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Fate  of D N A - L a b e l l e d  B o n e - M a r r o w  Cel ls  f r o m  
I r r a d i a t e d  R e c i p i e n t s  

Bone-mar row cells in jec ted  in to  i r rad ia ted  rec ipients  
are known to  r epopu la t e  myelopoie t ic  and even tua l ly  
lymphopo ie t i c  organs. The p a t h w a y s  by  which  th is  
r epopu la t ion  occurs have  been  s tudied  using ch romosome  
marker s  ~-4, b u t  t he  early react ions  of up take  of t he  
in jec ted  ceils are still  poor ly  unders tood.  Thus,  it  is 
d i spu ted  whe the r  r epopu la t ion  of the  t h y m u s  occurs 
d i rec t ly  by  ceils t aken  up by  th is  organ ~ or by  cells f i rs t  
f ixed in the  bone -mar row 3. As discussed in more  detai l  
below, chromosome markers  are no t  ent i re ly  sui table  for 
de tec t ing  the  behav iour  of the  behav iour  of t he  cells 
early af ter  in jec t ion;  we have,  therefore,  followed up take  
and  re t en t ion  by  spleen,  t h y m u s  and  bone -mar row of 
bone -mar row cells labelled in the i r  D N A  by  in jec t ing  
3H- thymid ine  to  the  donors.  

Methods. The following inbred  mouse s t ra ins  ra ised in our 
l abora to ry  were s tudied  ( A K R  (LD 50/30 650 R), BAL B/ c  
(LD 50/30 575 R) and C 57 B1 (LD 50/30 725 R). In  
order  to compare  the  resul ts  on the  A K R  s t ra in  wi th  
earlier cy togene t ic  da ta ,  mar row f rom A K R  was in jec ted  
in to  A K R / T  1 Aid. All animals  were of 3 m o n t h s  age. 
The donors  were given i.p. 150 txCi of 3H-6- thymidine  
(specific ac t iv i ty  10 Ci/ml) d iv ided in to  2 equal  doses 
12 and 24 h respec t ive ly  before sacrifice. These in tervals  
were chosen in order  to  label as m a n y  as possible of t he  
ceils capable  of en te r ing  into S phase.  The rec ipients  
were whole -body  X- i r r ad ia t ed  wi th  a dose of 650 R (sode 
ra te  100 R/min ,  250 KV, 20 mA, H V L  2 m m  Cu, F S D  
57 cm) and were in jec ted  immed ia t e ly  the rea f t e r  i.v. wi th  
107 viable  nuc lea ted  cells isolated f rom the  femur  of the  
donors.  At  d i f ferent  t imes  af ter  in jec t ion  (1, 4 and  24 h ,  
3 and  6 days),  rec ipients  were sacrified, spleen, t h y m u s  
and  femoral  m a r row  removed  and homogenized  in 0.5 ml  
of water .  Perchlor ic  acid was then  added  to yield a 0 .6M 
solut ion in order  to  p rec ip i ta te  pro te ins  and nucleic acid. 
D N A  was isolated f rom the  p rec ip i ta te  by  the  Schneider  
m e t h o d  as r e c o m m e n d e d  in 5, i.e. ex t r ac t ing  D N A  in 
0.5 ml  of 1.2 N ho t  perchlor ic  acid. The  ac t iv i ty  of t he  
e x t r a c t e d  mater ia l  was de t e rmined  by  l iquid scint i l la t ion 
coun t ing  and its con t en t  of DNA by  GILES 6 me thod .  

