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THE CYTOCHEMICAL SECTION-BIOASSAY OF GASTRIN-LIKE ACTIVITY 

1* I t  N. Loveridge,  R.W. Hoi le  , A . G .  Johnson , 
J . D .  Gardner' and J. Chayen 

Divis ion  of  C e l l u l a r  Biology,  Kennedy I n s t i t u t e  of Rheumatology, 
Bute Gardens, London W6 7DW; 

lDepartment of Surgery,  Charing Cross  Hospi ta l  Medical School ,  
Fulham P a l a c e  Road, London W6 8RF; 

and 'Digestive Diseases Branch, N . 1  . A . M . D . D . ,  
Nat iona l  I n s t i t u t e s  of Heal th ,  Bethesda MD 20014 

* 
P r e s e n t  address:  Department of Surgery ,  Queen Mary's Hospital ,  

Roehampton, London SW15 

'Present address:  U n i v e r s i t y  of  S h e f f i e l d  S u r g i c a l  U n i t ,  
Hal lamshire  H o s p i t a l ,  S h e f f i e l d  S10 2JF 

ABSTRACT 

A cytochemical  sec t ion-b ioassay  of  g a s t r i n - l i k e  a c t i v i t y  i s  
descr ibed  i n  which such a c t i v i t y  i n  plasma is assayed by i t s  
s t i m u l a t i o n  of carbonic  anhydrase a c t i v i t y  i n  s e r i a l ,  18 urn-thick, 
s e c t i o n s  of s u i t a b l y  prepared g a s t r i c  fundus of t h e  guinea-pig.  The 
index of p r e c i s i o n  was 0.1f0.05 (meanfSEM; n=8) .  F i d u c i a l  l i m i t s  
were 75-134%. In t ra -assay  v a r i a t i o n  was +6.4% (n=4);  i n t e r - a s s a y  
v a r i a t i o n  w a s  f16.340 (n=3) .  The mean g a s t r i n - l i k e  a c t i v i t y  i n  t h e  
plasma of  15 f a s t i n g  normal s u b j e c t s  w a s  5 . 1 + 0 . 4 9 ~ 1 0 - ~ %  ( r a n g e  
1 . 4 - 1 8 . 2 ~ 1 0 - ~ ~ M ) .  

INTRODUCTION 

I t  i s  becoming i n c r e a s i n g l y  apparent  t h a t  i t  i s  sometimes 

h e l p f u l  t o  b e  a b l e  t o  a s s i g n  a b i o l o g i c a l  potency t o  a r e s u l t  

ob ta ined  by radioimmunoassay. T h i s  view was expressed  as a f i r m  

195 

Copyright 0 1980 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
5
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



196 LOVERIDGE ET AL. 

recommendation by t h e  World Heal th  Organiza t ion  Expert  Committee on 

Bio logica l  S t a n d a r d i z a t i o n  (1) , which recommended " t h a t  emphasis be 

placed on t h e  development of b i o l o g i c a l  microassays ,  which 

p r e f e r a b l y  have a s e n s i t i v i t y  comparable w i t h  radioimmunoassays, 

with which t h e y  should be run i n  p a r a l l e l . "  The reason  f o r  t h i s  

emphasis on checking radioimmunoassay by b ioassay  was t h a t  "a 

l i m i t a t i o n  on t h e  use  of immunoassays for e v a l u a t i n g  hormonal b io-  

a c t i v i t y  i s  t h a t  t h e  methods measure a composite of  a n t i g e n i c  

a c t i v i t y ,  which i s  n o t  n e c e s s a r i l y  r e l a t e d  t o  t h e  b i o a c t i v i t y  of 

t h e  hormone." T h i s  problem i s  p a r t i c u l a r l y  marked i n  t h e  assay  of 

g a s t r i n  which can  occur  i n  plasma i n  v a r i o u s  forms,  not a l l  having 

i d e n t i c a l  b i o a c t i v i t y  (2,3). These d i f f i c u l t i e s  l e d  Walsh and 

