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Influence of Age on Calcification in Homologous Transplants in Rats 

I t  is well  k n o w n  t h a t  w i t h  a d v a n c i n g  age, t he  ca lc ium 
c o n t e n t  of sof t  t i ssues  increases1-4;  gross ca lc i f ica t ion  
of ten  occurs  in  t h e  ca rd iovascu la r  sys tem,  pe r i a r t i cu l a r  
t issues,  t e n d o n s  a n d  u r i n a r y  passages  whereas  bones  
b e c o m e  demine ra l i zed  a n d  b r i t t l e  5. Never the less ,  old 
an ima l s  are r e s i s t a n t  to  m a n y  types  of e x p e r i m e n t a l  
ec topic  ca lc i f ica t ion  6-~0. 

P r e l i m i n a r y  e x p e r i m e n t s  h a v e  shown  t h a t ,  in  t h e  ra t ,  
c u t a n e o u s  h o m o g r a f t s  f rom y o u n g  donors  to  young  
rec ip ien t s  e x h i b i t  c o n s t a n t  a n d  widespread  ca lc i f ica t ion 
of t he  surface  ep i the l i um a n d  ha i r  follicles ~. T he  in- 
f luence  of age on  t h e  ca lc i f ica t ion of skin  a n d  a o r t a  
t r a n s p l a n t s  is f u r t h e r  e x a m i n e d  in t he  p r e s en t  expe r imen t .  

Materials and methods. Y o u n g  (28 days  old a n d  w i t h  a 
m e a n  b o d y  w e i g h t  of 90 g) a n d  old ( re t i red breeders ,  
a p p r o x i m a t e l y  1 y e a r  old a n d  w i t h  a n  ave rage  we igh t  of 
360 g) femaIe  Sp rague -Dawley  r a t s  ( H o l t z m a n  Fa rms ,  
Madison,  Wisc. ,  USA)  were  used.  T h e  an i m a l s  were 
m a i n t a i n e d  on  P u r i n a  L a b o r a t o r y  Chow a n d  t a p  water .  

F o u r  groups,  each  cons i s t ing  of 10 y o u n g  a n d  10 old 
r a t s  rece ived  t r a n s p l a n t s  f rom 10 y o u n g  a n d  10 old 
donors .  Cu taneous  h o m o g r a f t s  were  t a k e n  f rom the  
s h a v e d  dorsa l  sk in  a n d  i n t r o d u c e d  in to  t he  rec ip ien ts  
acco rd ing  to  t he  t e c h n i q u e  for s u b c u t a n e o u s  t r a n s p l a n t s  
p rev ious ly  descr ibed  n .  Spec imens  of t h e  t ho rac i c  a o r t a  
were  Mso i m p l a n t e d  us ing  t h e  same  t echn ique .  

The  rec ip ien t s  were ki l led 7 days  a f t e r  rece iv ing  t he  
h o m o g r a f t s  wh ich  were r e m o v e d  a t  a u t o p s y  for d e m o n -  
s t r a t i o n  of ca lc i f ica t ion  b y  m e a n s  of t h e  y o n  Kdssa  
t echn ique .  To ta l  ca lc ium a n d  inorgan ic  p h o s p h o r u s  in t he  
sk in  a n d  a o r t a  were d e t e r m i n e d  b y  a t o m i c  a b s o r p t i o n  
spec t roscopy  ~2 a n d  t he  FISI~E a n d  SUBBAROW tech-  
n ique  ~3 respec t ive ly .  T he  m e a n s  a n d  s t a n d a r d  er rors  of 
t h e  groups  were  ca lcu la ted  a n d  t h e  d a t a  were t h e n  com- 
p a r e d  b y  m e a n s  of t he  S t u d e n t ' s  t - tes t .  

Results. T a b l e  I shows t h a t  c u t a n e o u s  h o m o g r a f t s  f rom 
y o u n g  (28 days)  or old (360 days)  donors  i m p l a n t e d  sub-  
c u t a n e o u s l y  in to  y o u n g  rec ip ien t s  e x h i b i t  c o n s t a n t  and  
widesp read  ca lc i f ica t ion  w h i c h  is l imi t ed  to t h e  surface  

