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In expe r imen t s  on Wis ta r  r a t s  weighing 140-150 g using thymid ine-H 3, informat ion  on the 
durat ion of the phases  of the mi to t ic  cycle  of pa r t i cu l a r  types  of bone m a r r o w  ery thro id  ce l l s  
was obtained f rom the curve  of labeled  mi to se s .  The mitot ic  cycle  was found to be length-  
ened during dif ferent ia t ion of e r y t h r o n o r m o b l a s t s .  Its dura t ion  for  e ry th rob la s t s  and for 
basophi t ic  and po lychromatophi l i c  n o r m o b l a s t s  was 7.7, 8.20, and 12.2 h, r e spec t ive ly .  The 
cycle  for the m o r e  m a t u r e  cel ls  was lengthened main ly  on account  of an inc rease  in the p e r -  
ied of DNA synthes is .  

Informat ion on the durat ion of the mi to t ic  cycle  of bone m a r r o w  ery thro id  cel ls  of d i f ferent  spec ies  
of an imals  has  been obtained expe r imen ta l ly  [2, 4, 8, 12]. In r ecen t  y e a r s  dur ing the invest igat ion of the 
kinet ics  of e r y t h r o n o r m o b l a s t  p ro l i f e ra t ion  in the bone m a r r o w  of dogs [11] and r a t s  [10, 17] a t t empts  have  
been made to study the cell  cycle  s e p a r a t e l y  in l e s s  m a t u r e  and m o r e  m a t u r e  f o rms .  Dete rmina t ion  of the 
p a r a m e t e r s  of the cycle  for  individual types  of bone m a r r o w  ery thro id  cel ls  by the l a b e l e d - m i t o s i s  method 
is hampe red  by the difficulty of identifying divis ion f igures .  Never the less ,  such informat ion  is  e ssen t i a l  
for  e s t ima t ing  the r a t e  and c h a r a c t e r  of p ro l i f e ra t ion  in the e ry thropoie t ic  sys t em.  

In the p r e s e n t  invest igat ion the durat ion of the mi to t ic  cycle  and of its pe r iods  was t h e r e f o r e  c a r r i e d  
out s e p a r a t e l y  in e ry th rob la s t s  and basophi l ic  and polychromatophi l ic  no rmob la s t s  in r a t  bone m a r r o w .  

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

Male Wis tar  r a t s  aged 8-10 weeks and weighing 140-150 g were  used. All the an imals  r ece ived  t h y mi -  
d ine-H ~ (specific act ivi ty  2300/~ Ci/g) by  in t ravenous  injection in a dose  of 0.6 p C i / g  at the s a m e  t ime  of 
day. Impr in t s  were  p r e p a r e d  f r o m  the f e m o r a l  a r r o w  30 min and 1, 2, 4, 6, 8, 10, 12, 14, 16 and 18 h a f te r  
inject ion of the isotope.  F ive  an imals  we re  used at each  t ime  of the exper iment .  The impr in t s  we re  fixed 
with methanol ,  coated with type "M" (NIIKhF) liquid emuls ion and exposed in a l ightproof  cupboard  at 4~ 
for  4 weeks.  The au torad iographs  were  developed in amidol  deve loper  at 18~ and fixed in 20% hypo so lu-  
tion. I m m e d i a t e l y  a f t e r  the photographic  p r o c e s s i n g  the impr in t s  we re  s ta ined by the R o m a n o v s k y -  G iemsa  
method (pH of the wa te r  5.2). 

