per cent O -5 per cent CO_at36 5 € The usual toral glucose was
~0-30mg m .05 ml volume of buffer per beaker Residual
glucose was measured by the Somogy1-Nelson method 7 and glucose
uptake expressed as mg glucose/g adipose tissue

Resurts
A number of varables including wesght of the anmmal il
glucose duration of meub: weight of adipose

tissue state of nutnon and protein concentration are bemng studied
At present the weight of the animal appears to be the most impor-

* Thiswork was s _tednipa tbyG  tNo A 15160fthe USPHS  dag mtbyde
DbrsAsau ofSouth Cabforma

75
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tant factor Higher glucose uptakes and an improved response to
the insulin were associated with employment of adipose tissue from
lower weight ammals The correlation coefficient (¢} for ammals
m the 100-180 g weight range was 0 54 (P < o oo1) Conversely
the r value was 022 (P > 0 4) for rats wetghing more than 350 g
(Fig 1) Suggestive loss of msulin sensivity also appears fo be
assoctated with mereased wesght of tissue and decreased duration of
meubation  Prelmumary evidence mdicates that alterations of mitial

Relationship of insulin cone. to Glueose uptake

Glucose uptake (MG Glucose,
GM Adipose Tissue Log m|=;

AN T 100-180Guse—

30 Wligugs—
ELC
1 0 100 1000

AN CORC. (hRO UNITS /ML-106,, SCALE)

Fi6 1 Relaton hup of glucose uptake mg glucosefg adipose tisue expressed as logu
to msulin concentranions log _values (at values on graph represeated as anti 1 g3) of 1 10
150 and 1000 M cro-unus/ml Control uptake also represeated Rel tionshup of merement

h dentan t 1 fml range Correlaion

o ip wmsuln
coefficvent (r) caleulated for chus dose range

glucose concentration withut the range 2 0-4 o mg do not matersally
affect bio-assay sensitvity  There 15 some suggestion of shight insulm-
ke actrvity assoctated with albumm concentrations of 1 0 per cent
or greater but the evadence 15 not conclustve - At present 40-6o mg
segments of adipose tissue from rats weighing 100-180 g are -
cubated for 2-3 hours i Krebs bicarbonate buffer contamung 2-3 mg
of glucose per beaker

Clinical studies have been performed on normal and diabetic
coma sera  There 1s considerable individual vanation of serum
(ddhuted 1/4 or 1/10) msubin-ike activity in fitteen normal subects
studied To some extent this may reflect varability

©
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of the method but also mdscates wide fluctuations of normal serum
msulm-ltke activity  Prelimmary evidence suggests that z-hour
post-prandial serum msulm-like actvity 15 greater than that of
corresponding fasting sera

Sertal serum msulin-like activity d have been per-
formed on exght diabetic coma patents ¥ The tnitial pre-treatment
coma speamens demonstrated wsually lLttle or no insubin-hke
acuvity Rapid mcrement of serum mnsubn-like activity accom-
panted exogenous msulm therapy and did not appear to be associated
with any alteration of the patients chmcal status  Certanly there
was no very apparent relationship between the mcrease of serum
msulin like ‘activity and change i blood glucose levels or CO -
combining power

Investigation of mnsulin-like actvaty tn varous discrete serum
protein fractions prepared by the method of contmuous flow paper
electrophoresss was performed mn this bio-assay system The tech-
fuque of contmuous flow paper electrophoresss has been described 1
Serum albumn y globulin and - globuln definitely demonstrated
no msulm-like activiey B plobulin and adjacent fractions par-
ticalarly the fracton migraung between p and y globulns were
assocuated with increased glucose uptakes The fraction which
mugrated between B and y globulms possessed defimte and sigm-
ficant msubin Iike activity

CoONCLUSIONS

The method of bio-assay for msulin-like sub utlizing glo
cose uptake by rat eprdidymal adipose tissue 15 sensitive to 10 micro-
units of insulin/ml “and sensitivity on occaston_has been noted to
as httle as 1 micro-umt of msubn/mt This techmique 15 relatively
smple but the method does not possess a very high degree of
precision which may be an mherent charactertstic of this bemng a
protemn bio-assay Consderable ref: of this method
1s possible as vanous modifying factors are corrected The antmal
weight appears to be a factor of prumary 1mportance the bo-assay
sensttivaty bemg mversely proportional 1o the weight of the rat

Chmical studies mdicate considerable vamation of msulin-hke
activity m normal sera Pre treatment diabetic coma sera pos ess
Ieele or no ssulin like actvity Marked increase of actuvity 15

N
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assoctated wath exogenous msulin admmstration but does not
appear to corr:spondg to clinical response

Studies by this method of serum protemn fractions obtamed by
continwous flow paper clectrophorests mdicate predomunant msuhn
ke activity 1 the B-globulinarea ‘These obsetvanons are 1 accord
with the results obtamed by testung simtlar fractions m a crude
msulin-assay system unlzmg blood glucose decrement of mntact
anaesthetized nuce

It 15 of the ntmost importance to recall that tus method a5 with
other techmiques of bio-assay does not specifically measure isulin
but only expresses a non-specific change namely glucose dis
appearance Itis grobably Justified to make the assumption that this
reflects uptake of glucose by the adipose tissue and one may even
be permiutted to equate ¢lucose uptake with msulin-like actvity
However to atttibute such an effect solely to msulin would be an
error and the term smsulin-assay  therefore 1 a musnomer
Muluple msubin-iike factors some possibly unrelated to msulin
may be operative 1 a fashion simlar perhaps to the several ant-
msulin or msubin-inhibitory factors which have been charactenzed *

SUMMARY

A method of bio-assay for msulin-like activity unlizing glucose
uptake by rat eprdidvemal adipose mssue_has been developed which
15 sensitrve to as httle as 10 micro~umts of msubn/m! This techruque
has been applied to chnical studies and suggests wide vanabilry of
normal serum wsulin-lihe acnvity Pre-treatment duabenc sera
demonstrate little or no msubn-like acuvity Serum protemn frac-
tronanion stadies mdicate that msuln-like actvaty 15 assocsated with
B globulin or adjacent globulins
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DISCUSSION

Waicrr 1 tind 1t rathes hard after these theee papers

ronnd which T can use 45 2 basss for opemng ¢
Ecard about the use of two m vitrs systesns and they
m dfferent ways and with different ends moview T
ta be thotoughty selfish and talk about what intereses
apphable 1 i&mk $o the remarks made by the bt two

They bave refersed to biologieally actve substances why
m effect m the epiddgmal pad and on the tar
Dr Taylot bas made 2 pontive atterpt to idenuify the n
maternl  When we are conndenng substances of e
extracts whuch mught contam ansulin we must consider ¢
nught be wsed to rstabluh the idennty of that substance

It 15 unlskely that purely chemucal or physical methods
1o the sdennficatson of small amounts of nsubm mexed os ¢
relactvely large quantitics of contaminanng protetns m body
as plasma ot their ectracts The bological properties of s
be used for 1ts detection and assay and e has 0 be shown ¢
loguat responaes produced by suspected miasenal o sitro and +
wdenucal wsth those of moum

Many substanices other than tnsubn are known to exess hyp.
effects 1 antmals amongst these are the sulphonyl ereas
phenethnl tiguamde  Others which may o may not exert
cacc effects m ammals will sumulate glucose consumption
walated rat duaphragm  synthalm  phenethyl bug
asentte ¢te fall into thys category B may fe posable to
ather alogieally active substances by observing the pastern of
logteal response produced  thus phencthyl biguanide causes a g
aease wa facte 2ad producuon m the ear diaphragm which 151
m the case of msubn By such methods one may be able 1o
insufin a¢ the canse of biologeal amv:’znm an cxeract but mtoze po
evidence 15 necessary to xofmnfy msubin 35 the active o5
acavaty 1 destroyed after treatment with cystame pepsin, wsgl
atkah 11t 15 concentsated by extraction of the tissue by a method dess.
to extract tsalin or i 1t mowes imder electzophoresss at a rate stmy
that of msulin 1t 15 Llhely that the actve component 1 1n fact
Now another aid can be used which »s more speafic m 1ts action
involves a simpler techmuque

Moloney and Cosal (Biechem ] 3955 59 179) have shown that
wnsulin 15 sngected repeatedly sto guinea pigs serum from such an
when muxed before imjection with msvln will protect muce from
convulsive action of the hormone 1 have found that of serum (- 5
cent vjv} from guinca pigs sensitized i the same way ta punficd bowir
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msulin 15 added to the meubation medum at the same time 25 msuhn
(approx 1 mull-usuefml ) 1t wall abolish the stemulant effecy of the Fornone
upon glucose consumption by the solated rat disphragm  norroal
guunea~pig serum has no such acton Serum from atgmals senstaazed to
bovine msuln will also abolish the sumulant actions of s rular con

centrations of pig sheep and human msaln (Fig 1) It has no effect ;n
simular concentration upon the shmulant actions of synthalin (5 mg f100
!} or phenethyl biguamde (50 mg /100 ml)  Molonev and Coval con

cluded that such serum contams antib dies and 1t appears that they are
spectfic though not speces spectfic for nsulin T have no evidence which
would contradict this

EFFECT OF INSULIN ANTI SERUM UPON ACTION OF
VARIOUS INSULINS

R T A A}
GLUCOSE UPTAKE (g 10mg D ¥ W/0m |
2 i 8o Balt 1y 1
[:AI mlnl n L Ads m
Fie 1

Serum from gumea-pigs sensitized to bovine mnsulin has been u‘:d 10
ad n the identification of msulin 1 plasma and s1s extracts Teas known
that plasma and some of s proten fractions exert a hypo fycaers
effect n ADH and ADHA rats and as shown by Dr Begelman hmd
Dr Taylor that they sumulate the glucose consumption of the “boa 3 !
rat duph and of the epididymal far pad In the case of vxgc
plasma and one of s protemn fractions (Armour Fracion V)1 have !fmwn
sumular observanons using the wolated rat dla‘yhragm ang hzvef o .
that m both cases the lant effect 15 abolished by treats vm”
cystemne or with the msulin annserum (Wrghe Proce dings of 374 Congres
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of Internanonsl Drabetic Federanon {m press)) normal
has no effect
Recently a tman was conwcted for the murder of hus
wsubin (Bukushaw ef o Brir med | 2 463) The
underlymg tngecuon marks found on the dead woman
extracted %y the normal method used commertially for
from the pancreas These extracts wete wyected it
tohavea ﬂ{poglyacmm cffect equivalent to thar of 80
Thus hypaglycasmue actovry was abolished after treatmen.
wisth wsulmase of cystene and the biologucal response th
gomea pigs was the same a3 that of an equivalent dose of
the 12t draphragm 1 found that these eviraces shmulared
sumpron and chat therr acavity was reduced or sbolished
with cysteme or pepstn 1 was alio sble to show that the
serum but not wormal sernm from guinea pigs abobshed
Irke sctvaty of the exracts
These experiments lead me to behese that of the biole,
a wssue oF 1ts extract can be abolished by treatment with
wmsulin sensitzed awmals then the acave tatenal present
However the converse may not necessanly be true where
acuvaty s ot destroyed it is sull passible that ssala may bethe
agent
Russete Fassen The papers this morming have cleardy
ampenant next step to explore the wses of these bio-assay pro
bave shown afready bow far this procedure has gone Dr P
ss of course throwing 2 new hight on the xetevance of obesity ro
1 do not know whesher he would Ike later to comment on any «
e has got that msubn may mvence the release of ghucose fic
adipose tassues 1 disease or 1 normal crcutmstances
In regard ro the msulin mn serum €racnons it sull scems a lietle
t0 be sure but perhaps some of the sites ay wath many other b
are more specific than otlters
1 have much pleasure m throwag these and other powts op
duscussion
Cramv [ should ke to comment op Dt Renold s paper Inour v
the strong effect of msulin on fat synthens suppors the yiew that mst
steps up the energenc porenual of the eell In the cwe of a
energy ejoanny, actton such as the fHiny and synthess this must
accompansed By a concomdtant mcrease m oxygen uptake off
zher; would be'no possibiity of dersving the energy for thus fatty
synthesis
The effect of wsulin on farty acd sywthens has of course been
served i vanous wsswes anchuding the lactating mammary glands
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fact Dr Folley and hus group have used the strong effect on the mereased
Lesprratory quotient i that system as an i pitro measure of msulin actvty
It scems to me a very sensitive method for assaying wnsuln and 1t has
not been mentioned at all this morning

An mereased oxygen nptake cannot be obtamed by increasmg glucose
concentration and here agan we have got an msultn effect whach camnot
be lated by glucose conc I should say the sivation re
sembles that which Briton Chance has seen 1n hus system where he can
get an increased oxygen sumulation by supplymg free ADP  As long as

3] 25agfml

2 2 B

0Sug/mt
Olugfm!

3

o Contral

N tgos curput (uf COJmg F 14 y we}
N »2 a I~

R R I T T T
Tm (mn)
f the extra CO
Fi6 2 Manometr ¢ 1 vitro assay of msulin band on the measurement o
output x:duced by msuln m fact ing mammuary gland tissue (Fl;::l fdkl:;i' ,‘f‘;;'ﬁf
Papers from the Isttuto Superiore di Samta 1956 1 Part Il p 440 Presen
the méchanism of the mode of action of mshn by Chawn f of )

her
ADP 15 phosphorylated up goes the ovygen which means n ot
words asPIcng asrtgzcrc 1 agx Energy demand on the part of ttl’)utlj Cdé 2l:“l!
supplied by the response of oxvgen As soon as the ADP ik sthm
formed nto ATP the oxygen consumption goes down T thmnk e e
one sees an ncrease of oxvgen by adding a substrate to the tissue prom]m
of course saturation level 1s reached 1t means one of two thzxgst o
the cell 15 carrymg out mechanical or chemical wotk of 1t1s cheat cu e
believing that there 15 2 demand for energy re?um:mcnt by an uncot uP:s 1§
mechansm  You see thus with dimtrophenol and so on. The tiss
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which fat synthests takes place such as this white adipose tssue or the
lactating mammary gland tissue provide we believe an 1deal system for
studymng the connection between the respiratory cham and the coupling
1o the synthenc reactions n the parncular case of the brown adipose
tissue two synthetic reactions fat synthests and glycogen synthesis are
accelerated by insubin T was nterested to hear that this problem 15 being
studied by Dr Ball we are engaged 1n sumular studies trymg to use
spectrophotometric methods

This 15 the monometnc method based on the increase of the respiratory
quotient  This system responds to 0 1y per ml of insulin I thought 1t
would be interesting for you to see 1t

Taste 1

£0G DOSE RESPONSE CURVE FOR THE EFFECY OF INSULIN ON THE INCORPORATION OF  C GLYCINE
INTO DIAPHRAGM PROTEIN IN VITRO

1o Efet [ In
nc t ton M dfference £ SE of dff eme Sg fiea f
(mil-u tsfmly (Aronsp m npt ) dffere (P)
oonag ~1% 93
oas EEET <oz
020 71k 134 <ooot
o80 9 % 108 <0001
320 n3 & 123 <ooor
1280 16+ 134 ~ooot

Ea hval ¢ the mean of twelv d tesmun & ns
Incorporation {counts per min) m th b ence funshn v 258 & 4.5

Mancrester 1 would like to mention another mnsulin bio-assav that
DrP J Randlcand Thave developed Ipomted outin my paper yesterday
that nsulim at concentrations as low as 0 5 mullt urutjml (2 § mug /ml)
stmulates mcorporation of ammno aads mto proten of solated rat
duphragm In Table L1s shown a log_dose response curve (the combined
sesules of two experiments performed by Dr Randle and mysclf) for the
effect of insulin 11 vitro on the 1ncorporation of #C glyane into the proten
of wsolated rat diaphragm The concentranon of msulin was varied m
fourfold steps over the range 00125 12 80 mill: umtsfml  increase
the concentration of insuhn added consistently mcreased the magmrude
of the sumulation of incorporanon produced by msulin over the range
of insulin concentrations studied

Analysis of regression of results of the two expennments contamned 1n
Table I 1s shown 1 Table I The two expenments arc here treated
separately 1n both cases regression 1s hughly sigmificant and the deviation
from regression very small  The regression 15 therefore almost certamly
kinear  Since the slope of the log dose response curve 1s shallow (the
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ANALYSIS OF REGRESSION FOR THE EFFLCT OF INSUUN ON YHR INCORPORATION OF ¥ C GLYCINE
INTO DIAPHRAGM FROTEIN ‘IN VITRO

Exp no S uree of varsation Meansquare| E | P Slope +
SE of slope

Linear regees 1on 39647 |223} <ooor]| 4 7267 |op
¥ Deviations from regression 764 043 | >oos

Random sampling 1775

Linear reggession 20093 139 | <oo1 | 304363 fost
2 Deviarrons from regression 532 o37{ >oos

Random sampling 1446

myamum increase of tncorporation that can be produced by addion
of msulin 1s only of the order of 5o per cent of the basal level — Manchester
and Young Biochem | 1958 70 353} the degree of precsion of the
assay (A} 1s not greatly supersor to other cxstng msuln assays

The msulin activity of two samples of human plasma  collected from
normal people . hours after oral glucose has been measured b{ this
method ” The results . mally umts/ml and 10 muls unsts/ml (Table 1)
are of the same order as have previously been obtaned by Dr Randle
(Randle Ciba Colloguta Endocrinology 1957 11 115) by the use of the
glucose uptake of 1solated rat diaphragsm as hus assay

Taste HL

MEASUREMENT OF PLASMA INSULIN ACTIVITY By TS EIFECT ON THE INCORPORATION Of
GLYCINE INTQ DIAFHRAGH PROTEIN [N VITRO

e Me

‘Counts per mnmite w protein Mem & SE of mem

Cal ulated msthn ad ¥ 1{

Controf Ins Dn(mill wmisimi, Plasma
o os Lt ssfl) - Dty | o tam (il

dht n

Asay T 249 % 8|joo% 1o 3ysd 7} 223 % 5
Assay 2 327 & 17 [ 443 &£ 16 43¢ + 28 [ 468 £ 30

Fach figure s the me n of ¢ ght observauons

Blood samples collected from normal peofle 2 hours after oral gl icose (50 &)

S1ewART 1 was recently reading some eatly literature and found that

Best and hus colleagues many vears ago had extracted the blood ”‘5“1:.57
or an tnsulm-like substance wath the mean actvaty of .9 3 mills un "
cc Even m the diabetic anumal there was 2 level of 16 0 mulli unts o

average

We are talkung nowadays tn eetms of mcro-units of msulin and [ want
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ta ask Dt Taylor whether he had actually assayed
he had prepared I these substances are not msuln th
potent matersals

Tavtor Tnsnswer to Mx Stewart [ would say that
any very exact quantitanve work yet on 2ad aleohol
there 15 1o doubt that with the kind of procedure we =
down to a fevel say of 1 mlb umtfml an an extract
up and will certamly vome through the extraction proced
§ cannot say more about the quantitative mature of this
1 do not know why Best got these very hagh figares 1
cxplanauon for that

Revowp I wish to thank Professor Cham for hus ec
mammary glnd work which he sefetred o 1 of
although 1t shauld be pomnted ot tht the fowes effective.
of insulin s this tissue 13 .00 og/mi ascompared (o the run.
concentration of 10 bgfml for adipose ussue  Balma herse
Geom these studies that the system was madequately sevsinve.
for the bio-assay of msubin 't serum  Wth regard to the
sguficance of the ebservanon i mammary gland 1t may be
calling that the effectin eness of wasulin 1s bmated to loetanng rat
ghnd and was nor apparent m sheep mammary gland *
1 have no comments concerning the narure of the energizy
effect postulated by Professor Chan The eff ¢t of insubin
consumption 1 thus tssur s sueprisingly small and mdecd
significant even when mjor aceeleration of glucose unhz.
demonstrated

In closmE 1 may perhaps be permusted (o say that Lwas a b

po 1 by the of the & to the wmsuhin bic

problem  For me che apphicanion of our obsers2zons m 2¢
10 the bio-asay of msubn hke acovty 1t reslly rather modental
fascinated however by the physiologic tmphications of this
$0 baghly sensitre responsiveness of adtpose tissue 3o msubn and 1
have been anxous (o bear dhe comments of this group on thus
generad topie

Bercetatan  Evidence has been presented at chis symposium
that plasma, msubin Yike acuvicy s defimutely due at least an part o
wsiln However other factors may be present m plasata which
have nsubn bke acnvity Walsas et af in Oslo Norway have obraw
by dulyss 3 substance from normal plasma which appears to be
atuno aud or peptide 15 definuely not wnsulin and Ejs wsubn It
scunty  Follawang eviractian of this material theee was o eesud
n‘f\ﬁmlhkr 2cuvity 1 the plasma, Faciors such as fus may be of
P 1 o pathologs

P













INSULIN ANTAGONISTS IN DIABETIC PLASMA

J Varance-Owen

Unwersity of Durham Medical School
King s College New castle-npon-Tyne

The rat diaphragm techmque that we have published and used
for esnmating plasma msulin activaty 8 and through 1t any nsubin
antagontsm m the plasma of diabenic patients 15 basically similar
though differing somewhat m pracucal detall from that used by
Groen? and Randle %

Probably the most important difference 15 m the handling of the
plasma asclf  We compare the glucose uptake from undduted
plasma with that achieved by the buffer solution with and without
added nsulm 'We ordmanly find significant differences between
the lowest concentration of msulin tested namely 10 micro units/ml
and the basal level which 15 the amount of glucose taken up by the
diaphragm when no msulin 15 added to the medium

The index of precision (A) varies between 0 18 and 028 How-
ever the results are usually analysed and expressed as the glucose
uptake values themselves above the basal level This after al% 15 the
cssc‘rlmal data from which any estimate of msuln activity can be
made

‘We have been particularly mterested m the two broad cliucal
types of diabetic patient those who requite msulin treatment
without which they rapidly lose weight and become ketotic and
those who do not need msuln and show no tendency to ketosis
unless their diabetes 1s complicated by mfection  The latter are
usually obese and often recover from the diabetic state when they
lose weight on a low catbohydrate-reducing diet

Insulin actvity was found in the plasma of all these obese patients
Also as with normal subjects when msulin was added 1 vitro to the
plasma from these patients 1ts activaty was not dimnsshed 1 there
Was no measurable insuln antagonssm 1n the plasma  This suggests
that the well-known reststance to msubm which these patients ex-
Iabat resides n the nssues

On the other hand 1 uncontrolled but non-ketotc diabetic

18
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pauents who require wnsulin 1o plasma msulm actary was foun
Moreover when msubn was al:idcd 1o the pl:.\sm?x from Ot}:cfc
patents sisactity was appasently bubited 1e not fully recovered
ifthe ﬁaucms 1 the group were conmelled 50 that their blood
was physwlogscal at the ime of the test then plasma wmsulm acuc
was agam found essennally m the normal range and now ac *
msulm could be recovered® {Frg xand Table ) Agan this antay,
m could be removed by dituang the plasma prior to asay W
the plasma from the uncontrolled insubnerequnng dial
dduted 1 1 4 then sl acuvaty ss found (Table )

It 15 mmportant to stress that these pattents were not
from msulin therapy for longer than at the most 24 howrs T
fore the finding on ddunion does not ndicate that thete 1s ne
any endogenous msuhn m thext phsma although dhs may ’
It only reveals the actnty of the exogenous msulm which
admmstered to them exther 1 hour before the test was,
or the previous day and 15 mashed by the mhibitor m
plasma Also thus observanon would explam why the
using dibuted plasma m their assay procedure have ords
to find any sigmficant dafference i plasma msubn
normat and diabetic subjects

Thus antagomsm 10 msulin found m the plasma of
tnsubin-requiring diabetics may be an exaggeranon of
3n normal plasma, where the antagonusm 1 completely
adequate msulm production by the panctess In
antagonssnt ean be cevealed by pancrestectomy ®

Also we have recently found that the antagonssm
of these patients resides 1 the albunan fraction of the
tans and that stmlar antagontem 15 preseat in the p
fraction from normal subjects However theal
normal subjects 15 less active m this respeet ®

In thus study the freeze-dried fractions obmned
wm buffer solution contamng ghucose and msabin a0
alone and to the buffer with dissolved fiacton to
centration of 1000 sufml

FRACTIONATION OF DIABETIC RLASMA PROTEINS
As was found previously fill saturation of «

with sodwm chlonde precipiated the antag

plasma 8 The sctive precipitate did not contan
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Mean ghicose uptake aboee che bawat level & st Jard extor of ¥ & mean
(me frcomt fomg dey wt 8 phrogm,

Gop Plasm Plasm afer | Plam +
ghuore sy fml
dnsal 0
Obese diabetrs G0y k0330 { 943 £0 92] 100040
lnrequnng  dabens
mm t)n'rrdb’acdwgu —o$h ¢ 050 110 2 0633
Ina dabet, s
R Thyodopatticads g | 72540893 974 & 1607
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len o s s e ol of et 30ded the s take valoes 0o aat e
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prio ggake sbave a5 wud e 3l 73 alone and dhs add il con b
320 Betonty reeovered 4t sled Eound sath the obese di benC group
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contan a substantial amount of albumm Owng to the poor
fracaonation of the plasma proteins by this method sodum sulphate
was employed m subsequent experiments The activity of the
fractions obtamed by sodmm-sulphate fractionation of diabenic
plasma 15 shown 1 Table I This shows that the prepitate ob-
tamed by saturation with 18 per cent sodwm sulphate was devord
of antagomistic actvity whereas the supernatant had such actwitv
Paper electrophoresis showed that the sodium-sulphate fractiona

tion effected a complete separation of the y globulin and albumm
fractions 1e all they globubn was m the precipitate and all the
albumm m the supernatant  The other globulin componeuts of the

Tame 11
EFFECT OF DILUTING FLASMA FROM INSULIN REQUIEING DIARETICS
W hen dhe plasma 15 undifuted there 15 no sy mificant glucose tptake above 2ero
sndicating no messurable i ulin acav ty whereas when the pl smaxsdluted 1 4
there s a fughly sgnificant increated uptake aboye rero ndicanng msuhn setivity
1n the plasma

M 1 gl icose ot ke ahove

the ba ol level & standund
ef ar of the mean

Group and (No) {mg f100 ml /10 mg d aphragm)

Unt luted plasma Flasm [4

Tosubn requiring diabetics with clevated
blood sugar (5) —037 077 $47 304

plasma were present 1 both fractions 1t was concluded that the
aneagonsstic actvity was not assoctated wael the y-globulin fraction

Attempts to fractionate the antagomse actvity of the super
natant from 18 per cent sodwum sulphate by higher concmtrznglns
of sodwim sulphate were not successful {Table 1) These results
were consistent with the 1dea that the activity was assoctated Wi
the albumn mn the diabetic plasma Albummn was, therefore ch
pared from diabetic plasma by the TCA-ethanol method of De dx;o
et al® As wll be seen from Table IIT this alburmin antagonzed the
effect of msuln The whsbition of the added msulin was complete
when the concentration of albumin m the buffer was between (zh s
and s 5 per cent which meludes the physiological range Whmk «;
concentration was reduced to 125 per cent there was sull mrﬂtfh
antagonusm of the added msulm  Paper electrophore 1= © 1165
albumun fracuons fadled to reveal any other plasma p
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FRACTIONATION OF PROTEINS FROM NORMAL PLASMA.
The demonstration of the presence of an msubin

albumin from dizbenc plastma prompted us to test
smlar protem fraction from normal plasms  As
Table IV this normal albumm m. physiological ¢~
had antagonste achvity  However unlike albumun
plasma 2 concentranon of 1 25 per cent fasled to show
1m The gossxlulxry that ths activaty of normal plass
due to 2 change 1 the albumin assoctated with the o

