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The pro l i fe ra t ive  pool of f ibroblas ts  in 7-day and 12-day explants  of guinea pig bone m a r r o w  
under  monolayer  cultivation conditions was below 100%, amounting to about 88% for  7-10 day, 
cu l tures  and 78% for  12-15 day cul tures .  The dura t ionof the  mitot ic  cycle of the f i b r o b l a s t s w a s  
about 40 h, and the duration of the S-per iod  was one -qua r t e r  of this t ime ,  i .e. ,  8-10 h. 

It was shown previous ly  [2-4] that  during monolayer  cultivation of guinea pig spleen and bone m a r r o w  
cel ls ,  d i sc re te  colonies or  clones,  consist ing of f ib rob las t s ,  a re  f o rmed  in the cul tures .  Toward  the 10th 
day of cultivation these  colonies become large  enough to be seen with the naked eye,  and they continue to 
grow intensively until they fuse  into a continuous monolayer .  

The o b j e c t i v e o f t h e p r e s e n t  i nves t i ga t i onwas t e  de te rmine  the duration of the mitot ic  cycle of the cel ls  
in the colonies with the a id  of thymidine-H ~ sa tura t ion curves  and to de te rmine  the p ro l i fe ra t ive  pool in 
the colonies. 

E X P E R I M E N T A L  M E T H O D  

A suspension of bone m a r r o w  cel ls  f r o m  the f e m o r a  of guinea pigs (weighing 100-200 g) was p r ep a red  
as descr ibed  prev ious ly  [3]. The resul t ing  suspension was grown in penicil l in f lasks  with cover  s l ips  in 
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Fig. 1. Curve of sa tura t ion with 
thymidine-H a of f ib rob las t s  f o r m -  
ing foci in 12-day culture s of guinea 
pig bone mar row .  Absc i s sa ,  t ime 
of incubation of cu l tures  in medium 
containing thymidine-H 3 (in h); o r -  
dinate,  number  of l abe led f ib rob las t s  
(in %). 

a med ium of the following composit ion:  medium No. 199 80%, 
bovine s e r u m  20%, penicil l in and s t rep tomycin  100 un i t s /ml  of 
each.  Each f lask was charged with 4 "106-6 �9 106 nucleated m a r -  
row cells  in 2 ml medium.  

The f i r s t  change of med ium took place 24 h a f te r  t r a n s -  
plantation, and it was subsequently changed eve ry  3-4 days as 
i ts  pH changed. 

On the 7th and 12th days of cultivation, at the same t ime 
as the medium was changed, thymidine-H 3 with a specif ic  ac -  
t ivi ty of 1.9 C i /mmole  was added to the cul tures  in a concen-  
t ra t ion  of i pC i /ml .  La te r ,  thymidine-H 3 was added to the cul-  
ture  med ium once dai ly .  

At var ious  t imes  a f t e r  addition of the isotope,  the cul tures  
were  washed and fixed with 96 ~ ethanol. After  t r ea tmen t  with 
3% pe rcb lo r i c  acid, the cul tures  were  coated with type M liquid 
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TABLE 1. Relationship between Number  of Labeled F ib rob las t s  in 
7-Day Cultures  and Duration of Incubation with Thymidine-H ~ 

Duration of incubation with thymidine-H s (in h) 
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TABLE 2. Relationship between Number  of Labeled  F ib rob las t s  in 
12-Day Cul tures  and Duration of Incubation with Thymidine-H 3 

�9 Duration of incubation with thymidine-H 8 (in hi 
0,25 0.5 ] 2 J 6 24 48 I 79 ' 

j , No. of labeled cells (in %) 18,2 

Standard deviation (o) 4,2 
40 59 

7,1 8,6 

73 [ 78 

5,6 1,4 

TABLE 3. Determinat ion of 
Duration of Mitotic Cycle of 
F ib rob la s t -L ike  Cells  in 7-10 
Day Cultures  (Np=88%; Ns=  
18%). 

(in h) aN (!ha]o) a r (in h) 

3,5 
4 
4 

15,5 
11,5 
7,5 
8 

12 
8 
4 

8 
6 

15 
48 
33 
14 
25 
40 
34 
19 

0,019 
0,0125 
0,031 
0,026 
0,025 
0,017 
0,026 
0,028 

0,O355 
0,038 

36,3 
55,2 
22,6 
26,2 
27,6 
44,5 
26,5 
24,6 
19,4 
18,2 

Tmean=30 .1  h, ~=3.6 .  
Note. For  meanings  of l e t t e r s  
in Tables  3 and 4, see text .  

TABLE 4. Determinat ion of 
Duration of Mitotic Cycle of 
F ib rob la s t -L ike  Cells  in 12- 
Day Cultures (Np=78%; Ns= 
18%). 

At aN(in~o) (in h) a r (in h) 

1,5 
4 

5,5 
25,5 
2,2 

2,1 
8,7 

10,8 
29,8 
27,7 

0,012 
0,020 
0,018 
0,017 
0,013 

53,0 
34,5 
38,3 
40,6 
53,0 

Tmean=43 .4  h; cr=4.4. 

emuls ion and exposed for  5 days.  Af ter  development ,  the au toradio-  
graphs  were  stained with C a r a z z i ' s  hematoxyl in ,and the percentage  of 
labeled f ib rob las t s  and, in some cases ,  the percentage  of labeled his t io-  
cytes  also,  were  e s t ima ted  in the fool. Ceils  were  r ega rded  as labeled 
if they contained no fewer  than five s i lve r  g ra ins  over  the i r  nuclei,  above 
the background level ,  but as a rule  the intensi ty of labeling was f a r  
higher than this .  In each  specimen 200-500 ce l l s  were  counted, and 
a l together  about 100 explants were  used. 

