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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. 
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Fig. 2. Calcium uptake kinetic (A) and pyridine-nucleotides redox changes (B and C) in rat liver mitochondria. In A the wavelength pair 
540-507 nm was used. The downward deflection, after Ca ~+ addition, indicates mnrexide-Ca =+ complex formation, whereas the upward 
deflection means cation dissapearance from the medium. Murexide cone. 50 [xM. Protein cone. 2.0 mg/mi. Final volume 2.5 ml. Medium 
composition see Figure 1. B) and C) fluorimetric measurements of steady state changes of pyridine-nncleotides. The excitation was at 313- 
366 nm (primary filter) and the emitted fluorescence wasmeasured, after passing through another filter (secondary filter}, above 430 rim. 
Suspending medium, protein cone. and final volume as in A. 

et  al. 4. Morris h e p a t o m a  3924A mi tochondr i a  were 
p repa red  following PEDXI~S~N et al. ~. Oxygen  consump-  
t ion  was measured  polarographica l ly  wi th  a Clark oxygen 
electrode.  Ca "+ up take  kinet ics  were followed using 
murex ide  6 ( ammonium purpura te )  in a dual  wave leng th /  
Sp l i t -beam Aminco  Chance spec t ropho tomete r .  Redox  
changes  of pyr id ine  nucleot ides  were recorded fluori- 
met r ica l ly  in an E p p e n d o r f  f i l ter  f luorometer .  All the  
expe r imen t s  were pe r fo rmed  at  room t e m p e r a t u r e  (about  
22 ~ The reagents  used were of ana ly t ica l  grade.  

Results and discussion. Figure 1 shows the  effect  t h a t  
low Ca 2+ concent ra t ions ,  in the  presence of P~ (inorganic 
phospha te ) ,  exer t  on the  ox ida t ion  of NAD-l inked  sub- 
s t ra tes  in ra t  l iver mi tochondr ia .  W h e n  g lu t ama te  plus ms -  
late (10 mM)  or o ther  NAD-l inked  subs t ra tes  (e.g. p y r u v a t e  
and  # -bydroxybu ty ra t e )  are added  to mi tochondr i a l  sus- 
pens ion  p r e t r ea t ed  wi th  Pi (5 raM) and  120 or 40 F M  Ca ~+ 
(traces A and D respect ively)  the  ra te  of oxygen consump-  
t ion  increases.  However ,  in a shor t  lapse of t ime,  the  res- 
p i ra t ion  becomes progress ively  inh ib i ted  (same traces) 
and  canno t  be fu r ther  s t imula ted  by  e i ther  A D P  or the  
uncoupler  T T F B  ( te t rachloro-2- t r i f luoromethylbenzimi-  
dazole), whereas  the  add i t ion  of succinate  res tores  0 2 
consumpt ion  (trace A). Indeed,  cont ro l  expe r imen t s  have  
been per fo rmed  using succinate  alone as subs t ra te  : in th is  
case there  is no de tec tab le  inhib i t ion  of resp i ra t ion  by  

Ca 2+ (not shown). Moreover,  under  pareicular  exper imenta l  
condi t ions  (mi tochondr ia l  prot .  cone. half  t h a t  normal ly  
used), we have  found  t h a t  also the  endogenous  Ca ~+ can 
cause the  inh ib i t ion  (trace E), which  is in fact  r emoved  
by  E G T A  (ethylene glycol d i (aminoe thy l ) - t e t ra -ace t i c  
acid), a specific Ca =+ chela t ing agent  (trace F). It+, which 
slows down Ca 2+ e n t r y  in to  mi tocbondr i a  6-8 is also able 
to p r ev en t  t he  inhib i t ion  (trace G). The results  so far 
descr ibed clearly d e m o n s t r a t e  t h a t  Ca ~+ a t  low concent ra-  
t ions,  is able to  depress  mi tochondr ia l  ox ida t ion  of NAD- 
l inked subs t ra tes ,  whereas  it does no t  affect  succinate  
ut i l izat ion.  Traces B and  C represen t  cont ro l  expe r imen t s  
where  Ca 2+ and  Pi have  been added  separa te ly .  

