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MEASUREMENT OF GLUCAGON I N  HUMAN PLASMA BY ENZYME IMMUNOASSAY 

Akira Ohneda,Takashi Kobayashi ,J i ro  Nihei,Susumu Iwasa and Koichi Kondo 

Third Medical Department, Tohoku Univers i ty  School of Medicine,Sendai 980, 

and Chemical Research Labora tor ies ,  C e n t r a l  Research Div is ion ,  Takeda 

Chemical I n d u s t r i e s , L t d . ,  Osaka 522, Japan 

ABSTRACT 

In  order t o  i n v e s t i g a t e  t h e  v a l i d i t y  of an enzyme immunoassay f o r  

glucagon, t h e  glucagon l e v e l s  of human plasma were determined by both 

enzyme immunoassay (EIA) and radioimmunoassay (RIA). A f t e r  a glucose 

load,  plasma glucagon measured by both E I A  and R I A  f e l l  i n  12 normal 

subjec ts .  The glucagon l e v e l s  measured by both assays  dur ing  glucose 

to le rance  t e s t  showed good agreement i n  a group of 10 p a t i e n t s .  A f t e r  

a rg in ine  i n f u s i o n ,  plasma glucagon increased  i n  6 normal s u b j e c t s  and 

3 p a t i e n t s  and glucagon va lues  measured by EIA c o r r e l a t e d  wel l  with 

those by R I A .  The present  s tudy demonstrates  c o r r e l a t i o n  between 

glucagon l e v l e s  measured by R I A  and EIA and i n d i c a t e s  t h e  usefu lness  

of E I A  f o r  determining glucagon i n  human plasma. 

to le rance  t e s t ,  Arginine t e s t ,  Radioimmunoassay, Enzyme immunoassay, 

Plasma glucagon 1. 

(KEY WRDS: Glucose 

INTRODUCTION 

Since Unger and h i s  co-workers developed a radioimmunoassay f o r  

glucagon i n  1959 (l), t h i s  h a s  been the  method of choice  f o r  de te rmina t ion  
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of glucagon. Radioimmunoassay has  the  r e p r o d u c i b i l i t y ,  p rec is ion  and 

s e n s i t i v i t y  needed f o r  determining plasma l e v e l s  of glucagon. Recently 

enzyme immunoassay have been developed f o r  p e p t i d e s  such a s  human chor ionic  

gonadotropin ( 2 ) ,  i n s u l i n  (3)  and TSH ( 4 )  and have had i n c r e a s i n g  c l i n i c a l  

appl ica t ion .  An enzyme immunoassay f o r  glucagon with l i m i t e d  s e n s i t i v i t y  

was repor ted  i n  1977 by Asano and h i s  co-workers (5). However, the  enzyme 

immunoassay for glucagon has  not  been repor ted  i n  the  c l i n i c a l  f i e l d ,  

because of  lack i n  p r e c i s i o n  and s e n s i t i v i t y .  Recent ly  we have developed 

a s e n s i t i v e  enzyme immunoassay f o r  glucagon with a d e t e c t i o n  l i m i t  o f  1-2 

pg ( 6 ) .  The present  work d e s c r i b e s  use of t h i s  method with human plasma 

and a comparison with an e s t a b l i s h e d  radioimmunoassay (RIA). 

MATERIALS AND METHODS 

Plasma was obta ined  from 18 normal s u b j e c t s  and 13 p a t i e n t s  with 

var ious  d iseases .  Af te r  an overn ight  f a s t ,  75 g of glucose was given 

by mouth t o  12 normal s u b j e c t s  and 10 p a t i e n t s  with d i a b e t e s  m e l l i t u s ,  

f a t t y  l i v e r ,  chronic  h e p a t i t i s ,  o b e s i t y  or polyp of t h e  colon. Blood 

samples were obtained from t h e  a n t e c u b i t a l  ve in  a t  30-min i n t e r v a l s  f o r  

3 hours  for t h e  normal s u b j e c t s  and 2 hcurs  f o r  the  p a t i e n t s  (7). In 6 

normal s u b j e c t s ,  2 p a t i e n t s  with d i a b e t e s  m e l l i t u s  and a p a t i e n t  with 

l i v e r  c i r r h o s i s ,  an a r g i n i n e  t e s t  was c a r r i e d  out  (8). Af te r  t h e  c o l -  

l e c t i o n  of t w o  base l i n e  samples 1 0  min a p a r t ,  300 m l  of  10 % 1-arg in ine  

monohydrochloride ( Morish i ta  Pharmaceutical Co.,Tokyo, Japan)  was infused  

f o r  30 min. Blood samples were drawn a t  5,10,20,30,40,50,75,90 and 120 

min a f t e r  t h e  a r g i n i n e  infus ion .  Blood samples were obta ined  from 

the  a n t e c u b i t a l  vein with a hepar in ized  syr inge.  