The duration of the mitot ic  cycle of the f ib rob las t s  was de t e r -  
mined by means  of approximate  equations developed for  an exponential ly 
growing cell  population [1]: 

ln2 r = - -  a ' 

where a =AN/(Ns +Np)At; T is  the duration of the cycle;  N the inc rease  
in number  of labeled cel ls  (in %) during t ime  At; Ns the percentage  of 
cel ls  in the S-per iod (i.e.,  incorpora t ing  thymidine-H 3 during isotope 
labeling); and Np the s ize of the p ro l i fe ra t ive  pool (in %). 

E X P E R I M E N T A L  R E S U L T S  

In the 7-day cul tures  the sa turat ion of the f ib roblas t s  in the foci 
with thymidine-H 3 reached  a m a x i m u m  between 28 and 32 h. With a 
fu r ther  inc rease  in the duration of incubation with thymidine-H 3 the 
number  of labeled cel ls  did not inc rease  but r ema ined  at a mean level  
of 88% (Table 1). By the 12th day of cultivation the pro l i fe ra t ive  pool 
of this population in the foci consist ing of f ib roblas t s  was a lit t le s m a l l e r  
namely about 78% (Fig. 1; Table 2), and sa tura t ion was reached  a f te r  
about 48 h. 

The length of the mitot ic  cycle of the f ib rob las t - l ike  cel ls ,  de-  
t e rmined  on the bas is  of the r e su l t s  in Tables  3 and 4, was about 30 h 
for  the 7-day  cul tures  and about 43 h for  the 12-day cul tures .  

The saturat ion curve for  the 7-day cul tures  r eached  a plateau 
af ter  32 h. This per iod of t ime  must  co r respond  to T - T  s (where T is 

the duration of the mitot ic  cycle and Ts the length of the S-period) .  The propor t ion  of cei ls  in the S-per iod 
(Ns) is equal to the isotope labeling index. If incubation with thymidine-H 3 for  15 min is equated with i so-  
tope labeling,  Ns for  the f ib rob las t s  in the cotonies is 18% (Tables 1 and 2). According to Quas t l e r ' s  equa-  
tion [5], Np/T=Ns/T s, whence T s = ( N s / N  p) T=18%/88% .T=20% T. Sine T - T s = 3 2  h, we obtain T = 4 0  h. 

820 



Hence the duration of the mitot ic  cycle (T), de te rmined  on the bas is  of the t ime  taken for  the sa tu -  
rat ion curve (Table 1) to r each  a plateau,  is 40 h. 

In some cases  the percentage  of labeled his t iocytes  also was de termined.  This ca tegory  included 
cells  s i m i l a r  to mac rophages ,  h is t iocytes ,  and re t i cu lum cel ls  in the i r  morphology.  With increas ing  age 
of the cul tures  the p ro l i fe ra t ive  act ivi ty  of the h is t iocytes  d e c r e a s e d  apprec iab ly .  For  instance,  in the f i r s t  
24 h, 23.2% of the his t iocytes  were  labeled,  but only 10.97o in the second day, 8% in the th i rd ,  and 1.570 in 
the sixth day. 

The rapid  inc rease  in size of the colonies in the course  of cultivation suggested that the cel ls  in the 
colonies were  in a state of act ive pro l i fe ra t ion  [2]. A study of thymidine-H 3 incorporat ion conf i rmed  this 
suggest ion.  In 7-day  cul tures  with an isotope labeling index of 18%, sa tura t ion  o c c u r r e d  a f t e r  32 h, when 
the labeling index had reached  9070. In 12-day cul tures  with the same  isotope labeling index, sa tura t ion  
occu r r ed  a f t e r  about 48 h (labeling index at sa tura t ion  787O). 

The mean duration of the mitot ic  cycle of the f ib rob las t s  in the colonies,  de te rmined  f r o m  the sa t -  
urat ion cu rves ,  was about 30 h fo r  the 7-day cul tures  and about 40 h for  the 12-day cul tures ,  in ag reemen t  
with the r e su l t s  obtained by measu r ing  the t ime  requ i red  fo r  the number  of f ib roblas t s  in the foci to double 
i tself  [2]. 

The fact  that  the p ro l i fe ra t ive  pool in the 7-  and 12-day cul tures  was l e s s  than 1007O and that it was 
somewhat  lower  in the 12-day than in the 7-day cul tures ,  may  indicate that some cei ls  in the colonies aban-  
don the state of pro l i fe ra t ion  as  the colonies grow. This  question requ i res  specia l  examinat ion.  

The number  of f ib rob las t - l ike  ce l l s  incorpora t ing  thymidine-H 3 during isotope labeling (15 min) and 
the size of the p ro l i fe ra t ive  pool of the population can be used to e s t ima te  the duration of the S-per iod of 
these  cel ls .  It was found that the approx imate  duration of the S-per iod  is one -qua r t e r  of the total  duration 
of the cycle ,  i .e . ,  8-10 h. 

The pro l i fe ra t ive  act ivi ty of the h is t iocytes  fal ls  sharp ly  with increas ing  age of the cul tures ,  and this 
is accompanied  by a para l le l  dec rea se  in the re la t ive  propor t ion  of his t iocytes  among the cul t ivated cel ls .  
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