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Type Total No. No. dead Normal embryos Abnormal embryos 

Limb deformities Rumplessness Visceral abnormalities Total 

Control I 10 1 9 
Control II 10 -- 10 
Experimental 30 4 5 10 (33.5%) 4 (13.33%) 7 (23.33%) 21 (70%) 

embryonic  deve lopment .  Imba lance  in the  amino acid 
pool m a y  be caused by  the  excess add i t ion  of one amino  
acid which resul ts  in re la t ive  deficiency of the  remain ing  
amino acids. Since t r y p t o p h a n e  is an essential  amino  
acid, there  is every  reason to infer t h a t  excess add i t ion  of 
t r y p t o p h a n e  will cause a re la t ive  def iciency of t he  o ther  
essent ial  amino  acids. I t  m a y  t i l t  the  n i t rogen  equi l ibr ium 
of the  essent ial  amino  acids and  m a y  cause a to ta l  
imbalance  in the  amino  acid pool, u l t ima te ly  br inging 
abou t  dysmorphogene t i c  effects.  
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Hence  the  incidence of abnormal i t ies  m a y  be due to  the  
imbalance  of the  essent ial  amino  acids in the  amino acid 
pool  t h a t  is avai lable for the  synthes is  of p ro te ins  of the  
developing embryo,  or may  be due to the  tox ic i ty  of h igh 
t r y p t o p h a n e  con ten t  or its accumula ted  metabol ic  
byproduc ts .  

Zusammen/assung. Nachweis  einer t e ra togenen  Wi rkung  
yon  T r y p t o p h a n  be im Hi ihne rembryo  als m6gliche Folge 
einer  St6rung der  Pro te inb iosyn these .  

~ .  CHANDRA ~V~OHAN ~AIDU 18 

Department o/ Biology, Kurnool Medical College, 
Kurnol 518002 (A.P., India), 2d Apri l  1974. 

Local izat ion  of the Label led 5 -Azacy t id ine  in Cultured Mouse  E m b r y o n i c  Cells  

5-Azacyt idine is a py r imid ine  analogue which  affects  
p r imar i ly  the  syn thes i s  of R N A  t h e r e b y  in ter fer ing  also 
wi th  the  fo rma t ion  of D N A  and  pro te ins  t, 2. I t  has  been 
observed  t h a t  the  drug  causes ch romosomal  aber ra t ions  8, 
af fect ing the  cells p r e d o m i n a n t l y  in the  S phase  4-~. In  
the  p resen t  work,  we have  s tud ied  the  up take  of 5-aza- 
cytidine-4-~tC into  cu l tured  mouse  embryon ic  f ibroblas ts  
and we observed  its local izat ion over  he t e roch roma t in .  

Materials and methods. 5-Azacytidine-4-14C (33.7 mCi/  
mmole) was p repa red  in th is  Ins t i tu t e .  The cells were 
ma in ta ined  ill Eagle ' s  min imal  essent ial  med ium con- 
taini-ng ant ib io t ics  s u p p l e m e n t  wi th  v i t amins  and 10% 
calf serum. The p r i m a r y  cul tures  were p repa red  f rom 
13-day-old mouse  foetuses.  The cells were grown in Roux  
bo t t l es  (1 • 10 ~ cells/ml) and  10 -5 M 5-azacyt id ine-4-~C 
(0.2 txCi/ml) was added  af ter  18 h of cu l t iva t ion  at  37 ~ 
1 h la ter  t he  rad ioac t ive  m e d i u m  was  r emoved  and  a 
fresh m ed ium was added.  The cells were ha rves t ed  at  
2-h in tervals  following 1-h exposure  to  eolchicine (0.05 txg/ 
ml). Cultures were f ixed in acetic me thano l  af ter  hypo ton ic  
t r e a t m e n t  (0.075 M KC1) for 12 mill a t  37 ~ The mono-  
layer  was  t h a n  d ispersed  in 60% glacial acet ic  acid and  
drops  of cell suspension were placed on clean glass slides 
p r e w a r m e d  to  56 ~ After  d ry ing  the  slides were washed  
(5 rain) 3 t imes  in 5% t r ichloracet ic  acid, r insed wi th  
dis t i l led wa te r  and  coated  wi th  a s t r ipp ing  fi lm K o d a k  
AR. 10. The expos i t ion  at  - -20~  las ted for2 months .  
Fol lowing the  d e v e l o p m e n t  and  f ixa t ion  the  cells were 
s ta ined  by  Giemsa s ta in  in a p h o s p h a t e  buffer  (pH 6.8). 
The p repa ra t ions  for t he  eva lua t ions  were p h o t o g r a p h e d  
using Orwo-f i lm N P  15. In  each ins tance  25-30 individ-  
ual ka ryo types  were counted.  The local izat ion of grains 
over  indiv idual  ch romosomes  was  regis tered separa te ly  

