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Summary. The insulin-binding potency of guinea pig 
anti-insulin serum (GPAIS) is determined following reac- 
tion for 30 minutes at  room temperature between solutions 
containing GPAIS and mixtures of unlabeled and ~a~I- 
labeled insulin. Insulin which has not reacted wi th  the 
antibodies is extracted from solution by a suspension of 
finely divided cellulose. From the radioactive contents 
of supernatant solutions from reaction mixtures con- 
raining the sample, an excess of non-precipitating (refer- 
ence) GPAIS, and the buffered diluent, the potency of 
the sample can be determined. Factors affecting the assay 
procedure are considered and it is shown that,  within 
defined limits, results are reproduceable and the method 
sensitive and rapid. The technique has potential uses for 
the s tudy of insulin-antibody reactions and has practical 
applications in the production and rational use of GPAIS. 

Une mdthode simple pour la ddtermination des titres anti- 
insuliniques du s~rum de eobaye. 

l?~sumg. Les auteurs pr6sentent une m6thode pour 
l 'estimation du pouvoir de liaison avee l'insuline, du s6rum 
anti-insulinique, obtenu par immunisation de cobayes. 
Les solutions contenant l'immun-s@rum sont ineub6es 
durant 30 minutes entre 20 eb 25~ en pr6sence d 'un 
m6lange d'insuline ordinaire et de radioinsuline-~alI. L'in- 
suline libre, non li@e aux anticorps, est extraite de la so- 
lution par addition d'une suspension de cellulose en fines 
particules. Le t i t r een  anticorps d 'un  @chantfllon est cal- 
cul6 k partir des radioaetivit6s mesur@es dans les 
surnageants de trois diff@rents milieux, eontenant respee- 
t ivement les anticorps ~ doser, un execs d'immun-s@rum 
non-prdeipitant (s@rum de rdf@rencc) et le milieu tampon. 
Diff6rents facteurs suseeptibles d'interf6rer avec le dosage 

sont envisag6s et la m6thode est prouv6e sensible, rapide 
et, endgans des limites d@finies, reproductible. Cette rod- 
rhode peut @tre utilis@e pour l'6tude des rgactions entre 
l'insuline et ses anticorps e t a  6galement trouv@ un champ 
d'application dans la production et l 'emploi rationnels du 
s6rum anti-insulinique. 

Eine einfache Methode zum Nachweis yon Anti.Insulin- 
Serum beim Meerschweinchen. 

Zusammenfassung. Es wird berichtet iiber eine Me- 
rhode, die insulinbindende Kraft  des Anti-Insulin-Se- 
rum beim Meerschweinehen (GPAIS) zu bestimmen. Die 
L6sungen, die das Immunserum enthalten, werden w~h- 
rend 30 rain bei einer Temperatur zwischen 20 ~  25~ 
inkubierb in Gegenwart einer Mischung yon gew6hnlichem 
Insulin und mit 1~1I markiertem Radioinsulin. Das freie 
Insulin, das nicht an Antfl~Srper gebunden ist, wird aus 
der LSsung durch Hinzufiigung einer Aufsehwemmung 
von feinverteilter Zellulose extrahiert. Aus dem radioakti- 
yen Gehalt der iiberstehenden..LSsungen der Reaktions- 
gemische, die die Probe, einen Uberschug yon nicht prs 
pitierendem GPAIS (Bezugserum) und die gepufferte 
Verdiirmungsfliissigkeit enthalten, lgl3t sieh die insulin- 
bindende Kraft  bestimmen. Faktoren, die die Bestim- 
mungsmethode beeinflussen kSnnen, werden diskutiert. 
Es 1/il~t sich zeigen, dal~ die Ergebnisse irmerhalb defmier- 
ter Grenzen reproduzierbar sind, wahrend die Methode 
empfindlich und schnell durchzufiihren ist. Die Technik 
ls sich mit Vorteil zum Studium der t~eaktionen zwi- 
schen Insulin and seinen Antik6rpern verwenden. Ih r  
praktischer Anwendungsbereich liegt in der Produktion 
und dem zweckm/iI3igen Gebraueh des Anti-Insulin-Se- 
rum. 

Antibodies to insulin, and especially those produced 
b y  the  guinea pig, have been the  subject  of several 
studies in recent  years  [21], bu t  no simple and  sensitive 
me thod  has ye t  been described for their assay. Most 
a t ten t ion  has been focussed in the  case of guinea pig 
anti-insulin serum (GPAIS) upon  its use for the assay 
of insulin in blood [4], and  for this purpose only an  
approximate  knowledge of insulin binding capaci ty  is 
required. For  more definitive studies of the insulin 
antibodies themselves, two principal methods  have 
been used. The first, in t roduced b y  A~Qv~LA and 
STAWTSKY [2], depends upon  a direct effect of the 
antibodies upon  red cells conjugated with insulin b y  
means of bis-diazo benzidine; these are lysed or 
agglut inated according to  the experimental  conditions. 
The second involves the use of lalI-labeled insulin and  
depends u p o n  methods for the separation of free 
insulin f rom insulin bound  in the form of insulin- 
an t ibody  complexes. This has been done b y  chromato-  
electrophoresis on filter paper  [5]; b y  fractional  
precipi tat ion with salts [12], with cold solutions of salt 

in ethanol  [11], and with antibodies specifically 
directed against  globulins in the anti-insulin serum [24] ; 
by  ch romatography  on filter paper  impregnated  with 
ion exchange resins [18, 16] ; and by  absorpt ion of free 
insulin with charcoal coated with dex t ran  [13]. All 
these methods  have served the purposes of their 
various authors,  bu t  none has  proved sufficiently 
simple and  accurate  for routine use in the s tudy  of 
insulin antibodies. 

The present method,  briefly reported elsewhere [28], 
is based on an  old observat ion t h a t  cellulose in the  
form of filter paper  will absorb ' :free" insulin f rom 
solution [31]; cellulose columns are reported to serve 
the same purpose [6]. I t  involves the use of 131I-labeled 
insulin and  a suspension of finely divided cellulose. I t  
is here used to assay quantit ies of GPAIS  of the order 
of 1 to  10 #1 and capable of binding 1 to 50 m U  insulin. 
I t  has been successfully used to assay small quantit ies of 
serum from individual guinea pigs undergoing immuni-  
zat ion with insulin [27] and, in a modified form, to s tudy  
insulin secretion in vitro [29] and in vivo [17] in the rat .  



Vol. 2, No. 3, 1966 P.H. WRIGHT and W.J.  ~IALAISSE: Assay of Guinea Pig Anti-Insulin Sertma 179 

Materials and Methods 
Guinea pig anti-insulin serum (GPAIS).  Serum 

containing antibodies to bovine insulin was obtained 
from g~iI~ea pigs by  a method described elsewhere in 
detail [27, 22]. In  most  cases, sera from individual 
animals were pooled according to their potencies and 
either stored in the frozen state, or first lyophilized and 
then reconstituted by  addition of distilled water. For 
incorporation into reaction mixtures, initial dilutions 
were carried out in buffer but  when the degree of 
dilution exceeded 1 : 10, a buffered solution of albumin 
(1~o BSA, see below) was used. 

