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Fig. 1. (A) Mesenehymal cell nuclei dividing amitotieally. A clear 
chromatinie strand connecting the 2 originated nuclei is present. 
(B) Continuous chain of several connected nuclei in a myoblast. 
The arrow signals a chromatinie strand connecting a separating 
nucleus to the rest of the structure. Adult mosquito specimen (Culex 
bonariensis Br~tbes). Feulgen staining. X 1000. 

f l igh t  muscle  were  careful ly  excised, p laced  in a l b u m e n i z e d  
slides, squashed  a n d  f ixed for 15 ra in  in  Ca rnoy ' s  fluid.  
The  smears  o b t a i n e d  b y  these  2 m e t h o d s  were  s t a i ned  
w i t h  Feulgen,  G iemsa  a n d  To lu id ine  b lue  s ta in ings .  

T h e  s t u d y  of t h e  cytological  p r e p a r a t i o n s  disclosed 
d i s t i nc t  nuc lea r  p ic tu res  co r re spond ing  to  d i f fe ren t  s tages  
of a m i t o t i c  divis ion.  G i a n t  nucle i  were obse rved  in m a n y  
cases 10 t i m e s  longer  t h a n  n o r m a l  a n d  showing  per iodic  
cons t r ic t ions .  F r e q u e n t l y  t h e  2 or more  o r ig ina t ed  nucle i  
- in  m a n y  cases d i f fe ren t  in  size - were c o n n e c t e d  b y  a 
s t r a n d  or b y  a t e n u o u s  c h r o m a t l n i c  f i l amen t  (Figure 1A). 

I n  s t r i a t ed  musc le  f ibers  t h e  increase  in size p reced ing  
t h e  a m i t o t i c  nuc lea r  d iv i s ion  occurs  a long  t h e  long  axis  
of t h e  nucleus,  g iv ing  rise to  v e r y  t y p i c a l  nuc l ea r  s t ruc-  
tu res  wh ich  we h a v e  found  ill m y o b l a s t s  a n d  y o u n g  
muscle  f ibers  of t h e  insec ts  s tud ied  (Figures  1B a n d  2). 
These  cons is t  of t r u l y  c h r o m a t i n i c  cords,  v a r y i n g  in 
d iamete r ,  wh ich  b y  successive cons t r i c t ions  a n d  frag- 
m e n t a t i o n s  o r ig ina te  t h e  rows of i n d e p e n d e n t  nucle i  
f ound  in t h e  cen t r a l  axis  of t h e  a d u l t  s t r i a t ed  muscle  
fibers.  

W e  sugges t  t h e  t e r m  Polykaryonema to  des igna te  t h i s  
cord- l ike or f i l amen t o u s  nuc lea r  s t r u c t u r e  wh ich  b y  suc- 
cessive d ivis ions  will  give or igin to  severa l  nuclei .  W e  
propose  t h e  t e r m  clasmatotenesis or clasmatotenic division 
for th i s  new t y p e  of co mp l ex  a m i t o t i c  nuc lea r  division.  

Fig. 2. (A and B) Clear distinct figures of multiple amitotic nuclear 
division in cord-like nuclear structures (Polykaryonema)' of young 
muscle fibers. In [A) multiple periodical constrictions can be seen. 
The arrows indicate commissural chromatinic filaments. Adult fly 
specimen (Dermatobia cyaniventris Maequart). Feulgen staining. 
About • 3000. 

