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Summary. Binucleate  ceils have  been found in the  glomerular  zone of the  adrenal  cor tex  in ra ts  subjec ted  to low- 
sodium diets. By  considering the  various possibili t ies for the i r  product ion,  b o t h  the  f indings of nuclei in process of con- 
s t r ic t ion and nuclei ident ical  in form, confronted  and smaller  in size t h a n  those  of ne ighbour  cells, are in agreement  w i t h  
an ami to t ic  nuclear  division as the  possible mechan i sm for t he  format ion  of these cells. 

The presence of b inuclea te  cells in the  p a r e n c h y m a  of 
several  organs is a verif ied fact.  The process of produc-  
t ion  of these cells remains  r a the r  obscure.  Recen t  s tudies  
upon  the  subjec t  suppor t  ami to t ic  nuclear  division as t he  
mos t  p robab le  mechan i sm of binucleat ion,  a l though  
o the r  possibil i t ies have  been considered1-4. In  our work,  
we d e m o n s t r a t e  the  appearance  of b inucleate  cells in the  
glomerular  zone dur ing per iods  of adrena l  s t imula t ion  
t h rough  low-sodium diets.  

Material and methods. 60 adul t  male Wis ta r  rats,  weigh- 
ing be tween  250-300 g were d iv ided into 3 groups:  a) 
A 1st group of 6 ra t s  received a normal  diet  and served 
as a control ,  b) A 2nd group of 48 ra ts  was given a low- 
sodium diet  for 12 weeks. This diet  followed a formula  
similar to t h a t  of HARTROFT and  EISENSTEIN 5. E a c h  Week 
of the  expe r imen t  4 animals  of th is  group were sacrificed. 
c) A 3rd group of 6 ra t s  also serving as a control ,  which  for 
12 weeks received the  same die t  as the  2rid group bu t  
wi th  a normal  p ropor t ion  of sodium. These animals  were 
sacrificed as the  end of the  12th week. 

All animals  were subjec ted  to perfus ion f ixat ion wi th  
3% g lu ta ra ldehyde  in a 0.12 M p h o s p h a t e  buffer  a t  p H  
7i4 for 15 min.  The adrena l  glands were ex t rac ted ,  sec- 

t ioned  to fine slices, submerged  in the  same f ixat ive  for 
2 h, and  finally pos t - f ixed  in 1% osmium te t rox ide  in the  
same buffer.  Af te r  d e h y d r a t i o n  in increasing concent ra-  
t ions  of acetone,  the  mate r ia l  was included in Durcupan  
ACM (Fluka). Semi- th in  sect ions of 1 or 2 ~m were s ta ined  
wi th  1% toluidine blue. U l t r a - t h in  sect ions were s ta ined  
wi th  lead c i t ra te  and examined  wi th  a Hi tach i  HU-12 
electron microscope.  

Results. The glomerular  zone of the  adrenal  glands of the  
2 control  groups  of animals  was composed  of clusters  of 
cells forming per icapi l lary  cords or glomeruli  (Figure la).  
Among  thei r  subcellular  character is t ics ,  a mi tochondr ia t  
po lymorph i sm wi th  platel ike or tubu la r  and paral lel  
cr is tae adop t ing  pseudo-cr is ta l l ine  posi t ion was no ted  
(Figure lb) .  Other  r ep resen ta t ive  organelles were the  
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Fig. 1. Control animals, a) Glomerular zone cells in pericapillary arrangement. Mitochondria (m), fat droplets (f), and some Golgi apparatus 
(G) can be seen in their cytoplasm. • 4000. b) Characteristic pseudo-crystalline arrangement in some mitochondria. • 10,000. 
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smoo th  endoplasmic  re t iculum,  free polyr ibosomes,  
numerous  fa t  droplets ,  and  a well developed Golgi appara -  
tus  (Figure lb).  

