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In  o t h e r  words,  t he  f r ac t ion  of p ro l i fe ra t ing  cells w i t h i n  
t he  t o t a l  cell s y s t e m  can  be  o b t a i n e d  b y  e x t r a p o l a t i o n  of 
t he  l inear  f unc t i on  to t he  o rd ina t e  ; and  t he  cell cycle t ime  
can  be  e s t i m a t e d  b y  e x t r a p o l a t i o n  to  t he  abscissa.  Fu r -  
t he rmore ,  as s t a t e d  above ,  for t = tnp, t he  f r ac t ion  of 
label led  ceils is equa l  to  1. Thus ,  t h e  in te r sec t ion  of 
t he  l inear  f unc t i on  w i t h  t he  100% level  will yield tn~. 
These  p roper t i e s  of e q u a t i o n  I I I  are shown  g raph ica l l y  
in F igure  2. Since, in c o n t i n u o u s  labe l l ing  expe r imen t s ,  
t he  e n t r a n c e  of label led  ceils in to  t he  non-p ro l i f e r a t ing  
c o m p a r t m e n t  does n o t  s t a r t  i m m e d i a t e l y  a t  t = 0 as 
a s sumed  above ,  b u t  on ly  a f t e r  tge +tin,  t he  l inear  f unc t i on  
w i t h  t he  p rope r t i e s  of e q u a t i o n  I I I  call be  o b t a i n e d  b y  
sh i f t ing  all e x p e r i m e n t a l  d a t a  b y  the  va lue  of tg~+tm to 
t he  left. 

For  t he  sake  of s impl ic i ty ,  in  the  above  ca lcu la t ions  
v a r i a t i o n s  of cell cycle p a r a m e t e r s  were d is regarded.  Con- 
s ider ing  such  va r i a t ions ,  e q u a t i o n  I I I  r em a i ns  va l id  for 
t he  o b s e r v a t i o n  per iod  ( t~-  t~) ,~a~ -< t < tn~ mi~, if tc is re- 
p laced  b y  t he  a r i t h m e t i c  m e a n  of to. Accordingly ,  t he  in-  
t e r sec t ions  of t he  e q u a t i o n  will t h e n  yield t h e  m e a n  
va lues  of t h e  cell cycle pa r am e t e r s .  

Experimental results. The  t h e o r y  ou t l ined  a b o v e  was 
appl ied  to mouse  granulocytopoies i s .  6 B a l b / c  mice 
(24 28 g) were in jec ted  w i t h  a H - T d R  (1 ~Ci/g b o d y  
weight)  a t  8-h i n t e rva l s  to  ensure  t h a t  all cells p roduced  
w i t h i n  t he  e x p e r i m e n t a l  per iod  were labelled.  P rev ious  
e x p e r i m e n t s  h a d  s h o w n  t h a t  s ign i f ican t  n u m b e r s  of 
label led  g ranu locy te s  do n o t  a p p e a r  in  t h e  c i rcu la t ion  u p  
to 50 h a f t e r  t he  f i rs t  i n j ec t ion  of 3H~TdR ( =  m i n i m u m  
t r a n s i t  t ime  t h r o u g h  t he  n o n - d i v i d i n g  m a r r o w  pool). 
Hence,  an ima l s  were ki l led a t  10, 20, 30, 40 a n d  50 h, 
f emora l  m a r r o w  was r e m o v e d  a n d  processed for au to-  
r ad iog raphy .  The  p e r c e n t a g e  of label led g ranu locy t i c  
m a r r o w  ceils was  scored a f te r  a d e q u a t e  exposure  t ime  
a n d  Giemsa  s t a in ing  b y  e v a l u a t i n g  500 ceils i r respec t ive  
of t he i r  s tage  of m a t u r a t i o n .  

The  resu l t s  o b t a i n e d  are shown  in F igure  3. E a c h  po in t  
on  t he  g r a p h  r ep resen t s  the  m e a n  va lue  of 6 animals .  A 
l inear  increase  of t he  p e r c e n t a g e  of label led g ranu locy t i c  
m a r r o w  cells was  obse rved  be t w een  10 and  50 h, con- 
f i rming  t he  t h e o r y  deve loped  above.  E x t r a p o l a t i o n  of the  
e x p e r i m e n t a l  cu rve  to  t h e  abscissa  and  to  t he  100~o level 
gave  va lues  for lc of 14 h and  for t,~ of 66 h, respect ively .  
The  re la t ive  size of t he  p ro l i fe ra t ing  pool, o b t a i n e d  f rom 
the  o rd ina t e  a t  ! --  0, was  18~o. F r o m  t he  in i t ia l  p a r t  of a 

P L M - e x p e r i m e n t ,  tg,~ + tm for m a r r o w  granu locy topo ies i s  
was  e s t i m a t e d  to be  2 h. In  cor rec t ing  for tg~ + t m  in the  
way  descr ibed  above ,  t he  f inal  e s t ima te s  were tc = 16 h, 
t,~p = 64 h and  re l a t ive  size of p ro l i f e ra t ing  cell pool  = 
20% (do t ted  line, F igure  3). 

