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t h a t  t h e y  were n o t  u n d e r n o u r i s h e d  as t he  an i m a l s  s tud ied  
b y  CARLINI and  MASUR 3, 4. Therefore ,  we bel ieve  t h a t  t he  
s t rong  s t ress  suffered b y  t he  r a t s  u n d e r g o i n g  m o r p h i n e  
w i t h d r a w a l  is t he  fac to r  associa ted  w i t h  t he  T H C  capac i ty  
to  induce  aggress iveness  in  these  an imals .  

Rdsumd. Les ra t s  soumis  ~ la m o r p h i n e  on t  6t6 t r a i t 6 s  
p e n d a n t  la phase  d ' a b s t i n e n c e  avec  des in jec t ions  i.p. 
d ' a m p h 6 t a m i n e  e t  ( - - )  d g-trans-t6trahydrocannabinol. 

Ces deux  drogues  p r o v o q u b r e n t  une  condu i t e  agressive 
chez ces a n i m a u x .  La  dur6e du  t r a i t e m e n t  p r6a lab le  avec  
la m o r p h i n e  e t  le t e m p s  d ' a b s t i n e n c e  p r6c6dan t  l ' i n j ec t ion  
des drogues  f u r e n t  des fac teurs  i m p o r t a n t s  dans  l ' appar i -  
t i on  de l 'agress ivi t6 .  Le A 9-THC fu t  h cet  effet  plus  puis-  
s a n t  que l ' a m p h 6 t a m i n e .  
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T h e  L - 4 9 4 6  L e u k e m i a  in  the  CF ~ M o u s e  

The  v i ra l  n a t u r e  of s o m e  m u r i n e  l eukemias  has  been  
well  es tabl ished1,  e. Y e t  t h e  v i ra l  passage  of some mouse  
l eukemias  has  no t  been  accompl ished.  This  p a p e r  will 
p r e sen t  d a t a  to  sugges t  t h a t  a n o t h e r  m u r i n e  l eukemia  
(L-4946) m a y  be  passed  b y  subce l lu la r  mate r ia l .  A n  
e x t r a c t  c o n t a i n i n g  R N A  a n d  p ro t e in  which  will  i nduce  an  
a b d o m i n a l  l y m p h o s a r c o m a  in  t h e  adu l t  CF1 mouse  ha s  
been  i so la ted  f rom L-4946 ascit ic fluid. 

Material. The  asci t ic  f o rm  of th i s  l eukemia  a in  t he  CF1 
mouse  was m a i n t a i n e d  b y  i n t r a p e r i t o n e a l  i n j ec t ion  of 
0.5 ml  of l eukemia  asci t ic  fluid, each  mouse  rece iv ing  
a p p r o x i m a t e l y  106 cells. Leukemogen ic  a c t i v i t y  was 
def ined as d e a t h  f rom l eukemia  w i t h i n  40 days  of inocula-  
t i on  in 2 -mon th -o ld  a d u l t  female  CF1 mice, m o r t a l i t y  as 
t h e  r a t io  of t h e  n u m b e r  of mice  w h o  d i e d  of l eukemia  
w i t h i n  40 days  to  t h e  t o t a l  n u m b e r  of mice inocula ted .  
T ime  of 50% m o r t a l i t y  is def ined as the  d a y  b y  which  
ha l f  of all i n j ec ted  mice  in a specific g roup  h a d  died. 

Methods and Results. A 12,000 •  s u p e r n a t a n t  of t he  
asci tes  f luid was found  to  be  leukemogenic .  The  ascit ic 
f luid of l eukemic  mice was cen t r igufed  twice  a t  12,000 •  
for 10 ra in  and  t he  second s u p e r n a t a n t  used for experi-  
m e n t s  or f u r t h e r  pur i f ica t ion .  

Seven  s t r a ins  of mice  were inocu la ted  w i t h  e i the r  
asci t ic  cell or  t he  12,000 •  s u p e r n a t a n t .  I n o c u l a t i o n  of 
1 • 105 asci t ic  cells caused  d e a t h  in all  7 s t r a ins  of mice. 
F o u r  s t r a ins  (CF1, AKr ,  C3H and  A) were suscept ib le  to  
t he  12,000 • g s u p e r n a t a n t .  The  CBA/2 and  C5F B lack  did  
no t  die or a c c u m u l a t e  asci t ic  fluid du r ing  t he  per iod  of 
e x p e r i m e n t a l  o b s e r v a t i o n  (60 days).  

