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Abstract:
The purpose of these studies was to examine the effect of mixed or combined drug therapy in
abrogating the leukemic process in germ free and conventionally-reared mice, and prolonging the life
of the leukemic mice.

Acute lymphocytic leukemia was induced in conventionally-reared and germ free BALB/c mice by
Fpiend virus. The mice were allowed to develop the disease, and then were treated with drugs. Two
regimens of drugs were used in conventional reared animals, the first consistring of a combination of
methotrexate, 6-mercgptopurine, and vinblastin sulfate, and the second consisting of a combination of
methotrexate, 6-mercaptopurine, and hydrocortisone acetate. The first drug regimen proved to be too
toxic, and treatment had to be stopped prematurely. The second regimen, however, was more effective
in that it was less toxic and therefore could be maintained for long periods. The second drug regimen
only was used in the germ free animals. Hematological and pathological studies,were used to assess the
effects of the drugs. It was possible by using the second regimen to extend the survival time of the
conventional animals by 3 times the expected survival of mice with this disease.

In the germ free mice, drug treatment was ineffective. In fact, germ free mice challenged with virus
died rapidly when treated with drugs, and in general exhibited more severe symptoms of the disease
than either the virus control group or the drug control group.

The progress of the disease was compared in both conventional and germ free mice, and was found to
develop poorly if at all in germ free mice in contrast to a rapidly developing fatal leukoses in
conventional animals. No specific answer is yet available for this observed difference, however, a
postulate has been offered as a possible explanation. 
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ABSTRACT

The p u rp o se  o f  t h e s e  s tu d i e s  was to  Oxamine th e  e f f e c t  o f  m ixed 
o r  com bined d ru g  th e r a p y  in  a b r o g a t in g  th e  leu k em ic  p r o c e s s  in  germ 
f r e e  and c o n v e n t io n a l ly - r e a r e d  m ic e , and p r o lo n g in g . th e  l i f e  o f  th e  
leu k e m ic  m ic e .

A cu te  ly m p h o c y tic "leu k e m ia  was in d u ce d  in  c o n v e n t io n a l ly - r e a r e d  
and germ  f r e e  BALE/ c m ice  by  F p ie n d  v i r u s .  The m ice w ere a llo w e d  to  
d e v e lo p  t h e  d i s e a s e ,  and th e n  ^yere t r e a t e d  w i th  d r u g s .  Two reg im en s  
o f  d ru g s  w ere u se d  i n  c o n v e n tio n a l  r e a r e d  a n im a ls , th e  f i r s t  c o n s is t r ­
in g  o f  a  c o m b in a tio n  o f  m e th o t r e x a te ,  6 -m e rc g p to p u r in e , and v i n b l a s t i n  
s u l f a t e , and th e  second  c o n s i s t i n g  o f  a  c o m b in a tio n  o f  m e th o tr e x a te ,  
6 - m e r c a p to p u r in e , and h y d r o c o r t i s o n e  a c e t a t e .  IThe f i r s t  d ru g  reg im en  
p ro v e d  to  b e  to o  t o x i c ,  and t r e a tm e n t  had  to  be  s to p p e d  p re m a tu r e ly .  
The seco n d  re g im e n , h o w e v e r, wap m ore e f f e c t i v e  in  t h a t  i t  was l e s s  
t o x ic  and t h e r e f o r e  c o u ld  b e  m a in ta in e d  f o r  lo n g  p e r i o d s .  The 
second  d ru g  reg im en  o n ly  was u se d  i n  th e  germ  f r e e  a n im a ls .  Hemato­
l o g i c a l  and p a th o l o g ic a l  s tu d i e s ,w e r e  u se d  to  a s s e s s  th e  e f f e c t s  o f  
th e  d r u g s .  I t  was p o s s ib l e  by .u s in g  th e  second  reg im en  to  e x te n d  th e  
s u r v i v a l  t im e  o f  th e  c o n v e n tio n a l  a n im a ls  by 3 t im e s  th e  e x p e c te d  
s u r v i v a l  o f  m ice  w i th  t h i s  d i s e a s e .

I n  th e  germ  f r e e  m ic e , d ru g  t r e a tm e n t  was i n e f f e c t i v e .  In  f a c t ,  
germ f r e e  m ice  c h a l le n g e d  w ith  v i r u s  d ie d  r a p i d l y  when t r e a t e d  w ith  
d r u g s , and i n  g e n e r a l  e x h ib i te d  m ere s e v e re  symptoms o f  th e  d i s e a s e  
th a n  e i t h e r  th e  v i r u s  c o n t r o l  g roup  o r  th e  d ru g  c o n t r o l  g ro u p .

The p r o g r e s s  o f  th e  d i s e a s e  was com pared in  b o th  c o n v e n tio n a l  
and germ  f r e e  m ic e , and was found  to  d e v e lo p  p o o r ly  i f  a t  a l l  in  
germ f r e e  m ice  in  c o n t r a s t  to  a  r a p i d l y  d e v e lo p in g  f a t a l  le u k o s e s  in  
c o n v e n tio n a l  a n im a ls .  No s p e c i f i c  an sw er i s  y e t  a v a i l a b l e  f o r  t h i s  
o b s e rv e d  d i f f e r e n c e , how ever, a p o s t u l a t e  h as  b e e n  o f f e r e d  a s  a 
p o s s ib l e  e x p la n a t io n .



INTRODUCTION

Leukem ia i s  a n e o p l a s t i c  d i s e a s e  c h a r a c t e r i z e d  by  th e  p r o l i f e r ­

a t i o n  o f  h e m o p o e itic  c e l l s  in  th e  bone m arrow  and o t h e r  o r g a n s .  T he ' 

leu k em o g en ic  p r o c e s s ,  a l th o u g h  n o t  f u l l y  u n d e rs to o d ,  m o st l i k e l y  i s  

p rom o ted  o r  i s  in f lu e n c e d  by  a  v i r u s  o r  v i r u s e s  and i s  r e f l e c t e d  as  

th e  f a i l u r e  o f  a  c e l l  to  re sp o n d  to  t h e  f o r c e s  w h ich  o r d i n a r i l y  

c o n t r o l  i t s  r e p r o d u c t io n  arid m a tu r a t io n .  P r o l i f e r a t i o n  o f  c e l l s  can 

o c c u r  anyw here in  th e  b o d y . The m a jo r i t y  o f  th e  symptoms o f  leu k em ia  

a r e  due to  th e  i n f i l t r a t i o n  o f  n o rm al t i s s u e  by  le u k e m ic  c e l l s  w i th  

th e  c o n seq u en ce  o f  abnorm al f u n c t io n  o r  l a c k  o f  f u n c t io n  o f  t h a t  

t i s s u e .  The p r e s e n c e  o f  l a r g e  num bers o f  leu k e m ic  c e l l s  i n  th e  

p e r ip h e r a l ,  b lo o d  i s  c o n s id e re d  n o t  to  b e ,  by  i t s e l f ,  h a rm fu l (M ia le , 

1 9 6 7 ).

C hem otherapy  h a s  becom e a  p o w e rfu l  t o o l  in  th e  t r e a tm e n t  o f  

le u k e m ia  and r e l a t e d  d i s e a s e s .  New d ru g s  a r e  c o n s ta n t ly  b e in g  

i n v e s t i g a t e d  and some o f  th e  r e s u l t s  o b ta in e d  may b e  i n t e r p r e t e d  as 

b e in g  e n c o u ra g in g . Some o f  th e  d ru g s  p r e s e n t l y  in  u se  in c lu d e  6-  

m e r c a p to p u r in e , m e t h b t i e x a t i ^  c y c lo p h o sp h a m id e , b u s u l f a i ^ , .  c o r t i s o n e , 

v i n b l a s t i n e  s u l f a t e ,  v i n c r i s t i n e ,  a r a b i n o s y lc y to s i n e ,  a z a t h io p r i r i e , 

and a  h o s t  o f  l e s s  w ell-knoym  d ru g s  ( S u g iu r a , 1968; Mead e t  a l . ,1968 ; 

T arn o w sk i e t  a l . ,  1968; G o ld in  e t  a l . . , 1 9 6 8 ).

• R e c e n t s tu d i e s  h av e  shown t h a t  th e  com bined u s e  o f  many o f  th e s e  

d ru g s  f o r  t r e a tm e n t  h a s  m et w i th  a  g r e a t  d e a l  o f  s u c c e s s .  The
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symptoms o f  le u k e m ia  a r e  g e n e r a l l y  s u p p re s s e d  m ore d r a m a t i c a l l y  by 

a  c o m b in a tio n  o f  d r u g s , and r e m is s io n s  o c c u r  f o r  lo n g e r  d u r a t io n s  

th a n  i f  th e  d ru g s  w ere  u se d  s e p a r a t e l y .  B a r th  H o o g s tra te n  e^t a l . , 

1969 , r e p o r t e d  t h a t  th e  r e s u l t s  o b ta in e d  from  t r e a t i n g  p a t i e n t s  s u f ­

f e r i n g  lym phosarcom a and r e t ic u lu m  c e l l  sarcom a w ith  a  c o m b in a tio n  o f
SS

cy c lo p h o sp h a m id e , v i n c r i s t i n e ,  and p r e d n is o n e ,  w ere f a r  b e t t e r  th a n  

th o s e  o b ta in e d  from  p a t i e n t s  w i th  th e  same d i s e a s e s  t r e a t e d  w ith  

cy c lo p h o sp h am id e  a lo n e .  R o b e r t W. S id w e l l , e t  a l . , 1969 , r e p o r te d  

t h a t  t r e a tm e n t  o f  S w iss  m ice g iv e n  F r ie n d  le u k e m ia  v i r u s  w i th  a 

c o m b in a tio n  o f  6-m e rc a p to p u r in e  and p o r f i ro m y c in  was m ore e f f e c t i v e  

th a n  t r e a tm e n t  w i th  e i t h e r  d ru g  a lo n e .

P h i l l i p  G eorge and co w o rk ers  ■, 1968 , w ork ing  a t  th e  S t .  Ju d e  

C h i ld re n s  H o s p i ta l  h av e  b e e n  a b le  to  e x te n d  s i g n i f i c a n t l y  th e  

s u r v i v a l  t im e  o f  c h i l d r e n  w ith  a c u te  ly m p h o c y tic  le u k e m ia  by  u s in g  

v a r io u s  c o m b in a tio n s  o f  4. a n t i le u k e m ic  a g e n ts  in  c o n ju n c t io n  w ith  

c e n t r a l  n e rv o u s  sy s te m  r a d i a t i o n  ( l2 0 0 r  i n  11 d a y s ) .  The a n t i ­

le u k e m ic  a g e n ts  in c lu d e d  m e th o t r e x a te ,  cy c lo p h o sp h a m id e , m e rc a p to -  

p u r in e  and v i n c r i s t i n e .

I n  s p i t e  o f  th e  e x te n s iv e  r e s e a r c h  w ith  th e  e f f e c t  o f  d ru g s  

(V aldam udi e t  a l . , 1968; C o l o r i z i  e t  a l . , 1968; Q u a t t r i n  and D i n i , 

1968; Baudo e t  a l . , 1968, B elong  e t  a l . ,  1 9 6 8 ; :D e s s e l , 1 9 6 9 ), and 

c o m b in a tio n  o f  d ru g s  on le u k e m ia , th e  d e g re e  o f  s u c c e s s  i n  e x te n d in g
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t h e  l i f e  e x p e c ta n c y , a l th o u g h  in  some c a s e s  re m a rk a b le  (G eorge  e t  a l .  

1 9 6 8 ), h a s  b e e n  l im i t e d  and th e  '. 'cu re"  f o r  leu k e m ia  i s  y e t  to  come. 

T h is  l im i t e d  s u c c e s s  can  b e  a t t r i b u t e d  to  s e v e r a l  r e a s o n s :  P a t i e n t s

re sp o n d  d i f f e r e n t l y  to  th e  same d ru g ; many o f  th e  d ru g s  u se d  a re  

e x tre m e ly  to x ic .;  and n o t  b e in g  s p e c i f i c  to  leu k e m ia  c e l l s  a ls o  

d e s t r o y J ... n o rm a l c e l l s  (Gee e t  a l .  , 1969; H aggard  e t  a l . , 1 9 6 8 ).

M ost o f  th e  d ru g s  u se d  a r e  im m u n o su p p re ss iv e , And o f t e n  th e  s u b je c t  

d i e s  n o t  from  th e  leu k e m ic  p r o c e s s  b u t  from  a u t o i n f e c t i o n  w i t h ■ 

n o rm a l f l o r a  o r  o t h e r  c o m p lic a t io n s  c a u se d  by  t o x i c  s id e  e f f e c t s  o f  

th e  d r u g s .  I n  t h i s  r e g a r d  G eorge and co w o rk ers  (1968 ) , m en tio n ed  

t h a t  one c h i l d  d ie d  o f  m u l t ip l e  m y o c a rd ia l  i n f a r c t i o n s  on  th e  t h i r d  

day o f  t r e a tm e n t ;  a n o th e r  d ie d  w ith  Pseudom onas s e p t ic e m ia  on th e  

e le v e n th  day o f  t r e a tm e n t  w i th  d r u g s . B oth  d e a th s  o c c u r r e d  in  th e  

p r e s e n c e  o f  t o x i c i t y .

Some o f  th e  p ro b le m s in v o lv e d  i n  c o m b in a tio n  chem otherapy  a r e ,  

to  f in d  th e  b e s t  c o m b in a tio n  p o s s i b l e ;  to  f in d  th e  d o sa g e  t h a t  can  

be  m a in ta in e d  f o r  a  lo n g  p e r io d  o f  t im e .  T h is  w ould depend  on th e  

p o te n c y  o f  th e  d r u g s , and th e  d u r a t io n  o f  th e  e x p e r im e n t , and - i t  a ls o  

d epends on th e  p o te n c y  o f  th e  d ru g s  when u se d  in  c o m b in a tio n  w ith  

o t h e r s .  I n  t h e  p r e s e n t  s tu d y ,  th e  e f f e c t  o f  two c o m b in a tio n s  o f  

d ru g s  on th e  leu k e m ic  p r o c e s s  in d u ce d  in  fem a le  BALB/c m ice  by  F r ie n d  

le u k e m ia  v i r u s  was i n v e s t i g a t e d .  I n  a c c o rd a n c e  w ith  t h i s ,  th e s e



s tu d i e s  s o u g h t to  e s t a b l i s h  a  c o m b in a tio n  and a d o sag e  o f  d ru g s  t h a t  

w ere e f f e c t i v e  in  th e  s u p p re s s io n  o f  th e  leu k em ic  p r o c e s s  b u t  w ere 

n o t  m ark e d ly  i n j u r i o u s  to  th e  h o s t .  I n  a d d i t i o n , p a r a l l e l  s tu d ie s  

w ere c o n d u c te d  in  g e rm -f re e  m ice  to  e s t a b l i s h  w h e th e r  a  m ic r o b e - f r e e  

e n v iro n m e n t m ark e d ly  a l t e r e d  th e  t h e r a p e u t i c  reg im en .

4



MATERIALS AND METHODS

P r e l im in a r y  P r e p a r a t i o n

M ice . F o r th e  e x p e r im e n ts , in b re d  c o n v e n t io n a l ly  r e a r e d  (CR) 

and g e rm - f r e e  (GE) BALB/c fem a le  m ice  ra n g in g  from  3 to  6 m onths o f  

age  w ere u s e d . The m ice  w ere o r i g i n a l l y  o b ta in e d  in  1 9 6 6 .from  th e  

■ N ationa l C ancer I n s t i t u t e  (B e th e s d a , M ary lan d ) in  th e  g e rm -f re e  s t a t e  

and w ere  c o n v e n t io n a l iz e d  s i x  m onths l a t e r .  The m ice  h av e  s in c e  

b e e n  m a in ta in e d  by  s u c c e s s iv e  b r o t h e r - s i s t e r  m a tin g s  in  o u r  l a b o r a ­

t o r y .  The CR m ice  r e c e iv e d  P u r in a  L a b o ra to ry  Chow and w a te r  ad 

l i b i t u m , and th e  CF m ice  r e c e iv e d  P u r in a  L a b o ra to ry  Chow 5010C. The 

g e rm -f re e  fe e d  was d r i e d  f o r  30 m in u te s ,  a u to c la v e d  f o r  35 m in u te s  

a t  121°C and 18 pounds p r e s s u r e , and d r i e d  f o r  30 m in u te s .  I t  was 

c u l t u r e d  in  t h i o g l y c o l l a t e  b r o th  and b r a i n  h e a r t  l i v e r  s e m i- s o l id  

(BHL) f o r  two w eeks. F o r  th e  g e rm - f r e e  e x p e r im e n ts  b o th  m ales  and 

fe m a le s  w ere u se d  a t  a b o u t 6 m onths o f  a g e . F e c a l  sam p les  w ere 

ta k e n  o n ce  a m onth and c u l tu r e d  in  t h i o g l y c o l l a t e  and BHL f o r  two 

w eeks to  in s u r e  th e  g e rm - f r e e  s t a t e s  o f  th e  m ic e .

