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25 ~Ci a H - o c t o p a m i n e  w a s  i n j e c t e d  i n t r a v i t r e a l l y  i n t o  
a l b i n o  r a b b i t  eyes ,  w h i c h  we re  t h e n  e x c i z e d  a f t e r  4 h a n d  
f r eeze -d r i ed ,  f i x e d  in  f o r m a l d e h y d e  v a p o r  a c c o r d i n g  to  t h e  
FALCK a n d  HILLARP m e t h o d ,  e m b e d d e d  d i r e c t l y  in  
e p o x y  r e s in  ( D u r c u p a n ,  F l u k a )  in  v a c u o ,  s e c t i o n e d ,  p h o t o -  
g r a p h e d  in  t h e  f l u o r e s c e n c e  m i c r o s c o p e  a n d  c o v e r e d  w i t h  
a u t o r a d i o g r a p h i c  s t r i p p i n g  f i l m  ( K o d a k  A R  10). E x p o -  
s u r e  t i m e s  we re  1 to  3 m o n t h s .  

F l u o r e s c e n c e  m i c r o s c o p y  d e m o n s t r a t e d  t h e  b y  n o w  
w e l l - k n o w n  d o p a n f i n e r g i c  j u n c t i o n a l  cel ls  a n d  t h e  3 s u b -  
l a y e r s  of  d o p a m i n e r g i c  t e r m i n a l s  in  t h e  i n n e r  p l e x i f o r m  
l a y e r  ( F i g u r e  A).  T h e  a u t o r a d i o g r a p h y  s h o w e d  m a i n l y  
d i f f u s e  d i s t r i b u t i o n  of t h e  r a d i o a c t i v i t y ,  b u t  o n  c lose  
i n s p e c t i o n  i t  w a s  o b s e r v e d  t h a t  t h e r e  w a s  a s l i g h t  i n c r e a s e  
in  d o p a m i n e r g i c  n e u r o n s  ( F i g u r e  B) .  T h e  r a d i o a c t i v i t y  of  
t h e s e  cells  w a s  f a r  less  t h a n  t h a t  s e e n  a f t e r  t h e  i n j e c t i o n  of  
t r i t i a t e d  c a t e c h o l a m i n e s  u n d e r  c o m p a r a b l e  c i r c u m s t a n c e s .  

T h e  e x p e r i m e n t s  s h o w  t h a t  o c t o p a m i n e  o r  a m e t a b o l i t e  
is o n l y  w e a k l y  a c c u m u l a t e d  b y  d o p a m i n e r g i c  n e u r o n s  a n d  
n o t  a t  all  in  t h e  r e c e n t l y  d e t e c t e d  i n d o l e a m i n e - a c c u m u l a t -  
i n g  r e t i n a l  n e u r o n s  n .  T h e y  f u r t h e r  s h o w  t h e  a b s e n c e  in  
t h e  r a b b i t  r e t i n a  of a s e l ec t i ve ,  e f f i c i e n t  n e u r o n a l  a c c u m u -  
l a t i o n  of  o c t o p a m i n e ,  b u t  t h e y  do  n o t  s h o w  w h e t h e r  t h i s  
is so b e c a u s e  t h e r e  a r e  no  n e u r o n s  o p e r a t i n g  w i t h  oc to -  
p a m i n e ,  or  b e c a u s e  s u c h  h y p o t h e t i c a l  n e u r o n s  h a v e  n o  
e f f i c i e n t  u p t a k e  a n d  s t o r a g e  m e c h a n i s m  for  t h e i r  t r a n s -  
m i t t e r .  

