
15.6.1973 Specialia 703 

Effect of Prednisone  on the Noradrena l ine - Induced  Cell Prol i ferat ion in the Arterial  Wall 

R e c e n t  m o r p h o l o g i c a l  o b s e r v a t i o n s  o n  t h e  l a r g e  e l a s t i c  
a r t e r i e s  of  m a n  a n d  a n i m a l s  h a v e  f i r m l y  e s t a b l i s h e d  t h a t  
n u m e r o u s  i n j u r i o u s  f a c t o r s  m a y  s t i m u l a t e  D N A  s y n t h e s i s  
a n d  d i v i s i o n  of  t h e  s m o o t h  m u s c l e  ce l ls  of  t h e  t u n i c a  
m e d i a  1-x3. P r e v i o u s  a u t o r a d i o r g r a p h i c  a n d  c o l c h i c i n e  s t u -  
d i e s  f r o m  t h i s  l a b o r a t o r y  h a v e  s h o w n  t h a t  in  t h e  a d r e n a l -  
i n e t r e a t e d  r a b b i t s  t h e  cei ls  c o m p o s i n g  t h e  m e d i a  of  t h e  
a o r t a  a n d  t h e  m a i n  p u l m o n a r y  a r t e r y  a r e  a c t i v e l y  s y n -  
t h e t i z i n g  d e s o x y r i b o n u c l e i c  ac id ,  a n d  f u r t h e r  go  o n  t o  
d i v i d e  ~,15. I n  t h e  p r e s e n t  s t u d y  we  h a v e  i n v e s t i g a t e d  
w h e t h e r  s u c h  p r o l i f e r a t i o n  o c c u r s  a l so  a f t e r  t h e  a d m i n i s t r a -  
t i o n  of  a n o t h e r  n a t u r a l l y  o c c u r r i n g  c a t e c h o l a m i n e ,  i .e .  
n o r a d r e n a l i n e .  F u r t h e r ,  i t  s e e m e d  i n t e r e s t i n g  to  i n v e s t i -  
g a t e  w h e t h e r  t h e  a r t e r i a l  p r o l i f e r a t i o n  of  t h e  c a t e c h o l -  
a m i n e - t r e a t e d  r a b b i t s  m a y  be  m o d i f i e d  b y  g l u c o c o r t i -  
co ids ,  i . e .  p r e d n i s o n e .  

A d u l t  m a l e  r a b b i t s ,  w e i g h i n g  a b o u t  2 kg ,  w e r e  u s e d .  
T h e  a n i m a l s  w e r e  f ed  a s e m i s y n t h e t i c  w e l l - b a l a n c e d  d i e t  
a n d  h o u s e d  i n  i n d i v i d u a l  c a g e s  a t  r o o m  t e m p e r a t u r e .  T h e  
s t u d y  i n c l u d e d  2 g r o u p s ;  one  n o r a d r e n a l i n e  g r o u p  of  10 
a n i m a l s  r e c e i v e d  i. v.  L - n o r a d r e n a t i n e  b i t a r t r a t e ,  100 ~zg/kg 