Insulin preparations. Stock solutions (i00 U/ml) of 
two preparations of recrystallised bovine insulin (Lot 
No. CBI 4245 LL, 22.2 U/rag, Boots Pure Drug 
Company Limited, England; Lot. No. T 2842, 25.2 U/ 
rag, Eli Lilly and Company, Indianapolis, U.S.A.) were 
prepared in dilute acetic acid (3~o, v/v, glacial) and 
stored in the frozen state. Radioactive l~lI-labeled 
bovine insulin (6--11 me/rag, Abbot t  Laboratories, 
North  Chicago, Illinois) was diluted in 1 ~o BSA to give 
a stock solution (ca. 10 mU/ml) which was also stored 
in the frozen state; such insulin was used within 2 weeks 
of receipt and arbitrari ly assumed to have a potency of 
25 U/mg. For experimental use, these stock solutions 
were diluted in 1% BSA, the final ratio of labeled to 
unlabeled hormone in any  insulin mixture exceeding 
1 ~o only where this is specifically mentioned. 

Reagents. All experiments were Carried out in neutral 
solutions (ptI, 7.0) of phosphate buffer (Sorenson, 0.1 M) 
to which was added either normal guinea pig serum or 

ded in phosphate buffer and the suspension stirred 
continuously (magnetic stirrer). To ensure tha t  equal 
amounts of cellulose in equal aliquots of suspension 
were added to each reaction tube, a single pipette 
(1.0 ml) was used to transfer aliquots of the continuously 
stirred suspension. Also examined in a single experi- 
ment,  were finely divided preparations of phosphory- 
lated (MN 300 P), carboxymethyl  (MYN 300 CM), 
diethyl,amino-ethyl (MN 300 DEAE), and acetylated 
(M_N 300 Ac) cellulose from the same commercial 
source. All these lat ter  preparations of cellulose were 

�9 first washed with buffer until the supernatent solutions 
were neutral (pH, 7.0 - -  7.1), and then suspended in 
buffer (10%, w/v) for experimental use. 

Experimental procedure. A basic procedure was 
developed for the assay of GPAIS and this was varied 
to s tudy the experimental conditions under which it 
was carried out. 

a) Basic procedure (Table 1, Expts. I and 8). Samples 
of GPAIS of either constant (10 #1; Expt .  8) or varying 
(0 to 100/~l; Expt .  1) volumes were diluted to a con- 
stant  volume (usually 0.5 ml) in either buffer or 1% 
BSA. This diluted serum was allowed to react for 30 
minutes with a constant volume (0.5 ml) of insulin 
mixture containing a fixed amount  of unlabeled (50 or 
100 mU) and a trace (0.1 to 0.5 mU) of labeled insulin, 
The reaction was then stopped by  addition of the 
cellulose suspension (1.0 ml). A further 30 minutes later, 
and after intermit tent  agitation, the cellulose was 
deposited by  centrifugation for 10 minutes in a clinical 
centrifuge. Equal  aliquots of the resulting clear 

Table 1. Experiments carried out to study conditions for the assay of guinea pig anti,insulin serum 

l~eaetion mixture Reaction Exposure l~adioaetive 
ExpL Total Insulin GPAIS Time to eonten~ 
Ko. Vol. Labeled Unlabeled Cellulose measured 

(ml) (mU) (mU) (~1) (rain) (min) 

1 1.0 0.1--0.5 50 or 100 0--100 30 30 Su 
2 1.0 1.2 0 to 4000 Nil -- 30 Su 
3 1.0 0.5 50 0 to 50 30 5 to 60 Su 
4 1.0 0.5 50 0 to 50 3 to 120 30 Su 
5 1.0 0.005 0 to 20 1.0 30 30 Su 
6a 1.5 0.1--0.5 0 or 100 100 30 30 TSu and C 
6b 1.0 0.5 100 100 30 30 Su 
6c 1.0 0.5 100 100 30 30 Su and NC 
7 1.5 0.5 50 0 to 100 30 Nil Su 
8 1.0 0.5 100 10 30 30 Su 

In each individual experiment, diluted GPAIS (0.3-1.0 ml) was mixed with an insulin mixture 
(0.5--1.0 ml) to give the same final volume of reaction mixture (1.0--1.5 ml). After subsequen~ 
addition of a constant volume (1.0 ml) of either the suspension of cellulose or buffer, radioactivity 
was measured in equal aliquots of supernaten~ solution (Su); in the whole of the supernatent 
solution (TSu) and washed deposit of cellulose (C); or in aliquots of the reaction mixture diluted 
with buffer (NC). Other details of individual experiments are given in the text or in sub-titles to 
the Figures and Tables. 

bovine serum albumin (1%, w/v; Bovine Albumin, 
Fraction V, Sigma Chemical Company, St. Louis, 
Missouri) ; the buffered solution containing albumin is 
hereafter called 1% BSA.  Finely powdered cellulose 
(10%, w/v; MN 300; particle size less than 10 #; 
Macherey, Nagel & Co., Diiren, Germany) was suspen- 

supernatant solution (0.5 or 1.0 ml) were then examined 
for radioactive content. 

In  addition to tubes containing samples of GPAIS, 
control tubes contained (I), an excess (usually 0.1 ml) 
of a sample of GPAIS (reference serum; Lots 302, 334, 
or 335) capable of retaining in solution after exposure 
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to cellulose all the radioactive material in the added 
insulin mixture; (II), 1% BSA or appropriately diluted 
normal serum (blank tubes) from which all immune- 
reactive insulin is removed by  cellulose leaving only 
degradation products of the labeled hormone in solu- 
tion; and (III), the same constituents as the blank tube 
to which was added buffer (1.0 ml) in place of the 
suspension of cellulose (no cellulose). 

An automatic counter was used to measure fl- and 
y-radioactivity (Tricarb Liquid Scintillation System, 
Series 3000, with attached well-type Scintillation 
detector, Model 5052; Packard Instrument  Company, 
La Grange, Illinois). In  individual experiments, all y- 
radiation was measured in a constant volume (0.5 to 
2.0 ml) of solution or suspension between 300 and 460 
mEv.  For the measurement of fl-radioactivity, allquots 
of neutral solution (1 Volume; usually 0.5 ml) were 
added to a scintillation fluid (10 Volumes) similar to 
tha t  described by B ~ Y  [7]. Radioactivity was mea- 
sured in equal aliquots of supernatant solution from 
tubes containing the samples of GPAIS (Cs), the excess 
of reference serum (Cex~), the diluted normal serum or 
1% BSA (C~, blank), or no cellulose (C~e). The amount  
of insulin bound by  antibodies in the sample of GPAIS 
(I~) was calculated using the following equation: 

I8 = TI  x (C~ -- C~z ) / (C~-  Cbz). 

where T I  represents the total amount of insulin added 
to .the sample. 

b) Modified procedures used to study experimental 
conditions of assay (Table 1, Expts. 2 to 7). To simplify 
description of the results, the compositions of reaction 
mixtures and details of times of reaction and exposure 
to cellulose are shown in Table 1. Modifications of the 
basic procedure included the following: 

I. In experiments Nos. 2 and 5, the amount of 
labeled hormone was kept  constant and the unlabeled 
hormone varied. In both cases the insulin mixtures were 
prepared before addition of GPAIS (Expt. 5) or the 
cellulose preparations (Expt. 2). 

