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The Incorporation of H3-Thymidine in the Nuclei 
o f  t h e  C e l l s  o f  A d r e n a l  M e d u l l a  o f  R a t s  r 

I t  is known t h a t  adrena l  medul la  cells of adul t  an imals  
are considered to be in an irreversible pos tmi to t i c  s ta te ,  
like the  nerve cells of the  cent ra l  nervous  sys t em (Cow- 
DRY2). According to MITCHELL 3, in the  adrena l  medul la  
of adul t  ra t s  no mitoses are present ,  while t h e y  are  p re sen t  
in young animals  up to  the  30th d a y  of life. 

The inves t igat ions  of REICHARD and  ESTBORN 4 and  of 
FR1EDKIN et  al. s have  shown t h a t  dur ing  D N A  syn-  
thesis H3- thymidine  is incorpora ted  in the  nuclei, which 
can be revealed by  au torad iography .  

The presen t  inves t iga t ions  have  been  pe r fo rmed  w i t h  
the  aim of ascer ta ining w h e t h e r  syn thes i s  of D N A  takes  
place in  adrenM medul la  cells in any  of t h e  following 
s i tuat ions:  (a) in the  young  ra t ;  (b) in t he  adu l t  r a t ;  
(c) in rats  exposed to strong,  long- las t ing s t imula t ion  of 
the adrenal  medulla.  The s t imula t ion  was  pe r fo rmed  by  
exposing the animals  to  low t empera tu re .  In  a preceding  
invest igat ion s - ' ,  i t  was found t h a t  in such a s i tua t ion  
considerable changes  in t he  D N A  con t en t  of the  adrena l  
medulla  nuclei take  place, which  sugges ts  the  poss ib i l i ty  
of DNA synthesis .  

Four  groups  of albino male  ra t s  of ti le I ta l ico s t r a in  
were used. The f irs t  group consis ted  of 10-day-old ani-  
mals;  the  second of normal  adu l t  an imals ;  t he  th i rd  of 
adul t  animals  exposed to  cold 15 h a d a y  for a to ta l  
period of 100 and  300 h ;  t h e  fou r th  group consis ted  of 
animals kep t  a t  room t e m p e r a t u r e  for  var ious  per iods  (up 
to  10 days) af ter  300 h of exposure  to cold. 

H3-thymidine (1 /~c/g b o d y  weight)  was g iven to  each  
animal in single or repea ted  inject ions  (see Table  I). The 
animals  were killed 8 h a f te r  the  last  inject ion.  The 
adrenal  glands were dissected.  One g land  was f ixed in 
95% alcohol and acetic acid, d e h y d r a t e d  and  e m b e d d e d  
in paraff in wax, toge ther  wittl  an  adrena l  and  a f r a g m e n t  
of k idney  f rom a normal  animal .  

Table I . % o f  the mitosis and the marked nucteiin adrenal medullas 
of 10-day-old rats 

Counted Mitosis Mitotic Counted Labelled % of 
nuclei index (% nuclei nuclei labelled 

of cells in nueIei 
division) 

8000 70 0.87 4109 57 1.39 
8000 97 1.21 5000 51 1.02 

Table II. % of the labelled nuclei in the rat adrenal medulla during 
recovery after 300 h of intermittent exposure to cold 

F rom the  o the r  gland,  the  adrena l  medul la  was dis-  
sec ted  according  to a t echn ique  previous ly  descr ibed  7, 
and  smeared  on a por t ion  of a slide on wh ich  also nuclei  
of the  contro l  adrena l  medul la  and  k ipney  were smeared .  

The smears  and  the  sect ions  (12 /~ thick)  were s t a ined  
according to  the  m e t h o d  of FEULGENS. T h e y  were  there-  
a f te r  covered wi th  a t h in  fi lm of p h o t o g r a p h i c  emuls ion  
(G5 Itford) accord ing  to  CAge 9 and  exposed  for  10 d a y s  
in a l igh tproof  box  a t  + 4°C. 

The  slides were  t h e n  deve loped  wi th  K o d a k  D.80 for  
2 min,  r insed in a b a t h  of 1% acetic acid, f ixed in K o d a k  
R a p i d  F ixe r  for 10 min,  and  washed  in t ap  wa te r  for 1 h. 
The backg round  was  scarce and  a m o u n t e d  to  1-1.5 
grains/nucleus .  