Grossman (4) t o  conclude t h a t  "Because of t h e  h e t e r o g e n e i t y  of 

c i r c u l a t i n g  g a s t r i n  and because d i f f e r e n t  molecular  forms vary  i n  

b i o l o g i c  a c t i v i t y ,  t o t a l  g a s t r i n  a c t i v i t y  determined by r a d i o -  

immunoassay cannot  be more t h a n  a c rude  index of b i o a c t i v i t y . "  

Although Dockray and Taylor  ( 5 )  developed a radioimmunoassay which 

i s  s p e c i f i c  f o r  t h e  heptadecapept ide g a s t r i n ,  t h i s  does not  

prec lude  t h e  need for a h ighly  s e n s i t i v e  b ioassay .  

A s e n s i t i v e  cytochemical  b ioassay  ( 6 ) ,  done on segments of 

guinea-pig fundus,  was t o o  slow f o r  r o u t i n e  purposes .  T h i s  

communication d e a l s  w i t h  an e q u a l l y  s e n s i t i v e  b i o a s s a y  t h a t ,  

because it is  done on s e c t i o n s  of the fundus,  allows many samples 

t o  be assayed s imultaneously i n  a within-animal procedure.  
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CYTOCHEMICAL SECTION-BIOASSAY 19 7 

MATERIAL 

The hormones used for t h i s  s tudy were obta ined  from t h e  fo l lowing  

sources .  Human s y n t h e t i c  g a s t r i n  I (G17), ba tch  no. 68/439 w i t h  a 

potency of 1000 units/mg, was obta ined  from t h e  Nat'ional I n s t i t u t e  

for Biologica l  Standards and C o n t r o l ,  Hampstead, London NW3 6RB. 

Human s y n t h e t i c  b ig  g a s t r i n  I (G ) was obta ined  a s  a g i f t  from 

Professor  R . A .  Gregory (Department of  Physiology,  Univers i ty  of 

Liverpool ,  Liverpool L69 3 B X ) .  P e n t a g a s t r i n  w a s  ob ta ined  as 

Peptavlon from Imperial  Chemical I n d u s t r i e s  Ltd . ,  Blackley ,  

Manchester M9 3DA. Natura l  porc ine  cholecys tokin in  (CCK), 95% pure 

34 

(potency: 500 Ivy Dog Units/mg), was prepared by P r o f e s s o r  V .  Mutt, 

G I H  Research Uni t ,  Karol inska I n s t i t u t e ,  Stockholm. The C-terminal 

oc tapept ide  of CCK (CCK-OP) was synthes ized  and provided by 

D r .  Miguel O n d e t t i ,  Squibb I n s t i t u t e  for Medical Research. The 

sample of n a t u r a l  porc ine  s e c r e t i n  (9540 pure)  was prepared by 

Professor  V .  Mutt and had a potency of 3,500 units/mg. Rabbi t  

a n t i - g a s t r i n  ant ibody (G/R/26-PF) was k indly  provided by 

D r .  B. Morris of t h e  Supra-Regional Assay S e r v i c e ,  Gui ldford ,  Sur rey .  

ASSAY PROCEDURE 

Female guinea-pigs  (Har t ley  s t r a i n ,  about 400 g body weight)  were 

k i l l e d  by asphyxiat ion i n  n i t r o g e n  and t h e  fundus of t h e  stomach was 

removed and cleaned of d e b r i s .  S t r i p s  of fundus (3x2 mm) were 

maintained in v i t r o  a t  37OC f o r  5 h on a d e f a t t e d  l e n s  t i s s u e  on a 

t a b l e  made from s t a i n l e s s  steel mesh with Trowel l ' s  (7) T8 medium, 
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198 LOVERIDGE ET AL. 

pH 7 .6 ,  added up t o  t h e  l e v e l  of t h e  l e n s  t i s s u e .  The c u l t u r e  

chambers were sea led  wi th  l a n o l i n e  and t h e  atmosphere of t h e  

chambers was rep laced  by 95% oxygen:5% carbon d i o x i d e .  A f t e r  5 h a t  

37OC t h e  s t r i p s  were primed by exposing them t o  2.3x1O-l6M of GI7 

g a s t r i n  f-or 5 min. 

