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JOURNAL OF IMMUNOASSAY, 9 ( 2 ) ,  135-158 (1988) 

A QUANTITATIVE HZYIIE-LINKED IHUUNOSORBERT ESSAY FOR RAT INSULIN 

Bank H.L. 

The Department of Pathology and Labora to ry  Ned ic ine  
Eledical U n i v e r s i t y  of South Caro l ina  

Char l e s ton ,  S C  29425 

Keywords: D iabe te s  m e l l i t u s ,  Is le ts  of Langerhans,  Q u a n t i t a t i v e  
Immunoassays, ELISA, R I A ,  I n s u l i n .  

A simp1 e, q u a n t i t a t i v e  m i  cr 0-ELISA (Enzyme-Linked Immunosorbent 
Assay) has  been developed f o r  r a t  i n s u l i n .  The micro-ELISA i s  a 
s o l i d  phase,  i n d i r e c t ,  c o m p e t i t i v e  immunmssay. The u s e f u l  range 
of t h e  micro-ELISA was s u p e r i o r  t o  t h a t  of a commercial RIA f o r  
r a t  i n s u l i n  ( e .g .  0.4 t o  46.0 ng/ml f o r  t h e  ELISA; 0.2-8.6 ng/ml 
f o r  t h e  R I A ) .  The ELISA#s s e n s i t i v i t y  ( t h e  lower l i m i t  of d e t e c t -  
i o n )  was 1.0 ng/ml +- O.l3ng/ml, (mean, +- SEm; 9 a s s a y s )  o r  20 +- 
2.6 pg/determinat ion,  and compared f a v o r a b l y  w i t h  t h e  s e n s i t i v i t y  
of a radioimmunoassay ( R I A )  for  r a t  i n s u l i n  (0.38 +_ 0.10 ng/ml: 4 
a s s a y s ) .  The ELISA measured p u r e  r a t  i n s u l i n  s t a n d a r d s  
a c c u r a t e l y .  C o r r e l a t i o n  expe r imen t s  showed t h a t  t h e  r e s u l t s  of 
t h e  ELISA a g r e e d  wi th  those  of t h e  R I A  ( r=0 .91 ) ,  when r a t  i n s u l i n  
was a s sayed  i n  crude e x t r a c t s  of i s o l a t e d  p a n c r e a t i c  Islets of 
Langerhans.  When the  s t a n d a r d  cu rve  was p l o t t e d  a s  a log of t h e  
dose response cu rve ,  a s igmoida l ly  shaped c u r v e  was o b t a i n e d  which 
could be t r ans fo rmed  i n t o  a s t r a i g h t  l i n e  r e l a t i o n s h i p  w i t h  a 
l o g i t - l o g  program. The goodness of f i t  of t h e  t r ans fo rmed  
s t a n d a r d  cu rve  t o  a s t r a i g h t  l i n e  r e l a t i o n s h i p  was e x c e l l e n t  
( r=0.9? t o  0.99: n=4 ELISAs). The t r ans fo rm f a c i l i t a t e d  dose 
i n t e r p o l a t i o n ,  tests of p a r a l l e l i s m ,  and  q u a l i t y  c o n t r o l .  T e s t s  
of p a r a l l e l i s m  showed t h a t  t h e  ELISA was s p e c i f i c  f o r  r a t  i n s u l i n .  
The p r e c i s i o n  of t h e  ELISA was s u p e r i o r  t o  t h e  p r e c i s i o n  of t h e  
r a t  i n s u l i n  R I A  t e s t e d .  The i n t r a a s s a y  p r e c i s i o n  of t h e  ELISA was 
always < l o %  ( C V % ) ,  and i t s  i n t e r a s s a y  p r e c i s i o n  was a lways  15% 
(CV%).  The micro-ELISA i s  v e r s a t i l e ,  s i n c e  it can be used t o  
measure human, po rc ine ,  r a t ,  and p robab ly  mouse i n s u l i n .  
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136 BANK 

Since  expe r imen ta l  D i a b e t e s  r e s e a r c h  f r e q u e n t l y  employs 

i s o l a t e d  r a t  Islets of Langerhans ( 1 , 2 ) ,  measuring r a t  i n s u l i n  

q u a n t i t a t i v e l y  i s  impor t an t .  A t  p r e s e n t .  r a t  i n s u l i n  is u s u a l l y  

measured wi th  c o m p e t i t i v e  radioimmunoassays ( R I A s )  ( 3 , 4 , 5 ) .  

Although R I A s  are s e n s i t i v e ,  accurate, s p e c i f i c ,  and p r e c i s e  ( 6 1 ,  

they have s e v e r a l  d i sadvan tages .  R I A s  employ r a d i o a c t i v e l y  

l a b e l e d  molecu le s  whose a c t i v i t y  decays con t inuous ly .  

Consequently,  t h e  125-1 l a b e l e d  i n s u l i n  must be r e p l a c e d  

f r e q u e n t l y .  and each new ba tch  of 125-1 i n s u l i n  m u s t  be 

r e c h a r a c t e r i z e d .  R I A s  a r e  a l s o  time-consuming, c o s t l y ,  and 

p o t e n t i a l l y  hazardous t o  perform. These d i sadvan tages  can be 

circumvented by u s i n g  a n  Enzyme-linked Immunoassay ( E I A )  which 

employs enzyme-label led a n t i b o d i e s  o r  a n t i g e n s  (7 ,8 ,9 ,10 ,  11). The 

a c t i v i t y  of enzymes i s  less  s u s c e p t i b l e  t o  change d u r i n g  s t o r a g e .  

Although ELISAs  have been developed t o  measure porc ine ,  and human 

i n s u l i n  (13,14,15,16,17,18.19) ,  a q u a n t i t a t i v e  ELISA f o r  r a t  

i n s u l i n  has  not  been r epor t ed .  

The development of a q u a n t i t a t i v e  ELISA f o r  r a t  i n s u l i n  

r e p r e s e n t e d  a c h a l l e n g e  s i n c e  r a t  i n s u l i n  i s  on ly  a v a i l a b l e  i n  

l i m i t e d  q u a n t i t i e s .  To be p r a c t i c a l ,  an E L I S A  f o r  r a t  i n s u l i n  had 

t o  use 10-100 times less a n t i g e n  ( r a t  i n s u l i n )  t han  is commonly 

used i n  most E L I S A s ,  and y e t ,  s t i l l  remain q u a n t i t a t i v e .  