V i r u s . F r ie n d  M urine V iru s  was u se d  th ro u g h o u t  th e  s tu d y .  The 

v i r u s  was o b ta in e d  from  D r. F i e l d s t e e l  a t  S ta n fo r d  R e s e a rc h  I n s t i t u t e  

in  1968 and h a s  b e e n  m a in ta in e d  fo l lo w in g  a  s in g l e  p a s s a g e  in  BALB/c 

m ic e , i n  s p le e n  c e l l s  a t  -7© ?(lh



6

In  o r d e r  to  o b t a i n  s u f f i c i e n t  v i r u s  fo r. th e  s tu d y  a  v i r u s  s to c k  

was o b ta in e d  by  i n j e c t i n g  14 BALB/c fem a le  m ice  w ith  a  0 .2  ml o f  th e  

v i r u s  s u s p e n s io n . A f t e r  30 days when sp le n o m eg a ly  was a p p a re n t  th e  

m ice  w ere s a c r i f i c e d  and th e  s p le e n s  a s e p t i c a l l y  rem oved and w e ighed . 

The s p le e n  a v e ra g e  w e ig h t was found  to  b e  2 .7 6  gms in  c o n t r a s t  to  

n o rm al s p le e n  w e ig h ts  o f  0 .4  to  0 .7  gms. The s p le e n s  w ere  su spended  

in  1 5 4 .4  m is o f  s u c ro s e  s t a b i l i z e r  y i e l d i n g  a 207= su sp e n s io n ^  The 

s p le e n s  w ere a l t e r n a t e l y  hom ogenized  a t  and c o o le d  to  4°C , 3 tim e s  

f o r  one  m in u te  p e r io d s  w ith  3 m in u te  r e s t s  b e tw een  e a ch  h o m o g e n iz a tio n . 

The hom ogenate  was d is p e n s e d  in  3 ml q u a n t i t i e s  i n to  5 ml serum  v i a l s .  

The v i a l s  w ere capped  w ith  ru b b e r  s to p p e r s  and f ro z e n  in  a  d ry  ic e  

and a c e to n e  m ix tu r e .  The v i a l s  w ere  l a b e l l e d  and s to r e d  in  a  Revco 

deep  f r e e z e  a t  -7 0 °C .

S u c ro se  D i lu e n t  f o r  L y o p h y liz in g  V iru s e s  (2X s o lu t i o n )  as  

M o d if ie d  by  F ie l^ d s te e l . The f o l lo w in g  fo rm u la  was u se d  to  p r e p a r e  

th e  s u c ro s e  s t a b i l i z e r  f o r  v i r u s  d i l u t i o n s .

F orm ula

KGH
L—g lu ta m ic  a c id *

0 .5 4 8  gms 
1 .4 4 0  gms 
2 .5 0 8  gms

S u c ro se
1 .0 3 4  gms 

150 .0 0 0  gms 
1000.000  m is

* Gr M onopotassium  g lu ta m a te  m o n o h y d ra te , 0 .9 5 6  gms (Mann R e se a rc h
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L a b o r a t o r i e s ,  I n c . , New Y ork 6 , N .Y .) .

As a  d i l u e n t  f o r  su sp e n d in g  t i s s u e  p r e p a r a t i o n s  o f  v i r u s e s ,  

th e  s t a b i l i z e r  was d i l u t e d  to  l x  w i th  s t e r i l e  d i s t i l l e d  w a te r .  I f  

th e  d i l u e n t  was to  b e  u se d  to  l y o p h i l i z e  v i r u s e s  20% h y d ro ly z e d  

g e l a t i n  ( a u to c la v e d  two h o u rs  a t  121°C) was added to  g iv e  a 2% f i n a l  

c o n c e n t r a t io n  o f  g e l a t i n  in  th e  s t a b i l i z e r  v i r u s  m ix tu re .

D e te rm in a t io n  o f  LD^Q f o r  V i r u s . V iru s  t i t r a t i o n  was c a r r i e d  

o u t  to  e s t im a te  th e  LD,.^ o f  th e  v i r u s .  A t o t a l  o f  70 BALE/ c fem ale  

m ice  d iv id e d  i n to  7 g ro u p s  o f  10 m ice  e a c h  w ere  p la c e d  i n  s e p a r a te  

c a g e s .  One v i a l  o f  v i r u s  s to c k  was thaw ed o u t  q u ic k ly  a t  37° and 

c e n t r i f u g e d  in  an I n t e r n a t i o n a l  H ig h -S p eed  R e f r ig e r a t e d  C e n tr i f u g e  

m odel HR-1, a t  5000 rpm and 4 ° C f o r  5 m in u te s .  The s u p e r n a ta n t  

c o n ta in in g  th e  v i r u s  was u se d  to  make t e n - f o l d  d i l u t i o n s  r a n g in g  

from  u n d i lu t e d  to  10 ^ i n  l x  s u c ro s e  s t a b i l i z e r .  Ten m ice  w ere i n ­

j e c t e d  i n t r a p e r i t o n e a l l y  ( I P )  u s in g  a  volum e o f  0 .1  ml p e r  m ouse.

The m ice  w ere  l e f t  to  d e v e lo p  th e  d i s e a s e  f o r  30 day s and f r e q u e n t ly  

p a lp a t e d  f o r  sp le n o m e g a ly . I f  sp le n o m e g a ly  c o u ld  n o t  b e  d e te rm in e d  

by  p a l p a t i o n ,  th e  s p le e n s  we're s e c t io n e d  and exam ined w ith  a l i g h t  

m ic ro s c o p e . The r e s u l t s  a r e  g iv e n  in  T a b le  I  w here + i n d i c a t e s  

sp le n o m e g a ly  w h ile  -  i n d i c a t e s  no sp le n o m e g a ly .



TABLE I. T i t r a t i o n  f o r  LDrn  o f  V iru s  
D U

T i t e r  Und- -- IO" 1 IO" 2 10” 3 IO"4  - IO " 5 IO-6
-------------- ---------------------■----------------------------— ---------------------------------------------------------:------------------------------- — ---------------------- ------------------------------------— --------------------------------------------------

S plenom egaly  (+ ) 1 0 /1 0  1 0 /1 0  1 0 /1 0  1 0 /1 0  6 /1 0  2 /1 0  0 /1 0

No S p lenom egaly  ( - )  0 /1 0  0 /1 0  0 /1 0  0 /1 0  4 /1 0  8 /1 0  1 0 /10
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The Reed-M uench m ethod was u se d  to  d e te rm in e  th e  LDro  o f  th e50.

v i r u s  and was c a l c u l a t e d  in  ^ a b le  I I .

From th e  d a ta  in  T a b le  I I  i t  i s  e v id e n t  t h a t  th e  h i g h e s t  d i l u -
_3

t i o n  t h a t  w i l l  i n s u r e  a  100% i n f e c t i o n  in  BALB/c m ice i s  10 th e  

LD^q b e in g  10 ^  t h i s  d i l u t i o n  c o n ta in s  a b o u t 20 LD^q u n i t s .

D ru g s . ‘ The d ru g s  u s e d  in  t h i s  s tu d y  w ere m e th o tr e x a te  sodium  

(MTX), 6-m e rc a p to p u r in e  ( 6-M P), v i n b l a s t i n e  s u l f a t e  (V in -S O ^ ), and 

h y d r o c o r t i s o n e  a c e t a t e  ( c o r t i s o n e ) .

Two reg im en s  o f  d ru g s  w ere u s e d , th e  f i r s t  (E x p e rim e n t I )  con­

s i s t i n g  o f  a c o m b in a tio n  o f  6-MP + V in-SO ^ + MTX, and th e  second  

reg im en  (E x p e rim e n t I I )  c o n s i s t i n g  o f  a  c o m b in a tio n  o f  6-MP + MTX + 

c o r t i s o n e .  The d o sag e  o f  th e  im m u n o su p p ressiv e  a g e n ts  was 10 mg/Kg 

body w e ig h t o r  2 .5  mg/Kg body  w e ig h t f o r  c o r t i s o n e  and 6-MP, and 

4 mg/Kg f o r  V in-SO^ and- MTX r e s p e c t i v e l y .  The a c t i o n  o f  th e s e  immuno­

s u p p r e s s iv e  a g e n ts  h a s  b e e n  d i s c u s s e d  by  !Berenbaum,". 1965 .

F o r th e  GF m ic e , th e  same reg im en  a s  f o r  E x p e rim en t I I  o n ly  was 

u s e d . The d ru g s  w ere  suspended , in  s t e r i l e  d i s t i l l e d  w a te r .  A l iq u o ts  

o f  th e  d ru g  c o m b in a tio n  w ere c u l tu r e d  in  t h i e g l y c o l l a t e  and BHL and 

in c u b a te d  a t  3 7 °C to  ch eck  f o r  b a c t e r i a l  g ro w th . The same dosage

and s c h e d u le  w ere u se d  f o r  th e  GF a s  f o r  th e  CR.



TABLE TI. Reed-Muench Method for LD^q Determination

V iru s
d i l u t i o n

M o r ta l i ty
r a t i o D ied S u r v iv a l

T o ta l
d e a th

T o ta l
s u r v iv a l

M o r ta l i ty
r a t i o 7.

U n d ilu te d 10/10 10 0 48 0 4 8 /48 100

i o " 1 10/10 10 0 38 0 38/38 100

IO"2 10/10 10 0 28 0 28 /28 100
IO" 3 10/10 10 0 18 0 18 /10 100
IO"4 6 /10 6 4 8 4 8/12 67

IO" 5 2 /10 2 8 2 12 2 /1 4 14

IO" 6 0 /10 0 10 0 22 0/22 0

7o m o r t a l i t y  a t  d i l u t i o n  above 50%-50% 6 7 -50  = \1_ = .32  ( P r o p o r t io n a te
6 7 -14  53 d i s t a n c e )

7, m o r t a l i t y  a t  d i l u t i o n  n e x t  above 507,- 
7, m o r t a l i t y  a t  d i l u t i o n  n e x t  b e lo w  507,

N e g a tiv e  lo g  o f  lo w er d i l u t i o n  ( n e x t  above 507, m o r t a l i t y )  
P r o p o r t io n a te  d i s t a n c e  (0 .3 2 )  x d i l u t i o n  f a c t o r  ( IOg 10)

Log LD50 t i t e r  
LD50 t i t e r

- 4 .0
-0 .3 2
-4 .3 2
1 0 -4 .3 2  / 0 .2  ml
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P r o d u c tio n  o f  Leukem ia in  CR M ice . A t o t a l  o f  s i x t y  c o n v e n tio n ­

a l  m ice  w ere a rra n g e d , i n to  s ix  g ro u p s  o f  10 m ice e a c h , d e s ig n a te d  

g ro u p s  I  th ro u g h  6 . G roups I ,  2 , and 3 w ere g iv e n  one c o m b in a tio n  

o f  d ru g  and w ere d e s ig n a te d  E x p e rim en t I .  G roups 4 , 5 , and 6 w ere 

g iv e n  a n o th e r  c o m b in a tio n  o f  d ru g s  and w ere d e s ig n a te d  E x p e rim en t I f .  

I n  e a ch  cage  th e  m ice  w ere num bered from  1 -1 0  by c l i p p in g  t h e i r  t o e s .  

T a b le  I I I  sum m arizes th e  g ro u p in g  o f  m ice  w ith  r e s p e c t  to  t h e i r  

t r e a tm e n t .

OA v i a l  o f  s to c k  v i r u s  was thaw ed o u t  q u ic k ly  a t  37 C. The 

c o n te n t s  w ere  c e n t r i f u g e d  in  an  i n t e r n a t i o n a l  H ig h -S p eed  R e f r ig e r a t e d

C e n t r i f u g e  Model HR-1, a t  5000 rpm and 4 ° C f o r  5 m in u te s .  The s u p e r -

-3■ natan t c o n ta in in g  th e  v i r u s  was u se d  to  make a 10 d i l u t i o n  in  lx  

s u c ro s e  s t a b i l i z e r .  F o r ty  m ice  w ere i n j e c t e d  IP w ith  a  d o se  o f  0 .2  ml 

o f  th e  v i r u s  d i l u t i o n .  T hese  m ice  w ere l e f t  f o r  14 day s to  d ev e lo p  

th e  d i s e a s e .

F o u r te e n  day s a f t e r  i n j e c t i o n  o f  th e  m ice  w ith  v i r u s , p a lp a t io n  

o f  th e  m ice  showed 100% sp le n o m e g a ly . A t t h i s  tim e  d ru g  t r e a tm e n t  

was s t a r t e d  and f o r  one m onth t h e r e a f t e r ,  a l l  th e  m ic e , e x c e p t  th e  

v i r u s  c o n t r o l ,  r e c e iv e d  one reg im en  o f  d ru g s  c o n s i s t in g  o f  a  com bin­

a t i o n  o f  MTX + 6 -MP + V in-SO ^. The i n j e c t i o n s  w ere g iv e n  e v e ry  

o t h e r  d a y , and th e  m ice  f i r s t  r e c e iv e d  a  d o se  o f  10 mg/Kg g iv e n  f o r  

7 day s in  0 .2 5  ml q u a n t i t i e s ,  b u t  th e n  m a in ta in e d  on 2 .5  mg/Kg g iv e n
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TABLE . I I I .  G ro u p in g  o f  M ic e .

V iru s  + D rugs (V+D) 
Mouse No.

V iru s  C o n tro l  (V) Drug C o n tro l  (D) 
Mouse No. Mouse No.

Group I 1-5 6-10

Group 2 . 1 -5 6-10

Group 3 ' ■

Group 4 1-5 6-10

Group 5 1-5 6-10

Group 6 I - IQ
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in  0 .0 6 ml q u a n t i t i e s  f o r  th e  d u r a t io n  o f  th e  e x p e r im e n t .

The s c h e d u le  o f  d ru g  t r e a tm e n t  was v a r i a b l e  in  t h a t  t r e a tm e n t  

was s to p p e d  w henever th e  m ice  e x h ib i t e d  th e  s e v e re  s ig n s  o f  w a s t in g , 

i . e .  r u f f l e d  f u r ,  d i a r r h e a ,  and e x c e s s iv e  l o s s  o f  w e ig h t .  A t one 

tim e  d ru g  t r e a tm e n t  was d i s c o n t in u e d  f o r  20 days due to  th e  c o n d i t io n  

o f  th e  m ic e . When i t  was resum ed th e  m ice  in  E x p e rim en t I  w ere 

g iv e n  th e  same reg im en  o f  d r u g s ,  b u t  f o r  t h e  m ice in  E x p e rim en t I I ,  

th e  reg im en  was changed  to  a  c o m b in a tio n  o f  MTX + 6 -MP + c o r t i s o n e ;  

th e  m ice  w ere a g a in  i n j e c t e d  e v e ry  o t h e r  day w i th  th e  m a in te n a n c e  

d o se  o f  0 .0 6  m l.

P ro d u c t io n  o f  Leukem ia in  GF M ice . A t o t a l  o f  30 GE m ice w ere 

d iv id e d  i n to  3 g ro u p s  o f  10 m ice  p e r  g ro u p . One g roup w a s  ̂ th e  v i r u s  

c o n t r o l , v a n o th e r  g roup  th e  d ru g  c o n t r o l  w h ile  th e  t h i r d  g roup s e r v  

ed a_s th e  t r e a t e d  g ro u p . The v i r u s  was p r e p a r e d  f o r  i n t r o d u c t i o n

i n to  GE u n i t s  by  f i r s t  d i l u t i n g  in  l x  f i l t e r  s t e r i l i z e d  s u c ro s e

—2s t a b i l i z e r  ( .4 5  m i l l i p o r e  f i l t e r ) .  F o r  th e  GE m ice  a  10 d i l u t i o n

was u se d  s in c e  i t  was p resum ed  t h a t  some a c t i v i t y  w ould b e  l o s t  due
_2

to  f i l t r a t i o n ,  h e n ce  a  10 d i l u t i o n  w ould com pensate  f o r  any lo s s  

o f  a c t i v i t y .  T h is  d i l u t i o n  was f i l t e r e d  w ith  0 .8  ju m i l l i p o r e  f i l t e r  

u s in g  a  Sweeny a d a p te r .  An a l i q u o t  o f  t h i s  f i l t r a t e  was ta k e n  o u t  

and th e  re m a in d e r  was s p ra y e d  i n to  th e  GE u n i t .  T h i r t y  m in u te s  

a f t e r  b r in g in g  th e  v i r u s  i n to  th e  u n i t  th e  GE m ice w ere i n j e c t e d  IP
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w ith  a  d o se  o f  0 .2  ml e a ch  m ouse, and l e f t  f o r  14 day s to  d e v e lo p  

th e  d i s e a s e .

