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Summary.  1. The intraperitoneal assay of insulin has 
been used to compare the effectiveness of insulin injected 
in serum with tha t  of insulin injected in 5% albumin. 
The difference was interpreted as being due to a serum 
inhibitor of insulin action on muscle. -- 2. To obtain a 
quanti tat ive assessment of the inhibitory activity, the 
insulin effectiveness was estimated by the arithmetic sub- 
traction of the effect of the serum alone from that  of the 
insulin added to the serum. Since the effect of insulin is 
related to the logarithm of the dose, such a subtraction 
requires tha t  the two forms of insulin-like activity are 
essentially different. -- 3. Dose-response curves for in- 
sulin injected in albumin and in serum were parallel, 
despite the considerable ILA of the serum; and analysis 
of the phenomenon clearly shows that  the effects of the 
serum ILA and the added insulin were arithmetically 
additive. -- 4. The ILA of the serum was distinguishable 
from that  of the added insulin in not being suppressed 
by potent anti-insulin serum in the intraperitoncal assay 
system used. -- 5. The consistency in the results obtained 
by the application of this procedure to the data of a va- 
riety of experiments provides effective support for the 
procedure. 

Un inhibiteur sdrique de l' action de l'insuline sur le mus- 
cle: I I .  Examen quantitatif de l'aetivitg inhibitrice 

Rgsums 1. L'essai biologique intrap6ritondal pour la 
mesure de l ' insuline a 6t6 utilisd pour comparer l'efficacit6 
de l ' insuline inject6e avec du s6rum ~ cello de Finsuline 
injectge dans de l 'a lbumine ~ 5%. La diff6rence d'effica- 
citg a dtd attribude ~ u n  inhibiteur sdrique de Faction de 
l ' insuline stir le muscle. -- 2. Pour obtenir une estimation 
quanti tat ive de cette activit6 inhibitrice, l'efficaci% de 
l ' insuline a 6td calculde par la soustraction de l'effet du 
s6rum soul de celui de l ' insuline ajout6e au s6rum. Puis- 
que l'effet de l ' insuline est fonction du logarithme de la 
dose, une telle soustraction exige que los deux formes 
d'activitd (dnsulinlike)) (ILA) soient essentiellement dif- 
fdrentes. --  3. Malgrd la forte quantit6 d ' ILA dans le 
sdrum, los courbes dose-r@onse de l ' insuline injectde dans 
le sdrum soul et dans l 'a lbumine sont parallbles; l 'analyse 
de ce phdnom@nc ddmontre clairement que los effets de 
I ' ILA sdrique et de l ' insuline ajoutde sont arithm6tique- 

ment additifs. - -  4. Dans le syst6me d'essai intrapdriton6al 
utilis6, I ' ILA du sdrum pout 6tre distingude de Faction 
de l ' insuline ajoutde, car cllc n 'est  pas supprim6e par un 
puissant s6rum antiinsulinique. -- 5. Le fair que cette 
mdthode, appliqude aux donn6es de route une s6rie d'ex- 
p6riences, donne lieu ~ des rdsultats consistants, est un 
616ment important  en sa faveur. 

Ein Serum-Inhibitor der Insulinwirkung am ~uske l :  
2. Quantitative t?ewertung der Hemmwirkung 

