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STUDIES ON THE MEASUREMENT OF SERUM INSULIN ACTIVITY

by
G, P, Winklev, M.B.

The evidence in the curvent literature suggests that insulin acts by
increasing the rate of trxansfer of glucose into the cell,

A rveliable wmethod for the estimation of serum insulian activity would
be of value in helping to elucidate the physiological role of insulin, and
the etiology and pathogenesis of diabetes mellitus and other disovders of
carbohydrate metabolism,

The in vivo assay wethod measures the serum insulin activity by the
drop in blood sugar produced in alloxan~diabetic hypophysectomized
adrenalectomized mice, The rellability of this method hag not been gatise
factorily proven and, in addition, the animale ave umstable and difficult
to maintain.

The in vitro aaaay mmd measures the sexum insulin activity by the
rate of glucose uptake of the isolated rat diaphragm. This method and the
in vivo method cited above, measure the net gerum insulin activity. One
modification of the In vitzo method was investigated and found to give
extremely incomsistent results in our hands.

4 method for the estimation of absolute serum insulin activity was
devised, This wmethod compares the glucose uptake of 2 vat hemi~diaphragn
immersed in serum with that of the corresponding hemi-diaphragm immersed
in serum whose inmsulin has been inactivated by the addition of cysteine.
The serum imsulin activities of twelve normal fasting adults were measured.
It was found that these values were enbanced by the ingestion of glucose or
by the injection of ingulin. A diabetic deprived of insulin was found to
have uo serum imsulin activity while an infant with idicpathic spontancous
hypoglycemia was found to have an elevated sevum insulin activity. The
in vitro addition of ingulin to serum was found to enhance the insulin
activity of that serwm. The ahraa!wié for the production of this effect
wag 75 milli-units per mi, ,
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CHAFTER I, THE MECHANISH OF INSULIN ACTICN

GENURAL ACTICNS:

insulin, the hormone produced by the beta cells of the pancreatic
islets, has been observed to affect the metabolisa not only of carboe-
hydrate but also of fat and protein. The changes it leads to include
lowering of blocd sugar, stimvlation of muscle glucose uwbilization and
glycogen synthesis, stimalation of liver glycogen synthesis, stimula-
tion of fat synthesis from acetate, inhibitien of ketone body praéuém
tion and the inhibition of zluconeogsnesis from protein., In investi-
gating the mechanism of actiocn of insulin, workers have sought to find
a single site of action in the mstabolic scheme which would explain

all the observed effects of this hormone.

CARBOHYDRATE MITAPCLISM:

In order to understand the proposed theories of imsulin action,
it is necessary Tirst vo examine the principal rsachbions involved in

¥

glucose metabolism and their relation to the mebabolism of fab and

protein, These reactions are illustrated diagramatically in Fig. 1.
From this diagram it is seen that the initial step in the metaboliem

of glucose is its reaction with adenosine triphosphate to form glucose-
£-phosphate, This reaction is catalyzed by the enzyme gluco-hexckinase
and is not reversible., The glucose-b-phosphate so formed can be used
to synthesize glycogen, or can enter the glycolytic cvele in which
series of reactions one mol of the six carbon compound is converted

to two mols of a three carbon compeunde, Une anercbic oxidation step

takes place and the result of anerobic glycolysis of one mol of
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glucose=b-phosphate is two mols of nyruvic acid. The giycolytic
reacvions are reversible and thus pyruvic acid ean be converted %o
glucose-b-phosrhate and glycogen. This end product of glycolysis,
pyruvic acid, then undergoes oxidative decarboxylation to yield ace-
tate which, after being activated by coenszyume £, condenses with oxa=
loacetic aeid to enter the oxidative svstem knowm as the Krebs or
citrie acid cycle. In one cgmpla@e revolubien of this cycle there
are three separate steps of oxidative decarboxylation which result
in the oxidation of pyruvie azid to carbon dioxide and waier, the
regeneration of oxaleoacetic acid and the liberation of energy which
is stored in the high energy phosphate bonds of adenosine triphos=-
phate or creatine phosphate to be used in the many energyerequiring
reactions of the cell, including synthesis of protein and fat. The
citric acid cycle is also the final common pa%ﬁway for the oxidation
of fats and proteins as these too can degrade to acetate. Alanine
and some other amino acids can also be converted to pyruviec acid by
the action of the enzyme amino acid oxidase, Ir this way, gluco=
necgenesis can occur, i.c. the synthesis of carbohydrate. from none-
carbohydrate precursors. The sugar fructose enters the glycolytie

cycle by phosphorylation to form fructose-é=-phosvhate, This rezchion

3

is catalyzed by the engyme fructo-hexokinase,

SITE OF ACTION:

