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SUMMARY

Preincubation of rat adipose tissue and lmenmidiaphragm with nethalide, an adreimergic

blocking agent, inimibits time effect of insuihn on glucose uptake and! 1�CO2 production
from 14C-labeled glucose. Witlm time use of ‘311-labeled insulin, it is possible to denmon-

strate that blocking of the nmetabolic effects of insulin is not accompanied by any re-
duction in � bound by the tissue. At!dition of guinea pig anti-insulin serumm does not

affect the proportion of bound radioactive material when rat adipose tissume is incubated
with radioinsulin, but markedly reduces insulin binding to rat diaplmragm muscle. In-
cubation of time fat pad witim radioinsulin for 90 nmin reduces time proportion of im-

munologically active insulin in time imme(liUm by about 10%. Experiments described
indicate a lack of correlation between time metabolic effect-s of insulin and time i)inding
of timis hormone to tissues.

INTRODUCTION

Previoums studies frommm timis and otimer
laboratories have iniicated timat lipolytic

effects of hormones sucim as time catechol-

amines, adrenocorticotropin, timyroid-stim-

ulating hormone, and gluicagon on isolated
adipose tissue can be effectively inhibited
by adrenergic blocking agents and insuliim

(1-6). If insulin and time adrenergic block-
ing drugs imave a commmmon point of inter-

act-ion, the possibility existec! timat the
metabolic effects of insulin on adipose tissue
might be inimibited by adrenergic blodkers.

In the present study netimalide was
selected as time synmpatholytic agent of

choice. This drug imas been foumndl to be an

effective adrenergic a-receptor blocker free
from intrinsic synmpat-imomimmmetic activity.

These properties imave been confirmed in
cardiovascular studies in animmmais and man
(7, 8), and the rise in plasma free fatty

acids following injection of epinepimi-ine in
hummman subject-s is effectively i)locked by
netimahde (9). In time present stuidy, isolated!

i-at dhaphragrn nmumscle and epididynmal adi-

iose tissue were tested for insulin respon-
siveness in time presence and absence of

net-halide.
Time dienmonst-ration that netimalide

blocked! time nmetabolic action of insulin
prompted further experiments to investi-

gate time phenomenon of insulin binding to

tissues. The theory that a imormone, in order
to exert its effects, forms a chemical attach-

ment to tissue Imas received considerable

support. However, recent studies witim la-

beled insulin indicate timat 1)nmdhimg of

insulin may be unrelated to it-s immetaboiie

action.

31 ETHODS

Male albino rats, wimicim imad been mmmain-

tamed on laboratory cimow and tap water,
were killed by stuimning and exsanguimmation.
Time epidid!yrnal fat pads were rernovec! and
bisected!, one-imalf acting as control for time

otimer. Time diapimragm �s’as removed and
bisected, and! time membranous part was
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discarded. For time experiments using ne-
thalide, the tissues were incubated at 370

in 4 mmmlof Ringer-bicarbonate buffer con-

taining 1% bovine serum albumin, glucose-
1-14C (1 mg/mi) and! nethalide (10� M).

After 15 mm, insulin (100 p.U/ml) was
adlded to the flasks, and time incubation was

cont-inumed for a further 75 mmmin. Mediunm
glucose concentrations were nmeasured by

the glucose oxidase metimoc! (10) and l4�9

produced from labeled glucose was plated
as BaCO3 (11) and counted in a gas flow

counter. Incorporation of 14C into immuscie
glycogen was determined by the method

described by Rafaelsen et at. (12).

In time experiments on the bindling of in-
sulin to tissues, fat pads and henmic!ia-
pimragms were incubated fom- 90 mm, utmless

otherwise stated, in 5 ml and 2 imml, respec-
tively, of Ringer i)icarbonate nmedliulm con-

taiiming 1% bovine serum albunmin. 131J_

Labeled insulin was used (specific activity

9-11 mmmC/mg ) in varying concentrations,

and the concentration of netimalide w’as

again 10-s M. Anti-insulin semiim (AIS) was

prepared! as described by Robinson and
Wright (13). After incubation, time amount

of houmnd 1311 was determmmined by wasiming
the tissues tlmree times by gentle agitation
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for 1 mm in 25 ml of insulin-free medium,
similar to the metimod used by Stadie et at.

