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compound,  respect ively,  in infected med ium to the  cells, 
incubat ing,  and subsequen t ly  pour ing away  the  med i u m 
and replacing wi th  fresh medium,  conta in ing  the  appro-  
pr ia te  compound ,  every  24 h. The effect  of replacing the  
m e d i u m  was to  delay onset  of CPE in all 3 sets of tubes  
f rom day  2 onwards.  However ,  th is  effect  was  grea ter  for 
I U d R - c o n t a i n i n g  tubes  t h a n  for tubes  conta in ing  the  
HBB-der iva t ive .  W i t h  dai ly rep lacement  of act ive 
compounds ,  there  was l i t t le overall  difference in p ro tec t ive  
ac t iv i ty  be tween  5 -b romo- l -p ropy l -HBl3  (50 aM) and  
I U d R  (50 ~xM). However ,  the  tox ic i ty  of I U d R  for cells is 
much  less t h a n  t h a t  of the  benzimidazole  dr ivat ive ,  
a l though,  of course, its long- te rm effect  on cells in 
general  m i g h t  be suspect .  

The observed cell p ro tec t ive  effects of the  1-butyl-,  
1-phenyl-,  1-benzyl-, and 5 -b romo- l -p ropy i -de r iva t ives  of 

H B B  suggest  t h a t  fu r ther  inves t iga t ion  of the  act ivi t ies  
of l ipophil ic benzimidazole  der ivat ives  agains t  D N A  
viruses is desirable,  par t icu lar ly  in re la t ion to the  de- 
pendence  of ac t iv i ty  on the  specific cell culture employed.  

Zusammenlassung. 5-Bromo- l -propyl - ,  1-]3enzyl-, 1- 
Phenyl -  und  1-Butyl -2- (e-oxy-benzyl -benzimidazol  hem-  
men  die cy topa th i sche  Wirkung  (HeLa Zelle) yon Vacci- 
nia-Virus.  
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O x i d a t i o n  and E x c r e t i o n  of D-Lact i c  Acid  by Rats  

The role of L( +) lac t i c  acid as the  'physiological  i somer '  
in an imal  lac ta te  me tabo l i sm is since long establ ished.  
As the  classical expe r imen t s  of CORI and  CORI 1 wi th  ra ts  
have  shown, D(-- ) lac t ic  acid is poor ly  ut i l ized and  30 to 
40% of the  dose inges ted  is excre ted  in the  urine.  These 
resul ts  were fully conf i rmed b y  more  recen t  invest iga-  
t ions  ~ using *4C-D-lactate. However ,  the  wide-spread  
occurrence of D- 2-hydroxyacid  dehydrogenase  (EC 1.1.99.6) 
in liver, k idney,  hear t ,  bra in  and spleen of the  r a t  and 
o ther  animals,  as well as reversible  ac t iva t ion  of th is  
enzyme in v i t ro  a, ind ica ted  the  need for a r e -examina t ion  
of n - lac ta te  metabol i sm.  

~ ' h e n  ra ts  of 250-300 g body  weight  (BW) were fed a 
pur i f ied die t  conta in ing  DL-lactate, only 1 -2% of the  D- 
lac ta te  inges ted  was recovered in urine (Table I). Con- 

Table I. Urinary excretion of D-lactate in rats fed a purified diet with 
5% DI.-Ca-Na-Iactate 

Measurements Days on nL-lactate diet 

1 2 

Number of animals 5 5 
D-lactateconsumed(mg/kgBW) 490 -4- 135 629 ~- 143 
D-lactate in urine (mg/kg BW) �9 7.4 -4- 1.9" 7.1 -E 0.4 
Dosis (%) 1.5 1.1 

24 h collections. 