P a r t  o f  th e  a l i q u o t  l e f t  o u t s i d e  th e  u n i t  was u se d  to  i n j e c t  IP  

5 c o n v e n tio n a l  BALB/c fe m a le s  w i th  a  0 .2  ml p e r  mouse to  d e te rm in e  

w h e th e r  th e  s u s p e n s io n  was s t i l l  a c t i v e  a f t e r  f i l t r a t i o n .  The r e ­

m a in d e r  o f  th e  a l i q u o t  was in o c u la te d  i n to  t h i o g l y c o l l a t e  b r o th  and 

BHL s e m i - s o l id  and a l s o  s t r e a k e d  on  b lo o d  a g a r  (BA) p l a t e s  to  d e t e r ­

m ine w h e th e r  th e  s u s p e n s io n  was s t e r i l e .  The BA p l a t e s  w ere in c u b ­

a te d  a e r o b i c a l l y  and a n a e r o b ic a l ly  a t  37°C . A f te r  3 d a y s , th e  BA 

p l a t e s ,  t h i o g l y c o l l a t e  b r o th ,  and BHL s e m i - s o l id  w ere  exam ined  f o r  

any g ro w th .

P a ra m e te r s  o f  E x p e r im e n t

O rgan and Body W eig h ts  o f  M ice . A l l  th e  CR m ice  w ere w eighed 

and t h e i r  w e ig h ts  r e c o r d e d .  Upon th e  d e a th " o f  a  m ouse, th e  s p le e n  

and l i v e r  w e ig h ts  w ere  ta k e n .

Upon th e  d e a th  o f  an  an im al., t i s s u e  sam ples o f  th e  l i v e r ,  s p le e n ,  

k id n e y , i n t e s t i n e s ,  and lu n g s  w ere ta k e n  and s e c t io n e d .

A f t e r  th e  e x p e r im e n t had  p ro c e e d e d  f o r  6 m o n th s , h e m a to lo g ic  

s tu d i e s  w ere  c u r t a i l e d  b e c a u s e  th e  h e m a to c r i t s  w ere becom ing  r a t h e r  

low  when o t h e r  p a ra m e te r s  w ere n o t  c h a n g in g  n o t i c e a b l y .  Hence i t  

was assum ed t h a t  th e  low  v a lu e s  o f  th e  h e m a to c r i t s  f o r  t e s t  and



c o n t r o l  m ice  w ere p r o b a b ly  due to  th e  f r e q u e n t  b le e d in g  o f  th e  m ice , 

r a t h e r  th a n  to  th e  leu k e m ic  p r o c e s s .

F o r th e  GF m ice  w h ite  b lo o d  c e l l  c o u n ts  and b lo o d  sm ears  w ere 

made w eek ly  to  ch eck  th e  p r o g r e s s  o f  th e  d i s e a s e .

15



RESULTS

E x p e rim en t I

E x p e r im e n ta l  A pproach  -  W hite  b lo o d  c e l l  c o u n ts , h e m a to c r i t s ,  

and d i f f e r e n t i a l  c o u n ts  w ere o b ta in e d  from  a d u l t  BALB/ c  m ic e , b e fo r e  

th e y  w ere c h a l le n g e d  IP  w ith  0 .2  ml o f  a  10 d i l u t i o n  o f  F r ie n d  

v i r u s  (2 0 -LD^q) . Ten r e a d in g s  f o r  e a ch  p a ra m e te r  w ere ta k e n  from  

w hich  th e  a v e ra g e  f o r  e a c h  p a ra m e te r  was e s t a b l i s h e d  and c o n s id e re d  

to  b e  th e  n o rm a l v a lu e .  Tw enty f o u r  d ay s  a f t e r  c h a l le n g e  w ith  th e  

v i r u s ,  th e  m ice  w ere  t r e a t e d  w ith  a  c o m b in a tio n  o f  M e th o tre x a te + 6-  

M erc a p to p u r in e + V in b l a s t i n  S u l f a t e .  The d ru g s  w ere g iv e n  on a l t e r n a t e  

day s f o r  a p e r io d  o f  88 d a y s .

■The Leukem ic P ro c e s s

H em ato logy  o f  BALB/c M ice -  Ths d a ta  shown in  T a b le  IV i n d i c a t e

t h a t  th e  mean w h i te  b lo o d  c e l l  c o u n t f o r  n o rm al m ice  was 1 0 ,2 7 0  t

218 x  10 and 5 4 .6  +_ 2 .5  f o r  th e  h e m a to c r i t .  The lym phocy te  c o n s t i t u t ­

ed th e  m a jo r  c e l l  t y p e ,  81.87. i n  th e  w h i te  b lo o d  c e l l  p o p u la t io n .

The p r o g r e s s  o f  th e  d i s e a s e  can  b e  d e s c r ib e d  from  th e  t a b l e s  

and g ra p h s  g iv e n  b e lo w . The d a ta  i n  T a b le  V d e s c r ib e  th e  change in  

th e  w h i te  b lo o d  c e l l  (WBC) c o u n t and th e  h e m a to c r i t  v a lu e s  d u r in g  

th e  e x p e r im e n t .

The r e s u l t s  in  ,T ab le  V f u r t h e r  show t h a t  t h e r e  i s  an  in c r e a s e  in  

th e  w h i te  c o u n t 29 day s a f t e r  i n t r o d u c t i o n  o f  th e  v i r u s  i n to  th e  m ic e .



TABLE IV . H e m a to c r i t  t o t a l  and  d i f f e r e n t i a l  w h i te  b lo o d  c e l l  c o u n ts  o f  BALB/c
m ic e  p r i o r  t o  c h a l l e n g e  w i th  v i r u s  and  d r u g s .

Mouse
Number

WBC
Count H e m a to c r i ts Lymphs

D i f f e r e n t i a l

P o ly s

C ount % 

Monos Eos

I 8 ,5 0 0 54 74 24 I 2

2 1 4 ,0 0 0 56 82 15 2 2

3 1 0 ,7 5 0 58 84 14 I I

4 1 2 ,4 5 0 59 86 12 0 2

5 9 ,4 5 0 53 81 16 2 0

6 8 ,4 5 0 52 78 21 0 I

7 8 ,8 5 0 52 85 13 I 0

8 1 0 ,3 0 0 52 79 20 I 2

9 9 ,1 5 0 54 86 14 0 I

10 1 0 ,7 5 0 56 83 15 0 2

Mean 1 0 ,2 7 0  + 18
2a

x 10^ 54.6% + 2 .5 8 1 .8 + 3 .6  1 6 .4 0 .8 1 .3

a SE = S ta n d a r d  E r r o r  o r  d e v i a t i o n
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X- Virus (V) control group 
O- Treoted (V+D) group 
A- Drug (D) control group
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DAYS

Fig. I Absolute lymphocyte counts of BALB/c mice treated with Friend virus and/or 

antileukemic drugs (Exp. I)



TABLE V W hite  b lo o d  c e l l  c o u n ts  and h e m a to c r i t  v a lu e s  o f  BALB/c m ice  t r e a t e d  
w ith  F r ie n d  v i r u s  and a  d ru g  R egim en. (E x p e rim e n t I * )

No. o f  days 
s in c e  s t a r t  
o f  e x p e rim e n t

Ave. WBC Count Ave. H e m a to c r i t 7.
Group Group

Va V + Db Dc V V + D D

24 9 ,3 0 0 5 ,3 9 0 5 ,1 2 0 5 2 .8 5 1 .8 5 4 .0

29 12,010 5 ,8 9 0 6 ,5 7 0 5 5 .2 4 5 .2 5 5 .2

35 1 3 ,7 3 0 5 ,7 2 0 6 ,0 6 7 5 3 .3 4 8 .5 5 0 .3

42

T re a tm e n t 
s to p p e d  f o r  
20 days

1 5 ,3 6 0 1 1 ,7 9 0 1 1 ,1 3 0 5 2 .8 4 4 .0 4 9 .2

69 167 ,8 8 0 5 8 ,0 1 6 1 4 ,5 2 0 4 2 .8 5 0 .3 5 8 .4

a V =  F r ie n d  v i r u s  in  a  d o se  o f  10 ^ 

k V + D = F r ie n d  v i r u s  in  a  dose  o f  10 ^ + Regimen 

c D =  Drug c o n t r o l  w i th  Regimen 

* Norm al WBC c o u n t was 1 0 ,2 7 0  c e l l s / cmm
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F o r th e  v i r u s  c o n t r o l  g ro u p , t h i s  i n c r e a s e  becom es m arked  a t  th e  

t e r m in a t io n  o f  th e  e x p e r im e n t . In  c o n t r a s t ,  th e  w h ite  c o u n t s .o f  th e  

t r e a t e d  and th e  d ru g  c o n t r o l  g ro u p s  com pare v e ry  w e l l ,  b u t  f a l l  b e lo w  

th e  n o rm a l l e v e l s .  T h is  i n d i c a t e s  t h a t  th e  t r e a tm e n t  was s u c c e s s f u l  

i n  c o n t r o l l i n g  th e  le u k e m ic  p r o c e s s .  The in c r e a s e  i n  WBC c o u n t i s  

p r e s e n te d  g r a p h i c a l l y  i n  F ig u re  I .  The f a c t  t h a t  th e  w h i te  c o u n t 

r o s e  d r a m a t i c a l l y  when t r e a tm e n t  was s to p p e d  g iv e s  f u r t h e r  e v id e n c e  

f o r  th e  e f f e c t  o f  t r e a tm e n t .

The h e m a to c r i t  v a lu e s  p r e s e n te d  in  T a b le  V show t h a t  anem ia i s  

a  co n seq u e n c e  o f  th e  leu k e m ic  p r o c e s s  and was e v id e n t  a t  th e  te r m in a l  

s ta g e s  o f  th e  d i s e a s e .  The d a ta  s u g g e s t  t h a t  th e  t r e a tm e n t  d id  not; 

a p p e a r  to  a l t e r  th e  h e m a to c r i t  v a lu e  and a t  35-42 d ay s  th e  low 

h e m a to c r i t  v a lu e s  in  th e  d ru g  c o n t r o l  g roup  i s  p e rh a p s  m ore a 

c o n seq u en ce  o f  f r e q u e n t  b le e d in g  r a t h e r  th a n  due to  t r e a tm e n t .  T h is  

i s  s u g g e s te d  by th e  h e m a to c r i t  v a lu e s  o f  th e  v i r u s  c o n t r o l  g roup and 

th e  t r e a t e d  g roup w hich  c o n tin u e d  to  b e  low , w h ile  th e  v a lu e s  in  th e  

d ru g  c o n t r o l  r o s e  to  above n o rm al a f t e r  t r e a tm e n t  and b le e d in g  o f  th e  

m ice  had  s to p p e d .

The d i f f e r e n t i a l  c o u n t (T a b le  V I) shows some d i f f e r e n c e  among 

th e  t h r e e  g ro u p s ;  a l s o , c o n s id e r in g  th e  g ro u p s  i n d i v i d u a l l y ,  th e r e  

w ere many ch an g es from  th e  n o rm a l. I n  th e  v i r u s  c o n t r o l  g ro u p , th e  

c e l l s ,  p a r t i c u l a r l y  th e  ly m p h o cy tes  showed a b n o r m a l i t i e s  c o m p a tib le



TABLE VI. A verage d i f f e r e n t i a l  c o u n t f o r  BALB/c m ice t r e a t e d  w ith  MTX + 6-MP + 
V in SO ^.* (E x p e rim e n t I )

Days p o s t  
v i r u s  i n ­
j e c t i o n

Lymphs
Group

P o ly s
Group

Monos
Group

Eos
Group

V V+D D V V+D D V V+D D V V+D D

24 7 2 .0 4 5 .2 8 1 .0 2 5 .0 5 1 .2 1 6 .0 1.6 2 .6 1 .0 1 .4 0.6 2 .0

29 7 4 .6 6 2 .0 7 6 .0 2 7 .0 3 6 .0 2 1 .0 1 .0 2 .0 1 .2 1 .4 1 .0 0 .8

35 6 9 .2 6 6 .0 7 3 .0 2 9 .2 3 0 .2 2 3 .0 1 .4 2 .0 2 .8 1 .4 1.8 1 .2

42 7 6 .8 7 0 .4 71 .5 2 0 .4 2 5 .8 2 6 .0 1.8 2 .6 1 .5 1 .2 1.2 1 .0

69 8 7 .2 8 1 .0 8 4 .4 11 .0 1 7 .0 1 3 .4 1 .0 0 .8 0 .6 1 .0 1 .2 1.6

* Each v a lu e  i s  e x p re s s e d  a s  7. o f  w h ite  b lo o d  c e l l  p o p u la t io n s  on W rig h t s ta in e d  
sm e a rs .

V = V iru s  c o n t r o l  g roup  

V+D = T r e a te d  g roup 

D = Drug c o n t r o l  g roup
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w ith  le u k e m ia . S in c e  th e  c e l l u l a r  ch an g es  in  E x p e rim en t I  and I I  a r e  

e s s e n t i a l l y  th e  sam e. T hese  ch an g es w i l l  be  d e s c r ib e d  in  d e t a i l  w ith  

th e  r e s u l t s  o f  E x p e rim en t IX . I n  a l l  t h r e e  g ro u p s j  th e  in c r e a s e  in  

n e u t r o p h i l s  i n d i c a t e s  t h a t  th e  m ice  may have  become i n f e c t e d ,  m ost 

p ro b a b ly  w i th  t h e i r  n o rm al f l o r a ,  soon  a f t e r  th e  i n i t i a t i o n  o f  

t r e a tm e n t .

P a th o lo g ic a l  S tu d ie s  -  A c o m p i la t io n  o f  d a ta  i n d i c a t i n g  th e  

change in  body w e ig h t ,  t h e  d i f f e r e n c e  in  l i v e r  and s p le e n  w e ig h ts  

among th e  t h r e e  g ro u p s , and th e  s u r v i v a l  t im e  f o r  th e  m ice  in  each  

g roup  i s  p r e s e n te d  in  T a b le  V I I .

T hese  d a ta  show t h a t  th e  a v e ra g e  body w e ig h ts  a t  d e a th  o f  th e  

m ice  in  th e  v i r u s  c o n t r o l  g roup  and th e  t r e a t e d  g roup  d e c re a s e d  

m ark e d ly  from  th e  i n i t i a l  body w e ig h t a v e ra g e s .  I n  c o n t r a s t ,  t h e r e  

i s  an i n c r e a s e  in  a v e ra g e  body  w e ig h t i n  th e  d ru g  c o n t r o l  g ro u p .

T h is  i n c r e a s e  i s  due to  th e  a p p a re n t  r e c u p e r a t io n  o f  th e  d ru g  c o n t r o l  

g roup when t r e a tm e n t  was s to p p e d . R e c u p e ra t io n  was accom panied  by an 

im provem ent i n  th e  e x t e r n a l  a p p e a ra n c e  o f  th e  m ic e ; c o n tin u e d  t r e a t ­

m ent r e s u l t e d  in  d i a r r h e a  and r u f f l e d  f u r .  The m ice  t h a t  d ie d  dpe 

to  t o x i c i t y  o f  th e  d ru g s  showed c o n g e s t io n  o f  th e  i n t e s t i n a l  t r a c t  

and o t h e r  o r g a n s .  T hese  s ig n s  and o t h e r s  w i l l  be  d e s c r ib e d  in  m ore 

d e t a i l  i n  E x p e rim en t T I .



TABLE VII C om parison  o f  body w e ig h ts ,  s p le e n  and l i v e r  w e ig h ts ,  and s u r v iv a l  
tim e  f o r  E x p e rim en t I  o f  BALB/c m ice t r e a t e d  w ith  F r ie n d  v i r u s  and / 
o r  d r u g s .

