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P R O  E X P E R I M E N T I S  

Gastric Acid Secretory Responses of Acute Gastric Fistula Preparation in Anesthetized Youn~ 
Chickens 1 

Y. GoTo a n d  K. WATANABE 

Department of Pharmacometrics, Research Institute for Wakan-yaku Japa~zese traditional medicise, Toyama University, 
Toyama 930 (fapa~r 21 January 1976. 

Summary. A rel iable  t e c h n i q u e  which  pe r m i t s  q u a n t i t a t i v e  d e t e r m i n a t i o n  of t h e  gas t r ic  acid secre tory  responses  to  
d rugs  was deve loped  in anes the t i zed  y o u n g  chickens .  

A l t h o u g h  va r ious  species of an ima l s  h a v e  b e e n  used for 
pha rmaco log ica l  s tud ies  on gas t r ic  acid secret ion,  no  one 
species or  m e t h o d  can  fulfill  all of t he  r e q u i r e m e n t s  for 
pha rmaco log ica l  research.  Some au t ho r s  ~-* h a v e  pre-  
sen ted  f u n d a m e n t a l  d a t a  on  t he  physiological  p roper t i e s  
of t he  gas t r ic  secre t ion  of m a t u r e  ch ickens  w i t h  chronic  
gas t r ic  f is tula.  T h e y  h a v e  po in t ed  ou t  two i m p o r t a n t  
p roper t i e s  of ch icken  gas t r ic  secre t ion;  a h igh  r a t e  of basa l  
gas t r ic  secre t ion  and  a h igh  sens i t i v i ty  to  secretagogues.  
W e  found  t h a t  young  ch ickens  were also endowed  w i t h  
these  proper t ies ,  especial ly  w i t h  t he  h igh  r a t e  of basa l  
acid secre t ion  even  u n d e r  deep  a.nesthesia. Y o u n g  chiket ts  
are v e r y  c o n v e n i e n t  to  t r e a t  and  the  a n a t o m y  of t he  di- 
ges t ive  t r a c t  of t h i s  a n i m a l  provides  var ious  a d v a n t a g e s  
for surgical  opera t ion .  On t h e  bas is  of these  f indings ,  we 
s t a r t e d  our  s t u d y  to  exam i ne  t he  usefulness  of acu te  
gas t r ic  f i s tu la  p r e p a r a t i o n  of young  ch ickens  for p h a r m a -  
cological s• Oil gas t r ic  secret ion.  

The  p r e sen t  p a p e r  r epor t s  t he  s t a n d a r d  t e c h n i q u e  for 
o b t a i n i n g  a q u a n t i t a t i v e  acid secre tory  response  to se- 
c re tagogues  in a n e s t h e t i z e d  young  ch ickens  w i t h  acu te  
gas t r ic  f istula,  and  p resen t s  a n  example  to show i ts  useful-  
ness in  t he  i nves t i ga t i on  of t he  mode  of ac t ion  of drugs.  

Materials and methods. Male y o u n g  ch ickens  (white  
leghorn,  6-10 days  old a f t e r  ha t ch ing )  were used. The i r  
we igh ts  r anged  f rom 50 to 95 g. Af te r  fast i t lg for a t  leas t  
5 h, t he  b i rds  were a n e s t h e t i z e d  w i t h  u r e t h a n e  (1.2 g/kg, 
i.p.). ]3ody t e m p e r a t u r e  of t he  an imal s  was k e p t  a t  a b o u t  
27 32~ b y  m e a n s  of a n  electr ic  h e a t i n g  ma t .  