(14). After blotting, time tissues were

placed! in 5 ml of Bray’s solution and time
boun(1 radioactivity was determined in a
Packard Tri-Carb liquid scintillation
eoumnter. Time amounts of radioactive immate-

rial bound by the tissues have been ex-
pressed! as percentages of the total medium
radioactivity bound per gram of wet tissue.

Any cimange in the concentrat-ion of in-

sulin in the mediunm was estinmated by add-
ing excess AIS to aliquots of time medium,

using time same dilution of nornmal serum
as the control. Free insulin and antibody-
insulin complex were separated i)y the

addition of an equal volume of a 10% �v/v

suspension of finely powderer! cellulose
(MN-300, Macimerey, Nagel and Co.,

1)ureim, (lerimmany). Free insulin ad!sorbs to

time cellulose, and after centrifumgation time
supernatant contains antibody-insulin coin-
plex plums a small amount of degraded
insumlin wimicim nmay be present.

RESULTS

Time effects of insulin aimd netimalide on

glucose uptake by isolated adipose tissue
have been sumniarized in Fig. 1. Insulin

INSULIN lOOjiU/ml 0

NETHALIDE 103M 0

+ +

+ +

}IG. 1. The effect of insulin and -net/talkie

Values are means ± SEM of 8 observations.

on glucose uptake by rat epididynmal fat pad



sulin (1000 p.U/nml and 100 p.U/ml) a

sinmilar snmall percentage of the total radio-

activity was bound in each case. and
netimalide did not reduce time binding of
rad!moactivity; in fact, the i)inding appeared

to be slightly increaser! in the presence of
nethalide, and this was statistically signif-

icant when time concentration of insuiimm

was 1000 p.U/mmml (Fig. 4).

increased glucose uptake twofold (P <

0.01), but this increase was abolished if
netimalide \v’� present- in time nmediuimmm (P

<0.01), and netimalide alone imad no sig-

nificant effect on the basal uptake of
glucose. A similar effect on 1’C02 produc-
tion from labeled glucose is simown in Fig.
2. Time increased CO2 formation induced
by insulin (P < 0.01) was partially blocker!
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FIG. 2. The effect of insulin and nethalide on ‘4C02 production from glucose-i -‘4C by rat epidid-

ymal fat pad

Values arc means ± SEM of 8 observations.
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by time netlmalmde (P < 0.01). Simmee time

blocking effect of netimaiide may have been

due to decreased binding of insulin with
time tissue, the incubations were repeated
with 131I-labeled insulin (Fig. 3). The re-

duced metabolic effect of insulin in the
presence of nethalide is again demonstrated,

but time amount of 131J bound by the fat
pad was not altered by time nethalide. When

the tissues were incubated witim netimalide
and different concentrations of labeled in-

Time blocking effect of nethalide was
further demonstrated when the hemidia-
phragm was substituted for adipose tissue

and! time insulin effect was measured by time
incorporation of 14C-labeied glucose into

tissue glycogen. Time results simown in rfai)le
1 indicate timat inimibmtion of time insulin ef-

fect was not accompanied by any reduction

in insulin binding, as measured by the
amount of bound radioactivity after wash-
ing. In fact, as had been observed with the
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FIG. 3. Effect of net/talide on ‘311-insulin stimulated glucose uptake aitti Oniding of i’adioaettcity

by rat adipose tissue

Values are means ±SEM of 8 observations.
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FIG. 4. Effect of nethalide ott binding of radioactivity by rat epididyrnal fat pad at � different

concentrations of ‘311-insuiin (100 and 1000 �.mU/ml)

Values are means ±SEM of 8 ol)servatiOns.

fat pad, the amount of radioactivity bounrl

to the tissue was increased in time presence
of net-imalide.

The apparent discrepancy between the

binding of insulin and its metabolic activity
led to further experiments on 1311-insulin
binding to the rat epididymal fat pad and

time rat imenmidiapimiagm. The biological ac-
tivity of insulin both in vivo and in vitro
can be effectively inhibited by addition of

serum from guinea pigs previously im-
munized against insulin.

