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Reactive Synthesis of DNA and Mitotic Division in Atrial Heart Muscle Cells Following Ventricle 
Infarction 

I t  seems t h a t  pro l i fe ra t ive  behav iou r  of a t r ia l  h e a r t  
muscle  ceils, con t ra r i ly  to  t he  ven t r i cu la r  ones ~-s, have  
never  a t t r a c t e d  a n y  special  a t t en t ion .  

In  our  e x p e r i m e n t s  mass ive  infarc t ions  of left  vent r ic le  
were ob t a ined  in 45 male  albino r a t s  (150-200 g) by 
coronary  a r t e ry  l igat ion 4. As a rule, 2 h before  f ixat ion,  
b o t h  i n t ac t  a n d  e x p e r i m e n t a l  an imals  received SH- thymi-  
d ine  in jec t ion  (0.8 t~C/g of b o d y  weight ,  sp. act .  3.6 C/raM).  
H e a r t s  were  f ixed 3, 5, 8, 14, 17, 21 and  40 days  a f te r  
opera t ion .  18 ra t s  w i th  lef t  vent r ic le  infarc t ion,  receiving 
SH- thymid ine  in jec t ion  on  the  f i f th  pos tope ra t i ve  day,  
were sacrif iced 4-48 h t he r ea f t e r  for d e t e r m i n a t i o n  of t he  
QUASTLER and  SHERMAN curve  of label led mi toses  5. Auto-  
rad iographic  t e chn ique  was  the  same as in 1,s In  m o s t  
cases  1-2000 (in cont ro ls  up  to  15,000) of r a n d o m l y  
se lec ted  muscle  nuclei,  b o t h  in lef t  auricle and  lef t  ven-  
tricle, were  e x a m i n e d  for eva lua t ion  of t he  index  of 
labelled nuclei  (LI) and  mi to t ic  index  (MI). 

In  cont ro l  an imals  t he  n u m b e r  of h e a r t  muscle  cells 
suspec ted  to  be labelled (0.005% in vent r ic les  and  0.02% 
in auricles) or d iv id ing  (near 0.02% in b o t h  cases) is too  
smal l  for accura te  d e t e r m i n a t i o n  of L I  and  MI. 

I shaemic  necroses  were  no t  obse rved  in t he  left  auricle 
m y o c a r d i u m  b u t  i ts  muscle  f ibres a n d  nuclei  b e c a m e  
swollen, sa rcoplasmic  a n d  nucleotar  basophf l ia  accen tu -  
a ted .  These  changes  (possibly due  to  t he  re la t ive  in- 
suff iciency of mi t ra l  valves) are accompan ied  b y  reac t ive  
syn thes i s  of D N A  and  mi toses  in n u m e r o u s  s t r i a t ed  
muscle  cells (Figures 1 and  2) d i s t r i bu ted  in a r a t h e r  
'd i f fuse '  m a n n e r  t h r o u g h o u t  t he  lef t  auricle. The n u m b e r  
of pro l i fe ra t ing  cells u n d e r w e n t  g rea t  ind iv idua l  f luctu-  
a t ions  a t  all po s tope ra t i ve  s tages  s tud ied  (Table). Syn-  
thes is  of  D N A  a n d  mi toses  are  s l ight ly  a c t i v a t e d  b y  t h e  
th i rd  d a y ;  in tens i f ica t ion  a t t a in s  i ts  m a x i m u m  a t  t he  
f i f th  day,  w h e n  values  of LI  and  MI app roach  those  of 
in tens ive ly  pro l i fe ra t ing  new-bo rn  r a t  m y o c a r d i u m  cells e,~. 
In  some animals  D N A  syn thes i s  and  mi toses  in aur icular  
muscle  cells r em a in  still  a c t i va t ed  even  a t  t he  17th, 21st 
and  40th  pos tope ra t i ve  days  (Table). Mitoses can well 
pass  t h r o u g h  all i ts  s tages  (Figures 2 and  3) ; t h e y  became  
label led m u c h  more  la te r  as c o m p a r e d  wi th  s t roma l  ones. 
W h e n  e s t i m a t e d  b y  means  of t h e  curve  of labelled 