II .  The concentrations of non-specific protein 
(normal serum-proteins or bovine albumin) in final 
reaction mixtures lay between about 0.6 and 1.0%. In 
experiment No. 5, the protein content of the reaction 
mixture was varied, GPAIS (1.0/~l) being diluted in 
buffer containing varying volumes (0, 3, 19, and 99/A) 
of normal guinea pig serum. 

III .  The time of exposure to cellulose was varied by 
centrifugation of the final suspension 5 to 60 minutes 
after addition of the cellulose (Expt. 3). To vary  the 
time of reaction, samples of each reaction mixture 
(1.0 ml) were added to equal volumes of ce]lnlose 
suspension 3 to 120 minutes after admixture of GPAIS 
and the insulin mixture; centrifugation was carried out 
30 minutes later. 

IV. To estimate the radioactive contents of separa- 
ted cellulose and supernatent solution, the supernatant 
solution was removed and the cellulose deposit washed 
4 times with aliquots (2.0 ml) of a solution identical 

with the supernatant solution but  containing normal 
instead of anti-insulin serum (Expt. 6a). The super- 
natant  solution and washings were combined and made 
up to the same final volume (10 ml). An aliquot (2.0 ml) 
of diluted supernatant solution and the deposit of 
cellulose suspended in an equal volume of buffer were 
used to determine the radioactive contents of the two 
phases. 

V. Precipitation of insulin-antibody complexes was 
studied in duplicate series of reaction mixtures. To one 
series of tubes, cellulose suspension was added, and to 
the other, an equal volume of buffer (Expts. 1 and 7, 
respectively). Both series of tubes were centrifuged 30 
minutes later and the radioactive contents of equal 
aliquots of supernatant solution compared. 

1 0 0  - 

50" 

o I I 
50 100 

V O L U M E  G P A I S  (~1) 

Fig. 1. Percentage of added radioactive material  recovered in the supernatant  
solutions (100 • CJCe~c) after  reaction between varying volumes of GPAIS 
(0--100 ~1) and  a constant  mixture of unlabeled (100 mU) and  labeled 
(0.5 mU) bovine insulin (Table 1, Expt .  1). Each  point  represents the mean 

of 5 (Lot 331) or 3 (Lot 302) observations 

As shown in Table 1, radioactivity was finally 
measured in equal aliquots of supernatant solution 
(Su); in the entire supernatent  solution (TSu) and 
washed deposit o~ cellulose (C); or in aliquots of 
reaction mixtures diluted with buffer instead of the 
suspension of cellulose (NC). All results, unless other- 
wise stated, are quoted as mean values with standard 
errors of those means. All values of Cexc were determined 
with GPAIS of Lots 302, 334, or 335 which had insulin 
binding capacities of 1.9, 2.1, and 2.3 Units insulin/ml 
serum, respectively. Recovery rates in supernatant 
solutions are stated as percentages of (I), the total  
radioactive content of the added insulin mixture 
[CTz~/(CTzu ~ Cc); Table 2, Column a]; (II), the ra- 
dioactive content of equal aliquots of supernatant 
solution from reaction mixtures containing an excess 
of reference serum (C~/Cexc; Table 2, Column b, and Fig. 
1, 2, 3, 5, 6 and 7); and (III), the insulin content of 
the original insulin mixture [(Cs --  Cb~)/(Cexc -- Cb~); 
Table 3]. Details of other measurements of radio- 
activity (Table 2, Column c; Fig. 4 and 7) are given in 
the text  under the heading of results.  
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]?esults 
Effect of dilution on insulin binding by GPAIS  

(Table 1, Expt. 1). The cont ras t ing  behaviours  of two 
samples  of G P A I S  (Lots 302 and  331) are i l lus t r a t ed  in  

a d d e d  to  the  assay  sys tem;  a n d  (IV), t h a t  a l inear  
re la t ionship  does exis t  be tween  the  a m o u n t  of a n t i b o d y  
in a sample  of G P A I S  and  the  a m o u n t  of insul in  which 
i t  will r e t a in  in  solut ion af te r  exposure  to  cellulose. 

Table 2. t~ecovery of added radioactive material in solution after treatment with cellulose 
4 

Reaction mixture Recovery rate  (%) 
GPAIS Normal Unlabeled (a) (b) (c) 
Lot  37ol. Serum Insulin Relative Relative Relative 
No. (~1) (#l) (mU) to to to 

Added Reference Diluted 
Radioact ivi ty Serum Insulin 

- -  - -  1O0 100 6.1 4- 0.64 4.9 4- 0.58 --  
(6) (14) 

- -  - -  - -  100 --  4.0 4- 0.23 - -  
(11) 

302 100 - -  100 98.3 4- 0.01 100 110.0 4- 1.3 
(6) (14) 

302 100 - -  0 98.9 4- O.O1 --  - -  
(6) 

331 100 --  100 85.5 4- 0.36 80.0 4- 1.65 85.3 4- 3.6 
(4) (8) (4) 

334 100 - -  lOO 99.3 4- 0.02 98.3 4- 1.20 108.0 4- 1.0 
(4). (11) (15) 

Insulin mixtures containing a trace of labeled insulin (0.1--0.5 mU) were allowed to 
react with GPAIS (100 Fd), normal serum (100 #1) or with diluent (1% BSA) for 30 minutes 
(see Table 1, Expts .  63, 6b, and 6c). Recovery of radioactive materiaI  (Mean) in super- 
na tent  solutions is quoted (Column a) as a percentage of the  to ta l  amount  present in the  
added insulin mixture  [100 • CTS~/(CTSu + Co)l; (Column b), as a percentage of tha t  
found in equal aliquots of supernatent  solution from reaction mixtures containing excess 
(100 #l) of reference serum, Lot  302 (100 • Cx/Cexe); and (Column c), as a percentage of 
the  radioact iv i ty  found in equal aliquots of the insulin mixture diluted to the same final 
volume with 1% BSA and buffer (100 • Cs/C~e). The number  of observations in each 
instance is shown in parenthesis. 