Fron the metabolic rela tions which have been outlined, it can be
seen that it is not inconceivable that a hormone such as insulin could
exert & primary action upon carbonydrate metabeolism which could have

far-reaching secondary effecits uvnen fat and probein metabolism,
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In attemphing to localize the site of the metabolic defect in
diabetes, Chermirk and Chaikoff (1) showed that the liver slices of
alloxan oiﬁbeﬁlc rats oxidiszed glucose at a rate less than that of
normal rats, while the oxidation of fructose in alloxan disbetic
liver slices proceeded normally. Teng, Sinex, Dezne and Hasbings
(2} found that, whils the liver of alloxan disbetic rals was unable
o synthesize glycogen from glucose abt a normal rate, the gynthesis
of glycogen was unimpaired when pyruvate was used as & substrates
These findings suggested that the site of insulin action was some=
where before the pathways of fructose and glucose met, and did not
invelve the reactions leading from pyruvate to glycogen, Such a
site is the fomation of dlucose~-G=phosphate. Insulin could act at
this point by speeding up the glucoe~hexokinase reaction, but it ceuld

also act simply by promobing the entry of glucose into the cell so

that it could be acted upon by the enzyme,

The Transfer Mechanisa

Although it is not 1&?$oﬁlb Le that iﬁsuliﬁ has more than one
site of action, the evidence t be summarized favors the concept
that insulin acts by promobting the {ransfer of glucose into the
cell and that such an acbion can explain all the obher changes
which have been observed to cccure Levine {3) has shemm that in
the eviscerated nephrectomized dog, insulin caused an increase in
the volume of distribubtien of zalactose, Since this preparation
cannot metabolize galactose, it was concluded that the increased
voimme of distribution was broughi about by the movement of @lacw

bose into the ecells. It was inforred that insulin had a similar



acktion on glucose. Using the isclated rat diatvhregm, Park (L) set
out to demonstrate the accumulation of free glucose in the cell as e
congequence of insulin action. Iﬁ order to do this it was necessary
to prevent the removal of this free glucose by hexokinase, and this
he did by ¢hilling the tissue, thereby slowing the enzyme activitye
He was thus able to show that, whereas without insulin the amount of
free glucose in the tissue corresponded to the amount in the exbtraw
cellular space, when insulin was added the amount of free glucose was
four to five times greater, he concluded that insulin had increased
the rate of zlucose itransfer beyond the capacity of the chilled hexo-
kinase system and therefore free glucose had accumulated within the
cells In the ciliary body of the rabbit's sye, insulin was clearly
shovn to enhance the permeability to glucose (5). By studying the
rate of entry of glucese into the rat diesphrags at various tewmper
tures, Levine and Goldstein (é) concluded that the chenges in rate
were such as to sugrgest that the transfer mechanism involved litile
or no energy exchange and was nob under the influsnce of an enzyme,
If so, this may be taken as evidence that any =ffect of insulin upon
the transfer mechanism is & primary ons and not secondary to changes

in the availability of ATP,

According to this transfzr mechanisn concent in action,
the observed =ffects ar luﬁﬂe as derivebives of the primary ac=
tion in the following manner, <The transfer of glucose into the cell

is seen as resulbing in more substrate being mzds available for phos=
vhorylation by hexeokinsse, and thus for the synthesis of glycogen and

the process of glycolysis. As glycolysis producss more pyruvate, more
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substrate is made available for the clitric scid eycle which then

becomes capable of greater oxidation of acetate and production of
high energy phosphate bonds, 4% the same time the increzsed wate
of glycolysis permibs move fatby acid synthesis irom acetate, a

process which seems to reguire the energy derived Irom glycolysis

Y

in order to procesd properly. 48 more acetate is utilized for ozi=

davion and for fatby acid synthesis, less is converted intv keione

in Ly

he ability of insvlin

3

bodies, and ketosls is thereby corrected,
to reduce gluconeogenesis is ascribed to the increased production
of pyruvate from gzlycolysis, so that less is produced from the gly-

cogenic amino acids such as alaninee.

