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di f ferent  f rom those  for t he  contro l  groups.  I t  appears ,  
therefore ,  t h a t  vi rus  exposed  mononuc lea t e  cells or the  
in te r fe ron  induced  b y  Sendai  virus canno t  be the  explan-  
a t ion  for t he  d e m o n s t r a t e d  immunogen ic i t y  of fused cells. 

The  poss ib i l i ty  of d i rect  viral  oncolyt ic  effect  ~,~-14 on t h e  
t u m o u r  ceils could be excluded in the  i m m u n e  reac t ion  
el ici ted by  the  fused cells, as t he  virus  used had  previous ly  
been  UV- inac t iva ted .  

I t  is diff icult  to  fully expla in  t he  mechan i sm of ac t ion  
of t he  fused cells. However ,  i t  appears  clear t h a t  dur ing  
t u m o u r  cell fusion by  Sendai  virus  the  coat  componen t s  of 
the  virus  would become incorpora ted  in to  t he  cell mem-  
b rane  and  al ter  the  s t ruc tu re  of t he  cell pe r iphe ry  n.  
A l though  the  modi f ica t ion  of cell surface in t he  t e r m s  of 
molecular  conf igura t ion  has still  no t  been  unders tood,  t he  
v i r a l  l ipopro te ins  m i g h t  well be bound  to  t he  TSTA ' s  in 
some way  wi th in  t he  cell membrane .  The modi f ied  fused 
cells are mere ly  a t t enua ted ,  in the  sense t h a t  the i r  
g rowth  ra te  is s lowed down and  t h e y  lose the i r  t r ans -  
p lan tab i l i ty ,  and /or  r ender  themse lves  more  immunogen ic  
in isogenic hosts .  This  pr inciple  was recent ly  discussed by  
MITCHISON 1,15. 

Rdsumd. Une immuni t6  act ive  au sarcome, p rodu i t  pa r  
le cholanthr~ne  de m6thyle ,  a 6t6 ob tenue  en u t i l i sant  des 
cellules tumora les  multinuc166es, associges au virus  de 
Sendal  ; les r~act ions on t  6t6 sp6cifiques 5~ la t umeur .  A la 
sui te  de ces inject ions,  plus de 70% des souris fu ren t  
r~sis tantes  aux trois  inoculat ions,  avec 10 s cellules v ivan tes  
tumorales .  
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Metabolism of Dimethylnitrosamine by Amphibians and Fish in vitro 

Nit rosamines  have  a toxic  and  carcinogenic effect  in a 
wide range of an imal  species~, 2, including p r ima te s  a, 4 
and  f ish 5-7. There  is m u c h  evidence to show t h a t  n i t ros-  
amines  are no t  themse lves  act ive  b u t  t h a t  a chemical  
reac t ion  occurr ing dur ing the i r  decompos i t ion  causes 
cellular in jury  and  t umour s  2, s. 

A l though  d i m e t h y l n i t r o s a m i n e  (DMN) induces  t umo u r s  
of t he  l iver  in r a inbow troutS,  KROGER et  al." found  no 
evidence of m e t h y l a t i o n  of nucleic acids or p ro te ins  of 
the  l iver  in vivo.  These f indings  suggest  t h a t  t r o u t  l iver 
lacks t he  capac i ty  to  metabol i se  DMN and  indica te  t h a t  
in t r o u t  the  carcinogenic  effect  is no t  re la ted  to  the  alkyla-  
t ion  of cellular cons t i tuen ts .  

I t  was decided to  inves t iga te  t u r the r  the  capac i ty  of 
var ious  a m p h i b i a n s  and  f ish to  metabol ize  DMN. In  a 
series of exper iments ,  l iver  slices of r a inbow t rou t ,  gold 
f ish and  3 species of amph ib i ans  (Triturus heIveticus, 
Triturus cristatus and  Ambystoma mexicanum) were 

incuba ted  wi th  (14 C)-DMN and  the  p roduc t ion  of labelled 
CO 2 was measured.  