( " f r e e  f r a n  a romat ic  hydrocarbons" g r a d s ,  b o i l i n g  range  67-70OC). 

A f t e r  30 s t h e  t i s s u e  was removed w i t h  co ld  f o r c e p s  and s t o r e d  i n  

d r y  g l a s s  tubes  a t  -7OOC. 

sec t ioned  a t  18 um i n  a B r i g h t ' s  c r y o s t a t  with a cabine t  temperature  

of -25OC and t h e  k n i f e  cooled t o  -7OOC. 

s e c t i o n i n g  and t r a n s f e r r i n g  t h e  s e c t i o n s  on t o  t h e  g l a s s  s l i d e s  were 

t h o s e  descr ibed  i n  d e t a i l  by Chayen et a l .  (8 ) .  

They were t h e n  c h i l l e d  t o  -7OOC i n  i -hexane 

Within t h r e e  days  t h e  t i s s u e  w a s  

The methods of c h i l l i n g ,  

S e r i a l  s e c t i o n s  were placed i n  a t rough immediately p r i o r  t o  

exposure t o  g a s t r i n .  Dupl ica te  s e c t i o n s  were t r e a t e d  f o r  75 sec wi th  

one of f o u r  graded logar i thmic  doses  of  g a s t r i n  ( 2  .3x1O-l5-2 . ~ x ~ O - ~ ~ M ;  

0.005 pg/ml-5 pg/ml G ) o r  t o  a d i l u t i o n  of  t h e  t es t  sample of 

plasma ( u s u a l l y  d i l u t e d  1/100 and 1/1000). The g a s t r i n  and 

d i l u t i o n s  of t h e  test sample were made up i n  0 .1  M Hepes b u f f e r ,  pH 

7.0 ,  conta in ing  gum t r a g a c a n t h  (0.005% w/v). The appara tus  shown i n  

Fig. 1 allows up t o  28 s e c t i o n s  t o  be exposed s imul taneous ly  to  t h e  

hormone so t h a t  5 test samples and 4 graded c o n c e n t r a t i o n s  of G 

can b e  measured each on d u p l i c a t e  s e c t i o n s  and a t  two d i l u t i o n s .  

17  

1 7  

Af ter  75 s t h e  s e c t i o n s  were r e a c t e d  for carbonic  anhydrase a c t i v i t y  

by t h e  method of Loveridge (9 ) .  The r e a c t i o n  medium was as fo l lows:  

S o l u t i o n  A: 9 m l  0.5 M s u l p h u r i c  a c i d ;  9 m l  0.1 M c o b a l t  

s u l p h a t e  (CoS04.7H20); 3 m l  0.067 M potassium dihydrogen or tho-  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
5
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



CYTOCHEMICAL SECTION-BIOASSAY 199 

FIGURE 1. A photograph o f  t h e  appara tus  used f o r  t h e  
sec t ion-assay .  The s u p e r s t r u c t u r e  c o n s i s t s  of a rack  of 1 - m l  
s y r i n g e s  h e l d  so t h a t  t h e y  can  be  f i l l e d  and emptied by r a i s i n g  
o r  lowering t h e  handle .  They are p o s i t i o n e d  so  as t o  f i t  above 
t h e  s e c t i o n s  on t h e  g l a s s  s l i d e s ,  l a i d  h o r i z o n t a l l y  under each  
Of t h e  s y r i n g e s .  A f t e r  exposure of t h e  s e c t i o n s  t o  t h e  hormone, 
t h e  s u p e r s t r u c t u r e  i s  removed and t h e  t rough i s  f looded w i t h  t h e  
c a l c u l a t e d  volume o f  t h e  reaction-medium so a s  t o  achieve  a depth  
of 0 .7  mm. 

phosphate ( a l l  t h e s e  r e a g e n t s  are B . D . H .  'Analar '  g r a d e ) ;  4 . 5  m l  

d i s t i l l e d  water. 