over  p rox imal  (centromeric),  media l  and dis ta l  par ts .  The 
labell ing over  the  p rox imal  p a r t  was considered to cor- 
respond  to cons t i tu t ive  he t e roch roma t in  whereas  t h a t  
over  t he  dis ta l  p a r t  of ch romosomes  to euchromat in .  The 
n u m b e r  of grains over  t he  media l  segment  was cons t an t ly  
low in all ins tances  where  the  labell ing of th is  region was 
d is regarded.  

Results and discussion. The n u m b e r  of nucleoli  in 
mouse  f ibroblas ts  and the i r  size cons iderably  var ied 
dur ing  the  exper iment .  The largest  nucleoli  were found 
8 h af ter  t he  removal  of m e d i u m  conta in ing  5-azacyt idine-  
4-~C. The nucleolar  en la rgemen t  following th is  analog 
has  been  also observed  by  VOIGT et al. s. F u r t h e r m o r e  it 
has  been  shown recent ly  9 t h a t  5-azacyt idine inhib i t s  the  
m a t u r a t i o n  of 45 S precursor  r ibosomal  R N A  to 28 S and 
18 S r R N A .  

1 A. CIH~K and H. M. RABES, Neoplasma, in press. 
2 M. REICHMA~ and S. PENMAN, Bioehim. biophys. Acta 324, 282 

(1973). 
V. F ~ i ~ ,  A. MICHAELIS and R. R1EaER, Mutation Res. 9, 599 
(1970). 

4 L. H. LI, E. J. OLIN, T. J. FRASER and B. K. B~UYAN, Cancer Res. 
30, 2770 (1970). 
B. K. BHU,TAY, L. G. SCHEIDT and T. J. FRASER, Cancer R(s. 32, 
398 (1972). 

6 B. S. ZAIN, R. L. P. ADAMS and R. C. IMam, Cancer Res. 33, 40 
(1973). 

7 R. A. TO~EY, Cancer Res. 32, 2720 (1972). 
W. H. VOlGT, E. A. L6BBEeKE and E. GRUDMAXN, Acta histochem., 
Suppl. 13, 165 (1973). 
J. W. Wmss and H. C. PITO% Arch. Bioehem. Biophys. 760, 119 
(1974). 



1464 Speeialia ]~,XPERIENTIA 30/12 

Fig. 1. The localization of the labelled 5-azaeytidine in the nuclei of 
mouse embryonal fibroblasts. The label was concentrated close to 
the nucleoli or to the nuclear membrane. 

Fig. 2. The arrangement of chromosomes in 'star-shaped chromosomal 
associations' 6 h after the removal of the medium containing 5- 
azacytidine. 
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Fig. 3. The percentage of labelled chromosomes and the localization 
of the radioactivity in the chromosomes following the exposure to 
5-azacytidine-4-1~C in vitro. The fraction of labelled chromosomes 
(continuous line) and the chromosomal localization of the label 
(individual points) are given as percent and as numerical indices 
(left and right ordinate, respectively). The numerical indices for 
the localization were obtained by dividing the number of chromo- 
somes labelled over centromeres (heterochromatin) by the number of 
chromosomes labelled over telomercs (euehromafin). Abscissa: 
Recovery time. 