The aims of t h i s  r e s e a r c h  were: t o  deve lop  a s imple ,  s o l i d  

phase micro-ELISA f o r  r a t  i n s u l i n ,  t o  show t h a t  t h i s  E L I S A  i s  

q u a n t i t a t i v e  (i.e. p r e c i s e ,  accurate, s e n s i t i v e  and s p e c i f i c )  , t o  

compare t h e  r e s u l t s  of t h e  ELISA wi th  t h o s e  of an  R I A  f o r  r a t  

i n s u l i n ,  t o  tes t  t h e  E L I S A ' s  a b i l i t y  t o  measure i n s u l i n  i n  

expe r imen ta l  samples ( e x t r a c t s  of i s o l a t e d  i s le t s )  , and t o  

demons t r a t e  t h e  f e a s i b i l i t y  of a p p l y i n g  t h i s  a s s a y  t o  o t h e r  

i n s u l i n s  i n c l u d i n g  human and p o r c i n e  i n s u l i n .  
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A QUANTITATIVE ENZYME-LINKED IMMUNOSORBENT ASSAY 137 

a e m i c a l s  and SUDD l i e s :  

Ortho-phenylenediamine d i h y d r o c h l o r i d e  (OPD) and  R I A  g rade  

bovine serum albumin (BSA) were o b t a i n e d  from Sigma Chemical Co. 

(St .  Louis ,  MO USA). Hydrogen pe rox ide  was o b t a i n e d  from 

Mal l inck rod t  ( P a r i s ,  Kentucky USA). Tween-20 was o b t a i n e d  from 

F i she r  S c i e n t i f i c  Company ( A t l a n t a ,  GA USA). Human albumin 

(X12.6658) and  t r a s y l o l  were o b t a i n e d  from Calbiochem Behring (San 

Diego, CA USA). A l l  chemical s a l t s  used i n  t h e  b u f f e r s  were 

o b t a i n e d  from F i she r  S c i e n t i f i c  Company ( A t l a n t a ,  G A  USA) or  Sigma 

Chemical Company ( S t .  Louis ,  Mo USA). I n  a d d i t i o n ,  de ion ized ,  

g l a s s  d i s t i l l e d  water was used i n  a l l  b u f f e r s  and  r e a g e n t s .  Type 

I ImmUOplateS (Nunc, Denmark) were used th roughou t  t h i s  s tudy  and 

were o b t a i n e d  from Gibco L a b o r a t o r i e s  (Grand I s l a n d ,  N Y  USA). 

ELISA P l a t e  Reader;  

A modif ied,  s o l i d  s t a t e  c o l o r  dens i tome te r  (ESECO Speed- 

mas te r ,  Model No.T85D; Eseco, Cushing. Oklahoma USA) equipped w i t h  

a 490 t o  510 nm i n t e r f e r e n c e  f i l t e r  ( E a l i n g  Corpora t ion ,  Soutn 

N a t i c k ,  MA USA) was used t o  measure t h e  o p t i c a l  d e n s i t y  of 

samples.  The maximum o p t i c a l  d e n s i t y  was measured w i t h  a B i o t e k  

ELISA p l a t e  r eade r .  

Buf fe r  s; 

The composi t ion of t h e  phosphate  b u f f e r e d  s a l ine  (PBS) was 

137mMI l . h M  KH2FO4 8.lmM Na28P04, 2.7mM KC1, pH 7.2-7.4. The 

wash b u f f e r  con ta ined  0.05% Tween-20 i n  PBS. The sample b u f f e r  

f o r  samples c o n t a i n i n g  i n s u l i n  c o n t a i n e d  6.1% human (or 1% bov ine )  

serum albumin. 0.05% Tween-20, 0.1% T r a s y l o l ,  a p r o t e a s e  

i n h i b i t o r ,  l O m M  HEPES b u f f e r  and 0.01% m e r t h i o l a t e  ( v o l / v o l )  i n  

PBS. The compe t i t i on  b u f f e r  con ta ined  t h e  same components, but  

1 acke d mer t h i  01 a t e  , HEPES , and T r a sy  101. 
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138 BANK 

Reaaents;  

I n s  u l i  ns : 

P u r i f i e d  r a t  i n s u l i n  (>95% p u r e ) ,  and p u r i f i e d ,  b i o s y n t h e t i c  

human i n s u l i n  (25 uU/ng) was k ind ly  p rov ided  t o  us by Dr. Mary 

Root and D r .  R.E. Chance of L i l l y  Research L a b o r a t o r i e s  (Div. E l i  

L i l l y  Co., I n d i a n a p o l i s ,  I n d i a n a  USA). P r o - i n s u l i n  f r e e  r a t  

i n s u l i n  was pu rchased  from Novo Research I n s t i t u t e  (Bagsvaerd,  

Denmark). I n  a l l  t h e  expe r imen t s  r e p o r t e d  i n  t h i s  pape r ,  t h e  Novo 

r a t  i n s u l i n  (2OpU/ng) was used a s  t h e  s o l i d  phase a n t i g e n  on t h e  

p l a t e  and a s  t h e  l i q u i d  phase i n s u l i n  i n  t h e  s t a n d a r d s .  Rat  

i n s u l i n  from both sou rces  behaved w e l l  i n  t h i s  ELISA.  For t h e  

purpose of t h i s  r e s e a r c h  t h e  r a t  i n s u l i n  s t a n d a r d s  were p repa red  

so a s  t o  be compa t ib l e  wi th  bo th  R I A s  and  ELISAs  so t h a t  t h e  

performance of both a s s a y s  cou ld  be compared d i r e c t l y .  

C r y s t a l l i z e d  p o r c i n e  i n s u l i n  was o b t a i n e d  from Sigma Chemical 

Company (24uIU/ng; S t .  Louis.  MO U S A ) .  Human i n s u l i n  s t a n d a r d s  

were o b t a i n e d  from t h e  World Hea l th  Organ iza t ion  (London, 

England) .  The f i n a l  i n s u l i n  c o n c e n t r a t i o n s  of t h e  hunian i n s u l i n  

s t a n d a r d s  were confirmed wi th  a n  independen t  R I A  f o r  human i n s u l i n  

(Cambridge Diagnos t i c s ,  Cambridge, MA, USA).  

A n t i - i n s u l i n  Serum 

Guinea p i g  a n t i - i n s u l i n  serum (Lot  No. 623 ) w i t h  an  i n s u l i n  

b ind ing  c a p a c i t y  of  1.3 I U / d  serum) was purchased from t h e  

Department of Pharmacology, U n i v e r s i t y  of Ind iana  School  of 

Medicine ( I n d i a n a p o l i s ,  I N ,  USA) .  Wright  e t  a l .  showed t h a t ,  

guinea p i g  a n t i - i n s u l i n  serum c r o s s r e a c t s  w i th  r a t  i n s u l i n ,  and 

can be used t o  a s s a y  r a t  i n s u l i n  ( 3 ) .  T h i s  po lyc lona l  p i g  

an t i s e rum ( A I S )  is  s p e c i f i c  a g a i n s t  po rc ine  i n s u l i n  and e x h i b i t s  

a n  ex t r eme ly  low c r o s s - r e a c t i v i t y  w i t h  po rc ine  glucagon 

(1/10,000) .  The a n t i s e r a  was r e c o n s t i t u t e d ,  d i v i d e d  i n t o  lOOpl 

a l i q u o t s ,  and s t o r e d  a t  -20012. The optimum d i l u t i o n  of t h e  AIS 

was found t o  be 1:6400 f o r  t h e  r a t  i n s u l i n  ELISA. The second 

an t ibody ,  h o r s e r a d i s h  pe rox idase  l a b e l e d  r a b b i t  ant i -Guinea p i g  
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A QUANTITATIVE ENZYME-LINKED IMMUNOSORBENT ASSAY 139 

IgG (whole molecule)  was purchased from Miles S c i e n t i f i c  (Div. 