S o l u t i o n  B:  1 .125  g sodium hydrogen carbonate  ( B . D . H .  'Analar '  

g rade)  i n  60 m l  0 . 1  M HEPES (Sigma) buf fered  t o  pH 7 .4  wi th  sodium 

hydroxide. The two s o l u t i o n s  were prepared f r e s h  and mixed 

immediately b e f o r e  use .  A f t e r  mixing, t h e  s o l u t i o n  w a s  s t i r r e d  u n t i l  

t h e  pH had r i s e n  t o  pH 6.8 (1-2 min) .  The r e a c t i o n  w a s  done f o r  60 s 

a t  37 '~.  
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200 LOVERIDGE ET AL. 

Carbonic anhydrase ca ta lyzes  t h e  following r eac t ion  (10) : 

HCO; e= OH- + C02 

The hydroxyl ions a r e  trapped by cobal t  as a p r e c i p i t a t e  of cobal t  

hydroxide. The accumulation of C02 i n h i b i t s  a c t i v i t y  so t h a t  t h i s  

gas must be allowed t o  d i f fuse  r ead i ly  from the  s i te  of the 

reac t ion  (9 ) .  To a s s i s t  t h i s  d i f fus ion  the  depth of t he  r eac t ion  

medium was kept minimal ( 0 . 8  mm) and the  trough was ag i t a t ed  gent ly  

throughout t he  reac t ion  time. After t h e  r eac t ion  the  sec t ions  were 

washed in running t ap  water (30 s ) ,  immersed in a sa tura ted  

so lu t ion  of hydrogen sulphide,  r insed  in d i s t i l l e d  water and 

mounted in Far ran t s '  medium. The hydrogen sulphide converts t h e  

cobalt  hydroxide t o  the  in tense ly  coloured cobal t  sulphide.  

The measurements were made a t  550 nm with a x20 objec t ive ,  a 

scanning spot of 1 v m  diameter and a mask of 20 pm diameter,  which 

op t i ca l ly  i so l a t ed  each p a r i e t a l  cel l .  The a c t i v i t y  in t en  p a r i e t a l  

c e l l s  was measured in each of two dup l i ca t e  s ec t ions  and the  mean 

of these readings was converted to mean in t eg ra t ed  ex t inc t ion  by 

reference t o  a standard c a l i b r a t i o n  graph. To co r rec t  f o r  

non-specific adsorption of cobal t  and f o r  spurious l i gh t - sca t t e r ing  

by the  t i s s u e ,  ten similar-sized f i e l d s  were measured in t h e  muscle 

and t h e  mean of these readings was subt rac ted  from t h a t  obtained 

from t h e  p a r i e t a l  c e l l s .  In genera l ,  t he  ex t inc t ion  in the muscle 

was up t o  504b of t h a t  found i n  the  non-stimulated p a r i e t a l  cells  and 

did not vary with increas ing  concentration of t h e  hormone. Thus it 

became a smaller proportion of t h e  a c t i v i t y  measured in t he  p a r i e t a l  
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CYTOCHEMICAL SECTION-BIOASSAY 201 

ce l l s ,  wi th  i n c r e a s i n g  concent ra t ion  of t h e  hormone, being only  

20-26% a t  h igher  c o n c e n t r a t i o n s  of G17. 

