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for  24 h a t  32~ Nucleic  acids (DNA and  RNA) were 
s t a i ned  b y  m e t h y l e n e  blue  (Merck, D a r m s t a d t ;  C. I. Nr.  
52015; PISCHINGERT, S; 0.002 M, p H  4.8, 15 rain).  Af te r  
R N a s e  t r e a t m e n t  (2 mg/ml ,  20 U, 3 h, 37~ t he  D N A :  
R N A  ra t io  of nuclei  of d i f f e ren t i a t ed  cells (mesencepha-  
1on, s tage  32) was e s t i m a t e d  to  be  a p p r o x i m a t e l y  1: 1. 
On  t he  basis  of t he  F e u l g e n - c y t o p h o t o m e t r i c  measure -  
m e n t s  of D N A  c o n t e n t  r a n d  t h e  descr ibed  D N A / R N A  
rat io ,  t he  R N A  c o n t e n t  of nuclei  could be  ca lcu la ted  b y  
m e a s u r i n g  t he  t o t a l  nucleic  acid con ten t .  For  d e t e r m i n i n g  
t he  nucleic  acid and  n o n h i s t o n e  p r o t e i n  con ten t ,  t h e  s t a in  
i n t e n s i t y  was measu red  in 70 i nd iv idua l  nuclei  f rom each  
slide w i t h  a B a r r  a n d  S t roud  i n t e g r a t i n g  mic rodens i to -  
m e t e r  (Glasgow, Type  GN 2). 

Results and discussion. I n  all  cases t he  m e a s u r e m e n t  
da ta ,  wh ich  were col la ted  to so-called ka ryograms ,  show 
a doub l ing  of dye  c o n t e n t  d u r i n g  t he  cell cycle. This  
m e a n s  t h a t  nucle i  double  t h e i r  R N A  a n d  n o n h i s t o n e  
p ro t e in  c o n t e n t  f rom G~ to G 2 phase,  as is k n o w n  for 
D N A  and  h is tone .  F u r t h e r ,  i t  b e c a m e  e v i d e n t  t h a t  t h e  
]~NA and  n o n h i s t o n e  p ro t e in  c o n t e n t s  are n o t  c o n s t a n t  
in  t h e  course of deve l opm en t ,  b u t  v a r y  w i t h  s tage  
specifically.  A t  t h e  onse t  of gas t ru la t ion ,  no  cons iderab le  
changes  in nuc lea r  R N A  c o n t e n t  can  be  found  u n t i l  s tage 
11b (curve t3). T h e n  a r e m a r k a b l e  increase  occurs  w i t h  a 
m a x i m u m  ill t h e  la te  ga s t ru l a  (stage 12c, a b o u t  96% over  
t he  def in i t ive  value) .  I n  t he  fol lowing stages,  t h e  R N A  
c o n t e n t  decreases  r ap i d l y  a n d  reaches  m i n i m u m  values  
w i t h  t he  f o r m a t i o n  of t he  neu ra l  p l a t e  (stage 14, 15). A 
second d ras t i c  increase  in nuc lea r  R N A  c o n t e n t  ( abou t  
70%) can  be  de t ec t ed  in t he  la te  phase  of neu r u l a t i on ,  
fol lowed b y  a c o n t i n u o u s  r educ t i on  to t he  t a i l b u d  stage.  

These  changes  in nuc lea r  tZNA c o n t e n t  are cor re la ted  
w i t h  s ign i f ican t  changes  in t he  Feu lgen  s t a i n a b i l i t y  of 
nucle i  in  t he  a p p r o p r i a t e  s tages  (curve A). The  compar i son  
of t he  2 curves  (A, B) shows t h a t  in b o t h  phases  t he  D N A  
c o n t e n t  reaches  m a x i m u m  va lues  f irst ,  to  be  fol lowed b y  
t he  IRMA m a x i m u m  a b o u t  2 h later .  There  is a good 
t e m p o r a l  cor re la t ion  be t w een  t he  increases  of D N A  and  
R N A  dur ing  gas t ru la t ion .  D u r i n g  neuru la f ion ,  t he  accu-  
m u l a t i o n  of R N A  ex t ends  over  t he  whole  period,  whereas  
t he  a d d i t i o n a l  D N A  increase  is of s h o r t  du ra t ion .  These  
resul t s  s u p p o r t  our  a s s u m p t i o n  t h a t  t h e  s tage-  a n d  region-  
specific increases  of FeulgerL dye  c o n t e n t  4 are an  expres-  
sion of e n h a n c e d  gene a c t i v i t y  du r ing  ear ly  deve lopmen t .  