Fig.  1. Of the  t o t a l  a m o u n t  of r ad ioac t ive  ma te r i a l  
added,  on ly  a smal l  f rac t ion  (ca. 5%/0) was recovered in 
the  s u p e r n a t a n t  solut ion of tubes  conta in ing  no 
GPAIS .  As the  vo lumes  of bo th  samples  of G P A I S  
were increased,  t he  ra tes  of recovery  rose in wha t  
a p p e a r e d  to  be a l inear  fashion un t i l  t h e y  reached  
values  of 60 to  70%.  F u r t h e r  add i t i on  of one (Lot  302) 
resu l ted  in con t inued  b u t  lesser increases un t i l  com- 
ple te  recovery  (100%) was achieved.  I n  the  o ther  case 
(Lot  331), comple te  r ecovery  was never  achieved,  the  
ra te  fa l l ing af te r  a m a x i m u m  value  of 95% was 
a t t a ined .  The  behav iours  of these  two samples  re- 
flected ex t remes  of those  found  wi th  al l  o ther  samples  
of G P A I S  s tud ied  in  the  p resen t  inves t iga t ions ;  t h e y  
differed only  under  condi t ions  in  which G P A I S  was 
p resen t  in excess. The  consis tent  a p p a r e n t l y  l inear  
re la t ionsh ip  be tween  the  vo lume of a d d e d  G P A I S  and  
the  ra te  of recovery  of r ad ioac t ive  ma te r i a l  when insulin 
was presen t  in  excess, sugges ted  t h a t  th is  sys tem could 
form the  basis of a m e t h o d  of assay.  The exper imen t s  
ou t l ined  in Table  1 were therefore  carr ied out  to  
confirm (I), t h a t  cellulose will absorb  f rom solut ion in 
30 minu tes  al l  insul in which is no t  b o u n d  b y  an t ibodies  
in a n y  reac t ion  m i x t u r e ;  (II) ,  t h a t  a t  room t empera tu re ,  
a n d  under  o the r  specified condi t ions,  reac t ions  bet-  
ween insul in and  the  an t ibodies  are  comple te  in  30 
minu tes ;  ( I I I ) ,  t h a t  samples  of G P A I S  can be found  
which in excess and  af te r  exposure  to  cellulose can r e t a in  
in solut ion all  r ad ioac t ive  ma te r i a l  in insul in  mix tu res  

Binding of insulin by cellulose and its derivatives 
(Table 1, Expts. 2 and 3). Of the  t o t a l  r ad ioac t ive  
ma te r i a l  a d d e d  to  comparab le  suspensions of the  5 
p repa ra t ions  of cellulose, less t h a n  5 %  r e m a i n e d  in 

�9 solut ion when e i ther  cellulose or DEAE-ce l ln lose  was 
a d d e d  to insul in mix tu res  conta in ing  less t h a n  800 m U  
u n l a b e l e d  insul in (Fig. 2). C a r b o x y - m e t h y l  a n d  
p h o s p h o r y l a t e d  cellulose were less ab le  to  e x t r ac t  
insul in f rom solution,  and  even in  the  absence of a n y  
unlabe led  insulin, a c e ty l a t e d  cellulose could on ly  ex- 
t r a c t  a b o u t  half.  

As shown in Fig.  3, no rad ioac t ive  m a t e r i a l - w a s  
ex t r ac t ed  f rom solut ion dur ing  60 minu tes  of exposure  
to  cellulose of mix tures  conta in ing  an  excess (50/~l) o f  
a sample  of reference serum. I n  the  absence of G P A I S  
(0/zl), a cons tan t  low ra t e  of r ecovery  of less t h a n  5 %  
was es tab l i shed  in  5 minutes .  Be tween  these  two 
ext remes ,  cons tan t  ra tes  of recovery  were es tab l i shed  
in 20 to  30 minu tes  as the  vo lume of a d d e d  G P A I S  (6 
and  12 #1) was increased.  

I t  was concluded t h a t  cellulose in  the  amoun t s  used 
here (0.1 g) will a b s o r b : f r o m  solut ion up  to  800 m U  
insul in in 30 minutes .  

Conditions of reaction JReaet ions 'be tween insul in 'and 
the  an t ibodies  in GPAIS 'occur  more  s lowly a t  low tempe-  
ra tures  (0- -  4 ~ C), and  labe led  insulin is deg raded  more ra- 
])idly a t  high t e mpe ra tu r e s  (e. g. 36 ~ C). Also, the  reac t ion  
does no t  a p p e a r  to  be affected b y  p H  over  a wide range  
abou t  ne u t r a l i t y  (6 .0--  8.5). Al l  reac t ions  were therefore  
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carried out at room temperature (20--25 ~ C) and a neu- 
tral buffer (pit, 7.0) was arbitrarily chosen. Only two 
factors were considered closely: 

I. Time of ~eaction (Table 1, Expt. 4). When the 
suspension of cellulose was added to reaction mixtures 

100- 

o 

N ,*r CM 
*~ l 

P , . . . . . . . . . . .  / !  
! 

a /!  
/ !  

EAE 
! / I_~r 

o ..... 

1 101 i~ 2 10 3 104 

INSULIN ADDED (n~ U) 

Fig. 2. Percentage of added l'adioac~ive material recovered in the superna- 
taut  solution (100 x CUCkoo) 30 minutes after exposure of variable amounts 
of unlabeled (0--10000 mU) and a constant amount  of labeled (1.2 mU) 
insulin to suspensions containing the same quantities (0.1 g) of cellulose (C) 
dlethyi-aminoethyl (DEAB), phosphorylated (P), carboxy-methyl (C~[ 

and ace~ylated (Ac) celluloses (Table 1, Expt. 2) 
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Fig. 3. Percentage of added radioactive material recovered in the super- 
natant  solution (100 • C~/C~) following reactions for 30 minutes between 
GPAIS (Lot 335, 50 pl; Lot 400, 6 and 12 ]LD and a mixture containi~g 
constant amount of unlabeled insulin (50 ran), and subsequent exposure 
to the suspension of cellulose for 5 to 60 minutes (Table 1, Expt. 3). Complete 
recovery (100 %) corresponds to the mean of the 6 values bbtMned with the 

excess of reference sertun (Lot 385; 50 ~1) 
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3 to 120 minutes after admixture of GPAIS and the 
insulin mixture, recovery of radioactive material in the 
supernatant solution rose sharply in the first 3 minutes 
(Fig. 4). Between 30 and 120 minutes, no significant 
increase in recovery could be detected at any level of 
addition of GPAIS. 
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TIME AFTER ADDITION OF INSULIN 
(l~inutes) 

~ig. 4. l~adioactive contents (C~) of aliquots of supcrnatcnt solution after 
constant volumes of each reaction mixture (t.0 ml) were added to an equal 
volume of cellulose suspension 3 to 120 minutes after admLxt~re of an insulin 
mixture (50 mU unlabeled + 0.5 mU labeled) to varying -r of GI~AIS 
(Lot 335, 50 ~l; Lot 400, 3, 6, 9, and 12 sl). ~[aximnm recovery (C~'= 100%) 
corresponds to the mean radbact ive content of the 8 supernatant solutions 
derived from reaction mixtures containing the excess of reference serum 
(Lot 335; 50 /~1) and ~eated with cellulose after more than 30 mintnes of 

reaction (see Table 1, Expt. 4) 