RESULTS 

I n  s e c t i o n s  incubated with 2 . 3 ~ 1 0 - ~ ~ N I  G17 an i n c r e a s e  i n  carbonic  

anhydrase a c t i v i t y  could be d e t e c t e d  by 20 s, was s i g n i f i c a n t  by 40 8 

( p  C 0.005) and was maximal by 75 s ( p  < 0.001) and then decreased  

s l i g h t l y  from 75 t o  120 s (F ig .  2 ) .  Thus t h e  carbonic  anhydrase 

a c t i v i t y  increased  from 16.9 u n i t s  of basa l  a c t i v i t y  t o  25 u n i t s  a t  

75 s.  In  c o n t r a s t ,  i n  s e c t i o n s  incubated with t h e  v e h i c l e  a l o n e ,  

t h e  a c t i v i t y  r o s e  from 16.9  t o  18.1 u n i t s  .which was j u s t  no t  

s i g n i f i c a n t  (0.25 > p > O . l ) ,  es t imated  from a l l  t h e  readings  for 

t h e  d u p l i c a t e  s l i d e s ) .  I n  s e c t i o n s  incubated f o r  75 8 with  v a r i o u s  

Tima Is1 

FIGURE 2. The time-course (mean+SEM) of t h e  carbonic  anhydrase 
a c t i v i t y  (MIEx100) induced i n  t h e  p a r i e t a l  cells  i n  s e c t i o n s  of 
guinea-pig fundus by 2.3xlO-l% of G17. 
shows t h e  e f f e c t  of t h e  v e h i c l e  a lone .  

The lower graph ( c i r c l e s )  
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202 LOVERIDGE ET AL. 

concent ra t ions  of G a s i g n i f i c a n t  i n c r e a s e  (p < 0.01) i n  

carbonic  anhydrase a c t i v i t y  could be  d e t e c t e d  a t  2 . 3 ~ 1 0 - ~ ~ t d  G17. 

The i n c r e a s e  i n  enzyme a c t i v i t y  was maximal with 2.3x1O-l2M G 

the  a c t i v i t y  decreased at  h igher  c o n c e n t r a t i o n s .  S e c t i o n s  exposed 

t o  v e h i c l e  a lone  showed a c t i v i t y  that  was u s u a l l y  below that 

obta ined  w i t h  2 . ~ x ~ o - ~ ~ M  G17. 

17’  

17 and 

S u i t a b l e  d i l u t i o n s  of plasma, c o l l e c t e d  i n  l i th ium-hepar in  t u b e s ,  

normally gave a response t h a t  was p a r a l l e l  t o  t h a t  ob ta ined  w i t h  

d i l u t i o n s  of t h e  s tandard  r e f e r e n c e  p r e p a r a t i o n  (F ig .  3 ) ;  such 

p a r a l l e l i s m  was f r e q u e n t l y  not  ob ta ined  w i t h  samples of serum, even 

Carbornc Anhydrase 

, ACtlvs IM I E ~ 1 0 0 )  

FIGURE 3. The c a l i b r a t i o n  graph ( c r o s s e s )  r e l a t i n g  t h e  c a r b o n i c  
anhydrase a c t i v i t y  (mean+SEM) induced i n  p a r i e t a l  cells i n  
s e c t i o n s  exposed to  f o u r  c o n c e n t r a t i o n s  of a s tandard  p r e p a r a t i o n  
of G17, and t h e  response t o  two c o n c e n t r a t i o n s  of plasma ( f i l l e d  
circles) : t h e  upper concentrat ion‘  was 1 : l o 2 ;  t h e  lower, 1: l o 3 ,  
The response t o  d i l u t i o n s  of plasma w a s  p a r a l l e l  t o  t h e  c a l i b r a t i o n  
graph.  
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CYTOCHEMICAL SECTION-BIOASSAY 203 

from t h e  same samples of blood ( F i g .  4 ) .  I n  samples of  plasma t h e  

g a s t r i n - l i k e  a c t i v i t y  w a s  l a r g e l y  (90%) or completely a b o l i s h e d  by 

t h e  a d d i t i o n  o f  a s p e c i f i c  ant ibody a t  1 : l O  d i l u t i o n .  4 

The mean index of p r e c i s i o n  ( A )  f o r  t h e  s e c t i o n  procedure  w a s  

0.102+0.05 ( n  = 8 )  which compares w i t h  0.14 (n = 36) for t h e  

segment procedure.  F i d u c i a l  l i m i t s  of an a s s a y  (P = 0.95) were 75 

t o  134% which i s  comparable t o  a range  of 72-140% t o  98-103s for 

t h e  segment procedure.  I n t e r - a s s a y  v a r i a t i o n  was +16.3% (n = 3 ) ;  

i n t r a - a s s a y  v a r i a t i o n  was k6.440 (n = 4 ) .  