The  changes  of n o n h i s t o n e  p ro t e in  c o n t e n t  in  t he  course 
of d e v e l o p m e n t  are i l l u s t r a t ed  in  cu rve  C. W i t h  t h e  
b e g i n n i n g  of gas t ru la t ion ,  t h e  n o n h i s t o n e  p ro t e in  c o n t e n t  
increases  s l igh t ly  a n d  is t h e n  r ap i d l y  d imin i shed  f rom 
s tage 11b to 12b. Because  i t  is no t  possible  w i t h  cyto-  
chemica l  m e t h o d s  to  d i s t ingu i sh  be t w een  c h r o m o s o m a l  

and non-chromosomal proteins, the measurement data 
always represent the changes of the sum of both protein 
classes. By measuring nuclear sizes (JANSEN, unpublished 
results), it was found that nuclear volume decreases 
continuously from stage I0 to 12b. From this fact, we 
should also expect a continuous reduction of nuclear 
protein content, as is shown for stage llb to 12b. As- 
suming that the decrease of nuclear size is due to a loss 
of non-chromosomal protein, the slight increase of non- 
histone protein indicates an accumulation of chromosomal 
proteins prior to the beginning of RNA synthesis (curve 
B), which is in agreement with findings that nonhistone 
chromosomal proteins are responsible for tissue-specific 
gene activation g, i0. At a time when RNA content shows 
maximum values, a drastic increase in protein content 
(about 90%) takes place and is correlated with a spon- 
taneous swelling of nuclei. This confirms the generally 
accepted idea that nucleic acids always occur in close 
association with protein. The parallel decrease of RNA 
and protein is, therefore, probably caused by the trans- 
port of ribonucleoprotein from nucleus to cytoplasm. 
During neurulation, similar correlations between RNA 
and protein content exist. Before the onset of RNA syn- 
thesis, the nonhistone protein content of the early neurula 
is increased. At the end of neurulation, RNA and protein 
have highest values which were slowly reduced in the 
following stages to the final amount of the tailbud stage. 

The temporal correlation of our results with early 
embryonic induction on one hand, and the differentiation 
of the neural tube on the other, raises the question of 
what kinds of RNA are synthesized, and whether there 
are stage-specific changes in the nonhistone protein 
pattern during gastrulation and neurulation. The fact, 
however, that the stage-specific increase of RNA is 
accompanied by a preceding synthesis of additional DNA 
focusses attention on the possibility of the existence of 
gene amplification during early development. This point 
is now under investigation. 
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Summary. I n  r a t s  subj  ec ted  to a low-sodium diet ,  a g rea t  a c t i v i t y  was obse rved  of t h e  coa ted  vesicles a t  Golgi  complex  
a n d  cell surfaces  of g lomeru la r  ad r ena l  zone. These  f indings  are r e l a t ed  to t he  func t ion  of these  organoids  in  t he  u p t a k e  
a n d  t r a n s p o r t  of necessa ry  subs t ances  u n d e r  s t i m u l a t i n g  cond i t ions  of t he  zone. 