Miles L a b o r a t o r i e s ,  NapeKVille. I L  USA; Lo t  No E056).  The enzyme 

con juga te  was s t o r e d  a t  -7OOC i n  20ul  a l iquots  of compe t i t i on  

bu f fe r  i n  t u b e s  p r e c o a t e d  wi th  l % B S A /  PBS fo r  2 h a t  + 3 7 O c .  The 

optimum d i l u t i o n  of t h i s  second a n t i b o d y  was 1:2000. 

Enzyme S u b s t r a t e  and S topp ing  s o l u t i o n :  

The p h o t o s e n s i t i v e  s u b s t r a t e  s o l u t i o n  WBS made j u s t  b e f o r e  

u s e  and was s h i e l d e d  from l i g h t .  It  c o n s i s t e d  of f r e s h  3% 

hydrogen pe rox ide ,  25mg ortho-phenylenediamine (OPD) i n  50ml of a 

bu f fe r  c o n t a i n i n g  126ml N a H P 0 4 ,  and 3 7 m M  c i t r i c  a c i d  (pH 6 . 6 ) .  

The enzyme s u b s t r a t e ,  hydrogen pe rox ide  was d i l u t e d  from a 

c o n c e n t r a t e d  30% s t o c k  s o l u t i o n  s t o r e d  a t  4 O C .  The s t o p p i n g  

s o l u t i o n  c o n s i s t e d  of 5M H2S04. 

p r oce du r e 

T h i s  miCrO-ELISA i s  a n  i n d i r e c t ,  compe t i t i ve ,  s o l i d  phase 

inmunoassay ( 2 0 ) .  The f i n a l  op t imized  procedure used th roughou t  

t h i s  r e p o r t  i s  i l l u s t r a t e d  i n  F igu re  1. Opt imiza t ion  s t u d i e s  were 

c a r r i e d  o u t  f o r  each component of t h e  r a t  i n s u l i n  micro-ELISA, 

t h a t  is, f o r  t h e  primary and secondary a n t i b o d i e s  and  f o r  t h e  r a t  

i n s u l i n  c o n c e n t r a t i o n .  The optimum v a l u e s  mentioned i n  t h i s  

r e p o r t  a r e  t h e  f i n a l  v a l u e s  f o r  t h e  most s e n s i t i v e ,  p r e c i s e ,  and 

economical a s s a y .  S i n c e  t h e  7 2  h i n c u b a t i o n  gave t h e  most p r e c i s e  

r e s u l t s ,  a l l  of t h e  r e su l t s  r e p o r t e d  h e r e  were performed a t  t h a t  

time i n t e r v a l .  p r e c i s i o n  was a d v e r s e l y  a f f e c t e d  by o v e r f i l l i n g  

wells, and by washing t h e  wells too v igo rous ly .  

w i th  a g e n t l e  stream of washing f l u i d  from a p l a s t i c  wash b o t t l e .  

Wells were washed 

measurements: 

Unless  o the rwise  i n d i c a t e d ,  each immunoplate c o n t a i n e d  t h e  

fo l lowing :  q u a d r u p l i c a t e  wells f o r  each  i n s u l i n - c o n t a i n i n g  sample,  

q u a d r u p l i c a t e  wells f o r  each of t h e  non-specif  i c  b i n d i n g  c o n t r o l s  
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BANK 

BIND Rat Insulin to solid phase (SP-RI) 
(12.5nq/ml, 16-18H, 4012) 

1 
Wash 3 X  with W-buffer 

BLOCK Non-Specific Bindinq with B-buffer 

Wash 3 X  with W-buffer 

COMPETE unknown insulin (or Standard,LPRI) with 
SP-RI for anti-insulin serum AIS 

(72h, 37%) 

+ 
i 
4 
1 

Wash 3 X  with W-buffer 

BIND 2nd Enzyme-labeled Antibody t o  Ab-Ag complex 
(Zh, 37OC) 

Wash 3X with W-Uuffer 
I + 

ADD chromogenic SUBSTRATE and react (70 min, 200C) 

STOP enzynie reaction 

I READ optical density at 492nm 
I + 

PROCESS data with computer programs 

Figure 1. Outline of rat insulin Micro-ELISA. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



A QUANTITATIVE ENZYME-LINKED IMMUNOSORBENT ASSAY 141 

(NSB) ( l a c k i n g  primary a n t i - i n s u l i n  an t ibody ,  and sample or  l i q u i d  

phase i n s u l i n ) ,  q u a d r u p l i c a t e  wells of a r e f e r e n c e  b l ank  ( l a c k i n g  

pe rox idase  l a b e l e d  a n t i b o d i e s )  and t r i p l i c a t e  wel l s  f o r  each of 

f o u r  accu racy  s t a n d a r d s  (1 .0 ,  1 .75,  3.0. 10.0 n g / d  of p u r i f i e d  

r a t  i n s u l i n ) ,  and twelve r e p l i c a t e  wells f o r  t h e  z e r o  i n s u l i n  

samples (i.e. z e r o  l i q u i d  phase i n s u l i n  sample ) .  L i t t l e  c o l o r  was 

produced i n  t h e  n o n s p e c i f i c  b ind ing  wells, i.e. 0 . 2  o p t i c a l  

d e n s i t y  u n i t s  were produced i n  NSB wells compared t o  a t o t a l  1 . 3  

o p t i c a l  d e n s i t y  u n i t s  i n  wel l s  wi th  no i n s u l i n  ( i .e.  z e r o  sample,  

l i q u i d  phase i n s u l i n ) .  

S t anda rd  Curve f o r  t h e  ELISA; 

To f a c i l i t a t e  d i r e c t  comparisons between t h e  R I A  and t h e  

ELISA.  ELISA d a t a  were p l o t t e d  a s  a l o g  of t h e  d o s e  r e sponse  

cu rve  ( i . e . ,  a s  a % response v e r s u s  t h e  l o g  of t h e  i n s u l i n  

concentr-  a t i o n ) .  The p e r c e n t  r e sponse  f o r  each  w e l l  was 

determined by o b t a i n i n g  t h e  o p t i c a l  d e n s i t y  of each well, 

c o r r e c t i n g  i t  f o r  non- spec i f i c  b ind ing  (NSB), and  e x p r e s s i n g  t h e  

o p t i c a l  d e n s i t y  a s  a per c e n t  of maximum b ind ing  c o r r e c t e d  f o r  

n o n s p e c i f i c  b ind ing  ( a t  t h e  z e r o  i n s u l i n  c o n c e n t r a t i o n ) .  O u t l i e r s  

> f. 3 SD of t h e  mean o p t i c a l  d e n s i t y  a t  t h e  z e r o  i n s u l i n  

c o n c e n t r a t i o n  were omi t t ed  from t h e  c a l c u l a t i o n s .  