The Hegnkinaae Reaction

The seccﬁd postulated site of insulin action is at the gluco=-
hexokinase reaction. This could be edither a direct action upon the
enzyme, or an indirect action resulting from an increased avalla-
bility of ATP from the oxidative vhosphorylations of the cibric
aecid cvele,

Price, Cori and éclowick (7), using cellefree extracis cone
taining muscle hexokinase, found that insulin was capable of re=
leasing the inhibition imposed upon this system by antericr pituitary
extracts and adrenal cortical extracts. However, Stadie and Haugaard
(8) were unable to dunlicate this finding and a dirvect stimulant

effect of insulin upon the hexokinase reaction hos not been showm
conclusively. Indeed, apart from Price et al (7), no one has ever
demonstrated that insulin ié active in bissue in which cellular

structure has been destroved,



Un the other hand, evidence has heen vresented which suggests

3,

that insulin ac bv increasing the ef;

2
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iciency of oxidative phose—
phorylation, making available more high energy phosphate tonds o
the hexckinase r@actlan and to fat and protein synthetic processes,
Krebs and Eggleston (9) demonstrated that insulin accelerated the
rate of oxidation of various wembers of the ¥rebs cycle by minced
pigeon breast muscle, A4ctually insulin did nobd increase the ini-
tial rate of oxidation, tut it slowed the decline in the rate so
that afber thres to four hours the tobtal amount of aidation had
been doubled. Stadie {10) points out that in bissue homogenztes,
such as were used by Krebs and Fgy aston, glucose and glycogen
break down to lactic aeid and the hexokinase reaction ceases 4o
operate. Thus these actions of insulin camnot be considered see
condary to any change in the b@iokinase reacbion, but are intervre-
ted 25 primary effects upon Lhe cibric scid eyele. These findings
were confirmed by Shorr and Barker (11) and by & are and Fauman
(12) for vigecn muscle but not for mamealisn muscle, Iﬁsuiim e
fects on phosphorous metabolism have been shown many times. Lavlan
and Gresenberg (13) have demonstrated increased p32 turnover and ine
creased ATP in rats treated with insulin. Haugaard, Marsh and
Stadie (1L) found a net increase in the number of mols of ATP DTG

duced in rat diaphragms incubated with insulin without any corresS-—-

T
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W

ponding increase in oxygen comsumpbion., They interpreted this a

signifying an increase in the efficisncy of oxidetive vhosphoryla-
vion but they have not eliminated the poss ibility that the extra

phosphate bonds were derived from the process of zlyeolysis which
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is aperobic. If this were the caSe, one would not sxpsch an ine

crease in oxygen consumphbion and the increased glveolysis could be

s hrough

C’L'

ascribed to an increesed furmation of glucose-b-phosvhate
gither the transfer or the hexckinase mechanisms. However, in a
recent review (15) Stadie mentions experiments which he had not
previously reported, in which he and Vester demonstrabed decreased
AT? formation in the liver mitochondria of depancreatized cabs, He
does not state whether or not this decrease could be corrected by

the addition of insulin in vitro bubt one would suspect not, consi-
dering the experiments of Baker, Chaikoff and Schusdek (16) in which
the metaebolic defects of ciabetic liver slices could not be corrsece
ted by the additition of insulin in vitro but only by the administra-
tion of insulin to the animal before killing. Thersafore the concepb
of a primary insulin aecbion upon the process of oxidative vhosphory-

lation remains unproven.

Current evidence suggests that insulin aets by increasing the
rate of transfer of gluccee into the cell. The many aeffects of ine
sulin, including lowering of blood sugar, stimulation of glycogen
synbhesis in liver and muscle, sbimulation of glucose untake by

muscle, inhibition of ketone body production, stimalatien of fat

synthesis from acetabe and the inhib

all be explained as sscondary sffects of this nrirary action.
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CEAPIER IT. CURRENY HODS OF THSULIN 4 SAY

INTRCIUCT I0N ¢

The discovery of insulin greatly advanced the treatment of diabetes

7]

aellitus and the knowledse of carbohydrate metabolism, Despite exhause

tive study of fhe effects of the administrabion and the denrivation of
this hormone, there is much that is yet to be determined about the

. amounts secreted, the concentration of the hormone in the circulating
blood and in the verivheral tissues, and the factors controlling secrew
tione OClinically, it would be of importance to know whether spontaneous
diabetes results from absclute insulin deficiency, frem excessive action
of insulin antagonists or from a combination of toth factors., Simi ilarly,
in patients suffering from the effects of an sbnormally low blood sugar,
the precise webabolic defect is often nob clear, The introduction of a
method for the accurabe esbimstion of small concenbrations of insulin

would be an imporiant step toward the sclubion of many of these pros

Insulin is & proteine There is no specific chemical test by which

it can be messured, Blological assayvs have used the hypoglycernic ef=

f.

