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prac t ice .  Th i s  indica tes ,  a f t e r  m a k i n g  due  a l lowance  for  
possible  species differences,  t h a t  t u b u l a r  f unc t i on  m a y  
be  s ign i f i can t ly  a f fec ted  in m a n  d u r i n g  cl inical  anes thes ia .  
The  p r e s e n t  d a t a  also ra ise  t h e  poss ib i l i ty  t h a t  m a n y  of 
t h e  r e p o r t s  of r ena l  f u n c t i o n  d u r i n g  a n e s t h e s i a  in m a n  
requ i re  r e - e v a l u a t i o n  w h e n  such  s tud ies  d e p e n d  u p o n  t h e  
r a t e  of c l ea rance  f rom b lood  of c o m p o u n d s  k n o w n  to  b e  
t r a n s p o r t e d  b y  t h e  t u b u l a r  o rgan ic  acid t r a n s p o r t  

Table I. Time to appearance of first detectable intraluminal dye 

Control Experi- 
mental 

min * min • 

Buffer 9 7.1-4- 1.27 6.8-4- 1.64 
Buffer + 20 rag/100 ml thiopental Na 7 8.4 4- 1.99 22.6 -4- 3.51 
Buffer+ 10mg/100ml thiopentalNa 6 6.5 4- 0.84 9.5 -4- 1.38 
80% Nitrous oxide 12 9,1 4- 1.56 13.7 -4- 3.50 
1.2 % Methoxyflurane in O 2 8 5.9 4- 1,46 8.4 -t- 2.32 
2.0% Halothane in O, 6 6.3 4- 1,75 7.0 -t- 1.79 

Mean 4- standard deviation. 

sys tem.  I n  v iew of t h e  effect  of t h i o p e n t a l  n o t e d  in t he  
p r e s e n t  s tudy ,  th i s  appl ies  p a r t i c u l a r l y  to  the  decrease  
in r ena l  p l a s m a  flow r e p o r t e d  in m a n  a f t e r  t h i o p e n t a l  
a d m i n i s t r a t i o n  S, T h e  on ly  cr i t ica l  t e s t  m a d e  in  m a n  of 
m e a s u r i n g  rena l  ve in  P A H  levels  to  m a k e  ce r t a i n  c lear-  
ance  p e r  se is n o t  a f fec ted  b y  a n e s t h e t i c s  u n d e r  cl inical  
cond i t i ons  is t h a t  b y  DEUTSCH e t  al. ~. T h e y  found  t h a t  
h a l o t h a n e  d id  n o t  a f fec t  P A H  clearance,  wh ich  agrees  
w i t h  t he  p r e s e n t  in  v i t r o  resu l t s  a n d  w i t h  t he  o b s e r v a t i o n  
b y  MILLER e t  al. 4, t h a t  h a l o t h a n e  af fec ts  c learance  ra t e s  
on ly  in p r o p o r t i o n  to  levels of a r t e r i a l  h y p o t e n s i o n  
p roduced  b y  t h e  anes the t i c .  

The  p r e sen t  i n v e s t i g a t i o n  of t h e  effects  of ane s the t i c s  
u p o n  organ ic  ac id  t r a n s p o r t  s y s t e m s  in p r o x i m a l  con-  
vo lu t ed  t u b u l e s  requi res  s u p p l e m e n t a r y  in v i t r o  s tud ies  
on  o t h e r  t u b u l a r  r e a b s o r p t i o n  m e c h a n i s m s  before  t he  
effects  of a n e s t h e s i a  on  r e n a l  f u n c t i o n  c a n  b e  ful ly 
def ined  in t h e  absence  of h o r m o n a l  a n d  rena l  v a s c u l a r  
changes  assoc ia ted  w i t h  c l inical  a n e s t h e s i a  5. 