The accuracy of t h e  assay  was t e s t e d  by t h e  recovery  of 

exogenous s t a n d a r d  g a s t r i n  added t o  plasma. Two samples of plasma 

Dilution 

FIGURE 4 .  The carbonic  anhydrase a c t i v i t y  (MIEx100) found i n  
s e c t i o n s  exposed t o  f o u r  d i l u t i o n s  of a plasma ( c r o s s e s ;  mean+SEM) 
was l i n e a r l y  r e l a t e d  t o  t h e  c o n c e n t r a t i o n  of t h e  plasma. T h i s  
r e l a t i o n s h i p  d i d  not  p e r t a i n  t o  d i l u t i o n s  of t h e  serum from t h e  
same sample of blood,  whether taken  i n t o  g l a s s  ( f i l l e d  circles) or 
p l a s t i c  (open circles) t u b e s .  
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204 LOVERIDGE ET AL. 

were f i r s t  assayed i n  t h e  usua l  way t o  e s t a b l i s h  t h e  endogenous 

concent ra t ion  of t h e  hormonal a c t i v i t y .  

t o  each sample t o  a concent ra t ion  of 50 pg/ml and t h e  samples 

Then G17-gastrin was added 

were assayed aga in .  The recovery i n  t h e  two samples was 96% 

and 112%. 

I n  a group of 15 normal volunteers  t h e  f a s t i n g  l e v e l s  of 

g a s t r i n - l i k e  a c t i v i t y  assayed by t h i s  procedure were 

5 . 1 ~ 1 0 - ~ ~ P  ?r 0.49. 

a logar i thmic  normal d i s t r i b u t i o n .  

The range was 1 .4  t o  1 8 . 2 ~ 1 0 - ~ ~ M  and showed 

On a molar b a s i s ,  p e n t a g a s t r i n  was equipoten t  t o  G (potency 1 7  

34 was r a t io  of 1.02 ? 0.25,  mean ? SEM; n = 5) whereas G 

r e l a t i v e l y  i n a c t i v e  and gave a f l a t ,  non-para l le l  response when 

t e s t e d  under t h e s e  c o n d i t i o n s ,  namely a t  the t i m e  a t  which t h e  

a c t i v i t y  of G was maximal. 
17 

A t  a concent ra t ion  of 2.5~10-~ 'M.,  CCK evoked increased  

carbonic  anhydrase a c t i v i t y  that was maximal a t  between 60 and 90 s 

and equiva len t  t o  52% of t h e  a c t i v i t y  induced by 2.3x1O-l2M GI7 .  

The e f f e c t s  over  a range of c o n c e n t r a t i o n s  expressed r e l a t i v e  t o  

t h e  maximal response i n  s e r i a l  s e c t i o n s  evoked by 2.3xl0-l2M G17 

i n d i c a t e d  t h a t ,  when a c t i n g  a lone ,  CCK w a s  approximately 1000 times 

less potent  than  G17 (F ig .  5 ) .  

G17 and of CCK, t h r e e  samples were prepared ,  each c o n t a i n i n g  

2.3~10-~ 'M (50 pg/ml) G17. CCK w a s  t h e n  added t o  each sample a t  

concent ra t ions  of 3 . 7 5 ~ 1 0 - ~ ~ M  (150 pg/ml) , 1 . 2 5 ~ 1 0  

and 2 . 5 ~ 1 0 - ~ $  (10 pg/ml) r e s p e c t i v e l y .  

a c t i v i t y  e l i c i t e d  by 1/100 and 1/1000 d i l u t i o n s  of each sample w a s  

To  examine t h e  combined e f f e c t s  of 

-11 
M (50 pg/ml) 

The carbonic  anhydrase 
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CYTOCHEMICAL SECTION-BIOASSAY 205 

t h e n  measured and compared w i t h  t h a t  caused by G so al lowing an 

e s t i m a t e  o f  t h e  g a s t r i n - l i k e  a c t i v i t y  i n  each sample t o  be made. 

