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O x i d a t i o n  of C h o l e s t e r o l  by Rat  Liver M i t o -  
chondr ia :  Inf luence  of D e u t e r i u m  Oxide  

Deute r ium oxide (D20) has been shown  to  affect  
hepa t ic  l ipogenesis in the  mouse  1 and also to influence the  
lipid compos i t ion  of cells g rown in t issue cul ture 2,~. In  an 
effor t  to ex t end  the  observa t ions  of the  influence of D~O 
on lipid me tabo l i sm we have  s tudied  the  effects of D20 
upon  the  ox ida t ion  of cholesterol  and  sodium oc tanoa te  
b y  ra t  l iver mi tochondr ia .  The effect  of D20 upon  ra t  
l iver enzymes  s tudied  in v i t ro  ranges f rom 65 % inhib i t ion  
to 31% e n h a n c e m e n t  4. 

Incuba t ions  were carried out  in the  m a n n e r  descr ibed 
earlierS,% The incuba t ion  mix tu re  consis ted of 1 ml  of a 
ra t  l iver mi tochondr ia l  p repa ra t ion  fort if ied wi th  1 ml of a 
solut ion conta in ing  A T P  (25 rag), NAD (5 mg), A M P  (8 
mg), reduced  g lu ta th ione  (15 mg), Na  c i t ra te  �9 H20 (30 
mg), Mg (NO3) ~ �9 6HeO (10 mg), po tas s ium penicil l in G 
(2000 units),  and  s t r e p t o m y c i n  sulfate (1 mg);  5 ml  of a 
solut ion of labeled subs t r a t e  in 0 .25M tris  (hydroxy-  
m e t h y l ) a m i n o m e t h a n e  �9 HC1, p H  8.5 and  5 ml of boiled 
s u p e r n a t a n t  ob ta ined  dur ing  the  p repa ra t ion  of the  mi to-  
chondr ia l  suspension.  The reac t ion  vessel was a s toppered  
125 ml E r l enmeye r  flask conta in ing  a cen te r  well in which  
there  was 2.0 ml of 2 .5N NaOH.  The flasks were shaken  
for 18 h a t  37~ The 14CO2 evolved dur ing the  reac t ion  
was t r a p p e d  in the  base f rom which i t  was p rec ip i ta ted  as 
Ba14CO3 and assayed for rad ioac t iv i ty  by  liquid scinti l la-  
t ion spec t romet ry .  The con ten t s  of the  flasks were pooled 
and  the  residual  s teroids ex t r ac t ed  wi th  e thy l  ace ta te .  
One series of incuba t ions  was carried out  in aqueous  
m e d i u m  and in two  others,  mi tochondr i a  f rom the  same 
pool  were added  to  flasks in which all the  solut ions had  
been  p repared  in D20. In  view of the  repor t  7 t h a t  the  p H  
of a solut ion conta in ing  D20 is ac tual ly  h igher  t h a n  the  
value ob ta ined  when  an o rd ina ry  glass electrode is used 
according to the  formula  pD -- p H  + 0.4, the  incuba t ions  
in which D~O was used were carr ied out  a t  two di f ferent  
pH ' s ,  8.1 and 8.5. Paral lel  expe r imen t s  were pe r fo rmed  
using mi tochondr i a  p repa red  f rom b o t h  male and  female 
ra t  liver. Two dif ferent  subs t r a t e s  were used, cholesterol-  
26-14C and  sod ium octanoate- l - l*C.  The results  of th is  
s t u d y  are p resen ted  in the  Table.  

I t  is ev iden t  t h a t  in D20 a t  p H  8.5 the  ox ida t ion  of b o t h  
subs t ra tes  is marked ly  inhibi ted .  The ox ida t ion  of oc- 
t anoa t e  in D20 a t  p H  8.1 is roughly  equiva len t  to t h a t  
observed at  the  h igher  pH,  b u t  ox ida t ion  of cholesterol  
in DeO at  p H  8.1 v i r tua l ly  ceases. 

In  con t ras t  to  our earlier repor t s  s,9 the  ex t en t  of oxida-  
t ion  of cholesterol-26-14C to 14CO~ by  male ra t  l iver mi to-  
chondr ia l  p repara t ions  was no t  much  lower t h a n  the  oxi-  
da t ion  of this  subs t r a t e  by  similar p repara t ions  f rom fe- 
male ra t  livers. This  d i sc repancy  was due to a h igh level 
of oxida t ion  by  the  male p repa ra t ions  in one of the  experi-  
ments .  In  ano the r  series of three  incuba t ions  average  
cholesterol  ox ida t ion  was 2.7% for p repara t ions  f rom 
male ra t  livers and  10.0 % for female ra t  liver p repara t ions ,  
conf i rming our  earlier f indings.  