ep i the l ium and  t h e  ha i r  follicles (groups i a n d  3). Com- 
p a r a b l e  skin  t r a n s p l a n t s  v i r t u a l l y  fai led to  calcify in  old 
rec ip ien ts  (groups 2 a n d  4). On t he  7 th  d a y  a f te r  t r a n s -  
p l a n t a t i o n ,  w h e n  these  o b s e r v a t i o n s  were  made,  leuco- 
cyt ic  i n f i l t r a t ion  was p r e sen t  b u t  no  necrosis  of t h e  
connec t ive  t i ssue  e l emen t s  was  ev ident .  The  ca lc ium a n d  
p h o s p h o r u s  c o n t e n t  of t h e  sk in  i m p l a n t e d  in to  y o u n g  
rec ip ien ts  s ign i f i can t ly  increased  ( P  < 0.001) a f t e r  t r a n s -  
p l a n t a t i o n  (groups 1 a n d  3). Only  t h e  ca lc ium c o n t e n t  
of t he  g ra f t s  in to  old rec ip ien t s  (groups 2 a n d  4) increased  
( P  < 0.001) b u t  to  a lesser degree ( P  < 0.001) t h a n  in those  
i m p l a n t e d  i n to  y o u n g  rats .  

S imi la r  resul t s  were o b t a i n e d  in a o r t a  t r a n s p l a n t s  
(Table  I I ) :  sec t ions  of a o r t a  f rom y o u n g  or  old donors  
calcified on ly  if i m p l a n t e d  in to  y o u n g  rec ip ien t s  (groups 
1 and  3). Histological ly ,  t he  ca lc ium depos i t s  were 
loca ted  in t he  elast ic  l amel lae  a n d  e x t e n d e d  in to  t he  in te r -  
l amel la r  s m o o t h  muscle  layers .  T h e  ca lc ium a n d  phos-  
p h o r u s  c o n t e n t  increased  s ign i f i can t ly  ( P  < 0.001) w h e n  
c o m p a r e d  w i t h  t h e  va lues  o b t a i n e d  before  t r a n s p l a n t a -  
t ion.  W h e n  ao r t a s  were p laced  i n to  old rec ip ien t s  (groups 
2 a n d  4), on ly  mi ld  e d e m a  a n d  f r a g m e n t a t i o n  of e last ic  
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Table I. Influence of age on calcification in cutaneous homografts 

Group Age (days) Histological 
Donors Recipients analysis 

(scale 0-3) 

Chemical analysis 
Calcium (mg/g dry tissue) 
Before After 
transplant transplant 

Phosphorus (mg/g dry tissue) 
Before After 
transplant transplant 

1 28 28 2.3 
2 28 365 0 
3 365 28 2.0 
4 365 365 0 

0.4 4- 0.02 11.4 4- 1.0 3.7 4- 0.2 10.4 4- 0.7 
0.4 4- 0.22 1.0 4- 0.06 3.7 ~ 0.2 4.4 4- 0.2 
0.3 ~ 0.02 10.0 4- 0.9 2.3 4- 0.1 8.4 4- 0.3 
0.3 4- 0.02 0.8 4- 0.04 2.3 ~ 0.1 2.2 4- 0.3 

Table II. Influence of age on calcification in aorta transplants 

Group Age (days) Histological 
Donors Recipients analysis 

(scale 0-3) 

Chemical analysis 
Calcium (mg/g dry tissue) 
Before After 
transplant transplant 

1 28 28 3.0 
2 28 365 0 
3 365 28 2.8 
4 365 365 0.2 

Phosphorus (mg/g dry tissue) 
Before After 
transplant transplant 

1.0 4- 0.1 97.0 ~ 8.7 2.9 4- 0.1 56.8 i 5.2 
1.0 4- 0.1 5.9 _L 0.8 2.9 i 0.1 5.9 4- 0.6 
1.4 i 0.1 77.0 4- 4.4 3.1 4- 0.2 53.3 4- 5.3 
1.4 4- 0.1 6.8 4- 1.8 3.1 4- 0.2 7.4 4- 1.1 
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Influence of age on calcification in aorta transplants. (A) Aorta from a young rat showing calcium deposits in elastic lamellae after 
transplantation into a young recipient (von K6ssa, • 320). (B) Aorta from a young donor failed to calcify after implantation into an old 
recipient (yon K6ssa, • 320). (C) Pronounced foci of mineralization in an aorta from an old donor after transplantation into a young 
recipient (von K6ssa, • 320). 

f ibers  were obse rved  (Figure).  T h e  m i n e r a l  c o n t e n t  
increased  s ign i f i can t ly  ( P  < 0.005) b u t  less ( P  < 0.001) 
t h a n  in t h e  ao r t a s  i m p l a n t e d  in to  y o u n g  rats .  

