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To ta l ly  12 male  Call  mice  (b.wt.  25 g) were i r r a d i a t e d  
(Co6~ a n d  each  was in jec ted  i.v. w i t h  5 • 104 bone  
m a r r o w  cells. 6 of t he  an i m a l s  were t h e n  in jec ted  i.v. 
w i t h  4 ~Ci 14C-nicotine on  t he  7 th  d a y  a f t e r  i r r a d i a t i o n  
and  a n o t h e r  6 mice  rece ived  l~C-nicotine on t he  10th  d a y  
a f te r  i r r ad ia t ion .  The  su rv iva l  t imes  were 30 m i n  and  4 h 
(3 an ima l s  a t  each  t i m e  in te rva l )  for b o t h  groups.  Af te r  
the  kill ing, e i the r  t he  whole  mouse  or t he  r e m o v e d  spleen 
were e m b e d d e d  in ca rboxymethy lce l lu lose ,  sec t ioned  a n d  
sub jec t ed  to who le -body  a u t o r a d i o g r a p h y  as descr ibed  
above.  Severa l  i r r ad i a t ed  mice  w h i c h  were in jec ted  w i t h  
14C-nicotine (but  no t  w i t h  bone  m a r r o w  cells) were r u n  as 
cont ro l s  to  ensure  t h a t  t he  i r r a d i a t i o n  i tself  d id  no t  resu l t  
in  changes  in the  d i s t r i b u t i o n  p a t t e r n  of 14C-nicotine. 

To d i f f e ren t i a t e  be t w een  t he  e ry th ropo ie t i c  a n d  g ranu-  
lopoiet ic  colonies, ser ial  sect ions  (10 txm th ick)  of t he  
spleens were m a d e  f rom mice w i t h  bone  m a r r o w  t r a n s -  
p l a n t e d  a n d  s u b s e q u e n t l y  in j ec ted  w i t h  14C-nicotine. One 
sec t ion  was a lways  exposed  on  f i lm ( au to rad iog raphed)  
a n d  s t a ined  a f t e rwards  w i t h  hematoxy l in -eos ine .  The  
a d j a c e n t  sec t ion  was t h e n  sub jec t ed  to a cy t ochemica l  
m e t h o d  for d e m o n s t r a t i o n  of pe rox idase  wh ich  is specific 
for neu t roph i l i c  a n d  eosinophi l ic  g ranu locy te s  and  i ts  
p recursors  n,12. In  t h i s  way  i t  was  possible  to  c o m p a r e  
d i rec t ly  t he  u p t a k e  of label  in t he  pe rox idase  pos i t ive-  
(granulocyt ic)  and  t he  pe rox idase -nega t ive  (e ry thropoet ic )  
colonies. 

The  who le -body  a u t o r a d i o g r a m s  of n o r m a l  mice  
in jec ted  w i t h  ~4C-nicotine (Figure 1) showed a m a r k e d  
a c c u m u l a t i o n  of r a d i o a c t i v i t y  in  some organs  of t he  
l ymfomye lo id  sys tem,  such  as t he  bone  m a r r o w  a n d  t he  
spleen (ma in ly  red  pulp) .  T he  a c c u m u l a t i o n  of radio-  
a c t i v i t y  was h ighes t  5 m i n  a f t e r  in jec t ion ,  exceeding  t h a t  
of t h e  b lood  b y  a b o u t  4 t imes .  Af te r  30 m i n  t he  labe l l ing  
i n t e n s i t y  d ropped  to  a b o u t  ha l f  t h e  or ig inal  level, b u t  
r e m a i n e d  u n c h a n g e d  up  to 8 h fol lowing t he  i n j ec t i on  
of 14C-nicotine. A t  t h a t  t i m e  no or v e r y  l i t t le  radio-  
a c t i v i t y  could be  seen in t h e  b lood and  mos t  of t h e  
t i ssues  (Figure 1). A t  sho r t e r  t i m e  in te rva l s ,  t h e  u p t a k e  of 
r a d i o a c t i v i t y  could also be  obse rved  in t h e  t h y m u s  
(cortex) a n d  l y m p h  n o d e s  b u t  i t  soon d i sappeared .  Af te r  
4 h no r a d i o a c t i v i t y  was de t ec t ab l e  in  these  t issues.  The  
i r r a d i a t i o n  of t he  mice d id  no t  seem to resu l t  in  a n y  
change  of t he  n i co t ine  d i s t r i b u t i o n  p i c tu re  excep t ing  t he  
hemopo ie t i c  t i s sues  (in wh ich  t he  lack of r a d i o a c t i v i t y  
coincides  w i t h  t he  dep le t ion  of h igh ly  r ad iosens i t ive  
hemopo ie t i c  cells). 