b o d y  w t .  da i ly ,  for  30 d a y s .  A n o t h e r  g r o u p  of  10 an i -  
m a l s  w a s  t r e a t e d  w i t h  L - n o r a d r e n a l i n e  as  a b o v e  a n d  
c o n c o m i t a n t l y  r e c e i v e d  p r e d n i s o n e  i . m . ,  1 m g / k g  b o d y  
w t  da i ly ,  for  30 d a y s .  A t  t h e  e n d  of  t h e  e x p e r i m e n t a l  
p e r i o d ,  1 h b e f o r e  t h e  sac r i f i ce ,  al l  t h e  r a b b i t s  we re  
i n j e c t e d  i . v .  w i t h  1 m C i / k g  o f  b o d y  w t  of  3 H - t h y m i d i n e .  
A t  a u t o p s y  t h e  e n t i r e  a o r t a  a n d  t h e  m a i n  p u l m o n a r y  
a r t e r y  w e r e  r e m o v e d ,  o p e n e d  v e n t r a l l y  a n d  i n s p e c t e d  
for  g r o s s  a l t e r a t i o n s .  S e l e c t e d  s e g m e n t s  o f  t h e  v e s s e l s  
we re  f i x e d  in  4 %  n e u t r a l  f o r m a l d e h y d e  a n d  p r o c e s s e d  
p a r t l y  for  l i g h t  m i c r o s c o p y  a n d  p a r t l y  for  a u t o r a d i o g r a p h y  
u s i n g  t h e  u s u a l  t e c h n i q u e s .  O n  a u t o r a d i o g r a p h s  t h e  m e a n  
n u m b e r  of  l a b e i l e d  n u c l e i  p e r  m m  -~ o f  s u r f a c e  a r e a  of  t h e  
u n d a m a g e d  m e d i a  w a s  c a l c u l a t e d .  I n  s o m e  u n t r e a t e d  
c o n t r o l  a n i m a l s ,  i t  w a s  f o u n d  t h a t  n o r m a l l y  t h e  l a r g e  
e l a s t i c  a r t e r i e s  of  t h e  r a b b i t  i n c o r p o r a t e  l i t t l e  o r  n o  3H- 
t h y m i d i n e .  

O n  m a c r o s c o p i c  i n s p e c t i o n ,  o n l y  t h e  a o r t a  s h o w e d  g r o s s  
c h a n g e s .  T h e  c h a n g e s  a f f e c t e d  p r i m a r i l y  t h e  a r ch ,  t h e  
a s c e n d i n g  a n d  t h e  t h o r a c i c  a o r t a  a n d ,  a s  a ru le ,  a p p e a r e d  
as  r o u n d  or  e l o n g a t e d  w h i t e  p l a q u e s  2 to  5 m m  in  d i s -  

Fig. 1.8H-thymidine labelled nuclei (arrows) in the aortic media of a 
noradrenaline-prednisone treated rabbit. • 250. 
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Table I. Lesions of the media in noradrenaline and in noradrenaline- 
prednisone treated animals, histologically assessed 

Table II. Number of labelled nuclei per mm 2 of medial surface in 
noradrenaline and noradrenaline-prednisone treated animals 

Noradrenaline Noradrenaline and Noradrenaline Noradrenaline and 
prednisone prednisone 

Pulmonary Aorta Pulmonary Aorta Pulmonary Aorta Pulmonary Aorta 

+ + +  + + + + +  
+ +  + %  + + +  

- -  + +  + +  + + +  
+ + + +  + + + +  
+ +  + +  + +  + +  
+ + + +  + +  
+ +  + + + +  + +  + + +  
+ +  + +  + +  + +  
+ +  + +  + +  + + + +  
+ +  + + + +  + +  + + +  

+ scattered intercelluiar accumulations of PAS-positive material; 
+ + small necrotic foci; + + + granular deposits of calcium; + + + + 
large calcified plaques. 

n.d. �9 1.10 3.36 3.51 
0.27 0.42 n.d. 3.22 
n.d. 0.39 4.80 3.05 
0.38 0.82 2.90 2.60 
5.23 2.42 3.10 2.47 
2.87 5.46 3.90 2.92 
2.33 1.36 5.99 12.10 
0.12 0.26 5.30 n.d. 
1.70 2.15 3.28 4.44 
0.90 1.35 n.d. 14.62 

Means 1.72 ~_ 0.282 1.57 i 0.223 4.09 i 1.581 5.43 ~ 2.379 

Not determined. 
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meter ,  so l i t a ry  or grouped.  I n  some cases t h e  en t i r e  a o r t a  
was  t r a n s f o r m e d  in to  a st iff  t o r tuous ,  d i l a t ed  tube .  I n  t h e  
I lo radrena l ine  group  3 ou t  of 10 ao r t ae  showed  c lear -cut  
a n e u r y s m a t i c  d i l a t a t i ons  of t h e  p r o x i m a l  s egmen t s  of 
t h e  vessel ;  in  t he  n o r a d r e n a l i n e - p r e d n i s o n e  group t h e  
les ions  were e v i d e n t l y  more  advanced ,  6 ou t  10 an ima l s  
showing  ex tens ive  aneu r i sms  f r e q u e n t l y  r each ing  t h e  
a b d o m i n a l  aor ta .  