At  all the  recovery  t ime  in tervals  the  label was concen-  
t r a t ed  close to the  nucleoli  or to  t he  nuclear  m e m b r a n e ;  
th is  p a t t e r n  was mos t  marked  6 h af ter  the  r emova l  of 
t he  rad ioac t ive  med i u m (Figure 1). The local izat ion of 
label over  f ibroblas t  nuclei a f ter  5-azacytidine-4-1*C 
shows same p a t t e r n  as t h a t  following the  cytological  
hybr id iza t ion  of mouse  l iver cells w i th  R N A  comple-  
m e n t a r y  to  mouse  satel l i te  D N A  10. The presence  of he te ro-  
ch roma t in  close to  the  nucleolar  region has  also been 
descr ibed by  VAGNER-CAPoDANO and  STAHL 11 in fibro- 
b las ts  f rom 8-day-old quail  embryos .  

A r r a n g e m e n t  of ch romosomes  in m e t a p h a s e  p la tes  
follow 5-azacyt idine changes  depend ing  on the  recovery  
t ime.  In  controls  the re  was a cer ta in  t e n d e n c y  for the  
cen t romer ic  h e t e ro ch ro ma t i n  to  aggregate  into clusters  
giving the  appearance  of several  ' s t a r - shaped  chromo-  
somal  associat ion '1~. This p h e n o m e n o n  observed  in 
controls  is much  more  p ronounced  following 5-azacytidine,  
especially a t  4-6 h af ter  the  r emova l  of the  drug  (Figure 
2). Thread- l ike  extens ions  or ' fusions '  of cen t romeres  as- 
sociated in some cases w i th  decondensed  h e t e r o c h r o m a t i n  
are clearly not iceable.  At  6 to  24 h achromat i c  gaps, elon- 
ga ted  chromosomes  or ch roma t id s  and  f r agmen ted  chro-  
mosomes  are seen. The ch romosomal  aber ra t ions  pref-  
erent ia l ly  localized in the  cons t i tu t ive  h e t e r o c h r o m a t i n  
have  also been descr ibed following the  ad mi n i s t r a t i o n  of 
m i t o m y c i n  C 13 and  benzimidazole  1~. 

The labell ing and  the  local izat ion of 5-azacytidine-4-  
14C over  the  chromosomes  is summar ized  in Figure  3. 
The h ighes t  percen tage  of labelled chromosomes  has 
been  observed  at  10 h af ter  the  r emova l  of the  rad ioac t ive  
medium.  Be tween  16-22 h the  n u m b e r  of mi toses  was 
ex t remely  small  and these  values were no t  included in t he  
Figure 3. E x c e p t  16-22 h following the  exposure  to the  
analogue the  grains are more  f requen t ly  observed  over 
he t e rochromat in .  On the  contrary ,  a t  16 h the  label 
prevai ls  over  t he  euch roma t in  region and  as a l ready 
ment ioned ,  mitoses  d imin ish  in n u m b e r  a t  16 to 22 h. 
A p p a r e n t l y  the  cells which have  t aken  up 5-azacyt idine a t  
drug-sensi t ive  per iod of the i r  genera t ion  cell cycle have  
undergone  pycnot ic  degenera t ion .  This  con ten t ion  is 
fu r the r  s t r eng thened  by  the  presence  of a large n u m b e r  
of pycno t ic  cells in the  cul tures  a t  respec t ive  t ime  
intervals .  An analogous p h e n o m e n o n  was observed 
previous ly  in mouse  embryos  in vivo 1~, 16. Mitot ic  figures 
wi th  chromosomes  labelled p reva l en t ly  over  he tero-  
ch roma t in  begin to  r eappear  a t  22 to 24 h. The percen tage  
of labelled chromosomes  remains  re la t ively  high. The cell 
divis ion is ev iden t ly  delayed or even comple te ly  blocked iv. 
DEv et  al. is ident i f ied  indiv idual  mouse  chromosomes  on 
the  basis of the i r  f luorescence p a t t e r n s  and  found  t h a t  
mouse  satel l i te  D N A  was concen t r a t ed  in cen t romer ic  
h e t e r o c h r o m a t i n  and  had  been  found to  be repl ica t ing  
sooner.  GONTCHAROFF 19 suggests  t h a t  R N A  which de- 
pends  on the  ear ly  syn thes ized  D N A  is essent ia l  for 
no rma l  s t ruc tu re  and  func t ion  of nucleoli.  P r o b a b l y  
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t he  ear ly  syn thes i zed  DNA,  or a t  leas t  a p a r t  of it, is 
assoc ia ted  w i t h  nucleolus  and  ac t s  as t e m p l a t e  for r ibo-  
somal  RNA.  P r e d o m i n a n t l y  l e tha l  ac t ion  of 5 -azacy t id ine  
in t he  S phase~-L  i n h i b i t i o n  9 of m a t u r a t i o n  of 45 S 
r R N A ,  t he  effect  of t h e  d rug  on  nucleolus  s, a n d  t h e  
loca l iza t ion  of 5 -azacy t id ine  in t he  nuc lea r  and  in t h e  
c h r o m o s o m a l  h e t e r o c h r o m a t i n  i nd ica t e  t h a t  th i s  ana logue  
m a y  be of va lue  for  t he  i nves t i ga t i on  of t he  func t i on  of 
nucleolus  and  i ts  r e l a t ion  to h e t e r o c h r o m a t i n .  