For glucose de te rmina t ion ,  one m l  of venous blood was added t o  g l a s s  

tubes  conta in ing  approximately 5 mg of  NaF. A f t e r  s e p a r a t i n g  t h e  plasma, 

glucose was determined by t h e  glucose oxidase method (9). A pre l iminary  

s tudy of t h e  e f f e c t  of hepar in  on t h e  enzyme immunoassay (EIA) showed 
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a p o s i t i v e  b i a s  a t  -ZO'C f o r  2 months. 

i n  amount of  2.5 mg/ml of  blood r e s u l t e d  i n  no changes a t  s torage  (13). 

Therefore ,  5 m l  of blood was added t o  g l a s s  t u b e s  conta in ing  2000 U of 

a p r o t i n i n  ( Trasylol@, Bayer C o . )  and 6 mg of  EDTA, f o r  t h e  measurement 

of plasma hormones. Blood specimens were c e n t r i f u g e d  a t  4.C and separa ted  

plasma was kept a t  -2O'C u n t i l  t h e  assay. Plasma i n s u l i n  was measured by 

t h e  double antibody method o f  Morgan and Lazarow (10). R I A  f o r  glucagon 

was performed using dextran-coated charcoa l  and ant i -glucagon an t ibody,  

G21 (11). Pork c r y s t a l l i n e  glucagon ( Lot.GLF 599 A) donated by Dr.Mary 

Root ,El i  L i l l y  Co.,Indianapolis,U.S.A., was used a s  s tandard.  The detec-  

t i o n  l i m i t  was 15 pg/ml. EIA f o r  glucagon was c a r r i e d  out  by a double 

antibody s o l i d  phase method, a s  prev ious ly  repor ted  (6). A f i f t y  pl 

sample was allowed t o  incubate  a t  4.C f o r  t h r e e  days with 200 p l  of  phos- 

phate 

Co.West Germany), 100 p1 of ant iglucagon r a b b i t  serum,N6E, and 100 p l  

of  peptide[21-29)-enzyme conjugate  conta in ing  0.2 p l  of p-D-galactosidase. 

The ant iserum N6E was produced i n  a r a b b i t  a g a i n s t  s y n t h e t i c  glucagon 

fragment Ll5-29) (12).0ne hundred p l  of  a suspension of  a n t i - r a b b i t  IgG 

antibody-coupled t o  c e l l u l o s e  was added and the  mixture  shaken a t  30'C 

f o r  3 hours. Af te r  t h r e e  washings with t h e  b u f f e r ,  t h e  c e l l u l o s e  was 

resuspended i n  500 p1 of s u b s t r a t e  reagent  conta in ing  10 pg of  4-methyl-  

umbelliferyl-P-D-galactoside and incubated overn ight  a t  room temperature .  

Af te r  te rmina t ing  t h e  r e a c t i o n  by a d d i t i o n  of 3 m l  of 0.1 mol/L carbonate  

b u f f e r  (pH 10.5) ,  t h e  f luorescence  i n t e n s i t y  of t h e  superna tan t  was measured 

us ing  a f luorometer  with e x c i t a t i o n  wavelength 365 nm and emission wavelength 

450 nm. Pork c r y s t a l l i n e  glucagon, purchased from Sigma Co. (Lot 788-0370] 

was used a s  s tandard.  The minimum d e t e c t a b l e  dose was 40 pg/ml or 2 pg/tube 

(6). The c o e f f i c i e n t s  of i n t r a -  and i n t e r a s s a y  v a r i a t i o n  were 3.7-14.5 % 

and 9.0-18.5 70, respec t ive ly  (6) .  The de termina t ion  of  plasma IRG by E I A  

and R I A  f o r  t h e  normal s u b j e c t s  were performed s imultaneously.  I n  c o n t r a s t ,  

plasma IRG from p a t i e n t s  was measured by E I A  one t o  two months a f t e r  RIA.  