On t he  a u t o r a d i o g r a m s  of i r r ad i a t ed  mice g ra f ted  w i t h  
t he  bone  m a r r o w  ceils, a h i g h  a n d  p ro longed  a c c u m u l a t i o n  
of r a d i o a c t i v i t y  could be  seen in t h e  splenic colonies a t  
all  t i m e  in t e rva l s  a f t e r  t he  in j ec t ion  of 14C-nicotine 
(Figures  2 and  3). The  i n t e n s i t y  of l abe l l ing  in t he  colonies 
was a b o u t  4 t imes  h ighe r  t h a n  in t he  res t  of t he  splenic  
t i ssue  a n d  r e m a i n e d  on  t h a t  level  d u r i n g  t h e  en t i r e  
pe r iod  of t h e  i n v e s t i g a t i o n  (F igure  3). Ac tua l l y  t h e  u p t a k e  
of labe l  was  of t h e  same  order  of m a g n i t u d e  as t he  labe l l ing  
in t h e  o the r  o rgans  of t he  b o d y  showing  a p r o n o u n c e d  ac- 
c u m u l a t i o n  of n ico t ine  - such  as t he  bronchi ,  t h e  l iver  
a n d  t h e  exc re to ry  p a t h w a y s  (Figure 2). 

A m o n g  t he  colonies, t he  larger  ones, d e t e c t a b l e  m a i n l y  
on  t he  10 th  day  a f t e r  i r r ad ia t ion ,  seemed to exer t  t h e  

h ighes t  up take .  Since th i s  sor t  of co lony  is m o s t l y  of t h e  
e r y t h r o c y t i c  t y p e  la, t he  resu l t  would  ind ica t e  an  a f f in i ty  
of n ico t ine  a n d / o r  i ts  me t abo l i t i e s  for t he  e ry th ropo ie t i c  
cell precursors .  Th i s  was  f u r t h e r  conf i rmed  w h e n  t h e  
u p t a k e  of r a d i a c t i v i t y  was c o m p a r e d  w i t h  t h e  pe rox idase  
a c t i v i t y  (specific for t he  g r anu locy topoe t i c  cells - see 
above)  in  t he  colonies. I n  t h e  smal l  colonies t h a t  exer ted  a 
pos i t ive  r eac t ion  on  peroxidase ,  a v e r y  s l ight  u p t a k e  of 
r a d i o a c t i v i t y  was seen as c o m p a r e d  w i t h  t he  large 
pe rox idase -nega t i ve  ones (see F igure  3). Thus  t h e  pre-  
cursor  ceils able  to  t a k e  up  a n d  a c c u m u l a t e  r a d i o a c t i v i t y  
a f te r  t h e  in jec t ion  of 14C-nicotine seem to  be  of t h e  
e ry th ropo i e t i c  type .  