Anti-insulin serum (AIS) was added to
the incubation flasks in amounts far in
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TABLE 1

Effect of net/talide aitd tnsuli,t on utcorporation of ‘4(i’-glucose into rat diap/tra(Jnt glycoqen an(1 biitdin�� of

rathoactuiti, front ‘�‘!�i,tsulin

Parameter Control Insulin Insulin + itctlmalide

Incorporation of ‘4C-glucose into diaphragm 7100 ± 1300’ 11, 50() ± 35() 7400 ± 701) P < 0.001
(cpm per gram tissue)

Bound radioactivity (131 I-insulin� (percent age
of total medium activity bound per gram

wet tissue)

12 .3 ± 0.52 20.0 ± 1 .22 P < 0.001

a Values are means ± SF�I of S observations. IlIsulin concentrat ion, 100 �1T/ml.

excess of timat required to neutralize time pimragms in a nmedium containing a 5%

131I-insulin (100 �U/ml) present. After pre- sumspension of cellulose, to wimicim insulin
incubation for 15 minutes, time tissues were adimeres, significantly redluced time amount
added and the incubation was continued! of radioactive nmaterial 1)oulnd to 1)0th

for a further 75 minutes. The amounts of t-issuies (Table 3). Using time fat pad,
bound ‘�‘I are shown in Table 2. Time at-tenmpts were immarle to i-eimmove houmnd

TABLE 2
Effe( t of pretneultation of 111 1-insulipt wtt/t A IS ott bi,tdt nq of radtoactirity

Tissue Excess AIS Nornmal serum

Epididymal fat pad 2.94 ± 0.2*’ 3.25 ± 0.3 NS

Hemidiaplmragm 1 .69 ± 0.21 12 .9 ± 0. 13 1’ < 0.001

Expressed as percentage of total medium 1311 bound per gram of wet- tissue. Values are means ± SEM of

S observat-iomms. ‘311-litsulin concentratiomm, 100 ,d/ml. NS = not- sigimificaimt.

fom’mation of an insulin-antibody colmmplex
was confirmed in timose flasks containing
AIS by addition of a cellulose suspension

to aliquot-s of time medium, centrifugation,

and counting time radioactivity in time super-

natant fraction as described in time section
on methods. The presence of excess AIS

did not interfere witim time binding of radio-
activity by time fat pad, but markedly
reduced the anmoumnt bound by the hemi-

diaphragm.
Incubation of fat pads and hemidia-

i-adioactivity by wasimilmg time tissue witim
mned!mum containing cellulose or AIS. Time

results of timese wasimes are simown in Table

4. Neitimer time cellulose nor the AIS were

able to remmmove radioactivity from time

tissue in excess of time control. Time dliffer-
ence between time amount of bound radio-

activity in experinments w’itim cellulose and
AIS wasiming may be related to time radio-

active age of time labeled immsuiin. To
determmmmne wimetimer time �#{176}Iwimicim binds to

the tissue was insulin, ratimer tlman some

TABLE 3

Effect of cellulose alt(l ‘311-insnlin on bindi,tq of radioacticit!,

Tissue Cellulose Colmtrol

Epididymal fat j)a(l 0.75 ± 0.03 2,92 ± 0.13 P < 1)001

Hemidiapimragm 1.61 ± 0.07 16.5 ± 0.S P <0.001

a Expressed as percentage of total medium 1311 bound per gram of wet tissue. Values are means ± SEM of

8 observat- ions. 1311..Jitsiili ti concentration, 100 MU/mi.
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FABLE 4

Effect of washut#{231}j wit/i cellulose aIt(l .1 IS on

radioactivity bound to fat pm!

Per ccitt radio-

activity/gram

tissue after

\\aslt wasit (oittrol wjsh

Cellulose 1 .t)() ± 0.12 1.91 ± 0.09 NS
MS 3.1M ± 0.19 2.73 ± 0.2 NS

Expressed as percentage (If t()tal Ilmedlillfl’t 131J

bound pel� gram of wet tissue. Values are Inealts ±

SEM of S oliservat ions. ‘�‘JIitsmilj,t c invent rat ion,

100 121/nml. NS = itot sigmtificaitt.

degradation pro(luct sucim as ‘“I-labeled

pOlypepti(Ies, 1311-labeled tyrosine, or even

molecular ‘#{176}L,incuihation was carried out
wit.im ‘311-insuiin whicim imad! been treated

witlm “insulinase” of liver honmogenates. In

these experimmments all time ‘31I-insulin was
degraded, as determmmined by tricimloroacetic
acid pm-ecipitation and bindling to AIS
and ccl luilose. Heat-inactivated! insulinase
served as a control. Time percentages of
radioactivity i)ound by fat pad an(! imemmmi-

diaphragnm are given in Table 5.

