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T h e  In trace l lu lar  pH of  the  I so la t ed  P e r f u s e d  Rat  L i v e r  

DMO (d imethadione ;  5, 5-dimethyloxazot idine-2,  4-  
dione) has  been widely  used to  de te rmine  the  in t race l lu lar  
p H  of m a n y  t issuesL In  these  condit ions,  va lues  for  
e ry th rocy te  p H  are  a p p r o x i m a t e l y  consis tent  w i th  a 
Gibbs-Donnan  equi l ibr ium 2. In  contrast ,  es t imates  of 
muscle cell p H  are abou t  1.0 p H  uni ts  h igher  t han  the  
equi l ib r ium va lue  predic ted  f rom the  m e m b r a n e  poten-  
t ia l  3. Since c i rcumstan t ia l  evidence 1 suggests t ha t  hydro-  
gen ions are pass ively  d is t r ibu ted  across cell membranes ,  
t he  difference m a y  be re la ted to the  presence of re la t ive ly  
a lkal ine mi tochondr i a  4 in skeleta l  muscle cells. In  the  
m a m m a l i a n  liver,  mi tochondr i a  represent  a p p r o x i m a t e l y  
20% of the  t o t a l  in t race l lu lar  vo lume ;  thus,  the  in te rna l  
p H  of the  l iver  cell  (as measured  f rom the  d i s t r ibu t ion  
of DMO) m a y  well  be  h igher  t h a n  the  va lue  consis tent  
w i th  e lec t rochemica l  equi l ibr ium.  

In  the  present  .work, in t raeel lu lar  p H  was de te rmined  
exper imen ta l ly  f rom the  d is t r ibu t ion  of DMO-2-C 14 in 
the  isolated perfused ra t  l iver.  The  results  obta ined  were 
compared  wi th  equi l ibr ium values  for cell pH,  which 
were calculated f rom publ ished es t imates  of t he  po ten t ia l  
difference across t he  l iver  cell membrane .  

Male W i s t a r  ra t s  (300-320g  body  weight)  were  
anaes the t ized  w i t h  u re thane  (1.4 g/kg, i.p.). The  isolated 
l iver  was perfused in si tu s a t  35°C wi th  an  oxygena t ed  
(95% O, :  5% CO,) modif ied Krebs -Ringe r  b ica rbona te  
buffer  con ta in ing  dex t r an  I10 B.P.  (6%) and  chlor-  
amphen ico l  (0.25 raM). Ra tes  of perfusion ranged f rom 
3-5 ml /g  l iver/rain.  Perfusa te  p H  was main ta ined  a t  
7.40 4-0.01 by  the  occasional  add i t ion  of sodium bicar-  
bona te  solut ion (8.4% w/v).  

A t  the  s ta r t  of each expe r imen t  DMO-2-C 14 (1.0 ~Ci) 
and inul in-carboxyl-C ~4 (2.0 i~Ci) were  added  to  the  per-  
fusion m e d i u m  and al lowed to equi l ibra te  for 1 h. Dupl i -  
cate  weighed samples  of l iver  were then  homogenized  
w i t h  sodium d ihydrogen  phospha te  solut ion (5 M ;  1.0 ml) 
and DMO-2-C 14 was ex t rac ted  several  t imes  wi th  an  
e thy l  ace ta te - to luene  mix tu r e  (50% v/v)  ~. DMO-2-C I4 
was s imi lar ly  ex t rac ted  f rom samples  of t he  perfusate ,  
and the  r ad ioac t iv i t y  in the  ex t rac t s  was de te rmined  
by  l iquid  sc int i l la t ion spec t romet ry  ~. To ta l  r ad ioac t iv i ty  
in weighed samples  of l iver  and perfusa te  was measured  
by  s tandard  me thods  v; inul in-carboxyl-C ~4 was then  
de te rmined  by  sub t rac t ing  the  values  (dpm/g) prev ious ly  
ob ta ined  for DMO-2-C 14. Es t ima tes  of the  ex t race l lu la r  
space o f  the  isolated r a t  l iver,  ca lcula ted f rom the  
d is t r ibut ion  of inut in-carboxyl-C 1., were consis tent  wi th  
comparab le  measuremen t s  based on o ther  t echniques  s 
(Table). 