Rdsumd. On d@crit que lques  aspec ts  morpho log iques  
de l ' appare i !  nucl6ai re  des f ibres  muscu la i r e s  str i6es des 
insectes.  Le nora  P o l y k a r y o n 6 m a  es t  propos6 p o u r  
d4signer  les n o y a u x  f i l a m e n t e u x  g4an ts  qu i  p a r  f r agmen-  
t a t i o n s  successives p r o d u i s e n t  des cha lnes  de n o y a u x  
i n d @ e n d a n t s ,  plac6es dans  le cen t re  des f ibres  muscu-  
l akes  adul tes .  Ce p h 6 n o m ~ n e  offre u n  b o n  exemple  de 
d iv is ion  nuc l6a i re  ami to t i que .  
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Feulgen-Cytophotometric  Determination of DNA Content in the Germ Cell Nuclei of the Female 
Chicken Embryo During Premeiosis  

I n  a p rev ious  work  1, 2, one of us  i n v e s t i g a t e d  D N A  
syn thes i s  d u r i n g  premeios is  in  t h e  o v a r i a n  ge rm cells of 
t he  ch icken  e m b r y o  b o t h  in v i t r o  a n d  in vivo,  us ing  t h e  
au to rad iog ra f i c  t echn ique ,  fol lowing t he  i n c o r p o r a t i o n  of 
3H- thymid ine .  The  successive d e v e l o p m e n t a l  ge rm cell 
s tages  found  d u r i n g  t h i s  pe r iod  in t he  co r t ex  of t h e  o v a r y  
of t he  ch i cken  e m b r y o  are  r ep re sen t ed  in F igu re  1, Only  
d u r i n g  t he  p r e l e p t o t e n e  s tage  of t h e  ge rm cells, chief ly  
occur r ing  in  t he  c e n t r a l  p a r t  of t h e  o v a r i a n  co r t ex  of 
15- to  17-day-old embryos ,  does nuc lea r  i n c o r p o r a t i o n  of 
a H - t h y m i d i n e  t a k e  place  ". G e r m  cells w i t h  a r e t i cu la t ed  
nucleus,  cha rac t e r i zed  b y  a more  regular  a n d  m u c h  f iner  
c h r o m a t i n  d i s t r i b u t i o n  t h a n  t h e  oogonia  a t  in t e rphase ,  
do no t  i nco rpora t e  t h e  DNA-precur so r .  La rge  n u m b e r s  
of these  cells are found  in t h e  cen t r a l  p a r t  of t h e  o v a r i a n  
cor tex  of 14- a n d  15-day-old embryos .  Since t h e r e  is 
morpho log ica l  ev idence  of a t r a n s i t i o n  b e t w e e n  ceils 
w i t h  a r e t i cu l a t ed  nuc leus  a n d  cells in  t he  ear ly  pre-  
l ep to t ene  stage% we cons ider  t h e  fo rmer  to  be  t h e  pre-  

cursors  of t h e  la t te r .  T h e  meio t ic  d iv is ions  of t h e  female  
ge rm cells in  t h e  ch i cken  are  conc luded  m o n t h s  or years  
a f t e r  t h e  obse rved  3 H - t h y m i d i n e  i n c o r p o r a t i o n  wave.  
Hence,  th i s  D N A  syn thes i s  m a y  r e p r e s e n t :  

(1)A p remeio t i c  r e d u p l i c a t i o n  of t h e  ge rm cell nuc lea r  
D N A ;  (2) a me tabo l i c  D N A  syn thes i s  5 ( 'specific gene 
ampl i ca t ion ' )  6 or D N A  t u r n o v e r ;  (3) a c o m b i n a t i o n  of 
these  two  hypo theses .  T h e  p r e s e n t  s t u d y  was  u n d e r t a k e n  
to check  these  e x p l a n a t i o n s  b y  c o m p a r i n g  t he .  D N A  
c o n t e n t  of r e t i cu la t ed  nuclei  a n d  lep to tenes .  
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Fig. 1. Drawings of the successive developmental stages of the germ ceils found in the ovarian cortex of a 15-day-old female chicken 
embryo, exactly as seel~ under the microscope. From left to right: oogonium, oocyte With reticulated nucleus, ooeyte in early pre- 
leptotene stage, ooeyte in late preleptotene stage and ooeyte in leptotene stage of meiosis (fixation of the ovary with acetic-alcohol 
and coloration with Feulgen-fast green). 