In c o n t r a s t ,  t h e  a d d i t i o n  of  EDTA 

s a l i n e  b u f f e r ,  50 p1 (500 U) of a p r o t i n i n  (Antagosan@,Hoechst 
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In  t h e  present  s tudy ,  d a t a  from t h e  normal s u b j e c t s  a r e  presented  a s  

mean va lues  and s tandard  e r r o r s  of t h e  mean. I n d i v i d u a l  d a t a  a r e  presented  

for t h e  p a t i e n t s ,  because of  widely d i f f e r i n g  concent ra t ions .  The c o r r e l a -  

t i o n  between t h e  l e v e l s  of  plasma glucagon measured by R I A  and EIA a r e  

repor ted  f o r  samples from t h e  a r g i n i n e  t e s t s .  

RESULTS 

Glucose t o l e r a n c e  t e s t  

The changes i n  blood glucose,  plasma i n s u l i n  ( IRI) ,  and plasma 

glucagon (IRG) measured by R I A  and E I A  dur ing  glucose t o l e r a n c e  t a s t s  

i n  a group of 12 normal s u b j e c t s  a r e  presented  i n  Pig.1. Blood glucose 

increased  from t h e  base l i n e  of  82 f 1 mg/100 m l  t o  a peak of  127 f 3 

mg/100 m l  a t  30 min and then decreased.  Plasma I R I  increased  from t h e  

base l i n e  of 13 f 2 pU/ml t o  a peak of  59 f 8 pU/ml a t  30 min and 

re turned  t o  t h e  i n i t i a l  l e v e l  by 180 min. Plasma IRG measured by R I A  

us ing  ant ibody G21 f e l l  from t h e  i n i t i a l  l e v e l  of  71 i 7 pg/ml t o  a 

nadi r  of 53 f 6 p g h l  a t  60 min and re turned  t o  t h e  base l i n e  a t  180 min. 

Plasma IRG measured by E I A  with antibody N6E f e l l  from t h e  base l i n e  l e v e l  

of 100 f 4 pg/ml t o  a n a d i r  of 83 f 8 p g h l  a t  90 min and then re turned  

t o  t h e  i n i t i a l  l e v e l .  There was a s i m i l a r  p a t t e r n  of plasma IRG changes 

measured by both R I A  and EIA. The r e s u l t s  of  p a t i e n t s  a r e  presented  i n  

Table 1. 

Arginine i n f u s i o n  t e s t  

Changes i n  blood glucose,  plasma IRI and plasma IRG during t h e  a r g i n i n e  

infus ion  t e s t  i n  a group of 6 normal s u b j e c t s  a r e  shown in Fig.2. Blood 

glucose increased  from t h e  base l i n e  of 84 f 3 mg/100 m l  t o  93 t 5 mg/100 m l  

a t  20 min and then f e l l  t o  71 f 5 m g / l O O  m l  a t  60 min. Plasma I R I  increased  

from the  base l i n e  of 26 f 4 pIJ/ml t o  99 f 11 !.LIJ/ml a t  30 min and re turned  
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FIGURE 1. Changes i n  blood glucose (BG), plasma i n s u l i n  (IRI) and 
plasma glucagon (IRG) d u r i n g  glucose t o l e r a n c e  t e s t  i n  a group of 
12 normal subjec ts .  IRG was measured by radioimmunoassay us ing  
ant iserum G-21 and by enzyme inmunoassay using an t i se rum N6-E. 

t o  t h e  i n i t i a l  l e v e l  a t  6 0  min. Plasma IRG measured by RIA ( G21) increased  

from t h e  base l i n e  of 109 f 7 pg/ml t o  273 f 59 pg/ml a t  30 min and re turned  

t o  t h e  i n i t i a l  l e v e l  a t  120 min. Plasma IRG determined by EIA (N6E) i n c r e a s e d  

from t h e  base l i n e  of 130 f 13 pg/ml t o  a peak of 379 f 60 pg/ml and f e l l  to  

t h e  i n i t i a l  l e v e l  a t  120 min. The changes i n  blood glucose and plasma IRG 

during t h e  a r g i n i n e  t e s t  i n  3 p a t i e n t s  a r e  presented  i n  Table  2. In o r d e r  
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FIGURE 2. Changes i n  blood glucose (BG), plasma i n s u l i n  ( I R I )  and 
plasma glucagon ( I R G )  d u r i n g  a rg in ine  i n f u s i o n  t e s t  i n  a group of 
6 normal subjec ts .  I R G  was measured by radioimmunoassay us ing  
ant iserum G-21  and by enzyme immunoassay us ing  ant iserum N6-E. 