II .  Non-specific proteins (Table 1, Expt. 5). When a 
constant volume of GPAIS (1.0 #l) was incubated with 
insulin in the presence of varying volumes of normal 
guinea pig serum, maximum recovery of added radio- 
active material oceured when the reaction mixture 
contained the smaller amounts of unlabeled insulin 
(less than 1 mU) and the larger volumes (19 and 99 #1) 
of normal guinea pig serum (Fig. 5). When normal 
guinea pig serum was absent (0 pl) or present in only a 
small amount (3 #l), no such maximum rate of recovery 
was noted at any level of addition of insulin. Complete 
recovery (100%) was never achieved, probably because 
the time of reaction (30 minutes) was insufficient at  
these low concentrations of insulin and GPAIS. 

t~eaetions between insulin and an excess of GPAIS. 
In  the above experiments, i t  was assumed that,  when 
present in excess, GPAIS retains in solution all the 
labeled material in the added insulin mixtures. This 
assumption was investigated in the followhlg series of 
experiments (Table 1, Expts. 6a, 6b and 6c): 

I. Separation of cellulose from supernatant solution. 
Total recovery of added radioactivity from the super- 
natant  solution and deposit of celhdose was complete 
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(101 =L 0.4%) in these experiments (Expt. 6a). When 
the initial reaction mixture contained normal serum, 
only 6% could be recovered in the supernatant solution 
(Table 2, Column a), and less than half of this could be 
precipitated with trichloracetie acid (10%, w/v). More 
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Fig.  5. Pe rcen tage  of  added  rad ioac t ive  mate r i a l  recovered  in  the  super-  
natan~ solution (1O0 x C~/C~) der ived  f r o m  react ion mix tu re s  conta ining 
G P A I S  (1 .0 /d)  and  var iable  vo lumes  of  normal  se rum (0, 3, 19, and  99/zl) 
wi th  a cons tan t  a m o u n t  of  labeled (5/zU) and  var iable  quant i t ies  ofuulabeled  
(0 to 20 m U )  insulin,  all di luted in buffer.  Max imt tm  r ecove ry  (100%) 
corresponds to the  va lue  of  C,xe for an  excess of  reference se rum (Lot  302, 
0.1 ml). I n  the  absence of  G P A I S  recovery  remained  a t  4 to 6% ir respect ive  

of  the  a m o u n t  of  unlabeled insul in (Table 1, Ex~pt. 5) 

than 98% was found in the supernatant solution 
derived from two specimens of GPAIS (Lots 302 and 
334), and in one of these cases (Lot 302) it made no 
difference whether unlabeled insulin was present in the 
insulin mixture or not. The third sample (Lot 331), 
however, was only able to retain 85% of the added 
radioactive material in solution. In  each case where 
GPAIS was used, more than 95% of the radioactive 
material in the supernatant solution was precipitable 
with trichloracetic acid. 

II.  Comparison of supernatant solutions. Knowing 
t h a t  one sample of GPAIS (Lot 302), in excess, could 
bind all added radioactive material in solution, the 
radioactive contents of supernatant solutions obtained 
with this serum were compared with those of others 
studied under similar conditions (Expt. 6b). As seen 
in Table 2 (Column b), one sample (Lot 334) proved as 
effective in excess as the reference serum but  the 
second (Lot 331) again retained only 80% of the added 
labeled material in solution. By contrast, the super- 
natant  solutions from reaction mixtures which included 
the same volume (100 #l) of normal serum diluted in 
buffer or only 1% BSA, contained less than 5 % of the 
added radioactive mater ia l  

If  all added radioactive material cannot be retained 
in solution, the value of Ce~c cannot be determined and 
it is not possible to calculate by the present method the 
amount of  insulin bound by antibodies in samples of 
GPAIS. To find samples of GPAIS with properties 

similar to those of serum of Lot  302, 48 sera were 
incubated under the conditions outlined above (Expt. 
6b). As shown in Fig. 6, only 7 were able to concentrate 
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Fig.  6. Percen tage  of  a d d e d  rad ioac t ive  mate r i a l  recovered  in the  super  
n a t a n t  solution (100 • C~/Ce~c) af te r  incuba t ion  for 30 minu tes  of  the  same  
volumes  (100/~1) of  48 samples  of  G P A I S  wi th  the  same  insulin m i x t u r e  
(100 m U ,  unlabeled -]- 0.5 m U  labeled). ]~ecovery is p lo t ted  aga ins t  the  
potency of  each se rum de te rmined  in a separa te  exper iment  (Table  1 Exp t .  8.) 
M a x i m u m  recovery  (100 %) was  de te rmined  us ing  the  same  vo lume ( i00/A)  
of  reference s e rum (Lot  302) which is shown by  the  large circle. Sera sui table  
for  reference are shown as smal ler  open circles. :Each poin t  represents  the  

m e a n  of  3 de te rmina t ions  of  po tency  and  recovery  (Table  1, EXpt. 6 b) 

more than 97 % of the added radioactive material in 
solution (Lots 311,334, 335, 344, 389, 390 and 393),and 
all of these were more potent than the GPAIS used for 
reference (Lot 302; 1.9 Units insulinbound/ml). Less 
than 97% of the added radioactive material remained 
in solution using the same volumes (100 #1) of 26 other 
sera, 14 of which were less potent than the reference 
sample. Of these 14 sera, 7 were not capable of binding 
all the added insulin since their potencies were too low 
(binding less than i.0 Units insulin/ml). 

To explain the behaviours of sera such as GPAIS 
of Lot 331, duplicate reaction mixtures were treated 
with either the suspension of cellulose (Table 1, Expt .  1) 
or an equal volume of buffer (Table 1, Expt .  7), the 
radioactive contents of supernatent solutions in both 
series of tubes being compared after centrilugation 30 
minutes later (Fig. 7). As expected (of. Fig. 1), all 
added radioactive material remained in solution after 
mixtures containing an excess of one sample of GPAIS 
(Lot 334) had been exposed to cellulose. In the other 
case (Lot 331), however, recovery declined when the 
volume of added serum exceeded 30/A. When buffer 
was added in place of the cellulose suspension, all the 
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:Fig. 7. Radioactive contents of aliquots of solution obtained after reaction between 
variable volumes of GPAIS (Lots 33r and 331; 10 to 100 td) and a constant insulin 
mixture (50 mU unlabeled + 0.5 mU labeled); and subsequent addition of either buf- 
fer (i.0 ml) or the same volume of cellulose suspension. In both cases, final mixtures 
were centrifuged after 30 minutes. Yiaximum recoveries correspond to values of Cex~ 
and C~c obtained for reaction mixtures containing excess of the reference serum (Lot 334, 

100 #I). For experimental conditions, see Table 1, Expts. 1 and 7 

a d d e d  r ad ioac t ive  m a t e r i a l  r ema ined  in  solut ion a t  all  
levels of a d d i t i o n  of the  one se rum (Lot  334). I n  the  
o the r  case (Lot  331), r ecovery  aga in  fell once a mini-  
m u m  vo lume of serum h a d  been  a d d e d  (ca. 30 #1) a n d  
f locculent  p rec ip i t a t e s  were c lear ly  vis ible  in  all  t ubes  
conta in ing  more  t h a n  this  volume.  No  p rec ip i t a t es  were 
seen in a n y  t u b e  conta in ing  no rma l  se rum or t he  o ther  
sample  of G P A I S  (i.e. L o t  334). I t  was concluded,  
therefore,  t h a t  when  al l  a d d e d  r ad ioac t ive  m a t e r i a l  is 
no t  r e t a i n e d  in  solut ion b y  an  excess of an t i - insu l in  
serum, some of the  insul in  a n t i b o d y  complex  m u s t  be 
p rec ip i t a t ed .  