Zusammen[assung. Die F / ih igke i t  zur  A n r e i c h e r u n g  v o n  
r o t e m  Ch lo rpheno l  wi rd  d u r c h  S t i ckoxydu l ,  M e t h o x y -  
f lu ran  und  T h i o p e n t a l  bei i so l ie r ten  F i s c h h a r n k a n i i l c h e n  
he rabgese tz t ,  w~ihrend H a l o t h a n  ohne  W i r k u n g  bl ieb.  
Es  wird  gefolgert ,  dass  a l lgeme ine  B e t / i u b u n g s m i t t e l  den  
T r a n s p o r t  o rgan i sche r  S/ iuren in b e n a c h b a r t e n  Nie ren-  
kan~ lchen  beeinf lussen .  

Table II. Time to maximal concentration of intraluminat dye 

n Control Experi- 
mental 

rain • rain a 

D. F. DEDRICK a n d  N. M. GREENE 
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Yale University School o/Medicine, 
New Haven (Connecticut 06504, USA), 11 August 1970. 

Buffer 9 27.9 ± 4.36 32.6 4- 3.80 
Buffer + 20 mg/100 ml thiopental Na 7 35.3 ± 3.16 59.1 4- 5.48 
Buffer + 10 mg]100 ml thiopental Na 6 39.2 :t= 1.25 59.8 4- 8,87 
80% Nitrous oxide 12 37.1 4- 3.46 43.7 4- 8.45 
1.2% Methoxyfiurane in Oz 8 37.2 4- 2.03 54.9 -I- 5.63 
2.0% Halothane in O~ 6 39.2 4- 2.68 44.1 4- 6.40 

Mean ± standard deviation. 
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The I n f l u e n c e  o f  I o d o a c e t a t e  o n  the M e c h a n i s m  o f  

Celt nucle i  i so la ted  f rom t h y m u s  t i ssue  d e m o n s t r a t e  
a c lear  o x y g e n  c o n s u m p t i o n  a n d  a n  o x y g e n  d e p e n d e n t  
A T P  s y n t h e s i s  1-*. I t  is a lso k n o w n  t h a t  t he se  organel les  
c o n t a i n  t he  c y t o c h r o m e s  a 1, a 8, b, c a n d  c 1 w i t h i n  t h e  
i nne r  nuc l ea r  m e m b r a n e  5 I n  these  aspec t s  t h y m u s  nucle i  
r e semble  m i t o c h o n d r i a .  I n  c o n t r a s t  to  m i t o c h o n d r i a l  
o x i d a t i v e  p h o s p h o r y l a t i o n  t he  nuc lea r  process  c a n n o t  be  
s t i m u l a t e d  b y  t h e  a d d i t i o n  of e x t e r n a l  s u b s t r a t e  4. Ve ry  
r ecen t l y  ~ ev idence  ha s  been  o b t a i n e d  f rom th i s  l a b o r a t o r y  
t h a t  e n d o g e n o u s  l ipids  are  t he  p r inc ipa l  source  of e n e r g y  
for  i so la ted  t h y m u s  nuclei .  I n  ear l ier  s tud ie s  of M c E w E N  
e t  at. ~ i t  was  s t a t e d  t h a t  nuc l ea r  o x i d a t i v e  p h o s p h o r y l a -  
t i on  was  d e p e n d e n t  on  glycolysis .  I t  cou ld  be  s h o w n  8, 
however ,  t h a t  t h i s  conc lus ion  was  o b t a i n e d  f rom exper i -  
m e n t s  in  w h i c h  a dose of  iodoace t ic  acid (IAA) was used  
too  h i g h  to give a specific i n h i b i t i o n  of g lyce ra ldehyde-  
p h o s p h a t e  d e h y d r o g e n a s e  (1.2.1.12) a lone.  F r o m  these  
s tud ies  i t  a p p e a r e d  t h a t  0.05 m M  I A A  a l r eady  comple t e ly  

Nuclear  G l u c o s e  O x i d a t i o n  

b locked  glycolys is  whi le  o x y g e n  c o n s u m p t i o n  was  n o t  
ye t  in f luenced .  

Th i s  c o m m u n i c a t i o n  r epo r t s  on  a s t u d y  of I A A  on  
glucose ox ida t ion .  T h e  effect  of th i s  c o m p o u n d  on  1'CO2 
p r o d u c t i o n  f rom (6-1'C) glucose a n d  (2-xaC) glucose was  
inves t iga t ed .  