S t a t i s t i c a l  Analvs is; 

A computer program was w r i t t e n  t o  perform t h e  i n i t i a l  data 

r e d u c t i o n  and s t a t i s t i c a l  a n a l y s i s  of bo th  ELISAs a n d  R I A s .  The 

program ca lcu la tes  t h e  mean, s t a n d a r d  e r r o r  of t h e  mean, s t a n d a r d  

d e v i a t i o n ,  and v a r i a n c e  of each set of r e p l i c a t e  measurements.  I t  

c o r r e c t s  a l l  v a l u e s  f o r  non- spec i f i c  b ind ing ,  and r e t a i n s  a n  

uncor rec t ed  mean %B/Bo v a l u e  f o r  l a t e r  use  i n  t h e  c u r v e - f i t t i n g  

programs. The r e su l t s  a r e  expres sed  i n  o p t i c a l  d e n s i t y  u n i t s .  and 

a s  a pe rcen t  of t h e  maximum bound v a l u e  %B/BO. I n  a d d i t i o n ,  t h e  

program p r i n t s  t h e  number of r e p l i c a t e s  ( n )  f o r  each d a t a  p o i n t ,  

and t h e  i n t e r - r e p l i c a t e  c o e f f i c i e n t  of v a r i a t i o n  f o r  each set of  
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r e p l i c a t e s .  Using t h i s  program, it was p o s s i b l e  t o  def ine  t h e  

shape of t h e  ELISA competition curve, which i s  a n  important 

c r i t e r i o n  f o r  s e l e c t i n g  an appropr ia te  curve f i t t i n g  program. All 

data  a n a l y s i s  was performed on an I n t e r t e c  SuperBrain (64K) or a n  

IBM-Personal Computer (512K). A l o g i t - l o g  program, o r i g i n a l l y  

w r i t t e n  f o r  the  a n a l y s i s  of sigmoidally shaped R I A  curves (Dr. D. 

Rodbard, National I n s t i t u e s  of Health, USA) was adapted f o r  use 

with t h i s  type of ELISA. 

BIBr 
A commercially a v a i l a b l e  R I A  f o r  r a t  i n s u l i n  (Novo, Denmark) 

4 )  was used t o  determine how well ELISA r e s u l t s  c o r r e l a t e d  wi th  

those of a n  R I A .  I n  the experiments reported here ,  t h e  R I A  was 

periormed according t o  t h e  manufacturer ' s  recommendations w i t h  a 

few minor except ions.  To f a c i l i t a t e  d i r e c t  comparisons between 

the R I A  and t h e  ELISA,  the  125-1 r a d i o a c t i v i t y  i n  t h e  immuno- 

p r e c i p i t a t e s  was counted ( r a t h e r  than t h e  r a d i o a c t i v i t y  i n  t h e  

Supernatants) .  L i k e  t h e  ELISA r e s u l t s ,  t h e  R I A  r e s u l t s  were 

expressed i n  terms of %B/Bo (cor rec ted  f o r  non-specific b inding) ,  

and p l o t t e d  as  a l o g  of t h e  dose response curve, l i k e  t h e  ELISA 

r e s u l t s .  A l l  r ad ioac t ive  Samples were counted with a gamma 

counter optimized f o r  125-1 (Beckman Instruments, Inc. ,  F u l l e r t o n  

CA U S A ) .  

t r a c t i o n  ; Islets of Lanqerhans: 1s- and ~nsulin E X  

Rat pancrea t ic  i s le t s  were i s o l a t e d  from 150-2509 Long Evans 

Hooded r a t s  according t o  t h e  method of Lacy and Kostianovsky (1), 

a s  modified by Taylor ( 2 1 ) .  I n s u l i n  was e x t r a c t e d  from t h e  i s le ts  

w i t h  t h e  fol lowing procedure. Groups of 20 s i m i l a r l y  s i z e d  islets 

were placed i n  one ml  of the  sample buffer ,  and i n s u l i n  e x t r a c t i o n  

was c a r r i e d  out  by hypotonic l y s i s  of t h e  i s l e t  cells ( 0 - 4 O C )  i n  

the presence a pro tease  i n h i b i t o r  (0.1% T r a s y l o l ) .  To ensure 

complete d i s r u p t i o n  of c e l l s ,  osmotic d i s r u p t i o n  was followed by 3 
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A QUANTITATIVE ENZYME-LINKED IMUNOSORBENT ASSAY 143 

c y c l e s  of  f reeze-thawing between OOC and  -28OC. Subsequen t ly ,  t h e  

samples  were r e s t o r e d  t o  i s o t o n i c i t y  w i t h  t h e  a d d i t i o n  of c o l d  

c o n c e n t r a t e d  ( 1 O X )  s o l u t i o n  of sample b u f f e r ,  t hen  t h e  samples 

were c e n t r i f u g e d  ( 5  min, 13,000 g )  t o  remove l a r g e  cel lular  

d e b r i s .  The s u p e r n a t a n t s  were s t o r e d  a t  -2OOC u n t i l  assayed.  

The same ELISA can be used f o r  po rc ine ,  and human i n s u l i n ,  i f  

t h e  c o a t i n g  and competing s t a n d a r d  i n s u l i n  a r e  t h e  same. The 

o p t i s i z e d  v a l u e s  f o r  po rc ine  and human i n s u l i n  ELISAs a r e  g i v e n  i n  

f i g u r e  3A t o  3C. 

SENSITIVITY 

I n  t h i s  r e p o r t  t h e  s e n s i t i v i t y  is d e f i n e d  a s  t h e  lower l i m i t  

of d e t e c t i o n  (LLD) of t h e  a s s a y .  That  i s ,  t h e  s e n s i t i v i t y  i s  t h a t  

i n s u l i n  c o n c e n t r a t i o n  t h a t  l i e s  two s t a n d a r d  d e v i a t i o n s  away from 

t h e  z e r o  i n s u l i n  c o n c e n t r a t i o n  on t h e  s t a n d a r d  cu rve .  

CORRELATION EXPERIMENTS 

I n  t h e  c o r r e l a t i o n  expe r imen t s ,  ra t  i n s u l i n  was measured i n  

crude e x t r a c t s  of i s o l a t e d  r a t  islets. The r a t  i n s u l i n  was 

e x t r a c t e d  from e i g h t  groups of i s o l a t e d  i s le t s  (20 i s l e t s / g r o u p ;  2 

i s o l a t i o n s ) ,  and t h e  i n s u l i n  c o n c e n t r a t i o n  of each s t o c k  e x t r a c t  

was de t e rmined  wi th  an R I A .  Then, t h e s e  8 e x t r a c t s  were d i l u t e d  

f u r t h e r  t o  form a t o t a l  of 26 expe r imen ta l  samples  w i t h  a wide 

range of i n s u l i n  c o n c e n t r a t i o n s .  R11 samples  were measured i n  

q u a d r u p l i c a t e  by each a s s a y .  