Tarea 1M

INSULIN ANTAGONIIM OF FRACTIONS FROM DIABETIC FTASMA.
(awsmber of observations t parenth set)

Mengh seupthe & & {ies
Facton +

t dmderar [oh me w
(ng {100 €t jra g 3 plt gy

r qank

B +
soo0 s fmf anl | tooo sufmd me

Preoptae from 18 pet eat

W ko BT LTy
wm sulphate 4 @

Sup tastit froms 18 per g
s sulphare

«P opis s from 23 percent | 1268 % 964
sodam sulph 1

S penacsifomaaper cor, K143 t02
sobs ' suplse z

Abam n
EEREE L 1233 % Yol

325 per cent

3o k137
&

1304 x84
]

017 % a3

L4
1232 4 105 155 L0867
w W

method of preparation was tested by exammnmg the zeumty «
w0 samples of ether-fractionated albunun  As shown m the rble
thee o whibited the acnion of msulm  One sample of erthano!
factonated plisma alburn (Cohs Fraction V) had stmlar activaty
The posmbultey that the antag actvity was d with a
substance meapable of preopitanon with TCA eg 2 polysaes
dande was excluded by changing the method of preparation of

® albusan  Thus when the plasma protews were precipttaced
Witk § pes cent TCA and the alburnun extraceed ffom the washed
P’:)“P‘me with ethanot thus albumun was fully seave
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Since the albumin from normal plasma mhibited the acton of
msuln and yet the whole normal plasma did not exlubie any such
antagomsm 1t was of mterest to test the actvity of fractions ob-
tained from normal plasma by treatment with sodum sulphate
Tt will be seen from Table IV that in contrast with the results with
duabenc plasma the precipitates obtamed with 18 per cent sodm
sulphate sumulated the activity of mnsulin and this supernatant was

Tasiy IV
INSULIN ANTAGONISM OF FRACTIONS FROM NORMAL BLASMA
(number of obscrvations i parentheses)

Mean glicose uptake above basdl level
+ standard error of the mean

Fraction
(mg fxco ml fro.mg draphragn)
Buffer + Fraction n b fer +
1000 wifml msulin 1000 wufml insul
Albumin (TCA~cthanol}
385 per cent 43 & 06 050 & 048
2 5 per cent 1263 £ 104 6604 tor
3
2§ er cent 1132 £ 07 1117 4 089
W ()
Albumun (ether fractioninion)
5 per cent 1250 & 140 275 + 045
[} (z)
Albumin (Cohn Fraction V) N .
§ per cent 1240 a0
i @ )
Preaiptate fom 18 per cent 1AL £ 034 I568 + 070
sodim sulph te 5] ]
Supermatant from ¥8 per cent 1242 + 065 1215 + 023
A [ (3]

soddium sulphate

nistic actvity  Stce the amount of albumin m

f ant:
devoud of antage d be suffictent to effect complete nhibitton of

the supernatant woul

000 pu/m! of insubm 1t appears that normal plasma contains
-

a substance w}ug’ the antn?f; wity of the

albummn  Thus su be msulin o a

It seems el of al* | rdhe

<Zm1s ~acton

action of ms?lm {_gl s s

on the
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the albumn 1 these physiological concentrations merely reduced
the glucose uptake of the diaphragm to that achieved by the tissue
m the absence of added msubn ~Secondly the addition of large
amounts of msuln 1¢ 10 0conufml asabove partrally counteracted
the antagomsm of the albumun  The results of the experiments illus-
trating this point are shown mn Table V

Very recently we have studied three patients who have been hypo~
physectomized Two had the pitwtary ablated by transnasal 1m-~
plants of ytrnum® mto the sella turcica and one had the pitwtary
removed by surgery

Tanz V
EPECE OF THE ADDITION OF 10000 W/ML INSULIN TO ALBLAGN FROM NORMAL

CTS
{oumber of bserv u nsy p renthe ¢)

| M glcs uptdke boebar Il o
Foa & stardord eror of e m an
{ ghoomiframg d ph gm)

Tracton b flr+

B ffer +
ooo wifml 51| 10000 yafml nsul
Notm ! lbumn
er eott 1233+ 003 593 £ 067
&) [0)

As will be seer from Table IV albumin at this  ncentratior corapletely
a ¢ gomze theeffect fasubin trooo s fml

The albumm fraction of the plasma protemns from each of these

atients prepared as before was devold of antagonisuc activaty®
(Table Vi)

Agam‘dnjbcnc ‘all::m::s(aoo mg Z p;‘c;rt;g ::)x}d l}v:dx zhf actvity

p P
buffer and passed through a column (g0 cm x 1 5cm) o‘fpamallv
acetylated cellulose The protemn was eluted with buffer and a total
of 150 m! of buffer was collected, the cluent extensively dualysed
and the protem freeze dried  When the acuvity of this protein
which was electrophoretically identical wath albumin was tested,
the ongnal acuvity agamst mnsulin was found to have been removed
by passage through the column,

These observations would mdicate that the antagotusm 1s prob-
ably not due to albumin per se bue to a substance bound to 1t which
15 related 1 some way to the pitwitary gland
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However the pitmitary gland may not be solely responsible for
thus msulin antagomsm as 1s suggested from studtes made on ex-
perimental diabetes m anmals 8

Normal deg d_depancreatized-adrenalectomized (Long
Lukens) and dep d-hypoplyy d {Boussay) cats have
been sttidied wich and without various hormonal seplacements

In normal fasting cats the mean phsma msuln actwity was
114 uu/ml and when a known amount of msulin was added to the
plasma w vifro 1ts activaty was not dummished

Taere VI

SUMMARY OF EXPERIMENTS ON ALRUMIN FROM HYROPHYSECTOMIZED PATIENTS
AND ON DIASETIC ALBUMIN PASSED THROUGH A COLUMN OF PARTIALLY ACETYIATED
CELIULOSE

Mean ghicose uptake abose basal Tevel
= standard error of the mean

Fracion {mg froaml Jromg duphragm)
Buffer + 1000 Fracton n buffer +
vl nsul n 1000 ifim
sl
Hypox albumin 1185 + 068 143408
4 per cent ® 8
Duabetic albunun through column 1312 + 065 12$8 & 138
1 25 per cent [} {6

In our study of depancreatized cats the antmals were handled
one of two ways In one the blood was withdrawn 2 or 3 days
after pancreatectomy In the other the depancreatized cats were

d on adequaty of soluble mnsulin for at least 5 days
after operation Insulin myections were discontmued for 3 days
before the removal of the blood samples In exther case there was
1o measurable plasma msubn actvity m these ammals and more-
over there was an tnhibinion of added wsuln

Thus whibition could be abolished either by hypophysectomy ot
bilateral adsenalectomy In ether Houssay or Long-Lukens cmf_
there was again no plasma msulin actvity but now the activity ©
wnsulin added to the plasma was not dummished some 100 per cent
being recovered ;
Cortisone or hydrocortisone 10 myg [day myected subcutaneously
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for 4 days mto the Long Lukens type of ammal restored the m-
Iubiting properties of the plasma  The same dose of hydrocortisone
mjected into Houssay cats for 4 days and even longer unnl severe
ketosis was produced did not restore the mhibitory activity of the
plasma from these ammals

Growth hormone (3 mg /day for 4 days) mjected subcutaneously
mto either Long-Lukens or Houssay cats failed to restore the mn-
Hibiting propertes to therr plasma

Tasee VIE

SUMMARY OF EXPERIMENTS ON FLASMA INSULIN ACTIVITY AND INSULIN
ANTAGONISM IN CATS.

Meangl  pt ke bove the level of d ph gm b fer lo ¢

st dard ervor of the mean {mg [100 ml /10 mg d aphragm)

Gropad(h )

Buffer + wnsul n* Pl maloe Plasma 4+ sul *
Norm 1(7) 1263 £ 094 660+ 073 1331082
Dp creatized () 3 tose 057+ 048 610 £ 047
Dep hyp x (3) 160 & 088 ©'0xo009 110 £ 075
D pan hypox + F(3) s5 o7 014 £ 032 1225 & 063
meh}pe(+GH(4) 133 % o1s o 8052 195 % 10§
Dep = () 1253 £ 027 a%1 % 103 1322 £ 081
Depan ad ex + EorF(3) 1152 + 064 —030 + 08) 257 %192
D p nadres + GH(3) nixoyp 050 x 058 160+ 082

* Tn ulin was added to make fo0o mucro-umts/m) of buffer of pl ma

Inthen m 1 munal there 15 a highly s gruficantly ncreased uptak  Eg1 ose bove zero
b tan all the other oper tedam al 1 wh h pancreatectomy w _the common feature the
glic se ptake does not duffer s gmbcantly from t indicating no m surabl msulin
cavity The  nosgmf tdifie en  between the glucose uptak 1n buffer pl 3 insulin
and plasma plusinsulim, ex ept the depa creatized and th d p nereanzed adrenslectomzed
{Long Luken ) arumal treated with cortisone or hyd o tisone In these two gro p_ther
35 hghly significa ¢ decrea of gl ose pt ke with plasm samples $ comp red with
buffer mdicats g themhba  of ol m actmaty

Table VII summanzes the results which suggest that both the
pitwtary gland and the adrenal oxysteroids must be present for
msulin antagonusm to be found i ‘the plasma of depancreatized

ats

Freld and Stetten have been studying the acute msulm resistance
found 1n severe dubetic acidosis® Using the Stadie dipping

hrsque an g the glycogen dep m the rat dia-
phragm they have found considerable msubin mhubitory actvary
1n the plasma of such patients It 1s evanescent often disappeaning
within a few hours or at least in a day or so of the commencement
of msulin therapy
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This actvity has been found to reside 1+
of the plasma protewns and 1t 15 not a S

This a-globuln antagonsse 15 probably »
that we have desenbed

Turung to studies made with 1Llet
New York! and Willams mn Seattle
active m ths field 0

It has been found that m dusbetic panents
phrenics who have been treated with nsulin ©
the disappearance of labelled snsulin from p'
than 1 subjects who have never been treated
pessistence of this relatively hugh concentration
15 due to binding by a factor m the plasma
satisfies the cntena of an antibody and resides ¥
y-globuln fracions This factor m the phsma
s;%_}ccts 5o binds labelled msubin that 3¢ Junders x5
attach to rat draphragm and deg WS c,
by hver shices Also bio-assay studies show that
added to this binding diabenc plasma there 3 som
1es usual hy poglycaemuc effect mn muce

It 15 difficult to assess the mportance of this &
diabetes for there was no real correlation between
qurements of the diabetics studsed and the degree ¢
fabelled snsubin 1n thesr plasma Indeed sbout one-fifth
treated with wsulin did not exlubit any mcreased &

Also smce the majornty, of msulin-treated * '
swwe to evogenous mnsubn it must be supposed that
anabody complex 1s usually readily dissocuable or that st
the pharmacological actvity of native msulin

Tgxs antagorust 1s cleacly diferent from the one we bave
m the albumun fraction of the plasma protems

crem

CONCLUSIONS
Uncontrolled mnsulin-requring diabetscs have no
plasma wsulm actvy an:{qwhcf wnsultn 15 2dded to ther
1ts actwvaty 15 inhibite
If these patients are controlled however plasma msulin
15 found esssatially m the normal range and added ansulum can
be recovered
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‘The insulin antagomsm 1n these pattents has been found to restde
n the albummn fraction of the plasma protemns and 1s also present
toalesser extent m the albumin fractions of the plasma from normal
subjects It 15 not due to the albumin atself but to a substance bound
to it related in some way to the pitmtary gland

This antagonst appears to be different from those described by
other authors

Finally as we were told by Professor Young to let our har
down I would like to suggest that whatever the site and mode of
action of msubn n carbohydrate metabolism 1t has first to over-
come the antagomistic acavity of this subsmncc attached to albumn
Perhaps the ble confusion the question of
tnsulin action on the hiver may be due to this fact remembenng
that the liver has more than 1ts fair share of albumn
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ANTIBODIES TO INSULIN
P J Moiongy
Connaught Medical Research Laboratorses Unsersity of Toronto

There 15 2 questton which might be ashed even at this late date
and which 15 suggested by the subject for discussion and the question
1s this are antibodies induced by msulm? It 1s true that an affirma-
tve answer has already been given to the question still there are
some reasons why 1t nught be reexamined  For example there 1s

00d evidence to mdicate that certam 1 vitro reactions which have
Eccn ascribed to msuln-anti-nsulin are due instead to antigen other
than msubn which may contammate erystalline msulin and cor-
responding antibody ® There 15 also the matter of mactuvaton of
msulm by serum from msulin resistane ammals  One might ask
15 1t possible that such neutralization 15 effected not by antibody
but by destruction of wsuln as for example by an enzyme:r

1 shall have something to say about these questions and I hope to
show that mnsulm can mndeed mnduce 1 ammals a correspondng
antibody and m addition I shall present results which have to do
with different types of anti-insulins and with msulins which differ
1n respect of neutralization

By antibodies to tnsulin 1 mean antibodies which neutralize the
physiologueal action of msuln Ths 15 the type of annibody which
15 encountered with certain diabeties fortunatelv rarely and whichis
responsible 1 these for the meffectiveness of msulm to control the

1scase

Resistance to msuln thanks to anubody formanon can akso be
mduced m animals as was first shown by Lowell and Frankln® with
the rabbit

In our work we imduced antbody formanon m ammals of a
numbet of species by the myection of erystallme ox or pig nsulin
10 Freund s adjuvant

The presence of antibodics 1n the sera of ammals and of humans
was detected by a method first used by Bantung et of 1 namely -
Iibition by antisera of msulm induced hvpoglycaemic convulsions
i mice In detall starved muce were mjected with serum or

201
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dilutions of serum mixed with an amount of msubn wheh when
mgected with salne or with normal serum caused convulsions m
90-100 per cent of the mice ¢ Table I grves results of a typucal sesn

Three groups of mice were mjcctedg as shown  Each mouse re~
cerved the same amount of nsulin namely 005 tmit  Each mouse

Tane [
'MOUSE NEUTRALIZATION TESTS

Number mice Nunber

RAlixture y jected per mouse wyected contwuls ons Comment
¥ ofiome and
Lnes & tons
vaswh of serum
aos 4+ o2smlundil 4 o Insuln pettrahzed
oos 4+ oasmlyfzdl s s Insuhn pot nevtralized
aos  + ozsmi xfydl 6 6 Insulin pot neveral.ed

recerved the same volume of serum or of diluted serum, viz 0 .5 ml
The nuce which recerved undiluted serum showed no convalsions
all other mice showed typical convulsions That1s 1 ml of un-
diluted serum was capable of neutraliang 02 unit of msulm bur
was not capable of neutralizmg 0 4 umt
Tasts I
'NEUTRALIZATION OF INSULIN WITH ANTISIRA

Insulin
Antrnsufy {excraveed frgm
(ong n) pancrtas of )
Pug (Svme)
P
Gumes pig +
Rabb ¢ Newreals ?{he;;;
o
Hoe cutralizes Morkey {mactcs rhesus)
Human Chacken
T sh{Lang)
Whale
Human

Table Il gaves a summary of some neutralization results

A:m—msuglm had been J;Yduced 10 the gunea-pig the rabbit the
sheep and the horse by a seres of mjections of erystallne o oz pi2
msubn m Freund s adjuvant “The human serum was from a dab-uc

who had developed resistance to ms



? ] MOLONEY 203

The nentralizmg capacty of each serum was tested against each
of the extracted msulins shown 1n the second column by the con-
vulsion-nhsbinion test It was found that each antiserum neutralized
each of the msulins shown That 1s antiserum from the guinea-pig
neutralized not only pig or ox insulin which had been used to induce
anti-nsulin but also nsulin from the rabbit sheep horse monkey
chucken fish (ling} whale and human and so wath antiserum from
the rabbit and the sheep and the horse and the human  And note
that antiserum from the rabbit neutralized msulin extracted from
rabbit pancreas and smularly antiserum from the sheep the horse
and the human neutralized msulin extracted from the pancreas of
the sheep the horse and the human respectively

‘There were good reasons for the assumption that neutralization
of msuln by was an nbody pt
For example just as wath antibodies m general antt-msulin had been
induced by a senes of mjections of a protem m this case msulin
neutralining activity was assoctated wath the globulin fraction of the
antiserum and finally msulin could be recovered from a neutral

b ln mixture by with acrd alcohol thus
ndicating that mactivation was not due to destruction

Since 1t appeared probable that one had to do here with an
antigen-antibody system the possiblity of m vitro reaction was ex-~
plored and n particular the possibility of precipitanion or floc-
culation 1 muxtures of nsulin and antt msulin In all prehmmary
observations which were made using anti msulin denved from the
guinea-pig rabbit sheep and horse precipttation was not observed
Finally however m muxtures of msulin and certamn specimens of
serum from a resistant horse typical foceulation occurred

A summary of the course oipxmmumz:mon of the horse which
yielded flocculating serum 15 given i Table 11T

Lots A B Cand D consisted of relatny ely large amounts of serum
1 litre or more  Flocculation occurred with muxtures of msuln
and serum of lots Cand D but not wath serum of lots A and B

Ushall gve very briefly results on flocculation from a paper whch
has been submutted for publication 8

Results 1n Table IV have to do with the determmation of the
equivalence zone of wsulin-ant: msulin

Each flocculation muxture consisted of a constant amount of
flocculating serum (o 2 mi ) plus the amount of msulin shown 1 the
first column 1n a total volame of 0 7 ml pH 7 4 Equnalence zone
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was determuned by standard procedure namely two sets of mux
tures as n the first two columns were prepared  After flocculanon
had taken place all mixtures were centnfuged and supernatants
poured off To one set of supernatants a constant amount of ant
nsulin as shown was added and to the other set a constant amount

Tanee 17
RESPONSE OF HORSE NO 2589 TO INJLCTIONS OF INSULIN

Potency of serum
U ts ox insulin {unr 15 tnsul n neutrals od

T me
(days) s jected per ml serum)
o 6 50
8 6850
33 o4
47 o2
6250
& 08 LotA
7 6250 o8 LotB
35 o8
92 6250 o8
105 08 LotC
1z 6 50 o8
138 o8 LotD

of msulm  Floceulation results with these are shown i the last two
columns The equivalence zone 15 that m which there 15 excess of
netther msuln nor ant-insulin

From washed floccules of the equivalence zone we were able to
recover msulin and ant-msuln m good yields  The recovered
wnsultn and ana-msulm were assayed by mouse convalsion techmque

Tanee IV
EQUIVALENCE ZONE OF INSULIN ANTI INSULIN

Flo aulation i sapernatants

Ut ox i T | Avserie C P aliton e T
mesm " a tiseramt € vl #
046 03 + - i
058 oz + - +
071 02 + = a
o8 oz + il

10 o3 st "

12 o2 Fose +

14 o2 + 1

17 o2 + T -
ERS 0. +
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and not by flocculation  Here then 1s evidence that typical antigen-
antibody flocculation may occur with msulin and anti-msulm

Tlus concluston 15 supported by other evidence

Table V shows graphically the result of an agar diffusion test

Taste VI

EIFECT OF ANTI INSULIN ON ENDOGENOUS INSULIN

A tins In B doge ous
or ol n

Gunapg Neur L 5 Mouse

Hon Does not neutraliz Mouse

Hmn Does not neutraliz M use

Mouse

Sunear g Endog  + msubn of

& ano msul produ er

Frie n tneutralized

Homan

The msulin and anti-insubm solutions were equal m volume and
were m equivalence amounts The posinon and curvature of the
line of preapitation 15 consistent with a smaller molecular species
msulin diffusing towards a larger molegylar species anti-tnsulin

[ ‘

(horse globuhn)



206 MECHANISM OF ACTION OF INSULIN

There 15 2 fusrsher prece of evidence which wdrrectly supports the
conclusion that floceulation 15 due to msulmn and antignsalin and
wiuch depends on the following considerations Boyd and Hooker®
denved 2 formula for the relation hetween the ratio of antibody to
antigen m foccules at the equivalence pomt and the molecular
weight of antigen

The ratio of anti-tnsulin to msnhn mn the equvalence zone was
calcalated from total merogen of floccules and an estimate of th
amount of msuln preaiptated

When this ratio was used n the formula of Bovd and Hooker a
value for the molecular weight of msulin of 24,000 to 36 000 was
obtaitted. Tlus value 15 1 the order of magmtude of the molecular
werght of mnsulin 1 aqueons soluton pH 710 8

There are different tvpes of nentralizing antibodies These for
exaruple can be focculatng or non-flocculanng  Indeed the floc-
culating, scrum with which we worked contamed m addion to
Hocculating antibodies non-floccufatng antibodies as we were able
tw show by frachonation with ammonwum sulphate  Other dif
ferences m antisera are shown m Table VI Here are theee neutraliang
anttscra viz gumea-pig horse and human all of which were pro-
duced by myection of crystalline ox or pig tnsuln  Only the anti-
sexummt from the gumea-pig nentralized mouse-endogenous st
3s mdicated by the production of signs of diabetes i the mouse
In thus connection some work of Lacy and Daviest 15 of mrerest
These 1uvesugators labelled with fluorescemn 1socyanate 2 globuln
traction of guinea-pig sefum contuning ante-msuln The Jabelled
any-msulin globulin was vsed to stam frozen secpons of pancreas
from beef mouse guinea-pig rabbir and man A yellow green
fluorescence was produced m the ulets of mouse and ox pancreas
which was ihubuted by prior addition to the antrsernm of erystalime
pork msulin  Eluorescence was not produced in the sslets of guiea-
pig tabbst or human pancreas Results with mouse and gumxcs—yl%
pancreas and these are the only two for which we have rele {va}x;
data are consistent with onr findngs, namely that annserom ; the
gumnea-pig neutralized endogenous mouse msulm but did not

! g gunpg - uling 1
Also 1n Table VI there ar; sndicated dxfferenc‘dc; B:,f“:; W
respect of fization e end ms
1ns§hn producer 15 not neutralized Whereas for mgnplc hm;;
msuln from the horse neutralized msuln extracted from hos
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pancreas 1t did not neutralize the endogenous msulin of the horse-
produang antt insulin since the animal was healthy and showed
1o signs of duabetes and so for the antisera of the rabbit and the
sheep and even the human Thus latter was a severe duabetic woman
whose drabetes could not be controlled by msulin nor by an oral
preparation The disease however was controlled by 2 low calonc
dict and on thus regimen the patent successfully withstood the
;mputmon of 2 leg which had to be done because of a gangrenous
oot

Table VH 15 also concerned wath differences m insulns Thus table
gives 2 summary of properties of gumnea-pig ms

Taste VI
GUINEA PIG INSULIN

© Muxture of gunca pg and ox msulins may be
separated by partition chrom togr. phy

Guinca-pig msulin not ne trals ed by ant-wsulia

{mouse con ul 1om te 1)

3 Guneapg nsubin low rs blood g of mouse
iy ted with antimsul £om gu | pg

Gu eaprgnubnde ¢ Jower bl d sugar of

ant  sulin prod emg gume pg

Since gunea-pig tnsubm 15 not effective m lowering the blood
sugar of a guinea pig i which antibodies have been induced by ox
or pig msuln 1t 15 altogether improbable that 1t would be useful
for the treatment of a diabetic who has developed antibody-type
Teststance to mjected msulm

‘Table VIII shows a comparison of neutrabization of ox and cod
msulins

Tame VI
COMPAXISON OF COD AND OX INSULINS
Frat 1
o o vul g o Fat vals g
(hor o) Oxin | ) Cod insul
{005 permoc) (rp v oo3w per moise)
Ulnd‘xl o;u U dil 3f12
o 1 712
:/: 1t i !;u
s 12/t x{a 7{12
ne 1nju Sahne 81z
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These are different Evidence from flocculation and neutrahiza
tion® indicates that soluble ox msulin-anti-nsulin complex 15 dis-
sociated  Results here mdicate that soluble cod msulin-ant msuln
complex has a larger dissoctation constant than ox msulin ant-
sl

It would be nterestng to know why endogenous msulins are not
neutraltzed by anubodies which neutralize msulm extracted from
pancreas of the same species  And 1t would certamly be desirable
to have avatlable an msulin effective m msulin-resistant diabencs
that 15 to say an msuln which 15 not neutralized by antibodies
mduced m the human by ox or pig msulin

SuMMARY

By the myection of oX or p1g msulin into animals 1t 15 possible to
anduce the formation of anusera which are capable of nentrahzing
the phystological effect of msulms extracted from the pancreas of 2
number of species of ammals  Such sera n mixture with s
may or may not exfubit the phenomenon of flocculation A study
of flocculation and neutralization with an antr-nsulin serum from a
horse showed cleatly that neutralization of msuln by the serum was
an antigen-anubody reaction It 1s highly probable that neutrafiza
tion of msulin by non-flocculating antisera 15 also an anugen-
antibody reaction

Antibodtes to msulin may differ not only 1n respect of flocculation
and non-flocculation but also m respect of mnsulins neutralized Fo;
example antserum mduced m the gumea-pig by the mjection o
ox or pig wsulin was capable of neutralizing endogenous mouse
tnisulin whereas antt-msulins mnduced i the horse human and monse
‘were not

Extracted msulins from the pancreas of the o< pig rabbit sheep
horse monkey chicken fish (ling) and man were neutralized by
antisera mduced by o or pig msulin m the gumea~pig rabbut sheep
borse and man ]ix:mcte:r}J msulin from guinea-pig pancreas wWas ngt
neutralized as shown by mhibition of convulsions and by blood-
sugar test 0 mice 1t was however neutralized i the gum[i: pg
carrymg antibodies actively mduced by ox or pig msuilm Sf& "
extracted from cod pancreas 15 mcompletely neutralized an ef
which depends probably on mass action
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DISCUSSION
Youne Dr Moloney has mtroduced into the subject which we are

considering duting these two days the 1deas and methods of investigation.
of the and the serol na most and Iths

P
entertaimng fashion
The particular mterest pertaining to guinea pig s msubin 15 one that 1
certanly share More than _o yearsago H P Marks and I (Narure 1940
146 31) prepared a small quantity of msuln from gumcbﬁ:ﬁ; pancreas
We were very mtercsted tn the relatively Jow yields of insulin which we
obtuned from the pancreas of thus anumal The yield per 100 g of body
waight was less than one tenth of that for the other species \vluci we were
mnvesnganung at the tme. This was unexpected 1n view of the fact that
1 the guinea pig pancreas there are clear granules m the P cells of the
pancreatic aslets which diminish 1n number when the blood sugar rises
and which show many signs of beng the precursors of msulin It 15
possible that there 15 an antagonustic factor to guinea pig wsulin 1n the
pancreas itself though Gnﬂ'nis who was 1n the hiboratory with us got
some evidence for this fater we were not able clearly to demonstrate
this Perhaps Dr Molonev would care to comment on these observations
Wath regaed to the species dfferences of msulin the work of Sanger —
which has covered 2 considerable number of different insulms has shown
enucal differences in the amino acds within the intra-chain dusulphide
bk of the A chain of insulin although as far as Tknow nathung ts known
about the structure of guinca pig msuln
I was particulurly ghad that Dr Vallance-Owen stll thanks that the
turtacy gland 1s a gomng concern It 13 2 concern in which I myself have
N anterested for many years and 1 am sull unrepentant 1n my belief
that growth hotmone 15 of paruicular importance 1n the antagonusm to
wnsubin which 15 exetted by pimtary extracts and by the secreaons of the
putwstary gland seself
I noted that Dr Vallance Owen 1 s expenments with Dr Lukens
found no clear effeet of grow th hormone i the Houssay amimal when the
E\‘uv«h hotmone was gwen alonc 1 am not clear whether growth
ormone and a small amount of adrenal sterord were also given in smilar
experiments Dr Vallance-Owen, was that sot
?
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Vattance OweN No Sir Growth hormone was given alone to the
Houssay antmils adrenal sterords were not given m addition

Youne Do you think the growth hormone 15 concerned m the
piutary effect that you and Dr Lukens observed:

VALLANCE-OWEN Yes 1do

Youne [am glad about that One mught ask now what 1s the phy
stological signsficance of this antagonism bern cen pituttary hormones on
the one hand of which ¥ think growth hormone 15 one ‘and msuhin on
the otherz This guestion 15 an 1mportant one because there 15 some evi
dence which I cannot discuss now that i some species of animals an
nereased secretion of msulin by the slets of Langerhans of the pancreas
1s sumulated by growth hormone Why one may ask should there be
a stimulation of msulm secretion by the pancreas mn some spectes at the
same tume as there 1s produced 1n these ammals by means which are not
certain and by a mechansm which 1s sull far from clear an antagonsm
to the acton of msuln as far as carbohydrate utihization 1 muscles 18
concerned?