t o  i n v e s t i g a t e  t h e  v a l i d i t y  of BIA, t h e  c o r r e l a t i o n  between plasma l e v e l s  

of IRG measured by these  two assay  methods was ca lcu la ted .  The c o r r e l a t i o n  

c o e f f i c i e n t  i n  t h e  a r g i n i n e  t e s t  f o r  t h e  normal s u b j e c t s  was 0.93, and t h e  

regress ion  equat ion  Y = 1.54 X - 43.5 while t h a t  i n  t h e  group of t h e  p a t i e n t s  

was 0.98, with t h e  regress ion  equat ion Y = 0.89 X -31.3, where Y was plasma 

I R G  measured by E I A  and X t h a t  measured by RIA. 
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DISCUSSION 

In  t h e  present  s tudy,  plasma I R G  determined both by EIA and by R I A  

decreased i n  reponse t o  o r a l  glucose load  i n  t h e  normal s u b j e c t s ,  but  

the  c o r r e l a t i o n  between these  two methods was poor a t  t h e  low concent ra t ion  

of plasma glucagon i n  t h i s  t e s t .  By c o n t r a s t ,  good c o r r e l a t i o n s  were found 

a t  t h e  higher  concent ra t ions  fol lowing a r g i n i n e  infus ion .  

An e a r l i e r  repor t  o f  t h i s  EIA (13)  y ie lded  h igher  va lues  f o r  IRG than  

with RIA.  In  t h i s  s tudy,  d i f f e r e n t  anti-glucagon s e r a  were used: G21 f o r  

R I A  and N6E f o r  EIA.  There i s  a small d i f f e r e n c e  i n  t h e  inmunoreact ivi ty  

of these  two a n t i s e r a .  A s  descr ibed  previous ly  (121, t h e  main immunological 

determinant f o r  G21 i s  t h e  C-terminal pept ide  of glucagon 121-291, whereas 

f o r  N6E i t  i s  a l a r g e r  C-terminal fragment [Is-29). However, bo th  a n t i s e r a  

do not r e a c t  with gut glucagon-l ike immunoreactive m a t e r i a l  and no remarkable 

d i f f e r e n c e  was observed between t h e  plasma l e v e l s  o f  I R G  

two d i f f e r e n t  a n t i s e r a  (12). Therefore ,  t h e  d i f f e r e n c e  observed i n  plasma 

IRG measured by R I A  and E I A  could not be a t t r i b u t e d  t o  t h e  d i f f e r e n t  a n t i -  

s e r a  used. 

measured by t h e s e  

I n  the  present  s tudy,  plasma IRG was determined s e p a r a t e l y  i n  two 

l a b o r a t o r i e s ,  where d i f f e r e n t  s tandards  of pork c r y s t a l l i n e  glucagon were 

used. Therefore ,  a comparison of these  two s tandards  was performed by 

E I A ,  i n d i c a t i n g  t h e  c o r r e l a t i o n  c o e f f i c i e n t  of  0.99 with r e g r e s s i o n  

equat ion Y = 1.39 X 50.8, where Y was Sigma s tandard  and X L i l l y  

s tandard.  Consequently, t h e  d i f f e r e n c e  c a l c u l a t e d  i n  t h e  assay  us ing  

these d i f f e r e n t  s tandards  ranged 50 t o  200 p g h l  below 500 pg/ml of  

plasma I R G  (13). Therefore ,  the  higher  value determined by EIA could 

be due t o  use  of  d i f f e r e n t  s tandards.  I n  a d d i t i o n ,  a s  descr ibed  i n  method, 

Plasma I R G  from p a t i e n t s  was measured by EIA one t o  two months a f t e r  R I A .  

This  might a l s o  c o n t r i b u t e  to  t h e  d i f f e r e n c e  between IRG l e v e l s  measured 

by E I A  and RIA.  

The present  s tudy demonstrates  t h a t  plasma I R G  i n  human s u b j e c t  can 

be measured by EIA. A good c o r r e l a t i o n  e x i s t s  between plasma IRG measured 
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by RIA and RIA at the plasma concentration seen in the arginine infusion 

test. 
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