Mouse
No.

Body W t. (gms")a S p l .  & L iv e r  Wt. ( gms) C S u r v iv a l  Time (d a y s )

Group Group Group

V V+D
~ b

D- V V+D D V V+D D

1 5 .2 6 2 0 .9 0 1 7 .2 3 1 .2 5 0 .8 0 105 70
I 1 5 .7 6 16 .05 18 .79 2 .9 4 1 .3 5

19 .25 1 9 .1 6 16 .95 2 .5 0 1 .2 0 68 74
2 1 7 .8 0 1 6 .3 3 16 .68 1 .8 5 1 .4 0

1 6 .7 6 2 0 .7 7 19 .95 2 .0 5 0 .7 0 85 72
3 1 6 .2 0 1 6 .3 0 2 2 .5 2 3 .2 0 1 .2 0

2 1 .3 7 2 2 .0 9 1 8 .3 8 1 .7 9 0 .6 5 0 .3 2 90 70
4 2 0 .6 9 18 .52 16 .32 5 .5 2 1 .5 0 0 .6 9

2 0 .0 1 2 0 .0 6 1 6 .8 9 2 .0 1 0 .9 4 64 70
5 2 0 .5 4 1 6 .2 7 17 .9 7 1 .7 3 1 .4 4

2 3 .5 0 1 9 .6 0 18 .15 2 .8 5 0 .7 2 71 70
6 15 .4 7 14 .4 1 17 .7 7 2 .0 5 1 .5 4

19 .95 2 0 .3 0 19 .92 0 .5 4 0 .1 8 91 1047 18 .4 7 16 .15 19 .87 3 .02 0 .7 9

2 3 .0 1 2 4 .3 2 1 9 .3 4 0 .3 8 0 .8 5 92 918 15 .87 2 0 .0 5 2 2 .9 4 0 .5 2 1 .4 0



TABLE VII. Continued

Mouse
No.

Body W t. (g m s)a S p l .  & L iv e r  Wt. ( gms) C S u r v iv a l  Time (d a y s )

Group Group Group

V V+D Db V V+D D V V+D D

2 4 .6 0 2 0 .4 2 16 .85 0 .7 5 0 .6 5 0 .2 5 95 70 649 2 0 .1 0 16 .21 15 .92 3 .2 9 1 .5 0 0 .6 4

2 0 .4 0 2 1 .0 1 19 .16 2 .0 9 0 .9 4 91 7010 2 1 .4 3 15 .7 6 2 0 .6 9 1 .2 9 1 .4 4

2 0 .4 1 2 0 .8 6 18 .28 1 .6 2 0 .7 6 8 3 .2 77 .1Ave. 16 .86 1 6 .6 0 19 .0 3 2 .5 4 1 .3 5

3 The n u m e ra to r  i s  body \f t .  a t  s t a r t ,  th e  d e n o m in a to r  i s  body w t. a t  d e a th .

k The body w t. h e re  i s  ta k e n  a t  th e s t a r t ,  and th e  t e r m in a t io n o f  th e e x p e r im e n t.

C The n u m e ra to r  i s  s p le e n  w t . , th e  d e n o m in a to r i s  l i v e r w t.

V = V i r u s  c o n t r o l  g ro u p  

V+D = T r e a t e d  g ro u p  

D = Drug c o n t r o l  g ro u p
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T h ere  i s  a  d i s t i n c t  d i f f e r e n c e  in  s p le e n  and l i v e r  a v e ra g e  

w e ig h ts  b e tw een  th e  v i r u s  c o n t r o l  g roup  and th e  t r e a t e d  g ro u p . In  

th e  l a t t e r  g roup  th e  w e ig h ts  w ere  n o t  much above n o rm al w h ile  th e y  

w ere m ore th a n  tw ic e  th e  n o rm al v a lu e s  in  th e  v i r u s  c o n t r o l  g ro u p .

The two m ice  t h a t  d ie d  b e c a u s e  o f  t o x i c i t y  o f  th e  d ru g s  d is p la y e d  

sm a ll  s p le e n s  and l i v e r s .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  i n  th e  

v i r u s  c o n t r o l  g roup  s e v e r a l  o f  th e  m ice  t h a t  e x p e r ie n c e d  p ro lo n g e d  

s u r v i v a l  showed g r e a t e r  in v o lv e m e n t o f  th e  l i v e r .

..The mean s u r v i v a l  tim e  o f  t r e a t e d  g roup  was u n e x p e c te d ly  low er 

th a n  t h a t  o f  th e  v i r u s  c o n t r o l  g ro u p . T h is  h o w ev er, i s  n o t  an 

i n d i c a t i o n  o f  th e  f a i l u r e  o f  th e  d ru g s  to  a r r e s t  th e  leu k e m ic  p r o c e s s .  

W hite  b lo o d  c e l l  c o u n ts , and l i v e r  and s p le e n  w e ig h ts  c l e a r l y  

e s t a b l i s h e d  th e  s u c c e s s  o f  th e s e  d ru g s  in  c o n t r o l l i n g  th e  d i s e a s e .  

H ow ever, th e  com bined e f f e c t  o f  th e  d ru g s  (im m u n o su p p re ss iv e  e f f e c t s ')  

and] th e  p r o l i f e r a t i o n  o f  le u k e m ia  c e l l s  when t r e a tm e n t  was stopped-, . 

a p p a r e n t ly  c a u se d  d e a th  o f  th e  m ic e . T h is  i s  f u r t h e r  s u g g e s te d  by 

th e  lo n g e r  s u r v i v a l  t im e  o f  th e  v i r u s  c o n t r o l  g ro u p , and few  d e a th s  

in  th e  d ru g  c o n t r o l  g ro u p .

E x p e rim en t XI

E x p e r im e n ta l  A pproach  -  A d u lt  BALB/c m ice w ere i n j e c t e d  IP

— I
w ith  0 .2  ml o f  a  10 d i l u t i o n  o f  F r ie n d  v i r u s  (2 0 -LD^q ) and th e n
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t r e a t e d  f o r  one  m onth w ith  d ru g  reg im en  I .  T h e r e a f t e r ,  th e  reg im en  

was changed  to  in c lu d e  m e th o tr e x a te + 6 -m e rc a p to p u r in e + c o r t i s o n e .  The 

d ru g s  w ere g iv e n  on a l t e r n a t e  day s f o r  a  p e r io d  o f  242 d a y s . '

The Leukem ic P ro c e s s

H em ato logy  and S u r v iv a l  Time -  The n o rm al WBC c o u n ts , hematoi- 

c r i t s  and d i f f e r e n t i a l  c o u n ts  f o r  t h i s  e x p e rim e n t a r e  r e p r e s e n te d  by 

th o s e  ta k e n  f o r  E x p e rim en t I ,  s in c e  th e  m ice  u se d  f o r  th e  norm al 

v a lu e s  w ere  p ic k e d  a t  random  from  th o s e  u se d  f o r  b o th  e x p e r im e n ts .

The n o rm al v a lu e s  f o r  t h i s  e x p e r im e n t w ere th e n  ta k e n  a s  10270 +_

18 x IO^ f o r  th e  WBC c o u n t , 54.67. -h 2 .5  f o r  th e  h e m a to c r i t ,  81.87. f o r  

lym phocy te  c o u n t , and 16.47. f o r  n e u t r o p h i l  c o u n t.

The s u r v i v a l  tim e  o f  th e  m ice  i s  g iv e n  in  T a b le  V I I I .  U n lik e  

th e  p r e v io u s  e x p e r im e n t , th e  mean s u r v i v a l  tim e  o f  th e  v a r io u s  g ro u p s  

in  t h i s  e x p e r im e n t i s  v e ry  s i g n i f i c a n t .  The d a ta  show t h a t  th e  

a v e ra g e  s u r v iv a l  tim e  o f  th e  t r e a t e d  (V+D) g roup  i s  t h r e e  tim e s  t h a t  

o f  th e  v i r u s  (V) c o n t r o l  g ro u p . The lo n g e s t  s u r v iv a l  in  th e  l a t t e r  

g roup  was 92 d a y s , w h i le  i n  th e  fo rm e r  g ro u p , one m ouse s u rv iv e d  

262 d a y s . The n o rm a l l i f e  span  o f  th e  m ice  u se d  i s  a b o u t 2 y e a r s , 

t h e r e f o r e  a b o u t 307= o f  th e  t r e a t e d  g roup  s u rv iv e d  f o r  p b o u t h a l f  

t h e i r  n o rm a l l i f e  s p a n . The mean s u r v i v a l  tim e  o f  th e  d ru g  (D) 

c o n t r o l  g roup  was a b o u t tw ic e  a s  h ig h  a s  th e  v i r u s  c o n t r o l  g ro u p , b u t



TABLE VIII. S u r v iv a l  tim e  o f  CR BALB/ c m ice c h a lle n g e d  w ith  F r ie n d  v i r u s  an d / 
o r  t r e a t e d  w ith  d r u g s .  (E x p e rim e n t I I )

Group a 7. M o r t a l i ty D eath  day MSTb (d a y s )

V 1 0 /1 0  ( I )  78c , (2 )  9 2 , (3 )  65 , 71 .1
(4 )  6 8 , (5 )  8 9 , (6 )  6 8 ,
(7 )  71, (8 )  4 2 , (9 )  67 ,
(1 0 )  61

V+D 1 0 /1 0 ( I ) 248 , (2 ) 262, (3 ) 160,
(4 ) 216 , (5 ) 234 , (6 ) 160,
(7 ) 184, (8 ) 140, (9 ) 95 ,
(1 0 ) ' 168

D 9 /1 0 ( I ) 107, (2 ) 207 , (3 ) 23 ,
(4 ) 185, (5 ) 233 , ( 6 ) 25 ,
(7 ) (8 ) 151, (9 ) 177,
(1 0 )  225

V = V iru s  c o n t r o l  g roup 
V+D = T re a te d  group 
D = Drug c o n t r o l  group

MST = Mean s u r v iv a l  tim e

e . g . , ( l )  = No. o f  m ouse , 78 = s u r v iv a l  tim e
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s i g n i f i c a n t l y  lo w er th a n  th e  t r e a t e d  g ro u p . I t  i s  v e ry  l i k e l y  t h a t  

th e  m ice  in  th e  d ru g  c o n t r o l  g roup  d ie d  a s  a  r e s u l t  o f  i n f e c t i o n .

Some o f  th e  m ice  t h a t  w ere d i s s e c t e d  v e ry  soon a f t e r  d e a th  showed 

c o n g e s t io n  o f  th e  i n t e s t i n a l  t r a c t ,  l i v e r ,  and k id n e y s .  The lu n g s  

c o n ta in e d  f l u i d ,  and th e  s p le e n  was a t r o p h ie d .

T a b le  IX p r e s e n t s  th e  a v e ra g e  v a lu e s  o b ta in e d  f o r  WBC c o u n ts  and 

h e m a to c r i t s  f o r  th e  t h r e e  g ro u p s  o f  m ice  in  E x p e rim en t I I .  The 

d i f f e r e n c e  i n ■WBC c o u n t am ont th e  t h r e e  g ro u p s  i s  s t r i k i n g .  In  a l l  

g ro u p s  o f  m ice  th e  w h i te  c o u n t was a t  f i r s t  d e p re s s e d  b u t  th e n  g ra d ­

u a l l y  r o s e  to  a b o u t n o rm a l l e v e l s  i n  th e  i n t e r v a l  b e tw e en  day s 2 4 -3 5 . 

T h e r e a f t e r ,  th e  w h i te  c o u n t in  th e  v i r u s  c o n t r o l  g roup  in c r e a s e d  a t. 

an  e x tre m e ly  r a p id  r a t e  to  c o u n ts  a s  h ig h  a s  2 4 1 ,0 0 0 /cm, 88 days 

p o s t - c h a l l e n g e  w ith  v i r u s ^

. I n  th e  t r e a t e d  (V+D) g ro u p , th e  w h ite  c o u n t was s l i g h t l y  above 

n o rm al f o r  th e  l a r g e  p a r t ,  b u t  n e v e r  a p p ro a c h e d  th e  v a lu e s  found in  

le u k e m ic  (V) m ic e . T h is  s u g g e s te d  t h a t  th e  d ru g s  w ere r e s p o n s ib le  

f o r  k e e p in g  th e  w h ite  c o u n t f a r  b e lo w  th e  h ig h  l e v e l s  re a c h e d  in  th e  

v i r u s  c o n t r o l  g ro u p . The t r e a t e d  m ice  a p p e a re d  h e a l t h y ,  and th e r e  

was no m arked f l u c t u a t i o n  in  th e  w h i te  c o u n t e x c e p t  f o r  two o c c a s io n s .  

The two p ro m in e n t r i s e s  in  th e  w h ite  c o u n t seen  in  th e  t r e a t e d  group 

w ere a t  day  102 and day  137 (T a b le  IX ) w here th e  c o u n ts  w ere  a b o u t 

5 7 ,0 0 0  c e l l s / cmm and 4 9 ,0 0 0  c e lls /c m m , r e s p e c t i v e l y .  S in c e  th e r e



TABLE IX A v e ra g e  w h i t e  b l o o d  c e l l  c o u n t  an d  h e m a t o c r i t  o f  f e m a le  CR m ic e  o f  t h e  
BALB/ c s t r a i n  t r e a t e d  w i t h  F r i e n d  v i r u s  a n d / o r  a n t i - l e u k e m i c  d r u g s .  
( E x p e r i m e n t  I I )

Days p o s t  
i n f e c t i o n  
w ith  v i r u s

Ave. WBC c o u n t Ave. H e m a to c r i t  7«
Group Group

V V+D D V V+D D

24 8 ,4 5 2 6 ,7 8 0 6 ,2 4 0 5 4 .8 5 2 .8 5 4 .0

31 10 ,502 6 ,2 9 0 6 ,8 7 0 5 3 .2 4 0 .2 5 6 .4

38 1 4 ,3 1 0 8 ,4 0 5 7 ,856 5 3 .3 4 1 .5 4 9 .5

45 1 6 ,6 3 4 13 ,975 14 ,457 5 3 .5 4 9 .0 4 4 .3

52 2 5 ,2 8 3 1 5 ,4 5 0 13 ,846 5 0 .0 5 0 .2 4 9 .3

69 110 ,205 18 ,3 5 0 9 ,9 5 0 4 0 .6 5 3 .0 5 5 .0

81 2 0 3 ,8 3 0 13 ,7 3 0 5 ,2 3 0 4 0 .4 4 8 .6 5 4 .4

88 241 ,562 1 4 ,7 8 0 8 ,4 3 4 3 9 .0 4 2 .8 5 8 .6

95 19 ,2 6 0 1 0 ,4 7 0 4 3 .0 5 4 .0

102 56 ,5 0 2 14 ,808 4 7 .6 4 8 .8

109 28 ,7 0 5 7 ,583 4 2 .8 4 5 .8

116 2 5 ,8 4 4 12 ,550 4 0 .6 4 6 .6

123 2 1 ,9 8 0 7 ,377 3 9 .4 4 3 .6



TABLE IX. Continued

Days p o s t  
i n f e c t i o n  
w ith  v i r u s

Ave. WBC c o u n t Ave. H e m a to c r i t  7»
Group Group

V V+D D V V+D D

130 2 5 ,3 6 7 6 ,3 6 5 4 3 .6 4 6 .2

137 4 9 ,1 5 5 15 ,829 4 0 .6 4 4 .6

144 1 0 ,4 9 4 8 ,2 8 7 3 3 .0 4 7 .8

151 10 .9 9 1 5 ,7 4 9 3 6 .4 4 3 .2

158 2 8 ,6 9 7 13 ,705 3 4 .8 4 1 .2

172 11 ,781 10 ,645 4 5 .4 4 6 .2

186 1 2 ,8 0 4 9 ,2 6 5 4 3 .2 4 5 .4

200 15 ,041 9 ,7 2 5 4 1 .5 4 6 .8

214 19 ,238 12 ,458 39 .6 4 5 .5

228 1 3 ,5 9 0 8 ,3 5 7 4 0 .5 5 2 .2

242 11 ,658 5 ,9 2 8 4 2 .8 4 8 .2

V = V i r u s  c o n t r o l  g ro u p  

V+D = T r e a t e d  g ro u p  

D = Drug c o n t r o l  g ro u p



31

was a c o r re s p o n d in g  r i s e  o f  th e  w h ite  c o u n t in  th e  d ru g  c o n t r o l  g roup  

(D ) , i t  was p resum ed  t h a t  th e  r i s e  in  th e  t r e a t e d  g roup  was due to  

th e  b reakdow n o f  one  o r  m ore com ponents o f  th e  d ru g s  a s  a r e s u l t  o f  

a g e in g . T h u s, when a  f r e s h  c o m b in a tio n  o f  d ru g s  was u s e d , th e  w h ite  

c o u n t was lo w ered  d r a m a t i c a l l y .  O th e r  f a c t o r s  may c o n t r i b u t e  to  th e  

r i s e  in  w h ite  c e l l  c o u n t,  such  a s  r e s i s t a n c e  to  th e  d r u g s .