1 do not think any final answer can be given to this question bat Istill
hold to the view that T have held now for quite a few years of the impor
tance of msulin m protemn anabolism The antagomstic action of the
growth hormone ot the wnuln antagomst 1t ehats the effect of insubn
on carbohydrate utihzation may permut the effectiveness of msul on

rotem anabolism to be emphasized without a danger of an undesirable
?all of blood-sugar level

The vanetv of known antagomsts to msulin 15 beconung rather dis
turbing and we cannot assume at the present ime that there 15 any on¢
mamn antagonst to the action of msulin on carbohydrate utihzanon
There may exst a seties of antagomsts existing in different spectes under
different condwons but mich rescarch needs to be done on tus pownt
at the present ime

The question of the presence of msubin m blood plasma masked by
antagonusts 1s one that Dr Randle and I met some years ago when we
found that m a cat which had been rendered persistently diabetic IZK
pitmtary treatment the metahypophyseal diabetes was associated w1
3 condition m which no msulin could be detected i the plasma by the
rat diaphragm method as used 1 our laboratory I the plasma of this
diabettc anmmal was frozen and thawed three tmes and the msuln
actvity then measured by the diaphragm method nsuln activiey was
found to have appeared and to be about the normal amount Isit posstble
thercfore that mn this anumal with diabetes ongmally of fnmmry ongin
but assocated more directly and primarily with 1slet lestons ~there 18
msulin arculating m a form whxc]}; 1s completely neutrahzed as far ;f
action on the normal diaphragm method 1s concerned but which can be
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unmasked by a process which might be expected to mactivate a kipo-
proteme I do not know what the final answer to that question 1s but st
agamn emphasizes the dangers of measuring msulin m plasma by only one
method and of making any assumption that one 15 1n fact measuring
1nsubin stself

Some experments catried out by Dr Whitney and myself (Biochem J
1957 66 648) some years ago are possibly rclevant to this point We
1nvestgated the effect of the intravenous injection of glucose (oo mg [mlg
on the plasma msulin activity of the normal rat, and we also measure:
the uptake of glucose by the diaphragm of these rats grven glucose intra-
venously Control expeniments were carnied out with diaphragm from
rats which were not treated with glucose

We found as we rather expected, that when the blood sugar level had
been raised by the injection of glucose the capacity of the diaphragm of
the myected ammal to take up glucose when the diaphragm was excsed
and immersed 1n glucose~contaming buffer also rose returming to a hntle
below the normal at about 120 munutes

We taok the plasma from these glucose-injected rats and assayed 1t by
the diaphragm method for insulm Lke actvity  We rather e‘(pect:!
that the plasma msulin actvaty would be rased soon after the myjection
of glucose but n fact we found that 1t was very definitely lowered ruin,
to about the normal level at 60 minutes after which 1t rose above non
where it remaimed until the end of the experimental period of 1.0 mnutes

1 cannot believe that insulin secretion by the pancreas 1s not mereased
when the blood-sugar level ses  There 15 too much evidence of all sorts
to allow a contrary view to be accepted It 15 possible that insulm which
was present i the plasma to begin wath became bound n the tissues when
the blood sugar level rose and there may therefore hasve been a removal
of msulin into the tissues at such a rate that msuhn replacement by secre-
tion from the pancreas was imbally unable to maintan a steady level of
blood msuln There 15 also the possibility that insulin antagomsts were
secreted mto the blood stream soon after glucose had been mjerted but
1 do not know what 15 the simple explanation of these findings Thistype
of exp pt the camplexity of the situation which one 15
dealing with 1n discussing the acuvity of msuln 1n plasma and 1 also
shows that the sccretion or development of antagonusts to insubin might
occurt under physiologieal conditions for reasons which Ithink we cannot
casily understand at the present time

1 personally have very much entoyed the papers today Particularly that
0 which Dr Moloney made so clear the simmunological properties of
the system he has mvestigated The fact that his antbodies to msulin
t;:ovxdc a valuable tool for the elucidation of the problems that we have

en discussing has already been clearly allustrated by the results which
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Dr Taylor at Cambridge and Dr ‘Wiight in Londen put before us earlie
thus g Undoubtedly Dr Mol has placed an extremely alu
ablcb land powerful tool i the hands of those who are interested 1z thes
problems

Perrow It has been shown 1n 2 luuted number of publications thal
growth hormone appears to samulate resistance to mfecton of ammal
through some adrenal mechamsm 1 just wondered whether to the
exeent to which antibodues are mvolved 1 that effect you mught not
have a partial explanation of growth hormone antagonusm to wnsulin
through an antibody mechansm of this sort

Youns Dr Petrow I presume you are referring to Selye s work bere
Ido not know that theee 15 any clear evidence of the it cpretanon which
you sug, c&: I 1{’ a posstble one but I prefer to reserve judgment on this
aspect of the problem.

}”I‘bc effects of growth hormone on the adrenal corte of the hypo-
phy d rat were um d by Stack Dunne et af (J Endocrinol
1955 12, 174)tn my laboratory some years ago There 1s no clear mdica
tion that growth hormone samulates the secretton of adrenal srerords
There 1s some shmulation of mitosts 1n the adrenal cortex but Iam vey
hesiant about the mterpretanon of much of this work at the present hme

Fisrzr I do not thunk that m view of the complexty of the situation
that has been disclosed here that the 1jection of another possible com~
pleaty can do much harm  However one thing which oceurs to me
about a great deal of this assay work and the effect of protemn fractions
1s that the assumption seems to be mherent that the diaphragm stself 33
mvanant This sort of effect and some of the smmulant effects which
Dr Vallance-Owen has descnbed could be the resuls of non speafic or
other speatfic effects of serum protens on the diaphragm metabolsm

1 am remunded of some work which Krease has just published showing,
that the diaphragm however carcfully prepared tends to lose potassium
farcly rapudly and that the only way he can prevent that 15 by the addinon
of various serum protean fractions *Jt has been known fora long time —
D K Hill was the first person to do 1t ~ that an increase 1n potasstum
concentration extracellularly 1 muscle has a very profound effect on
this metabolism

These are considerations which mught be bome in mund before one 1s
quite sure that these effects are speafic msuln~nmulanag or ins
mhubipiny

S'n‘.WAgR'[ May I just say somethmng about the pomt which Pm(:i:
Young has brought up on the msubn content of the gunea pig pl!;_c
We have devised a technque for measunng the msuln con;cn‘; o ﬂﬂon
alcohol extracts using the mouse convulsion method Ifwe }:CP ] muce o
a carbohydrate dret and pre-treat them in the fasted state with Phenerg
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they are cxtremely senateve to melin, We find that using thus technique
the gomea pig has between 114 unts per granmume fresh naght of
pancreas compared with 2-5 ungts per gramme for the rabbi sa the dif
ferenge 1s not 2t that great, and our values ate much lugher than those
found w the lteratare We thank 1t 1 something 1o do with the aereal
workang up of the msukn from the pancreas of the guinea prg which may
e guite different from thae of workug ep msubn fram ox pancreas

Oaxtsy Wt regard 1o the detectson of msohn annbodies Dr Cun-
1ffe has been uning a test ar King s whuch 15 a5 yer unpublished in thas
eonnection bur an our hands 1t doer seem 0 give so far eneoirraging
results What he has been domng 15 2 passive cutancous anaphylaas test
which consists of gaving mnadermal sjecons weo a gunes pig of the
serom wiich one 2 myesnganng  these of course can be done 1w
varyng didunons ~ and 24 hours ter injecung mto one hind Jeg
1 ml of pontarne blue and 80 onies of erysaaliine soluble wnsebn o
the other hund log H insirhin antibodies were present you wonld get 2
raprd formation of 3 qrcurnsenbed bloe ring or arca around the site of
anjection of the serum contauung the antbady

It 1 2 redaavely mple cest moour hands whach has so far gven 1
wharkably consstent results although we have not been using w Jong
enough However @ durty ot forty contrals they have all been negsave
and u thisty or forty duabeaies not on nsubn there has not been 2 single
postve In Jarge serses of diabetscs on snsubn we have had o weak
posttves sn panents shose msulin requirements have been gust about
160 unts of soluble insubn 2 day and with eleven patienas whase mseba
requirerients have been between 500 and 1000 unss of muuln s day we
have had a strong postive sesult wx every tase

Sciasare § jus want 10 ask D1 Vallance-Qwen and Dr Taylor of
whey would Whe to comment on the fact that m Dr Taylor s cxpenments
where he wsed Tabelled msuhan he found ail the ssulm i the Tast pare of
the alburnin fracuon n the ¢ and oy-globulin fractan  Js at possible
that the albunun factor of Dr Vallince-Owen phays any tole m the
dcfgnémmun of the arnsubin acuvary w the fracuon which Dr Taylor
studied:

Wanir 1w ould bke to 2k Dr Moloney shether Bie has tested any
tsulin antiscrum produced: i yobbin by Des Arquils and Stavisky
have tested the acnion of 2 specimen of such serum i hrgh com
wpon the effears of msulin on the solared rat disphragm and hase fou
thiat even 11 hugh concentrauon it has no effect

Motover  Antiwsubn produced 10 the esblur by Stavinky
Argullo and in the gumea pug and shoep by w1 were awayed 1o Clevels
by the Sty and Arquifio m 1ave mebad aad 1 Torowo by me
convulsion uhibiaon method  Resules s Clevelind were tabbat ser
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effecuve at 1/64 dilution gunea pig serum at
serum at 1/4 results mn Toronto were g+,
vented convulsions at 1/2 ddunen rabbit serum
action that1s to say the results of the assays were
Tayror In answer to Dr Schambye may Isay
our albumm by fractional preciprtanion, msulin
with it As L understand 1t Dr Vallance-Owen al
be present in some of hus albummn fractions
of course with hus msulin antagonuse Effects on ¢
then very hikely represent our balance between mst
both present tagether i the albumin fracuon
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This work was undertsken to discover wh
ponuve to tolbutarude possess 2 glucose utilzanon
any way from non-drabetics on the one hand and
moderate to low doses of msubm on the other  The
not respand to tolbutamude  The 2bsence of ket
obscryed tn those diabencs sesponsne to sulphons?
thar thewr own pancreas secreted sufficient msulin to
We considred that a positve increase of s capatlary
after the o1l admstranon of phucose would 5
presence of endogenoas msulin

The procedure adopted was as follows alf subjects
2.00 g carbohydrate diet for 7 days prior fo the test
been stabalized on tolbutamnede thus was replaced by p'
the week pror to the tese The wjection of msuhn
normally required st was stopped 36 hours prior to ¢
subjects fusted overmght On asawal they were kepe for
m 4 gugt sempesture-contsolied room  Capilary
good specimens wete abtaned i hepatnzed tubet as

g 1

A sngle stab 1o the tip of the mdex finger with 2 Ba
scalpel engured free flow of blood throughoue che
Venous blaod samples were obtamed without the use o a ot
from the same vem tn the medun cubteal fosss

e blood cont were d d w guadr

by the antheane method The srandard error of a wagle der
100 Was 4: 1 56 per cent. Capillary blood samples were
$ minutes paor to and after the o?:mnmg of the venous
The mean of these ™o capiflary blood sugar coneentrations
used as an esumare of the capillary blood sugas at the nime the

213




218 MECHANISM OF ACTION OF INSULIN

sample was obtamed Twenty minutes after the commencement of
the test 30 g of glucose per square metre body surface were then
admunstered 1 200 ¢ ¢ _of lemon-flavoured tap water and the test
then contmued for another hour

Persons attending a diabetic clime were divided ito four groups
Group one ¢ d the good responders to toll de Those
m group two were termed moderate responders to tolbutamde —
they were those patents who showed 1l response but later on a
partal relapse  Group three contamed the non-responders to tol-
butamide who however never showed ketosis but who required

E GLUCOSE
o BY
s MOUTH CRCAPILLARY B S
1]' Ve {.‘I‘:::G“ASNI%SPO‘
M pvrovars
G
TIME

Frc 1 Glucose uthization test

small to moderate amounts of msulm  Diabetics with a hustory of
ketosss who required msulin constituted the fourth group A fifth
group of non-diabetic subjects was mncluded m the trial to serve as
controls

The mean capillary venous difference prior to glucose admmis-
tration was subtracted from the mean value of the differences
estmated dunng 1 hour after glucose admmstration  This fin
value was taken to be the measure of one of the effects of endogenous
msulin Fig 2 shows the results of these tests i the five groups of
subjects  Of the diabetics the group responding to tolbutarmde
showed the best uptake after glucose but even so this was omly
approxumately one-half that of the group of non-dubetic controls
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Thete was no sigmficant difference between moderate responders
an ketoty ponders to tolb de but the difference
between non ketoue non responders and good responders was
significant. The ketotic duabetics showed a negative uptake Among
those non-diabetics tuttally chosen for the test were two with dis-
semmated sclerosis two others wath presumptive cortical or prewstary
dysfunction  These are shown 1n Fig 3 and are characterized by
showng a negative uptake

CHANGES IN €=V DIFFERENCE AFTER GLUCOSE et
)
EYATS)
Hon dlab ti cont of ’

+33wgm
Goof  pond  Talb 1 miee

Famgn e
Mode ot respondars to s

7 Grgm

bionor pund 7
Nos s e
’
3 +5 +10 .5 +20 425
Fe 3

It mght be considered that the nse of capillary blood sugar
follovang the admutustration of glucose was a function of the meta-
bolic abnormality Fig 4 shows a plot of the maximum capillary
blood sugar following the admmstration of ghucose plotted agamst
the 1unial capillary blood-sugar concentraton It can be seen that
the maximum capillary blood sugar Jevel was corrclated wath the
tmnal capdlary bﬁ)od-sug:r cone and was independent of
the type of diabetes under examunation  The figure also shows the
;\Amwncss of dispersion of the different groups along the regression

e
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sample was obtamed Tventy munutes after the comutencement of
the test 30 5; of glucose per square metre body surface were then
admumstered 1n 200 ¢ ¢ of Jemon-flavoured tap water and the tesy
then continned for another hour

Persons attending a disbetic clime were divided mto four groups
Group one contamed the goud responders to tolbutamude Those
1 group two wure termed moderate responders to tolbutamude ~
they were those patients who showed mitial response but later ona

aral relapse  Group three contamed the non-sesponders to tok
ﬁutanudc who however never showed ketosis but who required
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n ketotic p o de but the

etween non-ketotic ponders and good resp was
igmficant The ketotic diabetics showed a negative uptake  Among
hose non-duabetics tnitnally chosen for the test were two with dis-
emunated sclerosis two others with presumptive cortical or prtuitary
lysfunction These are shown m Fig 3 and are charactenzed by
howng a negatnve uptake

There was no sigmficant difference between moderate responders
a 1 1t it
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It nught be considered that the mse of capillary blood sugar
following the admunistration of glucose was a function of the meta-
bolic abnormality Fig 4 shows a plot of the maximum capillary
blood sugar followmng the adnumstration of glucose plotted agamst
the 1mtial capillary b%ood-sug:r concentration It can be seen that
the capillary blood-sugar level was lated with the
tnital capillary blood-sug: and was independent of
the type of duabetes under exammation The figure also shows the
i\zrm\v-ncss of dispersion of the different groups along the regression
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sample was obtarned Trventy sumutes after the commencement of
the test 30 g of glucose per square metre body sutface were then
administered m 200 c ¢ of lemon-flavoured tap water and the test
then continued for another hour

Persons attending a dubettc chme were divided o four groups
Group one contained the good responders to tolbutarmde Those
i group two were termed moderate responders to tolbutamde —
they were those panents who showed imnal response but Jater on 2

artial zelapse  Group three contamed the non-responders to tol
Eumnudc who, however never showed ketosis but who requred
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Fic 1 Glucose utdization test

dh 2 hustory of
detate amounts of msuln  Diabetics wi
l:c::)lslx:ow?g re;{u:r:d msulin consttuted the fourth grolup :‘;v fift::
group of non-drab-tic subjects was ncluded m the tral to s

cc’rl“gslxsncan capillary venous d:}fﬁrmcc pm;:ctz glr;:s;ﬁf:;;
s subtracted from the mean va p
z::::;edwsurmg 1 hgur after qu[cosc Zgﬂ’fﬁgf}mﬁmm
to he the measure of one .
wsl:l:r:va;:;k:nsh‘:n; the results of thes. tests ;‘n (hckfx\&%r:i&
utlxb ects OF the diabetics the group respon n%g oy
sh chd the best uptake afier glucose but f_cvc 0 el
:F;mumstcly one-half that of the group of not:
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There was no sigmfi diffe between pond;
and non-ketotic non-responders to tolbutanude but the difference
between non-ketonc non-responders and goo p was
significant  The ketotic diabetics showed a negative uptake  Among
those non-duabetics 1utially chosen for the cest were two with dis-
seminated sclerosis tw o others with presumptive cortical or prtutary
dysfunction ‘These ate shown m Fig 3 and are charactenzed by
showing a negative uptake

CHANGES IN C-¥ DIFFERENCE AFTER GLUCOSE
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It might be considered that the nse of capllary blood sugar
following the admnstration of glucose was a function of the meta~
bolic abnormality Fig 4 shows 2 plot of the maximum capallary
blood sugar following the admunsstration of glucose plotted agamst
the u-uuﬁ capillary blood-sugar concentration It can be scen that

e maamum capilary blood-sugar level was coreelated with the
mttal capillary bl%od sugar and was independent of
the type of diabetes under examunation  The figure also shows the
hmnrrowncss of dispersion of the different groups along the regresston

c
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sample was obtamed Twenty minutes after the commencement of
the test 308 of glucose per square metre body surface were then
admustered 1 200 c¢_of lemon-flavoured tap water and the test
then continued for another hour

Pessons attending a diabettc clmc were divided mto four groups
Group one contamed the good responders to tolbutamsde Those
n group two were termed mod spond Ib de —
they were those patients who showed muttal response bue later on a

arttal relapse  Group three contamed the non-responders to tol-
gutam&dc who however never showed ketosts but who required

GLUCOSE
F
2 [:34
s MOUTH C=Capitlary BS
T -,
'I‘ PYRUVATE
G

Fio t Glucose utilization test

small to moderate amounts of msuln  Duabetics with a }UStorg}‘:fOf
ketosts who required msulin constieuted the fourth grovp A
group of non-diabetic subjects was mcluded 1n the trial to serve as

ontrols

C The mean capillary venous difference prior to glucosc admunts-
tration  was su}l;tracced from the mean value of the dxifmg;c;
estimated durmg 1 hour after glucose admmstration  This fina
value was taken to be the measure of one of the effects of mdagcnouz_
msulin Fag 2 shows the results of these tests n the five groups :Is
subjects  Of the diabenics the group tespondmg to_tobutamide
showed the best uptake after glucose but even so this was :’ol;l
approwmately one-half that of the group of non-diabetrc contr
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There was no sigmfi diffe between mod, ponds
and non-ketotic ponders to tolt de but the diffe
between non ketouc ders and good ders was

P
significant The ketotic diabetics showed a negative up:rakc Among
those non-diabetics mmtially chosen for the test were two with dis-
semunated sclerosis two others with presumphive cortical or patwitary
dysfunction  These are shown m Fig 3 and are charactenzed by
showng a negative uptake
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It mught be considered that the nse of capillary blood sugar
following the admunustration of glucose was a function of the meta-
bolic abnormality Fig 4 shows a plot of the maximum capilary
blood sugar followm% the admimstration of glucose plotted against
the mal capillaty blood-sugar concentranon It can be seen that
the caplary blood-sugar level was lated with the
miaal capillacy bl%od sugar and was independent of
the type of diabetes under exammnation The figure also shows the
narrowness of dispersion of the different groups along the regression

ine
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Our results mdicate that good respondess to tolbutamude have a
greater uptake of glucose t]gmn msulin-requining duabencs and at
the same fime only approwamately hal? the uptake of normal
subjects This suggests to us that tolbutamide responders have more
endogenous wsulin than those who do not respond  This has been
confitmed by the plasma msulm assays of Vallance-Owen and
others The tolbutamide-sensitive diabetics do not appear howeser
to have so much msulm available as other non-diabetc subjects
This may be due to less msulin being avatlable in the pancress toa

NEGATIVE € ¥ CHANGES IN SELECTED NON DIABETIC SUBJECT

Initia) lnlllqvl M nC-vy Cha v|
i c= ditt € -
Case | Diagnoas I!I‘o:?::nr ditteranc | e ‘9|u¢u At nee
ooy | mge wand | mamdy
§ | Qumatd gy 58 17 -4
Sel ro iy
Diaem 1o
2 |sarn 72 8 -5 -3
Dmotib - -23 -17
3 o 65 4
Gt ob sty
4 ST e3 3 ' -2
M ol gitl
Fic 3

slower release from the pancreas or to a greater rate of mactivation

in the liver The finding of 2 negative glucose uptake both m
ketotic dubenics and m certam normal subjects suffering from
neurological disorders or ketotic dysfunction remans to be ex-
med

Plz;t ; of particular mterest that sr< out of seven patients who had 2
Tostory of ketows had 2 negatiwe glacose uptake We have nr; ev[::
dence whether this was due to the presence of some abnormal su
stance 1n the blood such as ketones or was due to s?n le passr;’f
pooling or stagnation of glucose on the venous side of the ar
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timulated by tolt d however insufficient to ensure
clitcal control as shown by her eventual need of 1ns

We are not able to separate this type of response from that of 2
true spatmg, of exogenous msalin as long as plasma msulin assays
cannot differentiate between exog and endog! wnsulin




SOME PERIPHERAL EFFECTS OF
INSULIN AND OTHER HORMONES IN MAN

Jean Ginssure H-J B Gatsrammmand A PaToN

Departient of Medicme St Thomas s Hospital Medical School London

The fact that msulm has a marked action on extrahepatic tissues
has been shown by many workers An mncreased uptake of glucose
under the influence of msulin has been demonstrated 1n 1olated
ussues (Bum and Dale ® Gemmull 17 Hechter et af 1% Hepburn and
Latchford  and Stadic er af 2%) and eviscerated preparations (Best
etal 3 Bum and Dale ® and Mann and Magath %) The wideming of
the arterio-venous glucose difference which occurs after mtravenous
or mtra attenial myections of msubin m ammals and man (Andres
and Zierler 1 Belland Bums 4 Con and Cont ®and Frank epal 111-13)
has also been taken as evidence of a penipheral effect

In the present mvestigation the cﬂgcu of nsulin hydrocortisone
and glucagon have been measured mn the forearm of healthy adults
Pcnphcnlg responses to msubin were also studied m _panents with
diabetes acromegaly and other diseases assoqiated with disturbances
of carbohydrate metabolism and with an aliered sensivity to
msulm

The forty-six subjects of the mitial study were mamnly medtcal
students and colleagues nine convalescent patients with no evidence
of bolic or end disturbance were also included in this
group Al subjects were tested at rest in the laboratory after 2 fast
of 6to 16 hours Stmultancous samples of artenal and venous blood
were taken through needles maintamed throughout the test m the
brachual artery and antecubital vemn of one arm and i the corres-
ponding antccubital vemn of the opposite arm  Blood glucose was

d b dificd Shaffer H: method (Haslew ood and
Stroohmanl®) In some tests hand or forcatm blood flow were
measured at half minute mtervals using venous occluston plethys-
mogreaphy (Barcroft and Swan®) It was thus posuble fo eva!
the mfluence of these hormenes on glucose uptake m the ~

Q g
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PERIPHERAL EFFECTS OF INTRA-ARTERIAL INSULIN {Figs 1 and 2)

After duplicate control samples had been taken 2 unss of msulin
diluted with 1sotonic saline to a volume of 2 ml were rapudly
myected 1nto the brachial artery Further samples were taken 515
30 45 and 6o munutes after the myection m all subjects and at go
and 120 munutes m a few

The concentration of glucose n venous blood dramnmg from the
mjected himb fell prog ly after the iy of msulin to a
mean value of only 35 mg per 100 m! at 30 minutes One hour
after the msulin the mean level m this vem had risen shightly but
was still 20-30 mg below control values When samples were taken
1} to 2 hours after the mtra-artenal mjection of msulin glucose con-

1n the 1psi-lateral d g vemn was still well below control
levels although glucose concentration had regamed control values
1 arterial blood and blood from the contra-lateral vein

There was an mitial fall i the glucose concentranon of artenal
blood and venous blood from the contra-lateral arm  These changes
were however much less than i the 1pst-lateral drammg vem and
control values were regained by the end of an hour at 2 time when
the glucose content of venous blood from the mjected himb was
still below 60 mg per 100 ml

The selective and sustamed fall 1n glucose concentranon m the
1psi-lateral vem 15 due to the drect action of msulin and provides
evidence that the hormone can be mreversibly fixed m healthy
tissues i tivo as in 1solated preparations (Stadie et al %) Fixation
of msulin must have occurred with extreme rapidity for the mjec-
tion was made mn less than 2 seconds and the hormone could onfy
have been m contact with the tissues of the forearm for a very few
seconds

The effect of mtra-artertal msulin was not confined to the tissues
1mto which 1t was myected for the concentration of glucose also
fell m artertal blood and 1n venous blood from the opposite arm
though to a lesser extent These changes m glucose concentration

resumably reflect the peripheral action of msulin after recirculation
ut may also result from the action of msulin 1 areas other than
the extremities

There was no general or selective change 1n hand or forearm
blood flow after mtra-artertal myections of msulin  Changes 1
arteno-venous glucose difference in the injected arm can therefore
be used as a measure of the effect of mera-arternal msulin on ghucose
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uptake 1 that hmb Iunally (Fig 2) the arterio-venous glucose
difference averaped 7 mg mn both arms  Fave munttes after mtra-
arternal msulin the artetio-venous difference m the mjected arm had
mclreascd to neatly 20 mg and remamned elevated for a further hour
at least

A selective merease m glucose uptake on the myected side could
simalarly be demonstrated when changes m the arterio-yenous
difference were expressed as a function of the artenal level of
glucose using the formula A-V/A (Elrick ef al 10)

PERIPHERAL EFFECTS OF HYDROCORTISONE (Figs 3 and 4)

