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The durat ion of per iods  of the cel l  cycle  and the s ize  of  the p ro l i fe ra t ive  pool were  studied 
by au toradiography with thymidine-H ~ in car t i lage  cei ls  of the fibula in 12-day mouse e m -  
bryos  homozygous for  the mutant  gene b rachypod i sm-H (bpH). The total durat ion of the 
cycle  in car t i lage  cel ls  of bpH/ bp  H embryos  was 4 h longer  than normal ly ,  la rge ly  on a c -  
count of  an i nc rea se  in the combined durat ion of the G 1- and M-phases .  The S-phase  also 
was increased  in the mutants ,  but not s ignif icantly (by 45 min). The pro l i fe ra t ive  pool of 
car t i lage  cel ls  was g r e a t e r  in bpH/bp H than in +/+ e m b r y o s .  
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P ro l i f e r a t ion  and dif ferent ia t ion of cel ls  a re  c lose ly  interconnected p r o c e s s e s .  Recently,  g rea t  a t -  
tention has been paid to the study of the link between them [1, 3, 4, 7]~ Car t i lage  t i ssue ,  in whichthe t r a n s i -  
tion of the cel ls  to speci f ic  synthes is  is compara t i ve ly  eas i ly  detectable  by a number  of morphological  or  
h i s tochemica l  f ea tu res ,  a re  a convenient  objec t  for  studying the mutual dependence of pro l i fe ra t ion  and 
dif ferent ia t ion.  In mouse  embryos  homozygous for  the b rachypod i sm-H (bp H) gene the anlage of the fibula 
a t  the end of  the 12th day of embryogenes i s  is reduced in s ize [6]. Considerable  delay in the different iat ion 
of the ca r t i l age  cel ls  in this bone, speci f ica l ly  in the i r  hyper t rophy,  is observed  by the 13th day of e m -  
bryonic  development .  The fibula of 13--day bpH/bp H embryos  differs  f rom normal  in the absence of me ta -  
c h r o m a s i a  of the ground substance;  this is evidence of absence  o r  a ve ry  smal l  quantity of acid mucopoly-  
s a c c h a r i d e s ,  the specif ic  products  of car t i lage  cel ls  [5]. 

The object  of this invest igat ion was to study the p ro l i f e ra t ive  act ivi ty of the car t i lage  cel ls  in the 
fibula of bpH/bp H mouse  e m b r y o s .  

EXPERIMENTAL METHOD 

The durat ion of per iods  of the cell  cycle and the s ize of  the p ro l i fe ra t ive  pool in the fibula of 12-day 
b p H / b p  H mouse em bryos  were  invest igated by autoradiography with thymidine-H3. E m b r y o s  at  the same 
t imes  of deve lopment  f r o m  norma l  (+/+) mice were  used as the control .  Embryos  of both genotypes of 
equal s i zes  we re  taken.  To de t e rmine  the duration of the per iods  of  the cell  cycle graphs  of the change in 
pe rcen tage  of labeled mi toses  at  va r ious  t imes a f t e r  a single injection of thymidine-H 3 were  plotted by the 
method of Quast ler  and Sherman  [8]. The durat ion of the per iods  of  the cell  cycle were  de termined in the 
usual  way [2, 4]. Thymidine was injected into p regnan t  (12 days) bpH/bp H and + / +  mice in t raper i tonea l ly  
i n a d o s e o f 3 p C i / g .  The an imals  were  killed l h ,  l h  15 min,  l h 3 0  min,  2 h ,  2 h 3 0  rain, and 3 h a f t e r  
the injection and the rea f t e r  hourly for  30 h a f t e r  the single injection of thymidine.  No f ewer  than five e m -  
b ryos  of each genotype were  taken at each t ime.  
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To de te rmine  the p ro l i fe ra t ive  pool,  pregnant  +/+ and bpH/bp H mice were  given 8 injections of thy-  
midine-H s in a dose of 3 ~Ci /g  at  in terva ls  of 5 ho The animals  were  killed 1 h a f te r  the las t  injection. 
The pe rcen tage  of labeled nuclei was determined in a sect ion through the whole thickness of the bone in the 
developing zones of the epiphysis  and diaphysis  separa te ly~  Sagittal  sec t ions  through the l imb bud were  
coated with type M liquid emuls ion (Research  Inst i tute of Photographic  C h e m i s t r y ,  Moscow) and exposed 
for  3 weeks at 4~ Nuclei containing at l eas t  5 grains  were  regarded  as labeled.  Sta t is t ical  analys is  of 
the data was ca r r i ed  out by the method of F i she r  and Student. 