F ive  successive 40-rain cen t r i fuga t ions  were  pe r fo rmed  
on t he  ascit ic f luid and  t he  resu l t ing  s u p e r n a t a n t s ;  each  
pel le t  was  o b t a i n e d  a f te r  inc reas ing  t h e  cen t r i fuga l  force 
un t i l  t h e  las t  pe l le t  a n d  t he  f inal  s u p e r n a t a n t  were 
o b t a i n e d  a t  125,000 • g. Leukemogen ic  a c t i v i t y  was found  
in all  pel le ts  a n d  t h e  f ina l  s u p e r n a t a n t .  T he  a p p a r e n t  
h e t e r o g e n e i t y  of t he  l eukemogenic  agent ,  impl ied  b y  the  
presence  of a c t i v i t y  in  all f ract ions ,  could be  exp la ined  b y  
a d s o r p t i o n  of t h e  a g e n t  to  va r ious  c o n s t i t u e n t s  of t h e  
asci tes  fluid, e n t r a p m e n t  of a c t i v i t y  in t h e  sediments ,  or 
p resence  of an  inh ib i to r .  

The  l eukemogen ic  a c t i v i t y  of the  12,000 • g s u p e r n a t a n t '  
was  p r ec ip i t a t ed  b y  e i the r  e t hano l  or a m m o n i u m  sulfate.  
B o t h  e t h a n o l  a n d  a m m o n i u m  sulfa te  p r ec i p i t a t ed  the  
l enkemogen ic  a c t i v i t y  in  a n  insoluble  form which  was 
a s sumed  to  con t a in  f ib r in  or f ibr inogen.  P l a s m i n  was 
f o u n d  to r e m o v e  large q u a n t i t i e s  of a n - i n e r t  p r o t e i n  
m a t e r i a l  f rom the  p rec ip i t a t e  ; however ,  t he  f inal  l eukemo-  
genic p rec ip i t a t e  r e m a i n e d  insoluble  in saline. 

F o u r  enzymes  ( t rypsin,  DNase ,  R N a s e  a n d  lysozyme) 
were used to  s t u d y  t he  chemica l  p roper t i e s  of t he  12.000 • g 
s u p e r n a t a n t  a n d  subce l lu la r  ex t rac t .  The  leukemogenic  
ac t i v i t y  of 1.0 m l  of t h e  12,000 x g  s u p e r n a t a n t  was  no t  
decreased a f t e r  i n c u b a t i o n  w i t h  0.1 m g  of t ryps in ,  DNase,  
R N a s e  or lysozyme a t  37~ for 1 h (Table  I). However ,  
w h e n  the  p lasmin- inso lub le  p rec ip i t a t e  was  i n c u b a t e d  u n d e r  
these  same condi t ions ,  t he  l eukemogenic  agen t  was  sensi- 
t i ve  to  t ryps in ,  a n d  poss ibly  to  RNase .  The  res i s tance  of 
t he  12.000 •  s u p e r n a t a n t  a c t i v i t y  to  t r y p s i n  m a y  have  
been  due to s u b s t r a t e  c o m p e t i t i o n  be tween  t he  oncogenic  
a g e n t  and  t h e  h i g h  c o n c e n t r a t i o n  of p l a s m a  p ro t e in s  in  t h e  
s u p e r n a t a n t .  

Chemical characterization. The  p lasmin- inso lub le  pre- 
c ip i t a te  was  t he  m o s t  h igh ly  pur i f ied  p r e p a r a t i o n  of the  
l eukemogenic  agent .  Tab le  I I  p r e sen t s  d a t a  c o m p a r i n g  
th i s  p r e p a r a t i o n  to  t he  12,000 •  s u p e r n a t a n t  f rom which  
i t  was  isolated.  P r o t e i n  d e t e r m i n a t i o n  of t he  12,000 •  
s u p e r n a t a n t  i nd ica t ed  t h a t  each  mouse  received 3.2 mg  of 
p ro te in .  The  compos i t i on  of t he  p l a smin- inso lub le  preci- 
p i t a t e  was 94% p ro te in  and  6% nucleic  acid. Th i s  nucleic 
acid was RNA.  