III. Use of diluted insulin mixtures. 
Cellulose occupies a finite b u t  u n d e t e r m i n e d  
volume in the  final suspension f rom which  
the  supe rna t en t  solut ion is sampled .  I f  all  ad-  
ded  rad ioac t ive  ma te r i a l  remains  in  solution,  
t hen  i ts  concen t ra t ion  in  th is  s u p e r n a t a n t  
solut ion should  be g rea te r  t h a n  t h a t  to  be 
found  in the  same sample  of insul in m ix tu r e  
d i lu t ed  to  t he  same final vo lume wi th  buffer 
or 1% BSA (Table 1, E x p t .  6c). As shown in 
Table  2 (Column c), the  ra t io  was found  to  be 
a b o u t  1.10 when  the  r ad ioac t ive  conten ts  of 
s u p e r n a t a n t  solut ions  conta in ing  excess refer- 
ence serum (Lots 302 and  334) were com- 
p a r e d  wi th  those  in  the  d i lu ted  insul in  mix-  
ture .  W h e n  the  p rec ip i t a t i ng  serum (Lot  331) 
was used, however ,  the  ra t io  was much  lower 
(0.85). This compar i son  is useful  for two rea- 
sons. F i r s t ,  such a cont ro l  (No cellulose) can 
be used  to  es tabl ish  r a p id ly  whe the r  a sample  
of G P A I S  is sui table  for use as a reference 
serum ; if, unde r  the  condi t ions  used  here,  the  
ra t io  is less t h a n  1.05, th is  is unl ikely .  Se- 
condly,  i t  al lows ca lcula t ion  of the  vo lume of 

fluid d isp laced  b y  the  cellulose; f rom the  resul ts  shown 
in Table  2 (Column c), i t  was ca lcu la ted  t h a t  cellulose 
displace  a lmos t  twice i ts  own weight  of f luid (0.17 =~ 
0.01 ml/0.1 g cellulose). 

Relationship between insulin recovery in the super. 
natant solution and volume of incubated GPAIS .  The 
foregoing exper imen t s  showed tha t ,  wi th  the  a id  of a 
sui tab le  sample  of G P A I S  (reference serum), i t  is 
possible  to  concent ra te  all  a d d e d  r ad ioac t ive  ma te r i a l  
in  solut ion (Cede ~_ 100% recovery) .  I f  i t  is a s sumed  
t h a t  cellulose on ly  absorbs  immunolog ica l ly  ac t ive  
l abe led  insulin,  t hen  i t  is also possible  to  de te rmine  the  

Table 3. Recovery of insulin in supernatant solution after addition of a constant amount of insulin to varying volumes 
of anti-insulin sera 

Lot No. 302 270 331 334 
Insulin 100 50 100 50 100 50 100 
add. (mU) 
Assays. 3 10 5 4 5 3 6 
Volume 
sernm: 
(ul) 

100.0 100.0 96.0 4- 0.8 98.5 4- 1.8 78.9 4- 1.5 77.6 4- 3.3 103.0 4- 1.5 100.5 4- 1.2 
66.7 92.9 4- 3.4 97.0 4- 2.0 92.4 4- 1.8 83.3 :J: 2.7 86.7 4- 1.1 106.0 q- 2.0 99.4 4- 1.4 
44.4 73.4 4- 4.3 95.7 4- 1.7 79.2 4- 1.1 85.9 4- 2.3 91.8 4- 1.6 106.0 4- 2.0 79.4 4- 1.9 
29.6 51.0 4- 3.0 84.5 4- 1.7 59.2 4- 2.0 95.1 4- 2.6 88.6 4- 1.5 99.7 4- 3.0 57.0 4- 0.9 
19.8 34.6 4- 2.3 65,2 4- 1.1 39.9 4- 0.8 96.3 4- 2.6 68.2 4- 2.2 78.2 4- 2.7 40.4 ~ 1.2 
13.2 24.1 4- 1.9 46.4 4- 0.7 27.9 4- 0.7 88.3 ~ 3.9 48.6 4- 2.1 56.6 4- 2.6 27.3 • 0.8 

8.8 16.5 4- 1.6 32.2 • 0.8 18.7 4- 0.6 65.7 4- 3.4 34.2 4- 1.3 40.3 4- 2.1 18.4 4- 0.6 
5.9 11.4 4- 1.0 22.9 4- 0.7 12.3 4- 0.6 47.5 :~ 2.6 23.9 4- 0.7 27.9 4- 1.3 12.4 4- 0.6 
3.9 7.3 4- 0.7 14,9 4- 0.7 8.4 4- 0.4 33.1 4- 1.3 15.5 4- 0.6 19.2 4- 1.1 8.1 4- 0.5 
2.6 4.9 • 0.4 10.1 4- 0.4 5.5 4- 0.3 22.5 4- 1.0 10.1 4- 0.3 13.4 4- 0.7 5.2 4- 0.5 
1.7 6.6 4- 0.3 15.3 4- 0.9 9.2 4- 0.8 
1.2 4.7 4- 0.2 11.1 4- 0.3 5.8 4- 0.3 

Varying volumes (0--1O0 #1) of 4 samples GPAIS (Lots 270, 302, 331, and 334) were incubated with constant  
amounts  of unlabeled (50 or 100 mU) and a trace of labeled insulin (Table 1, Expt .  1). Recovery (Mean) of insulin 
in supernatent  solutions after t r ea tment  with cellulose is s ta ted  as a percentage of the  amount  added [100 • (Cs--Cbz)/ 
(Cexe-- Cb~)]. Complete recovery in each experiment  was achieved using an excess (100/~1) of the same sample of reference 
serum (Lob 302). 
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proport ion of added  radioact ive mater ia l  which is no t  
associated wi th  insul in  (i.e. Cb~). The proport ion of 
added insul in  which is bound  by  ant ibodies  in  a n y  
sample of incuba ted  GPAIS  can therefore be deter- 
mined  [(C8 - -  Cb~)/(Cexc - -  Cb~)]. Using serially di luted 
samples of 4 specimens of GPAIS  (Lots 270, 302, 331, 
and  334) a t  two rates of addi t ion  of insul in  (50 and  
100 mU),  rates of insul in  recovery (quoted as percen- 
tages) were de te rmined  for the  same volumes (1.2 to 
100 #l) of each (Table 3). Since results shown in  Fig. 1 
suggested a l inear  relat ionship over this range, the 
findings reported in  Table 3 were analysed stat is t ical ly 
to establish a l inear  re lagonship  between recovery 
rates of less t h a n  65 % and  the corresponding volumes 
of incuba ted  GPAIS.  The results of this analysis  are 
summarized in Table 4 which shows tha t  a t  each rate 
of addi t ion  of insulin,  a significant l inear  relat ionship 
does exist (p < 0.01) for all four sera; and  t h a t  in  each 
case the Co-efficient of Correlation (r) is a lmost  u n i t y  
(0.984--0.995). I t  can also be seen t ha t  the in tercept  
of each mean  l=~egression Line (a, x --~ 0), though 
significantly different from zero in  some instances,  is 
small;  always less t h a n  4%,  bu t  usual ly  abou t  1%. 