Rabbit  retina, 4 h after the injection of 25 btCi aH-octopamille iHtra- 
vitreally. A) fluorescence mierograph showing one dopamine-con- 
raining, strongly fluorescent cell body and several fluorescent ter- 
minals throughout the inner plexiform layer (IPL). The photo- 
receptors (PH) at the top are faintly autofhtoreseent, and the pig- 
merit cells above them are somewhat more autofluoreseeut. B) is a 
dark field micrograph of the autoradiogram of the same area. There is 
a diffuse distribution of silver grains all over the retilla, with a 
slight increase in radioactivity in the dopanfine-containiHg cell 
(arrow). • 340. 
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A g e - D e p e n d e n t  Increase  of T h e r m a l  Stabil i ty of in situ Chromat in  of Rat Liver and its Reversal  after 
t t e p a t e c t o m y  
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S u m m a r y .  A n  a g e - d e p e n d e n t  i n c r e a s e  of t h e r m a l  s t a b i l i t y  of  D N A  in  s i t u  h a s  b e e n  d e m o n s t r a t e d  in  r a t  l i ve r  b y  m e a n s  
of  m i c r o f l u o r i m e t r y ,  w h i c h  w a s  r e v e r s e d  to  a g r e a t  e x t e n t  in  o ld  r e g e n e r a t e d  l iver .  

C e l l u l a r  a g e i n g  i n v o l v e s  a p r o g r e s s i v e  loss  of  t h e  a b i l i t y  
of  t h e  cell  to  m a i n t a i n  t h e  h o m e o s t a s i s  ~, w h i c h  m a y  be  
d u e  to  a n  a l t e r a t i o n  in  t h e  D N A - p r o t e i n  a s s o c i a t i o n  
d e t e r n f i n i n g  t h e  s t r u c t u r e  a n d  p h y s i o l o g i c a l  a c t i v i t y  of  
c h r o m a t i n .  N u m e r o u s  b i o c h e m i c a l  s t u d i e s  a 7 s h o w e d  a n  
a g e - d e p e n d e n t  i n c r e a s e  of t h e r m a l  s t a b i l i t y  of  t h e  e x t r a c t -  
ed  c h r o m a t i n ,  i t  h a s  a l so  b e e n  r e v e a l e d  t h a t  t h e  m e t h o d  
of  e x t r a c t i o n ,  a s  wel l  a s  t h e  ion ic  s t r e n g t h  of t h e  m e d i u m  
u s e d ,  h a v e  a s t r o n g  i n f l u e n c e  o n  t h e  r e s u l t s  o b t a i n e d .  I n  
o r d e r  to  a v o i d  t h e  p r o b l e m s  of  c h r o m a t i n  e x t r a c t i o n  s, 
t h e r m a l  d e n a t u r a t i o n  e x p e r i m e n t s  we re  p e r f o r m e d  o n  
c h r o m a t i n  in  s i t u  of  y o u n g  a n d  o ld  r a t  h e p a t o c y t e s .  O n  
t h e  o t h e r  h a n d ,  in  o r d e r  t o  r e v e a l  w h e t h e r  t h e  a g e -  
d e p e n d e n t  c h a n g e s  of t h e r m a l  s t a b i l i t y  of  c h r o m a t i n  a r e  
r e v e r s i b l e ,  s i m i l a r  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  a lso  in  
r e g e n e r a t e d  l i ve r  of  o ld  a n i m a l s .  S o m e  p r e l i m i n a r y  d a t a  
o f  t h e s e  e x p e r i m e n t s  h a v e  b e e n  p r e s e n t e d  e l s e w h e r e  9, 

F e r n a l e  W i s t a r  r a t s  of  o u r  o w n  b r e e d  we re  u s e d :  A) 
3 rats  of 2 m o n t h s  of age  ( y o u n g  g r o u p ) ;  B) 3 r a t s  of  28 
m o n t h s  of age  (old g r o u p )  ; C) 3 r a t s  of  25 m o n t h s  of age  
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Basic data and calculated parameters obtained in liver cell nuclei 

E X P E R I E N T I A  32]7 

Data Control 50 ~ 60 ~ 70 ~ 80 ~ 90~ 

~-k- SD 
(n) 

Relative DNA content (%) 
(n) 