The  sal ine s u p e r n a t a n t s  o b t a i n e d  a f t e r  wash ing  L-4946 
asci t ic  cells w i t h  sal ine in p r e p a r a t i o n  for cell d i lu t ion  
e x p e r i m e n t s  were found  to be  leukemogenic .  The  origin of 
th i s  l eukemogenic  ac t i v i t y  was t h o u g h t  to  be t h e  e lut ion 
of a d s o r b e d ' s u b c e l l u l a r  ma te r i a l  f rom cell surfaces  and /o r  
t he  r u p t u r e  of fragile  cells. 

The  l eukemogenic  ac t i v i t y  of t he  sal ine s u p e r n a t a n t  was 
found  to be  s imi lar  to  t h a t  of t he  12,000 •  s u p e r n a t a n t .  
Cen t r i fuga t ion  of t he  sal ine s u p e r n a t a n t  a t  125,000 •  for 
1 h yie lded a l eukemogenic  s u p e r n a t a n t .  

The  sal ine s u p e r n a t a n t  was  also sub jec ted  to e thano l  
p r ec ip i t a t i on  b y  t he  same t e c h n i q u e  t h a t  was descr ibed 
for  t he  12,000 •  s u p e r n a t a n t ,  excep t  t h a t  t he  e thano l  
c o n c e n t r a t i o n  was increased  f rom 7 to  15% in order  to  
o b t a i n  p r ec ip i t a t ab l e  mater ia l .  The  f i rs t  p rec ip i t a t e  a t  
15% e thano l  c o n t a i n e d  2 c o m p o n e n t s  - One saline-soluble,  
t h e  o the r  sal ine- insoluble .  B o t h  p r e c i p i t a t e d  c o m p o n e n t s  
were leukemogenic ,  ki l l ing all r ec ip ien t  mice. 

Discussion. As prev ious ly  repor ted% the  leukemogenic  
a c t i v i t y  of t he  12,000 •  s u p e r n a t a n t  is i n a c t i v a t e d  by  

1 L. GROSS, Oncogenic Viruses (Permagon Press, Oxford 1970). 
M. A. RICH and R. SIEGLER, Microbiology 21, 529 (i962). 

3 G. B. HUMPHREY, Ph. D. thesis, University of Chicago (1963). 
4 G. B. HUMPHREY, Fedn. Proe. 22, 674 (1963). 
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Table I. A comparison of the stability of the 12,000 • g supernatant and plasmin-insoluble percipitate to 4 enzymes 
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Enzyme A) 12,000 • g supernatant B) Plasmin-insoluble precipitate C) Plasmin-insoluble precipitate 

Mortality Day of 50% Mortality Day of 50% Mortality Day of 50% 
mortality mortality mortality 

Incubation control (no enzyme) 7/10 22 9/10 20 10/10 15 

DNase 8/10 19 9/10 18 9[10 20 

RNase 7/10 20 3/10 -- 10/10 20 

Trypsin 10/i0 19 2/10 -- 2/10 - 

Lysozyme 10[10 20 9/10 17 9[10 23 

A 12,000 • g supernatant (A) and 2 separate preparations of plasnfin-insoluble precipitate (B and C) were incubated with 4 enzymes. One ml 
aliquots were incubated at 37 ~ with 0.1 mg of enzyme. Incubation time was 60 rain for A and B and 75 rain for C. Each incubation aliquot 
was equally divided among 10 mice. 

freezing, incuba t ion  a t  60~ for 3 min,  and  f i l t ra t ion  
t h rough  bacter ia l  re ta in ing  filters. These charac ter i s t ics  
cas t  some d o u b t  on the  non-cel lular  na tu re  of 12,000 •  
supe rna t an t .  Since FRUTH has  d e m o n s t r a t e d  t h a t  one 
leukemic cell can p robab ly  t r a n s m i t  leukemia  in t he  mouse,  
the  cr i ter ia  for any  non-cel lular  p r epa ra t i on  m u s t  be 
rigorus. 