The f i r s t  t w o  samples, c o n t a i n i n g  3.75x10-% and 1 . 2 5 ~ 1 0 - ~ ~ M  of  

CCK, gave responses  which were n o t  p a r a l l e l  t o  the stand'ard graph  

for G17 a lone  (Table  1). 

d i l u t i o n s  o f  t h e  t h i r d  sample, c o n t a i n i n g  2.5~1O-'~hf CCK, w a s  a lmost  

p a r a l l e l  t o  t h a t  of  G a lone .  When c o r r e c t e d  f o r  d i l u t i o n  o n l y  

t h e  t h i r d  sample assayed at  a l e v e l  e q u i v a l e n t  t o  t h e  c o n c e n t r a t i o n  

of  g a s t r i n  ( 2 . 3 ~ 1 0 - ~ ~ M )  p r e s e n t  i n  t h e  sample (Table  1 ) .  

t h e  h igher  of t h e s e  c o n c e n t r a t i o n s  of  CCK, which i n  t h e  absence of 

g a s t r i n  would g i v e  only a small e l e v a t i o n  of carbonic  anhydrase 

a c t i v i t y  ( s e e  F ig .  5 ) ,  CCK caused some i n h i b i t i o n  of  t h e  normal 

response t o  g a s t r i n  caus ing  t h e  dose-response graph t o  be 

non-para l le l  t o  t h a t  of g a s t r i n  a lone .  

17  ' 

The response produced t o  t h e  two 

17  

Thus a t  

Table  1 

The e f f e c t  of CCK on t h e  measurement of  g a s t r i n - l i k e  a c t i v i t y  

Concent ra t ions  of  hormones G a s t r i n - l i k e  a c t i v i t y  
i n  sample (M) c o r r e c t e d  f o r  d i l u t i o n  (bl) 

i n  

CCK 1 : l O O  d i l u t i o n  1 : l O O O  d i l u t i o n  G17 

2 . 3 ~ 1 0  -11 3 .75x10-11 

2.  3x10-l1 1. 25x10-l1 

2 . 3 ~ 1 0  -11 0 .25x1o-l1 

0 .  55x10-l1 1 .7x1O-l1 

1 .8x10-l1 

2 .3x1O-l1 
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206 LOVERIDGE ET AL. 

10% IOU 10.” Id8 
Hormrne Carontmtion I M) 

FIGURE 5 .  The r e l a t i v e  responses  e l i c i t e d  by v a r i o u s  c o n c e n t r a t i o n s  
of s e c r e t i n  ( f i l l e d  circles),  CCK (open circles) and G17, i n  
s e c t i o n s  from t h e  same g a s t r i c  fundus,  t a k i n g  t h e  maximal response 
t o  G17 (a t  2 . 3 ~ 1 0 - ~ ~ 1 )  a s  100% response .  

A s  might be  expected from i ts  s t r u c t u r a l  homology w i t h  t h e  

C-terminus of  G17, when t e s t e d  a l o n e  t h e  o c t a p e p t i d e  of CCK had a 

molar potency r a t i o ,  r e l a t i v e  t o  G17, of 0 . 6 8  t 0.11 (mean * SEM; 

n = 5 ) .  S e c r e t i n  was 100 times less poten t  than  CCK and t h e r e f o r e  

10 

contaminat ion of t h e  sample by CCK. To examine t h e  combined e f f e c t s  

of s e c r e t i n  and g a s t r i n ,  the  a c t i v i t y  of 10-13M g a s t r i n  was t e s t e d  

i n  t h e  presence o f  i n c r e a s i n g  c o n c e n t r a t  i o n s  of s e c r e t i n  