In  the  group of animals  ma in t a ined  on a low-sodium 
diets,  the  g lomerular  zone u n d e r w e n t  a percept ib le  hyper -  
t r o p h y  beginning  in the  2nd week and cont inu ing  t h ro u g h  
the  whole leng th  of the  exper iment .  The expans ion  of the  
zone occurred ini t ia l ly t h r o u g h  an increase in the  mi to t ic  
ac t iv i ty  of its cells, and  a f t e rwards  t h rough  an increase in 
cell vo lume due to a increase in some organelles,  pr inc ipal ly  
mi tochondr ia ,  sm oo th  endoplasmic  re t iculum,  and fa t  
droplets .  In  the  7th and 8th weeks of t he  exper iments ,  
images were observed  in semi- th in  sect ions of the  glomeru-  
lar zone which  enable  us to p resume  the  exis tence of nu-  
clear cons t r ic t ion  and dupl ica t ion  (Figures 2a, b and c). 
U l t r a s t ruc tu ra l  examina t ion  conf i rms the  presence of bi- 

Fig. 2. Light micrograph of semi-thin sections of the glomerular 
zone, stained with toluidine blue. a} Several apparently binueleate 
cells can be seen (arrows). • 400. b) An image of nuclear constriction. 
• 1000. c) Detail of an apparently binucleate cell. • 1000. 

Fig. 3. Electron micrograph of a binucleate ceil, its extensive cyto- 
plasm containing mitochondria (m), fat droplets (f), vacuolar ele- 
ments of the smooth endoplasmic retieulum (v), and a dissociated 
Golgi apparatus (G). • 6000. 

nuclea te  cells (Figures 3, 4 a, b c and d). The nuclei  of these  
ceils were general ly  smaller  t h a n  those  of ne ighbour ing  
mononuc lea te  cells. Nuclei  were faced and  sepa ra ted  by  a 
space, somet imes  na r row (Figures 4a, b and d) a n d  in 
o the r  cases wide and occupied by  cy top lasmic  organelles 
(Figures 3 and  4d). Thei r  s t ruc tu re  was similar to  t h a t  of 
mononuc lea te  cells wi th  a double  m e m b r a n e  conta in ing  
nuclear  pores, masses  of h e t e r o c h r o m a t i n  a t t a ch ed  to  the  
membrane ,  and  euch roma t in  occupying  the  r ema inde r  
of the  nuclear  space (Figures 3, 4a, b, c and d). The  nu-  
cleoli were seen usual ly  in only 1 nucleus,  and were com- 
posed of well deve loped  fibrillar and  granular  p a r t s  and 
co mp ac t  masses  of satel l i te  h e t e r o c h r o m a t i n  (Figures 4b, 
c and  d). 

As a whole, t he  b inuc lea te  cells were general ly  of larger 
size t h a n  the i r  neighbours .  Their  cy top la sm was extensive,  
conta in ing  numerous  mi tochondr ia ,  vacuolar  e lements  of 
the  s mo o t h  endoplasmic  re t iculum,  fat  droplets ,  and  well 
developed dissociated Golgi complexes,  p resen t ing  dense 
bodies and coated  vesicles in the i r  area (Figure 3). The 
ma jo r i t y  of the  b inuclea te  cells had  a subcapsular  location, 
a l though  o thers  were located in the  ex te rna l  p a r t  of the  
zone, in the  sudanophob ic  region, and had  character is t ics  
s imilar  to those  of the  under ly ing  fascicular zone, con- 
ta in ing  a b u n d a n t  mi tochondr i a  wi th  tubular -ves icu lar  
cr is tae  and a few fa t  droplets ,  some wi th  cholesterol  
crys ta ls  (Figure 4d). 

Discussion. PHILIPSEN et al. 4 consider  3 mechan i sms  
for the  p roduc t ion  of b inucleate  ceils: 1. mi to t ic  division 
w i t h o u t  cytokinesis ,  a process co mmo n l y  found in the  
livera; 2. nuclear  fusion;  3. ami to t ic  nuclear  division 
which  is pos tu la t ed  for the  p roduc t ion  of b inuclea te  cells 
in t he  pala ta l  mucosa  ~. 

We have  eva lua ted  these mechan i sms  d iscount ing  
mi to t ic  division w i t h o u t  cytokinesis  since a t  th is  s tage of 
the  e x p e r i m e n t  the  capac i ty  for division is a l ready  very  
reduced,  and mi to t ic  figures are rare. Nei ther  have  we 
found indica t ion  of cy toplasmic  segmen ta t ion  in the  
b inuc lea te  cells. I t  also seems improbab le  t h a t  these  cells 
are p roduced  by  the  simple fusion of ne ighbour  ceils since 
the i r  nuclei are smaller,  and the  cy toplasmic  organizat ion 
does no t  appear  to  develop t h ro u g h  a simple fusion. 