M a t e r i a l  a n d  methods .  Fert i le  eggs of W h i t e  Leghorn  
chickens  were incuba ted  a t  38.5~ for 15 and  17 days.  
4 ovaries of each age were f ixed in A.F.A.  (alcohol 96% : 
70 par ts ,  formal ine:  20 pa r t s  and  chil led acetic acid:  
5 par ts) ,  d e h y d r a t e d  in g raded  alcohols, e m b e d d e d  in 
paraf f in  and  cut  a t  10 F th ickness .  

In  order  to enable  a un i form process ing of t he  mate r ia l  
f rom the  2 age groups,  sect ions  f rom 15- and  17-day-old 
embryos  were p laced  on the  same slide. Af te r  hydrolys is  
in 1 N HC1 dur ing  12 minu t e s  a t  a cons t an t  t e m p e r a t u r e  
of 60 d-1~ the  sect ions  were  s ta ined  wi th  Schiff 's  
r eagen t  dur ing  45 min  and  r insed in 3 successive b a t h s  
of a f reshly  p repa red  So 2 solution.  For  t he  Feu lgen -DNA 
de t e rmina t i ons  we used the  Lison c y t o p h o t o m e t e r  in 
visible l ight  v. The nuclei  were  pro jec ted  on a screen 
and  the i r  l igh t -absorp t ion  was measured  t h roug h  a 
d i a p h r a g m  of abou t  1/4 of the i r  p ro jec ted  surface area. 
Nuclei  which  on man ipu la t ing  the  fine a d j u s t m e n t  ap- 
peared  cu t  were  no t  measured.  50 nuclei  of each cell 
group were inves t iga ted ,  5 m e a s u r e m e n t s  are made  over  
each nucleus and  the i r  a r i thmet i c  m e a n  was c o m p u t e d  
as t he  nuclear  ext inc t ion .  The Feu lgen -DNA con t en t  was 
expressed  in a rb i t r a ry  uni ts  (AU) as t he  p roduc t  of the  
nuclear  ex t inc t ion  and  the  p ro jec ted  nuclear  surface 
area. Since the  Feu lgen -DNA con ten t s  of t he  nuclei  m a y  
be assumed to  follow a logar i thmic  d i s t r ibu t ion  wi th in  
a given p lo idy  class, t he  mean  values  were calcula ted 
af ter  logar i thmic  t r ans fo rma t ion  of the  d is t r ibut ion-curve .  
The absolute  nuclear  surface area of nuclei  in b o t h  groups 
is i r re levant  to  t he  p resen t  s tudy.  Hence  i t  was no t  
c o m p u t e d  separa te ly  b u t  also expressed in a rb i t r a ry  
uni ts  (AU). 

t~esults .  The resul ts  of t he  Feu lgen -DNA m e a s u r e m e n t s  
are summar i zed  in F igu re  2 and in t he  Table.  The m e a n  
value of Feu lgen -DNA found for t he  re t icu la ted  nuclei  
is 1364 AU and  for t he  l ep to tene  nuclei  i t  is 3645 AU. 
The  average  surface area  of t he  re t icu la ted  nuclei  is 
only  s l ight ly  larger  t h a n  t h a t  of the  l ep to tenes  (Figure 3). 
This  confi rms the  impress ion  gained by  microscopical  
obse rva t ion  t h a t  t he  2 groups can ha rd ly  be differen- 
t i a t ed  on the  basis  of the i r  nuc l ea r  size. 

