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of t r ime thy lu r i c  acid appears  to be the  ox ida t ive  r ing 
opening of the  py r imid ine  r ing to form 3, 6, 8- t r imethyl -  
a l lanto in  (V) which  can then  be fu r the r  oxidized and  
hydro l ized  to  more  polar  p roduc t s  such as 1, 6, 8- t r imethyl-  
al lantoic acid, glyoxylie  acid, and mono-,  and d ime thy l -  
ureas. 

The h i the r to  known  metab i l i t es  of caffeine viz, me thy l -  
xan th ines  and me thy lu r i c  acids, isolated f rom the  urine 

Of exper imen ta l  animals  represen t  only a f rac t ion of the  
u r ina ry  metabo l i t e s  of caffeine~-~a Our resul ts  seem to 
explain  the  observed dif f icul ty  in recover ing caffeine meta -  
boli tes  f rom the  urine since m e t h y l a t e d  al lantoins,  allan- 
toic acids and  urea der iva t ives  are h ighly  polar  and no t  
easily ex t rac tab le .  Also these  polar  compounds  m a y  con- 
s t i tu te  the  un iden t i f i ed  metabo l i t e s  encounte red  by  earlier 
inves t iga tors  ~. 
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Rdsumd. L'ac ide  1, 3, 7 - t r im6thy ld ihydro-ur ique  et la 
3, 6, 8- t r im6thyla l lan to ine  out  6t6 identifi6s comme m6ta-  
boli tes nouveaux  de la caff6ine dans  l 'ur ine de rat .  
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Effect of M e d i u m  pH on p - A m i n o h i p p u r a t e  A c c u m u l a t i o n  by  S l ices  of  Rat  Rena l  Cor tex  ~ 

Several  t echniques  have  been  employed  to  s t u d y  the  
t r a n s p o r t  of organic ions by  the  kidney,  including 
clearance2, 3, m ic ropunc tu re  and  microperfus ion  4,~ and  
isolated tubules~,L P r o b a b l y  the  mos t  widely  used 
t echn ique  is the  in v i t ro  slice m e t h o d  of CRoss and 
TAaGARTS. E v e n  though  the  m e t h o d  is rout ine  in m a n y  
labora tor ies  op t ima l  condi t ions  for incuba t ion  have  no t  
been comple te ly  elucidated.  For  instance,  CRoss and  TAG- 
GART s observed  t h a t  accumula t ion  of the  organic acid 
p - a m i n o h i p p u r a t e  (PAH) by  rabb i t  k idney  cort ical  slices 
was d e p e n d e n t  upon t e m p e r a t u r e  and oxygen  bu t  was  
i n d e p e n d e n t  of p H  over  a re la t ive ly  na r row range 
(pH 7.0-7.8). However ,  COPENgAVER and  D a v i s  9 found  
t h a t  over  a wider  p H  range (5.0-12.0) the  grea tes t  
accumula t ion  of P A H  b y  r abb i t  renal  cort ical  slices was 
a t  p H  8.1 to 8.3. In  contras t ,  R o s s  et  al. ~0 found the  grea- 
tes t  accumula t ion  of P A H  by  dog renal  cort ical  slices to 
be a t  p H  7.4. To our knowledge comparab le  s tudies  have  
no t  been  conduc ted  in t issue f rom the  rat .  I n a s m u c h  as 
ra t  t issue is ex tens ive ly  employed  for s tudies  of renal  
t r a n s p o r t  in th is  labora tory ,  it  was of in te res t  to  de te rmine  
the  effect  of p H  upon  P A H  accumula t ion  by  renal  cort ical  
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Effect of medium pH on PAH accumulation (S/M). pH values shown 
are those at the end of 90 min incubation. Eaeh point represents the 
mean (~ SE) obtained in 5 duplicated experiments. When no verti- 
cal line is shown the variation is within the radius of the circle. In in- 
dividual experiments a single dog or rabbit was used. For rat experi- 
ments, the kidneys of several animals were pooled and then treated as 
o n e .  

slices f rom this  species. For  compara t ive  purposes  the  
effect  of p H  on P A H  accumula t ion  in r abb i t  and dog 
t issue was also de te rmined .  

