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Rdsumd. On a examin6 le m6tabol i sm de la (C14)-DMN 
par  des coupes de foie de t rui te ,  de poisson rouge et  de 
t ro is  esp~ces d ' amph ib i ens ,  ainsi  que l ' excre t ion  du 
canc6rog&ne apr~s in jec t ion  pa r  vote in t rap6r i ton6ale  chez 

le t r i t on  et  le poisson rouge. La re la t ion ent re  le m6tabol is-  
me et  l ' ac t iv i t6  tox ique  et /ou canc6roggne est  discut6e. 
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a - T o c o p h e r o l  ( V i t a m i n E ) :  R e d u c t i o n : o f ~ U r e t h a n - I n d u c e d  R e s p i r a t o r y  D e p r e s s i o n  in  M i t o c h o n d r i a  

W i t h i n  the  las t  few years,  the re  have  been several  re- 
por t s  on the  eff icacy of v i t a m i n  E in r e t a rd ing  cancer  
growth.  K o c u ~  et  al. ~ r epor ted  t h a t  when  v i t amin  E was 
in jec ted  i.p. to  rats,  the  g rowth  of t r a n s p l a n t e d  tumors  
was inh ib i t ed  and  even  showed comple te  regression in 
some cases. H a r m a n  found t h a t  t he  d i m e t h y l b e n z a n t h r a -  
cene- induced cancer  was inh ib i t ed  by  d i e t a ry  supp lemen t s  
of v i t am in  E ~. 

I t  is also k n o w n  t h a t  the  chief b iochemical  charac ter i s t ic  
of t umor s  is the  increased dependence  of t he  gycolyt ic  
p a t h w a y  as opposed  to  t he  normal  resp i ra t ion  p a t t e r n  of 
normal  cells. R ecen t  work  on the  act ion of v i t a m i n  E has  
shown the  usual  a n t i o x i d a n t  func t ion  of v i t a m i n  E is by  no 
means  t h e  only  func t ion  of the  v i t amin  and  recen t  em- 
phasis  has  shi f ted  towards  the  ca ta ly t i c  p roper t ies  of 
tocophero ls  especial ly in regard to t he  role of the  re- 
sp i r a to ry  chain 3. To our  knowledge,  the  act ion of v i t ami n  
E on subcel lular  organelles in the  presence of a carcinogen 
has  no t  been inves t iga ted .  Therefore  we decided to  ob- 
serve the  effect  of v i t amin  E when  tile s imple  carcinogen,  
u re than ,  was added  to  a suspens ion  of isolated mi tochon-  
dria.  As will  be po in ted  out,  the  resul ts  led us to consider  
t he  in vivo ac t ion  of t he  v i t a m i n  in t he  presence  of ure- 
than .  
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Oxygen consumption of isolated mitochondria as a function of 
varying urethan concentration with and without the addition of 
c~-tocopherol. X ... .  X, 1 X10-4M ~-tocopherol; X . . . .  X, 1 X10-2M 
~-tocopherol; "-- -, zero ~-tocopherol. 

Methods and materials. 1. I so la ted  mi tochondr ia .  Male 
mice (CD-1, 20-30 g) were killed by  cervical  dis locat ion 
and  the  l iver quickly  removed.  The mi tochondr i a  were 
isolated by  the  m e t h o d  of CARVALHO et al. 4 and  f inal ly 
suspended  in ice-cold 0 .44M sucrose in 0 .05M Tris, p H  
7.4. F r o m  this  suspension,  0.5 ml  aliquots were incuba ted  
wi th  100 ~1 of ~-tocophero] (0.5 m g / m l  of 95% ethanol)  for 
20 rain. Then  u re than  in va ry ing  concen t ra t ions  was 
added  to  t he  mi tochondr ia l  suspensions  (containing 
usual ly  100 m g / m l  protein)  and  al lowed to incuba te  for 
20 min at 20 ~ The oxygen consumption of the urethan- 
treated mitochondria from 6 mice was measured polar- 
graphically in a chamber containing 4.5 ml respiration 
medium (sucrose 0.1M, phosphate 0.003M, KCI 0.02M, 
Tris 0.005 pH 7.5) plus 60 ~xl of 0.5M sodium succinate 
pH 7.O. 

2. Urethan and vitamin E both injected intraperito- 
neatly. Mice were given i.p. injections of vitamin E and 
urethall. The vitamin was injected every 24 h for 3 days 
at the dose of 1 international unit per g body wt. and was 
in the form of ~-tocopherol. The urethan used was from a 
10% solution and injected at the same time as the vitamin 
at the dose of 0.5 mg urethan per g body wt. The total 
urethan injection over 3 days was then 1.5 mg per g body 
wt. Each respiratory measurement was made on pooled 
mitochondria isolated from three mice approximately 
24 h following the last administration of urethan and 
vitamin E. 