The peripheral action of hydrocortisone was mvestigated n a
sumilar manner  Hydrocortisone was given mtra-artersally in doses
of 125 mg  Samples Were taken from the brachual artery and ante-
cubital vemns and blood flow was measured as before ‘There was
no change m glucose concentratrons or blood flow for 1 hour after
the mjection It was therefore not possible to demonstrate any
direct or immediate mAuence of hydrocortisone on glucose uptake
1 the forearm

Sumilarly (Fig 3) when 6090 mg hydrocortsone were mftised
intravenously over 75 to go munutes there was no appreciable
change m artersal glucose a slight increase m venous glucose was
however recorded by the end of the hour when over somg had
been infused

The possibility that hydrocortisone might wfluence the action of
wnsulin "apart from any primary effect on the level of arculatng
glucose was also mvestigated

Hydrocortisone (o 6-1 mg /mn ) was given intravenously for go
munutes  Control samples were taken durng the first .o mumutes
of this mfusion  Two tmts of msulin were then mjected mto the
brachual artery and samples taken as before for a further hour N

The general pattern of response to mtra-artersal insulin was m:lt]:n
the same when hydrocortisone was mfused (Fig 4) as when ms o
was given alone (Fig 1) The mean changes m arteral glucose au
arteno-venous glucose dufferences m the myected arm were not
signtficantly different i the two groups Thus systemtc adu';:msi
tration of over so mg hydrocortisone did not affect the periphera
action of msulm or modify 1ts fixation 1n forearm tissue i

The prolonged admustranon of hydrocornsone or a Icno;
cortical extracts undoubtedly cause a risc 1n blood sugar and altere:
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responses to msuhn (de Bodo and Altszuler®) The precise mechanism
15 not clear but there 15 much evidence that the adrenal sterords
influence carbohydrate metabolism more by an mnerease m hepatc
gluconeogenesis than by a decrease m the penpheral uptake of
glucose (Altszuler et al ™ Froesch et al1518) “The present findings
would support this view The possibiliey that hydrocortisone may
wnfluence some phase of glucose unlization (Frawley ¥ Henneman
and Bunker " Hennes ef al 2) has not however been excluded by
the present study

A
GUICAGON
i i
BLOOD h
Glucose 90
MG/loom.
70
60
7 o)
™ N © SMKNUTES
e—e  ARTERY

o[PS LATERAL VEIN
» -+ CONTRALATERAL VEIN

Fic 5 Effect of an mtrs-artenl tmyection of ghucagon (002 mg ) on artenial and venous
blood ghicose concencrations mean of foUTteen ExPAMENtS

PERIPHERAL EFFECTS OF GLUCAGON (Fig 5)

Glucagon* was gwven intra-artertally 1n a dose of 0 0. mg Blood
flow was measured and samples taken as before Glucose concentra-
tion rose smultaneously and equally i the brachual actery and ante-
cubital vens on either sde  Peripheral blood flow did not chan, lcl
after the myecnon of glucagon There was no sclective nlsl: c‘;’r r:d
m the glucase level of venous blood draming the mjected ml :m
no marked change 1n artetro-venous difference throughout th s
therefore not possible to obtamn evidence of a direct gcnp hecs
action of glucagon i man  Since the general pattern of resp

* The glucagon used 1n thete expenments was supphied by E Liley & Co
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afiter artertal ijectron of the hormone was sumular to that observed
after ntravenous ad; any of gl alone
on glucose uptake mn the limbs would appear to be shight compared
\wtﬁ 1ts central effects

It has thus been possible to demonstrate m healthy adults 2 direct
penipheral action of tnsulin and 1ts fixation 1n forearm ussue In this
respect msulin differs from the other hormones studied for there
was no evidence that hydrocornisone or glucagon had any direct
mfluence on the peripheral uptake of glucose

DIABETIC  SUBJECTS
E:
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Fic 6 Effect of an sntra-artens Fingocio of nsubin (1 muts) on artersat and vemous blood
cose concents uo mtwo p tent wthd betes

The techmque was then used to assess the peripheral response to
msulin m patsents with disturbances of carbohydrate metabolism
and altered sensitivaty to the hormone In view of the small numbers
myestigated at present and the difficulty of classifying panents wath
di:bcm 1t 15 only possible to give sclected examples of the response
obtamn

RESPONSES TO INTRA-ARTERIAL INSULIN IN DIABETIC SUBJECTS (Fig 6)
Nineteen patients between the ages of .6 and 74 were myvestigated
shortly after diagnosis and before treatment with insuhn
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The penpheral action of mwsuln was modified m obese diabenic

{atzents with an msdious onset of the discase and with absence of
ctosis ~ the so-called msalin-zesstant dnbetic (R M Fag 6) In

these subjects the concentranon of glucose fell equally m (fc attery
and antecubital vems on etther side There was na selective fall m
the glucose level of venous blood from the myected Imb  There
was thus an ympairment of the direct penipheral action of insuln
and possibly farlure of smmediate local fianon

In paticats wath a recent acute onset of the disease who were
subject to ketosts the fall 1 glucose concentranon was greater 1
blood taken from the spsi-lateral antecubital vemn than m samples
from the contra-lateral vemn or artery The high mwat fevel of
blood sugar id not modify the direct perspheral action of msubn
and local fixation of the hormone was apparent m these subjects
{W A Fg 6

In all diabetic subjects glucose concentration fell progressevely m
arterial and contra-lateral venous samples  Fasting levels were not
restored after an hour as i healthy subjects

It 15 tempung to speculate on the relation between these tespanses
and the different chmeal matufestations of the disease or the varsous
ndubitory factors described in diabetic subjects (Bornstem ? Vallaace~
Qwen®™ 8 The small size of the present seres however precludes
further discussion

RESPONSE TO INTRA-ARTERIAL INSULIN IN CUSHING § SYNDROMS (Fig 7)

An altered response to mtra-artena} msulin was observed 1 2
patient with Cwshing s syndrome secondary to adrenal hyper-
plasia The patters of response was smilar to that of obese duabene
subjects — an equal £l n artersal and venous glucose fevels withno
evidence of an 1mmediate local aciion

Pruttary suppression was achieved by xmplanu:xg fzdxojzmve

ffi hypothyrowd; after

ytrtim Adrenal and hypothy P!
o and pred and thysod were given
When the test was repeated 2 months after hypophyscctomy the
sesponse to msuln was within normal s There was a selecuve
£l 11 venous glucose concentration m the myected hmb and cvidence
of a Jocal fixation of msul
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RESPONSE TO INTRA-ARTERIAL INSULIN IN ACROMEGALIC SUBJECTS
(Big 8)

The effect of mtra-artersal mselin was studied n six patients with
acromegaly the discase was active n three cases and quiescent in
the remaming three

DDoer CUSHINGS SYNDROME
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Fic 7 Effct of an intramarterial impect on of ssulin (2 wat ) on arteral and venous blod
S:‘(ou concentr nons ta p tient w th Cushing s syndfome befo d after hypophy
my

Fasting blood sugar was only raised m one patient but the pert-
pheral action of msulin differed from normal 1n all sx pavients
Glucose concentration 1n the dramung 1pst lateral vem fell 1l
in five patients but control values were raprdly reganed The fzfl
1n the arterial and contra-lateral venous levels of glucose was shight
by companson with normal  Indeed in onc patient there was no
fall 1n glucosc concentration m erther vem or artery

The altered response m patients wath acromegaly was thus not
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dependent on actvity of the disease or on a rased level of ar
culating glucose  Furthermore the abnormality was distinct from
that observed 1 obese diabenc patients

ACROMEGALIC SUBJECTS

0

601D ss
BLOCD

GLISE

o

solhwgss

9 C:)
MINUTES AFTER LA INSULIN
— ARTERY
— (7S LATERAL VEIN
= CONTRA LATERAL VEIN
Fic 8 Effect of an mtra artenal smpection of wnsulin (2 unats on artenal and venous blood
lucose concenfrations m ewo patients with scromegaly
SUMMARY
1 The direct peripheral action of msulin and its fixation 1
bealthy tissues has been demonstrated 1n fastng adults the uptake
of glucose m the forearm was mcreased for at least 2 hours after an
mtra-artertal myection of msulm  This effect was not modified by
the stmultaneous ntravenous nfusion of hydrocortisone
2 Hydrocortisone and glucagon had no direct mnfl on the
pentpheral uptake of glucose
3 Penipheral responses to msulin were modified 1n obese daabetic
subjects a stnular response was observed i a pattent with Cushing s
syndrome
4 A different abnormality i the pertpheral response to msuln
was observed 1n patients with acromegaly
s Further studies are required to determine the relation between
these altered responses to msuln and the presence or absence of
specific factors 1 conditions of endocrme ambalance
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SALICYLATE IN DIABETES MELLITUS
J Rupand T D Licursopy
W estern Infirmary Glasgow

Interest 1 the action of salicylate 1 diabetes melhius has been
evived by the observation that asprn given m the treatment of
cute theumatsm alko controlled the glycosura and hypergly-
1emia of a young diabenc  This action was confirmed in another
rxoup of diabetics and 10 additon <o conerollng, glycosueia and
wyperglycaemua aspirin was found to be capable of abolshing
moderately severe ketosis ¢

Disidvantages of the therapy are eatly development of nausea
ind vomiung tm a few panents and malder but more frequent un-
fesirable effects such as tnmitus and desfness though the latter tend
to disappear with tsme Nausea and vormting are due to unsuspected
sverdosage with salicylate and are assoctated with very high serum
saheylate levels ‘They are senous because they give nse to a starva-
tion ketosis which 15 difficult to dutmgu!s}l from diabetic ketosis and
ths confusion probably accounts for the abandonment of salicylate
n dibctes long before the 1 of msulin  Fe 1
nausca and vomiung need not anse 1f salicylate dosage 1s controlled
by serum salicy late csumarions tn the eatly days of treatment so that
none of the Zsadunm:cs really presents an insuperable problem
toats use in dubetes Indeed the fact that salicylate s long and con-
tinuous ad 15 not partied by risk of senous toxic
effects such as agranulocy tosis 1s m 1ts favour for while this nsk may
be neghible in short term treatment 1t 15 not i a treatment which
lasts for bfe  The practieal value of aspirn 1n dubetes however
cannot be deaided until ats potency has been compared with msubin
the most effective antidiabetic anent known

We have my esugated the msulin equavalence of aspirin in a group
of fourteen patients whose msulin requirements raneed from 14to 112
units each day  The panients were referred to us from the hospital
dubenc clme  Some were well controlled with msulin but 2 good
proportion of difficult cases who were not well controlled
included mn the senes The complere pracuical range of

a7
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requirements has been covered and 1t may fauly be clamed that
the group represents a cross-section of diabencs who require nsalin

Climtcal particulars are shown m Fig 1 Ages ranged from 3 3 to
74 years Nime were females five were males The duration of
the disease vanied from 1 to 24 years the carbohydrate mtake from
104 to 295 g daily and total CJmm from 1300 to 2700 The deets
which the patients were accustomed to take as ont-pattents were
continued throughout their whole stay m hospital that 15 for the
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duration of the imvestigation except 1n one patient in whom a slight
alteration was made dunng the msulin period The only matersal
change 1n msulm admustration was to replace protamine zinc
imnsutn wath Jente nsulin m three patients so that all recetved the
same type of msubn  Therapy was controlled by fasting blood sugar
estimations and tests for g{l;'cosum throughout the day  After i,
maal contral period of at least 10 days during which the pat
recerved thetr appropriate doses of msulin aspurmn therapy wa
started and msuhn therapy contmued Aspioin was given in

to attam maximum therapeutic serum salicyl2* ?
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mg ftoomi Fasung blood sugar and urnary sugas esumat
continued and tmsulin dosage was progressively reduced sf wa
by the biochenucal findings  The amount of msultn which
be tepliced by maximum therapeutic doses of asprn wa
determimed for cach patient

Results are presented i Fig . where st wall be noniced that
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possible ta reduce smsubin requirement of every panent afier « to
3neeks treatment wurh aspion

Ewcht patients with an mil requiement of 1. 10 48 umts of
fente nsulin were able to do without sl alfogether whale aspion
warheng grven These fisung blood sugars at the end of the snsulin
and the aspin peniods were quite srable

The vext five panients had a modest reducnon i muuhn requires
went of 50 1o -0 wmts of lente maultn but the bshty of the fsting
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Fig s presents results 1 another farly stable diabetsc requinng
the Jargest dose of Tente snsulin — 112 units per day Insubin require-
ment 1n this case was reduced to 40 units per day and this robably
15 an understatement because fastng blood sugar and g{,)cosum
were Jower durng aspin therapy than they were m the contral
period with mnsulin afone  The msulin equivalence was therefore
more than 72 unuts per day

oy \-...\
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Eindings 1n patiens who was stabilized rathee than controfled w th 112 unsts of

The s eRenS ot o were s B i oo blood s f0 ot and deumaen '
Iycosun, dbya b 104

wally Tig 6 illustrates what happens when the aspn course
prfccdcsymsughn admunustration  The hugh fasnng blood sugar 1
quickly brought under control and there 15 neghgible gl)tosu;:
durtng the peniod of aspun therapy  After stopping asp:rc}n : “e
bload sugar takes just about as long to reach pre-aspinn fc\lrdm a
took to come down to normal  Thurty-six units of lente 1ns ! }3:1“
day were required to mameam the fastung blood sugar at a shghtly
Ingher control level
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In summary aspmnn m full therapeutic doses 15 not so potent as
msulin  The greatest amount of lente msuln which could be re-
placed by aspinn was more than 7. units per day and this in the
patient with the greatest msulin requitement  The maximum -
sulin requirement which could be comf‘lcrcly teplaced by aspirtn
was 48 unats per day but responses Iike these were only obtaned
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Fic 6 Coune of evens when  in therapy provedes i v Fasnag blood
fetumn toporm 1d Mg Ay Aadms ¢ < ononly to severt to duben lev Leafrer s
thedrug Thirty-sx un 6 of nsul n were required 10 bring the { g biood mugar.

to 3 sightly b gher controt kev 1thin with s porum.
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patients who were well controlled with lente insulin alone  Panents
who were difficult to control wath lente insulin were equally difficule
to control with aspinn - Another point worth menttoming 1s that the
ncreasing response t0 aspinn as msuhn requirement becomes greater
suigests that the frequency of hypoglycaemic attacks 1n patients
requinng, large duly quantines of insulm may be reduced by com-
buned aspirmnsulin therapy and the fact that hypoglycaenua 1s
not a feature of aspinn therapy may have a beanng on this
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These results place salicylate 1n the class of ‘promusing compounds
for oral treatment of duabetes and justfy carrymg on mvestigations
firstly to try to overcome the disadvantages of salicylate therapy
already referred to and secondly to find out how icacts The first
of these investigations 1s under way The second to find out how
salicylate acts i dabetes will now briefly be considered

In peneral there are two approaches to work of this hind — the
biochemist s and the physictans  The biochemust tends to start with
a sumple biolagical preparation and work up to the whole orgamsm
The rescarch physician works 1 the opposite direction from the
diseased patient to the normal and then to a simpler biologieal
system  So far as diabetes 15 concerned the two approaches are
mutually advantageous and thss 1s exemplified by the recent findings
of Manchester et al ° who noted thatsalicylate hkeinsulin ancreased
glucose uptahe by isolated rat diaphragm  Unlike msuln however
salicylate the p loss and d hes the ammo-
aad mcorporation 1n protem and 1t 15 not withoue mterest that these
biochemical observations on 1solated muscle agree with the changes
from salicylate we have observed 1n rheumatic panents 3

For our part 1t would perhaps not be so profitable to concentrate
exclusively 1 looking for an explanation of salicylate s action 1
diabetes  Our mterest in diabetes arose by chance while nvestigating
the therapentic action of the drug in rheumatic fever and i probing
other possible therapeutic applications for 1t This work was under-
taken mamly to find out more about the nature of the disease pro-
cesses It would not however be approprate now to do more than
durect your attention to the amazng therapeutic versatility of this
comparatively simple substance and then suggest n general tecms
how we might reduce 1t to understandable proportions

Fig 7 Lists three disease states which are mfluenced by sahcyl;r[c
They are theumatic fever duabetes mellitus and myxoedema  No
apparent connection between the diseases 15 known  All three are
also controlled by natarally produced hormones but each homlljnnc
benefits only one disease while salicylate affects them all though its
range of action and potency vames It s the drug of cholccn]m
rheumatic fever It 18 not so potent as nsulin 1n drabetes and 1t only
affects some bygnot all of the ?}E‘;lo‘;lmahncs n mtyvocd:nuljccl;u;:!

A 1g effect sease IS IMOSt prom
WChOlCSt;l':cl & ;ut as effecttve as thyrord hormones ! Mart‘l—
« 1thas noted that salicylate low ers the cholestero
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level 1n other hypercholesterolaenue states includmg diabetes so
that 1t would be well to kecp thus effect m mind when com‘xdmng

the problem of vascular degy — an imp p
m diabetes
brsease THERAPEUTIC agENT
RMEUMATIC FEVER  |asmimN  COATISONE
DIABETES MELLITUS ASPIRIM IMSULIN
HrROEOTMA ASPR W THYROXINE.
LOWERING OF CHOLESTERO

fic 7

I am convinced that another approach to the problem of how
salicylate acts tn diabetes as well as 1n the other discases 15 to continue
the search for the fundamental brologeal action of the drug and to
trace the whole senics of effects which stem from it for 1t has been
the more or less blind utthzation of these ndividual effects for thera-
peutic purposes which 1n our present sgnorance of their 1nter-
relations makes us wonder at and perhaps even doubt ats remarkable
therapeutic propertics

REFERENCES

1 Ao % D & Jorvson k. W M. (1956) € wal Soener 18 393

3 Mavansie, K L Raspie, P} & Howann Surrit, G (1958) Bot med J 1, 1008
,Rt‘m; Warson R D & Smor D H (195c) Quart J Aled NS 191

4Rum ]} Macoorcatr A L & Axorrws, M AL (1957) Bt med J i, vemx



244 MECHANISM OF ACTION OF INSULIN

These results place salicylate in the class of prorusing compounds
for oral treatment of diabetes and Justfy carrying on mvestigations
firstly to try to overcome the disadvantages of salicylate therapy
alteady referred to and secondly to find out how 1t acts The first
of these mvestgations 1s under way The sccond to find out how
salicylate acts in diabetes will now briefly be considered

In general there are two approaches to work of ths kind — the
brochemist s and the physictan's  The brochemmst tends to start with
a simple biological prepatation and work up to the whole orgamsm
The research phystcian works m the opposite direction from the
diseased patient to the normal and then to a sunpler biological
system  So far as diabetes 15 concerned the two approaches are
mutually ad and this s plified by the recent findings
of Manchester ef al 2 who noted that salicylate Like msulin mereased
glucose uptake by 1solated rat duaphragm  Unbke msuln however
salicylate the p loss and d hes the amuno-
acrd incorporation 1 protern and 1t 15 not without mterest that these
biochemical observations on isolated muscle agree with the changes
from salicylate we have observed i theumatic pattents 3

For our part 1t would perhaps not be so profitable to concentrate
exclusively m looking for an explanation of salicylate s acnon m
chabetes Ournterestn diabetes arose by chance w hile mvestigating
the therapeutic action of the drug mn rheumatic fever and i probing
other possible therapeutic applications for 1t This work was under-
taken mamnly co find out more about the nature of the disease pro-
cesses It would not however be appropnate now to do more than
direct your attention to the amazng therapeuttc versanlity of this
comparatively simple substance and then suggest m general terms
how we mught reduce 1t to understandable proportions N

Fig 7 lists three dusease states which are nfluenced by salicy] l\f{c
They are theumatic fever diabetes mellitus and myxoedema No
apparent connection between the diseases 15 known All three arc
also lled by naturally produced hormones but each hormhonc
benefits only one disease while salicylate affects them all though 1ts
range of action and potency vartes It 15 the drug of cholc;nl n
themmatic fever It 1s not so potent as usulin 1 diabetes and 1t only
affects some but not all of the abnormaittes i myxoedema l:{u( ltj
cholesterol-lowering effect 1n thus disease 15 most pmnouxlxch :;10_
m this property 1t 1s just as effective as thyroud hormoncsh o
over 1t has recently been noted that salicylate lowers the choles
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fevel i other hyperchol 1 states mcluding duabetes so
that 1t would be wcll to keep this effect 1n mind when consxdcnng
the problem of vascular deg; — an mmp ip
n diabetes
oisease THERAPEUTIC AGENT
RAKEUMATIC FEVER ASPIRIN CORTISONE
DIARETES MELLITUS  [ASPIRIN  INSULIN
MYROEDEMA ASPIRIN THYROXINE
LOWERING OF CHOLESTEROY]

o 7

I am convinced that another approach to the problem of how
salicylate acts m duabetes as well 23 m the other diseases 15 to continue
the search for the fundamental biological action of the drug and to
trace the whole senes of effects which stem from 1t for 1t has been
the more or less blind utilization of these mdividual effects for thera~
peutic purposes which m our present ignorance of their inter-
rclations makes us wonder at and perhaps even doubt 1ts remarkable
therapeutic properties
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THIOL SUBSTANCES AND DIABETES MELLITUS
W J H BUTTERFELD

Guy s Hospital London

Sulphydry] sut are p m the synthesis of msuln
and are also mvolved at various stages in mtracellular carbohydrate
metabolism  Lazarow!® has reviewed the former question and dis-
cussed the steps whereby the B cells elaborate msuln from thio-
amno acids such as cysune which constitutes over 10 per cent of
the msuln molecale and discussed possible ways whereby diabeto-
genic substances for example alloxan mterfere wath these processes
I do not intend to go further into this here but shall consider n more
detal the other aspect that 1s mtracellular reactions which depend
upon thiol-containing substances

These reactions include the conversion of glyccraldehyde-3-
phosphate mto 1 3 diphosphoglycenc acd by phosphate de-
hydrogenase which enzyme includes glutathione the cleavage of
one carbon atom from pyruvate which mvolves a dithiol «-lipoic
acid acetylation which involves Co-enzyme A and m the hrebs
cycle first the conversion of o-keto-glutarate to succmnate also
mvolving o ipoc acid and Co-enzyme A and second  the conversion
of succinate to fumarate which mvolves succmc dehydrogenase
In addition Long ef alM have published evidence that the phos-
phoglucomutase system may be thiol dependent

ly purpose 15 to review some preces of evidence accumulated
since 1950 suggesting that drabetes may be assoctated with an
abnormality of thiol metabolism affecting 'some of these steps The
two ponts 1n carbohydrate metabolism on which I shall be focusing
attenuon are first the action of msubn 1n faclitating the entry of
glucose 1nto cells and second the accumulation of pyruvate 1n the
cells and 1ts diffusion 1nto the blood 1f 1t 13 not properly handled by
being incorporated by wntermediary metabolic processes and oxi-
dized or stored as fat

T DIABETES AFTER INJURY
The first piece of enidence 15 based on abnormal carbohydrate
metabolism after injury already alluded to briefly in the Iiterature 38
7
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Thus study was concerned with burns 3 form of mjury which
permuts the mvestigator roughly to assess the seventty from the
percentage of the body burned

Over a penod of 18 months the bumn service of the Medical
College of Virgina m Richmond admutted 140 cases with burns
of sccond or third degree of over 10 per cent body surface requinng
resuscitation and sk grafing  These cases mclude patients of ages
2-81 years male and female white and coloured  All were resus-
atated by a standard treatment and as soon as the mstial phase of
arculatory collapse was over (about = days) the pavents recersed 2
high-protemn high-caloric dret to offsct the werght-loss so frequendly
observed after burns

4000
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Fi6 1 An example of glycosursa followng thermal myury

The present study began when I found by chance that one of
these patients previously aglycosuric was passing sugar m her un:é
several days afier bemg adwitted to hospital “Thereafter amngrmeau
werg mtade fo test 24-hour urmte collections for glycosuna on 4
burns At the end of 18 months of the total of 140 cases admitte
1o per cent had developed glycosunia some days affer their myusy
Since then several other cases have been obscrvtcd m thiy countsy
and coll n London ham Bdnburgh and vanous
centres n the U S have also noted 2 simtlar condmon‘ The

Fig 1 gaves relevant information about an example case
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patient suffered very deep flame burns of 19 per cent of his body
surface was resuscitated m the usual way and feeding was started
by the dietary service The calones fed are ndicated The intensicy
of the glycosuna which started a feu days after mpury 15 also indicated
1t will be observed that glycosuma perststed for about 4 months It
was aggravated by surgical proced d gs ot op
Some blood sugar estimations are recorded on this chart to indicate
that the glycosuria was not renal 1 ongm Also mcluded are
estimates of the urmary formaldehydrogeme corticord excretion?
which was elevated above normal levels T shall return to thus pownt
presently

Table I below summanzes the chimcal findings m the cases of
glycosuna following burns

Tasiz [
SUMMARY OF 40 BURN CASES ADMITTED DURING I8 MONTHS
FOURTEEN DEVELOPED THE DIABETIC STATE
(ghtm!l sxf moles)

R g Mean
Age 876 ©
P cent burn 1159 34
Dy of o et of

glyco una i) 6
Blood sug

fastng 100-279 151

1 hour 199-450 s
At No e
D tn of & | Shrtetmchlden

Bete state Longest m the elde ly

Of the possible causes for this diabetic state three came to mmd
eatly in the mvestigations  Since the first few cases had been resus-
atated with a polysacchande dextran one was concerned lest the
duabetes be a towac result of thus substance However 1t was pre-
sently traced m cases who did not recewve any dextran A second
possibility was that the diet mght be the cause of the diabetes To
ensure that the diet was not harmful per se exght volunteers were
put to bed bandaged with bumn dressings and given the same treat-
ment for 10 days None showed glycosuna all gamed weight
Clearly the hugh diets* alone were not the cause of the glycosuna

* Obvio ly the d mands by the sorgeons  +f  feed g were completely contracy to
the'st b why b the treatment of hypergly  muz reguired, but since these patients b d to be
& Ptingood num 3l cond non g ‘grafunig operat ms, th
ment tendedtotake p codence sco® p 613
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The other posubility was that these pattents had hvperadreno-
corticism It was recognized that severe thermal myury 1 a potent
stumulus to the adrenocortical axs 2 so adrenocortical funcron was
assessed 1 nineteen bums and m eight volunteers Table If sum
marzes the results for the first § davs after myury m (1) the mne
burns who subsequently developed plycosursa (i) the ten burns
who did not develop diabetes and () the exght control subjects

The results furnish good evidence that the group who developed
duabetes temporanly had hy percortictsm  Indeed 1 this respect one
mught regard them as sumlar to pregnant women 1n whom Hoet!0
and Jackson and Wolff! have observed abnormal carbohvdrate
metabolism

Taste IT
STUDIES OF ADRENOCORTICAL FUNCTION DURING FIZST § DAYS
AFTER TJURY
Nine burrs | Ten burns | Cont ols
o without (e ght)
d abetes 4 abetes
|
Mean age 37 22 4
Mean per cent bin 6 I -
Mean corticods
roglday 22 e 07
Mean eosinophils
6 30 105

Carbohydrate metabolistn within 3 weeks of myury  Turmng t0 the
specal mvestigations of carbolydrate metabolism glucose (50 E
glucose by mouth) and glucose-msulin (50 g glucose by mtiut ]
§ unts nsulin 1 v ) tests were performed If tested » ithin 3 weeks o
mjury these cases showed dimmshed glucose tolerance and absence
og response to msulm 1 the glucose-tnsulin tesy (Fig 2) Sxmzladr
results are found m Cushmgs discasc or dunng ACTH an
cortisone treatment