The division f igures  of the e ry t h rob l a s t s  were  identified f r o m  the c h a r a c t e r i s t i c  sa tu ra ted  da rk -b lue  
cy top la sm of these  cel ls ,  with in tense ly  s tained,  d a r k  chromat in .  As a ru le  the dividing e r y t h r o b l a s t  is 
l a r g e r  than the mitot ic  f igures  of other  e ry th ro id  cel ls .  During identification of m i to se s  of the basophi l ic  
and po lychromatophi l ic  no rmob la s t s ,  the deg ree  of basophi l ia  of the cy toplasm,  densi ty  of the chromat in ,  
and s ize  of the cell  and nucleus were  considered.  Division f igures  of p r o n o r m o b l a s t s  could not be  d is t in-  
guished, and the i r  m i t o s e s  were  t h e r e f o r e  counted main ly  together  with m i t o s e s  of e ry th rob l a s t s ,  and some 
of them were  included with mi to t ic  f igures  of the basophi l ic  no rmob la s t s .  
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In the impr in t s  f r o m  each animal  100 mitot ic  f igures  were  counted s epa ra t e ly  in basophi l ic  and poly-  
chromatophf l ie  no rmob la s t s  and 50 m i t o s e s  in e ry th rob las t s .  Labeled and unlabeled cel ls  were  dist inguished 
among the division f igures  and d is t r ibuted  among the phases  of mi tos i s .  A cell  was taken as labeled if at 
l e a s t  five gra ins  of s i l ve r  were  p re sen t  above its nucleus.  A curve  of labeled mi to se s  of e ry th rob la s t  and 
of basophi l ic  and polychromatophi l ic  normoblas t s  was plotted f rom the resu l t s .  

The durat ion of the mi to t ic  cycle  (T) was taken as the t ime  equal to the d is tance  between the c o r r e -  
sponding points  on the ascending por t ions  of the curve  of labeled mi toses  [3]. Since in these  exper iments  
the number  of dividing labeled cel ls  did not fall  lower  than 50%, the t ime of DNA synthes is  (ts) was defined 
as the in terva l  between the middle  of the ascending and descending pa r t s  of the f i r s t  wave of mi to se s .  The 
dis tance  f r o m  the t ime  of injection of thymidine-H 3 to the middle point of the ascending pa r t  of the curve  
co r responded  to the duration of the pos tsynthet ic  per iod (tG~) plus half of mi tos i s  (tM) [1]. The durat ion 
of t M for  the individual cel ls  was de te rmined  f r o m  the t i m e b e t w e e n  the s tage  of middle  p rophase  and the 
s tage of middle  te lophase  on the ascending p a r t s  of the mi tos i s  cu rve s  plotted s e p a r a t e l y  for  each phase  of 
divis ion [9]. The dura t ion  of the p resyn the t ic  per iod {tGl) was calculated by the fo rmula :  

tG, - -  T - - ( t s  + ta, - -  t @ .  

The m e a n  dura t ion  of the mi to t ic  cycle  of individual e ry thropoie t ic  ce l l s  was a lso  de te rmined  f rom 
the r e su l t s  of the i r  label ing with thymid ine-H 3 by  means  of Quas t l e r ' s  equation [15] for  populations in a 
s teady  state.  To find the label ing index in the bone m a r r o w  autoradiographs ,  1000 e ry th rono rmob la s t s  of 
each type were  counted and the pe rcen tage  of labeled cel ls  de termined.  When the mi to t ic  index of the po ly-  
chromatophi l ie  no rmoblas t s  was calculated,  only the i r  p ro l i fe ra t ing  f o r m s  were  cons idered  [5, 111. In this 
expe r imen t  the impr in t s  of the bone m a r r o w  were  p r e p a r e d  30 min a f te r  a s ingle injection of the isotope 
(0.6 p Ci/g) .  
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Fig. 1. Curves  of labeled m i t o s e s  of e ry th rob las t s  (I) and basophi l ic  
(I1) and polychromatophi l ic  {II1) normoblas t s .  Abscissa ,  t ime  a f te r  
injection of thymidine-H3; ordinate,  pe rcen tage  of labeled division 
f igures .  

TABLE 1. P a r a m e t e r s  of Mitotic Cycle 
of Erythropoie t ic  Cells  of Rat Bone 
Mar row  

T (in 
Type of cells 

h) 

7,7 

8,2 

12,2 

Period of cycle (in h) 

Gt S G2 M 

2,5 4,2 0,57 0,43 

2,2 4,8 0,53 0,67 

3,3 7,4 0,84 0,66 

.:~ythroblast 
34sophilic normo- 

DidSt. 
polvchromato- 
pffilie normo- 
Mast 

TABLE 2. Durat ion of Generat ion P e r -  
iod (T) of Bone Mar row Erythropoie t ia  
Cells Determined  by Different Methods 

li * *~ Labeling 
Type of cells ~ ~ index(in 

i ~ . ~  .. I peroenO 

Erythroblast . . . . . . .  7,7 6,1 69,6---+2,4 
Basophilic normoblast. [ 8,2 7,0 68,2~2,2 
Pnlyehromatophilic 

normoblast . . . . . . .  12,2 19,0 39,0• 
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E X P E R I M E N T A L  R E S U L T S  