Results.  Data  on weight  and DNA con t en t  of spleen and  
t h y m u s  and  on D N A  con ten t  of the  bone -mar row isolated 

Different  M o u s e  S t r a i n s  Injected  into  S y n g e n e i c  

f rom bo th  femurs  are shown in the  Table.  A K R  mice 
have  a larger t h y m u s  and  a smaller  spleen t h a n  the  o ther  
s t ra ins  (DNA con ten t  and  weight  1 h af ter  i r radiat ion,  
i.e. the  values  cor responding  to non- i r rad ia ted  animals).  
The re la t ive  decrease in weigh t  and  in DNA c o n t e n t  is, 
however,  s imilar  for all s t ra ins  s tudied,  bu t  recovery  of 
the  spleen dur ing  the  6-day observa t ion  per iod is mos t  
marked  for C 57 B1 and v i r tua l ly  absen t  for A K R  mice. 

Da ta  on to ta l  ac t iv i ty  of the  3 organs are p resen ted  in 
Figures  1-3 and  cor responding  da t a  on specific ac t iv i ty  
are shown in Figures  4-6.  U p t a k e  of ac t iv i ty  proceeds  
rap id ly  and  is essent ia l ly  comple te  af ter  4 h. Highes t  
ac t iv i t ies  are found  in t h e  spleen, i.e. abou t  8% of the  
dose injected.  T h y m u s  takes  abou t  0 .5-1.2% and  bone- 
mar row of t he  2 femurs  abou t  0 .6-0.8% of the  in jec ted  
cells. Differences in up take  be tween  s t ra ins  re late  main ly  
to up take  by  t h y m u s  which  is h igh for A K R  and  lower 
for the  o ther  strains.  If  one considers  the  specific ac t iv i ty  
of the  DNA, the  differences be tween  the  s t ra ins  largely 
disappear .  Dur ing  the  f i rs t  day  af ter  i r radiat ion,  t h a t  is 
dur ing  the  t ime  when  weight  and DNA con ten t  of the  
organs d imin ish  main ly  as a resul t  of in te rphase  dea th  of 
cells, mos t  of the  in jec ted  rad ioac t iv i ty  is conserved.  This. 
results  in an increase in specific ac t iv i ty  of D N A  isolated. 
Ac t iv i ty  is lost  slowly dur ing  the  whole pos t - i r rad ia t ion  
period,  mos t  rap id ly  f rom spleen and more slowly f rom 
t h y m u s  and bone- inarrow.  The decline in specific ac t iv i ty  
is also mos t  p ronounced  in spleen and  only sl ight  or 
absen t  in t h y mu s .  

Discussion.  Studies  using chromosome markers  of 
bone -mar row cells have  p rov ided  i m p o r t a n t  in fo rmat ion  
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Fig. 1. Activity (in % of dose injected) as function of post-irradiation 
time (days) in spleen of different strains of mice (AKR O; C57B1 (3 ; 
BALB]c []) injected with 1 • 10 ~ DNA labelled bone-marrow cells 
(~45•  108 dpm) immediately after whole-body irradiation with 
650 R. Values given represent means and standard deviation of the 
mean. For the 1 and 4 h period, standard deviation is not shown in 
order not to render the design confusing. (It is in the order of ~ 7%.) 
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Fig. 2. Activity (in % of dose injected) as function of post-irradiation 
time (days) in thymus of different strains of mice (AKRo; C 57 B10 ; 
BALB/e []) injected with 1 • 107 DNA labelled bone-marrow cells 
(~45• dpm) immediately after whole-body irradiation with 
650 R. Values given represent means and standard deviation Of the 
mean. For the 1 and 4 h period, standard deviation is not shown in 
order not to render the design confusing. (It is in the order of ~ 7 %.) 
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Weight and DNA content of thymus,  spleen and bone-marrow (DNA content of femurs) in 3 mouse strains after irradiation 

Time after Thymus  Spleen Bone-marrow (both femurs) 
exposure to 
650 R A K R  C57B1 BALB/c A K R  C57B1 BALB/e A K R  C57B1 BALB/e 

1 h Weight (mg) 1 1 7 ~  3 594- 3 67-E 6 8 9 i  6 1 3 1 •  6 107~= 8 
DNAcontent(~tg)  1960-4-100 950- -60  7 0 0 •  1170~:25 1890•  30 1270-4- 80 1 5 2 •  281~:30 2152-33 