>

feehb in living animals and the sbimulsd sion of glycogen synthesis and

FAl

ted muscle., & method of

ot
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glucose wtilization assey rased upon

an antigen-anbibody resction has recently been reported.

Biological Assay in Vive

The assay used for commercisl prevarations of insulin is based
en the production of hyvoglycemic convulsions in intact mice., This
method is not sufficiently sensitive o detect insulin in the concene

trabions in which it ocours in ireulating blood,
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To increase the sensitivity of the test, use was made of animals
which hiwd been deprived of thelr source of endogenous insulin and of
known sources of hormones which have actions counter b0 those of ine
suline. In 1950, Bornstein (1) reporbed the use of the allowan-dia
hypophysectonized, adrenzlectomized rats. Llbhough 2 messure of SUCe
cess was claimed, the reliability of the test was not demonstrated
stavisbically. in addition, the animals were unsbable and dilficult
e maintain,

Using alloxen=diabetic hypophyscotomized rats,

co=workers in 1956 were unalbls 21

tut were able to

tions (3),

&qtlon has besy

This

oy b
SG

diapnragm stadis

ffect was roughly proporti
considerable scabber,.

and Hangaard (&) limited

whola

insulin in

plasmg fracw—

direcbed toward devising a

basad of

414

" glyceogen oy the isolated
1947, found that the

oncenbtration bk with

one minube, & bime wnich they found sufficient to produce memsurable
effecte on the meitabolism of the davhrage for the following 90 mine
utes, From this they conclnded that insulin became guickly bound to

the diavhrazne




of having the insulin or serun Lo

chrazs throuchout

oF

tent from day to day and from aqinal

of white rats and use of the diaphraogms of new-born rabbits wers tried

withoubt success, Finally, without known chenpes in conditions or tech—

§-«h

nigque, the resulits became more consisbtent. Hven with this improvenent,
they ware still unable to deteet insulin in normal huran serum except
shortly afber the intra-venous injection of 20 units,

froen and his cow-workers in Holland (8), in 1952, alsc used the
pooled diaphragm bechnicue, Oonbrary to Stadie, they found that nore
mal serum would stimulate the diaphramm to iske up glucose, thal serum
from a mild diabetic had esssnbtially the same proverbties and that se-

-

raa fros @ patient in disbebtic coma did nob inhibit the stimulant efe

fect of added imsulin., Increased stimulant effect was reported from

slet cell adenoma of the pancreas, while
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bypoglycemie with no tumor ai operation. “hey measured ths response to
known concentrations of insulin and from the resulting data they cone

structed a concentration=action curve, Howsver, it was found that the



slope of curves comsitructed at differsnt times of the yvear i ffered

from each other. Therefore, the estimetes of plasma insvlin concene
trations were based on the comporisons with 3nsulin standards ren ab

concluded that the nope

'::5“

nal human serum insmlin concentration is batwesn 0,695 and 0.0428
rillie=units (07) per ml, Powever, this estinate is based on debere

minations on only twe nerwel humen sublischs,

i
[
@

Rardle (9), in 198k, reverted to the technioue of usine & eing

diaphragm in each flask., Althoush the responsivensss of the dia-

phragms varied merkedly, e claimed that the slope of the deos SE = EEDONS 8

curve was congtant within certain 1imits and thot by using 2 shbendard

5

with each determination he could determine the plasma insulin concen=
tration by reference %o the dese-vespense curve., By this method, he
estimated the mean noymal post-prandial plasma insulin coneentration
to be 13 nl/ml. However, data presented later in the same paper did
not produce & curve whose slope fell within the limits which he re=-
porbed, This defect was acknowledged by Randle in & subsequent pa=
ver (10),