Ope ra t i ve  t echn ique .  The  t r a c h e a  was exposed and  
cannu la t ed .  T h e n  t he  lower  esophagus  was l iga ted  j u s t  
be low t h e  crop. The  a b d o m e n  was opened  t h r o u g h  a smal l  
incision, t a k i n g  care  to  avo id  i n ju r ing  the  pe r i tonea l  air-  
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Fig. 1. Schematic representation of the upper digestive tract in the 
young chicken and the positions of operative treatments. 

sacs. The  p roven t r i cu lus -g izza rd  j u n c t i o n  was exposed  
and  a smal l  po lye thy l ene  c a n n u l a  inse r ted  t h r o u g h  a cu t  
in t he  j u n c t i o n  in to  t h e  g l andu la r  s t o m a c h  and  secured  b y  
l iga t ing  a r o u n d  the  junc t ion .  W h e n  t he  esophagus  and  t he  
c a n n u l a  were l igated,  b lood vessels and  vagus  ne rves  
were carefu l ly  excluded.  Mois t  co t ton-wool  was  p laced  
on the  cu t  edges to avo id  t i ssue  drying.  The  gross a n a t -  
o m y  of t he  u p p e r  d iges t ive  t r a c t  of the  ch icken  is sche- 
m a t i c a l l y  s h o w n  in F igure  1. 

D e t e r m i n a t i o n  of acid ou tpu t .  The  s t o m a c h  was per-  
fused w i t h  2 ml  w a r m  sal ine so lu t ion  t h r o u g h  the  gas t r ic  
e a n n u l a  a t  i n t e rva l s  of 15 rain.  T h e  pe r fu sa t e  was t i t r a t e d  
for  acid c o n t e n t  us ing  p h e n o l p h t h a l e i n  as the  i n d i c a t o r  
w i t h  N/50 N a O H  solut ion.  The  acid secre tory  r a t e  was  
expressed in  t e r m s  of ~zeq.H+/15 ra in/50 g of b o d y  we igh t  
(b.w.). The  basa l  sec re to ry  responses  were measu red  for 
60 min,  and  t h e n  the  i n h i b i t o r  or sal ine was a d m i n i s t r a t e d  
s.c. 15 m i n  before  the  in jec t ion  of each  secretagogue.  

Materials. The  drugs  used in th i s  e x p e r i m e n t  were as 
follows: t e t r a g a s t r i n  (Nissui, J apan ) ,  m e t h a c h o l i n e  chlo- 
r ide (Nakara i ,  J apan ) ,  h i s t a m i n e  d ihydroch lo r ide  (Wako 
Pure  Chem., Japan) ,  a t rop ine  su lpha te  (Wako Pu re  Chem.,  
J apan ) ,  b u r i m a m i d e  ( S m i t h  Kl ine  & F r e n c h  Lab. ,  En -  
gland,  k ind ly  suppl ied  b y  Dr. J. YV. BLACK). AI1 drugs  
were a d m i n i s t r a t e d  subcu taneous ly .  

Results. t .  Basa l  acid sec re to ry  response.  Y o u n g  chick-  
ens showed  acid sec re to ry  r a t e s  of 15 to  40 Feq .H+/  
15 min /50  g of b.w. in  210 exper imen t s .  The  ra tes  in  
ch ickens  w i t h  a h i g h e r  sec re to ry  r a t e  t h a n  40 ~eq .H+/  
15 min /50  g showed a t e n d e n c y  to decl ine rapidly .  I t  was  
also p roved  t h a t  a c o n s t a n t  secre tory  r a t e  was n o t  k e p t  in  
p r e p a r a t i o n s  w i th  a lower  r a t e  t h a n  15 Feq.H+/15 ra in /  
50 g. Therefore ,  the  p r e p a r a t i o n s  w i t h  15 to 40 ~zeq.H+/15 
ra in/50 g of acid sec re to ry  r a t e  were selected in our  ex- 
pe r iments .  The  acid sec re to ry  r a t e  was a lmos t  c o n s t a n t  
for ove r  135 rain  in t he  con t ro l  groups  w i th  ave rage  
secre tory  r a t e  of a b o u t  20 y.eq.H+/15 min /50  g. The  r a t e  
was m a i n t a i n e d  a t  t he  level  of 83.6% of the  in i t ia l  r a t e  
even  4 h a f t e r  opera t ion .  