Fig. 1. 2 labelled nuclei in adjacent musete cells of the left auricle. 
5 days after rat left ventricle infarction, 2 h after ~H-thymidine 
injection. X 1150. 

mi toses  5 du ra t ion  of S and  G, + M for a t r ia l  muscle  cells 
a t  t he  f i f th  pos tope ra t i ve  day  approaches  13 and  10 h, 
respect ively ,  while  for the  s t romal  e lements ,  7 and  4 h 
only.  Considerable  e longat ion  of mi to t i c  cycle per iods  and  
especial ly t h a t  of G,  + M m a y  under l ie  an unusua l ly  low 
L I : M I  ra t io  obse rved  in t he  m a j o r i t y  of p o s t o p e ra t i v e  
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Percentages (mean i standard error) of SH-thymidine labelled 
nuclei (LI) and mitoses (MI) for the left auricle muscle cells at dif- 
ferent stages after left ventricle infarction. Adult male rats, 2 h 
after SH-thymidine injection 

Days after LI MI No. of animals 
operation studied 

Control ~ 0.02 <:: 0.02 6 
3 0.22 ± 0.06 0.14 4- 0.09 6 
5 3.85 -4- 0.57~ 2.01 4- 0.25~ 10 
8 1.45 -t- 0.52 0.15 4- 0.06 4 
14-21 0.70 ± 0.22 0.37 ~ 0.22 9 
40 0.79 4- 0.29 0.15 :t= 0.09 4 

Different from values for the 3rd, 8th, 17th and 40th days at 
P < 0.01. 

Fig. 2. Unlabelled prophase in left auricle striated muscle fibre. 
5 days after rat left ventricle infarction, 8 h after SH-thymidine 
injection, x 1150. 

Fig. 3. 2 early postmitotic labelled (arrows) nuclei in left auricle 
muscle fibre. 5 days after rat left ventricle infarction, 15 h after 
SH-thymidine injection, x 1150. 
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s tages  - up  to  2 :1  a n d  even  3 : 2  (Table) i n s t ead  of 10:1  
r e p o r t e d  for  growing  m y o c a r d i u m n , L  

Con t r a r i l y  to  t he  a b o v e  da t a ,  on ly  occas ional  labe l led  
nucle i  or  mi toses  were  o b s e r v e d  in  t h e  musc le  f ibres  sur-  
r o u n d i n g  t h e  lef t  v e n t r i c l e  i n f a r c t e d  areas.  As a ru le  L I  
r e m a i n e d  a t  t h e  zero level  or  exceeded  n o t  more  t h a n  
0 .1 -0 .3% (MI b e i n g  e v e n  smal ler)  i r r e spec t ive  of t h e  lapse  
of t i m e  a f t e r  ope ra t ion .  On ly  in  2 a n i m a l s  (a t  t h e  s tage  of 
3 a n d  17 days)  L I  a n d  MI for  v e n t r i c u l a r  f ibres  a t t a i n e d  
0.6 a n d  0 .2%,  respec t ive ly .  D i s c r e p a n c y  c o n c e r n i n g  t h e  
n u m b e r  of D N A  s y n t h e s i z i n g  v e n t r i c u l a r  h e a r t  musc le  
cells o b s e r v e d  here  a n d  p rev ious ly  r epo r t ed  3 m a y  be  due  
to  t h e  d i f f icul t ies  in  d i s t i n g u i s h i n g  b e t w e e n  nuclei  of 
musc le  a n d  s t r o m a l  cells x& I t  seems t h a t  t h e r e  is con-  
s ide rab le  d i f fe rence  in t h e  p ro l i f e ra t ive  b e h a v i o u r  of a t r i a l  
a n d  v e n t r i c u l a r  musc le  cells, t h e  syn thes i s  of D N A  a n d  

mi toses  be ing  m u c h  more  s t rong ly  i n h i b i t e d  in t h e  l a t t e r  
as c o m p a r e d  w i t h  t h e  former .  