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

The curves  of labeled mi toses  for embryos  of the same genotype (+/+ or bpH/bp H) were  identical  for  
the zones of  the epiphysis  and diaphysis .  This shows that the cell  cycle  and its individual phases  a re  iden-  
t ical  in these zones in the em bryos  of the same  genotypeo The f i r s t  labeled mi toses  we re  observed  1 h 
15 rain a f te r  injection of  the isotope in the epiphyses  of bo th the  bpH/bp H and the + /+  e m b r y o s .  The num-  
b e r  of labeled mi toses  reached the f i r s t  m a x i m u m  (100%) in embryos  of both genotypes a f t e r  2 h 30 min.  
The number  of  labeled mi toses  was lower  7 h a f t e r  inject ion of  thymidine-H s and reached a min imum in 
the bpH/bp H e m b r y o s  (5.8%) a f t e r  15 h and in the + / +  embryos  a f t e r  11 h (19o1%). A second max imu m of 
labeled mi toses  was observed  in the bpH/bp H embryos  {58.7%) 24 h a f te r ,  and in the +/+ embryos  (58.7%) 
20 h a f t e r  the injection of thymidine-H 3. 

Analysis  of the curves  of labeled mi toses  showed that the dura t ion  of the mitotic cycle (T) in c a r t i -  
lage cel ls  of the p r imi t ive  fibula of  the bpH/bp H e m b r y o s  was 21 h 30 min,  compared  with 17 h 30 min for  
the + / +  e m b r y o s .  The postsynthet ic  per iod (G 2) was  the s ame  (1 h 15 min) for  cel ls  of the f ibular  anlagen 
of the bpH/bp H and +/+ e m b r y o s ,  the per iod of DNA synthesis  (S) was 7 h 40 min for  the bpH/bp H embryos  
and 6 h 55 rain fo r  the + / +  e m b r y o s ,  whereas  the combined durat ion of the presynthe t ie  per iod and of m i to -  
s i s  (G 1 + M) was 12 h 35 min for  the bpH/ bp  H and 9 h 20 min for  the +/+ e m b r y o s .  

Exper imen t s  with repeated  thymidiue-H 3 injections showed tha t  ah ighe r  pe rcen tage  of cel ls  of the 
bpH/bp H e m b r y o s ,  e spec ia l ly  in the d iaphys i s ,  than in the +/+ e m b r y o s  par t i c ipa te  in division~ For  in-  
s t ance ,  the pe rcen tage  of labeled nuclei in the f ibular  epiphysis  of the +/+ e m b r y o s  was 75.99 =~ 0.58 and 
in the bpH/bp H e m b r y o s  it was 87.08 =~ 1.73 (P < 0.001). The index of labeled nuclei in the f ibular  d iaphy-  
s is  of the + / +  embryos  was 54.86 �9 2.62 and in the bpH/bp H e m b r y o s  82.22 �9 0~ (P < 0.001). 

This invest igat ion thus showed that a change in the durat ion of the per iods  of the mitot ic  cycle is ob-  
s e rved  in 12-13-day bpH/bp H mouse  e m b r y o s ,  cha rac t e r i zed  by  inhibition of different ia t ion of the car t i lage  
cel ls  in the fibula and delay in the synthes is  of acid mucopo lysaccha r ides .  This change is expressed  as 
lengthening of the total cycle of the car t i lage  cel ls  by 4 h, accounted for  chiefly by an inc rease  in the c o m -  
bined durat ion of the G 1- and M-phases  (3 h 15 rain). The inc rease  in the duration of the S-phase  (45 min) 
was  not s ignif icant .  Meanwhile the p ro l i f e ra t ive  pool of ca r t i l age  cel ls  was  higher in the mutant  embryos  
then normal ly .  The resu l t s  show that  the mutant  bpH gene not only dis turbs  the different ia t ion of car t i lage  
ce l l s  in some long bones ,  pa r t i cu l a r ly  the fibula, but it a lso affects  the p ro l i f e r a t ive  act ivi ty  of these ce i l s .  

LITERATURE CITED 

1. L . F .  Andreeva ,  Ts i to logiya ,  11, 941 (1969)o 
2. O . I .  Epifanova and V. V. Terskil~h, The Method of Autoradiography in the Study of Cell Cycles  [in 

Russ ian] ,  Moscow (1969). 
3. Ao Ya.  Zhitnikov, Development  and Growth of Cart i laginous Anlagen of the Limb Skeleton in Ear ly  

Ontogeny, Author ' s  Abs t r ac t  of Candidate ' s  Di s se r t a t ion ,  Kiev (1970). 
4. A . A .  Zavarz in ,  DNA Synthesis and Kinetics of  Celt Populat ions in Mammal i an  Ontogeny [in Russ ian] ,  

Leningrad (1967). 
5. B~ V. Konyukhov and Eo Ko Ginter ,  Folia Biol. (Prague) ,  12,199 (1966). 
6. N . A .  Malinina,  Genetika,  5, 104 (1969). 
7. M~ Y. Janners  and R~ L. Sea r l s ,  Develop.  Biol. ,  2__~3, 136 (1970). 
8. H. Quas t le r  and F. G. Sherman ,  Exp. Cell Res~ 17, 420 (1959). 

1078 


