
15.2. 1978 Specialia 205 

Discussion. Changes  in in t r ace l lu l a r  p H  induced  b y  
changes  in pe r fusa t e  pCO 2 can  be  m o n i t o r e d  in in tac t ,  
t o a d  ven t r i c le  s t r ips  b y  opt ica l  m o n i t o r i n g  of n e u t r a l  red 
a b s o r p t i o n  spect ra .  Th i s  t e c h n i q u e  al lows s i m u l t a n e o u s  
m e a s u r e m e n t  of c y t o c h r o m e  cha in  redox  s t a t e  a n d  pHi .  
Whi le  q u a n t i t a t i v e  va lues  are n o t  accura te ,  ca l ib ra t ion  
of t he  changes  in p H  can  be accompl i shed  b y  compar i son  
w i t h  changes  in b a t h  pCOz. 
I n  these  muscles,  a l m o s t  ha l f  of the  deve loped  t ens ion  
can  be s u p p o r t e d  b y  the  smal l  a m o u n t  of res idua l  oxygen  
in t he  b a t h  d u r i n g  n i t rogen  b u b b l i n g  a n d  anae rob ic  
me tabo l i sm.  The  effect  of t he  ac id i f ica t ion  of t he  t issue 
b y  b u b b l i n g  w i th  5% CO 2 in oxygen  on the  deve loped  
t ens ion  is p r o b a b l y  due  to an  effect  on t h a t  p a r t  of t he  
t ens ion  s u p p o r t e d  b y  anae rob ic  m e t a b o l i s m  since t he re  
is l i t t le  change  in c y t o c h r o m e  redox  s t a t e  (figure 2B). 

La rge r  ac id i f ica t ion  has  an  effect  on  b o t h  aerobic  a n d  
anae rob i c  processes  as sugges ted  b y  f igure 2A. 
The  sugges t ion  t h a t  t he  effects of h y p o x i a  a n d  acidosis  
on  m e c h a n i c a l  f unc t i on  are add i t i ve  14 is s u p p o r t e d  b y  
the  a l m o s t  add i t i ve  decrease  in t ens ion  wh ich  accompan ie s  
b o t h  n i t r ogen  b u b b l i n g  a n d  5% CO~ in n i t rogen .  Th i s  
is p r o b a b l y  due to  t he  decreased  u p t a k e  of s u b s t r a t e s  
such  as glucose and  l a c t a t e  1~. The  c o m b i n a t i o n  of b o t h  
aerobic  and  anae rob i c  s u p p o r t  of m e c h a n i c a l  func t ion  
m a y  exp la in  the  f ind ing  t h a t  t he  ox ida t i ve  me tabo l i c  
change  a n d  decrease  in m e c h a n i c a l  f unc t i on  beg in  pr io r  
to  the  fall  in i n t r aee l lu l a r  p H  15. 

14 A.F. Whereat and J. Nelson, Am. J. Physiol. 226, 1309 (1974). 
15 F. Lai and J. Scheuer, J. molec. Cell. Cardiol. 7, 289 (1975). 
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Summary. C o n c e n t r a t i o n s  of the  oc t apep t i de  of cho lecys tok in in  a n d  p e n t a g a s t r i n ,  wh ich  a lone  do no t  c o n t r a c t  t he  
ga l lb ladder ,  enhance  t he  ga l l b l adde r  c o n t r a c t i o n  in response  to e lec t r ica l  s t i m u l a t i o n  in vi t ro .  

