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D i s t e n s i o n  of the r e t i c u l u m  d e c r e a s e d  food but  not  w a t e r  in take  by sheep  1 
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Summary. The in takes  of pel le ted  alfalfa by  hung ry  sheep were depressed  in a rect i l inear  m a n n e r  in relat ion to  the  
a m o u n t  of wa te r  (0-800 ml) added  to a bal loon in the  re t icu lum (p < 0.005). Since the  consumpt ion  of wa te r  by  t h i r s t y  
sheep was no t  a l te red  by  these  t r ea tmen t s ,  the  reduc t ion  in food in take  p roduced  by  d i s tend ing  the  re t icu lum was 
a specific response.  The in takes  of food were no t  s ignif icant ly  a f fec ted  by  d i s t end ing  the  r u m e n  wi th  800 ml wa te r  
in a bal loon so i t  is possible t h a t  the  a m o u n t  of fill in the  re t icu lum ra the r  t h a n  in the  rumen  m a y  be i m p o r t a n t  in 
signall ing sa t i e ty  in sheep. 

Methods  of increasing the  in takes  of roughage  diets  by  
r u m i n a n t s  m u s t  be sought  to ensure  their  con t inued  high 
o u t p u t s  of agr icul tura l  commodi t i e s  in t he  even t  of 
shor tages  of grain in world marke t s .  The in take  of a long 
h a y  die t  by  r u m i n a n t s  is t h o u g h t  to be l imited by  
d is tens ion  of the  re t i cu lo- rumen *-e. The rumen  ra the r  
t h a n  the  re t icu lum has  been considered as the  site of the  
sa t i e ty  signals. Dis tens ion of the  rumen  of cows wi th  
45 1 wa te r  in bal loons depressed  the i r  ad l ib i tum in takes  
b y  2400 g /day  ~ b u t  the  addi t ion  of 1290 ml wa te r  to a 
bal loon in the  rumen of the  goat  had  no effect  on in take 
in 1 meal  s. The poss ibi l i ty  t h a t  d is tens ion of the  reti-  
cu lum ra the r  t h a n  the  r u m e n  signalled sa t i e ty  was invest i -  
ga ted  in the  s t u d y  now repor ted  because the  dens i ty  of 
tens ion  receptors  in smoo th  muscle was found to be much  
grea te r  in the  re t icu lum and  the  cranial  sac t h a n  in the  
rumenO, 1~ Since food of h igh  specific g rav i ty  was 
observed  to  drop  main ly  in to  the  cranial  sac and  reti-  
cu lum of ca t t le  dur ing  a meal  n it is possible t h a t  dis- 
tension of these  organs  can signal sa t ie ty .  
Materials and methods. 5 crossbred wethers  Weighing 
73.8 + 6.6 kg were held in me tabo l i sm cages in a room 
t h a t  was i l luminated  cont inuously .  W a t e r  and pel le ted 
alfalfa were avai lable ad l ib i tum excep t  t h a t  prior  to  the  
expe r imen ta l  sessions the  sheep were depr ived  of food or 
wa te r  to  genera te  hunger  or th i rs t .  Ju s t  before the  end 
of the  depr iva t ion  per iod a po lye thy lene  tube  wi th  a 
col lapsed ballon t ied on the  end was d i rec ted  th rough  the  
r u m e n  cannula  and in to  the  re t icu lum of the  sheep. The 
p l acemen t  of the  bal loon was  verif ied by  recording 
b iphas ic  and  t r iphas ic  pressure  waves  f rom the  re t icu lum 
in associat ion wi th  the  no rma l  mix ing  and  regurgi ta t ion  
of digesta  respect ively .  I m m e d i a t e l y  pr ior  to  feeding or 
dr inking,  the  re t icu lum of each sheep was e i ther  no t  