The question atose what was
Possibilittes mcluded msulin antagomsts
cellular carbohydrate metabolism 1t was
general possibiltties by measurmg the blood p;
yunction wath the glucose and glucose-msulin t
(Fig 3) showed (1) abnormally hgh fasting lev els an
hugh rises dunng the glucose test  The pyruvate

the cause of the msulin resistance?
or some failure m mtra~
decided to test these two
yruvate levels i con-
ests The results
d (1) abriormally
levels and mises
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were much greater than observed m non-dubetic bumns even of
equal scventy or extent or in controls or m msulin-dependent
drabetes 3
It was therefore difficult to reconctle these findings with any
explanation for msulin resistance based on msulin antagonnsts dunng
the glucose and glucose-nsuln tests glucose must have penetrated
the cells and been broken down to pyruvate which then diffosed
back mito the blood stream  The accumulation of the pyruvate
observed was accepted as evidence that there was some alteration tn
mtracellular carbolydrate metabolism 1 some tissue or tissues
The notion that the accumulations of glucose and pyruvate m the
blood could be due to the excessive diet had already been dispelled
but the contrast between the controls who tended to gamn weight
on high calorific drets and the diabetic burns who tended to lose
weight and go mto neganve mitrogen balance offered 3 clve The
diabetic burns exhibited a metabolic block presumably at or below
the level of pyruvate oxidatton which mterfered with the usual
relationship between carbohydrate consumpton on the one hand
and fat deposiion and protemn sparing on the other
About that tme Conn and gxs colleagues reported that mtra-
venous glutathione had lowered the blood sugar of a female
solunteer made diabenc by ACTH njections® The pyruvate
radation system bemg dependent upon two thiol substances hpoic
1c1d and Co-enzyme A 1t was dectded to explore the effects of BAL
»n the glucose tolerance n (1) the diabetic burned pattents (u) patients
who wete burned but not diabetic and (us) i non-diabetic controls
150 mg of BAL were given 1 m shortly before the start of the usual
lucose tolerance test In the latter two groups BAL was without
Fect butn some of the diabetic burns the thiol appeared toumprove
lucose tolerance (Fig 4) Furthermore the nse m blood pyruvate
vas smaller 1 the BAL-glucose test than when glucose Was given
lone
It should be stressed that these results obtaned onlymP““"“sg“h"
vere tested wathun 3 weeks of their wyury after that tme the dlal cue
nrns became more nsulin‘sensitive less responsive to BA? alone
ut did respond when treated with both msulin and BAL -
The tentative conimxon 1wa[s that an abnc‘:irmalx‘)’u:’g XS:::; -
olism operating at the level of pyruvate oxdationt
ounced xs’gon afg:er the inyury would explam the ﬁndmgse[ It sccmi;}
nlikely that the pattents could be sufferng from a defictency
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the monothiol Co-enzyme A since they were able to break down
and presumably utilize the body depot fat  On the other hand the
results with the dithio]l BAL suggested that the biochemical leston
was assoctated with the mability of pyruvate to enter intermediary
metabolsm 2 step which mvolves the natural dithiol o hpoc aad

One other pomt remained for examnation  Was a stmilar bio-
cherucal leston detectable 1n non diabetic burns made glycosunc
by ACTH: Hyperpyruvataemia has been reported after ACTH
and cortisone by several mvestigators # 3+ In rie course of a skm-
grafting tral ACTH was given to 2 bum  Hyperpyruvataerma
and sensimvity to BAL were found 4

4 DIABETIC BURNS

=20

z Alter 50g GLUCOSE

= Aft 50g GLUCOSE

E 5unit INSULIN 1

2 /  # Ate 50gGLUCOSE
230mg BAL i m

Blo 38 g

0 60 ML ts

Fic 4 M an nses of blood-sugar levels m gl oe plucosensuln  d gl coc BAL
toler nee tests

The order of the day at this symposium 15 speculation  Setting
astde the fact that these mvesngations were carried out m burned
patients where many pathological factors operate — mnfection tissue
necrosis and 5o on — and assumung that the action of BAL 15 on SH
metabolism and not due to any kelating effect 18 1t 15 tempting to
suggest that stress situattons may be assoctated with 2 change m SH
metabolism!  1f this affected all tissues for a foew weeks 1t would
explan the msulin resistance and the hypoglycaemic effect of BAL
Later on_this metabolic block might be expected to leave 1ts mark
on the function of the pcells themselves mterfering with ther
utilization of glucose and therefore presumably wath thexr produc-
tion of meulin~ This would explain the subsequent insulin sensinvity
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Vartous aspects of the foregoung mvestigation have been studied
1n established medical as opposed to traumatic diabetes as follows

2 EFFECT OF THIOL SUESTANCES IN INSULIN-RESISTANT DIABETES

One of the features of the dubetes described above after bums
was mnsensiivity to insulin m the glucose-msulin test Two drabetic
cases showing marked msulin resistance have therefore been studied
for the effects of thiol substances *

DAYS
{35793 Iy 2 28
500

INSULIN 409
200

Q
BAL S,
mifday °
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Fic 5 Effect of BAL on blood sugar and glycosuna in a 37 yesr-old d abenc

The first was a 37-year-old plump coloured woman a scvcr}i
diabetic of many years standing who had been treated wu]
gradually increasing doses of msuln without sansfncmrly Coli‘lsﬂ'l)
She was suffering from diabetic neuntis and Jammelstiel-Ws o}:l s
syndrome  She showed imtense glycosuna but no acetonuna b;r
blood sugar rising up to s40 mg per cent (Fig 3} A&crda sux]t}:A f
control period on a fixed diet and 320 unmts of msulm/dsz’ o
{xsomg m ol 1m three times a day) was started 1 a] 0! e
the msuln  Next day her urme showed only a trace of ghucose i
her fasting blood sugar was 118 mg per cent The foHow-u}g y
msulin was withheld but BAL contutued There was a trace o suS:‘
1 the unine the fasting blood sugar was 140 mg pet cent nung te

* These ate cases 1 3nd 2304 Fgs $and 6 from chat p Beauon.
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190 mg per cent 1 hour after 50 g glucose by mouth indicanng
greatly enhanced glucose tolerance

On the fourth day the fasting blood sugar was 81 mg per cent
and there was very lttle glycosuria

When BAL was stopped mtense glycosuma reappeared m-
meduately and the blomij sugar rosc to 400 mg per cent despite
re-instituting hugh doses of msulin

The second case was similar A 36-year-old white woman a
severe obese diabetic of 15 years standing wath diabetic neuritts and
Kimmelstiel-Wilson s syndrome was uncontrolled by large doses
of msulin varying up to 2000 umts/day she showed no acetonurta
She was adnutted to hosputal for study Exammation of her unne
for « keto acids by Dr Brtan McArdle showed high values of both
pyruvate and « ketoglutarate (sec Table 1) which may be mter-

Taste 11

MEAN URINARY EXCRETIONS OF FYRUVATE AND
& RETOGLUTARATE

Pt ‘ C rols P
Yruv € mg 23 69 < o1
ketogl ¢ temg 65 354 | <oor

preted as evidence for tmpaired metabolism of these mtermediary
compounds both of which require hipotc acid for their metabolism

Aftera control period on a fixed diet of 1600 calories and .80 units
of msulm/day BAL (.00 mg td's) was given for 3 days (see Fig 6)
A prompt reduction m bfood sugar and unne sugar occurred
When the BAL was withdrawn the blood and urme sugars rose to
previous values  After 5 days BAL was agamn admuustered (200 mg
four times/day) There was agam a fall m blood sugar and glyco-
suria

This case was studied mtensively over a period of 3 months
The response to various doses of BAL for 3 or more days was
studied " the pattent bong mantained on diets of 1600 and 800
calories a day The mean daily glycosuria on the various expen-
mental conditions different diet and altered doses of BAL are shown
m Fig 7 It will be seen that the effect of BAL was progressively
greater as the dose was mcreased
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Various aspects of the foregoingr snvesuganon have been studied
birst dical d d foll
m medical as opp to abetes as follows

2 EFFECT OF TIUOL SUBSTANCES IN INSULIN-RESISTANT DIABETES

One of the features of the duabetes deseribed shove after burns
was msensitsvaty to msuhn m the glacoseansulin test Twvo dusbene
cases showmyg marked msalim resistance have therefore been stadied
for the effects of thiol substances *
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Fi6 § Effect of DAL o8 blood sugar and glycosuts 1n 2 37 year-eid

The first was 2 3y~year-old plump coloured woman
duabeuc of many years standing who had been e
gradually mcreasmg doses of msuln without sansfacto
She was suffermg from dubeue neuntis and Kimmes
syndrome  She showed mtense glyeosars but no aw
blood sugar nsing up to 540 mg per cent {Fig ) *
control persod on a fixed diet and 3.0 s of msuls
{tsomg m ol 1m three umes a day) was started +
the msuhin  Next day her urime showed only a trace ¢
her fastng blood sugar was 118 mg per cent The
smsubn was withheld but BAL contmucd There wasa
mn the urme  the fasung blood sugar was 140 mg

* These are caves $ and 2 1% Figs § and 6 from that pub
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190 mg per cent 1 hour after 50 g glucose by mout
greatly enhanced glucose tolerance

On the fourth day the fasung blood sugar was 81
and there wos very hutle glycosuria

When BAL was stopped antense glycosuna r
meduately and the blood sugar sose to 400 mg per ¢
re-tstiting hugh doses of nsobin

The second case was smadar & 36-yeac-old winte
severe abese diabetic of 15 years standing wth dubencr
K tstiel-Wlson s synd wag fled by fa
of myukin. varymg up to 000 uruts/day she showed no ac
She was adsmsteed to hospital for study Exomunaton of ¥
for akeso acuds by Dr Bran McArdle showed tugh values
pysuvate and a-ketoglutarate {see Table flI) which may be

Tass Sif

MEAN URDIARY BXCKEOUNS OP PYRUVATE AND
A KETOCLYTANATE

Prnr*cm? 4

Pyrunae n g P ‘ ¢y < oot
ok toglat 3t wg 635 ; 154 < oot

presed a8 evidencs for imparred metabohym of vhese mterm
compounds both of which require hpaic aaid for thetr metabolism

Atter a controf persod on 2 fixed diet of 1600 calories and o
of msulmjday BAL (~oomg tds)wasgren for 3 days {sce Fig 6)
A prompt rcducnon m blood sugar and uwnne sugar occurted
When the BAL was withdrawn the blood and urine sugars rase to
revious values - After § days BAL was agan adnumstered (200 sng
our tmes/dry)  There was agamn o fall m blood sugar and glyco-
suna

This cawe was studsed miensively over 4 penod of 3 months
The tesponse (o vanous doses of BAL for 3 or more days was
studied the patient beng mamtaned on deets of 1600 and 800
alones a day The mean daty glycosura on the vanous expena
wental conditions different diet and altered doses of BAL are shawn
mhig 7 &oudl be seen that the efix of BAL was pragresunely
greater as the dose was mercased
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About 12 months later the opportunity arose to study the effect
of another SH compound 1 thus pauent A small supply of mer-

ptocthylamune sabicylate was made available to us* fgnorant of
the sort of dose regime to use we started with 100 mp t capsles
four tunes a day given when the panent was out ot control on
1000 uruts wsulin/day (Frg 8) Aftera delay of 3 days duning which
no response was detected the patient unexpectedly became normo-
glycaemic and the thiol was stopped  Blood-sugar levels were in

ULV SOLUBLE

N

J
W
RSN

400 MERCAPTOETHYLAMINE
Py I I l SALICYLATE
dy

%4,

MEAN DAILY BLOOD SLGAR GLYCOSURIA 1200
400y 1/
asy
me/ 100
%
N

o) o] 40

o 7 “u ks 28 IR

Daya

Fie 8 Ef 15 of mercaptocthyl mine sahicylate 1n an wsulin-fesutant diabetic

the normal range for 2 days after which the blood and urne sugar
valucs rose  Mercaptoethylamine was given agamn  After 2 delay
sinilar to the first latent pestod  the bfood sugar fell agam nsing
later on the wathdrawal of the thiol  Attempts were then made to
achieve satisfactory control of the disbetes iy adjustments to the
doses of msuln and mercaptoethylamme but without success
Duntg the subsequent peniod of toal with mercaptocthyluune
the patient s course swuny, slowly from hyper- to hypo-glycaema
h‘;":}:‘ﬂfsm Tund. LMSE M, Barwiof Souh, 4

a3t 10 s than £ e maprn s cin did ot nfl ¢ ce the glyconuma n this

H
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from week to week the excursions gettng gradually larger On
occastons she passed over 250 g of glucose/dzy m the urme only
to pass several days later mto 2 pertod of severe hypoglycaemra the
control of which once required 1100 g of carbohydrate over a
period of 24 hours

Many months later this pattent was controlled by sulphonylurea
ncﬁmt suggesting that she was capable of producng her own
ms

One was tempted to regard the mutral aspects of the mercapto-
ethylamune study as evidence that the monothiol which showed a
delayed action m contrast to the dithio] had required metabolic
alteration to exert its effect However a full explananon of the
extraordmary course subsequently shown by this patent 15 not
possible at present The powerful metabolic achon of the thiol
could be due to some relationship between diabetes and thiol meta-
bolism or to an action releasing msuln from binding substances m
the blood Trals of mercaptoethylamme m other diabetics have
not been encouraging

3 HYPERPYRUVATAEMIA IN ESTABLISHED DIABETES

Another feature of the mitiation of a diabetic state n the burned
patients was the occurrence of hyperpyruvataema after glucose and
msalin It was decrded to test established diabetes mn the same way
secking evidence for a simalar hyperpyruvataerma which mught be
a restduum of the mutral metabolic disturbance

To date over fifty diabetics have been mvestigated  Abnormally
Tugh pyruvate Jevels have been found i the venous blood of 2bout
a thud and especially hugh values occur m the severe poorly
controlled (brittle) diabetics

These results were presented recently at the International Diabetic
Congtess by Dr Kelsey Fry Professor R H S Thompson and
myself% and I will only summarcze then here

We find that britle diabetics have 2 pronounced mise 1 blood
pyravate dunng the first hour of a glucose-msulm tolerance test
(see Table IV) ;

Normal subjects and most diahetics show a modest rise of 0 3 an
04 mg per cent respectively during this (pcnod whereas ulu;s of
uP to34 mg Ptf cent \Vl[h ameanrisc oL 1 7 ”lg PEI’ cent haVC eent
recorded m the britele cases values whech are comparable to those

found n the diabetic burns
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However we are now 1n a posttion to offer a litele addironal
nformation about these patients Measurements of A~V differences
across the forearm muscles m conjunction with blood-flow estuma-
tions make 1t possible to assess the penipheral uthzation of pyruvate
durng a glucose-msulin test  Preliminary data show that the artenal
level of pyruvate may be considerably 1n excess of the venous level
mdicating that there can be peripheral utlization of pyruvate
mndeed durmg this phase there 15 neghgible uptake of glucose and
1t might be nrgusg that the tissues have a shight compensatory
mechansm by mtroducing carbohydrate mto the cells as diffusable
3-carbon pyruvate rather than as 6-carbon glucose!

Tasx IV

'MEAN RISE OF PYRUVATE DURINC GLUCOSE-INSULIN TOUERANCE
et (46} (109 G BLOOD)

Cotr! | Dabetes | Dbt
(ontth) ( ther)

Tuse 3t 60 un l o3 17 1 o4

The mam mplications of the findings of high artersal pyruvate
levels are firstly that the pyruvate 1s probably elaborated m the
splanchnic area and svcondly “that m our previous studies peripheral
ugt:\kc by muscles could have masked the release of larger quantities
of pyruvate by the splanchnic area than was suspected during the
glucose msuln test Thus faulty pyruvate metabolsm may be
present 1n a larger proportion of the dibetic population than 1s at
present recogmzed and the mnad of hyperpyr on the
artersal side must be sought

Whether the hyperpyruvataemia found in these cases of established
drabetes reflect a sumilar abnormality to that obtammng in the tem-
potanly diabetic bumned patients cannot be answered However
we have reported that ike the dubetic bumed patients their
glucose tolerance appears to be improved by BAL given for 3-4
days4 These findings are 1 harmony wath ‘those of Mozo' and
Asper and lus colleagues 18 who have all reported improvement of
the drabetic state during treatment with BAL.

In view of the previous evidence we have been tempted to
speculate on the possibility that these pauents suffer from some
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disorder of thiol metabolism perhaps a relatve deficiency of o

cy of eliporc
aad n the splanchme region” which was corrected tempoxanl)? by
the myections of BAL 14

4 CONTROL OF TWO YOUNG UNSTABLE DIABETICS WITH BAL ON AN
OUT-PATIENT BASIS

To examme the role of BAL i therapy two young unstable
bnttle diabetics who responded to BAL for a few days m hospital
were treated i conjunction with Drs C Hardwick and C L Jomer
on an out-patsent basis

The first case was 2 26-year-old woman who had been diabetic
since the age of 17 Her msulin requurements had gradually nsen
over the years and she was uncontrolled on 100 units wsuln/day
when the present study began Her blood pyruvates were elevated
after glucose and msulin - When she was tested with BAL i hosprtal
her glycosuna dummshed over the last day on the dithol and her
pyruvate levels during the glucose-msulin test fell On the with-
drawal of BAL her diabetes retumned to the previous uncontrolled
state  She returned home and was kept under close surverllance as
an out-patient Her urine was tested before meals and recorded
four times a day for 3 months the majonty of these tests showed
glycosurta (Table ¥) Insulin myections were then augmented with

Tasis V

EFFECT OF BAL ON GLYCOSURIA DURING OUT PATIENT STUDY ON
ON 100 UNITS i

Frequency on 100 uruts | Freq o tonu ts Stat st cal an Iyss

Test resslt wnsul nfday (3 months) 1sul nfday and BAL (2x2 co tngency)
{3 months)
L

2 per cent 23 per cemt ©§ pex cent P< oot

2 §u cent 23 per cent o § per cent. P< co1

¥ per cent 40 per cent 7per cent P

4 per ceat 10 per ceat per cent P: 001

O pes cent 6 per cent 70 per cent. P< oot

ol 1m  three tmesjweek

BAL 200 mg as § per cent solution m
< . onth there was dimunution

unne testng continumg Over the first m
of the glycosuria which was mamtamed By the end of 2 months
the majonity of unnc tests were negaive for sugar (Table \
Dunmng this period the patent had a few episodes of moderate
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hypoglycacmia  she also gamed waght. Unfortunately after 3
months albumnuna was detected This was attributed to the BAL
Renal biopsy was performed no microscopic abnormahty was
detecred "BAL was then stopped The albuminuna cluared up
within a week and the diabetic control was gradually lost A sub~
sequent course of BAL was also associated wath improved control
but albuminuna recurred It was deemed madvisable to contnue
thus therapy further

Sumilar findings were made n a 20-year-old male patient with
unstable diabetes who also had hugh levels of pyruvate ‘espectally 1n
arteral samples dunng the glucose-msulin ‘test  His out patient
regime before BAL mcluded 130 umits msubinfday Dunng the
control period before BAL the majonty of the urine tests performed
before meals mdicated heavy glycosuna

BAL was given .00 mg 5 per cent 1 ol three timesiweek
There was a clear-cut reducton 1 the number of glycosuria urne
samples over the subsequent .. months of treatment  Staustical
analyss agamn indicated that the reduction of madence of glycosuna
was statistically sigmuticant The patient suffered several hypogly-
caenuc attacks and his msulin dosage had to be reduced to 100
umts/day However he too developed albumnuria and the thiol
had to be discontnued  Withdrawal of BAL was followed by a
reversion to the previous uncontrolled diabene state  without

\\ We attnbuted the alt to the kelating effects

of BAL on trace metals mvolved as enzymatc co-factors mn the
kadneys  As the patents gamned weight on BAL s action was not
due to nterference with glucose absotption  Nevertheless we must
conclude that BAL offets no prospect as a therapeutic agent for the
long term control of unstable diabetes

Concrusion

In cach of the four mvestigations reviewed here the facts may be

eeconciled with a general by pothests that diabetes may frequently be

with anab ity of thiol bol However such

a reconciliation does not mean that the explanation offered 1s neces-

sanly correct It 1s salutary to recall Hamlet s exhortation — There

are motc things i heaven and earth Horatio than are deeamt of in
your philosophy
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A COMPARISON OF THE MECHANISM OF ACTION OF
INSULIN WITH THAT OF THE HYPOGLYCAEMIC
SUBSTANCES

R Levine

Department of Medicine Michael Reese Hospital
Chicago 16 Illinoss

Any French accent which you may detect comes from the
kboratory m M since T am sut for Professor
Loubatieres

When Professor Young asked me late last mght after several
assorted alcoholic beverages to do thus job I did not have the
strenith of character to resist He expected that I should have (and
was disappointed that I did not have) any shides with me

Now to the subject matter itself The blood-sugar lowermng
effects of certam sulphonamide dertvatives was noticed sporadically
some few years before the fundamental discovery by Jambon and
Loubatidres No attention was pad to 1t because 1t was considered
to be a toxic side effect  But as you well know Jambon noticed the
mtense hypoglycaemia after the admmistration of 1sopropylthio-
diazole m 194, T diately thereafter Professor Loub at
Montpelhier undertook the physiological and pk logreal study
of thisand other closely related compounds and he did 2 magmificent
job n the 4 years between 1942 and 1946 We must cast our glance
back to those years and remember that a war was raging at that
ume We must constder the dufficulties under which these papers
were published because they were published m 1946 They re-
cerved httle notice except from a few solated ndrviduals namely
Lz Barre 1n Belgium and Chen i the United States A few years
later the hypoglycaemic property of another sulphonamude (known
as BZ s5) was discovered i Germany and soon after the effects of
1ts methylated denvat 1L d ph ! twork
in Germany took at first an entirely different direction from that
of Loubaticres The clinical work began almost immedutely and
actually we had few pharmacological data about these compounds
at that ume after several hundreds of patients had already been

363
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treated 1 should Ik
(s e oy s s
facts which have since then been abundantly confirmed also for th
newer sulphom lureas N
The experimental anumals were dogs and rabbsts In the normal
dog one could Jower the blood sugar with sulphonylureas 1f the
ammal s pancreas were com; letely removed the acate admustra~
tion of the sulphonvlureas Ey mouth or by any other route no
longer produced lowering of the blood-sugar level If the pancreas
were removed only parnally, the blood sugar would &l Loo-
batieres  therefore  called these substances pancreatotropic and
considered that they tended to hberate msuln from the § cells
About one-sixth of the pancreas of the dog was needed to produce
a brisk hypoglycaemta It was also established that nerve pathwa)s
were not concerned 1 the production of hypoghycaema {The
spmal cord the splanchnic nerves and the vagt) The endacrine
fands other than the pancreas were not necessary for the demonstra-
fion of the IPTD hypoglycaemia The glands were excised one at
a tme m the same ammal Nenher thyrordectomy  castration
adrenalectamy nor hvpophysectomy stngly or jomtly wmterfere
with the blood-sugar lowenng effect The (\yml operation 1
of the pancreas abolished the action
The effects of these drugs were then tested n alle #ed
Alloxan diabetes of coutse 15 a varable state since one may
varymg degrees of destruction of the f cells The « cells are «
tamed 1 normal hustological state 1n alloxan dubetes In
severely allovamzed rabbir these drugs did not lower the *
sugat However if there was only a parnal alloxan dubetes
the blood sugar was lowered despite the fact that the a cells
wntact Thisisimportant because some time latee studies of von
Femner and others imphicated 2 depression of the a eells
therefore presumably a depresson of glucagon manufacture
secretion as the reason for the hypoglycaema  This view
present no real suppart even by its ongmnal proponents
Loubatieres s ealy work showed therefare that the
requisite for the acute hypoglycaemuc action of the
1s the presence of a sufficent number of notmal § cells
pancreas The a cells do not play any sgmificant sole m thus
The success of the climeal tesung of the sulphonylureas
last few vears has spurred on a large volume of research
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mtimate nature of the mechamsms of action ' We shall now present
some of the salient features of the general results i this field Let
us examme first the possibality of direct action on the peripheral
tissties  from the results obtamed 1n experiments done on hverless
and eviscerated anmmals and on 1solated muscle fat or such other
nssues which are normally msulin sensiive wath a view to deter-
minng whether the sulphonylureas 1mitate m any way the action
of msulin ' With very few exceptions the consensus of opnion at
this moment 15 that by themselves the sulphonylureas do not 1n-
crease the unlzation of glucose do not change the oxygen con-
sumption or CO, production and do not lead to a distribunon of
the non-utilizable 1nsulin sensitive sugars  They therefore m no way
1mutate the action of msulm

From the previously cited evidence of Loubatieres which more
recently was confirmed and extended by Professor Houssay 1t 1s
evident that sulphonylurea hypogl 1s not dependent on the
mhibinon of contra-mnsuln factors m the pitwtary adrenal etc

The importance of the B cell was substantiated n man  Diabetes
developmng after surgical pancr was not mnfl d by
these ciprugs Juverile diabetes 1n which Wrenshall has shown that
the pancreas possesses a very low msulin content cannot be treated
with these drugs  However adult onset diabetes of the obese non-
ketotic variety m which pancreatic msubin content tended more
towards the normal values can be treated both acutely and chront-
ally by sulphonylureas showmng the mportance of the B cell n
the response of human diabetes mellitus

Houssay Caren and others since have observed that under
certan condittons 1 the depancreatized amumal when the dose of
mnsulin 1s small and the dose of sulphonamude 1s rather large one can
sce a potentiating effect m the absence of B cells but n the presence
of exogenous msulin  These findmgs disturb the umitary hypothesis
that the action of sulphonylureas 1s only on the B cell

|If‘ msulin 15 indeed the mednting agent m the action of the

p 1 etther b 1 the B cells to scerete msulin or
by potentiating 1t pcrnpf‘::rally or both then one should see 1n the
ammal or man given the sulpt des the same bolic effects

one gets after msulin - Many of these have been looked for and the
literature on the subject 1s most confusing and contradictory A rise
n pyruvate occurs after msulin and glucose admimistration  After
tolbutanude despite the lowermg of the blood sugar the nses m
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pyravate were not obtamed by some worke
others  An mcrease m A-V dxﬂ}';rcnccs of gr]l:mr:;n‘g f}‘,:";“ﬁezyx
fimbs was obtamned by some and not seen by others Ipﬁmfk Dr
Butterfield 1 numbered among these who did obtam them with
tolbutarmde »f 1am correct

It was supposed that 1f 2 certun amount of msulin lowered the
blaod sugac by 40 mg per cent and if one gave tolbutamde 1o
lower the blaod sugar an equal 40 mg per cent ane should expect
exactly the same results n all other blood constitents i mdeed the
tolbutaride acts by releasing msubn from the poncreas then st
would xelease 3t not an 3o-unt amounts as of from 2 syrnge but
rathert m very very small amounts at a constant rate over a certan
pertod of nme  Also the liberated msulin would enter the portal
syster and not a penpheral vem  Thus the wsubn could act on the
hver before st came to the peniphery or a farge portion of the msulin
could be destroyed by msulmase sn the iver stself