T h e  nucle i  were p r e p a r e d  f rom r a t  t h y m u s  in 0 . 2 5 M  
m a n n i t o l  a n d  3.0 m 3 I  CaC12 as descr ibed  before  ~. De ta i l s  
c o n c e r n i n g  t he  i n c u b a t i o n  p rocedure  are  g iven  in  t h e  
legends  of t h e  tables .  T e r m i n a t i o n  of t he  i n c u b a t i o n  was  
p r e fo rmed  b y  t he  add i t i on  of 3 M H 2 SO 4 a n d  a f t e r  a s h a k i n g  
pe r iod  of 1 h (to release 14CO, f rom t h e  m e d i u m )  perch lo r ic  
acid was  a d d e d  to a f ina l  c o n c e n t r a t i o n  of 3%.  A f t e r  cen t r i -  
f uga t i on  of t h e  suspens ion  for  15 ra in  a t  1800g t h e  s e d i m e n t  
was  w a s h e d  in 3 %  perch lo r ic  acid.  T h e  s u p e r n a t a n t  a n d  
t h e  wash ings  were  col lected,  neu t r a l i z ed  b y  t he  a d d i t i o n  
of 5 M  K2CO a a n d  used for  t h e  e n z y m a t i c  d e t e r m i n a t i o n  
of l ac t a t e  10. 
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F r o m  Table  I i t  can  be seen t h a t  add i t i on  of increas ing 
a m o u n t s  of iodoace ta te  to  t h y m u s  nuclei  in t he  presence  
of (6-x'c) glucose resul ts  in a s t i m u l a t i o n  of ~*CO~ 
p roduc t i on  whi le  t he  l ac ta t e  p r o d u c t i o n  is inh ib i ted .  In  
order  to  u n d e r s t a n d  th i s  unexpec t ed  result ,  some exper i -  
m e n t s  w i t h  (2A~C) glucose were  per formed.  In  general  
i t  m a y  be as sumed  t h a t  p roduc t ion  of ~CO z via  t h e  
hexose  m o n o p h o s p h a t e  p a t h w a y  is ob ta ined  f rom th i s  
c o m p o u n d  af ter  t h e  h e x o s e p h o s p h a t e s  have  been  recycled 
one t ime  n 

In  Tab le  I I  it  is shown t h a t  add i t ion  of IAA to (2-~C) 
glucose inh ib i t s  the  ~CO 2 p roduc t ion  cons iderab ly  while 
th is  p roduc t  f rom (6A'C) glucose is s t imula ted .  This  is 
mos t  easi ly unde r s tood  by  assuming  t h a t  IAA add i t ion  
inf luences a m e c h a n i s m  by  which  the  order  of t he  posi-  
t ions  of t he  C a t o m s  in t he  h e x o s e p h o s p h a t e s  which  are 
oxidized via  the  h e x o s e m o n o p h o s p h a t e  p a t h w a y  is 

Table I. Effect of iodoacetate (IAA) on the production of x*CO~ 
and lactate from (6-taC) glucose 

Addition x'c0, production Lactate production 
of IAA cpm]flask % ~zmoles/mg % 
mM DNAP 

None 1124 (100) 6.2 (100) 
0.001 1176 105 6.3 102 
0.005 1912 170 5.3 86 
0.010 3019 269 3.6 58 
0.050 2755 245 0.3 5 
0.100 2374 211 0.3 5 
0.500 1033 92 0.4 6 
1.000 481 43 0.3 5 

The incubation was performed in 60 ml Warburg-type flasks covered 
with rubber caps. A glass tube in the center well of the flask served 
as a reeeptable for 1 mt 1 M hyamine-hydroxide in methanol, an 
absorbent for the carbon dioxide. The absorbent was injected from 
a tuberculin syringe through the rubber cap at the end of the 
incubation period. Thereafter 0.2 ml of 3M H,SO, was injected to 
the main compartment to release CO~ from the medium during the 
next hour of shaking. The hyamine-hydroxide solutions were mixed 
with 15 mI of toluene supplemented with 0.4% PPO and 0.01% 
POPOP and assayed for radioactivity by liquid scintilIation counting. 
The counting efficiency in all samples of this experiment was the 
same (about 70%). The incubation medium contained 0.25M man- 
nitol, 15 mM NaCI, 3 mM CaCI~, 50 ram Tris HC1 (pH 7.4) and 
10 m2Vf glucose (specific activity about 160,000 dpm per t~mole). 

