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Microphotograph of growing, undegenerated Crocker tumour in mouse (a) and turnout degenerated by the effect of AS RNase (b). 
All cells in the degenerated turnout are lysed. • 450. 

0.1 ml  sod ium c i t r a t e  was in jec ted  once inside a Crocker  
t u m o u r  (8 days  a f t e r  t r a n s p l a n t a t i o n  of t u m o u r  cells). 
Mice were kil led 14 days  a f t e r  t he  AS R N a s e  in ject ion,  
t u m o u r s  weighed a n d  h is to logica l ly  eva lua ted .  In  f u r t h e r  
groups  of mice  (d-g) AS R N a s e  was s u b c u t a n e o u s l y  
in jec ted  a t  d i f fe ren t  t i m e  i n t e rva l s  a f te r  t u m o u r  cell 
t r a n s p l a n t a t i o n .  A dai ly  dose of AS R N a s e  was 0.35 m g  
(0.05 ml  basic  solut ion) .  The  n u m b e r  of in ject ions ,  as well  
as t he  da t e  of k i l l ing t he  e x p e r i m e n t a l  a n d  con t ro l  
groups  of mice as well  as we igh t  a n d  his to logical  inves t iga -  
t ions  of t u m o u r s  were d i f fe ren t  in  var ious  groups  as 
regards  t i m e  aspec t  (Table).  

Results and discussion. The  resul t s  of s t u d y  of AS R N a s e  
effect  on  t he  Crocker  t u m o u r  cells in  mice  are s u m m a r i z e d  
in t h e  Table .  T h r o u g h  t he  effect  of th i s  r ibonuclease ,  
h igh ly  s ign i f ican t  degene ra t i ve  changes  occur red  in all t h e  
e x p e r i m e n t a l  groups.  These  changes  were d e m o n s t r a t e d  
b o t h  in n m n b e r  of an ima l s  w i t h  d e g e n e r a t i n g  t u r n o u t s  an d  
in t he  we igh t  of t umours .  His to logica l  p roof  of t h e  
degene ra t i ve  processes  is d o c u m e n t e d  in  t he  Figure.  I n  
groups  of mice in jec ted  w i t h  AS RNase,  however ,  h igher  
m o r t a l i t y  occur red  w h e n  c o m p a r e d  w i t h  cont ro l  animals .  
Th i s  is s h o w n  especia l ly  in t he  g roups  (f) a n d  (g) where  t h e  
t e r m  of ki l l ing t he  an ima l s  was  f ixed a t  t he  21st  d a y  a f t e r  
t u m o u r  cell t r a n s p l a n t a t i o n .  F r o m  the  t o t a l  n u m b e r  of 
121 mice, aga in s t  t u r n o u t s  of wh ich  AS RNase  was used, 
on ly  6 an ima l s  h a d  u n d e g e n e r a t e d  t umour s .  I n  con t ro l  
groups,  f rom 81 mice  73 an ima l s  h a d  hea l thy ,  undegener -  
a t ed  t u m o u r s  in  p l a n n e d  t e r m s  of killing. The  m o r t a l i t y  of 

e x p e r i m e n t a l  mice was ev iden t ly  caused  b y  t h e  in tox ica -  
t i on  w i t h  t h e  d i s i n t eg ra t i ng  e l emen t s  of t u m o u r  cells, 
j u d g i n g  b y  t h e  fac t  t h a t  in  all  t h e  e x p e r i m e n t a l  mice 
wh ich  died  t u m o u r s  h a d  degenera ted .  The  second proof  
t h a t  t h e  m o r t a l i t y  is n o t  a t t r i b u t a b l e  to  d i rec t  toxic  
effects  of r ibonuc lease  can  be der ived  f rom t h e  l ong te rmed  
in jec t ions  of th i s  e n z y m e  to 4 t u mo u r - f r ee  mice. These  
mice d id  n o t  die a f te r  25 doses of AS R N a s e  (0.35 nag 
dai ly) .  

Zusammen/assung. 121 M~Lusen m i t  Crocker  Geschwuls t  
wurde  B u l l e n s a m e n - R i b o n u k l e a s e  inj iz ier t .  Bei  115 Tie ren  
k o n n t e  die Geschwul s tdegene ra t i on  nachgewiesen  werden  
w/ ih rend  bei  81 K o n t r o l l t i e r e n  eine D eg en e ra t i o n  n u r  in  
8 F/i l len e inge t r e t en  ist. Es  schein t ,  dass  die R i b o n u k l e i n -  
s/iure der  Crocker  Geschwuls t  y o n  M/iusen ein geeignetes  
S u b s t r a t  fiir die e n z y m a t i s c h e  Ak t iv i t / i t  der  Bu l l ensamen-  
R i b o n u k l ea s e  f inde t . .  
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manuscript. 