We have  also s tudied  mi tochondr ia l  Ca =+ up take  and 
P N  redox  changes  under  the  condi t ions  descr ibed above.  
The results  are r epor ted  in Figure  2. The add i t ion  of P{ 
to  Ca 2+ t r e a t ed  mi tochondr i a  p rovokes  a comple te  
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Fig. 3. Polarographic recordings of oxygen consump- 
tion (A) and calcium uptake kinetic (B) in rat liver 
mitochondria pretreated with NAD-linked substrates 
before Ca 2+ and Pi addition. Protein cone. 2.0 mg/ml. 
Final volume 2.5 ml. Medium composition as in Fig. 1. 
For further Ca 2+ uptake kinetic explanations see 
Figure 2. Murexide (B) 50 [zM. 
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Fig. 4. A, B, C and D; respiration, Ca ~+ uptake and PN kinetics of isolated Ehrlich ascites tumor cells (ATC) mitoehondria. E) respiration 
of Morris hepatoma 3924A mitoehondria. Tumor mitoehondria were suspended in the same medium described in Figure 1. The final volume 
was 2.5 ml in all cases. Protein concentration : 2.0 mgprotein/ml (A, 13 and E) ; 1.0 mg protein/ml (C) ; 2.2 mg protein/ml (D). 

release of t he  ca t ion ,  no t  reversed  b y  t he  a d d i t i o n  of b o t h  
g l u t a m a t e  p lus  m a l a t e  a n d  succ ina te  ( t race A), t o g e t h e r  
w i t h  a s t rong  o x i d a t i o n  of PN,  n o t  modi f i ed  even  b y  
r o t e n o n e  and  cyan ide  ( t race t3). Trace  C shows t he  redox  
l imi t s  of t he  sys tem,  o b t a i n e d  b y  t h e  uncoup le r  (TTF13) 
a n d  cyanide ,  to  p rove  t h a t  changes  in l igh t  s c a t t e r i n g  
do n o t  s imu la t e  t he  effect  observed .  

The  i r revers ib le  P N  o x i d a t i o n  a n d  t he  p rev ious ly  
descr ibed  i n h i b i t i o n  of r e sp i r a t i on  ind ica t e  t h a t  low Ca n+ 
concen t r a t i ons ,  in  t h e  p resence  of Pi, p roduce  a d a m a g i n g  
effect  on  r a t  l iver  m i t o c h o n d r i a l  r e s p i r a t o r y  chain ,  
n a m e l y  a t  N A D H - d e h y d r o g e n a s e s  level. I n  add i t ion ,  
t he  fac t  t h a t  succinate ,  t h o u g h  s t i m u l a t i n g  r e s p i r a t i on  
(Figure  1: t r aces  A and  E), fails to  induce  Ca ~+ u p t a k e  
(Figure  2: t r ace  A) ind ica tes  t h a t  in  these  cond i t ions  
m i t o c h o n d r i a  become  uncoupled .  

F igure  3 shows t h e  resu l t s  of e x p e r i m e n t s  in wh ich  
Ca n+ a n d  Pi  h a v e  been  a d d e d  to  m i t o c h o n d r i a  p r e t r e a t e d  
w i t h  N A D - l i n k e d  subs t ra t e s .  Indeed ,  in  these  condi t ions ,  
d i f f e ren t  p h e n o m e n a  can  be  o b s e r v e d :  t h e r e  is no  inh ib i -  
t i on  of r e sp i r a t i on  ( t race A) a n d  Ca n+ t a k e n  up  is r e t a i n e d  
w i t h i n  m i t o c h o n d r i a  t h r o u g h o u t  t h e  whole  o b s e r v a t i o n  
t ime.  