The r i s e  and f a l l  o f  th e  WBC p o p u la t io n  i s  i l l u s t r a t e d  by  F ig u re  

2 w h ich  g iv e s  th e  a b s o lu t e  v a lu e  o f  ly m p h o cy tes  o v e r  a  242 day p e r io d ,  

and by  F ig u re  3 w h ich  g iv e s  th e  a b s o lu te  v a lu e  o f  n e u t r o p h i l s  o v e r  a 

200 day  p e r io d .

As m en tio n e d  e a r l i e r ,  t h e r e  i s  - i n i t i a l l y  a  d e c re a s e  in  th e  w h ite  

c o u p t in  a l l  t h r e e  g ro u p s .  I n  th e  d ru g  c o n t r o l  g roup  t h i s  d e c re a s e  

can  b e  a t t r i b u t e d  to  th e  d ru g s  w h ich  d e s t r o y  c e l l s  o f  th e  ly m p h o c y tic  

s e r i e s .  H ow ever, in  th e  t r e a t e d  g roup  and in  th e  v i r u s  c o n t r o l  g ro u p , 

th e  p r o b a b le  e x p la n a t io n  i s  t h a t  t h i s  i s  due to  th e  v i r u s  w hich 

c a u se s  d e p r e s s io n  in  th e  bone m arrow . T h is  d e p r e s s io n  i s  se en  

p r im a r i l y  in  th e  g r a n u lo c y te s ,  w h ile  th e  ly m p h o cy tes  a r e  n o t  a f f e c t e d .

The h e m a to c r i t  v a lu e s  shown g r a p h i c a l l y  ( F ig u re  4 )  I n d ic a te  t h a t

anem ia was a  c o n seq u en ce  o f  th e  leu k e m ic  p r o c e s s  and i s  e s p e c i a l l y
!

p ro m in e n t a t  th e  t e r m in a l  s ta g e s  o f  th e  d i s e a s e .  G re a t  v a r i a t i o n  in  

h e m a to c r i t  v a lu e s  i s  e v id e n t  i n ', th e  t r e a t e d  g roup w here a t  t im e s  th e  

v a lu e s  d ro p p ed  to  33% su ch  as  on  day 139 . T h is  h o w e v e r, a s  h a s  b een
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Fig. 2 Absolute lymphocyte counts of CR BALB/c mice trea ted  with Friend virus and/or antileukemic 

drugs (Exp. II)
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Fig. 3  Absolute neutrophil count of CR B A L B /c  mice t r e a te d  with Friend virus and/or antileukemic 

d ru g s  (E xp .  I I )
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Fig. 4  Average hem atocrit values for CR BALB/c mice tre a ted  with Friend 

virus an d /o r antileukemic drugs (Exp H)
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e x p la in e d  f o r  E x p e rim en t I ,  i s  m a in ly  due to  th e  f r e q u e n t  b le e d in g .  

T hus, when b le e d in g  was done a t  two week i n t e r v a l s ,  th e  h e m a to c r i t  

v a lu e s  i n c r e a s e d .  V a r ia t io n  in  h e m a to c r i t  v a lu e s  i n  th e  d ru g  c o n t r o l  

g roup  w ere  n o t  a s  p ro m in e n t a s  in  th e  t r e a t e d  g ro u p .

G e n e r a l ly ,  th e  e o s in o p h i l s  a p p e a re d  n o rm a l , and t h e r e  was no 

change in  th e  num ber o f  th e s e  c e l l s  in  any o f  th e  t h r e e  g ro u p s  a s  

com pared to  th e  ' n o rm a l v a lu e s .  • The p l a t e l e t s  d id  n o t  seem to  have 

b e e n  a f f e c t e d  in  any o f  th e  p r e p a r a t i o n s  exam ined .

. The n e u t r o p h i l s  p r e s e n te d  an  i n t e r e s t i n g  c a s e .  . The g ra p h  o f  

a b s o lu te  n e u t r o p h i l  c o u n t a g a ip s t  tim e  (F ig u r e  3) i s  v e ry  s im i la r  

to  t h a t  o f  a b s o lu te  lym phocy te  c o u n t a g a in s t  tim e  ( F ig u r e  2 ) ,  i n d i c a t ­

in g  t h a t  t h e r e  a l s o  was a  s i g n i f i c a n t  in c r e a s e  o f  n e u t r o p h i l s  in  th e  

v i r u s  c o n t r o l  g ro u p . I f  th e  above two g ra p h s  a r e  su p e rim p o sed  on 

one a n o th e r ,  i t  becom es c l e a r  t h a t  th e  m ain  in c re ase :"  in  n d u t r o p h i l s  

in  th e  v i r u s  c o n t r o l  g roup  comes a f t e r  b u t  c o rre s p o n d s  w ith  th e  l a r g e  

i n c r e a s e  in  a b s o lu te  lym phocy te  c o u n t .  T h is  and th e  f a c t  p a a t  m ic ro ­

s c o p ic  e x a m in a tio n  d id  n o t  show abnorm al n e u t r o p h i l s  s u g g e s te d  t h a t  

th e  i n c r e a s e  in  t h e s e  c e l l s  .is a  r e s u l t  o f  f a c t o r  o r  f a c t o r s  o th e r  

th a n  th e  v i r u s .

C e l l  M orphology -  F ig u re s  5 and 6 show two b lo o d  sm e a rs , one 

from  a  n o rm al m ouse and th e  o t h e r  from  a  le u k e m ic  m ouse two m onths
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F ig u re  5 . xlOO, B lood sm ear from  a norm al mouse show ing a
n o rm al num ber o f  w h i te  c e l l s .



37

F ig u re  6 .  xlOO, B lood sm ear from  a leu k em ic  m ouse, 2 m onths
a f t e r  c h a l le n g e  w i th  v i r u s . Note th e  la r g e  in c r e a s e  
i n  th e  num ber o f  w h ite  c e l l s .
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a f t e r  i n f e c t i o n  w ith  v i r u s . T h e re  a r e  l a r g e  num bers o f  w h ite  c e l l s  

in  th e  sm ear from  leu k e m ic  m ice in  co m p ariso n  to  a  few  w h ite  c e l l s  

in  sm ears from  n o rm a l m ic e . The m ain  a b n o r m a l i t i e s  s e e n  in  th e  

b lo o d  sm ears w ere i n  th e  ly m p h o c y te s . The f o l lo w in g  d e s c r i p t i o n  

t y p i f i e s  th e  c e l l u l a r  m orphology  o f  th e  WBC p o p u la t io n  in f e c t e d  w ith  

F r ie n d  v i r u s .  The segm en ted  n e u t r o p h i l s  a p p e a re d  n o rm al (F ig u re  7 ) ,  

and a few  o f  th e  ly m p h o cy te s  a p p e a re d  n o rm al (F ig u r e  8 ) .  T h ere  Was 

a  l a r g e  num ber o f  d e g e n e r a te d  c e l l s  ( F ig u r e s  9 and 10) w h ich  w ere 

u s u a l l y  r e f e r r e d  to  a s  b a s k e t  c e l l s  o r  smudge c e l l s .  Some o f  th e s e  

c e l l s  a p p e a r  to  b e  s t r e a k e d  o u t ,  and i t  i s  p o s s ib l e  t h a t  th e  o n ly  

s t r u c t u r e  s e e n  was th e  n u c le u s .  Many abnorm al ly m p h o cy te s  lo o k ed  

d o u g h n u t-s h a p e d , w h i le  o t h e r s  a p p e a re d  l i k e  m onocy tes b u t  c o u ld  be 

d i s t i n g u i s h e d  by  h a v in g  a  b lu e  c y to p la sm  and w ere s m a l le r  in  s i z e  

th a n  m o n o cy te s . Some o f  th e  ly m p h o cy te s  had  n u c l e o l i  t y p i c a l  o f  th e  

v e ry  im m ature  c e l l  commonly' found  i n  le u k e m ia . Many c e l l s  w hich  w ere 

c o n s id e r e d  abnorm al ly m p h o cy te s  c o n ta in e d  n u c l e i i .  The n u c le u s  was 

lo b u la te d  a s  i n  th e  segm en ted  n e u t r o p h i l  o f  l a r g e  and in d e n te d  

r e s e m b lin g  th e  n u c le u s  o f  th e  m o n o c y tic  c e l l .  T h e r e f o r e , th e  n u c le u s  

seem ed to  b e  th e  m o st abnorm al s t r u c t u r e  in  th e  leu k e m ic  c e l l .  Many 

p r e p a r a t i o n s  c o n ta in e d  l a r g e  c e l l s  s e e n  in  F ig u re  1 1 , and co u ld  n o t  

b e  p o s i t i v e l y  i d e n t i f i e d .  None o f  th e  a b n o r m a l i t i e s  c o u ld  b e  se en  in  

th e  d ru g  c o n t r o l  g ro u p , l fo s t  o f  t h e s e  a b n o r m a l i t i e s  w ere se e n  in
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F ig u re  7 . xlOOO, Normal a p p e a r in g  n e u t r o p h i l s  o b ta in e d  from a
leu k em ic  mouse 2 m onths a f t e r  c h a l le n g e  w i th  v i r u s .



F ig u re  8 . xlOOO, Normal a p p e a r in g  lym phocyte  o b ta in e d  from  a 
leu k e m ic  m ouse, 2 m onths p o s t  c h a l le n g e  w ith  v i r u s .
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F ig u re  9 . xlOOO, A b lo o d  sm ear o b ta in e d  from  a leu k e m ic  m ouse, 
2 m onths p o s t  c h a l le n g e  w ith  v i r u s .  N ote th e  p re s e n c e  
o f  b a s k e t  c e l l s  o r  smudge c e l l s .  N u c le a te d  re d  b lood  
c e l l s  a r e  a l s o  p r e s e n t ,  and a Howe 11-J o l l y  body can be 
se e n  on one o f  th e  m a tu re  c e l l s .
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Figure 10. xlOOO, Blood smear from a leukemic mouse, 2 months
post challenge with virus. There are several degener­
ated cells, and polychromatophiIia is evident.
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Figure 11. xlOOO, Blood smear from a leukemic mouse, 2 months
post challenge with virus. Many preparations contained
cells as the large cell present; these cells could not
be positively identified.
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c e l l s  from  m ice  in  th e  t r e a t e d  g roup  b u t  th e y  w ere n o t  a s  p ro m in e n t 

o r  a s  f r e q u e n t  a s  in  th e  v i r u s  c o n t r o l  g ro u p , e x c e p t  d u r in g  th e  

p e r io d  s h o r t l y  p r i o r  to  th e  d e a th  o f  th e  m ic e . In  th e  l a t t e r  g ro u p , 

some o f  th e  a b n o r m a l i t i e s  w ere se e n  a s  e a r l y  as  29 d ay s  a f t e r  i n f e c ­

t i o n  w ith  v i r u s , and th e y  w ere e x tre m e  b e f o r e  th e  d e a th  o f  th e  

a n im a ls .

The re d  b lo o d  c e l l s  in  g e n e ra l  a p p e a re d  n o rm a l, how ever, th e r e  

w ere some a b n o r m a l i t i e s  w hich  w ere se e n  a t  th e  l a t e  s ta g e s  o f  th e  

d i s e a s e .  Two o f  th e  m ost p ro m in e n t a b n o r m a l i t i e s  w ere th e  p re s e n c e  

o f  many n u c le a te d  r e d  b lo o d  c e l l s  (F ig u r e  9 ) and p o ly c h ro m a to p h il ia  

(F ig u r e  1 0 ) . The l a t t e r  f in d in g  s u g g e s te d  t h a t  a c t i v e  h e m o p o ie s is  

was o c c u r r in g  in  th e  bone m arrow , w h ich  i s  in  ag reem en t w i th  th e  

o b s e r v a t io n  t h a t  a t  th e  te r m in a l  s ta g e s  o f  th e  d i s e a s e  anem ia was a 

c o n s ta n t  f e a t u r e .  H o w e ll - J o l ly  b o d ie s  w ere a ls o  p r e s e n t  in  some re d  

b lo o d  c e l l s  (F ig u r e  9 ) .

P a t h o l o g i c a l  S t u d i e s  -  G ro s s  F i n d i n g s

The d a ta  shown in  T a b le  X, sum m arizes th e  r e s u l t s  o f  body , s p le e n  

and l i v e r  w e ig h ts  o f  th e  t h r e e  e x p e r im e n ta l  g ro u p s . In  th e  v i r u s  

c o n t r o l  g ro u p , t h r e e  o f  th e  m ice ( 3 ,  4 , 5 )  showed a d e c re a s e  in  body 

w e ig h t a t  d e a th ,  h o w e v e r, th e  a v e ra g e  body w e ig h t f o r  th e  group was 

h ig h e r  th a n  a t  th e  b e g in n in g  o f  th e  e x p e r im e n t . T h is  i s  n o t  t r u e  

f o r  th e  o t h e r  two g ro u p s  w hich  showed a d e c re a s e  in  a v e ra g e  body



TABLE X T o ta l  b o d y , s p le e n  and l i v e r  w e ig h ts  o f  CR BALB/c fem ale  m ice t r e a t e d  
w ith  F r ie n d  v i r u s  a n d /o r  a n t i - le u k e m ic  d r u g s .  (E x p e rim e n t I I )

Mouse
#

Body w t. a t  s t a r t  
and a t  d e a th  (gm s) a S p l . w t. & L iv e r  

(gm s)
w t.

Group Group

V V+D D V V+D D

19 .4 5 2 2 .9 7 18 .12 2 .9 0 1 .8 3 0 .1 2
I 2 0 .0 6 19 .92 1 3 .0 4 2 .1 5 2 .2 5 0 .4 0

1 5 .7 1 2 0 .7 0 19 .25 1 .0 1 1 .5 4 0 .3 22 1 9 .8 1 1 9 .6 0 13 .6 2 6 .0 1 2 .0 8 0 .6 5

2 4 .8 1 24 .8 5 1 7 .8 0 1 .3 6 1 .9 8 0 .4 5
3 2 1 .6 4 16 .65 15 .72 4 .9 4 2 .7 0 1 .05

16 .25 2 4 .9 2 1 7 .9 0 2 .6 0 0 .5 5 0 .3 44 1 4 .7 6 16 .81 1 4 .7 0 2 .0 5 1 .1 5 0 .8 0

2 3 .0 7 2 1 .7 0 1 7 .5 8 1 .6 9 0 .9 3 0 .2 05 2 2 .3 8 17 .3 8 13 .15 1 .4 8 1 .0 8 0 .6 2

2 0 .9 4 2 3 .8 1 1 6 .1 0 3 .4 0 0 .4 1 0 .4 16 2 5 .9 2 19 .22 15 .0 7 2 .9 5 0 .9 8 1 .12

2 3 .3 6 2 4 .7 0 18 .3 8 3 .0 2 0 .8 47 2 4 .7 1 21 .0 2 1 7 .1 0 2 .8 3 1 .35

2 0 .6 5 2 2 .3 7 16 .85 2 .9 0 0 .5 2 0 .358 2 4 .6 2 2 3 .2 1 10 .9 7 2 .5 5 1 .1 0 1 .2 0



TABLE X Continued

Body w t. a t  s t a r t S p l . w t. & ^ iv e r  
(gms)

w t.
and a t  d e a th  (gm s)

Mouse
#

Group Group

V V+D D V V+D D

2 3 .2 8 2 2 .7 1 18 .5 7 2 .9 5 3 .2 0 0 .3 79 2 7 .0 8 2 2 .8 5 13 .5 1 2 .5 0 2 .0 2 0 .95

2 1 .4 4 2 1 .1 6 18 .6 9 3 .5 0 0 .5 9 0 .2 810 2 5 .4 5 18 .1 6 1 6 .5 0 2 .2 0 1 .0 8 0 .8 7

Ave. 2 0 .9 0 2 2 .9 7 17 .92 2 .5 3 1 .2 4 0 .2 8 4
2 2 .6 5 1 9 .5 0 1 4 .3 4 2 .9 7 1 .5 8 0 .766

The n u m e r a t o r  shows b o d y  w t .  a t  s t a r t , t h e  d e n o m i n a t o r  shows body  w t .  a t  d e a t h ,  

k The n u m e r a t o r  shows s p l e e n  w t . , t h e  d e n o m i n a t o r  shows l i v e r  w t .