Use fu l  range 

The u s e f u l  range of t h e  micro-ELISA f o r  r a t  i n s u l i n  was 

g r e a t e r  t han  t h a t  of t h e  R I A  t e s t e d .  For example, t h e  micro-ELISA 

f o r  r a t  i n s u l i n  i n  F igu re  2A had a u s e f u l  range of 0.4 - 46.0 

ng/ml, w h i l e  t h e  R I A  i n  F i g u r e  2B had a u s e f u l  range of  0.2-8.6 
, C. 
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144 BANK 

ng/ml. T y p i c a l l y ,  t h e  u s e f u l  range of t h e  R I A  was between 0.3-3.0 

ng/ml. 

S e n s i t i v i t y  

The lower l i m i t  of d e t e c t i o n  ( s e n s i t i v i t y )  of  n ine  s e p a r a t e  

ELISAs performed over  f i v e  months was 1.02 2 0.13ng/ml ( 2  SEM; S e e  

Table  1) .  T h i s  corresponds t o  v a l u e  of 20 2 2.6 p g  pe r  

de t e rmina t ion ,  or 175  2 23 femtomoles/ml, or 3.5 0.46 

femtomoles, or 0.4 5 0.05  pU/determinat ion.  The mean s e n s i t i v i t y  

of f o u r  s e p a r a t e  R I A s  was 0.38 5 0.10 ng/ml (mean, +_ SEM), which 

was s l i g h t l y  b e t t e r  t han  t h a t  of t h e  ELISA. 

Accuracy and c o r r e l a t i o n  

Tab le  2 shows t h a t  t h e  ELISA measured t h r e e  h i g h l y  p u r i f i e d  

r a t  i n s u l i n  s t a n d a r d s  a c c u r a t e l y  ove r  a range of i n s u l i n  

c o n c e n t r a t i o n s  i n  s i x  s e p a r a t e  ELISAs. Subsequent minor 

m o d i f i c a t i o n s  t o  t h e  washing p rocedure  have i n c r e a s e d  t h e  

p r e c i s i o n  of t h e  a s s a y  wi thou t  comprimising its accuracy.  

To de te rmine  how well  t h e  r e s u l t s  of t h e  micro-ELISA f o r  r a t  

i n s u l i n  a g r e e d  wi th  those  of t h e  R I A  when r a t  i n s u l i n  was p r e s e n t  

i n  crude e x t r a c t s  of i s o l a t e d  i s le t s ,  t h e  mean i n s u l i n  

c o n c e n t r a t i o n s  of 26 samples  were de te rmined  and p l o t t e d  on a 

sca t t e rg ram.  A l i n e a r  r e g r e s s i o n  gave a c o r r e l a t i o n  e q u a t i o n  of Y 

(ELISA) = 0 .8X  ( R I A )  + O.5ng/ml, and a c o r r e l a t i o n  c o e f f i c i e n t  of 

0.91. 

Pr eci si on 

The p r e c i s i o n  of t h e  ELISA and  R I A  were compared d i r e c t l y .  

The c o e f f i c i e n t s  of i n t r a s s a y  and  i n t e r a s s a y  v a r i a t i o n  were 

c a l c u l a t e d  wi th  t h e  same computat ion f o r  t h e  same s t a n d a r d s  u s i n g  

t h e  same number of r e p l i c a t e s  (Tab le  3 ) .  I n  g e n e r a l ,  t h e  ra t  

i n s u l i n  ELISA was more p r e c i s e  t h a n  t h e  R I A  t e s t e d .  The 
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A QUANTITATIVE ENZYME-LINKED IHHUNOSORBENT ASSAY 

TABLE 1 

ELISA 

SENSITIVITY 
a 

Assay Sensitivity (ng/mlI 

ELISA 1 

“ 2  

“ 3  

4 

“ 5  

6 

“ 7  

I‘ a 
‘I 9 

1 . 6  

1 . 4  

0.7 

1 .o 

0.7 

1.2 

1.3 

0.9 

0.4 

Mean = 1.02 (+ 0.13, SEMI ng/ml 
.b 

= 175 ( 2  23.0, SEMI €emtomoles/ml 

= 3.5 (+ 0.46, SEMI €emtomoles/well 

= 3.5 (+ 0.46, SEMI €emtomoles/determination 

145 

a Lower Limit of Detection of ELISA 

b Assumes a M.W. o€ 5.700 daltons for rat insulin 
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TABLE 2 

ELISA 

ACCURACY 

BANK 

No 

Accuracy Standards  

[Rat  I n s u l i n 1  

1 .o 1.75 3.0 (ng/ rn l )  

1.65 2.39 2.81 (30) 

1.42 1.88 3.63 (30) 

1.02 3.12 3.18 (30) 

1.68 2.80 3.07 (30) 

1.11 1.80 3.37 ( 3 )  

1.12 1.42 2.24 (3) 

Grand Mean = 1.33 2.24 3.05 

c o e f f i c i e n t s  of i n t r a s s a y  v a r i a t i o n  f o r  the  optimized ELISA were 

> l o %  (CV%), while t h e  c o e f f i c i e n t  of i n t r a s s a y  v a r i a t i o n  were 

always l e s s  than or equal t o  15% (CV%). The c o e f f i c i e n t s  of 

in t raassay  v a r i a t i o n  f o r  t h e  R I A  were less than or equal t o  11.3% 

(CV%), while  the c o e f f i c i e n t s  of i n t e r a s s a y  v a r i a t i o n  were less 

than or equal t o  39% (CV%). 

To compare t h e  prec is ion  between two very d i f f e r e n t  assays ,  

having two d i f f e r e n t  useful  ranges, the p r e c i s i o n  was compared a t  

or near the  midpoints (on a logar i thmic  scale) of the  s tandard  

curves. This  i s  t h e  region of the  s tandard curve where the 
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A QUANTITATIVE ENZYME-LINKED IHMUNOSORBENT ASSAY 147 

TABLE 3 

ELISA PRECISION 

Nominal No. cvz cvz 
[ I n s u l i n 1  No. R e p l i c a t e s /  Intra-  In ter -  

( n g / m l )  Assays Assay Assay Assay 

1.75 6 3 8 . 4 2  1 4 . 8 2  

3 .O 5 3 5 . 5 2  15 .02 

10.0 5 3 5.32 13.62 

R I A  PRECISION 

Nominal No. cvx cvx 
[ Insu l in1  No. R e p l i c a t e s /  Intra-  In ter -  

( n g / m l )  Assays Assay Assay Assay 

1 .o 4 3 11.12 31.72 

3 .O 4 3 11.32 392 
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140 BANK 

p r e c i s i o n  of both a s s a y s  w i l l  be best. The c o e f f i c i e n t s  of 

i n t r a a s s a y  and i n t e r a s s a y  v a r i a t i o n  f o r  t h e  R I A  a t  l.Ong/ml nea r  

t h e  midpoint of 1.25 5 0.105 ng/ml (mean +SE; 4 RIAs) were 11.1%, 

and 39%, r e s p e c t i v e l y .  The c o e f f i c i e n t s  of i n t r a a s s a y  and  

i n t e r a s s a y  v a r i a t i o n  f o r  t h e  E L I S A  a t  10.0 ng/ml ( n e a r  t h e  

midpoint of 7.6ng/ml 0.69 ng/ml on a l o g  scale) were 5.3% and 

13.6%, r e s p e c t i v e l y .  Thus, t h e  E L I S A  was more p r e c i s e  t h a n  t h e  

R I A  t e s t e d .  