Label led  nuclei  were found  in t he  adrena l  medul la  of 
young  rats ,  whereas  no inco rpo ra t ion  was  observed  in  t h e  
normal  adu l t  ra ts .  

Adu l t  ra t s  exposed  to  cold for 100 h and  300 h d id  no t  
show label led nuclei  w i th in  t he  adrena l  medul la .  If, a f te r  
the  exposure  to  cold for 300 h, t h e y  were a l lowed a per iod  
a t  room t empera tu re ,  c lear-cut  labell ing of adrena l  medul la  
nuclei  was  not iced.  
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Histograms on the basis of the number of silver grains of the labelled 
nuclei of adrenal medulla cells of rats exposed intermittently to cold 
for 300 h and kept at room temperature for 8-10 (A), 32-33 (B) and 

56 (C) h. 

Room Smears Sections 
tempera- 
turc Counted Labelled % of Counted Labelled 
time in h nuclei nuclei labelled nuclei nuclei 

nuclei 

% 

8 8000 56 0.70 371 4 1.08 
9 3000 22 0.73 1300 10 0.77 

10 3000 38 1.26 1000 19 1.90 
32 8000 113 1.41 860 20 2.32 
33 8000 198 2.47 1500 17 1.13 
56 8000 607 7.60 546 31 5.67 
56 3000 60 2.00 2000 40 2~0 
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Tile search  for mitosis  on t h e  sect ions  of t he  adrena l  
medu l l a  of y o u n g  ra t s  t r e a t ed  wi th  colehicine demon-  
s t r a t e s  t he  occurrence  of mi to t ic  f igures  in a pe rcen tage  
t h a t  agrees w i th  t h a t  of label led nuclei  (Table I). I n  adu l t  
r a t s  no mi tos is  was  ever  found,  e i the r  in  normal  or  exper i -  
m e n t a l  condi t ions ,  i.e. dur ing  cold exposure  and  recovery  
period.  

These  e x p e r i m e n t s  show t h a t  t he  adrena l  medul la  cells 
in the  a d u l t  an imal  have  i r revers ib ly  lost the  ab i l i ty  to  
mul t ip ly ,  b u t  are stil l  capable  of syn thes iz ing  D N A  if 
sub jec ted  to  a p p r o p r i a t e  st imuli .  

Af te r  t he  m a r k e d  decrease induced  by  exposure  to cold ~, 
syn thes i s  of D N A  ex novo takes  place when  the  an imal s  
are  kep t  a t  room t e m p e r a t u r e  (Table II).  This  is in full 
a g r e e m e n t  w i t h  t he  resul ts  of h i s t o p h o t o m e t r i c  de ter -  
ru inat ion 1°. Af te r  8-10 h of recovery,  t he  nuclei  genera l ly  
show n u m e r o u s  grains and only  a few are weaMy m a r k e d .  
In  t he  following hours  (up to 56 h), the  nuclei  are  weak ly  
marked  (Figure).  This  means  t h a t  a r ap id  syn thes i s  
t akes  place in t h e  f i rs t  hours  of exposure  to  room t e m -  
pe ra tu re  and  slow syn thes i s  in  t h e  following hours .  No 
label led nuclei  are found  w h e n  H3- thymid ine  is given 
a f t e r  5 or 10 days  a t  room t empera tu r e .  

I t  can  be concluded t h a t  the  decrease of the  c o n t e n t  of 
DNA/nuc leus ,  obse rved  d u r i n g  exposure  to  low t e m -  
pera ture ,  is real and  t h a t  dur ing  the  recovery  per iod  a 
syn thes i s  ex  novo of D N A  takes  place in the  nuclei  in  t he  
absence  of a n y  mi to t ic  process  n.  

Riassunto. In  ques t a  r icerca si d i m o s t r a  s intes i  di  D N A  
con l 'uso di  t imid ina  H a non  a c c o m p a g n a t a  a mitos i  nella 
midol lare  surrenale  di r a t t o  adul to  in segui to  ad esposi-  
zione a bassa  t e m p e r a t u r a .  
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E f f e t t o  d e l l a  o u a b a i n a  s u l  t e s s u t o  n e r v o s o  i n  