In  b o t h  groups  of an ima l s  t he  m a i n  h is to logica l  changes  
in t he  p u l m o n a r y  a r t e r y  were r ep resen ted  b y  accumu-  
l a t ions  of P A S - s t a i n a b l e  in tercel l t l lar  m a t e r i a l  ill t h e  
subendo the l i a l  spaces  a n d  in t h e  i n n e r m o s t  layers  of t h e  
t u n i c a  m e d i a ;  in some cases smal l  necro t ic  loci were seen. 
Calcif icat ions were n e v e r  observed .  Ins t ead ,  in t he  aor ta ,  
bes ides  mucoidos is  a n d  widespread  necroses  of t he  med ia l  
s m o o t h  muscle,  depos i t ion  of ca lc ium was a c o m m o n  f ind-  
ing in t he  necro t ic  areas  of t he  t u n i c a  m e d i a  as well  as 
more  di f fusely  in t he  a m o r p h o u s  g r o u n d  s u b s t a n c e  in 
b e t w e e n  t h e  elast ic  m e m b r a n e s .  S t r e t c h i n g  and  sp l i t t i ng  
of t he  elast ic lamel lae  a t  t he  si te  of t he  calc i f ica t ions  an d  
a s l ight  increase  in the  a m o u n t  of col lagen in t he  i m m e -  
d ia te  su r round ings  of t he  calcified lesions were observed.  
I n  a g r e e m e n t  w i t h  t he  gross changes ,  t he  microscopic  
changes  were more  severe a n d  diffuse in t h e  n o r a d r e n a -  
l ine -predn i sone  group t h a n  in t h e  n o r a d r e n a l i n e  group  
(Table  1). 

Tab le  I I  shows t he  resul t s  of aH t h y m i d i n e  s tudies .  
F r o m  th i s  Tab le  i t  appea r s  t h a t  l ong - s t and ing  n o r a d r e n a -  

l ine t r e a t m e n t  leads to  t h e  a p p e a r a n c e  of s i t  labe l led  
nucle i  in  t h e  t u n i c a  m e d i a  of b o t h  the  a o r t a  an d  t h e  m a i n  
p u l m o n a r y  a r te ry .  F u r t h e r ,  i t  ap p ea r s  t h a t  3H t h y m i d i n e  
inco rpo ra t ion  is s ign i f i can t ly  increased  b y  t h e  s imul t a -  
neous  a d m i n i s t r a t i o n  of prednisone .  I n  b o t h  groups  of 
an ima l s  t h e  labe l l ing  was p a r t i cu l a r l y  ev i d en t  in  t h e  
s u r ro u n d i n g s  of t h e  necroses  a n d  calcif icat ions.  I n  t h e  
s ingle cases a r o u g h  cor re la t ion  was found  to  exis t  be t -  
ween t h e  seve r i ty  of t h e  med ia l  lesions an d  t h e  r a t e  of 
a H - t h y m i d i n e  up take .  F r o m  t h e  resu l t s  r epor t ed  above  
i t  appea r s  t h a t  i.v. n o r a d r e n a l i n e  t r e a t m e n t  m a y  induce  
ill t h e  r a b b i t  va scu la r  lesions wh ich  are qu i te  s imi la r  to  
those  el ici ted b y  ad ren a l i n e ;  a c t u a l l y  t h e  m a i n  changes  
obse rved  h a v e  been  necrosis  of s m o o t h  muscle  cells an d  
focal or diffuse depos i t ion  of ca lc ium sal ts  1~-18. Concomi-  
t an t ly ,  as shown  b y  t h e  a u t o r a d i o g r a p h i c  s tudy,  t h e  un-  
i nvo lved  s m o o t h  muscle  of t h e  t u n i c a  m e d i a  pro l i fe ra tes  
in  a n  a t t e m p t  to  r epa i r  an d  res tore  f u n c t i o n a l  an d  s t ruc-  
t u r a l  i n t eg r i t y  of t h e  a r te r ia l  wall. In  a g r e e m e n t  w i t h  
others ,  i t  was  found  t h a t  t h e  n o r a d r e n a l i n e - i n d u c e d  ar te-  
r i o p a t h y  is g rea t ly  fac i l i t a ted  b y  t h e  a c c o m p a n y i n g  admin -  
i s t r a t ion  of prednisone13.3~ besides,  u n d e r  s tero id  t r ea t -  
m e n t  t h e  nuc lea r  D N A  syn thes i s  in  t h e  med ia l  coat  of t h e  
ar te r ies  was  found  to  be s ign i f ican t ly  increased.  This  l a t t e r  
f i nd ing  was r a t h e r  u n e x p e c t e d  since i t  is widely  t a k e n  for 
g r a n t e d  t h a t  g lucocor t icoids  are p o t e n t  i nh ib i t o r s  of cell 
r eac t ions  a n d  pro l i fe ra t ion .  Consequent ly ,  t h e  e n h a n c i n g  
effect  of p r edn i sone  on  t h e  n o r a d r e n a l i n e - i n d u c e d  ar te -  
r i o p a t h y  c a n n o t  be  r e l a t ed  to a n  i n h i b i t o r y  effect  on  t h e  
r e p a r a t i v e  p ro l i fe ra t ion  of t h e  wel l -d i f fe ren t ia ted  s m o o t h  
muscle  cells of t h e  media ,  b u t  more  l ike ly  to an  effect  of 
t h e  glucocor t icoid  on  t h e  ex t race l lu la r  c o m p o n e n t s  of t h e  
a r te r ia l  wal l  31. 