Methods. Adul t  mongre l  dogs, New Zealand rabb i t s  and 
Sprague-Dawley  ra ts  were used in these  studies.  Dogs were 
anes the t ized  wi th  p en t o b a rb i t a l  sodium (30 mg/kg,  i.v.) ; 
r abb i t s  and  ra ts  were s tunned  by  a blow on the  h e a d  
Kidneys  were quickly removed,  weighed and placed in 
ice-cold saline. Rena l  cort ical  slices were p repa red  free 
hand  and brief ly kep t  in cold saline unt i l  incubated .  Slices 
(approx imate ly  100 rag) were i ncuba ted  for 90 min  using 
e i ther  0.1 M sodium p h o s p h a t e  buffer  or 0.015 M 2- 
amino-2-methyl-1 ,  3 p ropanedio l  (propanediol)  buffer,  in 
med i u m conta in ing  7.4 • 10 -5 M PAH.  All incuba t ions  
were carried out  in dupl ica te  in a Dubnof f  appa ra tus  a t  
25 ~ under  a gas phase  of 100% oxygen.  

The p H  of the  incuba t ion  m e d i u m  was ini t ia l ly adj usted 
to values ranging f rom 6.0 to  9.0. Rena l  cort ical  slices 
f rom indiv idual  dogs or rabb i t s  were incuba ted  in med i u m 
at  several  d i f ferent  init ial  p i t  values  in each exper iment .  
K i d n e y  slices f rom 4 ra ts  were pooled and  t r ea t ed  as 
t issue f rom one animal.  In  the  exper imen t s  wi th  dog 
t issue p h o s p h a t e  buffer  was used t h r o u g h o u t  the  p H  
range,  while p ropaned io l  was used in all r a t  and  r abb i t  
s tudies.  Unless s t a t ed  otherwise,  t he  r epor ted  p H  values 
are those  measured  af ter  incubat ion.  The final  p H  range 
was f rom 6.4 to  8.4. The effect  of m e d i u m  p H  on the  ra te  
of P A H  up take  was de t e rmined  in p h o s p h a t e  buffer  a t  
ini t ial  p H  values  of 7.4, 8.0 and 8.5. Slices of r a t  renal  
cor tex  were incuba ted  for per iods  of t ime  rang ing  f rom 
5 to 30 rain. 
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Af ter  i n c u b a t i o n  t h e  slices were qu ick ly  r e m o v e d  f rom 
the  beakers ,  b l o t t e d  and  weighed.  B o t h  the  t i ssue  and  a 
2 ml  a l iquo t  of m e d i u m  were assayed  for P A H  n.  Resu l t s  
were expressed as Mice/medium (S/M) rat io,  where  S 
equals  mg/g  of t issue and  M equals  m g / m l  of med ium.  
D a t a  were ana lyzed  s t a t i s t i ca l ly  us ing  S t u d e n t ' s  t- test ,  
g roup or pa i red  compar ison .  All d a t a  are expressed  as t h e  
m e a n  z~ s t a n d a r d  error.  T he  0.05 level  of p r o b a b i l i t y  was  
used as t he  c r i te r ion  of significance.  

Results and discussion. A c c u m u l a t i o n  of P A H  b y  rena l  
cor t ical  slices f rom the  t h r ee  species s tud ied  was d e p e n d e n t  
on  t he  h y d r o g e n  ion c o n c e n t r a t i o n  of t h e  m ed i um .  P A H  
S/M r a t io  in  r a t  t i ssue  appea red  to  increase  f rom a low 
a t  p H  7.5 to  a sha rp  peak  a t  p H  8.0 (Figure).  R a b b i t  
t i ssue  also deve loped  m a x i m a l  P A H  S/M ra t ios  a r o u n d  
p H  8,0 b u t  t he  p e a k  was no t  as sha rp  a s t h a t  w i t h  r a t  
t issue.  I n  con t ras t ,  t h e  P A H  S/M r a t io  f rom dog t i ssue  
h a d  a s l ight  p e a k  a t  p i t  7.4 and  t h e n  r e m a i n e d  r a t h e r  
f la t  over  t he  res t  of t he  p i t  r ange  s tudied.  