Table II. Effect of methylene blue (MB) on the mode of glucose 
oxidation in the presence of iodoacetate 

Addition x*COz from (6-14C) xaCO~ from 
glucose (2-~C) glucose 
cpm/flask % cpm/flask % 

None 1037 (100) 2627 (100) 
0.05 mM IAA 2280 220 740 28 
0.01 rnM MB 1415 136 4136 157 
IAA + MB 6793 655 1313 50 

The incubation was performed as mentioned in the legend of Table I. 

changed .  VChite add i t ion  of m e t h y l e n e  blue  alone has  
on ly  a m o d e r a t e  s t i m u l a t o r y  effect  especial ly on the  
14CO~ p roduc t i on  f rom (6A*C) glucose, a h igh  s t imula t ion  
is found  in t h e  presence  of IAA.  I t  is k n o w n  t h a t  m e t h y -  
lene blue  can accelera te  t h e  ox ida t ions  v ia  t h e  hexose-  
m o n o p h o s p h a t e  pathway-  by  regenera t ing  NADP+~% 
F r o m  these  d a t a  i t  is concluded t h a t  t he  s t imula t ion  of 
a4CO, p roduc t ion  form (6A4C) glucose b y  I A A  m a y  be 
caused by  an increased deca rboxy la t i on  v ia  the  hexose-  
m o n o p h o s p h a t e  p a t h w a y  of those  h e x o s e m o n o p h o s p h a t e s  
which  have  been r e c o m b i n e d  f rom t r i o sephospha t e s  in 
such  a way  t h a t  the  C-6 of  added  glucose has  been  
t r ans fe r red  to  t h e  C-1 posi t ion.  The r ecombina t i on  of 
t r i o sephospha te s  m a y  be the  resul t  of an accumula t ion  
of these  p roduc t s  caused by  the inh ib i t ion  of glycer- 
a l d e h y d e p h o s p h a t e  dehydrogenase .  

IVicEwEN et al. ~ s tudied  the  effect  of IAA on oxygen  
consumpt ion .  A T P  synthes i s  and  on the  p roduc t ion  of 
x~CO 2 of (6-14C) glucose. They  found  t h a t  0.1 m M  IAA and  
1 m M  IAA inh ib i t ed  b o t h  oxygen  c o n s u m p t i o n  and  A T P  
synthes is .  The effect  of IAA on the  14CO2 p roduc t i on  
was only  r epo r t ed  for a concen t ra t ion  of 1 m M .  No 
figure was g iven for the  effect  of 0.1 m M  IAA. In  the  
s t u d y  r epo r t ed  in t he  p re sen t  pape r  th is  concen t r a t i on  
increased 1~CO2 p roduc t i on  up to 200%. 

In  asci tes t u m o r  cells t he  fo rma t ion  of f r u c t o s e - l , 6  
d i p h o s p h a t e  f rom t r io sephospha te s  in t he  presence  of 
IAA has  been d e m o n s t r a t e d  and  also the  fu r the r  con- 
vers ion to  h e x o s e m o n o p h o s p h a t e s  ~3-1s. 

The q u a n t i t a t i v e  s ignif icance of these  reac t ions  in 
t h y m u s  nuclei have  still  to  be inves t iga ted .  

l~dsumd. Les exp6riences pr6sentfies m o n t r e n t  que  dans  
les n o y a n x  isol6s du t h y m u s  de ra t  l ' i nh ib i t ion  de gly- 
c6 ra ldehyde -phospha te  d6hydrog6nase  s t imule  la p roduc-  
t ion de l a c o ,  de (6-14C) glucose. Un  m6chan i sme  capab le  
d ' exp l ique r  ce t  effe t  est  propos6 et  discut6. 
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University o/Groningen (The Netherlands), 
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