2. E f fec t  of some seeretagognes.  The  effects of 3 
r e p r e s e n t a t i v e  secre tagogues  were e x a m i n e d  on  gas t r i c  
acid secre t ion  in t he  a n e s t h e t i z e d  ch icken  p repa ra t i ons .  
The  s t i m n l a t o r y  effect  of t e t r a g a s t r i n  is shown in F igu re  
2. T e t r a g a s r i n  a t  t he  dose of 6.25 ~zg/kg s.c. s ign i f i can t ly  
s t i m u l a t e d  acid ou tpu t ,  and  a t  the  dose of 12.5 to 100 ~zg/ 
kg  a u g m e n t e d  acid o u t p u t  dose -dependen t ly .  F igu re  2 
also shows t he  s t i m u l a t o r y  effects of h i s t a m i n e  a n d  

1 The present study was supported by a Grant from the Ministry of 
Education of Japan. We are indebted to Mr. M. MURAKA~'tg ~r.  
S. KOJIMA and Miss Y. KARIYA, for their technical assistance. 

2 H. M. F. FRIEI)~{ANN, J. cell comp. Physiol. 13, 219 (1939). 
3 j .  F. LoNo, Am. J. Physiol. 212, 1303 (1967). 
4 H. J. RUOFF and K. FR. SEWING, Naunyn-Sehmiedebergs Arch. 

Pharmak. 257, 170 (1970). 
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Fig. 2. Acid secretory pa t t e rns  induced b y  the secretagogue actions of te t ragas t r in ,  methachol ine  and h i s tamine  in-anesthet ized young chickens. 
The dose of each drug tes ted  in this  expe r imen t  is as follows : t e t ragas t r in  (ZX-- Zl 3.125, A- -  �9 6.25, [ ] - -  [] 25, O �9 50, �9 �9 100 ~g/kg, s.c.), 
methachol ine  ( � 9  �9 400, [ ] - -  D 800, �9 �9 1,000, �9 �9 1,600 ~g/kg,  s.c.), h i s tamine  ( � 9 1 4 9  25, [ ] - -  [] 50, � 9  O 100, � 9 1 4 9  200 ~zg/kg, s.c.). 
Ordinate  indicates  the acid secretory ra te  (~eq.H+/15 min/50 g of b.w.). All points  and  bars  represent  the mean  of exper iments  and  the s tan-  
dard  errors of the mean.  
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Fig. 3. Inh ib i to ry  effects of a t ropine  and bu r imamide  on the secretagogue actions of te t ragas t r in ,  methachol ine  and  h i s tamine  in anes thet ized 
young chickens.  Te t ragas t r in ,  methachol ine  and h is tamine  are in jected at  the b lack  arrow a t  the dose of 100, 1,000 and 200 F~g/kg, respect ively.  
At  the whi te  arrow, saline (O- - �9  5 mg /kg  of a t ropine ( [ ] - - [ ] )  and  1 mg/kg  of bu r imamide  (Q--O) are p r e m e d i t a t e d  s.c. All points  are the 
m e a n  of 6-10 exper iments  and  the bars  are the s t andard  errors of the mean. 
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me thacho l ine .  D o s e - d e p e n d e n t  a u g m e n t a t i o n  of acid 
secre t ion  response  was o b t a i n e d  b y  h i s t a m i n e  w i t h i n  t he  
dose r ange  of 50 to 200 ag/kg,  and  b y  m e t h a c h o l i n e  1,000 
to 1,600 ~g/kg. The  m a x i m a l  responses  were o b t a i n e d  30 
m i n  a f t e r  t h e  in jec t ion  of each  s t imu lan t .  T he  s t i m u l a t o r y  
effect  of h i s t a m i n e  was exe r t ed  w i t h o u t  a l a t e n t  per iod,  
a n d  t h e n  i t  r e t u r n e d  to t he  basa l  level  of acid o u t p u t  
w i t h i n  45 min,  a l t h o u g h  t h a t  of t e t r a g a s t r i n  or m e t h a -  
chol ine  r e m a i n e d  w i t h i n  60 m i n  a f te r  t he  medica t ion .  