Al though  the  12 ,000•  s u p e r n a t a n t  did no t  sa t is fy  
non-cel lular  criteria, t he  non-cel lular  t r ansmiss ion  of t he  
L-4946 leukemia  in t he  CF1 mouse  is suggested by  s tab i l i ty  
of the  subcellular  ex t r ac t  in dist i l led wa te r  and  the  pres- 
ence of p ro te in  and R N A  b u t  no DNA in the  subcel lular  
ext rac t .  

There  is a s ignif icant  difference be tween  the  centr i fuga-  
t ion s tudies  repor ted  in this  art icle and those  r epor ted  by  
RENNERT 5. In  the  CF1 mouse,  leukemogenic  ac t iv i ty  could 
still  be de t ec t ed  in a 125,000 •  s u p e r n a t a n t  as well as in 
the  30,000 • 60,000 • and  90,000 •  pellets.  In  the  
Swiss a lbino mouse,  RENNERT found no leukemogenic  
ac t iv i ty  in a 133,000 •  s u p e r n a t a n t  and  l i t t le  leukome- 
genic ac t iv i ty  in the  30,000 • and 133,000 Ng pellets.  

The observed difference could be expla ined by  a differ- 
ence in the  min imal  n u m b e r  of viral  par t ic les  required to 
cause in fec t iv i ty  in t he  CF1 and  Swiss albino mice. 
Centr i fugal  force of grea ter  t h a n  100 ,000xg  would 
cer ta in ly  s ed imen t  t he  vas t  ma j o r i t y  of viruses of the  size 
RENNERT has described.  E v e n  t h o u g h  the  pe rcen t  viri  
remain ing  in these  h igh-speed  s u p e r n a t a n t s  would be ve ry  
small,  the  n u m b e r  of viri  in a s u p e r n a t a n t  could still be 
large enough to  infect  a suscept ible  mouse  strain,  bu t  no t  
another ,  less suscept ib le  strain.  E x t r a c t e d  R N A  from 
L-4946 ascites cells, t he  12 ,000•  s u p e r n a t a n t  or t he  
p lasma-insoluble  p rec ip i t a t e  were never  leukemogenic  in 
the  CF1 mouse  3, 8-s. 

Zusammen/assung. Mittels  Ul t razen t r i fuga t ion  von in- 
fekti6ser Ascitesfl i issigkeit  bei  125.000•  und  einem 
gereinigten zellfreien E x t r a k t  konn te  ein RNS-Vi rus  als 
infekti6ses Agens und  Ursache  der LeukS~mie und  eines 
L y m p h o s a r k o m s  nachgewiesen  werden.  Einzelne  MAuse- 
s t / imme erwiesen sich als res is tent .  

G. B. HUMPHREY 9' 10 

Table II. The protein and nucleic acid content of the 12,000 • g super- 
natant and plasmin-insoluble precipitate 

Preparation Mortality Day of 50% Quantity per 
mortality mouse 

Protein RNA 
(~g) (~g) 

12,000 x g 8]10 22 3,200 - 
supernatant 

Plasmin-insoluble 8/10 22 40 2.5 
precipitate 
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The Decrease  in the Concentrat ion of Organic  Material  in the Course  of F o r m a t i o n  of the E n a m e l  
Matrix  

E n a m e l  m a t u r a t i o n , c o n s i s t s  in the  t r an s fo rma t ion  of of o rg an i c  mate r ia l  and  wa te r  and  addi t ion  o f  new 
the  previous ly  secre ted  young  enamel,  r ich in organic calc ium salts  which  crystal ize  in apat i tes .  The loss of 
mate r ia l  and  wa te r  and  poor  in calcium salts,  in to  t he  organic mater ia l  has  been  shown by  rad ioau tographic  1-~ 
h ighly  calcified m a t u r e  enamel .  Briefly, the re  is a r emova l  and  biochemical  s tudies  7-1~ Once the  young  ma t r i x  is 