The Table  shows the  ra tes  of p roduc t ion  of labelled 
carbon  dioxide.  The h ighes t  ac t iv i ty  was observed in 
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Fig. 1. Ion-exchange chromatography of nucleic acids of trout liver incubated with (14C):DMN in vitro, conditions of incubations as in 
the Table. Nucleic acids (DNA and RNA) were extracted from pooled slices by the SC}INEIDER procedure 17, followed by hydrolysis in 
1N HC1 at 100~ for 1 h and ion-exchange chromatography on Dowex 50 (xl2,  H form) with exponential I ~ M  HCI gradient 
solution, 3.6 ml fraction volume. Q, A260; O, radioactivity; PYR, pyrimidine nucleotides; G, guanine; 7-MEG, 7-methylguanine; A, 
adenine. Carrier 7-methyl-guanine was added to the hydrolysate. 
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Tri turus  helveticus, while in the  o the r  species a lower 
ac t iv i ty  was observed.  These resul ts  indica te  t h a t  tile 
l ivers of these  species are able to metabol ize  the  carcino- 
gen DMN. The ra te  of p roduc t ion  of labelled CO 3 observed 
in Tri turus  helveticus (0.3%) is s l ight ly  less t h a n  the  ra te  
observed in ra t  k idney  slices (0.5%)10, suggest ing t h a t  a 
toxic  and /o r  carcinogenic effect  can be expec ted  in the  
l iver of th is  species following DMN t r e a t m e n t .  

Methy la t ion  of the  nucleic acids was observed in tile 
l iver slices of t rou t  (Figure 1) and gold fish. The degree of 
me thy la t ion ,  which  is expressed as the  pe rcen tage  of t he  
guanine conver ted  to  7 -methylguanine  n,  was much  lower 
in the  t rou t  l iver  (0.0004%) t h a n  in t he  l iver  slices of r a t  
or hams t e r  1~ under  comparab le  expe r imen ta l  condi t ions .  
A similar  degree of m e t h y l a t i o n  of nucleic acids was 
observed ill the  l iver  of gold fish. 

Metabolism .of 04C)-dimethylnitrosamine by amphibian and fish 
liver in vitro 

Species No. of flasks 14C02 production 
(% 14C added) 

Triturus helveticus 3 0.31 
Triturus cristatus 3 0.07 
Ambystoma mexicanum 3 0.09 
Gold fish 8 0.04 
Rainbow trout 12 0.16 

Slices (160 rag) were cut with a tissue slicer, weighed and transferred 
to Warburg flasks containing 2 ml of ice-cold saline. (14C)-DMN 
dissolve in saline (0.2 ml containing 61 ~zg, and 0.07 ~zCi) was added to 
each flask. Incubation was at 20-22 ~ in an atmosphere of 0 v with 
shaking, for 90 min, 03 uptake being measured at 10 min intervals. 
Radioactive CO 2 was trapped by NaOH in the centre well and its 
radioactivity determined after conversion to (~C)-BaCO~, by use of a 
scintillation counter, as previously described 16. In the case of gold 
fish and trout DMN was used at a concentration of 62.5 ~zg and 
2.1 vCi. 
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Fig. 2. Recovery of DMN in the water after injection to Triturus 
helveticus (--) and gold fish ( . . . .  ). For each time interval 3 or 4 
determinations were performed in the gold fish experiment and I in 
the Triturus helveticus experiment. 

In  ano the r  series of exper iments ,  the  concen t ra t ion  of 
DMN was de t e rmined  in wa te r  and  in Tr i turus  helveticus 
and  gold fish, af ter  i.p. in jec t ion  of the  carcinogen.  

E a c h  Tr i lurus  helveticus and gold fish received 0.05 ml 
of a 25% solut ion of DMN, cor responding  to. 12.5 rag, by  
i.p. inject ion.  I m m e d i a t e l y  af ter  t he  in jec t ion  t h e y  were 
p u t  in groups  of 8 in beakers  con ta in ing  800 ml of t ap  
water .  The newts  were anaes the t i zed  wi th  M.S. 222 
(tr iacene me thanesu lphona te )  p r ior  to  inject ion,  whereas  
the  gold fish were no t  anaes the t ized .  At  var ious  intervals ,  
samples  of wa te r  (10 ml) were t aken  and  af ter  add ing  i ml 
of 5% (w/v) of sulphosal icyl ic  acid, the  concen t ra t ion  
of DMN was de t e rmined  by  po la rography .  Polarographic  
es t ima t ion  of DMN in the  bodies  of the  newts  and gold 
f ish was pe r fo rmed  in the  s u p e r n a t a n t  of the  acid homo-  
genate  af ter  p re l iminary  dis t i l la t ion 13 