Discussion. The  m e t h o d  i n t r o d u c e d  here  for d e t e r m i n a -  
t ion  of va r ious  k ine t ic  p a r a m e t e r s  of p ro l i fe ra t ing  cell 
sy s t ems  is genera l ly  app l icab le  u n d e r  s t e a d y  s t a t e  con-  
d i t ions  as long as t he  m i n i m u m  t r a n s i t  t i m e  t h r o u g h  t he  
non -p ro l i f e r a t i ng  cell c o m p a r t m e n t  cons ide rab ly  exceeds 
t h e  va lue  of tc - t,. Compared  to  t he  P L M - m e t h o d ,  th i s  
a l t e r n a t i v e  a p p r o a c h  shows a n u m b e r  of advan t ages .  
Because  of tile l inear  r e l a t i onsh ip  descr ibed  b y  e q u a t i o n  
I I I ,  on ly  2 samples  t a k e n  f rom the  cell sy s t em u n d e r  in- 
v e s t i g a t i o n  du r ing  c o n t i n u o u s  ava i l ab i l i t y  of a H - T d R  
are needed  to o b t a i n  e s t ima te s  for t he  cycle t ime,  t he  
p ro l i fe ra t ing  f r ac t ion  a n d  the  t r a n s i t  t ime  t h r o u g h  t he  
non-p ro l i f e r a t ing  pool. If, in add i t ion ,  t he  pe rcen t age  of 
label led  cells 1 h a f te r  in j ec t ion  of a H - T d R  is d e t e r m i n e d  
(flash label l ing  index) ,  ca lcu la t ion  of D N A  syn thes i s  t ime  
is also possible.  Thus ,  3 biopsies  m a y  give as m u c h  in- 
f o r m a t i o n  as a comple t e  P L M  e x p e r i m e n t  r equ i r ing  be- 
tween  10 a n d  20 t i ssue  samples .  Moreover ,  in some si t  
ua t ions ,  where  P L M  e x p e r i m e n t s  fail  to  give c l ea rcu t  re- 
sults,  t h e  c o n t i n u o u s  label l ing  m e t h o d  r ema ins  appl i -  
cable.  W h e n e v e r  second waves  of label led  mi toses  are 
n o t  obse rved  a f t e r  f lash  labell ing,  i t  seems wor thwi l e  to  
i nves t i ga t e  t he  cell s y s t e m  in ques t i on  u n d e r  c o n t i n u o u s  
ava i l ab i l i t y  of ~ H - T d R  in order  to  f ind  ou t  w h e t h e r  a 
l inear  increase  of t he  p e r c e n t a g e  of label led ceils can  be  
d e m o n s t r a t e d ,  wh ich  allows app l i c a t i on  of t h e  t h e o r y  
deve loped  above .  E a r l y  r eu t i l i za t ion  of label led DNA,  a 
process  wh ich  m a y  lead to a fa i lure  of P L M  expe r imen t s ,  
does n o t  in te r fere  w i t h  t he  c o n t i n u o u s  label l ing  me thod .  
Thus ,  in  mouse  granulocytopoies i s ,  a p l a t e a u  cu rve  of 
label led  mi toses  a t  100~o was obse rved  a f t e r  a single in- 
j ec t ion  of ~H-TdR due to t r a c e r  reu t i l i za t ion ,  a n d  in- 
f o r m a t i o n  a b o u t  cell cycle p a r a m e t e r s  was  res t r i c ted  to  
lg 2 + t ~  in t h a t  e x p e r i m e n t  4. B y  a c o n t i n u o u s  labe l l ing  ex- 
pe r imen t ,  however ,  i t  was  possible  to  o b t a i n  i n f o r m a t i o n  
a b o u t  t he  cell cycle t i m e  of the  p ro l i f e ra t ing  cells a n d  the  
p ro l i fe ra t ing  cell f r ac t ion  in th i s  r enewal  sys tem,  as de- 
m o n s t r a t e d  in t he  e x p e r i m e n t a l  p a r t  of th i s  c o m m u n i c a -  
t ion.  

4 D. GERECKE, unpublished observation. 
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