4 h  Weight (mg) 1234- 9 54-~ 4 66-~ 7 72 4- 4 1 1 0 •  8 934- 5 
DNAcon ten t  ([xg) 2010+120  1040 4- 60 7 7 0 •  9054-40 1790-c100 1190 4- 70 1 3 8 •  7 344-E35 2 2 5 - - 2 0  

2 4 h  Weight (mg) 58 4-  3 474- 2 42 4- 4 45 4- 3 61 4- 3 52 4- 3 
DNAcontent( tzg)  410 :t_ 20 1 9 6 •  190 4- 20 235 4- 35 330 4- 35 454 4- 30 7 1 •  5 125 -4- 12 110-b13 

3 days Weight (rag) 41 4- 6 45 4- 4 34 4- 7 39 4- 2 47 4- 3 44 ~_ 4 
DNA content ([zg) 210 • 30 135 i 10 97 :[_ 19 206 4- 15 270 4- 30 313 4- 11 40 ;t_ 3 1044- 25 84 4- 10 

6 d a y s  Weight (mg)  494- 4 574- 4 404- 7 544- 6 142--  4 954- 10 
DNA content (~.g) 175 :]_ 27 175 4- 20 115 4- 20 289 4- 27 1470 4- 35 890 4- 100 30 :t_ 1.7 68 4- 16 85 4- 4 
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Fig. 3. Activity (in % of dose injected) as function of post-irradiation 
time (days) in bone-marrow of different strains of mice (AKR @; 
C57B1 �9 ; BALB/e []) injected with 1 x 10 ~ DNA labelled bone-mar- 
row cells ( ~  45 • 103 dpm) immediately after whole-body irradiation 
with 650 R. Values given represent means and standard deviation of 
the mean. For the 1 and 4 h period, standard deviation is not shown 
in order not to render the design confusing, (I t is in the order of ~ 7 %.) 
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Fig. 4. Specific activity (dpm/~xg DNA) as function of post-irradiation 
time (days) in spleen of different strains of mice (AKR 0 ;  C57B10  ; 
BALB/c []) injected with 1 x 107 DNA labelled bone-marrow ceils 
( ~ 4 5 x  103 dpm) immediately after whole-body irradiation with 
650 R. Values given represent means and standard deviation of the 
mean. For the 1 and 4 h period, s tandard deviation is not shown in or- 
der not to render the design,confusing. (It is in the order of ~ 7 % . )  

c o n c e r n i n g  t h e  f a t e  of  t h e s e  Cells in  i r r a d i a t e d  1-4 a n d  
n o n - i r r a d i a t e d 7  r e c i p i e n t s  a n d  on  t h e  o r i g i n  of  t h e  cel ls  
r e p o p u l a t i n g  m y e l o p o i e t i c  a n d  l y m p h o p o i e t i c  o r g a n s  in  
i r r a d i a t e d  a n i m a l s .  N e v e r t h e l e s s ,  t h e  c y t o g e n e t i c  t e c h n i q u e  
h a s  c e r t a i n  s h o r t c o m i n g s :  i t  c a n  o n l y  be  a p p l i e d  in  s t r a i n s  
w h e r e  s u i t a b l e  m a r k e r s  a r e  a v a i l a b l e ;  i t  t a k e s  in  a c c o u n t  
o n l y  cel ls  w h i c h  a r e  d i v i d i n g  a n d  t h u s  d o e s  n o t  p r o v i d e  
t r u l y  q u a n t i t a t i v e  i n f o r m a t i o n  c o n c e r n i n g  t h e  r a t i o  of  
d i f f e r e n t  cel l  p o p u l a t i o n s  ; a n d  f i n a l l y  i t  d e m a n d s  a c o n s i d -  
e r a b l e  e f f o r t  in  t i m e .  