S% • SD 
(not corrected for DNA loss 

S% -g SD 
(corrected for DNA loss) 

Young 
0.188 ~ 0.016 0.210 • 0.022 0.213 ~ 0.011 0.239 ~- 0.033 0.307 • 0.044 0.349 • 0.040 
(30) (30) (29) (30) (30) (25) 

100 89.62 86.47 82.39 83.87 77.57 
(60) (60) (60) (60) (60) (60) 

16.61 ~_ 11.87 1.8.21 i 6.32 31.64 ~= 11.87 52.39 ~ 8.16 60.16 zt= 5.56 

25.27 • 10.64 29.28 J7 5.46 43.68 ~ 9.78 60.07 • 6.84 69.09 ~ 4.31 

Old 
~ SD 0.170 ~ 0.013 0.179 ~ 0.006 0.194 • 0.019 0.220 • 0.025 0.262 -t- 0.070 0.327 • 0.114 

(n) (40) (40) (40) (40) (40) (40) 

Relative DNA content (%) 100 100 ~ 86.79 93.40 100 �9 86.46 
(n) (40) (40) (40) (40) (40) (40) 

S% i SD --  8.60 • 4.47 19.23 • 11.07 35.58 ~ 7.80 48.64 ~ 14.37 62.28 ~_ 12.45 
(not corrected for DNA loss) 

S% i SD 8.60 • 4.47 22.16 =~ 9.61 38.09 • 7.29 48.64 5= 14.37 72.03 • 10.77 
(corrected for DNA loss) 

Old regenerated 
c~ • SD 0.168 • 0.013 0.175 ~ 0.013 0.196 ~ 0.013 0.237 L- 0.038 0.251 ~ 0.025 0.322 • 0.044 
(n) (40) (40) (40) (40) (40) (40) 

Relative DNA content (%) 100 83.10 88.90 I00 �9 86.80 77.60 
(n) (80) (40) (60) (40) (40) (30) 

S% =: SD --  6.63 -t-10.27 22.26 L- 7.30 41.60 i 11.21 46.14 ~ 6.91 61.98 ~- 6.12 
(not corrected DNA loss) 

S% :~ SD --  22.33 • 8.53 30.89 • 6.49 41.60 • 11.21 53.25 =c 6.00 70.50 • 4.75 
(corrected for DNA loss) 

n, s tands for total number of nuclei measured in 3 animals. ~Values being not significantly different from the control. Every other value show- 
ed a significance level p < 0.1% as compared to the control of the same group. 

( h e p a t e c t o m i z e d  g r o u p ) .  T w o - t h i r d s  h e p a t e c t o m y  w a s  
c a r r i e d  o u t  a c c o r d i n g  t o  HIGGINS a n d  ANDERSON 10, a n d  
t h e  r e g e n e r a t e d  l i ve r s  we re  s t u d i e d  20 d a y s  t h e r e a f t e r ,  
s i n c e  b y  t h a t  t i m e  t h e  v o l u m e  a n d  w e i g h t  of  t h e  n e w  l i ve r s  
r e a c h e d  t h o s e  of  t h e  c o n t r o l  o ld  g r o u p  11. T h e  r a t s  we re  
k i l l ed  b y  d e c a p i t a t i o n .  S m e a r s  we re  p r e p a r e d  f r o m  s m a l l  
p i e c e s  of  l i ve r  on  s l ides .  F i x a t i o n  a n d  f u r t h e r  t r e a t m e n t  of  
p r e p a r a t i o n  w a s  c a r r i e d  o u t  a c c o r d i n g  t o  t h e  m e t h o d  of  
~vlGLER e t  al. 12 d e s c r i b e d  for  t i s s u e  c u l t u r e s ,  m o d i f i e d  
b y  ZS.-•AGY a n d  Zs . -NAGY la, a n d  ZS.-NAGY 1~*,15. T h e  
m a i n  p o i n t s  of  t h e  m e t h o d  a r e :  