A t  t he  m o m e n t  we h a v e  no  comple t e  e x p l a n a t i o n  for 
t he  complex  effects  t h a t  low Ca n+ c o n c e n t r a t i o n s  exer t  
on  r a t  l ive r  m i t o c h o n d r i a .  Fo l lowing  VINOGRADOV et  al. ~, 
who  r eached  a l m o s t  s imi la r  resu l t s  us ing  v e r y  h igh  Ca ~+ 
c o n c e n t r a t i o n s  (500 [zM), i t  could be said t h a t  t h e  
increased  m i t o c h o n d r i a l  m e m b r a n e  p e r m e a b i l i t y  to  PN,  
caused  b y  Ca 2+, is respons ib le  for  t h e  en t i r e  p h e n o m e n o n .  
Indeed ,  in  our  case, such  a conc lus ion  seems to be  r a t h e r  
i ncomple t e  because  of t h e  d i f fe ren t  effect  Ca n+ elici ts  in  
m i t o c h o n d r i a  ox id iz ing  endogenous  or exogenous  sub-  
s t ra tes .  On t h e  bas is  of these  obse rva t ions ,  we can  
conc lude  t h a t  Ca n+, in  t he  presence  of P~, d i sp lays  i t s  
d a m a g i n g  effect  on ly  w h e n  i t  comes in c o n t a c t  w i t h  
m i t o c h o n d r i a l  m e m b r a n e s  in a low energy  s t a t e  (absence 
of added  subs t ra tes ) .  

F igure  4 summar i ze s  all t h e  resu l t s  o b t a i n e d  f rom 
e x p e r i m e n t s  car r ied  ou t  on  Ehr l i ch  asci tes  t u m o r  cells 
(ATC) and  Morr is  h e p a t o m a  m i t o c h o n d r i a .  T u m o r  
m i t o c h o n d r i a  p r e t r e a t e d  w i t h  Ca ~+ 100 btM and  Pi  5 m M  
show, a f t e r  add i t i on  of N A D - l i n k e d  subs t ra t e s ,  a l inea r  
a c t i v a t i o n  of r e sp i r a t ion  ( t race A, B a n d  E) ; in  t he  s ame  
cond i t ions  as r a t  l iver  m i t o c h o n d r i a ,  t h e y  r e t a i n  all  Ca 2+ 
a c c u m u l a t e d  ( t race C) and  d i sp lay  a regu la r  P N  re- 
a c t i v i t y  ( t race D). 

To conclude,  low Ca 2+ concen t ra t ions ,  in  t he  p resence  of 
Pi, i n h i b i t  r a t  l iver  m i tochond r i a  resp i ra t ion ,  whereas  
t h e y  are no t  ac t ive  on  m i t o c h o n d r i a  of E h r l i c h  asci tes  
t u m o r  cells a n d  Morr is  h e p a t o m a .  The  m e c h a n i s m  of 
such  a n  i n h i b i t i o n  has  no t  been  clarified. The  differences  
found  in t he  b e h a v i o u r  of t u m o r  cells m i t o c h o n d r i a  w i t h  
respec t  to  those  of r a t  l iver  are cons iderab le ;  a t  t h e  
presen t ,  however ,  i t  is d i f f icul t  to  say  which  role changed  
r e a c t i v i t y  of t he  t u m o r  cells m i t o c h o n d r i a  p lays  in t he  
whole cell me tabo l i c  fea tu res  9. 

Riassunto. ~ s t a t o  osse rva to  che basse  concen t r az ion i  
di  Ca 2+ possono eserc i tare  u n  ruolo  i m p o r t a n t e  sull 'ossi-  
daz ione  dei s u b s t r a t i  N A D - d i p e n d e n t i  in m i t o c o n d r i  di 
l ega to  di  r a t t o  in r a p p o r t o  allo s t a t o  energet ico  di quest i ,  
m e n t r e  n o n  m o s t r a n o  a lcun  ef fe t to  su m i t o c o n d r i  di 
t u m o r e  nelle stesse condiz ion i  spe r imen ta l i .  
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