The  presence  of coa t ed  vesicles in t he  ad r ena l  cor tex  1 j .  A. LONG and A. L. J o ~ s ,  Am. J. Anat. 120, 463 (1967). 
cells of va r ious  species h a s  been  conf i rmed  in r ecen t  ~ J. A. LONG and A. L. JONES, Lab. Invest. 17, 355 (1967). 
i nves t i ga t i ons  1-s. I n  these  p rev ious  s tud ies  these  e l emen t s  3 N. S. McNuTT and A. L. J o ~ s ,  Lab. Invest. 22, 513 (1970). 
were d iscovered  in r e l a t ionsh ip  w i t h  t h e  Golgi complex  4 G. G. NUSSDORFER, Z. Zellforsch. 103, 382 (1970). 
a n d  t he  cel lular  m e m b r a n e .  I t  is recognized t h a t  t he se  5 D. WASSERMANN and M. WASSERMAnn, Cell Tissue Res. 749, 235 
vesicles p a r t i c i p a t e  in  t h e  t r a n s p o r t  of p r o t e i n  subs t ances  (1974). 
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to  t he  in te r io r  of t he  cell a n d  of h y d r o l y t i c  e n z y m e s  f rom 
t h e  Golgi  comp lex  to  t h e  lysosomesK D u r i n g  a n  exper i -  
m e n t a l  s t u d y  conce rn ing  t h e  r a t  ad r ena l  co r t ex  w i t h  low- 
sod ium diets ,  a large a c t i v i t y  of these  coa t ed  vesicles was  
obse rved  in t he  g lomeru la r  zone, m a i n l y  in t h e  Golgi 
regions  a n d  on  t h e  cell surface.  

Mater ia l  and methods. 36 a d u l t  ma le  W i s t a r  rats ,  weigh-  
ing b e t w e e n  250 a n d  300 g, were d iv ided  in to  3 g roups :  
a) A f i r s t  g roup  of 6 r a t s  rece ived  a n o r m a l  d ie t  a n d  se rved  
as cont ro l ,  b) A second g r o u p  of 24 r a t s  was g iven  a low- 
sod ium d ie t  for 6 weeks.  Th i s  d ie t  fol lowed a f o rmu l a  
s imi la r  to  t h a t  of HARTROFT a n d  EISENSTEIN 7. E a c h  
week  of t he  e x p e r i m e n t  4 an ima l s  of th i s  g roup  were 
sacrif iced,  c) A t h i r d  g roup  of 6 rats ,  also se rv ing  as 
cont ro l ,  w h i c h  for 6 weeks rece ived  t he  same  d ie t  as a 
second group  b u t  w i t h  a n o r m a l  p ropor t i on  of sodium.  
These  an ima l s  were sacr i f iced a t  t h e  end  of t he  6 th  week.  

All an ima l s  were sub j ec t ed  to  pe r fus ion  f ixa t ion  w i t h  
3% g l u t a r a l d e h y d e  in a 0.12 M p h o s p h a t e  buf fe r  a t  
p H  7.4 for 15 rain.  The  ad rena l  g lands  were ex t r ac t ed ,  
sec t ioned  to  f ine slices, s u b m e r g e d  in t h e  same  f ixa t ive  
for 2 h, a n d  f ina l ly  pos t - f ixed  in 1% o s m i u m  t e t r o x i d e  in 
t he  same  buffer .  Af te r  d e h y d r a t i o n  in inc reas ing  con-  
c e n t r a t i o n s  of acetone,  t h e  m a t e r i a l  was  inc luded  in 
D u r c u p a n  ACM (Fluka) .  U l t r a - t h i n  sect ions  were s t a ined  
w i t h  lead c i t r a t e  a n d  e x a m i n e d  w i t h  a H i t a c h i  H U - 1 2  
e lec t ron  microscope.  

Results.  The  cells of t he  g lomeru l a r  zone in t he  con t ro l  
an ima l s  a p p e a r e d  to be fo rming  compressed  cords  (Figure  
1A). The  cell surfaces  were s e p a r a t e d  b y  spaces  of a b o u t  

200/~. Some coa t ed  vesicles could be seen on  these  surfaces  
(Figure  1B).  Some cha rac t e r i s t i c  o rgano ids  of these  cells 
could  be  seen in t h e  cy top la sm,  such  as l ip id  drople ts ,  
s m o o t h  endop la smic  r e t i cu lum,  a n d  t u b u l a r  c res t  m i t o -  
c h o n d r i a  (Figure 1, A a n d  B). 