Assay  of insulin antibodies in G P A I S .  Based on 
these findings, two methods  were used to determine 
the insul in  b inding  potencies of the 4 ser~/ shown in  
Table 3. 

I. Serial dilution of individual sera. Using the m e a n  
Regression Co-effiaients and  In te rcep ts  (Table 4), the  
volumes of each serum (x, #1)which could theoret ical ly 
b ind  all added insul in  (y = 100%) were calculated. 
F rom these volumes, shown in  Table 4, a nd  the known  
quant i t ies  of unlabeled  insul in  added in  each case, (50 
or 100 mU),  t h e i n s u l i n  b ind ing  potency  of each serum 
was calculated (Table 5). I t  is seen t h a t  the 95% Con: 
fidence Limi ts  fall 2 to 5% on either side of each calcu- 
la ted mean  value. I n  a single exper iment  of this  type  
i t  has also been es t imated t ha t  the 95% Confidence 
Limits  would fall 7 to 15% on either side of the mean  
calculated potency.  

I I .  Assay  of single samples. The l inear i ty  of the 
relat ionship between recovery of added insul in  and  the 
volume of incuba ted  GPAIS  and  the small  value of the 
intercepts  shown in  Table 4, suggest t h a t  under  
condit ions in  w h i c h  less t h a n  65% of the added 
hormone is recovered, the ant ibodies  in  G P A I 8  behave 

Table 4. Relationship between volume of incubated G P A I S  and recovery of*insulin in the supernatant solution 

Linear  relationship Value of  x a t  y = 100% 
GPAIS Insul in  Lot added. Regression Intercept Significance Co-eft. Mean. Confidence 
No. (mU) Coefficient Corrcl. Interval. 

(b 4- s~) (a) (p) (r) (~l) (O5%) 
270 100 1.98 4- 0.03 0.88 < 0.01 0.995 50.05 48.81 -- 51.30 
302 100 1.70 -4- 0.04 1.09 < 0.01 0.986 58.29 55.80 -- 60.79 
331 100 3.62 + 0.09 1.41 < 0.01 0.985 27.20 26.07 -- 28.34 
334 100 1,93 -4- 0.02 0.99* < 0.01 0.988 51.29 50.36 -- 52.22 
270 50 3.49 • 0.04 1.08" < 0.01 0.991 28.32 27.81 -- 28.83 
331 50 7.22 • 0.23 3.55* < 0.01 0.984 13.36 12.70 -- 14.02 
334 50 4.21 4- 0.09 2.18" < 0.01 0.991 23.23 22.40 -- 24.06 

The results shown in Table 3 were analysed statistically using the volumes of incubated GPAIS (x #1) and corres- 
ponding rates of insulin recovery (y%) with mean values of less than 66%. Details of the calculated linear relationships 
(y = a 4- bx) include the mean l~egreEsion Co-effieients (b • sb); the mean intercept of each t~egression line (a; x = 0) 
and values significantly different (p = 0.05) from zero shown with an asterisk (*); the statistical significance of each 
linear correlation (p) and each Co-efficient of Correlation (r). The volumes of each serum capable (theoretically) of 
binding all added insulin in each series of experiments (x for y = 100%) were calculated from the mean l~egression Co- 
efficients and intercepts and are shown here with the Confidence Intervals for each Mean value (95%). 

Table 5. Insulin binding capacities (Units/ml) estimated with single samples and serially diluted anti-insulin sera 

Insulin added Serial dilution Single sample Lot Volume No. (mU) n Mean 95% C.I. (ul) n Mean 95% C.I. 

270 100 5 2.00 1.95 -- 2.07 13.2" 5 2.10 1.95 -- 2.25 
302 100 3 1.72 1 . 6 5 -  1.80 10.0 35 1.90 1 . 8 4 -  1.95 
331 100 5 3.68 3.55 -- 3198 13.2" 6 3.62 3.26 -- 3.98 
334 100 6 1.95 1.92 -- 1.98 10.0 19 2.13 2.07 -- 2.19 
270 50 10 1.77 1.74 -- 1.80 8.8* 13 1.90 1.80 -- 2.00 
331 50 4 3.75 3.58 -- 3.94 8.8* 3 3.65 2.56 -- 4.74 
334 50 3 2.16 2.08 -- 2.24 8.8* 3 2.27 1.54 -- 2.90 

The mean insulin-binding capacities (Units insulin/ml) of the 4 samples of GPAIS and Confidence Intervals for 
each (95%) were calculated from the observations (a) obtained by seriaI dilution of each and shown in Tables 3 and 4; 
and (b) made with single samples of each (Table 1, Expt.  8). The numbers of observations made in these two series of 
experiments (n) refer to the number  of experiments carried out with serial dilution of each sample (see Table 3); and 
the number  of individual small samples of each which were assayed. Single samples marked with an asterisk (*) were 
individual samples referred to in Table 3; the others were examined during routine assays. 
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in a homogeneous manner.  I n  other words, recovery of 
added insulin in the supernatant  solution can be taken 
to be directly proportional to the ant ibody content of 
the incubated sample of GPAIS. Thus: 

Insulin binding capacity (Units insulin/ml) --- 

Insulin added (mU) (Ca -- Cbz) 
GPAIS incubated (#1) X (Cexc -  Cbz) 

In  routine assays, constant volumes (10 #]) of two 
samples of GPAIS (Lots 302 and 334) were incubated 
with the same amount  of insulin (100 mU). In  other 
cases shown in Table 5, individual values have been 
taken from the results shown in Table 3. In  each case, 
the above equation has been used to calculate the 
insulin binding potencies of the sera. As shown in 
Table 5, potencies determined by  this method are 
equally reproduceable, the Co-efficients of Variation 
ranging between 6 and 12 % and usually being less than  
10%. The 95% Confidence Limits fall less than  10% on 
either side of each mean calculated value except in 
those cases where few observations were made (Lots 
331 and 334; 50 m U  added insulin). Using a value of 
10% for the Co-efficient of Variation, a high figure 
during routine assays in our experience, 6 observations 
would be sufficient to obtain 95% Confidence Limits 
falling within 10% on either side of the mean calculated 
potency. 

In  addition to being reproducable, these two 
methods of assay give results which are comparable on 
an absolute basis. Potencies determined using single 
samples of the same volume are, if anything, slightly 
higher than  those obtained on serial dilution of a 
s e r u m .  