Shape of t h e  s t a n d a r d  curve:  

To a n a l y z e  t h e  performance of t h i s  a s s a y ,  t h e  s t a n d a r d  c u r v e  

was t ransformed i n t o  a s t r a i g h t  l i n e  r e l a t i o n s h i p ,  where t h e  

s l o p e ,  i n t e r c e p t s ,  and s t a t i s t i c a l  parameters of a s say  per tormance 

could be c a l c u l a t e d  e a s i l y .  The c h o i c e  of a n  a p p r o p r i a t e  

t r ans fo rm r e q u i r e d  t h e  knowledge of t h e  t rue shape of t h e  s t a n d a r d  

curve.  F igu re  2a i l l u s t r a t e s  t h e  shape of t h e  E L I S A ' s  s t a n d a r d  

curve.  The e r r o r  b a r s  i n  f i g u r e  2 a  show t h e  2 s t a n d a r d  

d e v i a t i o n s  of t h e  mean of 30 r e p l i c a t e s  a t  each i n s u l i n  

concen t r a t ion .  Thus. t h e  approximate 95% conf idence  l i m i t s  f o r  

t h e  shape of t h e  s t a n d a r d  cu rve  show t h a t  t h e  E L I S A  i s  s i g m o i d a l l y  

shaped. T h i s  f i n d i n g  was conf inned  w i t h  t h r e e  o t h e r  e q u a l l y  

e x t  e n s  iv e EL I S A  6. 

Since  t h e  E L I S A , s  s t a n d a r d  c u r v e  was s igmoida l ly  shaped, it 

could be t ransformed i n t o  a s t r a i g h t - l i n e  w i t h  a l o g i t - l o g  

t r a n s f o r m a t i o n .  The t r ans fo rmed  E L I S A  s t a n d a r d  c u r v e s  r e s u l t e d  i n  

e x c e l l e n t  f i t s  t o  s t r a i g h t  l i n e .  C o r r e l a t i o n  c o e f f i c i e n t s  of t h e  

goodness of f i t  f o r  f o u r  separate E L I S A s  were 0.97, 0.98, 0.99, 

and 0.99. The goodness  of f i t  of R I A  s t a n d a r d  c u r v e s  t o  s t r a i g h t  

l i n e  r e l a t i o n s h i p s  were no t  q u i t e  as good as t h o s e  f o r  t h e  E L I S A s  

( f i g u r e s  2d; rS0.90).  Nonetheless ,  i t  i s  a p p a r e n t  t h a t  both t h e  

E L I S A  and t h e  R I A  c u r v e s  a r e  s i m i l a r l y  shaped, and when t h e  l o g  of  

t h e  dose  response cu rves  ( f i g u r e s  2a and 2b) are  t r ans fo rmed  w i t h  

a l o g i t - l o g  t r a n s f o r m a t i o n  ( f i g u r e s  2c and 2d ) ,  t h e  performance of 
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A OUANTITATIVE ENZYME-LINKED IMMUNOSORBENT ASSAY 149 

t h e s e  two a s s a y s  a r e  e a s i l y  compared, t h u s  s i m p l i f i n g  t h e  

q u a n t i t a t i v e  a n a l y s i s  of s p e c i f i c i t y .  That  i s ,  it i s  much easier 

t o  tes t  f o r  p a r a l l e l i s m  between s t r a i g h t  l i n e s  than  between 

s igmoida l ly  shaped cu rves .  

S p e c i f i c i t y  

I n  a d d i t i o n  t o  us ing  a n t i g e n s  of known p u r i t y ,  and a n t i b o d i e s  

of known s p e c i f i c i t i e s ,  t h e  s p e c i f i c i t y  of t h e  ELISA was v e r i f i e d  

by t e s t i n g  t h e  expe r imen ta l  and s t a n d a r d  c u r v e s  f o r  p a r a l l e l i s m .  

To adequa te ly  tes t  f o r  p a r a l l e l i s m ,  12-15 d i f f e r e n t  i n s u l i n  

c o n c e n t r a t i o n s  between 0 . 4  and 30 ng/ml (8.0-600 u U / m l )  were 

a s sayed  f o r  each curve.  The c u r v e s  were t r ans fo rmed  w i t h  a n  

unweighted l o g i t - l o g  a n a l y s i s  and t h e  s l o p e s  of t h e  t r ans fo rmed  

c u r v e s  were computed. The s l o p e s  of t h e  t r ans fo rmed  e x p e r i m e n t a l  

c u r v e s  were t h e  same a s  t h e  mean s l o p e  of t h e  s t a n d a r d  cu rve ,  

w i t h i n L 2  s t a n d a r d  e r r o r s  of t h e  mean. The s l o p e s  of t h e  

t r ans fo rmed  c u r v e s  were: -0.35 (+ 0.55 SEM)r -0.82 ( 5  0.60 S E M ) r  

and -0 .77 (+ 0.13 SEM). S ince  expe r imen ta l  cu rves  a r e  pa ra l l e l  t o  

s t a n d a r d  cu rves ,  and t h e  expe r imen ta l  samples behave l i k e  t h e  

p u r i f i e d ,  p r o - i n s u l i n  f r e e  r a t  i n s u l i n  over a wide range of 

i n s u l i n  c o n c e n t r a t i o n s ,  t h e  a s s a y  i s  s p e c i f i c .  

Appl i ca b i l  i t y  t o  o t h e r  i n s u l  i n s  : 

F i g u r e s  3 A-C demons t r a t e  t h e  f e a s i b i l i t y  of u s i n g  t h e  micro- 

ELIsA t o  measure o t h e r  i n s u l i n s  i n c l u d i n g ,  po rc ine  ( f i g .  3B)r and 

human i n s u l i n  ( f i g .  3C). F igu re  3A shows t h e  l o g  of t h e  dose 

response c u r v e  f o r  a d i f f e r e n t  ELISA f o r  r a t  i n s u l i n  t h a n  i s  shown 

i n  F igu re  2A. 