Vallance~0wen and ﬁﬁriaak {11), using a method similar to that
of Rendle, reported in 195 a dose-respouse relation, but did not
give encugh data for critical evaluation. They estimated the normal
plasma insulin concentration 4o be 0,031 %o 0,052 al/ml,

these authors claimed to be akle

i)

to measure anything more than net insulin achivity in the plasma,
i.2s the net effect resuliing from the interplay of insulin and

irsulin antagonists.
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Assay by Antigen-Antibedy Reaction

Arquilla and Stavitsky (12) have recently ubilized the antigenic
properties of insulin as the basis for an assay. The amount of insu-
lin present is @zstimated by the exbtent to which it inhibits the hemo=-
lysis of insulin-sensitized erythrocytes by a standard-titre antiserume
From the typical data given in the paper, the test appears capable of
detecting 5.h milli-units of insulin, with an error between duplicate
deterainations of 15%. However, detailed statistics are lacking, and
the test has so far been applied only to vure solutions of insulin.
Consequently, its usefulness as an assay of serun insulin concenbra—

tion and its relation to insulin activibty remain to be delermined.

EXPERIMENTALs

-

The biological aseay of insulin was investisated using the me-

thod of Randle (9) and modifications thereof,

Methods

¥ale rats weighing 100-150 pm, were fasted 18«2} hours and then
kilied by decapitation. £he diavhragm was guickly excised without
bleading and free of fat or fibrous tissus, Une half of the diae
phrapgm was placed in a buffer solubtion conbaining glucese in a cone
centration of 300 ma,% and the corresponding half from the same rab
into ancther vessel containing the same solution with either insulin
or serwm added, lhe buffers used were either that described by Gey
& ey (12), a bicarbonate buffer (pH 7.h) which was equilibrated with

5% carbon dioxide and 95% oxysen, or that described by

7!
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and Wertheimer (14), a phosthate uffer (pH 7.h) which was equili-

brated with 100% oxygen. Lach hemidiaphrags was immersed in L c.Ce



of incubation wediwm, The flasks were shaken in a water bath at 37°C.
for measured lengihs of time which veried from one te three hours. Af
the end of this time the hemidiaphragms were removed, blobtted lightly
and weighed, The media were analyzed for residual glucose content by
the method of Somogyi (15). The difference between the original glue
cose content and the {inal glucose conbtent of the medium constitute
the glucose utilization of that diaphragme Yhe utilizations of the
two hemidiaphragms from the ssme rat weve compared to see how much

of an effect, if any, had been vroduced by the insulin or serume

The resulits obtained are shown in Table I, It can be seen that,
dus to greal variability and incomsistency, ne satisfacitory dosew

sulin concene

ga

responsa relaticoshilp could be demonsirated at the
brations used by Randle. At relatively high concentrations of

nsvling of the order of one unit or more per ml., effects were
readily demonstrable,

Various modifications of the method were tried in an effort %o
improve the resulis, Regarding the experimental animals, ad 1ib
feeding or foreed fesding rvather than fasting prior to sacrifice
did not affect resulits, Naither did placing the rais in a cold

wirenuent fér 6-~18 hours pricr to killing, a measure which was

%

suggested by Jerthe

Rz 3

wrts repert (16) that it increased glucose
ubllization in the diaphrage. Results with imported rats wers no
bebter than those of ocur own inbred ctrain. - Haphregms from adre-

ralectomized rats were, if anything, less responsive., ¥illing the

"

animals with enrere or tarbitnrates rsther than by decspitstion

brought ne improvement.
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PABLE I

DIFFEREICE DRTWEEN GLUGS JTZL”‘"% "ICH OF RAT HEMIDYAPHRAGH
INCUBATED WI H AND WITHCUT INSULIN

{Insulin effect expressed as mg. glucose / gran
wet weight diaphraga / hr.) (Hean 75

wour )
k.?g RXRIEY

Tnsulin
Concentration Bicarbonate Buffer Phosphate Buffer
(nilli-uniss

per ile)
1 7[ 3,22 (8)" ~0.21 7 0,78 (&)
2 {5.37 f 2.06 (10)
3 A6k # 0,49 (23)
h 47,18 L 2.03 (6)
g 46,23 £ 0.62 (7) L.onf1.63 (13)
10 =6a21 ¢ 1,39 (12} £10,13 f 3.76 (5)