Zusammenfassung. 1. Die Methode der intraperitonea- 
len Insulin-Bestimmung wurde verwandt, um die Wirk- 
samkeit yon in Serum injizierten Insulin mit  der yon In- 
sulin zu vergleichen, das in 5~oiger AlbuminlSsung in- 
jiziert worden war. Der Unterschied wurde als ~Tirkung 
eines Seruminhibitors der Insulinwirkung am Muskel auf- 
gefal~t. - -  2. Um quantitative Anhaltspunkte fiber die 
Iiemmwirkung zu erhalten, bestimmten wit die Wirk- 
samkeit des Insulins, indem wir die Werte, die sich bei 
alleiniger Injektion yon Serum ergaben, arithmetisch yon 
denen subtrahierten, die bei Injektion yon Serum mit 
Insulinzusatz resultierten. Da die Wirkung des Insulins 
yore Logarithmus der Dosis abh/ingt, setzt eine solche 
Subtraktion voraus, dal3 sich die beiden l~ormen der in- 
sulin-/ihnliehen Aktivit/it grunds/itzlich unterseheiden. -- 
3. Die Dosis-Wirkungskurven verliefen ffir Insulin, das 
zusammen mit Serum odor mit Albui~ain injiziert worden 
war, parallel trotz erheblichen Serumgehaltes an ILA. Die 
Analyse der Befunde zeigt eindeutig, dal3 sich die YVir- 
kungen der Serum-ILA und des zugesetzten Insulins 
arithmetisch addierten. -- 4. Im Unterschied zum zuge- 
setzten Insulin konnte die Scrum-ILA in dem yon uns 
verwandten intraperitonealen Nachweissystem auch 
durch Zugabe starker Anti-Insulin-Seren nieht unter- 
driickt werden. -- 5. Die gute Ubereinst immung in den 
Ergebnissen, die wit b e i d e r  Anwendung dieses Bereeh- 
nungsverfahrens auf die Daten einer ganzen I{eihe ver- 
schiedener Experimente erhielten, spricht deutlich zu 
Gunstcn des Verfahrens. 

Key-words: Insulin inhibitor, serum insulin inhibitor, 
insulin-like activity, nonsuppressible insulin-like activity. 

I n  the first paper  of this series [10] evidence was 
presented for the existence in  sera from males of se- 
veral  species (human,  rat ,  pig, mouse and  ox) of a 
substance t ha t  acts as an  inhib i tor  of the act ion of 
insul in  on muscle bu t  no t  of insul in  act ion on adipose 
tissue. Exper iments  using extracts  of serum suggested 
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t ha t  the inhib i tor  was a polypept ide of molecular  
weight 5000--10000,  associated with the a l bumin  
fraction. The inh ib i to ry  ac t iv i ty  of the sera was de- 
tected using the in t raper i toneal  assay for insul in  [8]. 
Serum together with radioactive glucose, with and  
wi thout  insulin,  was injected in t raper i tonea l ly  in to  
fasted rats, and  the incorporat ion of radioact ive glu- 
cose into d iaphragm glycogen was determined.  The in- 
sulin effectiveness in  such exper iments  was compared 
with t ha t  of insul in  injected in  a solut ion of bovine 
serum a lbumin  (5 g /100 ml), the la t ter  hav ing  been 
established as an  in jec t ion medium permi t t ing  maxi-  
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mum insulin activity. Although in most  instances the 
total  effect of insulin and serum injected together was 
less than  that  of the same dose of insulin given in 
albumin, any quanti tat ive assessment of the inhibi- 
tory  activity must  obviously take into account the 
contribution of the insulin-like act ivi ty (ILA) of the 
serum itself. One approach is to substract  arithmeti- 
cally the effect of the endogenous insulin of the serum 
from the total  effect of the serum and added insulin. 
But  because the effect of insulin is related to the lo- 
gari thm of the dose, this procedure is applicable only 
if i t  can be actually demonstrated tha t  the effects are 
due to essentially different forms of insulin-like ac- 
t ivity.  

Evidence is given in this paper  tha t  the effect of 
the ILA in serum from rats fasted overnight is in fact 
arithmetically additive to the effect of added crystal- 
line insulin; and tha t  the ILA of the serum is distin- 
guished from tha t  of the added insulin in not being 
suppressed by  potent  anti-insulin serum in the intra- 
peritoneal assay system used. Lastly, the consistency 
in the results obtained by the application of this pro- 
eedure to the data of a var iety of experiments supports 
the validity of this argument.  

Methods 

Details of the intraperitoneal assay, the prepara- 
tion of sera and other methodology have been given 
elsewhere [10]. A modification of the double-antibody 
precipitation methods of Monc~Ax and LAZAnOW [7] 
and HALES and RANDLE [5] WaS used for the radio- 
immunological measurement of insulin. 