One of the carhtest workers to cast doubt on the neat preture of
a pure msulin effect of the sulphonylureas was Dr Renold who
did 2 sumple expenument 1t 15 always the simple expenments whic
are bothersome He showed that when one gives fructose to
diabetic the blood glucose rises as a result of transformanon 1
tver When tolbutarmde was given the glucose nse was
ponting to an effect perhaps an mhubiton of liver sugar
We therefors come full tidt vp agamst the problem of the
of the sulphonamudes not 1 the perphery but upon the
Ths probfcm has two facets and these two facets can best
characterized by calling them the ewdent aspects of the
phrenta of the subject  If one holds that the sulphonamides st
the B cell that msulin 15 then released w13 the portal system
reaches the hver and if the sulphonammdes have no other ac
than thus then there anses the contradicnon that the o
sugar by the hver seems ta be mhibued by the *
sulphonamdes  but not h;f the direct mfusion of msulin

Wemhonse et af using 19C glucose find that the output «
by the hwer 15 mhibsted by both the sulph des an
However Schambyes dara are the sume us those of the
group namely that the sulphonamudes mhibut sugar output
Ever but that msuln does not

The sulphonylureas do not lower the blood sugar of an
from whom both the hver and pancreas have been removed
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ever if the pancreas 15 left 1 the abdomen (by porto-caval anasto-
mosis) when the hver 15 removed and the blood-sugar level 15
mantaned by the constant infusion of glucose the sulphonylurcas
will produce hypoglycaemia  Thus the liver 15 not an indispensable
organ fot the hypoglycaemuc effect That does not mean however
that when the liver1sn that the tolbutamide does not have a direct
or indirect action on the liver as well

The evidence for the iberation of mnsulin from the pancreas by
the sulphonylureas 15 quite good especally when one adds to that
the work of Pferffer (done with the Harvard group) i which the
myection of tolbutamrde mereased the plasma msulm level especually
m the portal system  This view does not explan the potentiating
action 1 the depancreatized ammal A few years ago when we
wete dealing wath these confusing aspects Dr krahl suggested that
msuln may combine with a tissue component and thus remarn m-
active and that the sulphonylureas spht this complex They would
then liberate isulin from the complex and make 1t avarlable Such
an action may occur 1 the B cell but also m the peripheral tissues
\\g_uch would account for the pancreatic as well as the potentiatmg
eftect

Since the ttle ncluded other oral hypoglycacmic agents I should
hike to comment shortly about another type that 15 at present under
climeal and expermmental tnal namely DBI The biguamdes
chemical relatives of synthalin seem to act m the absence of the
B cell on penpheral nssues e g on muscle w 1itro They sumulate
like Dr Randle s ¢ phenol and other dep of cell respira-~
tion the uptake of sugar by the cell The action resembles the state
of partial anacrobiosis and just as i anaerobiosis the lactic actd m
the blood increases tissue glycogen falls and some of the oxadatrve
systems of the cytochrome series are mhibited We are dealing
with an \ of oud bol: and a q
greater anaerobic utdization of glucose under these arcumstances

It 15 contended on the basis of A-V differences done over a shore
tume period that as a result of tolbutamude action there s no m-
creased uthzation of carbohydrate It 1s however impossible to
mantain such 2 conclusion for the following reason  Suppose that
a s0-year-old adult obese diabetic 15 excretng 30 to 50 g of sugar
in the unne and requires for control about 30 units of msulin per
day and eats a dret of 1500 to 1800 calones per day including .50 g
of catbohydrate  He 1s then placed on tolbutamude and mamtamed
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on 1t for 1 or 2 years At the end of that penod he 15 well and
healthy has been working satisfactorly has no glyeosuria 1 not
emaciated and his fat depots are normal It would seem that all of
the dietary carbohydrate (365 x 250 g per year) must have been
utlized 10 a perfectly normal manner 1n such an mdrvidual
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DISCUSSION

Long 1was particularly interested in Dr Gsburg s falure to demon
strate any penpheral effect of hydrocorusone even though 1t was given
m very large amounts over a relattvely short penod of ume It has been
our expenience using anmal p — d neph d
fats 1 fact — that 1t 15 not possible to demonstrate any effect on ether
the utilization of glucose by these animals or any modificatton of the
response to msuln when large amounts of hydrocortsone are given
This of course contrasts very sbarply with the ready demonstration of
the cffect of the same hormone on'the carbohydrate metabolism of the
ver and I think emphasizes what I hinted at yesterday that m all
probability the mam effect of the adrenal sterowds 15 directed towards the
carbohydrate metabolism 1n the Iiver and that any effects that may occur
1 the penpheral tssue are probably secondary to this For example 1
the so called steroid duabetes st can be shown that first effects which
follow the ad of hydr are a great ac
of glycogen in the liver This 15 followed at a much later penod by an
increase 1 the muscle glycogen undoubtedly due to the face that at the
nime when the liver glycogen has msen to these high levels the blood
sugat has also risen One other pomnt in selanon to the adrenal cortical
hormones and this question of the demonstranon of glycogen ?mthcsls
particularly 1n hiver slices 1s that 1t has been our expericnce 1n adrenziec
tomuwred ansmals that the abihity to retam or perhaps form glycoLg:;A 1 the
Liver from a vanety of p 15 very derabl wn the
absence of the adrenal cor ds 1 have been wondenng whether
m manv expenments where attempts have been made to dcmons;ralc
Lver glycogen synthens a5 for example 1 shees by the addition of 1;1
subin this will be possible unless cognizance 15 taken of the nmpomgt role
played by the adrenal steroids i the formation or perhaps we should even
say the retention of glycogen in the Liver
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Stewanr Followsmg on Dr Wolff s paper I would Iike to make one
or two observations

Furstly Madison and Unger recently desenibed the effects of admums-
tenng msuln endoportally and penpherally and found the distabution
of the msubin was markedly dificrent By the endoportal route s1 per
cent was found 1 the hver and .7 per cent in muscle and by the penpheral
route the ratio changed and 56 per cent was found in the muscle and only
7 per cent m the bver The A-V glucose difference was smaller after
endoportally admunsstered snsuln than after penpherally admunistered
msulin We believe that we are sumulaning the release of endogenous
ssulin and therefore some of the differences 1n our expeniments within a
group may possibly be explaned by the way i which the endo
genously released nsubin 15 distnbuted throughout the body of each
subject

Xnmher pomt 15 the quesuon of the diabetics who are non ketotie
1 remember Professor Young saying a shore while ago that he had secn
some dogs which were rendered diabenc by pancreatectomy  that the
admuustration of a munute amount of msuln removed the evidence of
ketosis without affecting, the blood surar level and that too maybe has
some beanng on these differences

Fig 1 shows the effect of admuustering both carbutamade and tol
butatmide to groups of guinea pigs and determmng the mavmum fall
tn blood sugar within these groups The third group which recenved
wmsulin s afso shown The main pownt [ want to bring out 1s that with the
:u!ﬁhonylureu there 15 a dose beyond which astt1s nereased the amount
of hypoglycaemia gets less and although these doses tn ammals are much
Larger on a body weight basis than those given to man Dr Wolff and 1
and others have shown that 1n man this sort of effect can take place with
much smaller doses It may be due to a sumulaton of the adrenals as
Bander has shown

Fig 2 shows the effects of ad g glucose and tolt de to
two groups of rabbits The groups on the nght are rabbits which have
at one ume been rendered allovan dubetic and then allowed to recover
1n so far as thewr blood sugar level came back to the normo-glycacrue
range  When tolbutamde 18 admumstered to these rabbits there 1s dunng
the fint 2 hours no evidence of hypoglycacrma compared with the
response 1n the normal rabbits When glucose 1s subsequently given the
tolerance of these arumals whach have shown a renussion of the alloxan
diabetes 15 less than that of the normal ammuals  Interestingly enough the
rabbiy which have shown thus rermssion of allovan dubetes have hus-
tologically narmal § cells of the pancreas according to my collcague
Dr Udall and akso their insulin content ean be shown to be no: by
bio-assay  So 1t may be that the suggestion Dr Wolff made thar tf
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sulphonylureas mafy act on some specific mechansm 1n the pancreas to
canse the release of msuln may be an 1mportant factor 1 their mode of
action,

Hoer In relanon with the mode of action of hypoglycaenme sul
phonylurea, I wish to draw the attennon to experiments done by
de Meyer and M Isaac-Machty about the teratogenic action of BZ 5

MAXMUM HYPOGLYCAEM C ACTIVITY
N
FASTED NORMAL GUNEA PGS

———s Tt ¢ 44 s

O STSE o o5 ob sohm s e

s e 2 os g
al
Fie 1 The effct of dose on e mammum bypoglycaeme reponie of stod o

gulaca-pigs to
insubin subrutancousty)

ral dose of s00 mgms 15 gven between the nmthto
them?r::hm I;I::?;r:gn:::cy the ratg delivers newborn who a'rlghx;lﬂ
formed oedematous and 1n a vast majonty anophthalmic Ll;
absolutely different from the pictures of some bone :bnorma]dxlu;; Zsc
after profound and repeated by poglgucmxc convulsions W z ds::
the pregnant rat has no symptoms but the offspring has Icslolns o "
eyes and the optic nerve Another sulphonamide — not hypoglycaemu
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did not resuit in any teratogenic effect  As fong as this teratogenc effecs
1snot clearly understood and aslang as we are not absolutely certain tha
sde effects on the foetus are not harmful 1t seems advisable not to give
BZ §5 to pregnant women not even when the carbohydrate disturbanc
18 muld éde Meyer et Isaac Mathy A propos de ] action teratogene d ur
snlfamude hypoglycemuant (N sulfanthl N' nutylurée — BZ §5) Les ann
d Endocr 1958 XIX 1 168-7.)

GLUCOSE TOLERANCE TEST
(N FASTED RABBITS

®»
—_— Tl 4wy
e MO S/gw W

- w M o «

A o

v gl w iy

Fic 2 The tolers ceofn rmal abb tyand of abb ts whuchba € reto ered from oan
dobry 13 e 3 bours fte thy e vectaved ether tolbutamide or prot mne mae
n 1)

Youne {am sure you will all agree after heanng Dt Levine s ren
markable dissertanon zhu afternoon that { was nght i my Judgm:m
Lst mupht 1n approaching hum at whatever saage of the evenmg ge was
10 25k Jum to depunze for Professor Lovbabires T am mure tha vy
Payﬂ was not the only one for which Dr Levane could haye
eficctively but he certamly id brllantdy on this occanon,
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Likewnse T hope you wall agree that 1¢ was not unreasonsble for me
expect that he mxgzt have shdes on im  In fact Tshould not have l:c:z
surprised 1f he had had shdes with the captions in French! He s prepared
for almost anything  If I may follow Professor de Duve s example and
use a French expresston I will say that he met the mvitation to dgpunzc
for Professor Loubaticres with complete sang frord

1 would Iike to mention some experiments with sulphonamides that
we have had under way n Cambnd%c for some years™ Muss Jeacock 1s
collaborating with me 1 this work which 15 necessanly long ferm  We
have been treanng cats that have been made persistently duabete by 2
short period of treatment with growth hormone (metshypophyseal
duabetic cats) with anti-dubetic sulphonamudes  Tshould say that thesc cats
will shovs m all unstances in which they have been followed long enough
spontancous remussion from this drabetic condition sometimes after 2
period of a year or more of untreated diabetes The glycosuna may be
heavy mdeed and yet ultimately the glycosura disappears and the blood
sugar becomes normal

In the few expennments we have been able to do on ammals of this
sort the admunistration of anti-diabetic sulphonamides has caused the
diabetic condrtion to clear up much more rapidly than 1t would have done
spontaneously and the problem anses as to what 15 the mechamism m
volved Are these ammals diabetic because there 15 2 deficient secrenon
of msulm by the pancreast If that 15 true what has the sulphonamude
donet Has 1t unleashed some mlubiting pomt m the production of msulin
1 the pancreas of these ammals> We have no very clear 1deas on this
pomnt Ido not know whether Dr Levine has any 1deas in ths connection

1 would like to make a comment too while [ am here Mr Charman
about some remarks that Mr Stewart made earlier concerning expen
ments of my own on the effect of small doses of mnsulm on ketopura
I referred to these expenuments at a meeting some fime ago  they were
done more than .o years ago and were concerned with depancreatized
dogs which were being mvestigated as control ammals for metahypo-
physeal drabetic dogs I 'was 1my d that the metahypophyseal drabetic

ypop!
dogs showed a verv substantial glycosuria but no ketonuna I was able
to show that the admimstration ofya very small dose of mnsulin to depan
creatized dogs could completely abolish the ketonurma without any
sigmficant effect on the glycosura or DN ratio I could not say that
there was no temporary fall of blood sugar level in these ammals given
the small doses of nsulin that we were using but certawly there was o
discernible effect on the toral magutade of the glycosuna over 24 hours
nor on the D/N ratio I .am not quite sure just what 13 the sugmﬁcan;c
of those experiments but I think the experimental findings wete val
Srowers 1 have two questions to put to Dr Reid The first 15 thus
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Does he need serum salicylate Ievels as high as 33 45 mg /roo md to
achieve sxusfactory hypoglycaenuz? Our own work on 2 relanvely
small scale sndicates that serum sabieylate fevels of 10-20 mg froo ml may
be assocrated wich good hygogly caemn
The second question 33 about the BM R effect of sahcylates Does
pexsist or 15 3t rather transient assocated swith the loss of intracellular

encrgy stores and the p abready 1 Prelmumary results
which wwe have obtaned suggest that the B MR effect 15 transient and
not ! Tated with the h 3 effect

Pogly
Rew In answer to Dr Stower s first quesnon it 15 nOt necessary 1o
mauntan high sahicylate Tevels to obtain an effect 1 blood sugar buy
we think 1t 15 necessary 0 get a maximal effect and thus 15 what we are
tryng to find our though 1t 15 too soon yet 1o say what the 1deal level is
In reply to the second queston the metabolic sumulanon shawn by
creased oXygen cansumption 15 not transient but 15 darectly related to
the serum salicylate level In other words a reducnon 1 oxygen con
sumption 15 1n our experience mvanably sccompamed by a fall 1 serum
sahcxrlatc level even c{x’;ugh dosage 1s unchanged This does not happen
n 2ll patients but e emphiasizes the need to conteol therapy by estimation
of secum salicylate level particularly 1 the carly stages of weatment
We have no wformation at present on the relanon between the hypo~
gl caemmuc cfiect and increased oxygen consumption mdaced by salicylate
vine Smce Professor Young rassed the question | feel duty bound
masemse since Tam substiting for Professor Loubatidres to answer as
Uthink he would There 15 one rmode of action which he has hunted at
even 1 1946 and 1947 and fately since 1955 That 15 the effect that the
sulphonamides may have on the quick recovery from muld alloxan
diabetes  Something analogous per] to the quicker recavery feom
metahypophyseal diaberes  Pechaps the sulpbonamudes n 2 parmal.
datmaged pancreas aet to samolate the new formanon of P cel
the duct eprchelium,

Uwonder Professor Young f you have same hustologrcal secrons
comparable anumals treated and unteeated with sulphonamudes to see
that notion ss peshaps correct

Younc lamafrud we have nothung clear-cut on this iom: aty

Bessman ¥ should like to call anention to some work that has
done and repested by 2 number of people now wutally by Fried
then by Horwie and, recenely the very elepant studies of He
the Journal of Clinecal Ins estigation of the bt 6 months on the
measuring the blood pyrunate alone as on mdex of menbolum of
dnxug whatsocver  The blaod pyruvate 1 zemarkably closely
the blaod lactate and the blood hactate 15 affected even by
In fact, you can rause the serum lacrate concentranon by
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3 to 4 mill-equivalents by b 1 Therefore results obtamed

Y hyp

with pyruvate levels n patients particularly those treated with salicylate
which 15 known to cause 2 hyper-ventation alkalosts as part of its toxic
effect could hardly be mterpreted as carbohydrate effects

Re  There 1s one pomnt about salicylate s action m duabetes that might
beamplified We have shown that the more easily a pattent 1s controlled
with msulin the better the response to salicylate Furthermore there
seems to be an mcreasing response to salicylate as msuln requirement
nises This may have a useful practical application 1n patients tequinng
large daily doses of msulin who are trouglcd by hypoglycaemc attacks
Combined asprrm-msulin therapy by drastically cutting msulin require
ment may also reduce the frequency of hypogl};’cacnuc attacks

Burrerrerp  Although I am acquamted with the expenments re
ferred to by Dr Bessman about pyruvate metabolsm, I would like to
pont out that none of my patients Was on salicylates or hyper ventilatng
or getung alkahne mfusions The pyruvate changes I described are
regularly reproduable and seem to rcﬂ);::t metabolic changes other than
the factors Dr Bessman mennoned

Turmng to the mode of action of the sulphonylureas 1 beheve there
has been a good deal of confusion about mserpretation of peripheral A V
glucose differences measured before and after treatment with these com
pounds 1 hope we shall be able to publish shortly our findings m some
expennments measuring penipheral glucose uptake  The results suggest 2
simple explanation which seems to me to clear up many of the dlﬂ'lc\lﬂm:
(Efgcctsofmsulm, It de and phenethyld dune on penp
glucose uptake 1t man  Diabetes 1958 7 449)
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SOME CLINICAL ASPECTS OF DIABETES WITH RELATION
TO INSULIN AND TOLBUTAMIDE

W P U Jacxson
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VARIETIES OF DIABITES

¥ should hke to start by reaffirnung the chmeal s paraton of
dizbetes mellitas tnto three types severe tmld and secondary
Severe sefers to the usually young growth-onset ketosis-prons
individual who reeds msulin to e Mild refers to the usually
ofder matunry~onset often obese person who does not become
ketonc when msulin 15 omutted although he {or usually she) mav
be relatively msensitive to msulm and require 100 or even more
unsts to produce any obvious effect on her carbohydrate metabolsm
The dose of msulmn betng used 15 no criterion o(y the seventy of the
diabetes Severc and muld dsabetes are somenmes ealled pancreaue
and extra-pancreatic respectively on the assumption that the d.
easc 1 the fiest case 13 due to destruction of pancreatic B cells and
the second to ann wsubn factors which may or may not be
monal However wsulin antagonists have been found in the blo
stream of the severe diabete rather than in the mild ease wi
sslet-cell damage probably always occurs in the pancreas of the
disbeuc n whom both Ogitvic® and Gepts! have found an v,
reduction in amount ¢f islet nssue  Vallance-Owen? has shown
the insuhin-like actvity i the blood steeam of the muid d
of the same order 23 10 a fastng normal person Thys he
dors not mean that the pancreanc actvity 1s rormal — far ©
since an induced ¢ m glood sugat 1 the normal to the
that 1 the mild diabene produces a several fold mcrease m
wmsehin activity  Thus the muld dubetic possesses a pancreas
;s uxl\ablc to respond normally 1o the sumulus of a rased
eve

{t may be noted that the terms muld and severe refer
the evidence of abnormalty of menabohsm — both
develop th same enppling or hilling vascular compt
may present simdar mimnncc patterns and occur toger!

7
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same family and both may give evidence of their latent exstence
by the same sort of abnormal obstetnc history and embryopathy i
the pre-diabetic phase It 15 also true that a muld diabenc may
develop ketosis under the mnfluence of certam forms of stress while
occastonally a severe dtabetic reverts to the mild form T have twice

LEWOT EM 35 GOUT

100 m)

BLOOD SUGAR tmg p

1o

120

e s 20

05 Y
HOURS
1 DIABETIC AFTER &MONTHS ON CORTISONE

2 NORMAL CURVE OFF CORTISONE
3 '8 MOWTHS LATER NO MORE CORTISCNE AGAN DABETIC

Fic 1 Truc dubetes uncovered by cortsone

betic coma without any known pre-

dia
seen pattents i hospital m kot e

tmg factors who * normoglycacic some
f:le’tll:zut%nszlm Nev, clintcal di of the kt:{:in
pamary types of y rcmaxus it c};_
often neglected  For ac donge and

sulphonylureas with of y
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50 on are quute useless unless the two diabetic groups have first been
cleatly separated

Scconiary drabetes refers most obviously to that which follows
chromc d e p h h or total pan-
createctomy  ‘The diabetes which occurs during  pregnancy

phylococcal 1nfe galy or d doses of
glucocorticods 1s not truly secondary but rather the unmasking
of an underlymg latent or pre-drabeuc state  The first figure shows
a corticord diabetic becoming apparently normal after cessanon of
treatment  but agamn diabenic — this tme permanently — a few
months later

PRE DIABLTES AND VASCULAR DISEASE

Many of us believe that stnctly speakimg diabctes begms at birth
that the basic abnormality whatever 1t may be 15 present for the
whole of the Iifetime of the diabetic although the overt carbo-
hydrate defect may not be mamfest untl muddle 2ge  Time pre-
cludes discussion of the arguments m favour of this behef beyond
my remarking that the cldetly dabetic who attends your clime may
give a hustory of large babues and sullbirths which extends back 30
40 or 50 years mnto her pre-diabetic past  Furthermore we consider
that the speaific vascular abnormalities of drbetes are not comphica-
nons but are an mtegral part of the syndrome mhented together
with the metabolic disturbances  Usually they appear later than
the hyperglycaerma but somettmes before it They are not a con-
sequence of hyperglycaenua and normalization of the blood sugar
even m the very mildest cases 15 no safeguard agamst ther occur-
rence It w ou!rg however appear that they are closely connceted
with pancreatic damage since true sccondary pancreatic diabetes
has occasionally led to the later develop of specific pathy
or nephropathy

These vanous observanons are extremely important since they
appear to mumate that a defect of pancreanc sslet tissue may produce
a dubenc vasculopathy which 15 not dependent upon hypergly-
caemia  Indeed we have perhaps been over-obsessed wath hy per-
glycaemua as the primary feature of duabetes Insulin has an acton
wn fat metabolism which may possibly be more important than it
more obvious effect on carbohydrate It 15 closely related to the
level of the non-estensfied fatty aads and sumulates rapid meta-
bolism 1 fatty tissue It has now been shown to exert an influcnce
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onamno-acid metabolism®  Mught 1t perhaps have an essential pro-
tective cffect on blood-vessel walls: A future diabetic mght be
born with a relatvely mefficient pcell mechamsm not so defectve
that our rough yardsticks of definttion based on glucose tolerance
can detect 1t but bad enough so that throughout the years certan
blood vessels i certam places become progressively damaged The
specual stress of pregnancy may ndicate the latent deficiency by
producing temporary catbohydrate intolerance m the mother death
or excessive size of the foetus and hyperplasta of the foetal slets of
Langerhans

INSULIN AND PRE-DIABETES

This hyperplasia of the 1slets of Langerhans 1n the foetus of a
diabetic or a pre-dubetic mother 15 2 rematkable phenomenon
Fig 2 shows the relative proportions of islet tissue to whole pancreas

MEAN ISLET AREAS OF STILLBIRTHS

CONTROLS o 13%
DIABETIC MOTHERS D 65%
PRE DIABETIC MOTHERS D 75%

ERYTHROBLASTOTIC BABIES D T1%

NOT& SQUARES INDIGATE RELATIVE SIZES ONLY
Fi6 2 Mean proportion of sslet nssue 1n pancreases i dafferent groups

which Woolf and 1? found on exammnation of 108 pancreases fiom
stllborn wfants  Fig 3 tlustrates a parucular pancreas from a foetus
of a pre-duabetic mother compared to a normal at the same magi
fication From the small amount of suitable materral available “;7 us
1t seems that not only are the 1slets large and ncreased m m:lnt]h::c
but they contain an unusually hugh proportion of B cells :u‘llI thee
p cells contamn an unusually great concentration of grmdlct “
granules really represent msulm then 1t would appear a;“ :
pancreas of sach a foetus may contam up to thurty ames ﬁsh <&
msulin as normal What could be the cause of this ﬂ—ct:b yso
plasta» It 15 not hyperglycaemua because 1t occurs the ; dsc:nlcu cof
hyperglycacmia 1n the pre-diabetic Growth hormone and g
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corticords have been much discussed n connection vl
embryopathy  but there ate cogent argumenss agaL
these beng the sole or primary villam of the prece }
marernal lack of pancreanc reserve duning pregnar
through some mccgamsm other than hyperglycacrma
compensatory hypertrophy of the mfant s slets: Now ¢
wsohin produced Ey the foetus mught selface asa groweh !
s own ntra-utenne development  Could this possib’
for the excessive size of the dmgenc s baby:

¥ thus story has any truth then msulin mughe be .
prevent the dubetic vascular abnormahties the foetal andr
sbnormalinies and possibly the actual development of overs
ma pre<dubenc Certanly and unfortunately wsuln will nc
vent all wascular disease i disbetics but there 1 much eviden
when 1t 1 gavens tn such 2 way that good control of glucose
bolism ss achieved then the hability to vascular lesions 15 in ,,
conwiderably lessened Fagures from our own chinsc ndicate
the madence of retwmopathy and neuropathy m poorly con
diabetres was double that m duberses whose control was goc
exeellent Now 1f our behef regarding the presence of diaberes frc
bueth 18 teue 1 surely plan that wnsubn gven only when ov
carbohydrate defects are present would nos be expected to prey
2lestos whuch has aleeady been devcloping for a img ume Ify
could give msulan early i the pre-dubenc phase nughewenot ¢
prevent the vascular disease This of course 15 not known but
1 worth conndenng  Mechods used  dsagnosng pre-duab
Fall wot consder here but 1t may be mennoned thas certan family

stories make 2 diagnoss of pre- ot latent dizbetes mandatory for
stance when both parents are disbetic when an 1dennieal twin 1
dubetic o i such o Emﬂy asssshownmFig 4 Professor Hoet™ has
mdecd some evidence that msulm given 10 a pre-diabene woman
dusng pregnancy will prevent the dey clopment of severe con-
genieal abnormalines “ﬁdc Witkerson® from Boston has shown
that the same treatment wall tend to seduce the bisth werght of the
foetus. Further Hoct has ponted out that the child of 2 known
disbense mother Demg treated with msulin sefdom becomes disbenie
undee the ane of 10 whercas almost all mathers of childeen who
become diabenic under the age of 6 are untreated latent or pre-
diabetses Insubin gisen dunng pregnancy ma3y thus have a protec-
ove action on the child Is it Just posstble that msulin given to
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children 1 diabenic families would prevent disbetes entirely: 1t
protects the pancreas of ammals agamst alloxan

PROPHYLAXIS WITH INSULIN OR ORAL SULPHONYLUREAS

It 15 admttedly impracticable to suggest that babues ot even adults
should be stuck with a needle every day without a great deal more
evidence of 1ts vafue  Could the oral sulphonyluress take the place
of msuln 1n prophylaxis? It 15 very umportant that we know the
mode of action of these substances before embarkng on such 2
programme  If their major action 15 a sumulation of B cells wath th