A control group of mice was injected with urethan only, 
and killed at the end of 3 days. The mitochondria were 
isolated, and the oxygen consumption measured as above. 
The oxygen consumption of the 2 groups of mitochondria 
was compared on a per g mitochoudrial protein basis. 

3. Lipid Peroxidation (in vitro). In order to determine 
if lipid peroxidation was involved, we measured the 
amount of malondialdehyde production by the thiobar- 
bituric acid test in the urethan-treated mitochondria in- 
cubated with and without tocopherol. 

Results. Isolated mitochondria. The oxygen consumption 
of urethan-treated mitochondria with and without addi- 
tion of tocopherol to the suspension is shown in the Figure: 
The data show that there was a consistent alleviation of 
the urethan-induced depression in oxygen consumption in 
the mitochondria due to the presence of the tocopherol. 
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The  ave rage  re sp i ra t ion  dif ference is more  t h a n  severa l  
s t a n d a r d  dev ia t ions .  A t  zero u r e t h a n  concen t r a t i on ,  we 
obse rved  no  s ign i f ican t  differences  be t w een  t h e  mi to -  
c h o n d r i a  w i t h  and  w i t h o u t  tocopherol ,  so t h e  presence  of 
t h e  tocophero l  d id  no t  s t i m u l a t e  mi tochondr i a I  r e sp i r a t ion  
in our  expe r imen t s .  

The  tes t s  for m a l o n d i a l d e h y d e  f o r m a t i o n  as an  i n d e x  
of l ip id  p e r o x i d a t i o n  in  these  groups  of m i t o c h o n d r i a  d id  
no t  show a s ign i f ican t  difference.  

I n j ec t ed  m i t o c h o n d r i a  and  tocopherol .  T he  m i t o c h o n -  
dr ia l  oxygen  c o n s u m p t i o n  of t h e  mice  wh ich  were g iven  
tocophe ro l  was  s ign i f i can t ly  g rea te r  t h a n  t he  u r e t h a n -  
i nduced  cont ro l s  as s h o w n  in  t h e  Table .  

Discussion. Our  resu l t s  ind ica te  t h a t  t ocophe ro l  pro-  
t ec t s  m i t o c h o n d r i a  aga ins t  t he  depress ing  effects of ure-  
t h a n  on  r e sp i r a t ion  b o t h  in v i t ro  a n d  in  vivo.  A l t h o u g h  
free rad ica l  scaveng ing  is a f r e q u e n t l y  i nvoked  m e c h a n i s m  
for p ro t ec t i ve  ac t ion  of ~- tocopherol ,  our  fa i lure  to  de t ec t  
s ign i f ican t  differences in  l ip id  p e r o x i d a t i o n  suggests  t h a t  
a n o t h e r  p r o p e r t y  of the  tocophe ro l  is ope ra t i ng  here.  In  
v iew of t he  r ecen t  emphas i s  on  t h e  ca t a ly t i c  effect  of toco-  
pherol  in t he  r e s p i r a t o r y  chain,  we are  inc l ined  to t h i n k  in 
these  di rect ions .  

The  r e l a t ionsh ip  of these  f ind ings  to  u r e t h a n  carcino-  
genesis is in te res t ing .  The re  is ev idence  t h a t  u r e t h a n  m u s t  
f i rs t  be  me t abo l i z ed  before  i t  can  ac t  as a ca rc inogen  5. 
However ,  f rom s tudies  on m i t o c h o n d r i a l  biogenesis ,  i t  is 

k n o w n  t h a t  anaerob ios i s  leads  to  a l t e red  cel lular  mor-  
pho logy  inc lud ing  en la rged  nuclei,  en la rged  m i t o c h o n d r i a  
w i t h  fewer c r i s tae  and  o the r  changes  s imilar ,  to  cancerous  
cells 6. There fore  we h a v e  some ev idence  t h a t  in  u r e t h a n  
carcinogenesis ,  t he  f i rs t  s teps  m a y  be  a r e sp i r a to ry  im- 
p a i r m e n t .  

Our  resul t s  also sugges t  t h a t  e x p e r i m e n t a t i o n  on ure-  
t h a n  carc inogenesis  in  t he  presence  of t ocophe ro l  be un-  
de r t aken .  Large  scale expe r imen t s ,  a long  t he  l ines of t h e  
i.p. in jec t ions  m a y  yield an  answer  to  t he  p rob l em of 
w h e t h e r  t he  d o m i n a n t  m e c h a n i s m  in u r e t h a n  carcinoge- 
nesis  is a resu l t  of t he  r e sp i r a to ry  i m p a i r m e n t .  Lysergic  
acid d i e t h y l a m i d e  coun t e r ac t s  t he  anes the t i c  effect  of 
u r e t h a n  b u t  does n o t  af fec t  t he  ca rc inogenec i ty  ~. The  re- 
l a t ion  of v i t a m i n  E to anes the t i c  ac t ion  r ema ins  to  be  in- 
ves t iga ted .  Therefore  these  e x p e r i m e n t s  would  be  of 
p rac t i ca l  a n d  theo re t i ca l  i m p o r t a n c e  s . 