F igu re  38 shows t h e  l o g  of t h e  dose  r e sponse  c u r v e  f o r  t h e  p o r c i n e  

i n s u l i n  micro-ELISA. The s e n s i t i v i t y  of t h e  p o r c i n e  i n s u l i n  ELISA 

was t h e  g r e a t e s t  of t h e  t h r e e  ELISAs shown i n  f i g u r e  3 (0.05- 

O.lng/ml or 1.3-2.5pU/ml). T h i s  co r re sponds  t o  0.026 t o  O.O5pU/ 

per  de t e rmina t ion .  F i g u r e  3C shows t h e  l o g  of t h e  dose  r e sponse  

S i m i l a r  resul ts  were o b t a i n e d  f o r  both a s says .  
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Figure 2B. The l o g i t  l o g  t ransformat ions  f o r  the r a t  i n s u l i n  E L I S A  
is i l l u s t r a t e d .  
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log nnru~in] ng/ml 
F i g u r e  2C. Log of t h e  dose r e sponse  f o r  a s i n g l e  R I A  ( r a t  i n s u l i n )  
showing t h a t  t he  s t a n d a r d  of t h e  R I A  f o r  r a t  i n s u l i n  i s  s i g m o i d a l l y  
shaped. Each e r r o r  bar  r e p r e s e n t s  5 2 SEM of f o u r  r e p l i c a t e s .  T h i s  
R I A  h a s  t h e  l a r g e s t  u s e f u l  range of a l l  t h e  a s s a y s  t e s t e d .  T y p i c a l l y  
i t s  use fu l  range was between 0.03, and 3.Ong/ml. 
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F i g u r e  2D. The l o g i t  l o g  t r a n s f o r m a t i o n s  f o r  t h e  r a t  i n s u l i n  R I A  
(fig.2C) i s  i l l u s t r a t e d .  A l l  4 curves  ( f i g u r e s  2A-2D) were c o r r e c t e d  
f o r  non- spec i f i c  binding,  and were p l o t t e d  on similar a x e s  t o  permit 
d i r e c t  q u a n t i t a t i v e  comparisons between t h e  performance of t h e  
a s says .  
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F i g u r e  3. V e r s a t i l i t y  of t h e  micro-ELISA. F i g u r e s  3A through 3C 
show t h a t  t he  same ELISA can be used t o  measure o t h e r  i n s u l i n 6  w i t h  
only minor changes i n  procedure.  

F i g u r e  3A. The f i g u r e  shows t h e  l o g  of t h e  dose r e sponse  cu rve  f o r  a 
r a t  i n s u l i n  ELISA. The d a t a  a r e  from a d i f f e r e n t  ELISA t h a n  t h a t  s h w n  
i n  F igu re  3A, however t h e  r e s u l t s  a re  similar.  

cu rve  f o r  t h e  human i n s u l i n  micro-ELlSA. The s e n s i t i v i t y  of t h e  

human i n s u l i n  E L I S A  was 0.4 ng/ml. T h i s  micro-ELISA a c c u r a t e l y  

measured t h r e e  human i n s u l i n  s t a n d a r d s  (10, 5 0 ,  150pU/ml) o b t a i n e d  

from t h e  World Hea l th  Organ iza t ion  (London). The f i n a l  

c o n c e n t r a t i o n  of each human i n s u l i n  s t a n d a r d  was v e r i f i e d  

independen t ly  wi th  a n  R I A  f o r  human i n s u l i n .  S i n c e  s t a n d a r d  

cu rves  of each micro-ELISA from F i g u r e s  3A t o  3C a r e  s igmoida l ly  

shaped, t he  same computat ion methods could be used. 

A simple,  q u a n t i t a t i v e  micro-ELISA f o r  measuring ra t  i n s u l i n  

h a s  been developed. The a s say  is accurate, s p e c i f i c ,  s e n s i t i v e ,  

and p r e c i s e .  The resul ts  of t h e  micro-ELISA c o r r e l a t e  W e l l  w i t h  

those  of a comparable R I A ,  and i t  measures  r a t  i n s u l i n  i n  

p u r i f i e d ,  s t a n d a r d s  and  i n  e x t r a c t s  of islets. The micro-ELISA i s  
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F i g u r e  3B. The f i g u r e  shows t h e  l o g  of t h e  dose r e sponse  c u r v e  for a 
Porc ine  i n s u l i n  ELISA. I n  t h i s  a s s a y ,  p o r c i n e  i n s u l i n  was used both a s  
t h e  solid phase  ( c o a t i n g )  and l i q u i d  phase  (competing)  a n t i g e n .  

P > 

90. 

80. 

70. ELISA (HUMAN INSULIN) 

STANDARDS: 
80 WORLD HEALTH ORGANIZATION 

HUMAN INSULIN IMMUNOASSAV: 

4 0  WHO - 50 W p U  

ERROR BARS-  a 2 S E M  (N*3/PT) 
2 0  

10' 

,150 

3c 

F i g u r e  3C. The f i g u r e  shows t h e  l o g  of t h e  dose r e sponse  c u r v e  for 
Human i n s u l i n  ELISA. I n  t h i s  a s s a y ,  p o r c i n e  i n s u l i n  was used a s  t h e  
s o l i d  phase ( c o a t i n g )  a n t i g e n ,  and b i o s y n t h e t i c  human i n s u l i n  ( E l i  
L i l l y  Co.) was used a s  t h e  competing a n t i g e n .  The t h r e e  human i n s u l i n  
immunoassay s t a n d a r d s  ( c o u r t e s y  of t h e  World Health Organ iza t ion ,  
London, England)  i n d i c a t e  t h a t  human i n s u l i n  was measured a c c u r a t e l y  by 
t h e  a s say .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



154 BANK 

v e r s a t i l e  s i n c e  i t  measures human and p o r c i n e  i n s u l i n .  

Furthermore,  t h e  E L I S A  can be used t o  measure mouse i n s u l i n ,  S ince  

t h e  amino a c i d  sequence of mouse i n s u l i n s  I and  I1 a r e  i d e n t i c a l  

t o  t h o s e  of r a t  i n s u l i n s  I and I1 ( 2 ) .  

The ELISA's s e n s i t i v i t y  i s  on ly  s l i g h t l y  less t h a n  t h a t  of a 

commercial R I A  f o r  r a t  i n s u l i n .  The s e n s i t i v i t y  of t h e  micro- 

ELISA f o r  r a t  i n s u l i n  i s  s u f f i c i e n t  t o  measure t h e  i n s u l i n  c o n t e n t  

of a s i n g l e  i s l e t  i n  5.0ml of b u f f e r  or t o  measure t h e  amount of 

i n s u l i n  s e c r e t e d  by a s i n g l e  i s l e t  i n t o  1.0 m l  b u f f e r  (assuming 

t h a t  20% of t h e  i n s u l i n  i n  a n  i s o l a t e d  i s l e t  i s  s e c r e t e d  d u r i n g  a 

60 minute s t a t i c  c h a l l e n g e  w i t h  l l m M  g l u c o s e ) .  