¥ Number of determinations shown in parentheses,



Powdered amorphous insulin was no better than regular crystalline
zinc insuline. The relative merits of using glucose concentrations of
300 or 600 mg.% were exzmined. Ag neither was superior from the stand=-

point of the insulin effect produced, it was decided to use the lower
concenbration as +the amounts ubtilized would thus be more easily detecw
teds The inclusion in the method of a period of ecuilibration in which
the diavhragm is washed or soaked in buffer before being immersed in
the incubation medium was net found to conbtribute anything to the ace
curacy of the method. Ho matber whether the preparations were incuba-
ted for one, two or three hours, the hourly rates of utilization showed
approximately the same range of variatien,

The results of a few trials vsing serum added o buffer are shown
in Table 1T, It can be seen thet duplicate determinations showed wide
variabtion and that a sbimulant effect could not be consistently demone

gorated.

DISCUSSION

sotimates of normal plasma insulin acbivity have ranged frowm thab
of Vallance-Owen and Hurlock (11}, 0.031 - 0,082 mU/xl., te that of
Randle (9), 13 mU/ml. Perlmutter (7) was unable to detect any insu=
lin activity in normal human plasma, In addition to those discrepane
cies, all the methods have shown great variebility with, in the case
of Randle's experiments (¢,10), unpredictable deviations from previe
ously debermined deoss~responge Curves,

In the experiments reported here, using hicarbonate and phsophate
buffers, neither insulin nor serum produced consistent stimulatien of

glucose utilization by the rat diaphrasm.
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Since, with this methed, the best that can be hoped for is an
indication of net insulin activity, it is possible for variations
in the activity of insulin antegonists to mask the effects of any

insulin present.

CONCLUSIGNS »

In view of the great discrepanciss belween various authors! &ge
bimates of normal human plasma insulin activiiy, and Lecause of the
wide variability of results both in the liferature and in the experie-
ments revorbed here, it would appear that there has not been published
a8 yet a method of plassa insulin assay which has been proven suffi=-

*

ciently sensitive and accurate for use in c¢linicel research., It is

vosbidabed bthat variations in factors obher tlen ingulin which slise

influence glucose uplske are v the inconsimtency of
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CHAPTER III. THE MFEASURRMENT OF ABSCLUTE SERUM INSULIN ACTIVITY

411 the methods for the bioloszical assay of insulin activity in

serum or plasma which have thus far been revorted (1-8) have reflected

only neb insulin activity, the vesult of the inter-action of insulin
and insulin antagonists. The method 4o be reported hevein has been

devised in an effort te measure absgluie serum insulin activity.

o

Du Vigneaud, Fitch, Pekarek and Lockwood (7) in 1931 and Wintere
steiner (8) in 1933 renorted that the amine acid cysteine, along with

other sulfhydryl compounds, is capable of inactivating insulin by re-

ducing the S-8 linkages in the insulin melecule, Lens and Keubtelings
($) reported that 0.25% eysteine reduced the activity «¢f & 1% solution
of insulin te 13~1L%Z of its erigirel value durinsg ome hour's incubation.
Cysteine has alse been showen %o nev.traliz., insulin in the presence of

plasma {3-6),

EETHCD:

IR -
The prepardation employed was the isolated rat diaphrigzn. It was

considered vossible that the procsdure of ineubating tis control diae
phragm in a buffer solution and the test diophraen in a2 dilute solnbtion
of serum in buffer so altered the osmotic relaticns of the diavthrag
with its enviromment that its melebelic achivity was impaired in en

irregulsr fashion, Therefere the medium used consisted simply of the

£ ™ o g Ty L > 3 7 s
avproximately 3 mgol/mls

This wmedium was divided into paired one-ml, portions., To one

ortion of each palr was added h mp. of cysteine HOL ervsials. This
& N EY o



nortion wag

d

Iy
3
=

aazed with nibtrogen Lo srevent oxidation of cysteline

50 cystine, Bobh media were then incubataed in a watber bath at 379C,

for one tovr., At bhe =nd of bthe houry an ad 1ib fed male rat weighing
100150 grams was killed by decapitabione The two leaves of the diaw

dissected oui, welishad and immersed in the incubaw-
Lion mediz, The flasks were then gassed with 59 carbon dioxide and 95%

oxygen and incabated din a water bath ai B?GC. for one hour. AV the end

of the hour the glucose contents of the flasks and of the original in-

cubation radium were debermined by the mebhod of Somogyi {18). The dif-
forence bebween the glucoese ubilization of the hemidiarvhrass in unmodie
fied seruw and that of the corvesponding hemidiaphragm in servm nre-treated

with cvsteine was abbrilmted 2 the insulin content of the servm, This
a8 expresssd as mg, ghicoze ubilized per cram wet weight diaphragm per
hour, o athemeh was made 4o evpress this as units of ingulin,

faste were made upon serum from clinically normal subjects in the
fashing shate, following a glucose meal and following injection of insue
line 4n infant with idiepathiec hypeglycesia and an adult with diabebie
acidosls were also studied.