D i s c u s s i o n .  If  the  mean  nuclear  Feu lgen -DNA con ten t  
of re t icu la ted  nuclei  is t a k e n  as 100~o, the  l ep to tene  
group has a m e a n  of 267%. In  o the r  words,  if  we consider  
t he  D N A - c o n t e n t  of the  re t icu la ted  nuclei  to  be a t  t he  
diploid level, t h e n  the  lep to tenes  would  be largely hyper -  
te t raploid ,  suggest ing aneuplo id ism or D N A  of combined  
origin. If, a l te rna t ive ly ,  we assume t h a t  t he  l ep to tenes  
are te t rap lo id ,  the  re t icu la ted  nuclei  would  be on a 
hypodip lo id  level. This  second hypo thes i s  seems the  mos t  
l ikely when  tile condi t ions  of the  m e a s u r e m e n t s  are t a k e n  
into account .  

(1) The par t icu lar  a symmet r i ca l  shape  of the  histo-  
g ram of re t icu la ted  nuclei, w i th  its numerous '  ve ry  low 
Feu lgen -DNA values (Figure 2), is in sharp  c o n t r a s t  wi th  
tile s y m m e t r y  of t he  h i s tog ram of l ep to tene  nuclei. This  
a s y m m e t r y  can m o s t  readi ly  be expla ined b y  an  a lmos t  
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Fig. 2. Feulgen-DNA content in arbitrary units of reticulated and 
leptotene nuclei. 
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Fig. 3. Surface area in arbitrary units of reticulated and leptotene 
nuclei. 

Feulgen-DNA content of reticulated and leptotene nuclei, g, log- 
arithmic mean; s, standard deviation; s log 3, standard error. 

log ~ s s log 

Reticulated nuclei 1364 3.13469557 0.10344 0.014798 
Leptotene nuclei 3645 3.57034185 0.045825 0.0065038 

L. LISON, Hislochemie et cytochimie animale (Gauthier-Villars, Paris 
1960). 
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u n a v o i d a b l e  i naccu racy  in  t h e  se lect ion for m e a s u r e m e n t  
of t h e  r e t i cu la t ed  nuclei.  I n d e e d  because  these  cells are 
ve ry  pale, i t  is d i f f icul t  to  a sce r t a in  b y  m a n i p u l a t i n g  t he  
f ine a d j u s t m e n t  of t he  microscope w h e t h e r  or no t  a more  
or less i m p o r t a n t  p a r t  of t he  nuc leus  ha s  been  cut .  Th i s  
d i f f icul ty  the re fo re  m a y  h a v e  led to  t he  m e a s u r e m e n t  of 
i ncomple t e  r e t i cu l a t ed  nuclei.  As sugges ted  b y  t h e  sym-  
m e t r y  of t he i r  h i s tog ram,  t he  se lect ion of t h e  lep to tenes ,  
wh ich  are  m u c h  darker ,  was  more  precise.  

(2) The  e x t i n c t i o n  va lues  in  t he  r e t i cu l a t ed  group  
osci l late  a r o u n d  10 -12% a n d  in t he  l ep to t ene  group  
a r o u n d  30%. Since t h e  m i n u t e  ex t inc t i ons  of t he  re t icu-  
l a t ed  nuclei  o f ten  fall  j u s t  b e y o n d  t h e  r ange  of t he  l inear  
sect ion of t he  c y t o p h o t o m e t e r ' s  a b s o r p t i o n  curve,  these  
m e a s u r e m e n t s  are less accu ra t e  and,  moreover ,  b r i n g  
a b o u t  a n  u n d e r e s t i m a t i o n  of t he  F e u l g e n - D N A  c o n t e n t  s. 