R a d i a t i o n - I n d u c e d  L e u k e m i a  in  Rat s :  S y n e r g i s t i c  Effect  of  U r e t h a n  - 

PreVious i nves t i ga t i ons  h a v e  shown t h a t  r a t s  are re la t i -  t h a t  u r e t h a n  (e thyl  c a r b a m a t e )  could be  used to  p r o m o t e  
vely  r e s i s t a n t  to  i n d u c t i o n  of l eukemia  b y  X - r a d i a t i o n  t h e  i n d u c t i o n  of l eukemia  in i r r ad i a t ed  ra t s  was  the re fo re  
a lone  1-3. The  i n d u c t i o n  of l eukemia  in  mice,  e i t he r  b y  i n v e s t i g a t e d .  
X - r a d i a t i o n  or  o t h e r  agents ,  c an  be  g r ea t l y  acce le ra ted  Methods. E a c h  group  of r a t s  cons i s ted  of a p p r o x i m a t e l y  
b y  t i le  c o n c o m i t a n t  a d m i n i s t r a t i o n  of u re than4 ,  5, a corn- equa l  n u m b e r s  of ma le  a n d  female  an i ma l s  of a b l ack  
p o u n d  which  is i tself  weak ly  carc inogenic  ~. Tile poss ib i l i ty  hooded  'Coll ip '  s t ra in .  T h e  con t ro l  g roup  c o n t a i n e d  50 
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T u m o r  i n d u c t i o n  in r a t s  w i th  X - r a d i a t i o n  a n d  u r e t h a n  
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G r o u p  T r e a t m e n t  Age at first treatment 
(weeks) 

Animal s  w i th  t u m o r s  (%) 

X - r a y  dose (R) U r e t h a n  in jec t ions  M a m m a r y  L e u k e m i a  
plus  sk in  
t u m o r s  

O t h e r  
t u m o r s  

Contro l  - -  - -  - -  4 2 0 

A - -  5 •  10 0 8 4 

B 55 R 5 • 10 7 11 4 

C 165 R 5 x 10 4 13 4 

D 500 R 5 • 10 63 33 4 

E 5 x 165 R 5 x 10 12 64 12 

F 5 • 165R -- i0 58 ~ 25b 0 

G 5 x 165 R - -  0 28 38 9 

Z ~ va lue  for  F vs. E = 7.2, p < 0.01; F vs. G = 4.0, p < 0.05. b g z  va lue  for  F vs, E = 4.9, p < 0.05; F vs. G = 0.5, p > 0.3. 

animals while each experimental group contained 23 to 
32 animals. 

Experimental  treatments were as follows: A) 5 i.p. 
injections of 0.9 g urethan/kg at intervals of i week; 
B-D) 1 initial exposure of X-rays (300 Kvp) to the whole 
body followed by 5 weekly injections of urethan as above; 
E) 5 weekly exposures of 165 R X-rays plus 5 weekly 
injections of urethan, each injection being given a few 
rain after X-irradiation; F) 5 weekly exposures of 165 R 
X-rays without urethan. All the above treatments com- 
menced when the rats were 10 weeks of age. Since new- 
born mice are often more susceptible to induction of 
leukemia than are adult mice, another group of rats (G) 
was exposed to 5 weekly doses of 165 R X-rays with the 
first dose being given approximately 3 h after birth. The 
surviving animals were sacrificed for autopsy and exami- 
nation of the blood picture either when they became ill 
and appeared moribund, or at 70 weeks of age. 

For comparison, another group of 5-week-old rats was 
injected i.v. 5 times at 2 week intervals with 35 mg 7, 
12-dimethylbenz(e)anthracene (DMBA)/kg 7,s. DMBA in 
lipid emulsion was kindly supplied by P.E.  SCHURR, The 
Upjohn Company, Kalamazoo, Michigan. All of the ani- 
mals in this group were dead within 24 weeks after the 
first injection, 82% of them having been diagnosed as 
leukemic at the time of death. 

Results.  The results are summarised in the Table. 
Mammary (female rats) and skin (male rats) tumors were 
grouped together since both appeared to be sex-Iimited 
and hormone-dependent. The skin tumors, of which there 
were on occasion up to 10 per rat, were slow-growing, 
keratinised tumors derived from the hair follicles and 
sebaceous glands". The incidence of mammary and skin 
tumors, in contrast to that  of leukemia, was diminished 
by urethan treatments (groups E and F) and by irradia- 
tion at an early age (groups F and G). 