P h o s p h a t e  buffer  was  used over  t he  en t i re  p H  range  w i t h  
t i ssue  f rom the  dog. W h e n  s imi lar  e x p e r i m e n t s  were 
a t t e m p t e d  w i t h  r a t  a n d  r a b b i t  t issues,  t he  p H  was no t  
well  m a i n t a i n e d  b u t  r e t u r n e d  t o w a r d  7.4. COPENHAVER 
a n d  DAvis  9 also n o t e d  t h a t  p h o s p h a t e  buffer  was  ineffec- 
t ive  a t  h igher  p H  w h e n  us ing  r a b b i t  k idney  siices a n d  
the re fore  used a p h o s p h a t e - p r o p a n e d i o l  c o m b i n a t i o n  
buffer  in t he i r  s tudy .  Propanedi01 buffer  was  used 
exclusively  for r a t  a n d  r a b b i t  t i ssue  in th i s  s tudy ,  nev-  
er theless  t he  buf fe r ing  capac i ty  of t he  slices s t i l l  t e n d e d  
to  sh i f t  t h e  med ium.  

R o s s  et  al. 1~ obse rved  t h a t  t he  a m o u n t  of P A I l  
a c c u m u l a t e d  du r ing  sho r t  (2-10 min)  i ncuba t i ons  was 
l inear  w i t h  t i m e  a n d  sugges ted  t h a t  t h i s  ear ly  accumula -  
t ion  is a ref lec t ion  of t h e  m a x i m a l  r a t e  a t  wh ich  P A H  
en te rs  t he  slice. To d e t e r m i n e  t he  effect  of m e d i u m  p H  
on in i t ia l  r a t e  of up take ,  P A H  a c c u m u l a t i o n  b y  r a t  r ena l  
cor t ica l  slices was  d e t e r m i n e d  in  p h o s p h a t e  buf fe r  
in i t ia l ly  a d j u s t e d  to  p i t  7.5, 8.0 a n d  8.5. I n  5 e x p e r i m e n t s  

no s ign i f i can t  effect  o f  m e d i u m  p H  was d e m o n s t r a b l e  
un t i l  30 mill.  Af ter  10 mil l  u p t a k e  r a n g e d  f rom 2.2-  
2.7 ~zg/100 m g  tissue.  A t  15 m i n  t i ssue  a t  p H  7.4 h a d  
a c c u m u l a t e d  4 ~g/100 m g  c o m p a r e d  to  5 vg/100 m g  in 
t i ssue  a t  h i g h  pH.  Af ter  30 ra in  t i ssue  i n c u b a t e d  in i t i a l ly  
a t  p H  8.5 h a d  a c c u m u l a t e d  8.8 • 0.8 (S.E.) vg/100 nag 
w h i c h w a s s i g n i f i c a n t l y m o r e t h a n t h a t a t p H  8.0 7.1 ~z 0.5) 
and  p i t  7.4 (6.6 i 0.3). If  u p t a k e  of P A t t  in  t h e  f i rs t  few 
m i n  of i n c u b a t i o n  t r u l y  ref lects  t h e  r a t e  of P A H  t r a n s p o r t  
these  d a t a  d e m o n s t r a t e  t h a t  t he  dif ference in p H  a l t e r s  
some o the r  aspec t  of t he  a c c u m u l a t i o n  process, poss ib ly  
a n  in t r ace l lu la r  ' t r a p p i n g '  m e c h a n i s m  or di f fus ion f rom 
the  t i ssue  b a c k  in to  t he  med ium.  Af te r  i n c u b a t i n g  30 m i n  
t he  t i ssue  in i t i a l ly  buffered  to  p i t  8.5 h a d  a c c u m u l a t e d  
s ign i f i can t ly  more  P A H  t h a n  t h a t  a t  7.4. A l t h o u g h  t he  
in i t ia l  p H  h a d  dec l ined  to 7.8 du r ing  i ncuba t ion ,  t he  slices 
h a d  been  func t i on ing  a t  a p H  h igher  t h a n  7.4 for 30 min.  
This,  t hen ,  d e m o n s t r a t e s  t h a t  t h e  e n h a n c e d  P A H  S/M 
seen a t  p H  above  7.4 w i t h  p r o p a n e d i o l  (Figure) was  a 
func t i on  of p i t  a n d  n o t  t he  buffer  used ~. 