A t  p r e sen t  the  neu ra l  and  h o r m o n a l  i n t e r a c t i o n  in regu- 
l a t ing  the  m o t o r  a c t i v i t y  of the  ga l l b l adde r  is poor ly  
u n d e r s t o o d  and  has  been s tud ied  m a i n l y  in v ivo  2,3. The  
p r e s e n t  s t u d y  was car r ied  ou t  to  i nves t i ga t e  how sub-  
t h r e sho ld  c o n c e n t r a t i o n s  of c h o l e c y s t o k i n i n - o c t a p e p t i d e  
(CCK-OP),  p e n t a g a s t r i n  (PG) or secre t in  (S) inf luence  the  
effects of t r a n s m u r a l  e lectr ical  s t i m u l a t i o n  (to m i m i c k  
vaga l  exc i ta t ion)  on the  isola ted gu inea -p ig  ga l lb ladder ,  
Methods. I so la t ed  gu inea-p ig  ga l lb ladders  were longi-  
t u d i n a l l y  f ixed a t  37 ~ in an  o rgan  b a t h  of 100 ml  w i th  
modif ied  Krebs -He ns e l e i t  so lu t ion  (NaC1 111, N a H C O  3 
25, KC1 4.7, CaC12 2.5, KH~PO 4 0.92, MgSO 4 0.88, glucose 
16.7 mM) ae r a t ed  w i t h  95% 02 and  5% CO 2. A smal l  
p l a t i n u m  wire e lec t rode  was inse r t ed  t h r o u g h  a hole in the  
fundus ,  f ixed b y  a purse  s t r ing  su tu re  a n d  connec t ed  to 
an  i sometr ic  s t r a in  gauge t r a n s d u c e r  (Grass F T  03 B). A 
c i rcu la r  p l a t i n u m  wire e lec t rode  (25 m m  ~)  was p laced 
a r o u n d  the  ga l lb ladder .  The  p re load  was a d j u s t e d  be- 
tween  2.5 a n d  6.5 g so t h a t  an  o p t i m a l  r a t io  be tween  
s p o n t a n e o u s  and  e lect r ica l ly  s t i m u l a t e d  a c t i v i t y  ( <  0.75) 
was  ob ta ined .  The  ga l lb ladder  was s t i m u l a t e d  w i t h  
r e c t a n g u l a r  e lectr ical  impulses  of 20 V a n d  1 msec 
d u r a t i o n  a t  a f r equency  of 10 Hz for 5 ra in  followed b y  
5 min  rest .  Af te r  6 s t i m u l a t i o n  cycles, CCK-OP.  S, or P G  
was added  in decreas ing  c o n c e n t r a t i o n s  to  d e t e r m i n e  t he  
t h r e s h o l d  concen t r a t i on .  5 ra in  a f t e r  each  t e s t  dose t he  
b a t h  was r insed 2 or 3 t imes.  S u b s e q u e n t l y  the  f i rs t  sub-  
t h re sho ld  c o n c e n t r a t i o n  ( a p p r o x i m a t e l y  ha l f  of the  t h r e sh -  
old) was added  and  a n o t h e r  6 s t i m u l a t i o n  cycles were 
comple ted  w i t h  the  h o r m o n e s  r e m a i n i n g  in t he  b a t h .  To 
rule o u t  t he  poss ib i l i ty  t h a t  t he  con t r ac t i l e  response  to 
e lectr ical  s t i m u l a t i o n  a lone changed  d u r i n g  the  course of 
the  expe r imen t ,  a n o t h e r  g roup  of 8 e x p e r i m e n t s  were 
car r ied  ou t  where  a f t e r  6 cycles t he  b a t h  was s imply  re- 
filled w i th  f resh solut ion.  
The  effect  of a t rop ine  on s t i m u l a t e d  ga l lb l adde r  con t rac -  
t ion  was s tud ied  as follows: a f t e r  all p re l imina r i e s  (see 
above)  electr ical  s t i m u l a t i on  (2 5-min cycles w i t h  5 min  