In all, 50 cases of leukemia were diagnosed in the 180 
animals treated with urethan and/or irradiation. 30 of 
these cases appeared to be uncomplicated leukemias 
similar to those found after DMBA injection. Livers and 
spleens were frequently enlarged up to 15 and 2.4~o, 
respectively, of body weight, as compared with < 4 and 
< 0.45 % in Our control animals. 9 other cases were 
associated with malignant lymphomas, 6 were associated 
with other solid tumors in the same animal, 3 involved 

widespread lymph-node proliferation in the peritoneum, 
while 2 were associated with thymoma. The average time 
to death after tile first t reatment  was 49 weeks for all 
leukemias in groups A - F  or 39 weeks for those in group E 
alone, while the average time to death in the DMBA- 
injected animals was 15 weeks. 

These leukemias could be successfully transferred into 
adult rats which had been exposed to a sub-lethal dose 
(500 R) of X-radiation to depress immune responses. Out 
of 13 animals injected i.p. with 2 ml heparinised blood 
from leukemic donors, 12 developed a leukemia which 
proved fatal  within 3 to 11 weeks. Injections of liver or 
spleen homogenate were also successfuI in transferring 
into irradiated recipients. 

Further experiments are required to establish reliable 
dose-effect relationships. However, these preliminary 
results indicate tha t  radiation-induced leukemia can be 
promoted in rats as well as in mice by administration of 
urethan after irradiation (Table). This observation is of 
interest ill view of current discussions on possible differ- 
ences in the mechanism of induction of leukemia in mice 
and in rats 3, s, l0 

In summary, the leukemogenic effects of urethan and 
X-radiation together (group E) were greater than the sum 
of their separate effect (groups A and F). However, the 
observed number of mammary  and skin tumors induced 
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by  the  combined  t r e a t m e n t  was less t h a n  af ter  X-rad ia -  
t ion alone. 

D. K. M'zE~S 

Zusammen/assung .  Nachweis ,  dass  i . p . - I n j ek t i on  yon  
U r e t h a n  und  Ganzk6rpe r -R6n tgenbes t r ah lungen  bei Ra t -  
t en  eine po tenz ie r t e  leuk~tmogene Wi rkung  hat ,  wghrend  

die Zahl der  e n t s t a n d e n e n  Hau t -  und  M a m m a - T u m o r e n  
geringer  war  ais bei  der  E inze lbehand lung .  

Biology and Health Phys ics  Divis ion,  
Chalk River  Nuclear  Laboratories, 
A tomic  Energy of Canada Limi ted,  
Chalk River, Ontario (Canada), 79 J a n u a r y  7973. 

Survival  and E n d o g e n o u s  Colony F o r m a t i o n  in Irradiated Mice Grafted with  N o r m a l  or 
Infectious Mononuc leos i s  Bone M a r r o w  

Previous ly  we a t t e m p t e d  1,2 to induce g rowth  of a 
h u m a n  haemopoie t i c  cell line in le thal ly  i r rad ia ted  mice. 
Since cy to tox ic  drugs were found to  be unable  to  p r even t  
graf t  versus hos t  reac t ion  S, an a n t i h u m a n  an t i l ympho-  
cyt ic  se rum was given af ter  t he  t r ans fe r  of h u m a n  bone 
marrow.  In  mos t  of the  rec ip ient  animals,  haemopoie t i c  
spleen colonies were found.  Chromosomal  analysis  of these  
spleen nodules  revealed  a mouse  k a r y o t y p e  suggest ing an 
enhanced  endogenous  s temcel l  prol i ferat ion.  

The p resen t  inves t iga t ions  deal wi th  the  inf luence of 
two i r rad ia t ion  doses and  t r y  to eva lua te  the  na tu re  of t he  
colony inducing fac tor  in h u m a n  bone marrow.  An 
increased ac t iv i ty  was no ted  in t he  bone mar row  der ived  
f rom th ree  infect ious mononucleos is  pa t ien t s .  

Adul t  N M R I  (Naval Medical  Research  Ins t i tu te )  mice 
were used and  received a to ta l  body  i r rad ia t ion  of 850 or 
975 t ad  as descr ibed previous ly  1. H u m a n  bone  mar row  or 
buf fy  coat  cells werve  given wi th in  3 h af ter  the  i rradia-  
t ion.  The surviving animals  were killed a t  day  9 and  the  
spleen nodules  coun ted  under  a d issect ing microscope.  In  
some expe r imen t s  t he  graf ted  rec ip ient  animals  also 
received 0.10 ml  of a horse der ived  a n t i h u m a n  ant i -  
l ymphocy t i c  se rum (ALS), l y m p h o t o x i c i t y  t i t e r  1/3000- 
1/8ooo. 