d i s t ended  (control) or d i s t ended  wi th  e i ther  200, 400, 
600 or 800 ml wa te r  in the  balloon. A 5 x 5 La t in  square  
design was used in b o t h  instances.  The effect  on in take  
of d i s tend ing  the  r u m e n  was t e s t ed  in a similar m a n n e r  
to  t h a t  descr ibed above  excep t  t h a t  a crossover  design was 
used to  compare  the  influence of the  bal loon conta in ing  
800 ml wa te r  to t h a t  of the  bal loon alone. 5 sheep were 
used and  the  expe r imen t  was repl ica ted  twice. 
Results and discussion. The resul ts  r epor ted  in t ab le  1 
indica ted  t h a t  d i s t end ing  the  re t iculum of sheep depr ived  
of wa te r  b u t  no t  food for 6.8 h did no t  suppress  wa te r  
intake.  Subsequen t  to a food depr iva t ion  per iod of 5.6 h, 
the  in takes  of alfalfa dur ing  10, 20 and 30 min of re t icular  
d i s tens ion  were measured  (table 2). The s ignif icant  
depress ions  in in takes  were rect i l inear ly  re la ted to the  
degree of d is tens ion  and  af ter  30 mill Of feeding, in takes  
were suppressed  by  0.211 g/ml of dis tension.  However  
the  in takes  dur ing  20 rain of feeding af ter  the  bal loons 
were r emoved  f rom the  animals  bore a posi t ive  relat ion-  
ship to  the  previous  degree of d is tens ion (p < 0.005; 
table  2). The regression coeff icient  of + 0.206 g /ml  m e a n t  
t h a t  the  previous  deficits  in consumpt ion  were a lmos t  
comple te ly  recouped.  There  was no adverse  or long last ing 
influence of re t icular  d is tens ion on the  sheep as is indi-  
ca ted  by  the  ins ignif icant  effects  of re t icular  d is tens ion 
on in takes  for the  dura t ion  of the  expe r imen t  (50 min). 
The uppe r  l imit  of 800 nil d is tens ion  in the  t r e a t m e n t s  
was no t  excessive consider ing the  vo lume of 500 g alfalfa 
pel lets  t h a t  the  sheep consumed  in 50 min of feeding, 
exclusive of saliva and o the r  fluids enter ing  the  s tomach  
dur ing  the  meal,  was 670 ml. If  all of the  food t h a t  was 
consumed  s tayed  in the  re t icu lum dur ing the meals,  the  
vo lume of the  meal  could be a t  least  in pa r t  a signal of 
sa t ie ty .  

Table 1. Effect of distending the reticulum on Water intake by sheep 
after being deprived of water but not food for 6.8 h 

Time after Analysis of variance of 5 • 5 Latin square 
deprivation Mean water intakes F* RSD 
(min) (ml) (ml) 

Distension of balloons (ml) 
0 200 400 600 800 

0-10 1596 1 5 4 0  1 7 5 6  1 0 7 8  1454 NS 396 
0-20 1668 1 5 7 4  1 7 9 8  1 2 7 4  1474 NS 359 

Drinking after balloons were removed 
20-40 8 36 28 52 188 NS 151 

Total intakes for the experiment 
0-40 1676 1 6 1 0  1 8 2 6  1 3 2 6  1662 NS 276 

* Significance level; NS, not significant. 
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Table 2. Effect of distending the reticulum on food intake by sheep after being deprived of their normal diet for 5.6 h 
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Time after Analyses of variance of 5 x 5 Latin square Regression analyses 
deprivation Mean food intakes (g) F + RSD (g) Intercept Slope F+ r 
(rain) Distension (ml) (g) (g/ml) 

0 200 400 600 800 
0-10 223 �9 191 ~ 163 ab 104 b 116 b **** 37 220 --0.151 **** --0.55 
0-20 305 �9 278,b 208 ~b 157 b 183 ~b ** 64 299 --0.182 **** --0.48 
0-30 371 ~ 329 ~ 220 .b 177 b 236 "b * 83 351 --0.211 **** --0.48 

Rebound feeding with source of distension removed 
30-40 102 b~ 89 ~ 147 ~b 178 �9 166 ~ *** 34 92 +0.109 **** +0.60 
30 50 133 b 143 b 254 ~b 303 �9 259 ~b *** 66 136 +0.206 **** +0.63 

Totalintakes for the experiment 
0-50 504 471 474 480 494 NS 72 - - NS 

+ Significance levels; NS, not significant; * p % 0.05; ** p < 0.025; *** p < 0.01; **** p < 0.005. Means with different superscripts differ 
significantly by a sequential variant of the Q method. 

D i s t e n d i n g  the  r u m e n  did n o t  dep res s  t h e  i n t ake  of food 
a c c o r d i n g  to S t u d e n t ' s  pa i r ed  t - t e s t  (p > 0.05). The  
q u a n t i t i e s  c o n s u m e d  w i t h  a n d  w i t h o u t  d i s t e n s i o n  were  
217 a n d  231 g a f t e r  10 ra in  of feeding,  362 a n d  360 a f t e r  
20 m i n  a n d  392 a n d  417 a f t e r  30 m i n  r e spec t ive ly .  T h e  
i n t a k e s  of food for  20 m i n  a f t e r  t h e  ba l l oons  were  r e m o v e d  
f r o m  t h e  a n i m a l s  were  also n o t  s ign i f i can t ly  d i f fe rent ,  t h e  
v a l u e s  be ing  136 a n d  105 g respec t ive ly .  The  d e p r e s s i o n  
of food i n t a k e  b y  r u m i n a l  d i s t e n s i o n  in ca t t l e  7 b u t  n o t  in 
g o a t s  8 a n d  sheep  m a y  be due  to  t he  t y p e  or  f o r m  of t h e  
d ie t  as  t he  ca t t l e  were  g iven  h a y ,  t he  g o a t s  a c o n c e n t r a t e  
d ie t  a n d  the  sheep  in t h i s  s t u d y  pe l le ted  alfalfa.  H o w e v e r  
t h e  s u p p r e s s i o n  of i n t a k e  b y  0.211 g / m l  d i s t e n s i o n  of t h e  