c o l t u r a  i n  v i t r o  

Dalla  I e t t e ra tu ra  recen te  (BELKIN e t  al. ~, YANG e t  al. 2) 
sono no t i  va r i  cast di vacuol izzazione di  cetlule in co l tura  
( f ibroblast i  di pollo, cellule ascit iche,  cellule HeLa)  pro-  
voca t a  da  sos tanze  di  n a t u r a  diversa ,  qual i  gli anes te t ic i  
del  g ruppo  della procaina,  l ' a t rop ina ,  l 'efedrina,  la pilo- 
ca rp ina  ed i salt di  bast deboli  quale  il cloruro d ' a m m o n i o .  
Vacuolizzazioni  na tu ra l i  sono s t a te  r i scon t ra te  in a lcune 
forme morbose  quali  la malattia di Jakob-Creutz/eldt, il 
Kuru (umane) e lo Scrapie (degli ovini). Recen t i s s ime  
r icerche eseguite  nel nos t ro  I s t i t u to  (BIGNAMI e PALLA- 
DINI 3-5) h a n n o  permesso  di cons t a t a r e  l ' i den t i th  delle 
a l terazioni  cerebral i  morfologiche ed e le t t roencefa lograf i -  
che (EEG) della m a l a t t i a  di J akob-Creu tz fe ld t  con quelle 
o t t e n u t e  t r a t t a n d o  an imal i  (ratti ,  cavie) con iniezioni 
in t r ac ran iche  di un  glucoside,  la ouabaina (g-s t rofant ina) .  
I n  e n t r a m b i  i cast, associa ta  alla compa.rsa di  un  ritmo 
periodico E E G ,  si ha  uno state spongioso di zone corticaIi.  
Microscopicamente  lo s t a t e  spongioso,  sic na tu ra le  che 
a r t i f ic ia lmente  provoea to ,  consis te  nel la  vacuol izzazione 
delia cos ide t t a  (~sostanza f o n d a m e n t a l e ,  della sos tanza  
grigia corticale.  

Recent i s s ime  osservazioni  di GONATAS e t  al. ~ s tud iando  
tale tessu to  di  cast di ma l a t t i a  u m a n a  al microscopio 
e le t t ronico,  hanno  accer ta to  che lo s t a t e  spongioso 
d o v u t o  a r igonf iamento  di  processi  cellulari di as t roci t i  e 
di  neuroni .  A ques to  quadro  si a ccompagna  la spar izione 
del reticolo endoplasmico  e dei r ibosomi;  non  vi sa rebbero  
al terazioni  a carico dei mi tocondr i ;  gli as t roci t i  colpiti  
sono ipertrofici .  Vi sa rebbero  inol t re  varie  al terazioni  della 
miel ina,  del per icar ion e dei bo t ton i  s inaptici .  Va  r icorda to  
che quest i  da t i  sono s taff  r icavat i  da  mater ia le  b iopt ico  e 
qu ind i  i nev i t ab i lmen te  a l tera to .  

o rmai  c h i a r a m e n t e  d i m o s t r a t o  (SKOU 7'8, NECKER e t  
al. 9, GARDEN 1°, BONTING 11, POST e SEN 1~ e mol t i  altri) 
c h e l a  g - s t ro fan t ina  (ouabaina) ~ nn  p o t e n t e  in ib i tore  di 

un  complesso  enz imat ico  di m e m b r a n a ,  l 'ATP-as i  Na+-K+ 
d ipenden te ,  d e p u t a t o  al t r a spo r to  a t t i vo  di acqua  e ca-  
t ioni ,  s tud ia to  nel  s i s t ema  nervoso  da  TORACK e BAR- 
NETT ~'~4. Dalle osservazioni  di JUDAH e AHMED 16 r isul ta  
che ques to  f a rmaeo  ha  una  azione e le t t iva  sulla ATP-as i  
del ia  m e m b r a n a  degli e l ement i  del  t e s su to  nervoso.  A 
segui to  degti incoraggiant i  r i su l ta t i  o t t e n u t i  da  t3mNAMI 
e PALLADINI in r i v e  ed in to te ,  me n t r e  proseguono le 
r icerche t e n d e n t i  a chiar ire  nella spongiosi  i n d o t t a  a quali  
e lement i  della ' so s t anza  f o n d a me n t a l e '  v a d a  r i fer i ta  la 
vacuol izzazione,  essendo ancora  non  mol to  p roba to r ie  le 
osservazioni  succ i ta te  su mate r ia le  b iopt ico  umano ,  si 
r i t e n u t o  i m p o r t a n t e  accer ta re  l ' e f fe t to  del glucoside sugli 
e lement i  di t essu to  nervoso  co l t iva to  in vi tro,  sic per  la 
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