The effect  of D20 upon  cholesterol  ox ida t ion  m a y  be 
due to inhibi t ion of the  nuclear  changes  which are re- 
quired before side chain ox ida t ion  m a y  proceed or m a y  be 
due to  inhibi t ion of scission of the  cholesterol  side chain.  
The neu t ra l  s terols  were ex t r ac t ed  f rom the  incuba t ion  
residues and sub jec ted  to th in  layer  c h r o m a t o g r a p h y  on 
silica gel G using two di f ferent  sys tems :  pe t ro leum e ther -  
e thy l  e the r -me thano l -ace t i c  acid (70 : 30 : 8 : 1) or benzene-  
e thy l  ace ta te  (3 : 4). In  b o t h  sys tems ,  the  major  rad ioac t ive  
spo t  ob ta ined  f rom all the  incuba t ion  expe r imen t s  cor- 
r e sponded  to  a mix tu re  of 25- and 26-hydroxycholes terol ,  

c o m p o u n d s  known  to be the  init ial  p roduc t s  resul t ing  
f rom mi tochondr ia l  ox ida t ion  of cholesterol10,11. We  m a y  
t h e n  assume t h a t  normal  nuclear  ox ida t ion  of cholesterol  
t akes  place in D~O bu t  the  ra te  of convers ion m a y  be 
slower and tha t ,  coupled wi th  inhib i t ion  of scission of the  
side chain, results  in the  observed reduc t ion  in the  ex t en t  
of cholesterol  ox ida t ion  12. 

Oxidation of cholesterol-26-1~C and octanoate-l-14C by rat liver 
mitochondria a (average of 5 experiments) 

Solvent pH Males Females 

Cholesterol Octanoate Cholesterol Oetanoate 

H20 8.5 8.0 :t= 4.0" 37.5 -t: 12.3 8,9 ~ 3.7 45.8 4- 21.7 
D20 8.1 0.7 4- 0.3 20.8 4- 14.3 0.6 -4- 0.3 22.8 :t:: 12.7 
D20 8.5 2.5 ::J_ 1.2 26.5 ~: 10.7 3.5 ~- 3.7 24.4 -1- 8.5 

a 14CO 2 as Ba14COs/substrate-14C �9 100. Corrected for mg N. b Stan- 
dard deviation. 

Rdsumd. L ' o x y d a t i o n  du cholest6rol-26-14C et  de l'oc- 
t an o a t e  de sodium-1-14C pa r  une p repa ra t ion  de mi to-  
chondries  de foie de ra t  a 6t6 effectu6e en milieu aqueux  
5  ̀un  p H  de 8,5 et  dans  l 'eau lourde (D20) 5̀  un p H  de 8,1 
e t  8,5. La pr6sence d 'eau  lourde a inhib6 l ' oxyda t ion  des 
deux  subs t ra t s .  L ' o x y d a t i o n  du cholest6rol dans  l 'eau 
lourde 5  ̀un p H  de 8,5 a 6t6 r6duite de 60% 5. 70% de la 
va leur  normale  e t  de plus de 90 % dans  l 'eau lourde 5  ̀un 
p H  de 8,1. Aux deux  valeurs  de pH,  l ' oxyda t ion  de 
l ' oc tanoa te  a 6t6 r6duite de 50 % 5  ̀70 %. 

D. KRITCHEVSKY a n d  SHIRLEY A. TEPPER 

Wislar Institute of Anatomy and Biology, Philadelphia 
(Pennsylvania USA), August /9, 7965. 

1 j .  L. RABINOWITZ and D. KRITCHEVSKY, Biochim. biophys. Acta 
d3, 552 (1960). 

2 C. H. ROTHBLAT, D. S. MARTAK, and D. KRITCHEVSKY, Proe. Soc. 
exp. Biol. Med. 712, 598 (1963). 

3 G. H. ROTHBLAT, a .  W. HARTZELL JR., and D. KRITCHEVSKY, 
Pure appl. Chem. 8, 507 (1964). 

4 j .  F. THOMSON, Biological E//ects o] Deuterium (Pergamon Press, 
London 1963), p. 42, 94. 

5 M. W. WHITEHOUSE, E. STAPLE, and S. GURIN, J. biol. Chem. 234 
276 (1959). 

6 D. KRITCHEVSKY, R. R. I{OLMAN, M. W. WHITEHOUSE, M. 
COTTEELL, and E. STAPLE, J. Lipid Res. 1, 83 (1959). C. 
P. A. SRERE, G. W. KOSICKI, and R. LUMRY, Bioehim. biopby 
Acta 50, 184 (1961). s. 

8 D. I~RITCHEVSKY, E. STAPLE, J. L. RABINOWlTZ, and M. W 
WHITEHOUSE, Am. J. Physiol. 200, 519 (1961). 

9 D. KRITCHEVSKY, S. A. TEPPER, ]~. STAPLE, and M. W. WHITE- 
HOUSE, J. Lipid Res. d, 188 (1963). 

10 D. S. FREDRICKSON and K. ONO, Biochim. biophys. Acta 22, 183 
(1956). 

11 H. DANIELSSO~, Arkiv Kemi 77, 373 (1961). 
12 Acknowledgment: This work was supported, in part, by the US 

Army Medical Research and Development Command (Contract 
No. DA-49-193-MD-2589) and by the National Heart Institute, 
National Institutes of Health (Grant No. HE-03299 and Research 
Career Award 5-K6-HE-734). 