D e t e r m i n a t i o n  of  t h e  f a t e  of  r a d i o a c t i v i t y  f r o m  cel ls  
l a b e l l e d  b y  i n j e c t i o n  of  a H - t h y m i d i n e  to  t h e  d o n o r  is 
e a s i l y  c a r r i e d  o u t  i n  a l l  s t r a i n s ,  y i e l d s  i n f o r m a t i o n  
a l r e a d y  d u r i n g  t h e  t i m e  w h e n  t h e  i n j e c t e d  cel ls  a r e  n o t  
y e t  d i v i d i n g ,  a n d  a l so  a l l ows  u s  to  d e t e r m i n e  t h e  r e l a t i o n -  
s h i p s  of  d i f f e r e n t  cel l  p o p u l a t i o n  i n d e p e n d e n t l y  of  t h e i r  
r a t e  of  cel l  d i v i s i o n .  O n  t h e  o t h e r  h a n d ,  i t  r e m a i n s  u n c e r t a i n  
w h e t h e r  t h e  cel ls  r e s p o n s i b l e  for  r e p o p u l a t i n g  t h e  l y m p h o -  
a n d  m y e l o p o i e t i c  o r g a n s  a r e  l a b e l l e d  a t  a l l  u n d e r  t h e s e  
c o n d i t i o n s  a n d  w h e t h e r  t h e  d i f f e r e n t  s p e c i e s  of  l a b e l l e d  
b o n e - m a r r o w  cei ls  a l l  b e h a v e  in  t h e  s a m e  w a y .  M o r e o v e r ,  
o n e  m u s t  c o n s i d e r  r e u t i l i z a t i o n  of  l abe l  b y  o t h e r  ce l ls  
a n d  t h e  p o s s i b i l i t y  of  r a d i a t i o n  d a m a g e  to  t h e  i n j e c t e d  
ce l l s  b y  t h e  i n c o r p o r a t e d  a c t i v i t y .  

R e u t i l i z a t i o n  o f  l abe l  f r o m  cel ls  b r o k e n  d o w n  is p r o b a b l y  
n e g l i g i b l e  d u r i n g  t h e  e a r l y  t i m e  a f t e r  i r r a d i a t i o n ,  s i n c e  

c e l l  d i v i s i o n  is s t o p p e d .  R a d i a t i o n  d a m a g e  to  i n j e c t e d  
cel ls  s e e m s  u n i m p o r t a n t  in  v i e w  of  t h e  s m a l l  a m o u n t  of  
a c t i v i t y  i n j e c t e d  ( a b o u t  20 ~xCi) a n d  o f  t h e  e f f i c i en t  r e p o -  
p u l a t i o n  of s p l e e n  b y  t h e  i n j e c t e d  cel ls .  A n  u n a m b i g o u s  
i n t e r p r e t a t i o n  of  t h e  d a t a  in  t e r m s  of  d i s t r i b u t i o n  of  co- 
l o n y  f o r m i n g  cei ls  will ,  h o w e v e r ,  be  p o s s i b l e  o n l y  o n  t h e  
b a s i s  of  a c o m p a r i s o n  of d a t a  on  r a d i o a c t i v i t y  ( i n c l u d i n g  
a u t o r a d i o g r a p h i c  ones )  a n d  t h o s e  on  c y t o g e n e t i c s .  N e v e r -  
t h e l e s s ,  t h e  r e s u l t s  p r e s e n t e d  a l low,  in  o u r  o p i n i o n ,  n o t  
o n l y  a c o m p a r i s o n  of  u p t a k e  of  cel ls  b e t w e e n  d i f f e r e n t  
s t r a i n s  a n d  d i f f e r e n t  o r g a n s  b u t  a l so  c e r t a i n  c o n c l u s i o n s  
c o n c e r n i n g  p o s s i b l e  t r a n s f e r  b e t w e e n  o r g a n s .  