V = V i r u s  c o n t r o l  g ro u p  

V+D = T r e a t e d  g ro u p  

D = D rug c o n t r o l  g ro u p
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w e ig h t a l th o u g h  two o f  th e  m ice  ( 8 ,  9 ) in  th e  t r e a t e d  g roup  had g a in ­

ed w e ig h t s l i g h t l y  o v e r  th e  e x p e r im e n ta l  p e r io d .  None g a in e d  w e ig h t 

in  th e  d ru g  c o n t r o l  g ro u p .

I n  b o th  th e  v i r u s  c o n t r o l  g roup and th e  t r e a t e d  g ro u p , th e  

a v e ra g e  s p le e n  and l i v e r  w e ig h ts  w ere above n o rm a l. The s p le e n  

w e ig h ts  f o r  m ice  u n t r e a t e d  in  any way ra n g e d  from  0 .4  gm to  0 .7  gm, 

and th e  l i v e r  w e ig h ts  f o r  s i m i l a r  m ice  ra n g e d  from  0 .9 0  gm to  1 .2 5  

gm. V a lu e s  f o r  s p le e n  and l i v e r  w e ig h ts  from  th e  v i r u s  c o n t r o l  

g roup  w ere tw ic e  th o s e  from  th e  t r e a t e d  g ro u p . A bout h a l f  th e  m ice 

in  th e  d ru g  c o n t r o l  g roup  e x h ib i t e d  n o rm al o r  v e ry  s l i g h t l y  above 

n o rm al v la u e s  o f  s p le e n  and l i v e r  w e ig h ts ,  once  a g a in  i n d i c a t i n g  

th e  e f f e c t i v e n e s s  o f  th e  d ru g s .  I n  some o f  th e  m ice  in  th e  v i r u s  

c o n t r o l  g roup  i n c r e a s e s  in  s p le e n  and l i v e r  w e ig h ts  w ere d r a m a tic .

F o r ex am p le , t h e  l i v e r  w e ig h ts  o f  m ice  2 and 3 w ere 6 . Ql gm, and 4 .9 1  

gm, r e s p e c t i v e l y ,  and th e  s p le e n  w e ig h ts  o f  m ice  6 and 10 w ere 3 .4 0  

gm and 3 .5 0  gm, r e s p e c t i v e l y .  I t  i s  p e rh a p s  p o s s i b l e ,  a t  l e a s t  in  

some m ice  in  t h i s  g ro u p , to  a t t r i b u t e  th e  in c r e a s e  in  body  w e ig h t to  

th e  e n la rg e m e n t o f  t h e s e  o r g a n s .

I n  th e  d ru g  c o n t r o l  g ro u p , m ouse num ber 7 was s t i l l  a l i v e  a f t e r  

th e  s tu d y  had  b e e n  s to p p e d  and t h e r e f o r e  i t  was n o t  in c lu d e d  in  th e  

s tu d y .  F o r th e  re m a in in g  m ice  in  t h i s  g ro u p , th e  a v e ra g e  s p le e n  

and l i v e r  w e ig h ts  w ere o n ly  s l i g h t l y  b e lo w  n o rm al v a l u e s ; h o w ev er,
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th e  d ru g s  do c a u se  some a tro p h y  o f  th e s e  o r g a n s .

The s p le e n  i s  o f  p r im e  im p o r ta n c e  f o r  a l l  t h r e e  g ro u p s , b u t  

m a in ly  in  th e  v i r u s  c o n t r o l  g roup  and t h e r e f o r e  i t  d e s e r v e s  s p e c i a l  

m e n tio n  a s  th e  key  o rg a n  in v o lv e d  in  th e  d i s e a s e .  I t  i s  th e  p r im a ry  

s i t e  f o r  th e  r e p l i c a t i o n  o f  F r ie n d  v i r u s ,  and when com pared to  o t h e r  

o rg a n s  i t  c o n ta in s  th e  h i g h e s t  t i t e r  o f  v i r u s .  F u r th e rm o re , r e c o v e r ­

a b le  v i r u s  from  th e  p la sm a  was re d u c e d  by  757, when th e  m ice  w ere 

s p le n e c to m iz e d  ( C h ir ig o s  and Inarch , 1 9 6 6 ) . E x a m in a tio n  o f  th e
I

leukem ic , m ice  soon  a f t e r  d e a th  showed th e  s p le e n  to  b e  v e ry  l a r g e > 

s o f t ,  and h e m o rrh a g ic . I n  BALB/c m ic e , th e  d i s e a s e  i s  p ro g re s s iv e j ,  

and th e  s p le e n s  c o n tin u e  e n la r g in g  u n t i l  th e y  e v e n tu a l ly  r u p tu r e  

c a u s in g  d e a th  o f  th e  a n im a ls .  T h is  i s  u n l ik e  F r ie n d  d i s e a s e  in  

o t h e r  s t r a i n s  o f  m ice  su ch  as  BDFl w h e re , in  many, th e  i n i t i a l  

sp le n o m e g a ly  r e g r e s s e s  (Dawson and F i e l d s t e e l , 1 9 6 4 ) . The s p le e n s  

upon e x a m in a tio n  c o n ta in e d  s m a ll  f o c i .  T hese  f o c i  c o n ta in  n e o p la s t i c  

c e l l s ,  and w ere  f i r s t  d e m o n s tra te d  by  M e tc a lf  (M e tc a lf  e t  a l ,  1 9 5 9 ). 

I n  t h i s  p r e s e n t  s tu d y ,  i t  was n o t  d e te rm in e d .h o w  soon  a f t e r  i n j e c t i o n  

th e s e  f  f o r i ' . ' - ' '  d e v e lo p e d , b u t  C h ir ig o s  h a s  d e m o n s tra te d  t h a t  th e y  

w ere p r e s e n t  in  s p le e n s  o f  BALB/c m ice  by  th e  t h i r d  day a f t e r  i n o c u l ­

a t i o n  w ith  a  IO- "*" to  10 ^  d i l u t i o n  o f  F r ie n d  v i r u s  ( C h i r ig o s ,  1 9 6 7 ).

■P a th o lo g ic a l  S tu d ie s  -  M ic ro s c o p ic  E x a m in a tio n

T is s u e  s e c t i o n s  from  a l l  t h r e e  g ro u p s  w ere exam ined  • ,"
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m ic r o s c o p ic a l ly  a f t e r  d e a th  o r  s a c r i f i c e .  I n . t h e  v i r u s  c o n t r o l  g ro u p , 

th e  m ain  ch an g es  w ere  p r e s e n t  I n  th e  s p le e n ,  F ig u re  12 , and l i v e r ,  

F ig u re  13 . T h e re  i s  l o s s  o f  n o rm a l a r c h i t e c t u r e  o f  t h e  qpleen and 

many tum or c e l l s  can  b e  se e n  in  t h i s  o rg a n . The l i v e r  shows e x te n s iv e  

d e s t r u c t i o n ,  and th e  lo b u le s  a r e  s e p a r a te d  by tum or c e l l s .  T here  i s  

a l s o  e v id e n c e  o f  i n f i l t r a t i o n  o f  tum or c e l l s  in  th e  lu n g , F ig u re  14. 

The a l v e o l a r  s e p ta e  a r e  i r r e g u l a r l y . th ic k e n e d  due to  i n f i l t r a t i o n  by 

le u k e m ia  c e l l s .  A u to ly s i s  i s  a l s o  e v id e n t  in  th e  lu n g . The k id n e y s  

d id  n o t  show any tu m o r, n o r  was t h e r e  tum or in v o lv e m e n t i n  th e  sm a ll 

b o w e l. H ow ever, t h e r e  was a p p a re n t  a c u te  in f la m m a tio n  in  th e  sm a ll 

i n t e s t i n e ,  a s  t h e r e  was i n f i l t r a t i o n  o f  le u k o c y te s  and n e u t r o p h i l s .

I n  th e  t r e a t e d  g ro u p , t h e r e  w ere n o , o f  v e ry  few  tum or c e l l s  

p r e s e n t  in  th e  l i v e r ,  F ig u re  15 . The leu k e m ia  c e l l s  ( d a r k ly  s t a i n i n g )  

c o u ld  b e  se e n  i n  th e  s in u s o i d s .  The o v e r a l l  a r c h i t e c t u r e  o f  th e  

l i v e r  was s t i l l  good , and t r a b e c u la e  w ere s t i l l  p r e s e n t .  The lu n g , 

F ig u re  16 , was mile}Iy  a f f e c t e d ;  le u k e m ia  c e l l s  c o u ld  b e  se e n  in  th e  

s e p ta e  and c a p i l l a r i e s ,  how ever, th e y  w ere l e s s  in  num ber th a n  in  th e  

v i r u s  c o n t r o l  g ro u p . No r e a l  th ic k e n in g  o f  th e  a l v e o l a r  s e p ta e  c o u ld  

b e  s e e n . The sm a ll bow el and th e  k id n e y s  lo o k ed  n o rm a l w i th  no s ig n s  

o f  in f la m m a tio n . : The. s p le e n ,  F ig u re  17 , was w e l l  in v o lv e d .  T here  

was no lym phoid  a r c h i t e c t u r e ,  and le u k e m ia  c e l l s  c o u ld  b e  se en  

th ro u g h o u t  th e  f i e l d .  M eg ak a ry o cy te s  w ere a ls o  p r e s e n t  in  th e  s p le e n .
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Figure 12. xlOO, Spleen of a leukemic mouse 2 months after
challenge with virus, showing loss of architecture
of the spleen, and the presence of tumor cells.
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Figure 13. x400, Liver from a leukemic mouse 2 months after
challenge with virus, showing extensive destruction,
and separation of lobules.
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Figure 14. xlOO, Lung tissue from a leukemic mouse, 2 months
after challenge with virus, showing infiltration of
tumor cells, and thickening of the alveolar septae.
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Figure 15. xlOO, Liver tissue from a mouse in the treated
(V4D) group, treated for 160 days. There is slight
involvement, and few tumor cells are present.
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Figure 16. xlOO, Lung tissue from a mouse in the treated (V-HD)
group, treated for 160 days. Leukemia cells can be
seen in the septae, however, there was only mild in­
volvement.



F i g u r e  1 7 .  xlOO, S p l e e n  t i s s u e  f ro m  a mouse i n  t h e  t r e a t e d  (V-H))
g r o u p ,  t r e a t e d  160 d a y s . L eukem ia  c e l l s  c a n  be  s e e n  
t h r o u g h o u t  and  m e g a k a r y o c y t e s  a r e  a l s o  p r e s e n t .  
H i s t o l o g i c a l l y  s p l e e n s  f ro m  t h e  t r e a t e d  g ro u p  c o u l d  n o t  
be  d i s t i n g u i s h e d  f ro m  t h o s e  o f  t h e  v i r u s  c o n t r o l  (V) 
g r o u p .
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H i s t o l o g i c a l l y  s p le e n s  from  th e  t r e a t e d  g roup  lo o k ed  v e ry  s im i l a r  to  

th o s e  from  th e  v i r u s  c o n t r o l  g ro u p .

I n  th e  d ru g  c o n t r o l  g ro u p , in f la m m a tio n  was a p p a re n t  in  th e  

sm a ll  i n t e s t i n e .  M ost o f  th e  ch an g es  w ere o b s e rv e d  in  th e  s p le e n , 

F ig u re  18 , h o w e v e r, th e y  w ere n o t  a s  e x te n s iv e  o r  m arked  a s  in  th e  

o t h e r  two g ro u p s  s in c e  no v i r u s  was i n j e c t e d  in  t h i s  g roup  and th e  

a b n o r m a l i t i e s  a r e  m a in ly  due to  th e  d r u g s .  T hese  c h a n g es  in c lu d e d  

in f la m m a tio n  a s  s u g g e s te d  by  th e  l a r g e  num bers o f  n e u t r o p h i l s ;  many 

m e g a k a ry o c y te s  w ere  a ls o  se e n  in  th e  s p le e n  w hich  i s  s u g g e s t iv e  o f  

e x t r a  m e d u lla ry  h e m a to p o ie s is .  The l i v e r ,  F ig u re  19 , a p p e a re d  n o rm a l.

Germ F re e  E x p e rim en t

E x p e r im e n ta l  A pproach

A d u lt  germ  f r e e  BALB/c m ice  w ere  i n j e c t e d  IP w i th  0 .2  ml o f  a
-O

10 d i l u t i o n  o f  F r ie n d  v i r u s  ( 2 OO-=LD^  ̂ d o s e s )  and th e n  t r e a t e d  w ith  

a  d ru g  reg im en  c o n s i s t i n g  o f  a c o m b in a tio n  o f  MTX+6-M P + c o rtiso n e .

The d ru g s  w ere g iv e n  on a l t e r n a t e  days fo r .  a  p e r io d  o f  60 d a y s .

The Leukem ic P ro c e s s
I ' ' l;

H em ato logy  and S u r v iv a l  Time

The n o rm a l WBC c o u n t f o r  th e  germ f r e e  g roup  was a b o u t 4224 +.
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F i g u r e  1 8 .  x lO O , S p le e n  t i s s u e  o f  a mouse f ro m  t h e  d ru g  c o n t r o l
(D) g r o u p ,  t r e a t e d  f o r  107 d a y s .  I n f l a m m a t i o n  i s  
s u g g e s t e d  by  t h e  p r e s e n c e  o f  l a r g e  n u m b ers  o f  n e u t r o ­
p h i l s .  M e g a k a r y o c y te s  a r e  a l s o  p r e s e n t .
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F i g u r e  1 9 .  x lO O , L i v e r  t i s s u e  o f  a  mouse f ro m  t h e  d ru g  c o n t r o l  
(D) g r o u p ,  t r e a t e d  f o r  107 d a y s . The t i s s u e  a p p e a r s  
n o r m a l .
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2
7 .5 5  x 10 " c e l l s / cmm. The n o rm al d i f f e r e n t i a l  c o u n t showed t h a t  o v e r  

907= o f  th e  c e l l s  w ere ly m p h o c y te s , w i th  few  n e u t r o p h i l s , and o c c a s io n ­

a l  e o s in o p h i l s  and m o n o cy te s . T hese  o b s e r v a t io n s  a r e  e x p la in e d  by th e  

f a c t  t h a t  th e  GF m ice  a r e  p r o t e c t e d  from  m ic r o b ia l  o r  a n t ig e n ic  

c h a l l e n g e ,  h e n ce  t l i e i r  lym phoid  t i s s u e  i s  u n d e rd e v e lo p e d .

The d a ta  in  T a b le  X I, in  com paring  th e  leu k em ic  p r o c e s s  in  CR 

and GF a n im a ls ,  show t h a t  a l l  t h e  CRlm ice d ie d ,  w h ereas  o n ly  307= o f  

th e  GF m ice  d i e d .  A lth o u g h  th e  c a u se s  o f  d e a th  o f  th e  GF m ice  c o u ld  

n o t  b e  a c c u r a t e l y  d e te rm in e d , i t  was p resum ed  to  b e  due to  th e  

leu k e m ic  p r o c e s s .  The t a b l e  shows t h a t  th e  mean s u r v i v a l  t im e  o f  

th o s e  GF m ice  t h a t  d ie d  was 81 d ay s  a s  com pared to  71 d ay s  f o r  th e  

w hole o f  th e  CR v i r u s  c o n t r o l  g ro u p .

T a b le  X I I , p r e s e n t s  th e  a v e ra g e  v a lu e s  o b ta in e d  f o r  WBC c o u n ts  

i n  th e  t h r e e  e x p e r im e n ta l  g ro u p s . I n  th e  v i r u s  c o n t r o l  g ro u p , th e  

WBC p o p u la t io n  r i s e s ,  b u t  v e ry  g r a d u a l ly .  T here  i s  g r e a t  v a r i a t i o n  

in  th e  WBC c o u n t in  b o th  th e  t r e a t e d  and d ru g  c o n t r o l  g ro u p s . The 

v a r i a t i o n  o b s e rv e d  i n  th e  t r e a t e d  g roup  i n d i c a t e s  t h a t  th e  d ru g s  

may n o t  have  b e e n  to o  e f f e c t i v e  in  c o n t r o l l i n g  th e  d i s e a s e .