r e t i c u l u m  is r e m a r k a b l e ,  exceed ing  c o n s i d e r a b l y  even  the  
s u p p r e s s i o n  of  0.05 g / m l  d i s t e n s i o n  of  t he  r u m e n  in 
c a t t l e L  T h e  g r e a t e r  s u p p r e s s i o n  of i n t a ke  seen w h e n  t h e  
r e t i c u l u m  w a s  d i s t ended  m a y  h a v e  b e e n  due  to  i ts  
r e l a t ive ly  sma l l  size a n d  to  i ts  g r ea t e r  i n n e r v a t i o n  w i t h  
t e n s i o n  r e c e p t o r s  9,1~ c o m p a r e d  to  t he  r u m e n .  R e t i c u l a r  
d i s t ens ion  s u p p r e s s e d  food  b u t  n o t  w a t e r  i n t a k e  so t h e  
effect  was  a specific r e sponse .  T h e  r e c e p t o r s  i nvo lved  
m a y  s igna l  s a t i e t y  b u t  t he  phys io log i ca l  s igni f icance  of 
t h e  r e su l t s  will  n o t  be  a p p r e c i a t e d  d i m e n s i o n s  of t h e  
r e t i c u l u m  are  m e a s u r e d  in a s s o c i a t i o n  w i t h  the  i n t a k e  of 
food. 

Simultaneous monitoring by optical techniques of respiratory chain and intracellular pH 
in toad ventricle strip1 
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Summary.  I n t r a c e l l u l a r  p H  a n d  o x i d a t i v e  m e t a b o l i s m  can  be m e a s u r e d  in t o a d  ven t r i c l e  s t r i p s  s i m u l t a n e o u s l y  b y  the  
use  of t h e  p H  i n d i c a t o r  dye,  n e u t r a l  red,  and  a r ap id  s c a n n i n g  s p e c t r o p h o t o m e t e r .  T h e  effec ts  of  h y p o x i a  a n d  acidifi-  
c a t i o n  on  m e c h a n i c a l  f u n c t i o n  are  a p p r o x i m a t e l y  add i t ive .  T h e  decrease  in t e n s i o n  due  to  s l igh t  ac id i f ica t ion  is p r o b a b l y  
t h r o u g h  an  effect  on  t h e  p o r t i o n  of t h e  t w i t c h  t e n s i o n  s u p p o r t e d  b y  a n a e r o b i c  m e t a b o l i s m .  

D u r i n g  h y p o x i a  a n d  i s chem i a  of ca rd iac  t i s sue  t h e r e  is a 
fa i lure  of t he  o x i d a t i v e  p r o d u c t i o n  of e n e r g y  a n d  a 
decrease  in m e c h a n i c a l  func t ion .  I n  t he se  p a t h o l o g i c a l  
s t a t e s  t he r e  is also a sh i f t  to  a m o r e  acidic i n t r ace l l u l a r  
p H ,  espec ia l ly  in i s c h e m i a  w h e r e  the  acid  m e t a b o l i t e s  of 
a n a e r o b i c  m e t a b o l i s m  are n o t  w a s h e d  out .  Since m a n y  
of t h e  e n z y m e s  i nvo l ved  in e n e r g y  p r o d u c t i o n  are  p H  
sens i t ive ,  s u c h  as  p h o s p h o f r u c t o k i n a s e  4 a n d  t h e  n ico-  
t i n a m i d e  aden ine  d inuc leo t ide  l inked s u b s t r a t e  s h u t t l e  
s y s t e m s  5, i t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  fall in  p H  is 
r e s p o n s i b l e  for  t h e  fa i lure  of a n a e r o b i c  m e t a b o l i s m  to  
s u p p l y  suf f ic ien t  e n e r g y  to  m a i n t a i n  m e c h a n i c a l  func -  
t i on  6-s. I n  t h i s  r ega rd ,  i t  w o u l d  be of i n t e r e s t  t o  r e l i ab ly  
m e a s u r e  i n t r ace l lu l a r  p H  (pHi) ,  m e c h a n i c a l  f u n c t i o n ,  
a n d  o x i d a t i v e  e n e r g y  m e t a b o l i s m  n o n - i n v a s i v e l y  d u r i n g  
t h e  d e v e l o p m e n t  a n d  r e c o v e r y  f r o m  h y p o x i a .  
R e c e n t l y ,  t he  p H  sens i t ive  i n d i c a t o r  dye,  n e u t r a l  red  
h a s  b e e n  app l i ed  to  a m p h i b i a n  skele ta l  m usc l e  e n a b l i n g  
t h e  c o m p a r i s o n  of op t i ca l l y  de t ec t ed  m e t a b o l i c  a n d  p H  
c h a n g e s  9,10. W e  h a v e  n o w  b e e n  able  to  a p p l y  t h i s  t e ch -  
n i q u e  to  a m p h i b i a n  ca rd iac  m usc l e  11. T h e  t o a d  ven t r i c l e  
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