Results.  Heavi ly  i r rad ia ted  mice (975 r) g raf ted  wi th  
h u m a n  bone mar row  showed an improved  9 day  survival.  
This  was fu r the r  enhanced  by  an a n t i h u m a n  ALS given 
af ter  the  cell t r ans fe r  (Table I). The h ighes t  survival  was 
observed  in mice g r a f t e d  wi th  infect ious mononucleos is  
bone marrow,  while none  of the  animals  graf ted  wi th  cells 
f rom di f ferent  ma l ignan t  blood diseases (acute leukemia  - 
lymphosa rcoma)  surv ived  9 days.  Most  of the  i r rad ia ted  
and  ALS t r ea t ed  animals  graf ted  wi th  h u m a n  bone  
mar row  showed haemopoie t i c  colonies a t  the  spleen 
surface. ALS  alone did no t  induce colony fo rma t ion  al- 

t hough  it s l ight ly increased the  survival.  Chromosomal  
analysis  of these  colonies revealed a p a t t e r n  of 40 acro- 
centr ic  chromosomes,  typ ica l  for a mouse  ka ryo type  
(Figure). 

In  con t ras t  to the  975 r i r rad ia ted  mice, graf t ing  of 
h u m a n  ceils in to  850 r i r radia ted  animals  marked ly  
decreased the  survival  (Table II). W h e n  the  graf ted  mice  
were also t r ea t ed  wi th  ALS,  the  survival  was equal  to the  
i r rad ia ted  ungra f ted  recipients ,  Graf t ing of infect ious 
mononucleosis  bone  mar row resul ted  in a survival  s imilar  
to the  normal  h u m a n  bone mar ro w  and A L S - t r e a t e d  mice. 
Like in the  975 r, graf t ing  of h u m a n  cells and ALS t r ea t -  
m e n t  resul ted in haemopoie t i c  spleen colony format ion .  

Per iphera l  blood buffy  coat  cells der ived f rom infect ious 
mononucleosis  pa t i en t s  given to the  850 r i r rad ia ted  and  
ALS t r ea t ed  mice gave a doubl ing  of the  9 day  survival,  
compared  to  normal  buf fy  coat  cells (32% versus 16.6%). 
In  bo th  groups spleen colonies were found.  

As a control ,  the  inf luence of d i f ferent  samples  of cell- 
free h u m a n  p lasma  (normal - infect ious mononucleosis)  
was tes ted .  Only a small  increase in survival  and  a few 
colonies were observed.  There  was a s l ight ly  h igher  
surviva l  in t he  animals  t r ea t ed  wi th  normal  p lasma  
compared  to the  mice who received p lasma f rom a infec- 
t ious mononucleosis  pa t ien t .  

In  a last  exper iment ,  t he  colony- inducing abi l i ty  of in 
v i t ro  i r rad ia ted  h u m a n  bone mar ro w  (10,000 r) in jec ted  
in to  975 r and 850 r i r rad ia ted  mice was tes ted .  The 

a A. C. LOUWAGIE and R. L. VERWlLGHEN, Nature 225, 383 (1970). 
A. C. LOUWAGIE, R. L. VERWlLGHEN and J. MEEKERS, 13th 
Congress of the International Society of Haematology, Munich 
1971, Abstract Volume, p. 267. 
E. F2ELEMAN, Budapest (Hungary), personal communication. 

TabIe I. Endogenous colony formation in 975 r irradiated anti-human ALS treated and/or human bone marrow grafted mice 

Grafted bone marrow ALS 9 day Animals with Mean number of colonies 
survival % splen colonies (%) positive spleen 

Mean S.D. Range 

Nihil -- 3.33 (1/30) 0 -- -- -- 

Nihil + 13.3 (2/15) 0 -- -- -- 

Normal -- 11.7 (4/34) 50 (2/4) 1 -- 1.1 b 

Normal + 25 (14/54) 78.5 (11/14) 3.2 ~ 2.97 1-11 

Infect mononucleosis + 61.5 (8/13) 75 (6/8) 2.8 �9 3.03 1-8 

Malignant blood disease + 0 ( 0 ] 9 0 )  . . . .  

( ) ; number of animals. �9 One recipient mice, having spleen colonies too numerous to be counted, was not included in the calculation of the 
means, b Individual number. 