(10-13-10-10M). A t  and l0-l2M t h e  i n h i b i t i o n  of G - a c t i v i t y  

was 21% and 16% r e s p e c t i v e l y ,  w i t h  no i n h i b i t i o n  wi th  1 0 - 1 3 M  

s e c r e t i n ;  a t  10-loY, s e c r e t i n  completely abol i shed  t h e  s t i m u l a t i o n  

of carbonic  anhydrase a c t i v i t y  by G 

5 times less p o t e n t  t h a n  G17 (Fig. 5); t h i s  f i n d i n g  might r e f l e c t  

1 7  

17  
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DISCUSS ION 

These r e s u l t s  seem t o  i n d i c a t e  t h a t  it is  p o s s i b l e  to  measure 

g a s t r i n - l i k e  a c t i v i t y  i n  samples of  plasma by exposing s u i t a b l y  

prepared and primed s e c t i o n s  o f  guinea-pig fundus t o  adequate  

d i l u t i o n s  of  t h e  samples. The recovery of exogenously added G 

c l o s e  t o  100% i n d i c a t e s  t h a t  these s e c t i o n s  can recognize  t h i s  

hormone adequate ly ;  t h e  index of p r e c i s i o n  of 0 .1  is adequate  as are 

t h e  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 s  (6.4% and 16.3% r e s p e c t i v e l y ) .  

The a c t i v i t y  on t h e s e  s e c t i o n s  o f  CCK a l o n e  was 1000 times less than 

170f 

t h a t  of  G17 and t h e  i n f l u e n c e  o f  s e c r e t i n  a l o n e  was n e g l i g i b l e .  

Because of t h e  complex i n t e r a c t i o n s  on t h e  t a r g e t - c e l l  by v a r i o u s  

g a s t r o i n t e s t i n a l  hormones i t  i s  imposs ib le  t o  e n s u r e ,  i n  a l l  cases, 

t h a t  t h e  g a s t r i n - l i k e  b i o a c t i v i t y  r e p r e s e n t s  t h e  sole and t o t a l  

i n f l u e n c e  of g a s t r i n  i t s e l f .  However, i t  has been shown t h a t  

s e c r e t i n ,  a t  t e n  times t h e  molar c o n c e n t r a t i o n  o f  G17, caused only 

16% i n h i b i t i o n  of t h e  e f f e c t  o f  G17; even a t  100 t i m e s  t h e  molar 

c o n c e n t r a t i o n  of G17 t h e  i n h i b i t i n g  e f f e c t  o f  s e c r e t i n  w a s  o n l y  21%. 

For most p r a c t i c a l  purposes ,  t h e s e  degrees  of i n h i b i t i o n ,  and t h u s  

of  u n c e r t a i n t y  a s  t o  t h e  t r u e  c o n c e n t r a t i o n  of G17, may not  be  

s e r i o u s  impediments t o  t h e  assay  of g a s t r i n - l i k e  a c t i v i t y .  More 

s e r i o u s  i s  t h e  e f f e c t  o f  t h e  i n t a c t  CCK molecule .  Undoubtedly t h e  

real s o l u t i o n  t o  t h i s  problem i s  t o  develop a s e p a r a t e  b i o a s s a y  of 

CCK which has  e q u i v a l e n t  s e n s i t i v i t y  t o  t h e  p r e s e n t  method f o r  

g a s t r i n - l i k e  a c t i v i t y .  However, i t  may be noted t h a t  t h e  presence  

of a p p r e c i a b l e  c o n c e n t r a t i o n s  of i n t a c t  CCK caused marked d e v i a t i o n  

from p a r a l l e l i s m  wi th  i n c r e a s i n g  d i l u t i o n  (Table  1);  such l a c k  of 
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208 LOVERIDGE ET AL. 

para l le l i sm would, and should,  i nd ica t e  t h a t  no va lue  f o r  

gas t r in - l ike  a c t i v i t y  can be  assigned t o  that sample. 
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