TCA. WThen radioinsulin was added to the
tissue inmmediately before imomogenization,

only 15 ± 3.5% of time radioactivity was
TCA solul)le. Labeled insulin, in time ab-

sence of imomogenate, is wholly TCA

precipitable. It seenms, timerefore, that a
large proportion of time radioactive matem’ial

bound to time tissue after 90 nmin incubation
represents some degradation product of
insulin.

Any cimange in time concentratiomm of in-

suilin in the medium following incubation
witim adipose tissue was estimated as de-

scriber! in time section on methods. In the
absence of tissue, 7% of the radioactivity

in the medium after 90 mm incubation was

degraded insulin (Fig. 5), but in the pres-

ence of adipose tissue, the degraded insulin

had increased to 17%, with a complemen-

tary fail in immunoreactive insulin. It
appears that d!uring incubation with adi-

pose tissue sonme degradation of insulin
does occur.

Fat pads were incumbated with ‘��I-
insulin (100 pU/mi), and to some of the
flasks, nonrac!ioactive insulin (400 �tU/ml)

was also added at time saimme t-inme as the

TABLE 5

Effect of t nsul-inasc-treated 131J_1 nsulin on binding of rathOa(Iirit//

Tissue Insulinase Inactivated il sulinase

P < 0.005Epididvmal fat pad 2.15 ± 0.1 3.24 ± 0.27

ilenmidiaphragm 17.3 ± 0.6 11.3 ± 0.6 P <0.001

I xpressed as percentage of total medium 131J boummd per gram of wet tissue. Values are means ± SEM

of S nbservatioits. ‘311-Insulin concentration, 100 I.LU/ml.

Again, a difference between time beimaviom

of time fat pad and time imemmmidiaphragmmm was
observed, since time amount of radioactive

material bound to the fat par! was sligimtly

but significantly reduiced after insulinase
treatment of the radioinsulin, wimereas time

radioactivity on time imemimidiapimragm �,1,.as

increased. Time radioactivity bound to imemmmi-

diapimragmmm was furtimer investigated by
imommmogenizing time tissuies after 90 nmin ex-
posure to ‘31I-insulin (400 p.U/mi). The

homogenates were treater! with tricimloro-
acetic acid (TCA), and 62 ± 18% of time

tissue radioactivity w-as not precipitated by

lai)eler! insulin. Glucose uptake increased
in response to time radlioact-ive insulin, and
a greater response was obtained by those

tissues to wimicim time unlabeled insulin had
been added (Fig. 6). However, the amount

of bound ‘“I was umnaltered, indicating lack
of competition for available receptor sites.

The same effect was obtained if time amount

of unlabeled insulin is increased to 1 X 10
pt/nil.

Time effect of N-etimylmaleimide (NEM),

a suifimydryl blocking agent-, on insulin
binding was investigated by preincubating

imemmmidhaphragms witim two concentrations of



and with time concentration of NEM at 10’s

�i, this figure was not significantly altered
at 11.3%. When the concentration of NEM
was raised to 10�� M the radioactivity of
time tissues increased to 22.6% (Table 6).

TABLE 6
Effect of .V-etltylinaleintide (XE.)! on ins,tli,t

bim/itty by rat /tein i(luIp/tra#{231}/ln

Insulin 11 .5 ± 0. 55

llmsulin + NEM (10” mI) 11 .3 ± 0.52

Insulin + NEM (10-s II) 22.6 ± 0. 97b
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FIG. 5. Analysis of ‘medium radioactivity after
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20() ,.d/mI.

p < 0.001.

DISCUSSION

Time results of the experimmients on insulin

binding, using m’adioactive insulin, indicate

that there is little, if any, correlation i)e-
tween time binding of this imornmone to a
tissue and its metabolic activity.
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GLUCOSE RADIOACTIVITY

UPTAKE BOUND

FIG. 6. Effect of addition of unlabeled insulin to ‘311-labeled insulin on

of radioactivity by rat epididymal fat pad

Values are means ± SEM of 8 observations.

glucose uptake and binding
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Time blocking effect of netimalide on in-
sulin stimmiumlation of glumcose utilization by

rat a(lipOse tissue an(! imeniidiapimragnm is

not accommmpanied by any reduction of in-
sulin binding, as estimated by time ammmount
of radioactivity i)oulnd to time tissues after
wasiming.