No a t t e m p t s  were m a d e  in t he  p r e sen t  i nves t i ga t i on  to  
d e t e r m i n e  w h e t h e r  t he  r a d i o a c t i v i t y  in  t h e  bone  m a r r o w  
a n d / o r  in  t h e  splenic colonies r ep resen t s  t h e  n ico t ine  or 
i ts  me tabo l i t e s .  However ,  t h e  e x p e r i m e n t s  w i t h  va r ious  
t i ssues  in  v i t ro  h a v e  shown  the  l iver  to  be  t he  on ly  o rgan  
w i t h  a s ign i f ican t  c apac i t y  to  me tabo l i se  nicotine14. This  
fact ,  t o g e t h e r  w i t h  t he  ear ly  loca l iza t ion  of n ico t ine  in 
t he  bone  m a r r o w  obse rved  in th i s  inves t iga t ion ,  would  
sugges t  t h a t  a t  leas t  p a r t  of t he  r a d i o a c t i v i t y  a c c u m u l a t e d  
in t h e  hemopo ie t i c  t i s sue  r ep resen t s  t he  u n c h a n g e d  d rug  15. 

The  p r e sen t  resu l t s  do no t  al low a n y  conclus ions  on t h e  
func t iona l  s ignif icance of n ico t ine  in t h e  hemopo ie t i c  
t issues.  However ,  t he  specific and  p ro longed  a c c u m u l a t i o n  
of t he  d r u g  in t h e  e ry th ropo i e t i e  cells could i nd i ca t e  some 
k ind  of n ico t ine  in te r fe rence  w i t h  the  p ro l i f e ra t ive  ca- 
p a c i t y  a n d / o r  m a t u r a t i o n  of t he  e r y t h r o c y t e  p recursors  - 
as well  as a n  in te r fe rence  w i t h  t h e  f u n c t i o n a l  a c t i v i t y  of 
t he  m a t u r e  e ry th rocy te s .  F u r t h e r  e x p e r i m e n t a l  s tud ies  
are needed  to  e luc ida te  t h i s  po in t ,  and  also to  exp la in  t h e  
precise f u n c t i o n a l  s ignif icance of n ico t ine  in t he  h e m a t o -  
po ie t ic  t issues.  

Zusammen/assung.  N a c h  i n t r a v e n 6 s e r  I n j e k t i o n  v o n  
14C-Nikotin wurde  bei  der  n o r m a l e n  Maus  m i t  HiKe der  
G a n z k 6 r p e r a u t o r a d i o g r a p h i e  im K n o c h e n m a r k  n n d  in der  
ro t en  P u l p a  der  Milz eine kr~f t ige  u n d  l a n g a n h a l t e n d e  
A n s a m m l u n g  der  l~ad ioak t iv i t / i t  Ies tgestel l t .  K o m b i -  
n ie r t e  a u t o r a d i o g r a p h i s c h e  und  h i s t ochemische  U n t e r -  
s u c h u n g e n  der  Milz be s t r ah l t e r ,  m i t  K n o c h e n m a r k  
t r a n s p l a n t i e r t e r  M/~use h a b e n  wei te r  gezeigt,  dass  das  
r a d i o a k t i v e  N i k o t i n  u n d / o d e r  dessen Me tabo l i t e  i n n e r h a l b  
des h /~matopoie t i schen  Gewebes  haupts~Lehlich in den  
e r y t h r o p o i e t i s c h e n  Zellen loka l i s ie r t  ist. 
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Genet ic  Inf luence  on D e v e l o p m e n t  of R e t i c u l u m  Cell S a r c o m a s  in SJL/J  Mice  

In i t ia l ly ,  i t  was r epo r t ed  t h a t  S J L / J  mice  e x h i b i t  a 
d i s t i nc t  e l eva t ion  in t he  p l a s m a  levels of l a c t a t e  dehydro -  
genase  (LDH)  and  m a l a t e  d e h y d r o g e n a s e  (MDH) a f te r  

infection with the LDH virus i. It was then shown that this 
unique response is a recessive trait under the control of an 
autosomal gelle 3 This paper presents initial evidence for 
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a role of the  gene in the  suscept ib i l i ty  of S J L / J  mice 
to deve lopment ,  in h igh  incidence,  of Hodgkin ' s - l ike  
re t icu lum cell sa rcomas  ~. 