(3) I n  r e t i cu la t ed  nuclei,  m a n y  of t h e  f ine c h r o m a t i n  
granules  are  s t u d d e d  aga ins t  t he  i nne r  surface  of t h e  
nuc lea r  m e m b r a n e  and  m a y  h a v e  escaped m e a s u r e m e n t  
since we h a d  to keep t h e  p ro jec t ion  screen d i a p h r a g m  
clear  of t h e  nuc lea r  m e m b r a n e .  T h u s  t h i s  p a r t i c u l a r  
d i s t r i b u t i o n  of D N A  br ings  a b o u t  a n o t h e r  u n d e r e s t i m a -  
t ion  of e x t i n c t i o n  in t h e  r e t i cu la t ed  nuclei.  Summar i z ing ,  
e r ror  (1) causes  t h e  in se r t ion  of m e a s u r e m e n t s  ove r  
i ncomple t e  nucle i  in to  t he  ca lcu la t ion  of t i le  m e a n  
F e u l g e n - D N A  con ten t ,  t h u s  lower ing  t he  m e a n  of t h e  
r e t i cu la t ed  nuclei .  I t  also accoun t s  for t he  a s y m m e t r i c a l  
shape  of t h e i r  h i s tog ram.  Er ro r s  (2) a n d  (3) p r ovoke  a n  
overa l l  u n d e r e s t i m a t i o n  of t he  F e u l g e n - D N A  c o n t e n t  in  
t he  r e t i cu la t ed  nuclei .  

These  l im i t a t i ons  of t h e  t e c h n i q u e  in th i s  m a t e r i a l  
m a y  suffice to  exp la in  t h a t  t h e  m e a n  F e u l g e n - D N A  
c o n t e n t  of t h e  r e t i cu la t ed  nucle i  is less t h a n  ha l f  t h a t  
of t h e  lep to tenes .  

Conclusion. The  resul t s  of t h e  p r e s en t  q u a n t i t a t i v e  
s t u d y  show t h a t  t h e  ge rm cells a t  t h e  l ep to t ene  s tage  
con t a in  a t  leas t  twice  as m u c h  nuc lea r  F e u l g e n - D N A  

as t he  germ cells w i t h  r e t i cu l a t ed  nuclei.  Cons ider ing  t he  
sources  of e r ror  in  th i s  mate r ia l ,  a s imple  2/1 ( t e t r ap lo id /  
diploid) r a t e  is suggested,  b u t  could no t  be  ascer ta ined .  
Our  da ta ,  however ,  i nd i ca t e  t h a t  du r ing  t he  D N A  syn-  
thes i s  a t  t he  p r e l e p t o t e n e  stage,  t he  F e u l g e n - D N A  con- 
t e n t  in  t h e  ge rm cells of t he  female  ch icken  is a t  leas t  
doubled .  The  germ cells a p p e a r  to  go t h r o u g h  a pe r iod  
of p reme io t i c  doub l ing  of t h e i r  D N A  con ten t ,  ana logous  
to  t h e  S-phase  of a r egu la r  cell cycle. Our  d a t a  n e i t h e r  
s u p p o r t  no r  rule  ou t  t h e  poss ib i l i ty  of a c o n c o m i t a n t  
D N A  syn thes i s  of o the r  or ig in  a t  th i s  s tage  of premeios is  9. 

Rdsumd. Chez l ' e m b r y o n  de pou le t  femelle nous  avons  
compar6  ~ l ' a ide  de la t e c h n i q u e  c y t o p h o t o m 6 t r i q u e  de 
Lison  la t e n e u r  en A D N  des cellules ge rmina les  ~ n o y a u  
r6ticul6 ~ celle des cellules au  s t ade  leptot~ne.  C o m m e  pen-  
d a n t  la  phase  S d ' u n  cycle cel lulaire  r6gnlier,  la q u a n t i t 6  
de D N A  au cours  du  s t ade  pr61eptot~ne,  semble  au  moins  
doubler .  N 6 a n m o i n s  nos  r6su l t a t s  ne  p e r m e t t e n t  pas  
d ' a f f i rmer  ou d ' exc lu re  la  possibi l i t6  d ' u n e  syn thgse  de 
D N A  s u p p l 6 m e n t a i r e  d ' a n t r e  origine. 
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M o n o a m i n e  O x i d a s e -  and C a t e c h o l - O - M e t h y l t r a n s f e r a s e  Act iv i ty  in U m b i l i c a l  V e s s e l s  of  the  H u m a n  
Fetus  i 