3. I n h i b i t o r y  effect  of a t rop ine  and  b u r i m a m i d e .  The  
i n t e r a c t i o n s  b e t w e e n  these  sec le tagogues  a n d  some in-  
h ib i to r s  were inspec ted  in t h e  fowl p repa ra t ions .  A t rop ine  
a n d  b u r i m a m i d e  were used in th i s  expe r imen t .  The  l a t t e r  
is r epo r t ed  to  h a v e  a specific h i s t a m i n e  H2-receptor  a n t a g -  
onis t ic  effect  5. As shown  in F igure  3, a t rop ine  comple t e ly  
abol i shed  t he  s t i m u l a t o r y  effect  of me thacho l ine .  I t  was  
conf i rmed  t h a t  th i s  i nh ib i t o r  also depressed t he  ac t ion  of 
t e t r a g a s t r i n  s ign i f ican t ly  b u t  showed  no inf luence  on  t he  
ac t ion  of h i s t amine .  B u r i m a m i d e  was shown  to suppress  
t he  effects  of all  3 secretagogues.  

Discussion,  M a n y  inves t iga to r s  6-s h a v e  used  r a t  
s t o m a c h  p r e p a r a t i o n s  w i t h  acu te  f is tu la  for t he  s t u d y  of 
gas t r ic  acid secret ion.  The  r a t  seems, however ,  less 
sens i t ive  to  h i s t a m i n e  t h a n  o t h e r  animals .  Therefore ,  i t  
seems i n a d e q u a t e  to  e m p l o y  on ly  t he  r a t  as t he  experi-  
m e n t a l  mode l  in t he  s t u d y  of h i s t amine rg i c  m e c h a n i s m s  
of acid secret ion.  Since our  p r e l i m i n a r y  e x p e r i m e n t s  on 
t he  effect  of h i s t a m i n e  on gas t r ic  acid secre t ion  h a v e  
revea led  t h a t  ane s th e t i z ed  y o u n g  ch icken  p r e p a r a t i o n s  
were more  sens i t ive  to  h i s t a m i n e  t h a n  were ra ts ,  i t  was  
decided to deve lop  a s t a n d a r d  t e c h n i q u e  which  pe rmi t s  
q u a n t i t a t i v e  d e t e r m i n a t i o n s  of t he  gas t r ic  secre tory  re- 
sponses  to  severa l  drugs.  

W e  f i rs t  checked  t h e  d u r a b i l i t y  of t h e  basa l  acid secre- 
t o r y  responses.  The  m e a n  of basa l  acid sec re to ry  r a t e s  of 
210 ch ickens  was 96.7 :]z 2.0 tzeq.H+/60 min /50  g of b.w. 
for  t h e  f i rs t  1 h. This  va lue  r e m a i n e d  a l m o s t  c o n s t a n t  for  
t h e  n e x t  2 h. This  acid o u t p u t  seemed to  be  cons ide rab ly  
h ighe r  t h a n  t h a t  of o the r  au t ho r s  S, 4,9, who  e x a m i n e d  
u n a n e s t h e t i z e d  a d u l t  chickens.  

I n  t he  n e x t  expe r imen t ,  dose-response r e l a t ionsh ips  for 
h i s t a m i n e ,  t e t r a g a s t r i n  a n d  m e t h a c h o l i n e  were e x a m i n e d  
for t h e  q u a n t i t a t i v e  e s t i m a t i o n  of secre tagogue  act ions .  
I n  t h e  anes the t i z ed  young  chickens,  i t  was  shown  t h a t  
h i s t amine ,  t e t r a g a s t r i n  and  m e t h a c h o l i n e  p roduced  m a x -  
ima l  s t i m u l a t i o n  a t  the  dose of 200, 100 a n d  1,000 tzg/kg, 
respec t ive ly .  I t  was  shown  t h a t  t e t r a g a s t r i n  was 2-4  t imes  