Data for  the durat ion of the per iods  of the mitotic cycle  of individual types of e ry th ronormoblas t s  a re  
given in Fig. 1 and Table 1. Most of the cycle in these cel ls  was accounted for by the  per iod  of DNA synthe-  
sis,  which for the e ry th ronormoblas t s  was 55-60% of the durat ion of the cycle.  About one- th i rd  of the cycle  
was occupied by the presynthe t ic  per iod.  The shor tes t  per iod was that of mitosis  itself.  Ery thro id  cel ls  of 
d i f ferent  degrees  of matur i ty  did not differ  in thei r  t M value, which was 5.5-8% of the durat ion of the mitot ic  
cycle.  The per iods  of prophase,  metaphase ,  anaphase, and telophase of these cel ls  accounted for  25, 45, 20, 
and 10~ of the durat ion of mitosis ,  respect ively .  

The lengthening of the cycle  of the erythropoie t ic  ce l ls  as they differentiated will be noted. The ra t io  
between T fo r  e ry th rob la s t s  and basophilic and polychromatophil ic  normoblasts  was 1: 1.1: 1.6. The in- 
c r ea se  in duration of the cycle of the more  mature  erythroid  cel ls  took place chiefly on account of t s. The 
increase  in the values of tG~ and tG~ during matura t ion  of the e ry th ronormoblas t s  was l ess  marked.  

The observed  increase  in durat ion of the mitot ic  cycle  in the se r i e s  f rom e ry th rob las t  to po lychroma-  
tophilic normoblas ts  probably  re f lec t s  slowing of pro l i fe ra t ion  during different iat ion of the cells .  Monette 
et al. [13] found that the ra te  of p ro l i fe ra t ion  in young e ry thro id  cel ls  in ra t s  is five t imes  g rea t e r  than in 
more  ma tu re  cells ,  while t S for  l e ss  di f ferent ia ted cells  in 2.5 t imes  sho r t e r  than for l a t e r  stages.  Some 
increase  in the durat ion of t S and, correspondingly,  of T in the t ransi t ion f rom less  to m o r e  ma tu re  e ry th -  
roid ce l l s  in r a t s  was observed by Hanna et al. [10], but the dif ference which they found was much less  
than the d i f ference  observed  by the previous  invest igators  and in the exper iments  now d e s c r i e d .  

A marked  inc rease  in the durat ion of the mitot ic  cycle  during maturat ion of ce l ls  has also been es tab-  
l ished for  granulocytes  of the bone mar row  in ra t s  [7] and dogs [14]. 

The cha rac t e r  of the curves  of labeled mi toses  obtained for the e ry th rob las t s  and basophil ic and poly-  
chromatophfl ic  normoblas t s  indicates d i f ferences  in the ra tes  at which cel ls  of the same type pass  through 
the per iods  of the cycle.  Variabi l i ty  of p a r a m e t e r s  of the cycle for bone m ar ro w  e ry th ronormoblas t s  have 
also been mentioned by other  worke r s  [11]. In connection with d i f ferences  in the ra te  of passage of cel ls  
of the same population through the mitot ic  cycle,  the duration of the mitotic cycle of e ry th ronormoblas t s  
calculated by Quas t le r ' s  equation is probably  inaccurate .  The m o re  heterogeneous the cell  population studied, 
the g rea t e r  the poss ib le  e r r o r .  Values of T for  e ry thropoie t ic  ce l ls  found by the labeled mi toses  method, as 
well as its values calculated f rom the labeling fildex and t S by means  of Quas t le r ' s  equation ~15, 16], a re  
given in Table 2 for  compar ison.  The durat ion of the cycle de termined  by these  methods d i f fered by  25 and 
17% for  e ry th rob las t s  and basophil ic normoblas ts ,  respec t ive ly .  The calculated durat ion of the cycle  of the 
polychromatophi l ic  normoblas t s  was 55% g rea t e r  than the value of T obtained exper imenta l ly  f rom the la-  
beled mi tos is  curve.  The fact  that the pro l i fe ra t ive  pool of these  normoblasts  is 100% [6] suggests  that the 
observed inc rease  in T was not due to that par t  of the cell population which was outside the cycle.  
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