Zusammen/assung. N i e r e n s c h n i t t e  yon  v e r s c h i e d e n e n  
A r t e n  a k k u m u l i e r e n  P A I l  m i t  z u n e h m e n d e m  p H - W e r t  
des Mediums  bet  e inem deu t l i chen  M a x i m u m  zwischen 
p H  7.4 u n d  p H  8.0. 
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A Dif ference  in Creat ine  U p t a k e  B e t w e e n  P e c t o r a l i s  and T h i g h  M u s c l e s  of  the  C h i c k e n  1 

W e  h a v e  p rev ious ly  descr ibed  a specific, s a t u r a b l e  
process  t h a t  serves  t o t r a n s p o r t  c rea t ine  in to  ske le ta l  
muscle  2, 8. W e  now descr ibe a di f ference in c rea t ine  u p t a k e  
b e t w e e n  pec to ra l i s  a n d  t h i g h  muscles  wh ich  suggests  t h a t  
m e m b r a n e  t r a n s p o r t  of c rea t ine  var ies  f rom one t y p e  of 
musc le  to  ano the r .  

Materials and methods. Newly  h a t c h e d  male  chickens,  
h y b r i d s  of a cross b e t w een  H u b b a r d  hens  a n d  W h i t e  
M o u n t a i n  roosters ,  were g iven  a commerc ia l  d ie t  4 a n d  
w a t e r  ad  l i b i t u m  u n t i l  t h e y  were 15 days  old, w h e n  t h e i r  

Table I. Concentrations of selected compounds in pectoralis and bi- 
ceps femoris muscles 

Compound Pectoralis Biceps femoris 
(tzmoles/g wet weight) 

ave rage  we igh t  was  186 g, T h e n  1-~C-crea t ine  (5.08 mC 
pe r  mmole)5  was in jec ted  r ap id ly  in to  a b r a c h i a l  vein .  I n  
add i t i on  to  rece iv ing  ~4C-creatine, some of t he  ch ickens  
also rece ived  3 m l  or less of 0.154 M NaC1 i.v., e i the r  a lone  
or as a vehic le  for n o n - r a d i o a c t i v e  creat ine .  Ne i t he r  t h e  
NaC1 so lu t ion  nor  t he  n o n r a d i o a c t i v e  c rea t ine  adverse ly  
a f fec ted  t he  a p p e a r a n c e  of t h e  chickens ,  and  t he  NaC1 
so lu t ion  a lone  h a d  no  effect  on  t h e  d i s t r i b u t i o n  of 14C- 
c rea t ine  to  muscle.  A t  se lected t i m e  in t e rva l s  a f te r  injec-  
t i o n  t h e  ch ickens  were decap i t a t ed ,  exsangu ina t ed ,  a n d  
i n d i v i d u a l  musc les  were o b t a i n e d  for m e a s u r e m e n t  of 
r ad ioac t i v i t y .  The  muscles  were homogen ized  in  10 to 
20 vo lumes  of d is t i l led  w a t e r  us ing  a glass homogenizer ,  
p ro t e in  was p r e c i p i t a t e d  b y  a d d i n g  enough  t r i ch loroace t ic  
acid to  ach ieve  a f ina l  c o n c e n t r a t i o n  of 5% (w/v) ; a n d  an  
a l i quo t  of t he  clear  s u p e r n a t e  was t a k e n  for m e a s u r e m e n t  
of r a d i o a c t i v i t y  b y  l iqu id  sc in t i l l a t ion  spec t rome t ry .  
Us ing  p a p e r  c h r o m a t o g r a p h y  in  c o m p l e m e n t a r y  exper t -  

Creatine, total 32 ~ 3.0 (11) �9 30 ~ 5.8 (7) 
Phosphocreatine 19.4 ~ 4.5 (6) 10.4 i 2.5 (7) 
Inorganic phosphate 5.5 4- 2.7 (6) 5.9 • 2.1 (7) 
ATP 6.4 • 1.0 (6) 4.0 • 0.45 (7) 
ADP 0.99 4- 0.32 (6) 0.69 ~ 0.08 (7) 

i Standard deviation, Number of animals is given in parentheses. 
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