BbIBO/lbL ldn0papKT MnoKapaa neBoro ~eayAoqKa npllBO~nT 
Bupan<enHo~ aKTHBaimn/Ma~<cHMyM -- 5 -- e CyTKH/CHHTeaa 

,~Hl~ H MHT030B B MbtmeqHblX KneTKax aeBoro npeAcep~vm. 
Hanp0Tu8, a o K a f i ~ t o u l H x  30Hbl neKp0aa Mb[LUeqHblX 
BO.rIOKHaX )Ke,,rly,~oqKa ~)TH npotteccb~ Ha6.rllo~laIOTC~I 3HaqHTe- 
~t~n0 p e t e .  

P. P. RUMYANTSEV a n d  V. O. MIRAKJAN 

Laboratory o[ Cell Morphology, Institz,te o/Cytology o] 
the Academy o[ Sciences o/ the USSR,  Leningrad and 
Laboratory o[ Cytology, Institute o/Cardiology and 
Cardiac Surgery, Erevan (USSR) ,  30 Ju ly  1968. 

tiber die Vermehrung der Polk6rperchen wiihrend der Segmentat ion von Ratteneiern bei V i t a m i n -  

A - M a n g e l  und -t3berdosierung 

I n  de r  L i t e r a t u r  1-8 wi rd  angegeben ,  dass  in be f ruch te -  
t e n  Eize l len  de r  a m  h/ iuf igs ten  u n t e r s u c h t e n  S/iugetier-  
a r t e n  (Maus, R a t t e ,  H a m s t e r ,  Meer schwe inchen)  u n d  des  
M e n s c h e n  no rma le rwe i se  1 -2  P o l k 6 r p e r c h e n  v o r h a n d e n  
s i n d ;  d ie  A n z a h l  y o n  3 h i n g e g e n  i s t  als  s eh r  se l t ene  Aus-  
n a h m e  zu wer t en .  N u r  GOERTTLER u n d  WITSCHI 4 I i ih ren  
e ine  wei te re  Te i l ung  des  e r s t e n  P o t k 6 r p e r c h e n s  als  Rege l  
an,  so dass  n a c h  de r  B e f r u c h t u n g  i n s g e s a m t  3 P o l o c y t e n  
v o r h a n d e n  se in  soIlen. Neuere  e l e k t r o n e n m i k r o s k o p i s c h e  
A r b e i t e n  befassen  s ich v o r w i e g e n d  m i t  d e m  A b s c h n i i r u n g s -  
v o r g a n g  d e r  P o l k S r p e r c h e n  u n d  d e m  A u f t r e t e n  v o n  
Nuk leo len  in i h r en  Kernen .  V o r  a l l em geben  sie in te res -  
s a n t e  Hinweise  fiir die U n t e r s c h e i d u n g  zwischen  d e m  
e r s t e n  u n d  d e m  zwei ten  s,6. 

Das  ers te  P o l k 6 r p e r c h e n  is t  o f t  n a c h  e r fo lg t em Foll ikel-  
s p r u n g  n i c h t  m e h r  n a c h z u w e i s e n  s,7. IYber ihre  Auf l6sung  
im Ver lau fe  de r  S e g m e n t a t i o n  l iegen n u r  ffir den  Gold-  
h a m s t e r  A n g a b e n  v o r  7,s. LUDWIG 7 e rw / ihn t  das  zwei te  
P o l k 6 r p e r c h e n  bis  z u m  2-Zel l s tad ium,  w g h r e n d  SAMUEL 
u n d  HAMILTON s 2 i n t a k t e  P o l k 6 r p e r c h e n  bis  zum  4-Zell- 
s t a d i u m  ver fo lgen  k o n n t e n .  B e i m  R h e s u s a f f e n  f inde t  s ich 
die Zweizahl  n o c h  im 8 -Ze l l s t ad ium 9. Die  Mbgl i chke i t  
e iner  s p o n t a n e n  oder  e x p e r i m e n t e l l e n  U n t e r d r f i c k u n g  de r  
P o l k 6 r p e r c h e n b i l d u n g  (z.B. d u t c h  H i t z e  ode r  Colchiz in  ~) 
i s t  b e k a n n t ,  doch  i s t  unse res  Wi s s ens  ke in  Fa l l  m i t  ab-  
n o r m  h o h e n  P o l k 6 r p e r c h e n z a h l e n  be i  SAuget ieren  in de r  
L i t e r a t u r  be sch r i eben  worden .  I m  fo lgenden  te i l en  wir  die 
y o n  u n s  e r h o b e n e n  B e f u n d e  t iber  die A n z a h l  de r  Pol-  
k 6 r p e r c h e n  wSahrend de r  S e g m e n t a t i o n  yon  R a t t e n e i e r n  
bei  V i t a m i n - A - M a n g e l  u n d  - C b e r d o s i e r u n g  mi t .  