Discussion 
The technique outlined above for the assay of 

guinea pig anti-insulin serum is very similar to tha t  
recently described by  I{Et~BEI~T, LAC, GOTTLIEB and 
BLEIOHS, I~ [13] ; they used charcoal coated with dextran 
of a specified molecular weight (80 000) to absorb insulin 
from solution. The technical simplicity of the present 
method depends upon the use of a preparat ion of 
cellulose which is sufficiently finely divided to allow 
pipett ing of the suspension. I t s  reproduceability 
depends, in par t  at  least, upon the sample of GPAIS 
used for reference; it  should retain in solution all added 
radioactive material  in the insulin mixture. Over two 
years it  has proved conspicuously free of technical 
"snags" and has been shown to have practical value in 
studies involving the use of GPAIS. 

For the assay of insulin in plasma, cellulose, in the 
form of filter paper, has long been used to Separate free 
insulin from insulin bound to antibodies in GPAIS ; the 
free insulin in any  mixture remains fixed to the paper  
at  its point of application, the bound hormone migrating 
on chromato-electrophoresis with the globulins [4]. 
Using this technique, BEI~SO~I and YALow [5] and 
MOl~S~ [20] were able to make quanti tat ive studies of 
reactions between insulin and the insulin antibodies 
produced by  various species. For the assay of antibodies 

to insulin in human serum, MITCIIELL and ]31~ADFORD 
[18] found filter paper less effective for the chromato- 
graphic separation of free and bound insulin than filter 
paper  impregnated with ion exchange resins. No de- 
tafled information has been published on the use of 
cellulose itself, though Bs.I~SON and YALOW [6] do 
refer to unpublished work in which they used chro- 
matography on columns of cellulose. Such columns have 
been used extensively for the purification of iodinated 
insulin. When crude preparations of 1SlI-labeled insulin 
are passed through columns of cellulose, degradation 
products of the iodinated hormone and iodide may  be 
washed through with buffer. Pure immune-reactive 
labeled insulin, as judged by  various criteria, remains 
adherent to the cellulose but  can be eluted with un- 
diluted normal (non-immune) serum. In  reporting this, 
YALOW and BEI~SO~ [31] were careful to point out tha t  
only a portion of the labeled hormone is eluted by  this 
method. In  experiments of the present type in which 
large volumes of serum (0.5 ml) were used for the assay 
[28], more o2 the added radioactive material  (8.31~ 
1.07%; n : 17) was retained in solution by  normal 
serum than  by  the smaller volumes (0.1 ml; 4.9%) or 
by  the diluent solution of albumin (1% BSA, 4.0%) 
used in blank tubes in the present experiments (Table 
2). The lat ter  small fractions of the total  added radio- 
active material, most of which was soluble in trich]or- 
acetic acid, could not be further reduced by  omission of 
all protein from the solution. I t  is considered to re- 
present "damaged"  or degraded labeled insulin and 
inorganic iodide which do not react with the antibodies 
in GPAIS. Subtraction of this fraction (Cb~) from the 
total  radioactive content of supernatant  solutions (Ca 
and Cexc) therefore seems warranted in determining 
radioactivity due to immuno]ogically competent  
labeled insulin. This can only be justified, however, if 

t h e  blanlc tubes contain non-specific proteins in low 
concentration~ such as those used here (0.6--1.0%). 
With higher concentrations of non:specific protein in 
the reaction mixture, par t  of the radioactive material  
retained in solution could represent insulin "bound"  to 
non-specific protein. 

The selection of a suitable sample of GPAIS for 
reference is of prime importance;  any precipitation 
which it  induces would result in over-estimation of 
potency. The findings shown in Fig. 6 suggest tha t  such 
sera are rare, but  this conclusion is probably erroneous. 
Most of the 48 tested samples of GPAIS were com- 
posed of serum from animals bled at  various stages of 
immunization over periods up to 2 years and pooled 
according to potency. Among them were three (Lots 
389, 390 and 393) from animals bled less than  3 months 
after their first injections of insulin. Unlike sera ob- 
tained from the same animals at  later stages of immuni- 
zation, these sera behaved like the reference sera used 
throughout the present experiments (i. e. Lots 302, 331, 
and 335) ; in excess, they retained in solution more than  
97% of the added radioactive material  in the insulin 
mixture. The nature of the precipitate formed by  sera 
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such as Lot  331 was no t  investigated. Like those re- 
por ted by  HIR• and BLUMENTI~AL [14], t hey  formed 
rapidly and a t  room temperature .  A longer period of 
incubat ion (2 days) and lower tempera ture  (4 ~ C) were 
used with the same effect by  JONES and CCNLIF]rE [15]. 
Bo th  of these lat ter  groups showed t h a t  max imum 
precipitat ion occurs at  an  opt imal  ratio of serum to 
insuhn;  above and  below this opt imal  ratio, precipita- 
t ion decreases rapidly. I n  the present experiments (Fig. 
7), precipitat ion was observed only when GPAIS  was 
present in excess and  none was ever detected when 
insulin was in excess. Precipi tat ion can, therefore, 
interfere with determinations of C~= but  is unlikely to 
affect determinat ions of po tency  when GPAIS  is 
incubated with an  excess of insulin. 

There is abundan t  evidence to show tha t  GPAIS  
contains a heterogeneous collection of insulin anti- 
bodies (4, 21, 22, 23, 24). This is Mso apparent  in the 
present system under  conditions where more than  60 to 
70% of the added  insulin is bound  by  antibodies. The 
present  techniques could be applied to the s tudy  of 
this heterogenei ty  for the reactions between insulin and  
the antibodies can be controlled at  every stage, and 
s topped a t  will b y  the addit ion of cellulose. Such 
heterogenei ty  of the antibodies is no t  apparent  when 
less than  about  60% of the added insulin is bound (Fig. 
1). Under  these conditions reproduceable estimates of 
insulin binding potency,  comparable with those ob- 
ta ined in vivo in rats [28], can be obtained rapidly and 
with little technical dffieulty. F rom the immediate  
practical  point  of view, therefore, this technique offers 
a useful means for the selection of guinea pigs likely to  
yield po ten t  anti-insulin serum [27]; for determining 
the amoun t  of G P A I S  needed to induce insulin de- 
ficiency in an experimental  animal [25, 9] ; to  counter- 
act  the effects of insulin in any  medium in which insulin 
sensitive tissue is to be incubated  [26, 10, I, 23]; or to 
select a sample of G P A I S  for use in one or other of the 
methods  for the assay of insulin in plasma [31, 19]. I t  
has also been found (unpublished) t h a t  after neutrMi- 
zation of less than 60% of the antibodies with un- 
labeled insulin, it is possible to use the same method 
for estimation of residual reactive insulin antibodies in 
GPAIS. This modification of the present system 
requires further investigation, but it has already 
provided useful information about insulin secretion 
f rom the ra t ' s  pancreas in vivo [29] and in vitro [17]. I t  
seems, therefore, t ha t  the present technique no t  only 
offers the possibility of a simple and  reproduceable 
method  for the s tudy  of reactions between insulin and 
antibodies, bu t  also, within well defined limits, a simple 
method  for the assay and hence rat ional  use of guinea 
pig anti-insulin serum. 
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