The effect of adding insulin in vibro was determined, Crystalline
zine insulin pewder (Connaught) withoul preservative was dissolved in
(7,01 N HoB f’,;h and added to aliguots of serum bo produce the desivsed cone
centration, To 5 ml, of sermum 0.1 ml. of the insulin solution of ap=

),

propriabe coencenbration was added,

Homel Fastivg Sermn Insulin Activity

Table IIT sheows the fasting serun insulin activities of twelve

clinically normal adult subjects. The figures shown represent duplicate



Subject

IOSG

ng.!:} &

SeDo

HeSe

B.C.

WeEo

GaWe

GQ Pc

TP,

FASTING

Gluecose Utilisation
111’0)

(mzo/ smowet wh

Sex &
Age

i 27
¥ Lo

H 30

=
]
J1

M2z3

Fd
ey

22

i 26

Wiz

M 37

Serun

5020
2,71

6438
8430

8,33
14,05
5650
L’rcgé
LBl
5.18
ToTh
8,57

7400
7475

3.2k
1.66

338
l1o 15
2,06
2,19

1.98
0.55

3426
1.75

Snrum 4
Cysteine

G.00
0.00

3.07
he15

6032
9e5h

2o449
1.50

D%

oo

SERUM THSULIN ACTIVITY OF

ff/ﬂ'
Difference (Iﬁadl

5.20
2.71

3.3%
}-l 015

2,01
he51

3.01
336

3uh1
2.91

2,63
2493
2.98
2,09

.z"?}v;

1,66

1.1k
.hS

0.96
2.19
1.98
0055

0.00
1.75

Hean

CLINICALLY KO

2.78

2.54

2145

0,28

8.1 -

2.5h

00

SUBJRCTS

Variation of
Duplicatss from

Their Means
1.25
D.32
1425
0.18
0.25
0,15
Oeli5
0.79
0.71
0.61
Q.71
0.88

Mean O 063
5.0, 70.38
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determinations on the same specimen of serum. JThe mean of this sample
was 2.5 Z{ 1,00 (standard deviation) mg./om./br. TIn two subjects , du=
plicate determinations differed from their means by over 2,00 mgof gm./ hre
These subjects were omitted from the table., In two subjects, ¥.E, and

leWe, repeat fasting detemminations were done on different devs. Asg

seen in Table V, the values obtained wore essentially unchanged,

The %Effect of In Vitro addition of Insulin

Table IV shows the effect of the in vitro addition to the serum.
of gine insulin orystals in concentrations of 7 5, 150, =nd 300 20/l
With 75 ﬂlﬂ/ mle, bhe mean increase cbserved did not differ si: enificantly
from zero, With 150 and 306 mﬁ/m},,, pregressive ineresse in serun in-
sulin activity were noted, The increased produced >by 150 mU/ml. is sige

5

nificant at the 2% level; the increase produced by 300 mi/ml, is signie

5«»})

“icant et the 15 level. In Figure 2 are plobbed the mean increments in
glucose ubilization togsther with their stardard errors for each added
amount of insuline The points thus plotted can be joined by a straight

S

The Bffect of Investion of (lucese

Two subjechs were assayed in the fasbing shtabe and afher the ine

gestion of 50 gite glucose (Table V), In .7, the serum insulin activity

Tt

inereased from 1,09 to 3,77 ng o/ gr/rs  In W.E, the serum insalin achie
G8

vity incressed from 2,25 4o 8,

w

The Bffect of Intre=Venous Injsctien of Insulin

In subject D.I., the fasting serum insulin schivity was found be
» 4 3
be 2,78 mg ,/ sgﬁ.,/ hre Immediately afber the fasting svecimen was drawn,

15 units of regular insulin was injected intra~venously. 4 second



THE EFFRCT OF THS IN VITRO ADDITION OF INSULIN

.
U THE CERUM INSULIN ACTIVITY

Increase in Glucoss Utilization
{nzef smefbre)