The d i f f e r e n t i a l  c o u n t i s  g iv e n  i n  T a b le  X I I I .  G e n e r a l ly ,  th e  

e o s in o p h i l s  appeared , n o rm a l , and t h e r e  was no changes i n  th e  number 

o f  t h e s e  c e l l s  i n  any o f  th e  t h r e e  g ro u p s  a s  com pared to  th e  norm al 

v a lu e s .  The p l a t e l e t s  d id  n o t  seem to  h av e  b een  a f f e c t e d  i n  any o f
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TABLE X I. M o r t a l i ty  among g e rm fre e  (CF) and c o n v e n t io n a l ly - r e a r e d  
(CR) '^ALB/ c m ice  i n j e c t e d  w ith  F r ie n d  v i r u s .

C h a lle n g e No. s u r v iv e d / Mean
Dose No. d ie d S u r v iv a l  tim e

CR 2O-ID5O . 0 /10 7 1 .1  days

CF 200-LD n 5(J 7 /1 0 8 1 .3  days

I
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TABLE X II . W hite  c e l l  c o u n t 
v i r u s  a n d /o r  a n t i

f o r  GF BALB/c m ice 
- le u k e m ic  d r u g s .*  **

t r e a t e d  w ith  F r ie n d

Days P o s t  
I n j e c t i o n  
o f  V iru s* V V+D V;

24 5 ,7 2 9 10 ,2 0 8 4 ,3 4 7

31 6 ,1 6 3 8 ,5 9 4 4 ,6 0 5

38 7 ,6 4 1 6 , 5 8 3 2 ,5 3 9

45 7 ,9 1 1 8 ,6 6 0 3 ,0 4 4

52 9 ,2 3 1  ' 10 ,872 4 ,1 1 2

59 11 ,496 9 ,0 6 7 4 ,7 8 1

* The n o rm al w h ite  c o u n t was 4224 c e l l s / cmm.
O

** M ice w ere c h a l le n g e d  w ith  0 .2  ml o f  a  10 d i l u t i o n  ( 2 OO-LD^^) 

V = V iru s  c o n t r o l  g roup 

V+D = T re a te d  g roup  

D = Drug c o n t r o l  g roup



TABLE X I I I .  D i f f e r e n t i a l  c o u n t f o r  GF BALB/c m ice t r e a t e d  w ith  F r ie n d  v i r u s  an d / 
o r  a n t i - le u k e m ic  d r u g s .  *

Days

V V+D D

Lymphs P o ly s Monos Eos Lymphs P o ly s Monos Eos Lymphs P o ly s Monos Eos

24 8 0 .8 1 5 .6 3 .8 0 8 8 .0 10.8 1 .3 0 79 .2 20 .6 0 .6 0

31 8 7 .4 11.6 0 .8 0 9 0 .3 9 .5 0 .3 0 8 1 .0 1 7 .5 1 .0 0 .3

38 9 2 .8 6 .3 0 .8 0 .5 9 4 .5 4 .5 0 1 .0 8 7 .5 12 .0 0 0 .5

45 9 1 .8 7 .9 0 .3 0 9 0 .0 9 .0 1 .0 0 8 9 .0 9 .8 1 .0 0 .3

52 9 4 .0 8 .5 0 0 .3 8 6 .0 13 .5 0 .5 0 8 9 .5 10 .0 0 .5 0

59 9 1 .3

oo 0 .7 0 9 2 .5 7 .0 0 .5 0 8 6 .5 1 3 .3 0 .3 0

* The n o rm al d i f f e r e n t i a l  co u n t showed t h a t  o v e r  907. o f  th e  c e l l s  w ere ly m p h o c y te s , 
and o n ly  o c c a s io n a l  m onocy tes and n e u t r o p h i l s .

_2
** Days p o s t  i n j e c t i o n  o f  v i r u s .  M ice w ere c h a lle n g e d  w ith  0 .2  ml o f  a 10 d i l u t i o n  

o f  v i r u s  (2 0 0 -LDj. q ) .

Lymphs = ly m p h o cy tes

P o ly s  = n e u t r o p h i l s

Monos = m onocy tes

= e o s in o p h i l sEos



63

th e  p r e p a r a t i o n s  ex am in ed . A s l i g h t  i n c r e a s e  h a s  b e e n  o b s e rv e d  in  

th e  num ber o f  b o th  th e  m onocy tes and n e u t r o p h i l s ,  h o w ev er, no 

m o rp h o lo g ic  a b n o r m a l i t i e s  c o u ld  b e  se e n  in  th e s e  c e l l  t y p e s .

The ly m p h o cy te s  showed m o s t, i f  n o t  a l l ,  th e  a b n o r m a l i t i e s  se en  

in  CR m ic e . Many smudge c e l l s  and im m ature  c e l l s  w ere s e e n , and w ere 

a s  s e v e r e  i n  th e  t r e a t e d  g roup  a s  i n  th e  v i r u s  c o n t r o l  g ro u p ; a t  t im e s  

th e y  w ere m ore f r e q u e n t .

The d i s e a s e  p r o c e s s  in  th e  GE m ice  i s  d i f f e r e n t  th a n  t h a t  

o b s e rv e d  i n  th e  CR m ic e . F i r s t ,  GE m ice  c h a l le n g e d  w ith  v i r u s  d ie d  

r a p i d l y  when t r e a t e d  w i th  d r u g s .  In d e e d  th e  symptoms i n  t h i s  group 

w ere m ore s e v e re  th a n  in  e i t h e r  c o n t r o l  g ro u p . T h is  i s  i l l u s t r a t e d  

by  th e  d a ta  in  F ig u re  2 0 , w hich  shows th e  a b s o lu te  lym p h o cy te  c o u n t 

f o r  th e  t h r e e  GE g ro u p s  o v e r  th e  e x p e r im e n ta l  p e r io d  o f  60 d a y s .

N o te , t h a t  i n  th e  t r e a t e d  g ro u p , th e  w h i te  c o u n t i s  o f t e n  h ig h e r  th a n  

in  th e  v i r u s  c o n t r o l  m ic e . S eco n d , th e  lym phocy te  c o u n t in  th e  v i r u s  

c o n t r o l  m ice  r e c e iv i n g  200-LD^q d o s e s  o f  leukem ia , v i r u s  d i s p la y e d  n o , 

o r  o n ly  m ild  symptoms o f  le u k e m ia , and e x h ib i te d  lym phody te  c o u n ts  

s l i g h t l y  h ig h e r  th a n  n o rm a l (F ig u r e  2 1 ) .  H ence, a t  day  70 p o s t  

i n f e c t i o n  th e  lym p h o cy te  c o u n t i n  GE m ice  was a b o u t 1 1 ,0 0 0  c e lls /c m m , 

w h ereas  th e  lym p h o cy te  c o u n t in  th e  CR m ice  was above 9 0 ,0 0 0  c e lls /c m m .

The r e d  c e l l s  i n  th e  GE a n im a ls  showed a b n o r m a l i t i e s  s im i l a r  to  

th o s e  p r e s e n t  in  CR m ic e . Many n u c le a te d  r e d  b lo o d  c e l l s , ex trem e
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Conventionally reared  mice
( 2 0 - LD50 Doses)

Germ-free mice
( 2 0 0 - LD50 Doses)

20  2 5  3 0  3 5  4 0  4 5  5 0  55  6 0  6 5  7 0
DAYS

Fig. 21 Absolute lymphocyte counts for GF and CR BA LB/c 

mice trea ted  with Friend virus
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p o ly c h r o m a to p h i l i a , and H o w e ll - J o l ly  b o d ie s  w ere se e n  in  b o th  th e  

t r e a t e d  and v i r u s  c o n t r o l  g ro u p s .



DISCUSSION

I n  t h i s  s tu d y , com bined ch em o th erap y  h a s  b e e n  u se d  to  e v a lu a te  

th e  e f f e c t s  o f  d ru g  c o m b in a tio n s  on CR and CF BALB/c m ice  c h a lle n g e d  

w ith  F r ie n d  Leukem ia V i r u s .  The leu k e m ic  p r o c e s s  e s t a b l i s h e d  by th e  

v i r u s  was a l s o  d e s c r ib e d  and com pared i n  th e  m ic e .

Combined ch em o th erap y  h a s  b e e n  found  to  tie v e ry  e f f e c t i v e  in  th e  

t r e a tm e n t  o f  V a r io u s  ty p e s  o f  le u k e m ia s  i n  b o th  humans and e x p e r i ­

m e n ta l a n im a ls  (A cu te  le u k e m ia  Group B, 1965, G eorge e t  a l . , 1968, 

H a r d is ty  e t  a l . , 1 9 6 9 ) . Any i n v e s t i g a t o r  u s in g  c o m b in a tio n  chemo­

th e r a p y  h a s  to  cope w i th  s e v e r a l  p ro b le m s ; among th e s e  a r e ,  th e  

s e l e c t i o n  o f  a  s c h e d u le ,  d o se  and a  r o u te  t h a t  w i l l  b e  th e  m ost 

e f f e c t i v e  in  t r e a tm e n t ,  and th e  e f f e c t i v e n e s s  o f  d ru g s  i n  co m b in a tio n  

w ith  o t h e r s .  I t  i s  n o t  uncommon to  f in d  t h a t  th e  b e s t  d o se  and 

s c h e d u le  f o r  one d ru g  i s  n o t  d e s i r a b l e ,  o r  even  f e a s i b l e  when t h a t  . 

d ru g  i s  com bined w i th  o t h e r s .  One sh o u ld  a ls o  b e  aw are o f  th e  f a c t  

t h a t  c e r t a i n  le u k e m ia s  a r e  m ore r e s p o n s iv e  to  t r e a tm e n t  th a n  o t h e r s ,  

and t h a t  th e  age o f  th e  h o s t  i s  o f  im p o r ta n c e  in  r e s p o n s e  to  t r e a t ­

m en t. F o r  exam p le , th e  r e s p o n s e  o f  c h i ld r e n  b e tw een  th e  a g e s  o f  2 

and 19 i s  b e t t e r  th a n  t h a t  o f  i n f a n t s  and a d u l t s  (H e n d e rso n , 1 9 6 9 ).

I n  a d d i t i o n ,  t h e r e  a r e  o t h e r  b a s i c  p ro b lem s to  c o n s id e r  when u s in g  

any a n t i - l e u k e m ic  d ru g  w h e th e r  s in g ly  o r  in  c o m b in a tio n , su ch  a s ,  

th e  e v e n tu a l  r e s i s t a n c e  o f  th e  h o s t  to  th e  d ru g , and th e  su b se q u e n t 

e f f e c t  o f  th e  d ru g  o r  d ru g s  on n o rm a l c e l l s .  Ne do n o t ,  a s  y e t ,
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have  a v a i l a b l e  a n t i - l e u k e m ic .d r u g s  t h a t  s e l e c t i v e l y  d e s t r o y  leu k em ic  

c e l l s ,  h en c e  we hav e  to  r e l y  on  o t h e r  m ethods f o r  e v a lu a t io n  o f  th e  

t r e a tm e n t .  A c c o rd in g  to  H e n d e rso n , e v a lu a t io n  m ust depend  upon 

in c id e n c e  and d u r a t i o n  o f  r e m is s io n ,  and f re q u e n c y  o f  m o rb id i ty  and 

m o r t a l i t y  d u r in g  t r e a tm e n t  (H e n d e rso n , 1 9 6 9 ) . T here  i s  one f i n a l  

c o n s id e r a t i o n ,  t h a t  i s ,  m ost o f  th e  a n t i - le u k e m ic  d ru g s  p r e s e n t l y  in  

u s e  a r e  a n t i - m e t a b o l i t e s ,  r e p l a c i n g  t h e  n a t u r a l  m e ta b o l i t e s  d u r in g  

p r o l i f e r a t i o n  o f  th e  c e l l s ,  w h ich  a r e  th o u g h t  to  im p a ir  th e  m u l t i ­

p l i c a t i o n  o f  le u k e m ic  c e l l s .  S in c e  th e  q u e s t io n  w h e th e r  leu k em ic  

c e l l s  p r o l i f e r a t e  o r  n o t  h a s  n e v e r  b e e n  s a t i s f a c t o r i l y  r e s o lv e d ,  

th e  e f f i c a c y  o f  su ch  t r e a tm e n t  i s  in  q u e s t io n .

S in c e  th e  c u re  f o r  leu k e m ia  i s  s t i l l  in  th e  f u t u r e ,  th e  u s u a l  

r e s u l t  o f  ch em o th erap y  h a s  b e e n  to  e x te n d  th e  l i f e  o f  th e  h o s t  f o r  

a  f i n i t e  p e r i o d .  T hese  s tu d i e s  ■ ■rhoped.;-.'- to  e x te n d  th e  s u r v iv a l  

t im e  to  th e  p o i n t  t h a t  c o u ld  b e  re g a rd e d  a s  a  c u r e .  To a c c o m p lish  

t h i s ,  two reg im en s  o f  d ru g s  w ere u s e d ;  th e  f i r s t  c o n s i s t e d  o f  a 

c o m b in a tio n  o f  MTX+6 -MP4-c o r t i s o n e .  M e rc a p to p u r in e  i s  a  p u r in e  

a n a lo g u e  e x e r t i n g  i t s  e f f e c t  in  3 w ays; f i r s t  by  p ro d u c in g  6-MP 

r ib o n u c l e o t id e  w h ich  i s  th e  a c t i v e  t u m o r - in h ib i to r y  compound 

(B rockm an, 1 9 6 5 ); s e c o n d , by  p r e v e n t in g  th e  f i r s t  s te p  i n  p u r in e  

b i o s y n t h e s i s  by  i n h i b i t i n g  th e  fo rm a tio n  o f  p h o sp h o rib o sy la m in e  

(Brockm an and C hum ley, 1 9 6 5 ); t h i r d ,  by  p r e v e n t in g  th e  en z y m a tic
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c o n v e rs io n  o f  i n o s i n i c  a c id  to  a d e n y l ic  a c id  ( S a l s e r  and B a l i s ,

1 9 6 5 ). A lth o u g h  6-MP d o es  p ro d u c e  t o x ic  s id e  e f f e c t s  w hich  m a in ly  

a f f e c t  th e  h e m a to p o ie t ic  sy s te m , i t  i s  c o n s id e re d  a s  one o f  th e  

m i l d e s t  a n t i - le u k e m ic  d r u g s .  M e th o tre x a te  f u n c t io n s  by  i n h i b i t i n g  

f o l i c  a c id  o r  d i h y d r o f o l i c  r e d u c ta s e  w h ich  i s  r e s p o n s ib le  f o r  th e  

c o n v e rs io n  o f  f o l i c  a c id  to  t e t f a h y d r o f o l i c  a c id  (W e rk h e is e r ,  1963, 

B e r t i n o , 1 9 6 3 ). M e th o tre x a te  i s  a i r a t h e r  t o x i c  d ru g  and can  c a u se  

anem ia and th ro b o c y tb p e n ia  among o t h e r  e f f e c t s .  H y d ro c o r t is o n e  

a c e t a t e ,  a  s t e r o i d  ho rm one , d e s t r o y s  ly m p h o c y te s , r e g r e s s e s  lymph 

n o d e s , and i n h i b i t s  g ro w th  o f  c e r t a i n  m esenchym al c e l l s  (M eyers e t  a l , 

1 9 6 8 ) . The m echanism s in v o lv e d  a r e  l y s i s  o f  c e l l s  and i n h i b i t i o n  o f  

m i t o s i s  (D o u g h e rty  and W h ite , 1 9 4 5 ) , and i n h i b i t i o n  o f  DNA s y n th e s i s  

( S te v e n s  e t  a l . , 1 9 6 5 ) . R e c e n tly  i t  was found  t h a t  c o r t i s o n e  

re d u c e s  th e  h e m a to p o ie t ic  a c t i v i t y ,  a n tib o d y - fo rm in g  and p r o l i f e r ­

a t i v e  r e s p o n s e s  o f  s p le e n  c e l l s  b u t  n o t  bone m arrow  c e l l s  (L e v in e  

and C lam an, 1 9 7 0 ) . T o x ic  e f f e c t s  o f  t h i s  d ru g  in c lu d e  h y p e r te n s io n ,  

d i a b e t e s ,  and in c r e a s e d  s u s c e p t i b i l i t y  to  i n f e c t i o n .  V in b la s t in  

s u l f a t e  i s  th e  s u l f a t e  o f  a  d im e r ic  a lk a l o i d  o b ta in e d  from  th e  

p e r iw in k le  p l a n t ,  V jn c a  r o s e a . I t s  p r e c i s e  mode o f  a c t i o n  i s  s t i l l  

unknow n, how ever, i t  i s  p ro b a b ly  an a n t i m e t a b o l i t e  w h ich  i n t e r f e r e s  

w i th  th e  u t i l i z a t i o n ' o f  g lu ta m ic  a c id ,  and in  humans and an im al 

c e l l s  i t  s to p s  m i t o s i s  i n  m eta p h ase  ( K ra n tz  and C a r r ,  1 9 6 9 ) . I t s
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t o x i c  e f f e c t s  in c lu d e  s t o m a t i t i s , m u sc u la r  p a in ,  g a s t r o i n t e s t i n a l  

d i s t r e s s ,  and w e ig h t l o s s .