Rdsumd. La  d@ress ion  i ndu i t e  p a r  l ' u r 6 t h a n e  sur  la 
r e sp i r a t ion  des mi tochondr i e s  a 6t6 mesur6e  en pr6sence de 
la v i t a m i n e  E (e-tocoph6rol) .  Ces agen ts  f u r e n t  ut i l is6s 
in v i t ro  et  auss i  in ject6s  i n t r ap6 r i tone l l emen t .  Nos r6sul- 
t a t s  m o n t r e n t  que l ' a p p o r t  de v i t a m i n e  en raye  la d iminu-  
t ion  de la r e sp i r a t i on  caus6e p a r  l ' u r6 thane .  Ils a t t e s t e n t  le 
r61e que  joue  l ' u r 6 t h a n e  dans  la  carcinog6n~se et  la neces- 
sit6 de pour su iv re  ces exp6riences  sur  une  plus  g rande  
6chelle. 

A. E. SMITH, R. ROY, C. SCOTT and  I. WAHEED 

Mitochondrial respiration (nM 02[min/mg mito protein) 

Injection Run 

1 2 3 4 

Average S.D. 

Urethan (0.5 mg/g body wt.) 19 21.8 26 

Urethan (0.5 mg/g body wt.) and 
cr (1 IU/gbodywt.) 31 31 31 

19 21.5 =E 2.86 

34 31.8 • 1.30 
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Effec t  of  E n d o t o x i n  a n d  D i e t a r y  P h o s p h o r u s  on  
B o n e  M a r r o w  C e l l s  1 

Guinea-p igs  fed die ts  c o n t a i n i n g  h igh  l e v e l s  of phos-  
p h o r u s  are more  r e s i s t an t  to  sa tmonel los is  t h a n  cont ro ls  s. 
W e  h a v e  r ecen t ly  obse rved  t h a t  t he  R E  c learance  r a t e  of 
ssP-labeled,  ki l led Salmonella typhimurium organ i sms  is 
e l eva ted  in guinea-pigs  3 days  a f t e r  Salmonella typhi- 
murium e n d o t o x i n  a d m i n i s t r a t i o n  s. T he  r a t e  was  signif-  
i can t ly  g rea te r  in  guinea-pigs  fed 1.0% t h a n  in those  fed 
0.4% of d i e t a r y  p h o s p h o r u s  and  c learance  was effected 
p r i m a r i l y  b y  t h e  liver.  KELLY et  al. r also obse rved  t h a t  
e n d o t o x i n  induced  p ro l i f e ra t ion  of l iver  re t icu loendo-  
the l i a l  (RE) cells 3 days  a f t e r  e n d o t o x i n  chal lenge.  Th i s  
s t u d y  was i n i t i a t e d  to  d e t e r m i n e  w h e t h e r  or no t  increased  
p ro l i fe ra t ion  of l iver  R E  cells accoun t s  for t he  g rea te r  
c learance  r a t e  obse rved  in an i m a l s  fed h igher  levels of 
phosphorus .  

Materials and methods. 5-week-old female  guinea-pigs  
were fed d ie ts  c o n t a i n i n g  e i the r  0.4 % or 1.0 % p h o s p h o r u s  2 
for 6 weeks  t h e n  t r e a t e d  i.p. w i t h  Salmonella typhimurium 
e n d o t o x i n  3. Three  days  a f te r  e n d o t o x i n  t r e a t m e n t  a 
pulse dose of a H - t h y m i d i n e  (specific ac t iv i ty ,  20 Ci /mmole)  
was  g iven  i.p. (25 tzCi/100 g b o d y  weight) ,  and  24 h l a t e r  
t he  an ima l s  were anes t he t i z ed  and  hepar in ized l  The  

t h e  P r o l i f e r a t i o n  of  L i v e r  R e t i c u l o e n d o t h e l i a l  a n d  

l ivers  were per fused  ill s i tu  w i t h  a p h o s p h a t e  buffered  
(pH 7.4) glucose + KC1 + NaC1 so lu t ion  5. Tile en t i re  
l iver  was  homogen ized  in  water ,  and  t he  D N A  e x t r a c t e d  6 
and  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y L  R a d i o a c t i v i t y  
was  d e t e r m i n e d  8 on  t h e  D N A  ex t rac t .  F e m u r  bone  
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