1. T h e r m a l  d e n a t u r a t i o n  of t h e  s m e a r s  a t  d i f f e r e n t  t e m -  
p e r a t u r e s  ( 50 -90  ~ in  S S C - f o r m a l i n  x2, t h e  c o n t r o l  s m e a r s  
w e r e  k e p t  a t  20~ 2. S t a i n i n g  w i t h  a c r i d i n e - o r a n g e  12 

F590 w h e r e  F r e p r e s e n t s  U V -  3. C a l c u l a t i o n  of  ~ Fs;o 

e x c i t e d  f l u o r e s c e n c e  i n t e n s i t i e s  of  t h e  s t a i n e d  n u c l e i  a t  
t h e  w a v e l e n g t h s  ~2 i n d i c a t e d  m e a s u r a b l e  a lso  b y  m i c r o -  
f l u o r i m e t r y  1~. 4. C a l c u l a t i o n  o f  t h e  p e r c e n t u a l  v a l u e  of  
s i ng l e  s t r a n d e d  D N A  (S %)  u n s i n g  t h e  f o r m u l a  of  
RIGLER e t  al. 12. T h e  c o n t r o l s  a r e  c o n s i d e r e d  as  c o n t a i n i n g  
1 0 0 %  d o u b l e  s t r a n d e d  D N A .  5. M e a s u r e m e n t  o f  t h e  
r e l a t i v e  D N A  c o n t e n t  of  t h e  n u c l e i  on  p a r a l l e l  s m e a r s  b y  
F e u l g e n  m i c r o f l u o r i m e t r y .  S i n c e  i t  h a s  b e e n  s h o w n  t h a t  
o n l y  s i ng l e  s t r a n d e d  D N A  c a n  be  los t  d u r i n g  t h e r m a l  
d e n a t u r a t i o n ,  t h e  v a l u e s  for  S % o b t a i n e d  b e f o r e  w e r e  
c o r r e c t e d  for  t h e  D N A - l o s s ~ .  6. S t a t i s t i c a l  a n a l y s i s  w a s  
c a r r i e d  o u t  u s i n g  t h e  S t u d e n t ' s  t - t e s t .  S i nce  t h e  h e p a t o -  
c y t e  p o p u l a t i o n s  of  t h e  d i f f e r e n t  a n i m a l s  w i t h i n  t h e  s a m e  
g r o u p  s h o w e d  a f a i r l y  s i m i l a r  b e h a v i o u r  u n d e r  i d e n t i c a l  
c o n d i t i o n s ,  t h e  d a t a  o b t a i n e d  we re  p o o l e d  t o g e t h e r  c o n -  

s i d e r i n g  al l  t h e  h e p a t o c y t e s  as  one  p o p u l a t i o n  a n d  we re  
n o t  t r e a t e d  p e r  s ing le  a n i m a l .  

T h e  r e s u l t s  a r e  s h o w n  in  t h e  T a b l e .  A s  e x p e c t e d ,  t h e  
t h e r m a l  d e n a t u r a t i o n  c a u s e s  a n  i n c r e a s e  in  t h e  v a l u e  of 
~, i n v o l v i n g  a n  i n c r e a s e d  s t r a n d  s e p a r a t i o n  of  D N A .  T h e  
v a l u e s  of  S % c o r r e c t e d  for  D N A - l o s s  a r e  p l o t t e d  a lso  in  
t h e  F i g u r e  s h o w i n g  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  y o u n g  
a n d  o ld  a n i m a l s  a t  al l  t h e  t e m p e r a t u r e s  e x c e p t  90~ 
w h e r e a s  t h e  t h e r m a l  d e n a t u r a t i o n  c u r v e  of  t h e  r e g e n e r a t e d  
o ld  l i ve r  p r o v e d  t o  be  i d e n t i c a l  w i t h  t h a t  of  y o u n g  a n i m a l s ,  
e x c e p t  80 ~ 