as p o t e n t  as h i s t a m i n e  and  10-16 t imes  as p o t e n t  as 
me thacho l ine .  RUOFF and  SEWlNa ~ h a v e  a l r eady  r epo r t ed  
t h a t  h i s t amine ,  p e n t a g a s t r i n  a n d  ca rbacho l  s t i m u l a t e d  
acid o u t p u t  m a x i m a l l y  a t  t he  dose of 400, 200 and  160 tzg/ 
kg, respect ively ,  in  t he  u n a n e s t h e t i z e d  chickens.  Con- 
sp icuous  di f ferences  in t he  s ens i t i v i t y  to  chol inergic  
agen ts  were obse rved  be tween  t h e i r  p r e p a r a t i o n s  and  ours.  
I t  was  obv ious  t h a t  t he  dose of t e t r a g a s t r i n  and  h i s t a m i n e  
requ i red  to elicite t he  s t i m u l a t i o n  of acid secre t ion was 
lower in t he  y o u n g  ch ickens  t h a n  in t he  rats .  In  r ega rd  to  
t he  sens i t i v i ty  to  h i s t amine ,  t he  young  ch icken  seems to be  
10-40 t imes  as suscept ib le  as t he  ra t .  In  addi t ion ,  t h e  
effects of 2 t ypes  of an tagon i s t s ,  a t rop ine  and  b u r i m -  
amide,  were t e s t ed  on  t he  sec re t agogue- s t imu la t ed  acid 
secret ion.  The  an t icho l inerg ic  d rug  showed comple t e  
a n t a g o n i s m  to m e t h a c h o l i n e  and  s ign i f ican t  depress ion  of 
t e t r a g a s t r i n .  However ,  t he  fac i l i t a t ing  ac t ion  of h i s t a m i n e  
was n o t  affected b y  a t rop ine .  On the  o the r  hand ,  b u r i m -  
amide  showed an  i n h i b i t o r y  effect  on  all t ypes  of se- 
cre tagogues.  

T h e  anes the t i z ed  young  ch icken  p r e p a r a t i o n s  a p p e a r  
p re fe rab le  for t he  i nves t i ga t i on  of acid secre t ion in t he  
fol lowing respec ts :  1. t he  sec re to ry  r a t e  was fa i r ly  h i g h  
u n d e r  anes thes i a  a n d  c o n s t a n t  for 2-3  h ;  2. t he  acid 
secre t ion  was d o s e - d e p e n d e n t l y  a u g m e n t e d  w i t h  3 
r e p r e s e n t a t i v e  secre tagogues ;  3. t he  p a t t e r n  of sec re to ry  
responses  is essen t ia l ly  s imi lar  to  those  k n o w n  to  occur  in  
t he  m a m m a l s ;  4. t he  an t agon i s t i c  i n t e rac t ions  be twee n  
secre tagogues  and  inh ib i to r s  were c lear ly  d e m o n s t r a t e d ;  
5. large n u m b e r s  of ch ickens  f rom a homogeneous  co lony  
are easily o b t a i n e d ;  6. a large n u m b e r  of b i rds  c an  b e  
s tud ied  s imu l t aneous ly ;  a n d  7. on ly  a smal l  a m o u n t  of 
t e s t  drugs  are r equ i red  for screening  exper iments .  Fo r  
these  reasons,  we conc luded  t h a t  t he  acu te  gast r ic  f i s tu la  
p r e p a r a t i o n  of fowls p rov ides  a c o n v e n i e n t  expe r ime ta l  
m e t h o d  for t he  s t u d y  of acid secret ion.  

5 j .  W. BLACK, W. A. M. DUNCAN, C. J .  DURANT, C. R. GANELLIN 
and E: '~.  PARSONS, Nature, Lond. 236, 385 (1972). 

6 G. ]5~AHLSON, E. ROSENGREN a n d  S. E.  SVENSSON, Pharmacology 
o/ Gastrointestinal Motility and Secretion (Ed. P. HOLTON; Per- 
gamon Press, London1 1973), p. 41. 

T G. KA~LSON and E. ROS~NGREN, Physiol. Rev. 48, 155 (1968). 
s S. E. SVENSSON, J. Physiol., Lond. 207, 329 (1970). 
9 p. G. BURItOL and B. I. HIRSCHOWlTZ, Am. J. Physiol. 218, 1671 

(1970). 
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