T h e  f o l l o w i n g  f a c t o r s  m u s t  be  c o n s i d e r e d  in  i n t e r p r e t i n g  
t h e  c u r v e s  s h o w n .  A c h a n g e  in  t o t a l  a c t i v i t y  r e p r e s e n t s  
u p t a k e  o r  loss  ( m i g r a t i o n  o r  b r e a k d o w n )  of l abe l l ed  cells .  
A n  i n c r e a s e  in  spec i f i c  a c t i v i t y  as  s e e n  e a r l y  a f t e r  i r r a -  
d i a t i o n  r e f l e c t s  p r e f e r e n t i a l  d e s t r u c t i o n  of r a d i a t i o n -  
d a m a g e d  n o n - l a b e l l e d  cel ls  of  t h e  r e c i p i e n t .  T h e  d e c r e a s e  
in  spec i f i c  a c t i v i t y  a t  a l a t e r  t i m e ,  so  f a r  a s  i t  is n o t  a 
r e s u l t  of  c h a n g e s  in  t o t a l  a c t i v i t y  a n d  t h e r e f o r e  of  ce l l  
loss ,  fo l lows  D N A  r e p l i c a t i o n  a n d  t h e r e f o r e  r e g e n e r a t i o n .  

H. S. MICKLEM, C. M. CLARKE, E. P. EVANS and C. E. FORD, Trans- 
plantation 6, 299 (1968). 
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Fig. 5. Specific activity (dpm/~g DNA) as function of post-irradiation 
time (days) in thymus of different strains of mice (AKRO; C57B1 �9 ; 
BALB/e D) injected with 1 • 107 DNA labelled bone-marrow cells 
( ~  25-30 • 103 dpm)immediately after whole-body irradiation with 
650 R. Values given represent means and standard deviation of the 
mean. For the 1 and 4 h period, standard deviation is not shown in or- 
der not to render the design confusing. (It is in the order of ~ 7%.) 
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Fig. 6. Specific activity (dpm/~xg DNA) as function of post-irradiation 
time (days) in bone-marrow of different strains of mice (AKR O; 
C57 B1 �9 ; BALB/c D) injected with 1 • 10 ~ DNA labelled bone-mar- 
row cells (~  45 • 10 s dpm) immediately after whole-body irradiation 
with 650 R. Values given represent means and standard deviation of 
the mean. For the 1 and 4 h period, standard deviation is not shown 
in order not to render the design confusing. (It is in the order of 
~7%.) 

The da t a  p resen ted  indicate ,  therefore ,  t h a t  bone-  
mar row cells are capable  of en te r ing  spleen, bone -mar row 
and  t hym us ,  the  organs being e n u m e r a t e d  in order  of 
impor t ance  of uptake.  Dur ing  the  exper imen ta l  per iod of 
6 days  a cer ta in  pe rcen tage  of the  cells is lost  (70 90%) 
in spleen and  bone -mar row and 50% in t h y m u s  bu t  it  is 
ev iden t  t h a t  ceils lost  by  the  bone -mar row and 50% in 
t h y m u s  b u t  it  is ev iden t  t h a t  cells lost by  the  bone-  
mar row canno t  account  for the  labelled cells in thymus .  
Regenera t ion  dur ing  the  per iod of observa t ion  commences  
in spleen and is mos t  marked  for C 57 B1 and BALB/c  
mice s. 

Zusammen/assung. Knochenmarksze l l en ,  durch  Injek-  
t ion von a t l -Thymid in  in syngenischen  Spendern  mar-  
kiert ,  wurden  in bes t rah l t e  Empf / inger  yon AKR- ,  C 57 B1- 
oder  BALB/c-M~use  injiziert ,  wobei  gr6sste Akt iv i t / i t  in 
der  Milz, d a n n  im K n o c h e n m a r k  und  im T h y m u s  gefun- 
den wurde.  Akt iv i t / i t sver lus t  war  w/~hrend der  6t~gigen 
Beobach tungspe r iode  in Milz und  K n o c h e n m a r k  am 

st~trksten. Auch die Regenera t ion  und  die VerAnderungen 
der  spezif ischen Akt iv i t~ t  der  DNA dieser Organe waren 
bei C 57 B1- und BALB/c-  M~Lusen am ausgepr/ tgtes ten.  
Die mark ie r t en  Spenderzel len  im T h y m u s  scheinen nicht  
von Zellen zu s t ammen ,  die fiber das K n o c h e n m a r k  
dor th in  t r a n s p o r t i e r t  wurden,  sondern  wurden  unmi t t e l -  
bar  vom T h y m u s  aufgenommen.  