Catecho lamines  m a y  be  i n a c t i v a t e d  b y  m o n o a m i n e  
oxidase  (MAO) or  b y  ca t echo l - O - m e t hy l t r an s f e r a se  
(COMT). Since n o r a d r e n a l i n e  p e n e t r a t e s  t h e  h u m a n  pla-  
c e n t a  2 i t  was  cons idered  of i n t e r e s t  to  assess t he  a c t i v i t y  
of n o r a d r e n a l i n e  i n a c t i v a t i n g  enzym es  in t he  vessels  con-  
nec t ing  t h e  p l a c e n t a  w i t h  t h e  fetus.  Specia l  i n t e r e s t  was  
focused on  t h e  d u c t u s  venosus ,  w h i c h  ha s  a n  adrenerg i -  
cal ly i n n e r v a t e d  s p h i n c t e r  m e c h a n i s m  3, t h e  phys io logica l  
s igni f icance  of w h i c h  is no t  ye t  p rope r ly  unde r s tood .  

The  m a t e r i a l  Consisted of 25 fetuses,  classified accord ing  
to t h e i r  c rown-hee l  l e n g t h  as n o t e d  in t h e  Table .  I m m e -  
d ia t e ly  a f t e r  legal  abor t ion ,  t h e  t i ssue  was p r e p a r e d  f rom : 
(1) t he  umbi l i ca l  a r te r ies  f rom t he  umbi l i cus  d o w n  to t he  
level  of t h e  u r i n a r y  b ladder ,  (2) t h e  free i n t r a a b d o m i n a l  
p a r t  of t he  umbi l i ca l  vein ,  a n d  (3) t h e  en t i r e  d u c t u s  
venosus .  2 t r a n s v e r s e  sect ions  (3-4 m m  in length)  of t h e  
umbi l i ca l  cord  (4 a n d  5) were p r e p a r e d  a t  1 a n d  5 cm 
d i s t ance  f rom the  sk in  level  t h u s  cons i s t ing  of b o t h  
venous  and  a r t e r i a l  vessels i nc lud ing  t h e  W h a r t o n  jelly.  
L ive r  t i ssue  (6) was  s i m u l t aneous l y  r e m o v e d  for analys is .  
( N u m b e r s  in  b r a c k e t s  refer  to  t h e  Figure.)  Ma te r i a l  f rom 
each  s i te  w i t h i n  each  g roup  of fe tuses  h a d  to  be  pooled  
for analysis .  Tissue  of t he  d u c t u s  venosus  was on ly  avai l -  
ab le  in  suff ic ient  a m o u n t s  in  fe tus  g roup  I I .  

All t h e  legal a b o r t i o n s  were pe r fo rmed  b y  l a p a r a t o m y .  
F o r  anae s the s i a  t he  p a t i e n t s  rece ived  t he  fol lowing drugs  : 
t h i o p e n t a l  sodium,  f luo thane ,  a n d  n i t rous  oxide  t o g e t h e r  
w i t h  s u x a m e t h o n i u m  chlor ide  to secure m u s c u l a r  re laxa-  
t ion.  

The  t i ssue  was r e m o v e d  w i t h i n  15 ra in  a f t e r  t he  opera-  
t ion,  a n d  t h e n  s to red  a t  -- 70 ~ for  up  to  12 days.  Con t ro l  
ana lys i s  showed  no decrease  in COMT or in MAO a c t i v i t y  
w i t h i n  th i s  per iod.  The  s u p e r n a t a n t  (8000 • g, 15 rain) 
of t i ssue  h o m o g e n a t e  in  40 vo lumes  (w/v) of ice-cold 
isotonic  KC1 so lu t ion  se rved  as e n z y m e  solut ion.  

COMT was  m e a s u r e d  b y  a mod i f i c a t i on  of a m e t h o d  
descr ibed  b y  AXELROD et  al. 4. I n s t e a d  of r ad ioac t i ve  
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