Stadie and imis co-workers, immitially uisiimg
ummlai)eled insumlin, anc! later, insulin labeled

with 131J and 35S, shower! that after cx-

posing tissumes, umsually rat dia�)imragmmm, to

vamying concentrations of immsumlin for 1 mm,

washing, and reincuhating in insulin-free
mmmediuim, time insumlin effect, measured as

glycogemm syntimesis, was relate(I to the con-

centration of insulin dumring time initial brief

exposure 14-19). Time experiimmental pro-
ceduire (leserii)e(l in timis papem� differs fmonm

that of Stadie et (1/. chiefly in time duration

of exposure of time tissues to insuilin, wimicim
was for periods up to 90 mmmin. Time concen-
trations of insuilin used in time presemmt

experiments ranged frommm 100 to 1000 pU/

ml, an(! correspond to time upper linmits of
what is presently coimsidered to l)e pimysio-

logical concentrations. Previous workers
imave used insulin concentrations rangimmg
from 101 to 10 p.U/imml, and indee(l, Stadie

et al. were unable to find evidence for
insulin “binrhng,” deterimmined as biological

activity of time i)ound insuiiimm, when con-
centrations less than 10-I pU/nm! were enm-

plo�’ed.
Timougim excess AIS will neutralize insumlin

and! prevent- it-s metai)olic effects in vitro,
AIS did! not reduce time binding of radio-

activity to time fat pad (Table 2) , a result

suggesting timat- time ammmoumnt of ‘“I-insulin
bound! is umnrelated to its metabolic effect;
or t-imat time i)oumnd! radioactivity is not, in

fact, insulin. Time resuilts with imemmmidia-

�)imrag1u indicate timat. AIS may pievemit the
binr!ing of insuihin. However, if the bound!
radioactive immaterial is not insulin, but

degraded insulin, time discrepancy witim time

diapimragmim immay be time result of protection

of insumlin, by time format-ion of insulin-

antibody eommmplexes, from insulin-degrading

systemmms whicim are immore active in muscle
timan adipose tissue. However, time addition

of cellulose, which strongly adsorbs insulin,

to time incubation mediummm mmmarkedly �

duced time radioactivity bound by both
tissues. Like time experiment using AIS, this

result may be interpret-er! in two w’ays.
First., if time bound material is insulin, the
cellulose has prevented it from binding witim

time tissues ; or secondly, the bound radio-

activity may be degraded insulin and time

low values in time iresence of cellulose may
reflect protection of time imormone fronm

1)reak(lown by the tissume.

If time i)oun(! radioactivity is entirely

degrar!ed insulin, we would expect a marked
increase if the imormone was pretreated witim
insulinase. An increase did occur wimen the

lmemidiapimragnm was investigated, but by

mucim less than would have occurred if time

amount of bin(!ing was related to the pro-

l)OrtiOfl of radioactive material wimicim was
degrader! insulin. But there was a simmail,

buit significant, decrease in 1)nm(ling by time

fat par! after insuhinasc treatment of the

medium. Tlmis is difficult- to umnderstanrl,

since if time reduction is duie to time non-

availability of insulin following its de-
struction by insulinase, timen time remimaining

radioactivity in time tissue must 1)e r!egraded

insuiin-wimicim simould imave increaser!, since

nmucim mmmore is present after immsulinase treat-

mmment of the insulin.

The results simown in rpal)le 6, indicat-e
that nmost of time 1311 boummd to time hemi-
r!iapimragm after 90 nmin incuii)ation is not-

precipitable by t-ricimloroacetic acir!. In fact,

fronm timese figumres, time immaximumm bound

radioactivity wimicim is tine insulin is ap-

proximmmately 38%, the remmmainr!er being r!e-
graded insumhin. Time period of incubatiomm

fom timis experumment- was lommg, anr! the ic-

suilts are not mmeeessarily time sanme as nmigimt

occur after a brief exposuire to insulin.

Because of time insulin-degrading activity

of mmmumscle, it is quite possible that time

proportion of rar!ioactive immaterial wimicim is
insulin nmay decrease witim increasing dura-
tion of incubation.

Time apparent lack of correlation be-

tween insulin binding and its metabolic
effect., indicated by tlmese experiments, sup-

i)orts conclusions reacher! b� otimer workers.
Newerlv and Berson (20) remarked on

the lack of specificity of binr!ing of insulin
by rat diapimragnm and simowed that the
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amount bound was always small, but pro-

portional to the total radioactivity to whichm

time tissue was exposed. Similar results have
been obtainer! wimen time nmetaboiicahly ac-

tive tissue was substituted by inactive

tissue or even glass.