Two principal  f indings suppor t  an ami to t ic  division 
mechan i sm for the  p roduc t ion  of b inuclea te  ceils 1. the 
indica t ions  of nuclear  const r ic t ions  seen in semi- th in  
sect ions  which,  a l though  scarce, m u s t  be eva lua ted  since 
the  process of cons t r ic t ion  may  occur a t  a speed t h a t  makes  
its observa t ion  difficult4; 2. the  smaller  size of bo th  
nuclei in b inucleate  cells in compar ison  wi th  mononuc lea te  
cells. 

I n  t he  process  of ami to t i c  division,  we could n o t  de- 
m o n s t r a t e  the  pa r t i c ipa t ion  of centr ioles  or a fibrillar 
sys tem,  as has been  repor ted  to occur in adrenal  cort ical  
cells of Rana temporaria g. 1 and in ch romophobe  cells of 
the  pars  in t e rmed ia  of Salmo irideus 2. 

In  s tudies  pe r fo rmed  on m a m m a l i a n  adrenal  glands 
using specific s t imul i  for the  glomeruIar  zone 6-n  or 
fascicular  zone 12, 1~, the  presence of b inuclea te  cells has  
no t  been  demons t r a t ed .  However  the  p h e n o m e n a  of 
amitos is  has  been  re la ted  wi th  the  funct ioning  of the  
adrena l  cortex.  PEHLEMANN 1 notes  an increas, '  in the  
ami to t ic  divis ions of the  adrenal  cor tex  in the  frog after  
s t imula t ion  wi th  ACTH. Therefore th is  form of division 
can be regarded  as i m p o r t a n t  in the  ensemble  of morpho-  
logical signs ind ica t ing  hyper func t ion  of the  g lomerular  
zone. A t  th is  stage,  the  amitosis  is a prol i fera t ive  process  
which  does no t  d i s tu rb  the  normal  func t ion ing  of cellular 
b iosyn the t i c  processes in s ta tes  of hype rac t iv i ty ,  like 
those  p roduced  by  these  diets  5-11. 
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Fig. 4. a) Binucleate cell with con- 
fronted nuclei (N). x15,000, b) 
and c) binucleate cells, the nu- 
cleolus (Nu) with the satellite 
heterochromatila can be seen in 
some of the nuclei, x15,000, d) 
B/nucleate cell in the sudanopho- 
hie region. • 6000. 
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Summary. 4, 6 d i m e t h y l - 2 - a m i n o - 3 ,  4, 5 - t r i m e t h o x y p h e n y l p y r i m i d i n e  a r r e s t s  t h e  m i t o t i c  cyc le  o f  m a m m a l i a n  cells  in  
m e t a p h a s e ,  b o t h  in  v i t r o  a n d  in  .vivo.  T h e  m i t o s t a t i c  e f f ec t  is p r o m p t l y  r e v e r t e d  b y  i n t e r r u p t i o n  of  d r u g  t r e a t m e n t .  

I n  t h e  c o u r s e  of  s t u d i e s  o n  t h e  t o x i c  e f f ec t s  o f  p y r i m i -  Material and methods. ]3 31 and" o t h e r  p y r i m i d i n e  
d i n e  d e r i v a t i v e s  o n  m a m m a l i a n  cells,  t h e  m i t o s t a t i c  d e r i v a t i v e s  we re  s y n t h e s i z e d  b y  I s t i t u t o  C h e m i o t e r a p i c o  
a c t i v i t y  o f  4 , 6 ~ d i m e t h y l - 2 - a m i n o - 3 , 4 , 5 - t r i m e t h o x y p h e -  I t a l i a n o  (I.C.I.) L o d i ;  v i n b l a s t i n e  (Lil ly)  a n d  co l ch i c ine  
n y l p y r i m i d i n e  (B 31) h a s  b e e n  r e a v e a l e d .  R e s u l t s  f r o m  (Simes)  we re  a lso  u s e d .  I n  v i t r o  t e s t s  we re  c a r r i e d  o u t  in  
t h e s e  e x p e r i m e n t s  a r e  r e p o r t e d  he r e .  cel ls  of  t h e  h u m a n  a n e u p l o i d  l ine  H E p 2  ( A m e r i c a n  T y p e  