Materials and methods. Animals .  S J L / J  and BA L B/ c  
mice, 6 to  8 weeks old, were crossed reciprocally.  These 
mat ings ,  as well as those  to ob ta in  F~ genera t ion  animals ,  
were es tab l i shed  on the  basis of 2 females  and  1 mate  per  
cage. Only female offspring,  weaned  a t  5 weeks of age, 
were used in the  exper imen t s  because of excessive 
f ight ing  a m o n g  male  cagemates .  

Geno type  de te rmina t ion .  All animals,  wi th  the  excep- 
t ion of pa ren ta l  mice, were infec ted  at  6 to  8 weeks of age 
by  i.p. in ject ion of 0.1 ml of pooled mouse  plasma,  d i lu ted  
10 -x in cold H a n k ' s  ba lanced salt  solution, con ta in ing  
10 :'5 IDs0/ml of L D H  virus 4. P l a sma  samples  for enzyme 
assays were ob t a ined  at  96 h pos t inocu la t ion  as descr ibed 
p rev ious lyL  L D t t  and  M D H  act ivi t ies  were de t e rmined  
by  the  m e t h o d s  of HENRY et al. ~ and  MEHL]~R et  al.*, 
respect ively .  One uni t  of enzyme ac t iv i ty  is def ined as the  
a m o u n t  of enzyme  which  produces  a decrease in absor-  
bancy  of 0.001/min at  340 n m  resul t ing f rom the  ox ida t ion  
of N A D H  to NAD +. All tes ts  were made  at  25 ~ in 3 ml  
reac t ion  mix tu re s ;  t he  resul ts  are expressed  in uni ts  of 
enzyme  ac t iv i ty  per  ml  of plasma.  

Mice homozygous  for t he  gene in ques t ion  were 
ident i f ied in  t he  F~ genera t ion  by  ' exaggera ted '  p l a sma  
enzyme  tevels (LDH and  M D H  act iv i t ies  like those  of t he  
S J L / J  strain).  F 1 and  F~ heterozygotes ,  as well as homo-  
zygotes  in the  F 2 generat ion,  had  ' e leva ted '  p l a sma  L D H  
and M D H  levels like those  of the  BALB/c  s t ra in  ~. The 
poss ibi l i ty  t h a t  the  resul ts  m i g h t  be a l tered  by  the  
me thod  of geno type  de t e rmina t i on  was d i scounted  since 
L D H  virus  infect ion has  been shown to  have  no effect  on 
the  incidence of t he  S J L / J  neop lasm 7. 

Table I. Incidence of retieulum ceil sarcomas in female P~ and P2 
generation mice produced by reciprocal crosses between strains 
SJL/J and BALB]c 

Generation Plasma enzymes (U/ml)" No tumors 

LDH MDH no miceb % 

P (SJL/J) 13,250 :k 792 3,150 ~ 197 7/10 

(BALB/e) 5,000 :~ 330 1,550 ~ 148 0/t0 

F~ 4,850 =L 157 1,400 -- 64 3]33 

F 2 4,450 =L 123 1,500 4- 57 3/40 

11,900 =c 577 3,000 • 111 5/21 

~ean ~= S.E. b 52 weeks of age. 

Table It. Incidence of re~icutum cell sarcomas in cyclophosphamide- 
treated, female F~ hybrids of strains SJL/J and BALB/c 

Immunosuppres s ion .  Beginning  2 weeks af ter  infec t ion  
wi th  the  L D H  virus,  17 female F 2 mice received 6 weekly  
in jec t ions  of an immunosuppres s ive  agent ,  cyc lophosph-  
amide  (Cytoxan).  The drug  was p repa red  at  a concent ra -  
t ion  of 15 mg/ml  in cold 0.85% saline and admin i s t e r ed  
i.p. (75 mg/kg).  In  a second group,  16 F~ animals  were 
t r ea t ed  s imilar ly  for 10 weeks. 