Figure  2 shows the  recovery  of DMN in the  wa te r  in 
these  exper iments .  Newts  had  a concen t ra t ion  of 0.28 mg/  
newt  120 rain a f te r  DMN t r ea tmen t ,  when  98% of the  
carc inogen was found  in t he  water .  Only 8% of the  DMN 
passed  out  of t he  newts  in t he  f i rs t  1/3 h af ter  injection,  
whereas  98% had  passed  out  af ter  2 h. This  suggests  tha t  
the re  was l i t t le  loss of DMN t h ro u g h  a hole left  by  injec- 
t ion.  The recovery  in t he  wa te r  of t he  DMN injected  in to  
t he  gold fish reached  20, 46, 68.8, 88.5 and  97.4% at  15, 
30, 60, 120 and  180 rain respect ively .  The percentage  of 
recovery  in the  bodies  of gold fish a t  60, 120 and  180 rain 
were 32.1, 8.4 and  3.7 respect ively,  mak i n g  a to ta l  recovery  
of be tween  98 and  101%. The difference be tween  the  loss 
of DMN in the  newt  and the  gold fish in the  f i rs t  1/3 h 
m a y  have  been due  to  t he  use of an anaes the t i c  in the  case 
of the  newt.  The newts  recovered f rom the  anaes the t ic  
be tween  1/3 and  i h af ter  injection.  In  a contro l  group, no 
DMN was de t ec t ed  in the  newt  or gold fish, nor  in t he  
water .  

These f indings  d e m o n s t r a t e  t h a t  DMN is e l iminated  by  
the  newt  and  by  fish re la t ively  quickly. This  rap id  el imina- 
t ion  is p ro b ab l y  one of the  reasons w h y  no m e t h y l a t i o n  of 
cellular cons t i tuen t s  of t r o u t  l iver was  de tec ted  af ter  i.p. 
in jec t ion  of (I~C)-DMN by  KRf)GER et al. 9. Fu r the rmore ,  
recen t  s tudies  ind ica te  t h a t  microsomal  enzymes  which  
metabol ize  foreign compounds  are p resen t  in fish and 
o ther  mar ine  ver tebra tes ,  a l though  the i r  ac t iv i ty  is 
general ly  m u c h  lower t h a n  in m a m m a l i a n  species 13. 

In  t he  n e w t  Tr i turus  helveticus, it  has  been  shown t h a t  a 
single i.p. in ject ion of 16 g/kg has  ne i the r  a toxic  nor  a 
carcinogenic effect.  Fol lowing 6 or 7 in jec t ions  a t  th is  dose 
level over  a per iod of 3 weeks, however ,  b o t h  a toxic  and  a 
carcinogenic effect  have  been observed 14. Tumours  of the  
l iver were observed in the  aqua r ium fish Lebistes reticul- 
atus exposed to DMN at  a concen t ra t ion  of 100 p p m  in 
wa te r  7. 

In  t rout ,  DMN induced  l iver  t u mo u r s  s imilar  to  the  
hepa t ic  cell carc inomas  observed  in DMN- t r ea t ed  ra t s  a t  
d i e t a ry  concen t ra t ions  ranging  f rom 300 to  19,200 p p m  s, 
which  are ve ry  high when  compared  to  the  concen t ra t ions  
of 2 to 50 p p m  used in ra t s  15. Thus  the  rap id  e l iminat ion  
f rom the  body  and the  low capac i ty  of t rou t  l iver  to  
metabol ize  DMN are p robab ly  the  two main  factors  which  
l imi t  the  de tec t ion  in vivo of an Mkylat ion of cellular 
cons t i tuen t s  of t he  l iver  and require  high doses of DMN to 
observe a carcinogenic effect.  
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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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