in te rva l )  was  appl ied  as descr ibed.  Af te r  5 m in  rest ,  
ace ty lcho l ine  (ACh) was added  to the  b a t h  to give a f inal  
c o n c e n t r a t i o n  of 7 • 10 5 M, and  a f te r  w a s h i n g  ou t  ACh 
CCK-OP was added  a t  a f inal  c o n c e n t r a t i o n  of 2 • 10 .9 M. 
Af te r  f u r t h e r  washing ,  s t a r t i n g  w i t h  the  lowest  concen-  
t r a t i o n  of a t rop ine ,  t he  n e x t  g roup  of s t i m u l a t i o n  was 
appl ied  un t i l  no f u r t h e r  increase  in a t rop ine  c o n c e n t r a t i o n  
seemed to be  useful.  
The  ave rage  con t r ac t i on  of each 5-rain cycle was e v a l u a t e d  
p lan imet r i ca l ly .  For  each  group  of tests ,  t he  m e a n s  of the  
6 c o n t r a c t i o n s  before  add ing  the  h o r m o n e  were c o m p a r e d  
wi th  the  m e a n  of the  6 c o n t r a c t i o n s  a f t e r  add i t i on  of t he  
h o r m o n e s  and  ana ly sed  b y  t - t e s t  for pa i red  compar i son .  
Materials. P e n t a g a s t r i n  G a s t r o d i a g n o s t  | (k indly  sup-  
plied b y  Dr  W e n d t ,  E. Merck,  D a r m s t a d t ) ,  ace ty l cho l ine  
chloride,  a n d  a t rop ine  su lpha t e  (E. Merck,  D a r m s t a d t ) ,  
n a t u r a l  secret in ,  b a t c h  No. 17561 (Karo l in ska  I n s t i t u t e r ,  
S tockholm) ,  s y n t h e t i c  cho l ecys tok in in -oc t apep t i de  (k indly  
suppl ied  b y  the  S q u i b b  I n s t i t u t e  for med ica l  Research) .  
Results. All p r e p a r a t i o n s  d i sp layed  r h y t h m i c a l  s p o n t a n e -  
ous a c t i v i t y  w i t h  a f r equency  v a r y i n g  b e t w e e n  10 a n d  
20 m i n  -1. The  a m p l i t u d e  increased  w i t h  inc reas ing  p re load  
to m a x i m a l l y  1 g, b u t  was  usua l ly  a r o u n d  0.1 g. The  basa l  
tone  va r i ed  f rom p r e p a r a t i o n  to p r e p a r a t i o n ,  a n d  was on  
the  ave rage  d u r i n g  the  2nd 6 cycles of e lectr ical  s t i m u l a t i o n  
h igher  t h a n  d u r i n g  t he  1st 6 cycles. Th i s  p h e n o m e n o n  
was seen w h e t h e r  the  h o r m o n e s  were g iven  or not .  E lec t r i -  
cal s t i m u l a t i o n  caused  the  ga l lb l adde r  to  c o n t r a c t  w i t h  a 
force e q u i v a l e n t  to  0.875 •  g (mean • SEM). Th i s  
con t rac t i l e  response  was a lways  less t h a n  t he  m a x i m a l  
c o n t r a c t i o n  induced  b y  ACh or CCK-OP.  The  c o n t r a c t i o n  
in response  to e lec t r ica l  s t i m u l a t i o n  was b locked  b y  con-  
c e n t r a t i o n s  of a t rop ine  which  were smal le r  t h a n  those  

1 Supported by grants from the Deutsche Forschungsgemein- 
schaft and the Alfred Teufel-Foundation. 

2 B. Pallin and S. Skoglund, Acta physiol, scand. 60, 358 (1964). 
3 J .S.  Davidson and S. FoeseI, Digestion I3, 251 (1975). 
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necessary  to block the  ACh response.  The CCK-OP effect  
was reduced only  by  ex t r eme ly  high concen t ra t ions  of 
a t rop ine  (figure 1). 
PG caused a con t rac t ion  of the  ga l lb ladder  wi th  a th resh-  
old concen t ra t ion  va ry ing  f rom 3.9 to  15.6 x 10 -s M. Ac- 
cordingly  the  sub th resho ld  concen t ra t ion  was 13-78 • 
10 -9 M. Secret in in concen t ra t ions  up to 2.9 • 10 -s M was 
ineffective.  According to Chowdhury  et  al. 4, a background  
dose of 6 x 10 .9 M was chosen.  The th resho ld  concen-  
t r a t i on  of CCK-OP was 3-9 x 10 -11 M, the  sub th resho ld  
concen t ra t ions  used were 2-4 • 10 -11 M. 
In  the  contro l  group the  cont rac t i le  response  remained  
unchanged :  1.061-t-0.240 g (mean • SEM) for the  1st 
6 con t rac t ions  and  1.055-4-0.233 g for the  2nd. A signi- 
f icant  increase in the  con t rac t ion  in response  to electr ical  
s t imula t ion  was found af ter  sub th resho ld  concen t ra t ions  
of PG (p<0.05)  and  CCK-OP (p<0.01) .  The sl ight  in- 
crease af ter  secret in  was s ta t i s t ica l ly  not  s ignif icant  
(figure 2). 
Discuss ion .  Since con t rac t ions  of the  gal lb ladder  in re- 
sponse  to b o t h  electr ical  s t imula t ion  and  ACh are b locked 
by  a t ropine  a lmos t  to the  same ex ten t ,  electrical  s t imu-  
la t ion can be regarded as an equ iva len t  to vagal  s t imu-  
la t ion in vivo. Concen t ra t ions  of PG and  CCK-OP which  
alone do no t  con t rac t  the  isolated guinea-pig gal lb ladder  
a f te r  exposure  of the  organ to sub th resho ld  concen t ra t ions  
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Fig. 1. Effect of increasing concentrations of atropine on maximally 
stimulated contraction of the isolated guinea-pig gallbladder in re- 
sponse to CCK-OP (�9 Aeh (ZX), and electrical stimulation (O) 
expressed as percentage of the response without atropine (N = 4). 
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Fig. 2. The effect of subthreshold concentrations of PG, S, and 
CCK-OP on contraction of the isolated guinea-pig gallbladder in re- 
sponse to electrical stimulation (ES). N = 6; mean :t= SEM; * p 
0.05; ** p < 0.01. 