Results and Discussion 

In  the first paper of this series [10] dose-response 
curves were shown for insulin given in ra t  serum (from 
males fasted 15 h) and in a 5% solution of bovine serum 
albumin. In  those particular experiments with rat  se- 
rum, the effect of the serum alone was found to be 56% 
of that  of 1000 ~U/ml of insulin in albumin. Both from 
an extrapolation of tha t  curve and from the more 
complete dose-response curve for insulin injected in 
albumin 1, which is shown in l~ig. l, it can be calcu- 
lated tha t  the ILA of tha t  sermn was equivalent to 
250 ~U/ml. The effect, however, of the serum with 
1000 ~U/ml of added insulin was not tha t  of 1250 
FU/ml, but  of 2500 FU/ml. The same phenomenon was 
observed with the other two doses of insulin used: 
serum with 250 FU/ml of added insulin had an effect 
of 650 ~U/ml rather than 500 y.U/ml; and with 500 
~U/ml of added insulin, an effect of 1450 FU/m] rather  
than  750 ~U/ml. Indeed, such a disagreement between 
the predicted and the observed activities must  follow 
from the observed parallelism of the dose-response 

1 This curve agrees exactly with that obtained in the 
previous experiments (10) where only 3 doses of insulin 
were used. 

curves for insulin in serum and in albumin (Fig. 2a). 
I f  the ILA of the serum behaved in exactly the same 
manner as the added insulin, then the dose-response 
curves would converge at  higher insulin concentra- 
tions; and consequently, subtraction of the effect of 
the serum insulin from the curve for insulin added to 
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Fig. 1. Dose-response curves of insulin injected in 5% 
bovine serum albumin (o) and in serum from male rats 
fasted for 3 days (o). Serum pooled from 24 rats. In the 
bioassay 7 rats per value, except for 125, 250, 1000 and 
2000 F.U/ml where 14 or more rats were used. The in- 
corporation of radioactive glucose into glycogen w~th the 
albumin solution without insLflin was 0.3 on the scale used 
here (10 -a X epm/g) ; this baseline value was not subtract- 

ed from the other values in the series 

serum would give diverging lines (Fig. 2b). Thus there 
is a clear discrepancy between the hypothetical dose- 
response relationship based on the assumption tha t  
endogenous serum ILA and exogenous insulin have 
identical effects, and the dose-response curve in fact 
observed. These results are in contrast to those of 
FROESCI{ et al. [2], who found tha t  the addition of 
crystalline insulin to a purified preparation (mol. vet. 
5--10000) of the non-suppressible ILA (NSILA) re- 
sulted in a logarithmic rather  than an arithmetic ad- 
dition of their effects on adipose tissue in vitro. But  
as those authors demonstrated, the properties of this 
purified preparation of NSILA were substantially dif- 
ferent from those of the NSILA fraction of the serum 
(tool. wt. 70--150 000); the former being highly active 
in vivo, whereas the latter, although active in vitro, 
was not active in vivo. Their later work [6] makes it  
clear tha t  less than  10% of the serum NSILA is ac- 
counted for by  this small molecular species, which is 
soluble in acid ethanol; the overwhelming proportion 
(90%) of the serum NSILA is in fact precipitated by  
the acid ethanol extraction, and there appears to be 
no chemical relationship between the two forms. In  
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fact those authors  in  previous work [1] ob ta ined  wi th  
serum (diluted 1:5) the same phenomenon  seen here 
in  the experiments  using the in t raper i toneal  method ;  
i.e. the effect of crystall ine insul in  added to serum was 
much greater t h a n  ant ic ipa ted  on the basis of a lo- 
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The insulin-lil le effect of diMyzed serum from rats  
fasted 3 days was quite appreciable, a moun t i ng  to 19 % 
of the effect of 1000 ~U/ml  of insul in  in  a l bumin  
(Table 3). Such an  effect corresponds to 85 ~U/ml  of 
insul in  (Fig. 1) ; whereas even before dialysis the mean  

concent ra t ion  of insul in  measured immuno-  
logically was only  28 4-1.5 ~U/ml  for four 
different pooled samples of such sara, decreas- 
ing to 21 ~U/ml after dialysis. Such a discre- 
pancy  suggests t ha t  the major  pa r t  of the en- 
dogenous I L A  of the serum is no t  immunolo-  
gically active. If  this  is true,  then,  as wi th  
other bioassay procedures, the addi t ion  of a 
po ten t  an t i - insul in  serum should suppress the 
act ion of the exogenous insul in  in jec ted  with 
the ra t  serum, bu t  be largely wi thout  effect 
on the ac t iv i ty  of the  endogenous ILA.  