Riassunto. Si ~ s t u d i a t a  la morfo logia  e la prol i fera-  
zione cel lulare  che si i n s t a u r a  ne l la  med ia  de l l ' ao r t a  e 
de l l ' a r t e r i a  p o l m o n a r e  di conigl i  so t topos t i  a t r a t t a m e n t o  
con n o r a d r e n a l i n a  e con n o r a d r e n a l i n a - p r e d n i s o n e  facendo 
uso del m e t o d o  au to rad iogra f i co  dopo s o m m i n i s t r a z i o n e  
di 3tI t im id ina .  Le lesioni  e la pro l i fe raz ione  del la  muscola-  
t u r a  del la  med ia  che si a t t u a n o  in segui to a s o mmi n i s t r a -  
zione di  n o r a d r e n a l i n a  vengono  sens ib i lmen te  a g g r a v a t e  
dal  t r a t t a m e n t o  c o n t e m p o r a n e o  con prednisone .  
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Fig. 2. Aorta of a noradrenaIine-prednisone treated rabbit showing 
numerous labelled nuclei (arrows) in the surroundings of a media1 
calcified plaque. • 250. 
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Lymphocyte-Stimulating Activity of Scarlet Fever Toxin 

There  is some ind i rec t  ev idence  sugges t ing  t h a t  the  
biological  a c t i v i t y  of scar le t  fever  t ox in  is pa r t i a l ly  
d e p e n d e n t  on  p rev ious  sens i t i za t ion  of t he  o rgan i sm 1,3. 
If  t h i s  is so, cell h y p e r s e n s i t i v i t y  should  be  d e m o n s t r a b l e  
b y  t he  t e s t  of b las t i c  t r a n s f o r m a t i o n  of l y m p h o c y t e s  in 
vi t ro ,  w h i c h  moreove r  al lows d i s t inc t ion  - on t he  basis  of 

t h e  q u a n t i t a t i v e  p a r a m e t e r s  of t h e  response  - be tween  t h e  
r eac t ion  of t h e  sensi t ized l y m p h o c y t e  to  a specific an t igen  
a n d  t h e  r eac t ion  to nonspeci f ic  mi togens .  

Scar le t  fever  (erythrogenic)  t o x i n  (ET) was p roduced  in 
v i t ro  b y  the  group A f l -haemolyt ic  s t rep tococcus  s t r a in  
N Y  Dochez  5 a n d  was p r e p a r e d  an d  p u v f i e d  essent ia l ly  