Amocunt of Insulin Added: 75 150 300
{milli-units/mli.)
Subjech
A.He 2.0h 2.3k 3.01
H.F, 033 2,88
5. 0477 2,07 5.33

0.88 2.h% 2.7

oD e .16 0,92 2:09

70
MEAN 2f SeBule 0.96 Zf 0.2  1.62 Z0.2 3,16 ,f 056
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f %3 Fal kit \u"b‘v‘cy'a'fi ,
W OGIUCGEE oW

BEffect of

Serum o ¥ean Difference Glucose
Subject Specimen Serum Cysteine Difference (Insulin Activity) Ingestion

Je  Tasting 3119 2,90
& ohg l\-!- ° 85

0
1
1 hour afier heBC 0600 L.80
50 g. zlucese . 2,7k 0.00 2.7k 3677 2.68

-

1,60 1.0%
8

W.LE, TFasbing hoBl 2.5 2.25

1 hour after  17.9% 589 806 )
50 g. glucose 13.00 3010 290 8,28 6.73



4.00

INCREASE N

GLUCOSE

UTILIZATION

MG/ GM /HR)

0 100 200 300

INSULIN ADDED (MU /ML)

Figure 1, The Effect of the In Vitro Addition of Insulin on the
Serum Insulin Aectivity. :

( + Mean ¥ SeBelia)
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serun sample drawn five minuvbtes lober showved an insulin ach
1.32 mgo/ome/hrs

In subject W.Ps, the same procedure was us2d except that the se=
cond serum sample was drawn {rom the opp rm 45 seconds afber the
insulin injection. <“he amount of insulin used in this subject was 20
unitee In this case, the sermum insulin activiity rose from a pre-

o a post=injection level of 3.16

e

injection lsvel of 0 Vl mg o/ gme/ v,

f"ig./gms/hi’a

=

Tdiopathic Spontaneous HEypoglycemis of Infancy

The serum insulin activity of 2 F-month old female with idiopa=
thic hypoglycemia was L.12 mo./gme/hr. This valuec was higher than bhe

fasting value cbiained on any other zubject. Glucoss concentration of

this same specinen of seram was U0 mEgeie
fully srevented conwilsions but did net bring the blood sugar into the

2

roal rangs, One hour after A0

vity was 1e81 mge/om./hr.

Sgram Insulin of a Diabetic After Withdrawal of Insulin

A 67=-year old male who bad been diabetic for ninetéen years showed
a serum insulin activity of 1.7L mg./gme/hr. bl hours after receiving
his last injection of regular insulin. After ancther 2l hours had ela-
psed, no serum insulin activity was demomstrable. 4% this time the

patient was ketotic,

The ability of cysteine to inactivate insulin Bas long been known,

»

but this phenomsnon has never bafore been used to 2id in the estimation
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of the observed value, Whether the range of variation erncountered is
permissilbie will depend upen the size of the differences observed uUns

The estimates for normsl humen plasma insulin activity thus fap

& low of 0,031 mli/ml, reported by Yallanc e~Uren

o - o~ [ )
3 nl/mle reported by Bendle (%), OSince

o

methode From the graph in Figurs 2, the mean normal muman insulin
activity of 2.5h mg./gm./hr. would represent an insulin concentration
of 225 ni/ml, if the straighbeline releti onship holds frue throughout

the range of insulin concentrations.

e

LI 1, £

The findings of a serum insulin aetivity above the rvange of
mal in the infant vwith snontaneous hypoglycemia suggests that this

‘1..3

ingulin in the serum, However, it will

HE

subject may heve an sycess o

-

be necessary to study normal infants before this value can be congie

dered definitely abnormale

A method has been proposed for absolute serum insulin as g8y

i ) VN
'} .

use 1s made of the property of coystoine o inactivate ine

- 3 - o O 5 QNNAE. JE 1% TSR T
incubated in pure serwn wilth and withont cyw

45 an index

mEAsurs 3 be L"l!?

increased by the addition of insulin in vive and in vitro, ard by the



Lenly
aeh

3
b
@
431
6]
8
i3
7
@
g
3
a
2
<4
jes
=
}J
o
S
o]
=
i3
ff
fra
&
e

fasting adulits is 2.5h mgo/on./hr, which corresponds to a servm insulin

concentration of 225 nU/ni.
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