Neoplasms.  Mice were killed and  necrops ied  at  52 weeks 
of age. Gross observa t ions  of en la rgemen t  of the  spleen,  
Peyer ' s  pa tches ,  mesenter ic  l y m p h  node  complex  and  
o the r  l y m p h  nodes  were accepted  as evidence of re t icu lum 
cell sarcoma.  In  those  cases in which  the  gross evidence 
seemed equivocal,  sect ions of app ropr i a t e  organs were 
examined  his tological ly before a diagnosis  was made.  

Results and discussion. Table  I shows t h a t  9.1% of the  
F 1 mice (heterozygotes)  and  7.5% ot t he  F 2 an imals  
(heterozygotes  and  d o m i n a n t  homozygotes)  had  re t icu lum 
cell sarcomas  at  52 weeks of age. By contras t ,  the  incidence 
of re t icular  neoplasms  was 23.8 %in  homozygous  recessive 
F~ mice. These resul ts  seem best  i n t e rp re t ed  as ind ica t ive  
of a re la t ionship  be tween  geno type  and t u m o r  incidence.  
On this  basis, t h e y  are cons i s ten t  w i th  the  hypo thes i s  t h a t  
suscept ib i l i ty  to d e v e l o p m e n t  of re t icu lum cell sa rcomas  
is inf luenced by  the  gene which  controls  the  unique  
response  of S J L / J  mice  to L D H  virus infect ion.  

Whi le  the  p r i m a r y  defect  is no t  known wi th  cer ta in ty ,  
i t  has  been  pos tu la t ed  t h a t  t h i s  gene has  an  effect  on 
re t icu loendothe l ia l  func t ion  ~. Fo r  th is  reason,  i t  seemed 
of in teres t  to  de t e rmine  the  effect  of cyc lophosphamide ,  a 
p o t e n t  i mmu n o s u p p re s s o r  w i th  a p p a r e n t  abil i t ies to  
impai r  the  func t ion  of the  re t icu loendothel ia l  sys tem 8, on 
the  deve lopmen t  of re t i cu lum cell sarcomas  in F 2 mice. 

The resul ts  ob ta ined  are p resen ted  in Table  II .  I t  can 
be seen t h a t  t he  t u m o r  incidence was 15% in he tero-  
zygotes  and d o m i n a n t  homozygo te s  and  45.5% in 
recessive homozygotes .  Since these  pe rcen tages  are 
a p p r o x i m a t e l y  twice  those  found  in comparab le  groups  of 
un t r ea t ed  F~ animals  (Table I), i t  would appea r  t h a t  
t r e a t m e n t  w i th  cyc lophosphamide  resul ted  in a grea te r  
suscept ib i l i ty  to deve lopmen t  of neoplasia.  This observa-  
t ion is in ag reemen t  w i th  the  pos tu la t ed  mechan i sm of 
gene act ion as deta i led  above.  

Zusammen/assung. Ers te  Hinweise,  dass ein au tosomales  
Gen, das die spezif ische Reak t ion  yon  SJL/J -M/ iusen  auf 

70.0 In fek t ion  du rch  das LDH-Vi rus  kontrol l ier t ,  ebenfal ls  
0.0 die E n t w i c k l u n g  yon  Endothe lze l I sa rkomen beeinf lussen 

k6nnte  und  zus/itzlich eine W i rk u n g  auf  die  re t ikulo-  
9.1 endothel ia le  F u n k t i o n  hat .  Behand lung  mi t  Zyklophos-  
7.5 p h a m i d  ha t  eine V e r m e h r u n g  von  Tumoren  in F~- 

23.8 Mischlingen der  St / imme S J L / J  und  BA L B/ c  zur Folge. 
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Plasma enzymes (U/ml} No tumors 

LDH MDH no mice b,, % 

5,500• 1,650=~ 60 3/20 15.0 
13,3501801 4,000i201 5/11 45.5 

Mean ~ S.E. b 52 weeks of age. o Data from mice receiving i.p. 
injections of cyelophosphamide (75 mg/kg) for 6 and 10 weeks were 
similar and thus combined. 
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