Ant i - insu l in  serum from guinea-pigs was 
used, 1 ml  of which could neutral ize 2.6 un i t s  
of insul in ;  and  0 .1ml  of the an t i - serum was 
added to 8 ml  of the serum or the a l bumin  

t used in the  assay. Exper imen t s  were carried 
I000 out  using the serum from both  rats  fasted 

overnight  and  rats  fasted 3 days. The results 
are given in  Table 1. The ant i -serum,  which 
completely nullified the effect of 1000 ~U/ml  
of insul in  added to the Mbumin,  was wi thou t  
effect on the I L A  of the serum from rats  fast- 
ed 3 days, and  reduced to only  a small  ex ten t  
the I LA  of the serum from rats  fasted over- 
night .  The failure of the an t i - insul in  serum to 
reduce the I L A  of the  serum from rats  fasted 
3 days follows from the dose-response curve 
of insul in  injected in  t ha t  serum (Fig. 1): 

Fig. 2. Dose-response curves for insulin injected in 5 % bovine serum 
albumin and in serum from male rats fasted overnight. (a) o insulin 
in albumin; • insulin in serum ; © insulin in serum minus the effect 
of the serum alone; (b) o insulin in albumin;  + hypothetical curve 
for insulin in serum (the insulin-like activity of the serum is 
assumed to be identical in behaviour with the added insulin) ; ® the 
same curve minus effect of serum; the dotted lines are the curves 
for serum in 2a adjusted to the same initial value as the hypothe- 
tical curves in this figure; (c) • insulin in albumin;  ® insulin in 
serum (insulin-like effect of this serum is nmch less than that  in 2 a) ; 
o same curve minus effect of serum. In  the bioassay 12 rats used 

per value 

gar i thmical ly  addit ive effect, and  accordingly the in- 
sulin recovered was considerably greater t h a n  the in- 
su]in added (e. g. 200 and  500 ~U/ml added gave re- 
coveries of 265 and  807 ~U/ml respectively). 

I n  the par t icular  exper iment  used as the example 
so far, the effect of the I L A  of the serum was much  
higher (56% of the effect of 1000 ~U/ml of insul in  in  
a lbumin)  t h a n  t ha t  found in  most  experiments.  How- 
ever, dose-response curves for insul in  injected in  serum 
tha t  had a lower level of ILA, and  in  a lbumin  showed 
the same parallelism seen in  Fig. 2 a, as i l lus t ra ted  by  
the example given in Fig. 2 c. 

The dose-response curves of insul in  in jec ted  in  sera 
from rats  fasted 3 days (Fig. 1), from hypophysec- 
tomized rats, and  from female rats in  oestrus also gave 
lines t ha t  were parallel  with the dose-response curve 
for insul in  injected in  a lbumin.  After  sub t rac t ion  of 
the effect of the  serum ILA, the curves were coincident  
with the dose-response curve of insul in  injected in  
a lbumin.  Thus the same phenomenon  is found  with 
these sera as with the serum from normal  male rats  
fasted overnight ,  bu t  in  these instances the subtrac- 
t ion  procedure indicates the absence of insul in  inhibi-  
t ion. 

Table 1. Effect of addition of anti- insulin serum a on the 
insulin.l ike activity of serum f rom rats fasted overnight and 
rats fasted 3 days. Data expressed as percentage of the effect 
of insulin (1000 # U /ml ) added to 5 % bovine serum albumin. 