Material und Technik. Fi i r  u n s e r e  U n t e r s u c h u n g e n  
s t a n d e n  u n s  i n s g e s a m t  140 gesch lech ts re i fe  we ib l i che  
R a t t e n  ( S t a m m  Wis t a r )  1° zur  Verf i igung.  Diese  w a r e n  
au f  fo lgende  5 G r u p p e n  au fge te i l t :  

(1) K o n t r o l l t i e r e  I :  Sie e rh i e l t en  n o r m a l e s  S t a n d a r d -  
f u t t e r  (Z 101 + Z 102 de r  F i r m a  F. H o f f m a n n - L a  Roche)  
u n d  Salat .  

(2) V i t a m i n - A - h y p e r v i t a m i n o t i s c h e  Tiere :  Sic e rh i e l t en  
n o r m a l e s  S t a n d a r d f u t t e r  n n d  Sa l a t  wie die Kon t ro l l -  
t ie re  I .  Soba ld  ein Tie r  im S c h o l l e n s t a d i u m  war,  w u r d e n  
an  3 a u f e i n a n d e r f o l g e n d e n  T a g e n  je 250000 I E  V i t a m i n -  
A - A c e t a t  in  0,5 m l  Arachis61 pe r  os v e r a b r e i c h t .  A m  2. 
ode r  3. Tag  de r  Dos i e rung  w u r d e  f iber  N a c h t  gepaa r t .  

(3) V i t a m i n - A - M a n g e l t i e r e :  Sie e rh i e l t en  eine V i t a m i n -  
A-freie Di/it ,  wie sie MILI~Id n be sch r i eben  ha t .  Bei  An-  
ze ichen  v o n  d e u t l i c h e n  M a n g e l e r s c h e i n u n g e n  p a a r t e  m a n  
die Tiere .  

(4) K o n t r o l l t i e r e  I I :  Sic e rh i e l t en  die gle iche D i~ t  wie  
die V i t a m i n - A - M a n g e l t i e r e ,  de r  j e d o c h  p ro  kg  30000 I E  
V i t a m i n - A  b e i g e m i s c h t  w o r d e n  waren .  

(5) K o n t r o l t t i e r e  I I I :  Sie e rh i e l t en  die gleiche D i~ t  wie 
die  V i t a m i n  A-Mangel t ie re ,  de r  j e d o c h  p ro  kg  60000  I E  
V i t a m i n  A b e i g e m i s c h t  w o r d e n  waren .  

Die  Tiere  a l ler  K o n t r o l l g r u p p e n  w u r d e n  jeweils  im 
O s t r u s  gepaa r t .  

W e n n  n a c h  de r  P a a r u n g  in den  V a g i n a l a u s s t r i c h e n  
S p e r m i e n  n a c h z u w e i s e n  waren ,  w u r d e n  die Tiere  zwischen  
10 u n d  90 h n a c h  de r  e r r e c h n e t e n  O v u l a t i o n  in A t h e r -  
n a r k o s e  g e t 6 t e t  (vgl. Tabel le) ,  so for t  d a n a c h  die T u b e n  
f re ip r / ipa r ie r t  u n d  zur  G e w i n n u n g  de r  E ie r  m i t  Tyrode -  
16sung durchgespf i l t .  Sofern  de r  Zona  pe l luc ida  n o c h  
Fo l l ike lep i the l i en  a n h a f t e t e n ,  w u r d e n  diese m i t  P r o n a s e  
abgel6s t .  An  den  g e w o n n e n e n  E i e r n  w u r d e  die R e a k t i o n  
au f  D P N H - D i a p h o r a s e  d u r c h g e f i i h r t ;  ansch l i e s send  wur-  
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