I n  t h e  e x p e r i m e n t a l  an imals ,  f rom t h e  second week  
un t i l  t h e  end  of t h e  e x p e r i m e n t  m u c h  a c t i v i t y  on  t h e  
p a r t  of t h e  coa ted  vesicles in t h e  Golgi regions  could be  
obse rved  (Figures  2 an d  3). Moreover ,  a large n u m b e r  of 
vesicles of th i s  t y p e  i n v a g i n a t e d  in t h e  cell m e m b r a n e  
an d  passed  to  t h e  superf ic ia l  zone of t h e  c y t o p l a s m  
(Figure  4). On t h e  o the r  h a n d ,  d u r i n g  t h e  course of 
t h e  e x p e r i m e n t  a n  i m p o r t a n t  increase  of o the r  o rgano ids  
could be verif ied,  such  as m i t o c h o n d r i a ,  s m o o t h  endo-  
p lasmic  r e t i cu lum,  an d  l ipid vacuoles .  

Discussion.  I n  t h e  p r e s e n t  s tudy ,  g rea t  a c t i v i t y  of 
coa ted  vesicles was  shown  in t h e  g lomeru l a r  zone cells of 
r a t s  on  a low-sod ium diet .  S imi la r  f ind ings  were n o t  de-  
scr ibed b y  o t h e r  a u t h o r s  who  s tud ied  th i s  zone u n d e r  t h e  
same  e x p e r i m e n t a l  cond i t ions  8-1~. 

I n  o t h e r  cond i t ions  of t h e  ad r en a l  co r t ex  s t i mu l a t i o n ,  
such  as a f t e r  t h e  e m p l o y m e n t  of A C T H  or t h e  a d m i n i s t r a -  
t ion  of p ros t ag l and ins ,  a la rger  coa t ed  vesicle a c t i v i t y  was  
also descr ibed  13, it. 

Var ious  i m p o r t a n t  func t ions  h a v e  been  a t t r i b u t e d  to  
coa ted  vesicles : p ro t e i n  u p t a k e  ; source  of bas ic  m e m b r a n e  
m a t e r i a l  wh ich  can  be  i n co rp o ra t ed  in o rgano id  deve lop-  
m e n t ;  ac t ing  as carr iers  in  the  t r a n s p o r t  of subs t ances  
in to  t h e  cell, such  as h y d r o l y t i c  enzymes  f rom t h e  Golgi 
complex  to  t h e  lysosomes 6,1~, 16 T h e  f i rs t  two  func t ions  

Fig. 1. Control animal. A) Group of glomerular zone cells in intimate contact with each other. In their cytoplasm can be seen mitochondria 
(m), lipid vacuoles (1) and smooth endoplasmie reticulum (er) • 20,000. B) Detail of coated vesicles (arrows) near the cell surface • 25,000. 
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Fig. 2. Large coated vesicle activity in the cytoplasm and Golgi region in an experimental animal. • 20,000. 
Fig. 3. Golgi complex showing numerous coated vesicles. Experimental animal. • 12,000. 
Fig. 4. Transport of coated vesicles between the cell surface and the cytoplasmic interior. Experimental animal x 12,000. 

w o u l d  be  v e r y  i m p o r t a n t  to  a cell in h y p e r t r o p h i c  con-  
d i t i ons  w h i c h  r equ i r e  p las t i c  e l e m e n t s  fo r  t h e  c o n s t r u c t i o n  
of i ts  o rgano ids .  T h e  l a s t  f u n c t i o n a l  p r o p e r t y  a t t r i b u t e d  to  
t he se  o r g a n o i d s  w o u l d  a t t e n d  to  t h e  r e q u i r e m e n t  of an  
i nc reased  ca t abo l i c  t u r n o v e r  in a h y p e r f u n c t i o n i n g  cell. 
B o t h  of t h e s e  c o n d i t i o n s  ex i s t  in t h e  cells of t h e  g lomer -  
u l a r  zone,  d u e  to  t h e  s t i m u l u s  r e s u l t i n g  f r o m  t h e  ut i l iza-  
t i o n  of t h e s e  diets .  
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