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The curve of labeled lipids (administration of thymidine-H 3) was used to determine the 
duration of the mitotic cycle and its periods for individual types of granulopoietic cells 
in male Wis tar  ra ts  weighing 150 g. In the m y e l o b l a s t - p r o m y e l o c y t e - m y e l o c y t e  ser ies  
the duration of the cycle increased from 11-12 h to 14.5 h, the duration of the S period 
f rom 6.0-7.0 h to 8.5 h, while the M periods were unchanged. 

Measurement  of the temporal  pa ramete r s  of the mitotic cycle of granulopoietic cells gives a more  
complete picture of the kinetics of cell populations of the hen~latopoietic t issue. The use of autoradiography 
has provided much g rea t e r  opportunities for the investigation of hematopoiesis.  This method can be used 
to determine periods of the mitotic cycle not only for the whole bone mar row population [7, 9] or of its in- 
dividual ser ies  [2, 4], but also for each type of cell within the ser ies .  Only sporadic and incomplete in- 
format ion is available on the total duration of the mitotic cycle of individual human and mammal ian  g ran-  
ulocytes [5, 7, 9, 101. 

With r ega rd  for the importance of the study of the prol iferat ion kinetics of hematopoietic cells, it 
was decided to determine the duration of the mitotic cycle and its periods for individual types of granulopoi- 
etic cells in the rat .  

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

Male Wistar  ra ts  weighing 150 g received a single intravenous injection of t r i t ia ted thymidine (spe- 
cific activity 2.3 Ci/g) in a dose of 0.6 pCi /g  body weight. The animals were sacr i f iced  five at a t ime at 
definite t ime intervals  during the 24-h period. Impress ion  films of the mar row were  obtained f rom both 
femora ,  fixed with methyl alcohol, and coated with type M (NIIKhIMFOTO) f ine-gra in  emulsion. Exposure 
lasted six weeks. After development in amidol developer and fixation in 20% sodium thiosulfate, the spec-  
imens were stained by the R o m a n o v s k y - G i e m s a  method. To obtain the curve of labeled mitoses  100 mi-  
totic f igures were counted separate ly  for  myeloblasts ,  promyelocytes ,  and myelocytes  in the autoradio-  
graphs of the bone marrow of each animal, and their phase distribution was determined. A cell undergoing 
mitosis  was considered to be labeled if it had above it more  than four or five gra ins  of si lver.  

It is not par t icular ly  difficult to identify dividing granulopoietic cells. Their  chief morphological  fea-  
tures are  p rese rved  during mitosis .  The dividing myeloblast  has a delicately stained chromatin,  a non- 
homogeneous blue cytoplasm, and its volume is small  compared with the nuclear  mass .  The promyelocyte  
in any stage of division is the l a rges t  cell of the granulopoietie ser ies ,  but its size is inconstant. Its m o r -  
phology, on the other hand, is very  typical, for  its nuclear chromatin is more  deeply stained than that of 
the myeloblast ,  its cytoplasm is of considerable volume and moderately basophilic, and it contains the char -  
acter is t ic  promyelocyte  granulation. In autoradiographs of the dividing myelocyte the chromatin is deeply 
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T A B L E  1. Dura t ion  of Pe r i ods  of Mitotic Cycle  fo r  R a t G r a n u l o p o t -  
et tc  Cel ls  

Myeloblast 
Promyelocyte 
Myelocyte 

. ~ s o ,  r i s .  lo0 r 
(rain) (min) (h) (h) (h) F-- 

45 
45 
45 

45 
45 
45 

6,0--7,0 
8,0 --8,5 

8,5 

3,5--4,0 
2,5 
4,5 

11,0--12,0 I 55---56 
12,0--12,5 67--68 

14,5 61 

~. % T % ~ T  > t 
/oo L~..r---~L . ~ . . - /oo ~ 1oo 
80 ! _ S  .~.. . : ":'~: 80 ; t �9 �9 80 
70 7o 70 
8O 60 60 
50 50 50 
40 4.0 ~0 
30 30 30 
20 20 20 
1o 1o IO 

~ ......... ~ . . . . . . . . .  d~- ......... 

0/2 ~ 6 8 I0121~181820 012 ~ 6 8 I0121~101828 012 ~.8 8 I0121~181820 
a b c 

Fig. i. Curves of labeled mitoses of myeloblasts (a), promyelocytes 
(b), and myelocytes (c). Abscissa, time after administration of thy- 
midine (in h); ordinate, number of labeled mitoses (in %). 

stained, and the weakly basophilic cytoplasm contains clear, fine myelocyte granules. The dividing gran- 
ulopoietic cell is slightly larger than the interphase cell. 