S i n c e  t h i s  i s  t h e  f i r s t  r e p o r t  of t h e  deve lopnen t  of a n  ELISA 

f o r  r a t  i n s u l i n ,  t h e  per tormance of t h i s  E L I S A  canno t  be compared 

d i r e c t l y  wi th  a n o t h e r  r a t  i n s u l i n  ELISA. However, o t h e r  enzyme 

immunoassays ( E I A s )  have been developed f o r  human and p o r c i n e  

i n s u l i n s  and comparisons can be made w i t h  t h e s e  ELISAS. I n  

g e n e r a l ,  t h e  lower l i m i t  of d e t e c t i o n  (3.5 femtomoles)  f o r  r a t  

i n s u l i n  compares f a v o r a b l y  wi th  t h e  lower l i m i t s  of d e t e c t i o n  of 

o t h e r  E L I S A s  f o r  human and p o r c i n e  i n s u l i n .  e.g. 2.1 (141, 3.5 

(151, and 5.0 femtomoles ( 1 6 ) .  When compared w i t h  c o l o r i m e t r i c  

E I A s  f o r  human i n s u l i n ,  t h e  c o l o r i m e t r i c  r a t  i n s u l i n  micro-ELISA 

i s  more s e n s i t i v e  t h a n  two a s s a y s  (13,16)  , and s l i g h t l y  less  

s e n s i t i v e  than  a n o t h e r  ( 1 7 ) .  The r a t  i n s u l i n  ELISA i s  somewhat 

less  s e n s i t i v e  t h a n  f l u o r i m e t r i c  E L I S A s  f o r  human i n s u l i n  (18 ,19 ) .  

The s e n s i t i v i t y  of t h e  r a t  i n s u l i n  mic ro -ELISA (O..QuU/well) i s  

equal t h a t  of one f l u o r e s c e n t  E I A  f o r  p o r c i n e  i n s u l i n  ( 1 4 ) ,  and 

s l i g h t l y  less s e n s i t i v e  ( 2 X  less) t h a n  a n o t h e r  (16 ) .  

The s e n s i t i v i t y  of t h e  p o r c i n e  i n s u l i n  micro-ELISA shown i n  

f i g u r e  38 i s  more s e n s i t i v e  t h a n  two f l u o r e s c e n t  E I A s  f o r  po rc ine  

i n s u l i n  (19 ,21 ) ,  w h i l e  t h e  human i n s u l i n  ELISA i n  f i g u r e  3C i s  
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less s e n s i t i v e  t h a n  t h e  most s e n s i t i v e  f l u o r e s c e n t  ELISA f o r  human 

i n s u l i n  (19). 

Three o b s e r v a t i o n s  s u p p o r t  t h e  conc lus ion  t h a t  t h i s  micro-  

ELISA measures r a t  i n s u l i n  a c c u r a t e l y .  F i r s t ,  t h e  ELISA 

a c c u r a t e l y  measured h i g h l y  p u r i f i e d  (>95%)  r a t  i n s u l i n  s t a n d a r d s  

a c c u r a t e l y .  Second, t h e  E L I S A  measured r a t  i n s u l i n  o b t a i n e d  from 

e x t r a c t s  of islets a c c u r a t e l y  and i t s  r e su l t s  c o r r e l a t e d  wel l  w i t h  

t hose  of a n  R I A .  Third,  t h e  E L I S A  measured t h e  amount of 

i n s u l i n / r a t  i s l e t  a c c u r a t e l y  s i n c e  t h e  i n s u l i n / i s l e t  v a l u e s  f e l l  

w i t h i n  t h e  range of v a l u e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  (22 ,23 ,24 ) .  

The u s e f u l  range of t h e  E L I S A  was c o n s i s t a n t l y  s u p e r i o r  t o  

t h a t  of t h e  R I A  t e s t e d .  One p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  s m a l l e r  

u s e f u l  range of t h e  r a t  i n s u l i n  R I A  may l i e  i n  t h e  f a c t  t h a t  t h e  

R I A  uses 125-1 l a b e l e d  p o r c i n e  i n s u l i n  a s  a tracer a n t i g e n ,  and 

r a t  i n s u l i n  may not  d i s p l a c e  a l l  of t h e  l a b e l e d  p o r c i n e  i n s u l i n .  

S i n c e  t h e  ELISA uses r a t  i n s u l i n  f o r  bo th  t h e  bound ( s o l i d  phase  

i n s u l i n )  a n d  f r e e  phase ( l i q u i d  p h a s e ) ,  t h e  r a t  i n s u l i n  shou ld  be 

a b l e  t o  d i s p l a c e  a l l  of t h e  a n t i - i n s u l i n  a n t i b o d y  bound t o  t h e  

s o l i d  phase r a t  i n s u l i n .  One of t h e  pract ical  a d v a n t a g e s  of t h e  

g r e a t e r  u s e f u l  range of t h e  E L I S A  i s  t h a t  fewer d i l u t i o n s  and 

remeasurements of samples  are needed. 

The p r e c i s i o n  of t h e  micro-ELISA was s u p e r i o r  t o  t h a t  of t he  

r a t  i n s u l i n  R I A  t e s t e d ,  b u t  e q u i v a l e n t  t o  t h a t  of R I A 6  known t o  be  

p r e c i s e  ( 1 7 ) .  To e n a b l e  comparison of p r e c i s i o n  both R I A  and 

ELISA s t a n d a r d s  were drawn from t h e  same ba tch  of r a t  i n s u l i n ,  t h e  

same number of r e p l i c a t e s  were used, the same computa t iona l  

methods were used and both curves were c o r r e c t e d  f o r  n o n - s p e c i f i c  

binding.  The p r e c i s i o n  of t h e  Elisa was superior t o  t h a t  of t h e  

R I A .  The ELISA i s  v e r s a t i l e ,  s i n c e  it can be used t o  measure r a t ,  

porcine, and p robab ly  mouse i n s u l i n s .  S ince  t h e  ELISA is a 
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micrmethod, i t  w i l l  be useful  i n  a p p l i c a t i o n s  where l a r g e  numbers 

of prec ise ,  q u a n t i t a t i v e  determinat ions a r e  needed, e.g. i n  

per i fus ion  s t u d i e s  of the  k i n e t i c s  of i n s u l i n  r e l e a s e ,  and i n  

s t u d i e s  of the  molecular biology , biosynthes is ,  s e c r e t i o n ,  and 

metabolism of r a t  and mouse i n s u l i n .  S ince  World Health 

Organization human i n s u l i n  s tandards  a r e  measured a c c u r a t e l y  w i t h  

the same type of micro-ELISA a s  the one f o r  r a t  i n s u l i n ,  i n  t h e  

f u t u r e ,  both c l i n i c a l  and experimental samples may be assayed w i t h  

e s s e n t i a l l y  the  same procedure. 

The au thor  wishes t o  thank Dr. Michael Taylor (Cambridge U.,  

Cambridge, England) f o r  shar ing  h i s  i s le t  i s o l a t i o n  procedure w i t h  
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