O n  i n t e r p r e t i n g  t h e s e  r e s u l t s ,  o n e  h a s  t o  c o n s i d e r  t h e  
d e r i v a t i v e  m e l t i n g  prof i l e  of  c h r o m a t i n .  A c c o r d i n g  to  LI  
e t  al. 16, i t  d i s p l a y s  4 m a x i m a ,  i.e. 4 d i f f e r e n t  m e l t i n g  
p o i n t s :  I) a t  47~  f ree  D N A ;  I I )  a t  57~ D N A  b o u n d  b y  
n o n - h i s t o n e  p r o t e i n s ;  I I I )  a n d  IV) a t  72 a n d  82 ~ D N A  
r e g i o n s  b o u n d  b y  less  o r  m o r e  b a s i c  p a r t s  of  h i s to r i es ,  
r e s p e c t i v e l y .  T h i s  m e a n s  t h a t  t h e  s i ng l e  s t r a n d e d  D N A  
m e a s u r e d  a t  50 ~ in  o u r  e x p e r i m e n t s  m a y  c o r r e s p o n d  to  

10 G. M. HIGGINS and R. M. ANDERSON, Arch. Path. 72, 186 (1931). 
n C. PIERI, I. Zs.-NAGv, C. GIULI and G. MAZZUFFERI, Expl Geront. 

/0, 341 (1975). 
12 R. RIGLER, D. KILLAND~R, L. BOLUND and N. R. RINGERTZ, 

Expl Cell Res. 55, 215 (1969). 
13 I. Zs.-NAGY and VAL~RIA Zs.-NAGY, Mech. Age. Dev. d, 349 

(1975). 
1~ I. Zs.-NAGY, Mikroskopie 31, 241 (1975). 
15 I .  Zs.-NAGY, Mikroskopie 31, 287 (1975). 
a6 H. J. LI, C. CHANG and M. WEISKOPV, Biochemistry 72, 1763 

(1973). 
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t he  pro te in- f ree  D N A  frac t ion  of the  nucleus,  a m o u n t i n g  
to 25% in the  young  animals  and only  to 8% in the  old 
ones. I t  is r emarkab le  t h a t  t he  regenera ted  old l iver 
reached  a lmos t  the  young  value. The percen tage  of p ro te in  
free D N A  in young  livers is of the  same order  as obse rved  

8O 
S% 

"--- ~Young 
o- - -  - . .o  Ol d IV  

[] ~Old regenerated i 
llI I . i = /  

s T f  
so , . / . / L ' ;  

II . / / . - ~  i 

,- I 
I 

0 50 60 70 80 90~ 

Temperature 

Thermal denaturation curves of nuclear DNA in rat liver. S = single 
stranded DNA in % of DNA-phospbate. Dotted lines and roman 
numbers indicate the sites of peaks of derivative melting profile1% 
The plots are taken from the Table. (Means ~2 SEM). Significance 
values: A) Young-old comparison: p < 0.1% at each temperature, 
except 90 ~ where N.S. B) Young-old regenerated comparison: N.S. 
except 80 ~ where p < 0.1%. C) Old-old regenerated comparison: 
p < 0.1% at 50 and 60~ p < 2% at 80~ N.S. at 70 and 90~ 

in o ther  t issues using also qui te  d i f fe rent  t echn iques  b y  
o thers  (18-25%)13,1~-1s. One can assume,  therefore ,  t ha t ,  
for the  normal  funct ion  of in te rphase  cell nucleus,  abou t  
th is  p ropor t ion  of DNA should be in a pro te in- f ree  s ta te .  
In  the  old animals  th is  value decreased to a h igh  e x t e n t  
which  m u s t  have  serious func t iona l  consequences .  The 
pe rcen t  of single s t r anded  D N A  ob ta ined  at  60~ is to 
be cons idered  as the  sum of free D N A  and  D N A  stabi l ized 
by  non-h i s tone  prote ins ,  i.e. in the  young  animals  only  
abou t  4% of DNA is s tabi l ized by  acidic pro te ins ;  in old 
ra t s  th is  value increased to abou t  13%, whereas  in t he  
regenera ted  old liver it  was be tween  these  values. Fol-  
lowing a similar logic, one can  see t h a t  t he  more  basic 
p a r t  of h i s tones  (melt ing po in t  a t  82~ ~6 is b ind ing  a 
higher  por t ion  of DNA in the  old liver t h a n  in the  young  
one, and again the  regenera ted  old liver lies be tween  
these  values. 