GIGER FAMILY

bete
F16 4 The blacked n figures represent diabetics The proband arrowed) bad a diat
son mathee 10d grandmather These et 0 dhabereson B onfe 51 e Hie st kncw be
was diabetic but the fanly history led to bis having 2 folerance test result 13 g1 €0

production of isuln then there are two ways m which thu; uéc
m prophylasss would differ from that of msulin Farst }:tm:é; t !c
presumed to overtax the already mefficient p cells rather than to
rest them  The whole 1dea oiy continued stumulation pmd“c;:\g
permanent structural damage to the p cells 15 however rather
nebulous has been too readily accepted 2and finds no PTO‘(_"“
counterpart m the rest of the endocrine system nor mdcid :1; m: 6:
organs of the body Gepts Z furthermore has found chat !dt ’mt fl-
to 1sler cells m elderly panents treated with c:rbum;u e t: o
butamude 15 no greater than that seen n a groui of sirmilar on ;’am
or msuhn-treated diabetics while n some he Foum; adc‘!ﬂq:r b
generation of apparently actve p cells The sccon ¢
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between tolbutarmde and exogenous insulin 1s that the endogenous
msubin which 15 formed under the mfluence of tolbutarmde would
be hiberated mto the portal system and so mught really act more
physiologically than insulin njected penpherally Thus Madison
and Unger® have shown that msubin admmstered mntraportally m
dogs produces a much smaller arteno-venous glucose difference
than when systercally introduced suggesting a lesser effect on
muscle and probably a greater hepanc efiect Tolbutamtde does not
appear to be toxic i other ways — m fact 1t seems to be about the
most non-toxic drug ever produced Theoretically 1t might appear
madvisable to give 1t to 2 pre-diabetic or duabetic during pregnancy
since we have evidence that the B cells of the foctus are already being
excessively snmulated  Although tolbutamide mught be called
sunply a drug of c e m the of the established
nuld dubete 1t may yet be of true value 1f used early enough
especally 1 the pre-diabetic

The advent of the anti-diabetic sulphonamdes has taught us more
about diabetes as seen m the chnic In the tral of carbutamude and
tolbutarmide which we carned out we made 1t 2 rule to withhold
all msulin from our muld drabetics for several weeks before starting
the new drug 1n order to obtamn a proper control baseline  We were
surprised to find a number of panents whose carbohydrate meta-
bolism was as well controlled on diet only as 1t had been with
msulin also In fact n a few the control was actually better without
msulin This has led to a constderable reduction 1n the number of
patents taking msulin 1n our chme  Furthermore 1t clearly mdicates

t any tnial of an oral preparation m diabetes 1s valueless sathout
periods during which no drug at all 1s taken  Although insulin was
apparently beng given ly to the d
patients yet pcrus:{;of ther previous records frequendy mdicated
that 1t had been prescnibed to good purpose when ongunally ad-
mimistered . 3 or 5 years before This mught be mterpreted
two ways enther the disease i ats natural course had become mulder
oa_ as [ prefer to think the nsuln had really had a partully curanve
[4i{aa1

Some climes i thus country have been strongly advocanng a
retumn to the use of soluble msulm alone for the control of all severe
nsulo-dependent dubetcs They clam not aoly betwr catho-
hydrate control but also a greater protection aganst vascular
disease than 1s afforded by long-acting insulins and n particular the
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lente msulins This may be so 1n some chines but it must be remenm-
bered that the long-acting nsulins were mtroduced largely because
two mjections of soluble a day were mefficient m diabetic control
We have found after some 5 years expenence that the lente group
of msulins are usually satisfactory and we consider that their whole-
sale abandonment would be a retrograde step unless more general
evidence 1s forthcoming to warrant such 2 procedure

PRIME IMPORTANCE OF VASCULAR DISEASE
Despite the above arguments I do not wish to over-emphasize
the potential protective value of msulin in disbetes Now that coma
15 a relatively minor problem  the 1mportance of diabetes does nat
he i ats carbohydrate control but m 1ts vasculopathues — retnopathy
neuropathy (assumung chat this 15 bastcally vascular) nephropathy
coronary and pertpheral vascular disease The blood sugar of tself
1 a matter of listle importance  Although good control of diabetes
as d by glucose est may partially prevent the specific
diabettc vasculopathies yet 1t has htele or no effect on the develop-
ment of coronary heart discase (Liebow et al4) We have observed
this m figures from our own clmc Normally pre-menopausal
women are considerably protected from the chimical mamfestations
of coronary atheroma by the very fact of their womanhood In this
respect drabetes abolishes the advantage of being born 2 woman
If however the coronary artertes can reafly be protected by a low
intake of saturated fat then surely the very first place i which this
type of diet should be advised 15 the diabetic chmcs If the catbo-
hydrate ntake has to be mereased and so-called control rendered
more difficult 15 there any evidence at all that this would matter
1t seems to me that many ‘diabetic diets bemng used today are prob-
ably atherogenic  As recently as June 1958 a report of the Counal
on Food and Nutrition (of the United States) recommended that
40 per cent of calones 1 a diabetic s diet should come from fat
Admuttedly a small face-saving and rather mgenuous nder was
added with unhydrogenated vegetable oils 0 a con-
siderable extent for hard cooking fats Comment on the utter
wmadequacy of suck advice should be nmnecessary There 15 Cebb
tamly less evidence that the specific duabetic vascular lesions mught
be reduced by a lowered fat mtake but this s something that must
be mvestigated
1 thmkgthac all this may be summanzed by the suggesuon that
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wmsubn and even possibly the oral sulphonylureas may have a
greater potentally protective action in duabetes than we realize but
that drugs alone are not fikely to solve the real chirucal Eroblcm of
drabetes ~ the vascular one . We stll do niot know how best to treat
diabetes and arc only just beginning to think about prevenung 1t

I should like to take this opportunity of thanking Professor | F
Brock and DrJ H Sheldon for reading this manuscnipt
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THE MEANING OF PRE-DIABETES IN PREGNANCY
J J Hoer A Gommers and ] P Hoer

Laboratowe de Recherches de la Clingue Medieale
Hopital St Prerre Louvam  Belgmim

The appearance of the classical symptoms of diabetes mellitus —
glycosurta wath excessive thirst fasting hy perglycaemia eraving for
food werght loss acetonura — does not mndicate the beginning of
the discase At that stage the damage of the pancreatic islets — and
even other tissues — 13 usually irreversible

Tens of years prior to overt diabetes mamifestauions duc to a
relative and transient lack of msulin may appear during pregnancy

Our study has been focused on the disturbance of the maternal

years beforeap fliciency 1€ overtdibetes

melltus  results  On the other hand the foctal anatomical

and thewr develop uring lfe may be

modified by the lack of msulin i the mother  The impasrments

mn the functions of the child s nssue may only appear later during
extra-uterme hfe126101 13151719 4

For many years clintcians have noted the high madence 1n the
obstetnical history of women over 40 years of age developing mans-
fest diabetes of neonatal mortahty “stllburths heavy babies and
congenmal malformations  Basic research 1n thus field shows thatin
female rabbits treated with sub-diabetogenic doses of alloxan preg-
nancy mduced a loss of tolerance to dextrose  Rucci® describes d%c
increase m sslet tissue and hpid mnfiliranon durng the lase days of
pregnancy i tats and also the very notable increase of capillary
arculation of the sslets during pregnancy  Post partum this mereased
arculation returns to normal - Many sslets undergo Liprd degenera-
ton and disappear  The number and volume of nrm return to
normal proportions in z or 3 days

Pregnancy i the woman 1s a test for islet funchon The
transient nsufficieney which may result and as a rule remams
hidden or beneath a cloak 15 conditioned by the actmty of the
other ductless glands and m parncular by the antenor lobe of

a7
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the pitmtary the adrenal cortex and medulla the thyroid and the
gonads The placenta as a source of progestesone and ACTH ha
also to be tal en mto account 26 0.5

Thes$ premuses led 10 a more systematic study of carbohydrate

b uring p The rehationship between diabetic

embryopathy and the changes m the maternal environment of the
foetus become evident when the pregnant woman 1s more catefully
studied regardmg her gly ] and belic disturh

‘Wilkerson and Romem™ i research work undertaken m col-
laboration with the Children s Burean Unsted States Department
of Health Educaton and Welfare make a comparanve smdy
the outcome of mothers with and without symptomatc v
of pre-diabetes 1 pregnancy These symptoms mclude »
obstetrical hustory, Targe babv hvperglvcaemua and diabetes m
family This survey allows the conclusion to be drawn that t
correction of the abnormal carbohydrate metabolsm m
diabetic mothers can bring about a reduction 11 the weaght of &
mfants

A study by Pyke % complenng the observations of Murphy
Munro mndicates clearly the dsabetogeme role of repeated |
nancies  Also a stanstical survey by Beckers and Tuyns of the
number of births m western Flanders (Belgiumy) st 1955
the decisyve role of the number of pregnancies and of the age of
mother 1 the development of large mtants

1 EXAMINATION OF MOTHERS OF CHILDREN WITH ¢
NORMALITIES

Downng and Goldberg? state that amongst 100 chuldren
ventricolar septum defect 31 per cent had a famuly
diabetes  Amongst 100 children with mter-auncular
authors notced 20 per cent of diabetic heredity by hustory
There was only one mother who also had an inter-auticular
Henos the cardiac maltormanon 15 seemingly not genetic 1n

Afteer observing several cases of non-lethal congenutal
ton m children of diabetic ot pre-dubetic mothers Hoer L
and Doyen chmeally examuned the mothers of malformed
Twenty-six of the forty-eight mothers examined had
features of an endocnmopathy especnally diabetes hypotl
ot bothi

The fact that 1t 15 possible to show that an endocrne

N —
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present 13 the mother of 2 malformed mfane, months or |,
thep y bads o the susp that 21 end 4
15 pregnancy musght plav 3 deawve role m the geness of
formpon ¥

B EXAMINATION OF PRECNANT WOMEN FOR CONCEALED
DISTERBANCES

I order to observe the earhiest phases of endoermopathn
ancy - parncularly duab we d i
Woﬂr)ﬂjﬂ who bad glycosuna 1n pregnaney ;: because cf:}
Pt 5 pregnancy that gave reason for suspectng *
of p bctfs Ouxq;bseﬂg;ons concerned soo maothers,
bustories were elevant for the birth of heavy mfants, of m *7
o sull-bom children, or for :yommeous museartase
chnreally recogoazable cause 4% 3¢

An extensive faradial and personal case history was tsken
complte physical examumation performed with specal emphas:
uges of endoenmopathy and of hypo~ or avscammoss

In oll caser a Glicose Tolerance Test (C T TYuas made as fll

t o fistng sate 100 devtrose i about .00 c.c Water

= Capillary blood was raken and onnary eollections made
o hour § hour 1} honry 2§ hours and 3 hours after dextrose
mustraton

3 Blood glucose was determined by the Hagedorn and |
method The presence of true glucose m the utne was fooked £
with glucose otdase paper (Chnistx or Testape)

¢ TheGTT was normal 1f Blood glucose

atohr  ghe  gphr  the  3hr
<IE < 8og <I30p K1.Of <IXOE e

$ Repeated GTT were pecformed at short meervals tn every

Wonn with 2 hustory of peanatal mortality

A baal metabolie rate an exammation of mght vasen by 3
Goldmm—\\'cckm) d r: showng b 4 pu and bleod
£xamunatons for proten bound rodme Iner function tests chal:{
sterol and :erupﬁorcnc patternafplasma tﬁmmm were pcr{'on!n
(‘?‘I‘ Cé;mul study of 500 women showed there pennatal pathology
able )
A summary of the findings m relation to the glucose tolerance
u
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Tasta I
PERINATAL PATHOLOGY OF 500 PATIENTS EXAMINED TO EXPLORB FOR CONCEALED
ENDOCRINE DISTURBANCES
Total
T During gestation 2
—with glycosurta prmipara —45
plunparz —yz 1n6(39%)
—muscarriage single (n pnmige 20
mplungr 20 76 (2t 4)
repeated 36
—with mactosomua foetahs 206(19//)
—with children with congental malformaton 35097, )
—nconatal mortality (4 congenstal malformation) 701 )
—duabenc herediey only 4(11/)
—hydrammios hypertension oedema 14G9/)
11 During post pattum period o1
ecatse of
—macrosonua foetalss s1féo )
—nconatal death 28{z7/)
—child with congemital malformation 166/}
—hydrammos hypertension oedema 2(z/)
T Non pregnant ”
because of
—muscarrage 27(13 7}
—congenital malformation. (54
_-stenth 2(s4/)
—micrasomiz foetals 7{9/)
—stillborn 1(31/)
—glycosuria x(7/)

curve during the pregnancy of 300 pattents with permatal pathology
15 gven 1n Table I

‘Tasie I
GLUCOSE TOLERANCE TEST IN 300 PRECNANT PATIENTS WITH PERINATAL PATHOLOGY

Hyperglycaemia
Pre<
Ne Pre dabetic
Patology | cass | Normal Flat duabede | Delayed | dlayed
Glyosuna
—;;mgrm 3 [ 937/ 617 518 441/ ;9 s: ,
—plungravd ss [ 1737/ 1323/ 712, 1833, 5 4
M szar ges ,
—in pougt | 31, 429, £7 g:g/[ gﬁ
—single misc 15 | 46, 320/ 213 4
m plangray
——xc-pvea! ke 29 | s17 s17/ gag/ |rad/ ] g: ,
Foer | mactosomns | 91 1 26 8, 1719/ 910 3943 , iy
Stifth rths s9 |1s2s” |19’ 3, |34
297 | 7926 920/ |4013 19 40/ {13953/
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This survey shows that the pernatal pathology of selected cases
15 frequently assocated wath a disturbed carbohydrate metabolism
mn the pregnant woman The changes m the blood-sugar curve may
be mmor and have been classified under the heading delayed curves
mearung that after 3 hours the fasung blood-sugar value (1 g 4)
was not reached. The blood-sugar values between 2 and 3 hours
may be of 1mp n the eval of the disturbed carbo-
hyc{me metabolism of the patient In our selected cases this type
of blood-sugar curve was found 1n 39 per cent of the cases during
pregnancy

This type of data1s important as Wilkerson?? showed 10 lus Oxford
survey that 14 per cent of random people with delayed curves
became overt diabetics tn the same period  This means that one has
to be careful 1 mterprenng the findings of blood-sugat curves of
prcglmnt \wmcr;_ el 4

The pattern of the glucose curve dunng pregnancy s very var-
able Apnonml bloods gar curve at the | SDP o o?'lhc‘ e
will not necessanly remamn normal throughout the pregmancy A
pregnant woman with a delayed curve at the begmmng of preg-
nancy may have a pre-diabeuc or a diabetic curve at the end  None
of the pregnant women cluded 1n chus study had a fisting blood
sugar above 110 g 4 Occastonally a pre~diabetic curve of an
wnsulin treated woman will become normal or even flat during or
after the pregnancy

It has to be stressed also that the glucose tolerance test has to be
analysed wath respect to heredity tﬁe eninatal pathology and the
ume of the observation m regard to the pathological events The

bolic disturb will be led especually m cases of
congenueal malformation or stlibirth as a major endoenine distur-
bance will not allow a person to become pregnant or to remam
pregnant  The charactersstic of the pathological picture 15 that
the mother does not complain of any specific symptom her biological
guturbancc however 15 severe enough to :ﬂPcct the developmg
octus

Three chnical hustories wall sllustrate (1) the changing pattern of
the glucose tolerance test depending upon the time of observanon
() the beneficual effects of adequate mnsulin thcn‘py (3) the assoqa-
tion of pre-diabetes with other end: d which may
be as important as pre-chabetes aself
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Case 1 V L (204) 27 years old — consulted physician for the firs
2 months after her thxryd pregnar By e
In 1952 she delvered a sullbomc{aby with spina bifida premature at
8 months weighing 3 kg 250 g In'1953 her second pregnancy ter
munated 1 2 sallbuth  The foetus weighed 3 kg 250 g —at had a spna
bifidz In 1954 a third infint was born ahive affected with a meningo~
myelocoele hydrocephalus and clubfeet weighing 4 kg 200 g dymng
at 61 months
Family Case History her duabenc (ax
Personal Case History ‘'The patient weighed 4 kg 200 g at biuth She
had complaned of polydipsia polyurza and of senstrvaty to cold dunng
her pregnanctes She had frequent comjunctivits and blephantis In
1954 2 months after the last o?hcr three pathologtcal pregnanaies her
GTT wasas follows with s0g of dextrose
103 15« 161 136 093
— ) —) (—) —)  (without glycosuna)
Her physx):al cx(amunuu(n s)howc(d x)naxk:(d kcxatoxanthosxg ﬁf the s)olc
of the feet  She had webbed toes on the nght foot
In 1955 the patient was agan pregnant and complained abaut polydip
and prurttus vulvac her G T T at 6 weels pregnancy was
09I 178 152 .
+ + + ycosuria)
She was trcatcd('m)rh lo(to )..8 ugﬁu of N P)H snsulin and §0 coo unzts of
vitamin A daly Shortly before confinement delvery was mduced
‘The patient delivered a healthy boy of 3 kg sso g ‘Ten days after her
delivery her GT T was
084 191 193 184 137
) ) (B (B (elycosuna)
One month later her G T T was
o081 159 131 105
= = ) (x)
In 1957 the patient was again pregnant
aGTT as follows
088 208 171
[ (+)  (+) (glycosura)
Her dark adaptation was 12 lower than normal
writsof NP H ansulin at firstand thus was mereased up to 36 umts NP
1n the mornmg and 16 unuts erystallne zinc msulm 1n the evenung She
was delivered agamn of 2 healthy daughter weighing 3 kg 4408

Casez G R 30 years old — consulted physictan dunng her thued preg

naney because
In 1951 she was
malformation The boy weighed 3 kg 900 g In 1953 she

M \] d Mhirehe)

090 )
(=) (glycosuna)
At 4 weeks pregnancy she had

1(16) She recaved 20

baby with emtal cardiac
dehisered of her first baby wad coucgwas e
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a second ume of 2 gurl with carduae and renal malformation, weighing
3kg Goog It died . days later
The patient s bicth weight was 4 kf “When presenting n 19534 she
was m the second month of her thurd pregnancy Her GTT was as
follows
095 191 148 133
She was treated with .o umits globin zme msubn - Ae 3 monthsthe GT T
was
131 195 59 134
She was dehvered spontancously 2 weeks prematurely of a healthy giek
of 3kg 400 g Six wecks afier the delivery the GT T was
o082 178 147 p 9 ¢
1n 1956 she was 2gam pregnant and was treated again with 20 to 24 unts
globin zinc msulin At 6 months her blood sugar curve was as follows
094 169 164
She was delivered spontaneously of a healthy boy weighng 3kg 700 g
Six months after the dehvery the GTT sho“cz
o082 179 1350 119
She was feeling well and did not recerve any mnsulin then

Case3 S M 29 years old — was first scen 5 days after the delnvery of an
8} months premature stillbirth
Past Case History 1s relevant for a thyroidectomy for goutre 1n 1950
The type of gortre remamns n doubt
Pernatal Case History  In 195 she was dehivered of a healthy gul

weighing 31 kg Dunng pregnancy she compluned of ocdema and
occastonal vaginal bleeding  Hypertension and albummuria had been
found. In 1958 she was dchvcre}’ after 8} months of a sallborn baby
Fivedays later a GTT was as follows

066 17. 177 181 063

—) —) (=) =) () (wthout glycosuna)
Four wecks later

o080 160 093 087 076

= ) = = () (wthout glycosuna)

B Met —8 per cent
She was beng treated wath 100 mg thyroid extract  Thus case hustory 15
relevant for a thyrodectomy and a hustory of sullbuth  Five days pest
partumt the blood-sugar curve was definutely delayed Four weeks post
fartum the glucose tolerance curve became normal  The panent ﬁzd
YP

yrowdism with an d pre-diabetic tendency dunng preg-

nancy

The close observanon of many cases of pregnant hypothyroid
worven brovght the oppornminy vo folow vhe progressiv e detenora-
vonof the GT T as a result of thyroid therapy dunng, pregnancy
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Therefore we consider that when thyroid extract 15 prescribed
and the GTT becomes pre-diabetic msulin has to be gnen to
avoid more profound carbohydrate disturbances The outcome of
five cases of assoctated therapy wath thyrotd and msulm are reported
(Table VI)

This assoctation 15 seen even more frequently m recent cases

These three examples dllustrate the fact that pregnancy nduces
quite frequently 2 dimmnshed tolerance to glucose The pregnant
woman has no speaific complamts or does not show any symptom
This disturbance n carbohydrate metabolism may still affect quite
adversely the foetal development

Tlus has been investigated n fifty pattents who were previously
delrvered of children with congenttal malformation  Stxteen of the
patents were seen 1 the post-partum penod of the birth of the
affected chuild  The glucose tolerance tests of these stxteen women
are reported m detail

The glucose tolerance curves m the post-partum penod may not
show evident pathologeal changes and will not preclude abnormal
carbohydrate metabolism during pregnancy Therefore the glucose
tolerance tests 1 thuty-four mothers of malformed cluldren were
analysed during thetrnext pregnancy The detatled data aretabulated
m Appendics A B C D

Among thirty-four mothers ten had a normal GTT sevena
flat GTT eighta delayed GTT and nme a pre-diabetic GT T
The patients with a flat glucose tolerance test had strikingly a rather
low basal metabolism for the period of pregnancy

Tagwz 1T
GLUCOSE TOLERANCE TEST IN FIFTY MOTHERS OF CHILDREN WITH CONGENITAL MALFORMATION

Glucose tolerance b ¢
Tosal Normal Pt D layed Pre-d sbhetic
Total | p reent | Tot 1| per cent | Total | per cent | Tot 1| percent
13
Post partum 16 6 38 3 19 H 31 2
Pxeg{;znt 4 | 10 29 7 ar 8 24 9 s

The data mdscate that the birth of a child with a malformaglon
may be assoctated wrth a disturbed glucose tolerance m the mo }:11
dunng pregnancy This disturbance mught be transitory and mught

only be present during pregnancy
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The data show that only 12 per cent of these mothers had a pre-
dubetic curve duning their post-partum period whereas 26 per cent
Iad a pre-diabeac curve duning pregnancy {Table HI 2nd Appendsx
E

A simlar observation has been made m women having case
hustories of sullbirth ST able IV} The pathological disturbances of
carbohydrate metabolism are stnking  among thirty two women
eighteen had an ! glucose cueve diately
a&cr the sullbirth  During a new pregnancy about the ssme m-
adence of disturbances were founi (Table V)

Like the woman delivering a child with 2 congenital malforma-
tion a woman with a case hustory of sullbirth or muscarriage 1s very
likely to have an abnormal glucose tolerance curve during a next
pregnancy — about 40 to 50 per cent of the women with perinatal
wastage may show among other endocrmopathies a disturbed glu-
cose tolerance cutve when pregnant

The following data imdicate that the correction of the endocrmno-
pathy has a beneficial effect on the outcome of pregnancy The

Tante IV
€LLCOS TOLIMANGE TIST IN FIGITY-FIVE WOMIN WITIt A KISTORY OF STILLAITH
Tw | Ama | ome [Dcrql Pred benc
Dun g w preg ancy
A Treced g pregnancy
ended 1 sullb rth 27 213 830 830 27
B One of the previo s
cies ennded 1n ]
Dnllm.h 6 1033 28 wa l 313
n ¢ pos
(fE«nEbmh) ! 3 516 | 928 | 918 1 938
Taste V
GLLCOSE TOLLRANCE CUMVES IN [IGITTY TUALE PATCRANT WOMIN WITH A JISTORY OF
scARKIAC
Tt | Newt | ra | petees { Pred abene
Mucamage/gra dal n 418 637 ! 1oas 110
Mse muage/mult grand a2 67 PV I A
Repeated m scarmages 9 718 s1s 44 933
Tout l 5 I 7o ] 1511

‘ wt
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aetiological treatment of the metabolic disturbance mfuences
favourably the foctal development

The observations concern the outcome of pregnancies when
mothers with permatal w astage have been treated with the maximum
amount of mnsultn wich thyroidextract (50-200mg /day) ifindicated
and with vitamm A (20 000-50 000 units/day)

Pregnant women having delivered previously a child with mal-
formanon 34
Pregnancies of the treated women before treatment 69
Pathologteal pregnancies of the treated women before treatment 35
Successful preg; after aettol [ ¢ 18
Pathological pregnancies affer actiological treatment o

Hence the untreated pre-diabetic mother as well as the poorly
treated diabetic mother 15 Liable to have children with congemtal
malformation  The aetiologucal therapy dimimishes greatly the sk
of such an outcome

The beneficial effects of endocrme-substitution therapy on the
prevention of perinatal wastage are also quite obvious from the
results obtamned by the aetiological treatment m cases of concealed
endocrinopathy with other manifestations of permatal wastage (¢ g
stillbirths miscarrages)

Table VI summarizes these results on the total number of preg-
nanctes after the aenological treatment of the metabolic disturbance
of the mother

Tastz VI
RESULTS OF THE TREATMENT OF CONCEALED ENDOCRINGPATHY ON PERINATAL WASTAGE
Prediabetic Hypothyro & Pro-h betic
pregnanc es ‘preg ances hypotl yrod
preg ances
&
Boore | Wik | Bfoe | VWit | Bere | B
Dt | b | dhivod | shynd thyroud +
R R ® & msuln R
Number of pregn aciss | 95 35 8 14 3 s
Per cent of narmal pre
ancies L AN P 70 n 30
t of p thologteal
P:; ot of p dhologial | N I R e
Per ccut of foetal mac , .
rosom a 32/ 20 9 3 13

wasassociated % th

iy te muated i a sullbirch — Rh smcompatbility 9 asassocated &

*
Tereger ngpathy A b gh ive of aut-Rh bod ¢s was present m

concealed endoce nopa
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1 THE EFFECT OF INSULIN ON DEFECTIVE DARK ADAPTATION AND
CAROTINODERMIA

Relationship betu een Disturbances of
Carotene Metabolism during Pregnancy and Foetal Pathology

(In collaboration with Dr F Stein}

A factor common to the pre-diabetic and hypothyroid pregnant
woman 15 carotinodermta and defective dark adaptation The fatter s
d by the ad of Goldman-Weckers In a pre-
dubene patent the defecnve datk adaptanon will mprove by
insulin treatment  The following cases illustrate this statement

Case s L S (Fig 1) A 29-year-old married male father of one con-
sulted tus physican because of nereasing fatgue and somnolence over
the last few months His father wasa known dubetic for the last 5 years of
Tus bife and he had been treated wath tnsulin
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Panent s physician found glycosuna and referred the patent to the
diabeuc chnic for a glucose tolerance cunve (100 g dextrose with a blood
UEAT every 4§ munutes) 083 — ¥ 33 — I1..9 — I..I — 1 07 without sugar
ot acetone i the unne  The glucose tolerance test was not pathologcal
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notwathstanding the bload did not reach fasung level
3 hours after glucose mtake © g fevels vtk
‘The adap *

of mght blindness) was low 1. at
two occasions  after 7 days of treatment with 6 uruts of insulm NPH the
adaptometry rose to 1 5 and 10 days later with 8 unuts of wnsulin NPH
to a normal value of 18 Twenty-three days after msulin treatment the
adaptometry was 2 0

Case 2 H L (Fig 18) A 1g-year-old gul was referred to hospital
because of obesity hursutsm and amenorchoea She weighed 87 6 z
hetght 1 57 m  No major metaboltc abnormality could be found but 2
pathological glucose tolerance curve (100 g glucose with 2 blood sugar
every 45 munutes) 103 g fo—249—.13—1 65— 1 30 with sugar m
the urime

The adaptometry was 1 3 repeat 1 2 before msulin treatment 24 hours
after nsulin treatment adaptometry was sull 13 3 days affer treatment
1t was 1 6 and § days after 1o units NPH daxly 1t was 17

Cases AV (Fig 2} A 32-year-old mother of two 15 referred to the
hosprtal because of myxedema She had been treated for diagnosed
hyperthyrodism with radioactive sodine 6 years ago
At the ume of entry her subjectiv p and physical

were classical for my<edema She was charactenstic for marked xantho-
dermua and paleness  Her adaptometry before treatment was 09 She
was then treated with tr-1odothyromne 1 increasing dosage 25y oy
75 v 2 day  Her adaptometry rose quckly up to 12 Affer 1 month on
75y trodothyronine a day the adaptometry was 1 6 ‘The patient was
ther started on thyrotd s6 mg a day ~Her adaptometry was sll 1 6 after
2 weeks of thyroid