I n  t h i s  s t u d y , f f o r  th e  b e s t  r e s u l t s ,  th e  d ru g  d o sa g e s  o f  4 m g/kg 

body w e ig h t f o r  MTX and V in  SO^, and 10 m g/kg body w e ig h t f o r  6 -MP 

and c o r t i s o n e  w ere i n j e c t e d  IP  in  3 i n i t i a l  d o se s  o f  0 .2 5  ml e a c h , 

and th e n  in  a  m a in te n a n c e  d o se  o f  0 .0 6  ml g iv e n  on a l t e r n a t e  d a y s .

The c o m b in a tio n s  w ere  e f f e c t i v e  f o r  i n h i b i t i n g  th e  p r o l i f e r a t i o n  o f  

le u k e m ic  c e l l s ,  and a ls o  by  d e s t r u c t i o n  o f  th e  ly m p h o cy tes  by 

c o r t i s o n e  th u s  k e e p in g  th e  w h ite  c o u n t a t  a  low  l e v e l .

A lth o u g h  th e  f i r s t  reg im en  was v e ry  e f f e c t i v e  in  c o n t r o l l i n g  

th e  d i s e a s e ,  i t  was to o  t o x i c  and i t s  a d v e rs e  e f f e c t s  on  th e  m ice 

s u rp a s s e d  th e  b e n e f i c i a l  e f f e c t s .  The m ice  e x h ib i te d  w e ig h t lo s s  

and s e v e r e  w e a k n e ss , and th e  h e m a to c r i t  f e l l  to  low  l e v e l s .  T r e a t ­

m ent had  to  b e  s to p p e d  s e v e r a l  t im e s  to  a l lo w  th e  m ice  to  r e c u p e r a t e , 

and many o f  them  d ie d  d u r in g  t r e a tm e n t .  The second  reg im en  was 

found  to  b e  th e  m ore e f f e c t i v e  in  te rm s  o f  b e in g  l e s s  t o x i c ,  and 

t h e r e f o r e  c o u ld  b e  m a in ta in e d  f o r  lo n g  p e r i o d s .  H e m a to lo g ic  and 

p a th o l o g ic a l  s t u d i e s  showed t h a t  th e  d ru g s  in  reg im en  2 w ere  e f f e c t ­

iv e  in  k e e p in g  th e  leu k e m ic  p r o c e s s  i n  c h e c k . .T h is  was c h a r a c te r i z e d  

by  lo w e r w h ite  c e l l  c o u n ts  th a n  in  m ic e , low  l e v e l  o f  a b n o r m a l i t i e s  

in  th e  ly m p h o c y te s , and h e a l th y  a p p e a ra n c e  o f  th e  m ic e . I t  i s  o f  

i n t e r e s t  to  n o te  t h a t  t h e r e  was a  s i g n i f i c a n t  i n c r e a s e  i n  n e u t r o p h i l s



71

i n  th e  v i r u s  c o n t r o l  g ro u p , h o w ev er, no a b n o r m a l i t i e s  w ere  seen  in  

t h e s e  c e l l s .  A s tu d y  c o n d u c te d  by  N ie b u rg s  and G o ld b e rg  on m a lig ­

n a n t  n e o p la s i a  in c lu d in g  v a r io u s  le u k e m ia s  showed t h a t  m a lig n a n c y -  

a s s o c i a t e d  ch an g es  w ere  se e n  in  p o ly m o rp h o n u c le a r  le u k o c y te s  when 

th e  c e l l s  w ere exam ined  by  a  l i g h t  m ic ro sc o p e  u s in g  a  XlOQ o i l  

im m ersion  o b j e c t i v e  and X16 w ide f i e l d  o c u l a r s , and by  c lo s e d  c i r c u i t  

t e l e v i s i o n  m ic ro sc o p y  a t  X 16,000  (N ie b u rg s  and G o ld b e rg , 1 9 6 8 ). 

N e v e r th e le s s ,  t h e s e  ch an g es  w ere se e n  in  hum ans, and i t  do es  n o t  

f o l lo w  t h a t  th e y  w ould  b e  p r e s e n t  in  a n im a ls .  A ls o , i f  th e y  w ere 

found  in  a n im a l c e l l s ,  i t  w ould s t i l l  have  to  be  shown w h e th e r  th e y  

a r e  c a u se d  d i r e c t l y  by  th e  v i r u s  o r  by  some o t h e r  p r o c e s s  a s s o c ia te d  

w ith  th e  d i s e a s e .

The r e s p o n s e  o f  GF m ice  to  t r e a tm e n t  was a p p r e c ia b ly  d i f f e r e n t  

from  t h a t  o b s e rv e d  in  th e  CR m ice.. The d ru g s  w ere n o t  n e a r l y  as 

e f f e c t i v e  f o r  c o n t r o l l i n g  th e  d i s e a s e ; i t  was found  t h a t  th e  t r e a t e d  

GF m ice  had  m ore m arked .sym ptom s o f  d i s e a s e ,  and d ie d  so o n e r  th a n  

m ice  in  e i t h e r  th e  v i r u s  c o n t r o l  o r  th e  d ru g  c o n t r o l  g ro u p s ., The 

m ice  i n  th e  GF v i r u s  c o n t r o l  g roup  d id  n o t  show a  m arked  in c r e a s e  in  

w h ite  c e l l s  a s  t h e i r  CR c o u n te r p a r t s .  The c a u se s  o f  d e a th  o f  th e  

t h r e e  m ice  in  t h i s  g roup  can  b e  a t t r i b u t e d  to  th e  leu k e m ic  p ro c e s s  

s in c e  th e  mean s u r v i v a l  tim e  ap p ro a c h e d  t h a t  f o r  th e  CR a n im a ls .
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Why i s  t h e r e  a  d i f f e r e n c e  in  th e  d ev e lo p m en t o f  th e  leu k em ic  

p r o c e s s  b e tw een  th e  CR and GF m ice? The r e a s o n s  f o r  th e  s e v e r i t y  o f  

th e  d i s e a s e  in  th e  GF t r e a t e d  g roup  a r e  n o t  c l e a r , h o w e v e r, a rem ote  

p o s s i b i l i t y  i s  t h a t  th e  p o o r ly  d e v e lo p e d  r e t i c u l o e n d o t h e l i a l  sy stem  

i s  u n a b le  to  cope w ith  leu k e m ic  c e l l  d e b r i s  t h a t  a c c u m u la te s  fo llo w ­

in g  t r e a tm e n t  w i th  d r u g s .  B ased  on th e  d a t a ,  th e  f o l lo w in g  c o n c e p t 

i s  p ro p o se d  to  d e s c r ib e  th e  leu k e m ic  p r o c e s s .  I t  i s  s u g g e s te d  t h a t  

le u k e m ia  c e l l s  do n o t  p r o l i f e r a t e  and t h a t  t h e i r  r a t e  o f  g row th  i s  

much s lo w e r  th a n  c o r r e s p o n d in g  n o rm a l lym phoid  c e l l s .  A lso  i t  i s  

s p e c u la te d  t h a t  th e  b l a s t  p o p u la t io n  o f  acutfe le u k e m ia  may be  

■ c o n tin u a lly  p rim ed  from  a  lym phoid  s tem  c e l l  com partm en t ( Gavosto  

e t  a l . , 1968 , M auer e t  a l . , 1 9 6 9 ) . H e n c e , i n  th e  CR a n im a ls ,  w here 

t h e r e  i s  c o n s ta n t  s t i m u la t i o n  by  a n t ig e n s  and com m itm ent o f  stem  

c e l l s  to  a n tib o d y  p r o d u c t io n ,  th e  s tem  c e l l  p o o l i s  c o n tin u o u s ly  

b e in g  r e p l e n i s h e d .  When le u k e m ia  v i r u s  e n t e r s  th e  e n v iro n m en t o f  

th e  stem  c e l l  i t  p a r a s i t i z e s  th o s e  c e l l s  t h a t  e n t e r  i n to  a  d i f f e r ­

e n t i a t i o n  p h a s e  c h a r a c t e r i z e d  by  DNA a n d , to  some e x t e n t ,, RNA 

s y n th e s i s  b u t  l i t t l e  o r  no p r q t e i n  s y n t h e s i s .  The s t im u la to r y  e f f e c t

o f  a  c e l l  com m itm ent in d u ce d  by  a n t ig e n  and v i r u s  on th e  stem, c e l l  
'
g iv e s  r i s e  to  m ore s u s c e p t ib l e  c e l l s  and in c r e a s e d  num bers o f  

leu k e m ia  c e l l s .  I n  th e  GF a n im a ls ,  t h e r e  i s  no l a r g e  stem  c e l l  

p o o l  and when th e  v i r u s  p a r a s i t i z e s  th e  a v a i l a b l e  c e l l s  t h e r e  a r e  no
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o t h e r  c e l l s ,  s in c e  th e  la c k  o f  a n t i g e n ic  s t i m u la t i o n  d o es  n o t  

r e p l e n i s h  th e  s tem  c e l l  p o o l .  N e v e r th e le s s ,  we c a n n o t r u l e  o u t  th e  

p o s s i b i l i t y  t h a t  some o f  th e  leu k e m ic  c e l l s  c o u ld  r e e n t e r  a  p h a se  

o f  d i v i s i o n  ■(G a b u t t i  e t  a l .  , 1 9 6 9 ) . A ls o , i t  was shown by  B a se rg a

and G o ld , t h a t  when n o n p r o l i f e r a t i n g  E h r l i c h  a s c i t e s  tum or c e l l s  

w ere in t r o d u c e d  in to  a  new h o s t , t h e s e  c e l l s  s y n th e s iz e d  DNA and 

e n te r e d  a  p h a s e  o f  d i v i s i o n  (B a s e rg a  and G o ld , 1 9 6 3 ) . M auer comments 

t h a t  i f  t h i s  i s  t r u e  in  le u k e m ia s , th e n , t h i s  c e l l  p o p u la t io n  may be  

th e  m ost im p o r ta n t  in  c h e m o th e ra p y . T h a t i s ,  we c o u ld  p e rh a p s  c a u se  

th e s e  n o n p r o l i f e r a t i n g  c e l l s  to  r e e n t e r  a  p h a se  o f  c e l l  d i v i s i o n  

■and th u s  make them  e x tre m e ly  s u s c e p t ib l e  to  i n t e n s iv e  th e r a p y  

(M auer e t  a l . , 1 9 6 9 ) .

C e r t a i n l y ,  th e  u l t i m a t e  v i c t o r y  w ould  b e  to  e r a d i c a t e  le u k e m ia ; 

b u t  we c a n n o t deny  t h a t  g r e a t  a d v a n ce s  hav e  a l r e a d y  b e e n  m ade. In  

th e  p a s t ,  a  c h i l d  w i th  a c u te  le u k e m ia  had  a maximum s u r v i v a l  r a t e  

o f  one  y e a r ,  and m ost d ie d  w i th in  two to  s i x  m onths a f t e r  d ia g n o s i s .  

Now, how ever, t h e  u s e  o f  c h e m o th e ra p e u tic  a g e n ts  h a s  e x te n d e d  th e  

s u r v i v a l  tim e  to  s e v e r a l  y e a r s , and f o r  th e  m ost p a r t  th e  c h i ld  le a d s  

a  n o rm a l l i f e .  I n  th e  w ords o f  D r. L a n e , "E m phasis i s  now p la c e d  on 

t o t a l  e r a d i c a t i o n  o f  th e  leu k e m ic  c e l l  p o p u la t io n .  New d ru g s  and 

new form s o f  t r e a tm e n t  a r e  b e in g  i n v e s t i g a t e d  in  hope t h a t  a  c u re  

m ig h t b e  found" (L a n e , 1 9 7 0 ) .



SUMMARY'

The e f f e c t s  o f  com bined d ru g  th e r a p y  on leu k e m ia  in  c o n v e n tio n -  

a l l y - r e a r e d  and germ  f r e e  m ice  was s tu d i e d .  Leukem ia was p ro d u ce d  

in  c o n v e n t io n a l ly - r e a r e d  m ice  by  th e  IP i n j e c t i o n  o f  0 .2  ml ( 2 O-LD^ 

d o s e s )  o f  F r ie n d  Leukem ia V i r u s ,  and in  germ  f r e e  a n im a l by i n j e c t i n g  

2OO-LD,.q d o se s  o f  th e  same v i r u s .

A f t e r  a l lo w in g  24 d ay s  f o r  th e  d ev e lo p m en t o f  th e  d i s e a s e ,  two 

reg im en s  o f  d ru g s  w ere  u se d  f o r  t r e a tm e n t  in  c o n v e n tio n a l  m ic e . The 

f i r s t  c o n s i s t i n g  o f  a  c o m b in a tio n  o f  m e th o t r e x a te , 6- m e r c a p to p u r in e , 

and v in b l a s t i n  s u l f a t e ; i n  th e  seco n d  re g im e n , h y d r o c o r t i s o n e  a c e t a t e  

was s u b s t i t u t e d  f o r  v i n b l a s t i h  s u l f a t e .  M e th o tre x a te  and v i n b l a s t i n  

s u l f a t e  w ere u s e d  i n  c o n c e n t r a t io n s  o f  4 m g/kg body w e ig h t ,  and 6-  

m e rc a p to p u r in e  and  c o r t i s o n e  w ere u se d  i n  c o n c e n t r a t io n s  o f  10 m g/kg 

body w e ig h t .  O nly  th e  seco n d  reg im en  was u se d  in  germ f r e e  a n im a ls .

The leu k e m ic  p r o c e s s  in  c o n v e n tio n a l  a n im a ls  was m o n ito re d  by 

h e m a to lo g ic a l  and p a th o l o g ic a l  t e c h n iq u e s ,  and in  germ f r e e  a n im a ls  

by  h e m a to lo g ic a l  te c h n iq u e s  o n ly .

The r e s u l t s  i n d i c a t e d  t h a t  a l th o u g h  th e  f i r s t  reg im en  was v e ry  

e f f e c t i v e  in  c o n t r o l l i n g  th e  leu k e m ic  p r o c e s s ,  i t  was to o  t o x i c ,  and 

t r e a tm e n t  had  to  b e  s to p p e d  p r e m a tu r e ly .  The second  reg im en  h o w ev er, 

was m ore e f f e c t i v e  in  te rm s  o f  b e in g  l e s s  t o x i c ,  and t h e r e f o r e  t r e a t ­

m ent c o u ld  b e  m a in ta in e d  f o r  lo n g  p e r i o d s .  I t  was p o s s ib l e  w ith  th e  

seco n d  reg im en  to  a l l e v i a t e  th e  symptoms and p ro lo n g  th e  s u r v iv a l
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tim e  o f  th e  m ice  to  a b o u t 3 tim e s  th e  e x p e c te d  s u r v i v a l  w i th  t h i s  

d i s e a s e .

I n  th e  germ  f r e e  a n im a ls  th e  d i s e a s e  p r o c e s s  was d i f f e r e n t  

th a n  t h a t  s e e n  i n  th e  c o n v e n tio n a l  a n im a ls . . I n  g e n e r a l , th e  d i s e a s e  

was much m ild e r  in  germ  f r e e  th a n  in  c o n v e n tio n a l  m ic e . The germ 

f r e e  leu k e m ic  m ice  t r e a t e d  w ith  d ru g s  e x h ib i te d  m ore s e v e re  symptoms 

th a n  e i t h e r  o f  th e  o t h e r  two germ  f r e e  c o n t r o l  m ic e . A t h e s i s  h as  

b een  o f f e r e d  i n  an  a t te m p t  to  e x p la in  th e  o b s e rv e d  d i f f e r e n c e .
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