W e  bel ieve t h a t  our resul ts  allow us to conclude a 
cer ta in  revers ibi l i ty  of the  age -dependen t  condensa t ion  of 
c h r o m a t i n  by  mitoses,  suppor t ing  the  idea t h a t  t rue  
ageing p h e n o m e n a  are p resen t  f irst  of all in the  pos t -  
mi to t ic  cells ~9. 

F r o m  a me thod ica l  po in t  of view, our  resul ts  show t h a t  
the  in situ t he rma l  d e n a t u r a t i o n  wi th  paral lel  measure-  
m e n t  of the  DNA-loss,  in t roduced  in our  l abora to ry  ~a, is a 
val id m e t h o d  for s tudy ing  the  phys ico-chemica l  proper -  
t ies of chromat in .  

17 I. ~I. t~RENSTER, U. G. ALLFREY and A. E. MIRSKY} Proc. natn. 
Aead. Sci., USA 50, 1026 (1963). 

18 H. J. LI, Biopolymers 12, 287 (1973). 
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Summary. Cycloheximide,  even in a dose of 0.25 mg/kg  admin i s t e red  s.c. to ra t s  s t imula ted  b y  panc reozymin  and  
secretin,  inh ib i ted  lipase ac t iv i ty  in pancrea t ic  juice. Lipase ac t iv i ty  in se rum of contro l  animals  was inh ib i ted  by  cyclo- 
hex imide .  The  secre t ion of t ryps in  and c h y m o t r y p s i n  was  also decreased.  

Cycloheximide,  an an t ib io t ic  isolated f rom Strepto- 
myces griseus 1, inhib i t s  syn thes i s  of p ro te ins  in yeas t  and  
m a m m a l i a n  sys t ems  by  in ter fer ing  wi th  b o t h  the  ini t ia-  
t ion  and  e longat ion  of po lypep t ide  chains  on polyr ibo-  
somes 3. The d rug  has been used ex tens ive ly  to s t u d y  the  
re la t ionship  be tween  a n u m b e r  of biological processes and  
pro te in  synthesis~-% Moreover,  cyc loheximide  has  been  
used clinically 10 recen t ly  to  p roduce  defervescence  in 
chronical ly  febrile pa t i en t s  w i th  Hodgk in ' s  disease 11. 
In  our  labora tor ies  we ex tend  the  earlier obse rva t ion  12 
t h a t  cyc loheximide  affects  gastr ic  secret ion.  Espec ia l ly  
gastr ic  ac id i ty  was a lmos t  comple te ly  abol ished b y  a 
single dose of t he  drug  la. In  th is  r epor t  evidence is pre-  
sen ted  t h a t  exocr ine secre t ion of some enzymes  in the  
pancreas  and  in the  se rum of ra ts  are also inhib i ted  fol- 
lowing the  adm in i s t r a t i on  of th is  drug.  

Materials and methods. E x p e r i m e n t s  were pe r fo rmed  on 
100 male  Wis t a r  ra t s  (240-250 g) kep t  on a s t anda rd  diet.  
The f irs t  group of animals  was t r ea t ed  s.c. w i th  one dose, 
or w i th  t he  same dose of cyc loheximide  for 3 consecut ive  
days.  The  an imals  were  killed on the  2nd or t h e  4 th  day ,  
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