I n  the bioassay 7 rats used per value 

Insul in effect 

Albumin:  
albumin + insulin (1000 [zU/ml) 100.0% 
albmnin 0.3 
albumin + antiserum 0.4 
a lbumin + insulin (1000 [zU/ml) 
+ antiserum 0.3 

Serum from rats fasted overnight: 
serum 19.0 
serum + antiserum 14.0 

Serum from rats fasted 3 days: 

serum i 18.0 
serum I -~ antiserum 17.0 

serum 2 16.0 
serum 2 ~- antiserum 17.0 

a guinea-pig anti-insulin serum, 1 ml of which neu- 
tralized 2.6 U of insulin;  0.1 ml was added to 8 ml of 
serum or albumin used in the assay. 
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20 ~U/ml  of insul in is a lmos t  w i thou t  effect, and  con- 
sequent ly  the  r emova l  of t h a t  a m o u n t  would  no t  be 
detec table .  However ,  if the  effects of the  two forms 
of I L A  were no t  a r i t hme t i ca l ly  addi t ive ,  then  a de- 
crease of 20 ~U/ml  f rom 85 to 65 ~U/ml  should  be 
de tec tab le ,  as can  be seen in t he  dose-response curve 
for insul in in jec ted  in a lbumin  (Fig. 1). W i t h  the  serum 
from ra t s  fas ted  overnight ,  which  conta ined  31 ixU/ml 
of immunolog ica l ly  reac t ive  insul in a f te r  d ia lys is  
(45 ~U/ml  before),  a measurab le  effect of the  ant i -  
serum on the  I L A  migh t  be expected ,  and  was in  fac t  
ob ta ined .  

Several  au thors  [1, 9] have  descr ibed a form of 
c i rcula t ing I L A  t h a t  is no t  affected b y  an t i - insu l in  se- 
rum.  This observa t ion  of an  ' a t yp i ca l '  or 'non-suppres-  
sible '  insul in  was or ig ina l ly  made  using the  e p i d i d y m a l  
adipose t issue assay ;  however ,  l a te r  work  has  shown 
t h a t  the  non-suppress ib le  I L A  of the  serum is ac t ive  
on the  d i a p h r a g m  in  vivo, using the  i n t r ape r i t onea l  
assay  [3]. A po in t  of some in te res t  in  r egard  to  the  
proper t ies  of the  non-suppress ib le  I L A  in serum f rom 
ra t s  fas ted  3 days  is shown in Fig.  1. There  i t  can be 
seen t h a t  a l though  the  dose-response curve of insul in  
in jec ted  in  the  serum is para l le l  to  t h a t  of insul in in- 
j ec ted  in  a lbumin,  ind ica t ing  t h a t  the  two ac t iv i t ies  
are  a r i t hme t i ca l l y  add i t i ve  a n d  t h a t  the re  is no in- 
h i b i t o r y  a c t i v i t y  in the  serum, the  two curves become 
coincident  a t  concent ra t ions  of insul in grea te r  t h a n  
2000 ~U/ml.  One possible exp lana t ion  for this  effect is 
t h a t  bo th  forms of I L A  act  a t  the  same site, b u t  t h a t  
the  non-suppress ib le  insul in  has  a r ad ica l ly  different  
aff ini ty  for this  site. 

Table 2. Insulin-like effect of serum, and of insulin (1000 
ttU/ml) added to the serum, expressed as a percentage of 
the effect of insulin (1000 #U/ml)  added to 5% bovine serum 

albumin 

Species a Serum Serum -}- Effect of 
insulin added insulin b 

l~at c 29=L0.3 (5) 88:~2.0 (5) 59• (5) 
Man e 16 76 60 
Mouse a 12 67 55 
Yig c 4 51 47 
Ox e 19 66 47 
Sheep e 26 113 87 f 
Guinea-pigc 8 124 116~ 

a sermn for each experiment pooled from: 7 ra ts ;  
8 men;  75 mice; 2 pigs; 2 oxen; 2 sheep; 5 guinea-pigs. 
In  the bioassay 7 rats  used per value except for human 
serum where 12 were used. One assay for each serum ex- 
cept for ra t  serum, where the mean ~ S.E.M. is given for 5 
assays. 

b obtained b y  subtract ion of insulin-like effect of se- 
rum from the effect of the serum -~ insulin; expressed 
as percentage of effect of insulin in albumin. 

c fasted overnight. 
a fed. 
e ruminant .  
f not  significantly different from 100% (P > 0.1). 