t r a ry  to earlier exper iments ,  a specific enzymat i c  assay 
(Boehringer,  Mannheim) was used for D-lactate de te rmina -  
t ions.  The excre t ion  of such low levels on the  f i rs t  days  of 
lac ta te  feeding excluded long- te rm adap ta t ion .  In  fu r ther  
exper iments ,  ox ida t ion  and  excre t ion  of D-lactate were 
measured  by  14CO2-exhatation r a d i o m e t r y  (Exha lame te r  
Ber tho ld  & Frieseke,  Karlsruhe)  in 24 h- fas ted  ra ts  
in jec ted  wi th  14C(u)-D-lactate (Amersham) in appropr i a t e  
d i lu t ion wi th  inac t ive  D-lactate (Serva, Heidelberg) .  As 
ind ica ted  by  the  results  (Table II),  D-lactate was readi ly  
oxidized.  The s o mew h a t  h igher  excre t ion  in urine af ter  
i.p. in jec t ion  as compared  to feeding, can be a t t r i b u t e d  to 
fas ter  absorp t ion  and  to  increased diuresis due to sod ium 
surplus.  The f rac t ion of me tabo l i t e s  of D-lactate in ur ine 
was calcula ted f rom rad ioac t iv i ty  and enzymat ica l ly  
de t e rmined  D-lactate.  I n t e r m e d i a r y  i somer iza t ion  to  
L-lactate could no t  be excluded since the  me tabo l i t e s  
were no t  isolated. E n z y m a t i c  de t e rmina t i on  of L-lactate 
in urine indicated,  however ,  t h a t  th is  isomer accounted  for 
only  0.9 and  1.1% of t he  D-lactate in jec ted  in to  animals  on 
control  d ie t  and lac ta te  diet,  respect ively .  Thus, iso- 
mer iza t ion  could no t  have  occurred to  a large ex ten t .  
Surprisingly,  l ac ta te  feeding did no t  enhance  D-lactate 
ox ida t ion  bu t  t en d ed  to increase the  excret ion of D- 
lac ta te  and its me tabo l i t e s  in urine. The mechan i sms  
envolved m a y  deserve fu r the r  inves t igat ion.  
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Table II. Oxidation and excretion of u-lactate after i.p. injection in rats fed lactate and control diets 

Measurements ~ Lactate-free diet 5% nL-Iactate diet 

Number of animals 12 12 
n-lactate injected (mg/kg BW) b 247.0 -t- 20.2 247.0 • 8.4 
% of dosis recovered within 6 h as : 
CO 2ill exspiration 84.4 ~ 1.3 81.9 ~= 2.3 
D-lactatein urine 2.9 • 1.5 4.7 • 2.7 
Metabolitesin urine 3.0 :~ 2.2 5.5 -t2 3.2 
Total 90.3 ~- 2.2 92.1 ~: 5.3 

Groups of 3 animals measured simultaneously, 7r :t: s based on n = 4. b 22 nCi 14C(u)n(-)lactie acid/rag, neutralized with NaOH i.p. 
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Tile p r e s e n t  r e su l t s  d i f fer  m a r k e d l y  f rom those  re- 
po r t ed  in t h e  l i t e r a tu re  ~, 2. Th i s  d i s c r e p a n c y  is no t  eas i ly  
exp la ined .  U n p u b l i s h e d  ev idence  s u g g e s t s  t h a t  lac toyl -  
lact ic  acid a n d  h ig he r  p o l y m e r s  in t he  p r e p a r a t i o n  wou ld  
escape  i n t e r m e d i a r y  o x i d a t i o n  b u t  no t  r ecove ry  in u r ine  
b y  n o n - e n z y m a t i c  m e t h o d .  The  phys io log ica l  s ign i f icance  
of t h e  m e t a b o l i s m  of D- lac ta te  m a y  be la rge ly  ba se d  on 
t he  i n t e s t i n a l  p r o d u c t i o n  of D,L- lac ta te  by  m a n y  k inds  
of bac t e r i a  ~,5. I t  m a y  also ga in  i m p o r t a n c e  for t he  
u t i l i za t ion  of D-lacta te  b y  m a n  a n d  a n i m a l s  c o n s u m i n g  
f e r m e n t e d  v eg e t ab l e  or m i lk  diets .  