of the  ho rmones  enhanced  con t rac t ion  in response  to 
electrical  s t imula t ion .  The conclusion seems just i f ied tha t ,  
even on a sub th resho ld  level, a t  least  on the  h o r m o n a l  
side a synergis t ic  ac t ion wi th  the  neural  side is possible. 
The th resho ld  concen t ra t ion  of CCK-OP is comparab le  to 
t h a t  found in the  same Species by  Yau et  al. 5. I t  seems 
therefore  l ikely t h a t  the  neuro -hormona l  po t en t i a t i ng  
effect  found by  Pall in and  Skoglund 2 has to be a t t r i bu t ed  
to t he  same principle  of in te rac t ion  as descr ibed above 
and - since ob ta ined  in vi t ro  - takes  place a t  the  t a rge t  
organ. The failure of a t rop ine  to block in lower concent ra -  
t ions  the  CCK-OP effect  conf i rms H ed n e r  et  al. ~ and  Yau 
et  al. 5 and excludes  endogenous ly  released ACh as a 
med ia to r  of CCK-OP for ga l lb ladder  cont rac t ion .  
Several  au tho r s  have  shown a spasmogenic  effect  of 
gas t r in  or PG on gal lb ladder  muscle p repara t ions  in vivo 
and in vitro.  However ,  th is  effect  was no t  considered to  be 
physiological  because of the  lower po tency  of gas t r in  and 
syn the t i c  der iva t ives  on a molar  base as compared  wi th  
CCIK4, ~. In  cont ras t ,  Toouli and  W a t t s  s, working wi th  
isolated h u m a n  and  canine gal lb ladder  prepara t ions ,  con- 
c luded t h a t  gas t r in  is a physiological  r a the r  t h a n  a phar -  
macological  s t imulan t .  The sub thresho ld  concen t ra t ion  
which was shown in our expe r imen t s  to affect  ga l lb ladder  
con t rac t ion  in vi t ro  was smaller  t h a n  the  concen t ra t ion  
necessary  to  s t imula te  gastr ic  acid secret ion in the  isolated 
guinea-pig s tomach  (0.3-1.0 ~xg/ml) as repor ted  by  Ho l ton  
and Spencer  9. However ,  it  mus t  be emphas ized  t h a t  the  
th reshold  concen t ra t ion  of PG for con t rac t ion  of the  
isolated ga l lb ladder  is a p p r o x i m a t e l y  1600 t imes  higher  
t h a n  t h a t  of CCK-OP.  Thus  it seems unlikely t h a t  gast r in  
in combina t ion  wi th  o the r  factors,  such as the  cho!inergic 
nervous  sys tem,  plays  a permiss ive  role in regula t ing gall- 
b ladder  con t rac t ion  unde r  physiological  condit ions,  since 
these high p l a sma  concen t ra t ions  are unlikely to occur. 
A cholecys tokinet ic  ac t iv i ty  of S in vivo was found by  Lin 
and Spray  1~ and Davidson  and Foesel  3, bu t  no t  by  
Vagne and Troi t ska ja  n.  F r o m  studies  wi th  human ,  feline 
and canine gal lb ladder  str ips,  i t  is also controvers ia l  
whe the r  secre t in  is effect ive in vi tro.  The differences ob- 
served do no t  seem to be spec ies-dependent .  I t  is also 
controvers ia l  whe the r  S in vi t ro  con t rac t s  the  gal lblad-  
der  s, 12-1,. I t  is known t h a t  the  effect  of CCK is enhanced  
by  S 4,11,14. Al though  some of the  S p repara t ions  conta in  
CCK t h a t  alone canno t  suff ic ient ly  expla in  the  posi t ive  
results.  
F r o m  the  p re sen t  expe r imen t s  it  becomes likely t h a t  cir- 
cula t ing concen t ra t ions  of CCK, which alone are inact ive  
can faci l i tate  ga l lb ladder  con t rac t ion  elicited by  nervous  
exci ta t ion.  This  coopera t ive  act ion could allow the  neuro-  
endocr ine  sys t em to opera te  on a more economic level. 
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