Although much evidence exists to inr!i-

cate a lack of correlation between insulin

binding and biological activity, t-imere are

also data timat suggest that there may be a
relation between insulin i)immding and action.

Ball and Jungas (21), using rat adipose

tissue and insulin concentrations in time

region of 0.1 U/mimi, were able to rienmon-

strate continued metabolic activity after

exposing the tissue to insulin, washming ex-

tensively and reincubating in insulin-free

medium. This latter mediuni, at time cnn of

incubation, was able to exert an insuiimm

effect on freshm tissue, inrlicating t!mat in-

sulin, bound to the tissue rluring time initial

exposure, and resistant to remmmoval by
washing, had been released into time nmediumnm

during the second incubation.

Malaisse and Fianckson (22 have con-

firmed that time radioactivity bound to

muscle after incubation with ‘311-insuhin, is

directly related to time concentration of

insulin to at least- 10’ pU/nil, buit an in-

creased metabolic effect was not. obtainer!

with concentrations greater than 10� pl.J/
nil. These workers imave simown that in-

creasing concentrations of AIS in time me-

dium proportionally decreased radioactivity

bound to the isolater! rat diaphragm

muscle. In t.his case bound radioactivity
was shown to be proportional to time sur-

face area of the tissue.

Wardlaw and WTeidinger (23) confirmed

the results of Stadie et al., using concentra-

tions of insulin as low as 0.5 nmU/ml, but

did not obtain an effect on glycogen syn-

thesis below a concentration of 1 mmmU/ml.
In addition, they demonstrated that, for
any given increase in glycogen syntimesis, a
5-mm exposure to insulin requmired ten
times the concentration of insuilin that

would be neer!ed if insuilin was present

throughout t.he incubation.
The hypotimesis timat time action of vaso-

pressin on the kidney and the toad bladder
is mediated by a thiol-disulfide reaction

between a disu!fir!e bond in time imoi’inone

and a suilfhmydryl group on time receptor,

has been extender! to time action of insulin.

Time insulin-like action of syntimetic oxy-
tocin on rat arlipose tissuie woulr! indicate
a sinmilar receptor site for both imormimones

(24) . Time r!isulfide linkage concerned! con-
nects two cyst-inc nmolecuiles on time A cimain.

Fong et al. (25) , ulsing timiol conmpoummds to

displace rar!ioactivity fromim tissues, hmave
producer! evirlence to support this hypothe-

sis. Further supporting evidence is provider!

by the experinments of Cadenas and! co-
workers (26), wimo were ai)le to block time

effect of insulin on glucose utilization by

time perfused rat imeart, by pmetreatnment
with N-ethyhmmaleimide. Time same treat-
imient reduced the binding of radioactivity
from 1311-labeled insulin in time perfusion

fluir!, to one half time control level. On time

other imand!, Mirsky and Perisutti (27) were
able to inhii)it the metabolic action of in-
suilin on rat adipose tissue with NEM i)ut

w’ere umnable to affect time binding of radio-
active insulin witim rat imemidiaphmragm and

rat adipose tissume. We imave confirmmmed their
result on the rat diapimragnm whmemm the
concentration of NEM was 10� M. When
time concentration was raised to 10� �i, the
binding of ‘�‘I witim time tissues was sig-

nificantly increaser!; since we have shown

that- NEM causes breakdown of insulin, time
radioactive material hoummmd immay he ne-

gra(!ed insulin.

Time experimcimts outlined in this report

confirm time lack of correlation between the
action of insulin and its binding with tis-

sues, as measured i)y boumnd radioactivity
fronm ‘31I-labeled insulin after ratimer lengthy

incuibat-ions in vitro. Time results and the

concluisions drawn frommm timemmmdo not deny
the possibility of a combination between
imornmone and effector site in orrler that
insumhin may proc!uice its metabolic effect,

but assummmming timat- immsuilin labeled with 131J

behaves in time samime way as ummmlabeled in-

sulin, our dat-a do not- sull)port timis !mypoth-
esis. It is possii)le thiat only time briefest

exposure to insuihin is sufficient to trigger
a chain of reactions that will continue for

some as yet undetermmminer! tinme, time mmmagni-

tune of timis reaction being related t-o the
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concentration of insulin to which the tissue
was exposer!. Any insulin bound to the

tissue after wasiming may well be non-

specificall adherent and conmpleteiy un-
relater! to time metabolic state induced by

the init.ia! exposure.
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