Zusammen[assung .  Mitte ls  spez i f i scher  M e t h o d e n  w u r d e  
der Stoffwechsel  von  D-Lac ta t  bei R a t t e n  u n t e r s u c h t .  
N a c h  perora le r  Gabe  e r sch ienen  (en tgegen  den  b i she r igen  

Be funde n )  n u r  1 - 2 %  im  H a r n .  N a c h  i.p. Gabe  w u r d e  D- 
L a c t a t  r a s c h  o x y d i e r t  u n d  b i n n e n  6 h als CO~ exsp i r ie r t  
(83.2%) sowie in F o r m  yon  D -La c t a t  (3.8%) u n d  Meta -  
bol i ten  (4.2%) im H a r n  ausgesch ieden .  
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Effect  of L o w  C a l c i u m  C o n c e n t r a t i o n  on  the  O x i d a t i o n  of N A D - L i n k e d  S u b s t r a t e s  in Rat  Liver  
a n d  T u m o r  M i t o c h o n d r i a  

Th e  u p t a k e  of Ca a+ and  i ts  effect  on m i t o c h o n d r i a l  
s t r u c t u r e s  a n d  f u n c t i o n s  ha s  been  e x t e n s i v e l y  s t ud i e d  ~. 
R e c e n t l y  VINOGRADOV et  al. ~ h a v e  r epo r t ed  an  i n h i b i t o r y  
effect  of h i g h  Ca 2+ c o n c e n t r a t i o n s  on r e sp i r a t i on  of r a t  
l iver  m i t o c h o n d r i a  in t he  p resence  of N A D - l i n k e d  
s u b s t r a t e s .  

In  t h i s  p a p e r  we descr ibe  t he  effect  of low Ca 2+ con- 
c e n t r a t i o n s  on r a t  l iver  a n d  t u m o r  m i t o c h o n d r i a  u n d e r  
d i f fe ren t  me tabo l i c  condi t ions .  T h e  resu l t s  o b t a i n e d  
ind ica te  t h a t  Ca ~+ can  play,  in r a t  l iver  m i t o c h o n d r i a ,  a 
s ign i f i can t  role on t he  o x i d a t i o n  of N A D - l i n k e d  subs t r a t e s ,  
d e p e n d i n g  on t h e  energe t ic  s t a t e  of m i t o c h o n d r i a  u p o n  
add i t i o n  of t h e  ca t ion.  Moreover  Ca 2+ h a s  no effect  on 
t u m o r  m i t o c h o n d r i a  regard less  of t he i r  energet ic  s ta te .  

Materials  and methods. R a t  l iver  m i t o c h o n d r i a  were 
p r e pa re d  accord ing  to CI~AI~CE a n d  I-IAGII-IARA 3. Eh r l i ch  
asc i tes  tm l lo r  cells m i t o c h o n d r i a  (Le t t r6 -hyperd ip lo id  
s t ra in)  were i so la ted  by  ti le m e t h o d  of KOBAYASHI 
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Fig. 1. Polarographic recordings of Ol 
uptake in rat liver mitochondria showing 
the effect of Ca "+, in the presence of Pi, on 
NAD-iinked substrates respiration. 0.1 ml 
of mitochondrial suspension, containing 
5 -6mg  protein (A, B, C, D and G) or 
2.5-3 mg protein (E and F), were added 
to 2.4 ml of an isotonic medium composed 
by: 0.225 M mannitol, 0.075 M sucrose 
and 0.01 M MOPS (morpholino propane 
sulfonic acid) pH 7.4, except in G, where 
the medium used was 0.08 M KCI and 0.02 
M Tris pH 7.4. All the additions are re- 
ported on the figure. EGTA concentration: 
1,0 raM. 