a u t o r a d i o g r a p h i s c h  u n t e r s u c h t .  Die R a d i o a k t i v i t / i t  in  
K e r n  u n d  C h r o m o s o m e n  ist  h~iufig m i t  d e m  Hete ro -  
c h r o m a t i n  assoziiert .  Die Nukleo len  werden  vergr6sser t ,  
u n d  die Chromosomen ,  die s ich in der  M e t a p h a s e  be- 
l inden ,  weisen s t e rn f6 rmige  Gebi lde  auf. 

~]. SEIFERTOV.~, J.  VESEL~" a n d  A. (~IHX:K 

Zusammen/assung. Die I n k o r p o r a t i o n  des l~C-markier-  
t en  5 -Azacy t id ins  in  die e m b r y o n a l e n  M~iusefibroblasten,  
die in Ze l lku l tu ren  geha l t en  worden  waren,  wurde  

Institute of Organic Chemistry and Biochemistry, 
Czechoslovak Academy o/Science, Praha 
(Czechoslovakia), 13 June 1974. 

Tubuloreticular Structures in a Case of Bronchialadenom (Carcinoid Type) 

Tubu lo re t i cu l a r  s t ruc tu res ,  r epo r t ed  of ten  in col lagen 
diseases1, h a v e  also been  seen in several  o the r  diseases,  
i nc lud ing  neoplas t ic  diseases 2, 3. To our  knowledge  t h e y  
h a v e  no t  been  p rev ious ly  r epo r t ed  in carc inoid  t umour s .  

One b r o n c h i a l a d e n o m a  (carcinoid type) ,  resec ted  f rom 
t h e  left  m a i n  b r o n c h i  of a 39-years-old w o m a n  a d m i t t e d  to  
t h e  D e p a r t m e n t  of Pa tho log ica l  Surge ry  of Sta.  Mar ia ' s  
Hosp i t a l  in Lisbon,  was  s tud ied  b y  e lec t ron  microscopy.  
F r a g m e n t s  of less t h a n  1 m m  3 wide were f ixed sequen t i a l ly  
in 3% g l u t a r a l d e h y d e  in cacodi la te  buffer ,  p i t  7.3, 2% 

o s m i u m  t e t r o x i d e  in ve rona l  a ce t a t e  buffer ,  p H  7.3 a n d  
in 0.5% u r a n y l  a ce t a t e  in  b i -dis t i l led  water .  Fol lowing 
d e h y d r a t i o n  in e thanol ,  t h e y  were e m b e d d e d  in E p o n  812 
(Luft) .  The  p a t i e n t  showed no ev idence  of o the r  diseases,  
n a m e l y  col lagen diseases.  
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Fig. 1. T, tumor cell; observe the presence of neurosecretory-type granules. E, endothelial cell. Arrow points to tubuloretieular structure. 
Fig. 2. T, tumor ceil. 2 neurosecretory-type granules can be seen. E, endothelial cell with tubuloreticular structure inside endoplasmie 
reeticulum (arrow). Inset-enlargement of tubuloretieular structure. The tubules are associated with intracisternal dense material. Arrow 
points to apparent continuity of 1 tubule with endoplasmic reetieulum membrane. 