We consder that this improvement of the vitamn-A gencsis at
the level of an effector organ the retma was an mdication of some
of the events at the level of the foeto-placental tissues

Hale and Warkany Wilson and Schappenberg described hypo-
vitamunosis A as a teratogenic conditon We consider that pre-
dabetes and hypothyroidism produce an msufficency of ntamin A
at the level of the effector organ with the greatest need * **

Recently Millen and Woollan'® have seen that expenmentally

hyper Ahasater mtherat Thisteratogenic
effect was defimitely potentiated when cortisone was injected dunng
ressed at the Joganthm of che

The mea urement of dark adaptation (sd ptometry) 15 exp
Liht tnaematy in T thet ome s able £0 defect 1 25  afer 3 prolonged expo urc to  bnghe
Iight Normal values are above 16 The valdes under 16 arcbrormal and they
poor cap aty of d 1k adaptation
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pregnancy In complementary expeniments they demonstrated a
close mnsulin-cortisone hip p 1 3
Theexpenments showed that insulin preventswholly the potentiating
action of onthe genic effects of hyp

Expenmental hypothyrotdism during pregnancy as the result of
admimistration of 4 ch.,l 2 thiouraal also hasa potentranng effect
on the teratogeme activity of hypervitammosis A

CASES AV ¢ 32yr
6] Y .
Miysesena
’
“
U
I .
£
5
': [l
» .
Teratmeny TRI VO30 THYR0 WL ToYR TR
1 56 75 Yjdoye— 50 mg 1day ——a
VE fost 2 s s s How 4 1
Fie 2
Therefore we underline the normal of the dark ad
a3 the result of msulin The imp! nt of the

of the placental and foctal tisucs was shown by the outcome of the
pregnanaies m those women with a long record of pregnancy
wastage

These facts powt to an action of msulin and thyroid extract on a
metabohic pattern mvolving carotene and 1ts dynamic equlibaum
with bolomcally setve vitamm A The gross and permanent dis-
tucbance of glucose tolerance test 15 a fater symptom of the pro-
gressing disease
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The lnk between pre-diabetes m pregnancy and the foetal
pathology and the congental malformations 15 not a direct one
Some more speaific damaging factors other than hyperglycaem
may cause the embryopathy The example of the disturbance of
the vitamn-A metabolism 15 probably not the only one

The matemal environment of a concealed pre-diabetic mother
may be unfavourable for the foetus through more than one factor
The moment and degree of the pathological metabolic disturbance
will deternune the nature of the events Early m pregnancy 1t may
be a muscarrage later a stillbirth wath gross anomahes n mulder
cases a liveborn baby may just show an adaptanon cnsis to extra-
utenne Iife In other cases a live newborn may have a pancreas
with numerous hyperplastc sslets (Dubrewl et al25) The over-
weight newborn with a Cushing aspect 15 an easy retrospective fact
1n the clinical history 8 The anatomical lesion of the foetal pancreas
1sasign of embryopathy rather than the exclusive result of genopathy

Careful studies may produce an explanation of the phenomenon
of anticipation of diabetes <5 The natural hustory of nfantile and
yuventle diabetes must be considered 1 the light of possible mtra-
uterme pancreatic changes A foetus carrymng a diabetic gene may
be further damaged by a disturbed maternal environment For
mstance the offspring of the diabetic father may be submutted to an
unfavourable maternal environment of a concealed pre-diabetic
mother

On the other hand non-lethal congemtal malformations m the
offspring of dibetrc parents or the assoctation of all vanetes of
anomalses with cluncally more or less severe diabetes mellitus ponts
to embryopathy We focus the attention on observations of syn-
dactylus sitvs inversus renal malformation haemangiomata bufi
uterus mongohsm Klippel Fell syndrome and supernumerary
nipples associated with diabetes mellttus

CONCLUSIONS

From a practical pomt of view the glycosuna and the GTT
duning pregnancy m‘l:) not be 150lated from the other chrucal data
To detect concealed metabole disturbances which may have con-
siderable effects on the foetus 1t 15 of importance

1 To acqure a maximum of gravido-puerperal data of the
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pregnant mother s relaves m parucular birth weighe sullbuth or
congental anomalies of sibs

2 To look for mumor climcal signs expressing metabohe dis-

t ¢ xanth k derma chetlosis glossins anaema
acctonuria mght blindness emesis pruntus vulvae excessive werght
gam or loss

3 To establish the assoctation of pre-chabetes with other endo-
crine pathology hypothyroidism 1s frequently assocuated wath pre-
diabetes (tmportance of goitre) Virilism may pomt to adrenal
disturbances

4 To tepeat GTT 1f perinatal pathology has been severe
stillbirth) Protem bound 1odime  electrophorests and basal meta-

lism will be checked segulacly

5 To be alert about endocninopathies n the parents which may
powt 1o posable foetal pathology

SuMMARY
dubetes dusing pregy hasbeend dinaclimealsurvey
of mothers of malformed children or with pregnancy wastage syn-
romes

Covetmg 500 cases of women selected on these grounds 1t may

be stated that o per cent present disturbances of the GT T
These symptoms show up by predilection dunng pregnan

Munor alteranons before pregnancy become frankly pathologic dunng

gestauon

Heod

Hypothyroidism may be d with a dusturbance of carbo-
hy_‘ll'xl-:tc metabolism,
ese studies gave the opportunity to treat exghteen pregnant

women affected with cndocnnopadu?s’ ¢ ?

‘The pregnancy wastage for the previous gestations reached thirty-
five out of sixty nime

E|§hlcm pregmancies carefully treated and controlled gave live
newborn without a single loss

Attention 1 focused on the intimate telanonship of pre-dubetes
of hypothy rordism with chinical signs of hypo-vitamunosis A This
mught be onc of the metabolic factors of the teratogenic action of
the mmor endoc hues of mothers 1 lete treat-

P P P
ment of overt diabette women results 1 the same foetal pathology
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DISCUSSION

TUNBRIDGE Professor Young i opemng the meeting suggested that
we should let our hair down and this IPsha\l.lg roceed to dog as %agr as nature
permuts!_After the excellent presentations by Dr Jackson and Professor
Hoet a climaian may be permtted to ask a seres of questions {x) What
do we understand by the term diabetes mc]htu‘s)t_cﬁ? ‘What do we mean
by controlt (3) What arc the causes of the socalled complicanons of
duabetes meflituse And lastly (4) How may they be prevented, smee they
provide the major problem for the clnician treating diabetes melliis

today?
Diabetes mellitus 15 really an umbrella term used to cover all cases ex-
Inbiang hypergt A raised blood-sugar levelss thelo

denomunator for the making of the dugnosts Despite numerous attempts
to classify diabetes exther accordimg to msulin dosage or msulin resstance
or sensitivity the age of the patient or accordng to somatotype no
satisfactory clincal classification has yet been devised

The problem as Dr Jackson so c?;arly mdicated, 15 whether an ab-
normal glucose tolerance test indicates pre-diabetes or diabetes mellitus
The majonty of chrcians will accept that 2 panent presenting with a
lustory of sepsts and ketosss even of at 2 subscgucnt date they had 2
normal glucose tolerance test should be considered either as a pre
dizbetic or as 2 potential case of diabetes mellitus  The mterpretation of
munor differences 1n the glucose tolerance test 15 often a matter of opuuon
and th 1 as to the £i of these changes are very
difficult to mterpret The follow-up of cases showng munor degrecs of
abnormality 1n a glucose tolerance test over a period of at least 10 yeats
have been very few and such reviews as have been carned out would
idicate that rather more than half of such patients ulumately develop
duabetes mellitus but by no means all of them The problem for the
climcian, 1s how to make an accurate prognosis m the absence of any
famly hstory of dubetes The recently introduced corttsone test may
assist 1n the differentiation but 1¢ 15 too early yet to say how reliable dni_
will prove To revert to the pattent who has had an mjmzl mad;ntlﬁl
glycosurta and after d apparend normal heal 5
for .0 years but who then presents with severe artersal degeneration I:xn
retmnopathy Has he had active phases of diabetes over the o years fyv
have been undiagnosed or has he had a silent hyperglycacma Ol;' 20
years? In other words 1s hyperglycacmia the only cnterion of diabetes
mellitus or are there others which at the present time we have 10 m:nf:
of assessing and are therefore overlockeds Thus rasses 3 most tm]wglnr
problem and one which 15 at the root of any pohcz that we must ‘a” 1:751
concernng both the diagnosss and treatment of diabetes melhtu:le hen
we come fo consider the problem of the control of diabetes melhitus
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are on difficult ground becsuse we do not know what we are
Thete are excellent reports of short term control in hospital ¢
bobe wards but there s very hede satsfactory work on the
tral In Sweden they carned out 2 suriey by questionnaire n
opmion 2 very satuficcory method, They wrote o s.07
pattents 2nd asked them whether they had fallowed their duben
Tharry 1x per cent indicaced thae they had followod the diet
well, 8¢ pee cent adnutted they had not followed 1t very caref
sopercentnoratall Tned a ample expeniment 1 my own of
random sample of those biving m the oty of Leeds Lugely beea
conseence of vimung The random sample numbered one hunde
five and mnety four of these patients cowoperated. fn sixteen d
foflowed exactly 33 one shovld expect tnthurty~sxxthe diet wass
sasfactory but e the remamder hopeless  In Arrhos Lundbeck
wene imto the problem and analysed very carefully afl the facrons
cemned. 3 thunk we can say thae the most impornant of all 1 that ot
ditect personat supervision We should assume that at best only
15 per cent of our patients however welt we ceach them and bowe
frequently wesce them will seally adhere to thewr daet over 1 long pers
of ume “Anather problem i asscasng the effecs of diet 15 the En o
Gadons change and over the bast 40 years there have been conside
o ;};;s 0 the approach 1o the dictary controf of diabetes

What 1 often not realired are the wide changes which may tde pha
snthe blood-ugar fevel dunng the .4 hours e én m a panent who appes
to be sausfactonly controlled. My colleagues and | have already drawn
attentson £o this in assesang the msuhn reqmrements and it 13 nat at alt
uncommon for 3 senst e dabete to hase short pertods of ketoss hasting
for a quarter or half an hour associated suith a blood sugar of .00~ 50 mg

cenit and yot during the remander of the .4 hours Enc a blood-sugar

cvel below 200 mp per cent It 1 these facs which muake using the
blood-sugar level the panapal indseation of adequate conteols so difficulr

Thas Jeads ta my l{ud powt the quesnon of ie echinonshup of the
socalled comphiatzons of diabetes mellicus to the control of the hyper
gheaema, Dolger i 1947 first hunted that the conerof of the hyperghs
Cacrwn did ot make any difference 1o the des elopmens of w’npl’muom
The Boston school have always stressed the amportance of good control
and have published many papers sugectung that good control was
fellowed by a lowered nadence of comphcations Lundbeck, m his very
careful follow-up of children 1n Arshus went no further than ta sy that
the evidemee suggested that retnoy athy which ss really the only objective
compliauon We can dugnose c.xxi w1 nrmaficantly less in those whom
they assexsed a1 havang been well controlled.

In ducussag the whole problem of complicatons 1tk ssus necesaary
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to divide them 1nto two groups the reanopathy neuropathy and n
pathy which secem ta be speatfic for dml::?:s m’:d the wl:dcs;};rcad wzgcﬁ:
degeneration which histologieally 1s not different from that found m old
age 'The only possible difference 15 that i drabetes 1t 1s found very wide-
spread and 1n vewns as well as artertes The specific nature of the first group
15 perhaps lustrated by the following case the patient was first seen at
age 30 when she had had dubetes for only 5 days She was a school
teacher and very co-operative and during the 4 years that I attended her
she was extremely careful wath her diet and never to my knowledge
had a blood sugar over .00 mg per cent until just before her death
Rennal haemorthages were first observed 3 years after the onset and
she died 18 months later having developed severe retimtis prohferans
and severe renal lesions  The post mortem exanunaton revealed ev-
tenstve Kimmelstiel-Wilson changes but only shght evidence of athero-
sclerosis This patient seemed to illustrate the speaific nature of certan
vascular changes found mn assocation with diabetes mellews and to
emli}zm)z: the pomt I have already made that there are other disorders
1 diabetes mellitus besides hypcrgf;camua for which at the present tune
we have no rehable method of assessment

On the other hand 1 the elderly diabetic one does find a very high
ncrdence of coronary disease and artental degeneration In other words
1t seems as though senescent changes were occurring a decade eatlier than
1 normal people In a senes of nearly 400 autopstes m whach I compared
the gross findings mn elderly arteriosclerotics m people who had had
glycosuna discovered for the first tume just before death and n those who
were known to have had duabetes for many years there was no gross
difference 1n the mnadence of atheroma m the major vessels of the heact
or the bram

“This brangs me to my final pownt namely that of prevention The ac
ceptance of the views of Dr Jackson and Professor Hoet would be valuable
because 1t 15 concervable that 1f we could control hy Pcrglgcacnua we might
lessen the present-day climical picture m the treated diabetic and possibly
lessen the high madence of comphcations  On the other hand “there 15
considerable clintcal evidence that hyperglycaenua 1s by no means the
whole story and we should be on our guard agaunst accepang hyper-
glycaenma as the only metabolic abnormality in dubetes mellitns

Before closing [ would like to pay a tribute to our hosts It has been
very sumulating to chnicians to hear of the expenimental work beng done
1 relation to diabetes mellitus and naturally we may find 1t dufficule to
apply smmediately the mformation we have ganed Professor Young
has sard that we have been possibly 2 Litle removed from the treatment
of panents but I think that he and all of us may rest assured that we have
been dealing with a very important problem because m Great Brtan
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alone wthin the nexs 25 years nearly t ﬁ:r cene of the poy
Iikely g0 develop daabetes meflitus although we shall probably
nude the dugnosss 1 abour half the cases

Oaxiey 1just % ant to make two pownts both to emphasize h
1 agree with Profrsior Tunbudge about two pomts he made
on the sbject of the classfianon of dubetes mto chmeal types
ths has been very tseful bue that st can be overdone § thunk o
very hard and fast clasnificanion which could be regarded a5 satt
and that any grouping of dubencs leav o3 a grest deal of interme”
who cannat converently be fitted mto any one particular gre
mention thys bectuse T think we are ape to forees what { regard as a
smporant observatson which was desertbed 1 think bv Dr Jones ~
sorry ¥am not quite sure of bus name  He desenbed 5 group of ex
the West Indses i svhich he had these young dubene paneats who
Tuphly insulin resistant who show ed not the shghtest rendency to &
and were 2 complese reversal of the sccepred pictute tn Earope Follow
that recemly liﬁe bad a report from Cerlon of a series of cases
fubng exzcely the same fe and 1 15 rather
the tsa groups kave very much the same and rather pecuhar and g
feedng habues T thank this rendency to force dubencs into certan
gortes 1s hable to make one oveclook thase graups which do not {3ty
any such aategory and such groups & chink will very greatdy reward n
wark and study

The other point L wanted to make was fegarding astenad Omplications
Twas delighted to hear Professor Tunbrdee sas what § mvsclf have found
1 3 follow up of x360 panents 1 my chie m which we studied the
teadence of perpherat ancrul disease and wc tound no corselation
whateyer bera cen the durauon of che discase the seventy of the duease
and the presence or abtence of penphersl artenal lessons We did, how
ever find a ymficant and consiseent relitionshnp beeosen such dusease
and the age of the panent 1 would agsee entirely wath him that we are
probably deabing wuk o separare entitics when we are consnd-ring she
speatfic sehmal and renal leon and the laston 1n the Jower extremu
which by nomeany vhaed sayrelfknow of canyou dutinguwh from semle
artensal change

Levive 1should ke to deaws your astention to a prece of work which
w13 done by 2 Japanese puthologrer The cevults hase been botherng me
exer since §read the paper and T would bke cspensally those people ke
D¢ Jackson and Professor Hoct, who are interested an hereditary and con
geritad aspecty 10 theow some bkt on s h daa

Dr Olomoto nas arerested n the celagonstup of alfoxan to the mne
coneent of the wlers, and hie worked on 3 theory of ninc romplex forma
fion 343 mode of alloxan aenan Having few abburs 1o work wady, be
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used rabbuts that had recovered from alloxan dusbetes or those that were
not successfully alloxamzed He bred them 1 order to produce more
rabbits — 2 very worthy enterpnise ‘To hus astomshmene he found that
when the progeny grew up they required much less alloxan to become
diabetic than did the fathers and mothers In the F3 and F 4 generations
there was a 30 per cent spontaneous hyperglycaemra and glycosuma
Beng a pathologust he measured the volume of the islets and there was a
consistent decrease from one generatton to the next  Since he came from
Japan and not from Lysenko territory I was puzzled about this

I have been urging people m the Unuted States and elsewhere to let a
genetiaast have a go at1t” Smular obseryations have been recorded by
German observers m 1952 1n stucues on alloxanized rats I should like to
hear Dr Jackson s and Professor Hoet s comments on these papers

SparT Work which was carried out 1n the Royal Arr Force during
the war did not ndicate that vitamun-A deficiency was 2 luniung factor
m rasng the dark-adapted rod threshold Groups were observed who
were recetving supplements of vitammn A but who nevertheless had
raised dark-adapted rod thresholds Also substances such as aleohol
which alter the pupul size can alter the value for the dark-adapted rod
threshold as 1t 1s usually measured I have measured the dark-adapted rod
threshold 1 many cases of steatorrhoea 1 which conditton there 15 mal
absorption of vitamun A and T have not found 1t to be significantly
rased though thus 15 possibly because sufficient Bcarotene may be ab-
sorbed

Can Professor Hoet tell us the effect of normal pregnancy and of gving
sulin to normal people on the dark-adapted rod threshold:

Jackson In agreement with Professor Tunbndge and Dr Oakley
certanly we must control our patients blood sugars at the present time
but I tried to suggest that there may be other things more important to
control which we do not yet know I am simlarly in agreement that
the exact categonizatton of all dzabetics 15 smpossible ‘but nevertheless the
general concept of the classification as I have outhned 15 very important
for many reasons

As regards the validity of the diagnosis of pre-disbetes T would yom;
to our own small senes of women who gave nise to nfants with enh:%e
pancreatic slets — seven out of twelve of them are already diabetic after
5 years while of those f:fnoscd m 1952 on the basis of obstc}zlnc sus

1cton and shghtly abnormal glucose tolerance all five of those whom we
szc been able to follow up have become clubett:il within § )’"‘:f
There are several other 2pers e p
pre diabetes to overt dubetes includmg the recent work of Fa_]:tmdznd
Conn and of Wilkerson [ believe that _temporary diabetes 1s merely a
phase 1 the Lfe hustory of a diabetic when some particular

/
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ho s*
fihe the laecat preduabete abnormaliey  Patients who s
::;;egmuszbc mmd:gj ;e be potentisl permanent Saabesies
up and treated accordingly
 profisot Youog aiked for 3 defimuon of pmd:'ﬁj W *“ii
1eslly think of any 1eal dviding hine between pre dut etes an
yetfor groeral distussion we eep them distinet t A wy ’b _
Aefmmon ‘The sate m which endence of earbohy n:;g 0O
ot chucally apparent, but 1 which certan mh;; spectfic bi-'mh::cd
Froduce cerum speafic shnormahities shach we know 1o be re:
the haree devclopment of ovest doabetes
Finaffe DiLevines cmordmu? amrals which ayﬁ:m:d e
neo-Lamackuarusts, 1t 1 conceavable that the alloxan had dymaged th
pancress subchnically 5o 10 speak so that the extra stress of presn
rendered tr partally imadequate The sbnornial inera utenne envisonment
then produced damage to the foctal pancreas (pﬂ’hags 25 an the human)
50 that one cowld thus tmagme the appeasance of dibetes m Jater genere
vons Ths s merely 2 hypochencal alternative 10 & genetic one
Yorne Thank you Dr Jackson, 1 thunk Iwas rather mtrigued by the
statement m your abstract that disbetes really exsts from burth — that 55
pre-dusbetes 1t
Jacxson $n ordnary sermncloy yes
Hort Three pousts may b don s a result of thus d
3 Profeser T\mbnaee brought forward m some way an opposion
Setween somyz form of ‘transtt dubetes and permanent dabeces Thisss
the problem of ehe begmang: of dubeses mellitus and ther relatonship
wath the chaswead chimeal prcrure of streversible prumanent ovest diabetes
mellitut soompansed by more o3 dess severe complicatons From another
viewpoutt, 1t 18 the quesnon when has diberes mellitus 1 2 wansitory
form 10 be controlied with msulst I 1r possible to prevent the serer
vessible eetdbolic decompensationt We consider each metabolie dis-
tusbince cuted by an wfeenon, & mental steess trauma ar burne 2 due
i: t::’xj ;rmsn ms:dﬂ;m ;&‘ the wlex fancnon Thoy s abso the eave
forms of pre-dul funng pregrancy  Although teansy
:’“""" !"“) ‘l;::m}:red ir:m n‘;.{lhgzc any anomaly of %hc &1 _;orlyt
PRI 10 s that at has ¢o be conudered as a pru e of dubetes
meli akhough it may procesd for more m?:’;& before avert
urevernble disbotes el resules Therefore dietary and muhn treat
l”\m: 1 qustified i those pre-dubeces phases mare so than ey appear
‘;‘? ¥ 11 the offipring or ubs of more wevere dubeney We wggest
o 1; wameda ¢ control of any puld dsturbance of carbohy drats mesa
7 hs 1 be put 10 acton, 5o as 1o shorten the decom ted phase
and ta pros, pensated pi
provens further svolton to mor wnere and Jonger penods of
melbur. For each known case of dabetes mellion there 1 2
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Ppatient with a concealed form wating for some or other complication
to 1{7: :a recognrzed case  Our treatment must protect the cases of ‘potential

abetes

2 Dr Levine did mention the expenments of Japanese nvestigators
on the offipring of alloxamzed pregnant rats The unfavourable
maternal has produced newborns whuch later m hfe become
glycosunc even mn the oﬁ?prmg of the second generation  Bartelhermer
and Kloos (Zestschr fur die Ges Expenm Medizin 1952 119 -46-65 Dic
Auswirkung des exp llen Drabetes auf Gravidiat und Nach
kommenschaft ) have seen hyperglycaermua and glycosuria 1n some cases
with gigantism 1 second and third generations of mild alloxamzed
mothers Dr Haumont 1n expeniments i collaboratton with Goormagh
aghand Hoet has treated pregnant rats wuth rather hugh doses of cortisone
from the eighth to the eighteenth day of gestaon A percentage of
resorptions are seen but m the living offspring urogenttal malformations
1n the females were observed In the (oqlowmg generation this means
rats born of mothers not treated but being the daughters of cortsone-
treated rats Haumont has seen spontancous cataracts and after 6 to 8
weeks  hyperglycaemic phases occurred see prelimmary paper 1
Antialesd endocrinologie 1959 19 No 2 pp 442 5 "Effects de la Cortisone
admmstree pendant la gestanion

Therefore we stress the 1mp ¢ of a normal £ ble maternal
environment 1n every case but more so when some pathological genctical
trend may be suspected

3 A colleague of Manchester did recall that rught pilot candidates were
wvestigated about thewr night visson  On nutntional deficiency 1t has
nrot been easy to discover clear cut cases of mght blindness Environ
mental factors or pupil dil or use of alcohohc b ges may play a
role 1n ascertammng the dark-adaptation level We have been studying

boltc carotene disturb depending on wnsubn deficency or

hypothyrotdism There was no nutntional deficiency We demonstrated
the correction 1 one and the same patient of the defective mght viston
by actiologacal treatment with msulm or thyroid hormone The favour-
able response was seen 1 3 days m selected fresh cases of pre-diabetes
Ths wsuln action 1s seent also m pre-duabetes of pregnancy It 1s an

d ofa bolic action of the L which 1s of
importance for the placenta and foetal tssues and harmontous foetal

development




CONCLUDING REMARAS
F G Youro

Younc The Jast nem on the programme 5 Ger
and conclusions by F G Young 1am very hesttar
general conclusions from the hast rwo days ‘bue ¥ tha
namber of pomts that have emerged which stphe
partcnlarly meeresting

One must tecessardy be hamble a1 the amount dhae
know abont wsafin and dibetes but £ recall Cha
romark that what we believe we hnow 15 often 2 hi
knowang the muth, 1 and peshaps others have found dof
understand 2 good deaf of what ] thought L knew beforedt

A f:mt that has utcrested e very much m the d
have had 15 the number of times che mechanssm of acnon
bus boens hinked to hugh cuergy mutrogenous phosphate
This 13 o sdea which 1 clearly m the minds of severad
workers and it may well be that e will be a most frusefd
yerstocome But as Dr Corsard we know kitle or nothn
the mechanism of sugar transport and btle ar wothung abe
oechanism of acton of msulin, \We must sull agree after @
matters of this sore for two days that this is sall true

On the other hand we haye agreed about much We have
the work of Dr Molariey an the production of imsubn stk
supported confirmed and wsed as 1 other laboratoney whie v
13 consideeab] 120 the up e of msuln in ¢
bxb‘?mhm: 1635 clear 100 that the cxstence of d ¢
snsuhn Which are beng i cangated 15 of fundsmental sign ©
in the grow th of hnow Iedee of' the mechanum of action of rasul
and of diabetes and that these substances compleate the b
ofimadin The biowassay of ths hormone s a matter that needs m
furher w estiganon befoce s on 2 satisfactory bass Burme t
of diffetent sorn are bewng brought to bear on this problem and «
knowledge grows particularly as hnow fedae of the senon ofinsuhn
3MIZONUL grows 30§ tlank we shat have more wndenstanding of
the Catise of disbetes snd the mechansm of action of nseln

Fsery much emjayed the papes on sabeybites and aspion by De

n
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Reid It 1s not unreasonable to say that one of the important rec
of the discovery by Hench of the remarkable effect of
rheumatord arthntrs has been that for the firse time a thorot,
v estigation of the therapeutic effects of salicylates has been made
Saltcylates had been avarlable for 80 years or more although thorough
clinical trals of their actions and effectiveness had not been under-
taken until recently and as Dr Reid sad the more 1s known the
mate we are astonushed at the effectiveness of this comparatvely
sumple chermeal molecule salicylic acid and us sumple dernative
aspirn

I'would ke to take the opportunty of expressing the appreciation
of us all to the two gentl who provided papers as sut
Dr Bergelman and Dr Levine I am sure that those of us who know
Professor Loubatieres wall very much regret Ius absence and sts
cause but hus research has been most ably surveyed by Dr Levine

I'would agam ltke to thank our hosts for having made this meeting
possible Dr Hobday mentioned m hus opeming address that T had
been concerned 1 the proposal that dus meenng should be held
In this connection I rather feel Like the man who sud to hus neigh-
bour 1 2 London Club I had no difficulty at all when we had
twmns! Tt has been no difficulty at all to me but I would ke to
emphasize how hard Dr F W Wolff m particular has worked on
the srrangements for this meeting He has wrtten maumerable
tactfil letters and he has handled all the arrangements remarkably
effectinely 1 have discussed matters with him once or tunce bat he
and of course the Comttee of the Batish Insulin Manufacturers
behund hum, have been responsble for all the detals m 2 most
effectuve manner
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