A t  t he  end of each exper iment ,  pa r t  of t he  l iver  
(usually the  median  lobe) was weighed separa te ly  and  
placed in a ho t  a i r  oven  (110 ± i0°C).  The  loss of we igh t  
a f te r  d ry ing  was assumed to  be equ iva len t  to the  to ta l  
l iver  water .  

The  in t racel lu lar  p H  of the  l iver  cell was calcula ted 
f rom a modi f ica t ion  s of the  equa t ion  of WADDELL and 
BUTLER 9. A t  an ex te rna l  p H  of 7.40 + 0.01 and a pCO 2 
of 35-37 m m  Hg, the  in t racel lu lar  p H  of the  normal  ra t  
l iver  cell a t  35°C was 7.17=t=0.09 (mean + s t a n d a r d  
deviat ion) .  In  4 exper iments ,  ind iv idua l  va lues  for in te rna l  
celt p H  ranged f rom 7.09-7.30 (Table). Ano the r  s tudy  of 
t he  in t racel lu lar  p H  of the  isolated perfused ra t  l iver  1° 
was repor ted  while  this  work  was in progress;  in these 
exper iments ,  in t racel tular  p H  ranged f rom 6,90-7.15, and 
was independen t  of the  ex te rna l  carbon d ioxide  concen- 
t ra t ion .  

The  po ten t ia l  difference across the  l iver  celt m e m b r a n e  
has been de te rmined  in several  m a m m a l i a n  species under  
differ ing expe r imen ta l  conditions.  In  normal  ra t  l iver  
a t  35°C (i.e., the  same t empera tu re  tha t  was used in 
the  present  study),  there  is a mean  in t racel lu lar  po ten t i a l  
of - - 2 8  mV u. The  d is t r ibu t ion  of diffusable ions a t  
equ i l ib r ium is re la ted to  t he  m e m b r a n e  po ten t ia l  by  the  
expression r = 1 / e -F E /R T ,  where E is the  m e m b r a n e  
po ten t i a l  in vol ts ,  r is the  ionic d is t r ibut ion  ra t io  be tween  
the  cell  and ex t race l lu la r  fluid, and  e, F, R, and T h a v e  
the i r  usual  meanings~. Thus,  if hydrogen  ions are  pas-  
s ive ly  d is t r ibuted  across the  l iver  cell m e m b r a n e  and the  
ex te rna l  p H  is 7.40, a po ten t ia l  difference of - - 2 8  mV 
is consis tent  wi th  an int racel lular  p H  of 6.94. These  
calculat ions  are dependen t  on the  assumpt ion  t h a t  p H  
is a nega t ive  logar i thmic  func t ion  of hydrogen  ion acti-  
v i ty .  The  results  of the present  exper iments  suggest  t h a t  
t he  in t racel lu lar  p H  of t he  isolated perfused ra t  l iver  is 
a p p r o x i m a t e l y  0.2 p H  uni ts  h igher  t han  the  values  con- 
s is tent  w i th  e lec t rochemica l  equi l ibr ium.  Al though  o the r  
exp lana t ions  canno t  be excluded,  th is  difference m a y  be 
re la ted  to the  presence of mi tochondr i a  in the  l iver  cell. 

Zusammen/assung. Die intrazellulAren p H - W e r t e  yon 
Ra t t en l ebe r  wurden  m i t  HiKe der DMO-Verte i lungs-  
me thode  untersucht .  Der  intrazellul/ ire pH-Mi t t e lwer t  
der Leberzel len  be t rng  7,17 4-0,09; die in t ra-ext razel lu-  
l~ire pH-Di f fe renz  war  0,23. 
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Intraccllular pH of the isolated perfused rat liver 

DMO-2-C 14 DMO-2-C t* 
in liver in perfusate 
(dpm/g) (dpm/ml) 

Liver water Cell pH 

Intra- Extra- 
cellular cellular 
(mllg) (mUg) 

13,680 25,800 0.46 0.25 7.17 

17,450 27,675 0.47 0.25 7.30 
10,790 20,767 0.50 0.26 7.11 

10,205 19,721 0.48 0.27 7.09 
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