
Relation of Ammonia Excretion to 

Urine pH in the Guinea Pig 

I n  1856 Claude Bernard iI observed 
, I 

that t he  urinary pH o f  carnivorous ani- 
mals is markedly lower that that  o f  
herbivorous animals. Some  years later 
Wa l t e r  ( 2 )  described the  excretion o f  

\ , 

ammonia  i n  various animals that  had 
been rendered acidotic and stressed t he  
protective and base-saving features o f  
this mechanism. Since then,  numerous 
studies o n  the  patterns o f  ammonia  ex- 
cretion i n  man ,  dog, and rat, especially 
during acidosis, have been published. O n  
the  other hand, very f e w  studies o n  these 
patterns i n  the  rabbit have been made  
and,  as far as w e  are aware, none i n  the  
guinea pig. T h e  current theories o f  am-  
monia excretion are, therefore, largely 
based o n  studies i n  species that  normally 
excrete an  acid urine. 

I n  spite o f  m u c h  work i n  this field, 
three major questions await conclusive 
answers. W h a t  is the  physiological stimu- 
lus for ammonia  excretion? W h a t  is the  
relative importance o f  enzymatic and 
physicochemical factors i n  tlie mecha- 
nism o f  ammonia  excretion? W h a t  is its 
physiological significance? During stud-
ies on  ammonia  excretion i n  t he  guinea 
pig, w e  have made observations that  are 
surprising when  they are considered i n  
the  light o f  present concepts o f  ammonia 
formi t ion  and excretion. 

T h e  ammonia output o f  guinea pigs 
( 1  	t o  4 microequivalent/30 m i n  k g )  is 
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Fig. 1. The relation of ammonia excretion 
to urine pH in the guinea pig. 
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low compared w i th  that  o f  rats or dogs 
and varies wi th  age, sex, and dietary 
habits. I n  acute experiments ( 3 )  guinea 
pigs were rendered acidotic or alkalotic; 
and urine, collected under oil, was ana- 
lyzed for pH ( 4 )  and ammonia content 
(5, 6 ) .  T h e  urinary ammonia concentra- 
t ion was expressed as microequivalents 
per milliliter and t he  output as micro-
equivalents per 30 minutes, per kilogram 
o f  body weight. Data f r o m  seven acute 
experiments are plotted o n  Fig. 1 ,  using 
the urinary pH as abscissa and ammonia 
concentration or output as ordinate ( 7 ) .  
T h e  graph shows that both  t he  concentra- 
t ion and the  relative output o f  ammonia  
i n  the  urine rise, not only during acidosis 
as i n  m a n ,  dog, and rat, but  also during 
alkalosis. T h e  same is true i f  the  relative 
ammonia output for each animal per 30 
minutes is plotted against t he  pH. T h e  
correlation between deviations o f  pH 
f rom  the  normal range and increased 
ammonia output is not strict but  is statis- 
tically significant. A similar pattern has 
been observed i n  a f e w  experiments w i th  
rabbits. 

T h e  increased ammonia  concentration 
i n  alkaline urines cannot be explained 
as a function o f  urine flow. as could an  
increased output.  I t  must ,  therefore, be 
assumed that there is increased ammonia 
production or transfer into alkaline, as 
well as acid, urine. 

These  observations suggest reconsidera- 
t ion o f  current hypotheses regarding the  
stimulus. Decreased plasma bicarbonate 
or pH or increased titratable acidity or 
decreased pH o f  the  urine have been 
proposed as the  proximate stimulus for 
the  increase i n  ammonia output during 
acidosis. None  o f  these, however, could 
cause the marked increase i n  ammonia 
output observed during alkalosis. In for-  
mation now  available does not indicate 
whether the  same or dif ferent stimuli act 
during acidosis and alkalosis. 

Ammonia  excretion is currently con-
sidered t o  be t he  resultant o f  two  inde- 
pendent mechanisms, one being enzyma- 
tic, the  other being physicochemical in 
nature. Investigations during t he  past f e w  
years indicate that  glutaminase activity 
i n  the  kidneys is one o f  these factors ( 8 ) .  
Transport o f  ammonia f rom tubular cells 
into urine, be  it by  passive dif fusion ( 9 )  
or 	active exchange for sodium ( l o ) ,is 
held to be the second limiting factor for 

ammonia excretion. Our  experiments 
demonstrate that  ammonia  excretion i n  
the  guinea pig is nearly as efficient i n  t he  
alkaline as i n  the  acid range. I t  seems 
improbable, therefore,  t h l t  physicochem- 
ical transport is t he  limiting factor i n  
ammonia excretion i n  the guinea pig. I f  
it were, dif ferent mechanisms i n  t he  acid 
and alkaline ranges would have t o  be 
postulated. 

A t  urine pH's o f  8, 8.5, and 9 the  frac- 
tions o f  ammonia  present i n  an  unionized  
f o r m  as free ammonia  are respectively 4, 
11, and 29 percent ( I  I ) .  Back dif fusion 
o f  t he  ammonia during t he  flow o f  the  
urine f rom the  distal tubules t o  t he  blad- 
der should, therefore, also be  taken into 
account i n  studies o n  ammonia excretion 
i n  the  alkaline range. T h i s  aspect has not 
yet been explored. 
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Taming and Susceptibility 
to Audiogenic Convulsions 

Several recent papers have reported 
that taming influences both  growth and 
behavior i n  the  albino rat. T a m e d  ani- 
mals are described as larger, heavier, and 
more  resistant t o  the  e f fec ts  o f  physical 
and emotionalstress than untamed ones. 
T h e y  have also bccn characterized as 
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