The duration of the periods of the mitotic cycle was determined graphically [ii]. Curves of labeled 
mitoses were drawn for each type of cell (Fig. i). In these experiments the duration of mitosis M cor- 
responded to the time from the appearance of labeled prophases to the appearance of label in the cells at 
the reconstruction stage, i.e., in cells just completing cytokinesis; the premitotic or G2-period corres- 
ponded to the interval from administration of thymidine-H 3 to the appearance of the first labeled prophases. 
The mean duration of the synthetic period S was taken as the time during which over 50% of labeled mi- 
toses was observed. Since the curve of mitoses for the myeloeytes in these experiments differed consid- 
erably from Quastler's classical curve, the method used was unsuitable for estimation of the S-period 
of these cells. Accordingly, besides Quastler's method [11], the time from the middle of the rising curve 
to the middle of the falling curve of the first wave of labeled mitoses was also taken as the mean duration 
of the synthetic phase. The duration of the mitotic cycle was estimated from the time interval between 
the two maxima of labeled mitoses and also from the time between the middle of the rising slope of the 
first wave of mitoses to the middle of the rising slope of the second wave. The duration of S and T for the 
myeloblasts and promyelocytes was determined by both methods, and S and T for the myelocytes by one 
method. The duration of the presynthetic period G I was determined from the formula" G I = T-(M +G 2 +S). 

E X P E R I M E N T A L  RESULTS 

In these experiments labeled prophases of all granulopoietic cells were found 45 rain, and labeled 
ceils in the stage of reconstruction 1.5 h after administration of thymidine. Consequently, the shortest 
duration of mitoses for all three types of ceils was 45 min. Knowing the relative proportions between the 
phases of mitoses it was easy to determine the duration of each phase of mitotic division of the myeloblasts, 
promyelocytes, and myelocytes. The duration of prophase for these cells was 30, 25, and 17% of the total 
duration of mitosis respectively, and the corresponding figures for metaphase were 44, 52, and 58%, ana- 
phase 20, 17, and 20%, and telophase 6, 6, and 4%. If the duration of mitosis was the same for all three 
types of cells, in the course of their maturation the duration of prophase was shortened while that of recta- 
phase was lengthened. The same pattern has been found by other workers [i]. 

The temporal parameters of mitotic cycles of the rat granulopoietic cells are given in Table i. The 

numbers reflect results obtained by the two methods described above. 

Comparison of the mitotic cycles of the granulopoietic cells showed certain regular features, ap- 
proximately equal durations of the M- and G2-periods for all three types of cells; lengthening of the S-phase 
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and the whole cycle  T as matura t ion  of the granulocytes  took place.  The synthetic  per iod occupied the 
l a r g e s t  pa r t  of the whole cycle  of the p romye locy tes .  The shor tes t  duration of the Gl -phase  was obse rved  
in these s a m e  cel ls .  The synthetic per iod in granulocytes  (in the p re sen t  exper iments )  and in eryth~oid 
cel ls  of r a t s  [13] is the longest  par t  of the mitot ic  cycle (over 50% of its duration). S imi lar  propor t ions  
have been obse rved  for  human and dog granulocytes  [3, 9, 10]. By compar i son  with f igures  given by Cron-  
kite et al.  [5, 12], the following conclusion can be drawn: the ra t io  S /T  for  h e m o c y t o b l a s t s - m y e l o e y t e s  
d e c r e a s e s  during ma tu ra t ion  of the cel ls .  Zos imovskaya ,  who invest igated the myeloid  s e r i e s  as a whole 
[2], and Ohka Koiti  [8], who studied human bone mar row,  obtained r e su l t s  indicating that the g r e a t e r  pa r t  
of the mitot ic  cycle is taken up by the G p e r i o d  and that only 30% of its duration co r responds  to the S-phase.  
The r e su l t s  obtained for  the individual hematopoiet ic  cel ls  a r e  unquestionably m o r e  exact .  However,  the 
p a r a m e t e r s  of the mitot ic  cycles  for  hematopoie t ic  cel ls  may differ  in different  spec ies ,  and this may be 
respons ib le  for  d i f ferences  in the sensi t iv i ty  of the hematopoiet ic  s y s t e m  to the act ion of var ious  fac to rs .  
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