Dur ing  the  course of this  inves t iga t ion  there  has  
been a subs tan t i a l  decrease in the  I L A  of the  var ious  

p repa ra t i ons  of r a t  serum, which is ev iden t  f rom the  
compar ison  of the  d a t a  in Fig.  2 a wi th  those  in Table 3. 
This  change is p r o b a b l y  due to  changes in the  manne r  
of p repa r ing  and  t r ea t ing  the  serum, and  the  cons tancy  
of the  d a t a  in Table  3 m a y  reflect  the  s t a nda rd i z a t i on  
of the  procedure .  Severa l  au thors  have  r epor t ed  t h a t  
the  level of serum ILA,  and  more specifically the  non- 
suppressible  form, is ve ry  dependen t  on the  t r e a t m e n t  
[4]. 

Table 3. Insulin-like effect of various rat sera% and of in- 
sulin (1000 #U/ml)  added to those sera, expressed as a 
percentage of the effect of the same dose of insulin added to 

5% bovine serum albumin 

Condition of Serum Serum + Effect of 
ra ts  insulin added 

insulin b 

Normal  males 28 93 66 
fasted overnight 30 88 58 

29 81 52 
29 89 60 
29 87 58 

fasted 3 days 19 i I0 90 
17 118 i00 
29 124 96 
17 121 103 
17 107 90 
15 111 96 

fasted 3 days and 13 76 63 
refed 1 ~2 

Hypophysectomized 
males 
fasted overnight 

operated l0 days 8 101 94 
10 111 100 
16 115 101 
20 120 100 

operated 6 weeks 3 103 100 

Normal  females 
fasted overnight 

oestrus 35 130 95 

dioestrus 40 100 60 

a serum for each experiment pooled from 7 ra ts ;  in 
the  bioassay 7 ra ts  used per value. 

b obtained by  subtract ion of insulin-like effect of se- 
rum from the effect of the serum + insulin; expressed 
as percentage of effect of insulin in albumin. 

The consis tency of the  resul ts  ob t a ined  b y  the  ap- 
p l ica t ion  of th is  p rocedure  of sub t r ac t ing  the  endo- 
genous I L A  of the  serum, a l though  no t  cons t i tu t ing  
in  i tself  evidence for  the  v a l i d i t y  of the  me thod ,  cer- 
t a i n l y  provides  effective suppor t .  Thus we have  found  
t h a t  the  I L A  of the  serum, i tself  appears  to  v a r y  ve ry  
cons iderab ly  f rom species to  species. As is shown in 
Table  2, the  insul in- l ike effect of the  serum alone, ex- 
pressed  as a percen tage  of the  effect of 1000 ~U/ml  of 
insul in in jec ted  in a lbumin,  var ies  f rom 4 %  wi th  serum 
f rom pigs fas ted  overn ight  to  30% or more  wi th  serum 
from ra ts  f a s ted  overnight .  I n  add i t ion ,  i t  can also be 
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seen that  the total insulin-like effect of insulin injected 
in serum from either sheep or guinea-pigs is greater 
than that  of the insulin injected in albumin, and that  
subtraction of the effect of the serum alone still results 
in the effectiveness of the added insulin being the same 
as, or greater than that  of insulin injected in albumin. 
On this basis, one could say that  there was no inhibi- 
tory activity in the sera from these two species. When 
applied to the other sera, the subtraction procedure 
yields a fairly consistent figure of about 50% for the 
ratio of the insulin effectiveness in serum to that  in 
albumin. 

The degree of insulin inhibitory activity in rat se- 
rum was found to depend upon the sex, the presence 
of the pituitary and the nutritional state of the animal. 
The details of this work will be given in full in later 
papers of this series, but  the essential data are given 
in Table 3. The data for each experiment are given 
separately, since this permits a better appreciation of 
the reproducibility of the experiments. I t  can be seen 
that  although the inhibitory activity was absent in 
certain conditions (at oestrus, after fasting for 3 days, 
after hypophysectomy), the ILA of the serum was 
either unchanged or only moderately reduced. Prob- 
ably the most significant data in this respect were those 
obtained by feeding rats fasted for 3 days: the in- 
hibitory activity of the serum, which had disappeared 
with fasting, reappeared about 1 ~ after feeding, but 
apparently before any insulin was released; that  is the 
ILA of the serum remained the same but the effect of 
added insulin was significantly decreased. 
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