G.B. GERBER, A. DECLEVE, J.R. MAISIN,  
A. LISONARD and GH. MATTELIN 

Euratom and Radiobiology Department, 
C.E.N./S.C.K., 
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The Effect of Protein Biosynthesis  Inhibitors upon 
polarization 

The purpose  of the  p resen t  work  was to  s t u d y  the  
effect  of injuries a t  var ious  s teps  of pro te in  b iosynthes is  
process  upon the  d e v e l o p m e n t  of a cellular m e m b r a n e  
hyperpolar iza t ion .  

E x p e r i m e n t s  were conduc ted  on var ious  k inds  of cells, 
such as single muscle  f ibres and neurons  of the  sensomotor  
cor tex  region. The inh ib i t ion  of p ro te in  b iosynthes is  
was reached  by  admin i s t r a t i on  of ac t inomyc in  D (in- 
h ib i t ing  the  synthes is  of messenger  R N A  on s t ruc tura l  
genes);  of pu romyc in  (blocking the  p ro te in  syn thes i s  in 
r ibosomes) ;  of r ibonuclease  (des t roying the  molecules of 
RNA) 1. 

Methods. E x p e r i m e n t s  were pe r fo rmed  on 280 albino 
ra ts  aged 8-10 months .  The m e m b r a n e  po ten t i a l  of muscle 
fibres of the  m. gas t rocnemius  and  of neurons  of the  
sensomotor  cort ical  region was measured  by  micro- 
e lect rodes  in situ, according to the  universa l ly  adop ted  
methods .  The hyperpo la r i za t ion  of m. gas t rocnemius  
f ibers was effected by  i.p. admin i s t e red  insulin (0.16 U/  
100 g of body  wt.), deoxycor t i cos te rone  ace ta te  - DOCA 

the Development of Cellular Membranes  Hyper- 

(500 ~g/100 g), e s t rad io ld ip rop iona te  - E D D P  (100 ag/ 
100 g) and by  the  dene rva t ion  of th is  muscle  (cross- 
sect ion of t he  n. ischiadicus).  Ac t inomyc in  D (ACM-D) 
was admin i s t e red  i.p. a t  a dose of 1-10 ~xg/100 g; puro- 
myc in  a t  a dose of 50-100 txg/100 g; RNA-ase  - 300 vg/ 
100 g. In  the  exper imen t s  wi th  reproduc t ion  of hyper-  
polar iza t ion of the  sensomotor  cor tex  cells, t he  prote in  
b iosynthes is  inhibi tors  were appl ied to the  inves t iga ted  
area wi th  ACM-D (0.5 • 10-5), RNA-ase  (1 • 10-4). For  
inh ib i t ion  of var ious  links of energy  exchange  we used 
sodium fluoride (0.01 M/100 g), mono iodace ta t e  (0.005 
M/100 g), 2, 4-d in i t rophenol  (0.002 M/100 g). 

Results and discussion. Admin i s t r a t i on  of insulin, 
es t rad io ld ipropionate ,  DOCA as well as dene rva t ion  cause 
a d i s t inc t  hyperpo la r iza t ion  of the  muscular  fibres 
(Table I). Admin i s te red  doses of ACM-D, RNA-ase  and 

1 These  e x p e r i m e n t s  were  c o n d u c t e d  in coope ra t ion  wi th  L. A. 
GROMOV, V. G. KOROTONOZHKIN a n d  O . A .  MARTYNENKO. 