Discussion. I t  appea r s  f rom our  resul t s  t h a t  t he  age 
f a c t o r  is i m p o r t a n t  in  t he  ca lc i f ica t ion  of sk in  a n d  a o r t a  
t r a n s p l a n t s .  Prev ious ly ,  i t  was  r e p o r t e d  t h a t  col lagen 
calcifies more  m a r k e d l y  in t he  pe r i t onea l  c a v i t y  of 
y o u n g  t h a n  of old ratsl~.  

P r o b a b l y  t he  changes  in ca lc ium a n d  p h o s p h o r u s  
m e t a b o l i s m  occur r ing  w i t h  a d v a n c i n g  age p l a y  a more  
i m p o r t a n t  role t h a n  local  fac tors  in  t he  res i s tance  of old 
an ima l s  to  t he  e x p e r i m e n t a l  sk in  ealcinosis  induced  b y  
meta l l i c  sa l ts  10. A s imi la r  m e c h a n i s m  m a y  a c c o u n t  for t h e  
resu l t s  o b t a i n e d  in  t he  p r e sen t  expe r imen t s .  URIST et  
al. 1~ found  t h a t  a o r t a  t r a n s p l a n t s  calcify s l igh t ly  if 
o b t a i n e d  f rom r a t s  up  to  3 weeks old, whi le  those  f rom 
Iflature and  older  r a t s  calcify in  all  ins tances .  Here  we 
show t h a t  t he  ca lc i f ica t ion of a o r t a  or sk in  t r a n s p l a n t s  
depends  also o n  t he  age of t he  recipient .  I t  is n o t e w o r t h y  
t h a t  t he  a o r t a  or skin  f rom a n  old donor  does no t  calcify 
in a n  old recipient ,  even  t h o u g h  local  fac tors  such  as 
chemica l  changes  of e las t in  16 or col lagen iv, is shou ld  favor  
i ts calcif icat ion.  The  m e c h a n i s m  of th i s  r es i s t ance  is n o w  
be ing  i n v e s t i g a t e d  1~ 

Rdsumd. Chez le r a t ,  des homogref fes  de peau  ou 
d ' a o r t e  imp lan t6es  dans  le t i ssu  souscutan@ ne  se cal- 
c i f ient  que si les receveurs  son t  j eunes  (28 jours) ,  quel  que  
soft  l'&ge du  donneur .  Les  d@p6ts calcaires  son t  localis@s 
dans  l '4pi th61ium et  les follicules p i l eux  de la peau  a ins i  
que  dans  les lamel les  61astiques de l ' aor te .  
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T h e  Effects  of  P r o s t a g l a n d i n  E 1 on  the  S y s t e m i c  and P u l m o n a r y  Circu la t ions  of Intact  D o g s .  
The  Inf luence  of U r e t h a n e  and P e n t o b a r b i t a l  A n e s t h e s i a  1 

I n  our  in i t ia l  s tud ies  of t h e  effects of p r o s t a g l a n d i n  
E 1 (PGE1) on  t he  p u l m o n a r y  a n d  sys temic  c i rcu la t ions  of 
i n t a c t  dogs anes the t i z ed  w i t h  u r e thane ,  resu l t s  were 
o b t a i n e d  which  dif fered cons ide rab ly  f rom those  r epo r t ed  
b y  o thers  who  used b a r b i t u r a t e  anes thes i a  2-6. However ,  
b a r b i t u r a t e s  h a v e  b e e n  r epo r t ed  to  inf luence  t h e  response  
of t he  dog to  infus ion  of P G E  17 The  p r e sen t  s t u d y  was 
pe r fo rmed  to  l ea rn  if t h e  h e m o d y n a m i c  effects  of P G E  1 
are  inf luenced  b y  p e n t o b a r b i t a l  a n d  u r e t h a n e  anes thes i a  
in dogs a n d  to  s t u d y  t h e  physiologic  m e c h a n i s m s  respon-  

sible for t i le  differences.  T h e  effects  of P G E  1 on  the  
p u l m o n a r y  c i rcula t ion,  p a r t i c u l a r l y  t h e  smal l  p u l m o n a r y  
ve ins  was also s tudied .  

Methods. 14 mongre l  dogs (average  weight ,  16.99 kg) 
were used for these  experirf lents.  8 dogs were an es t h e t i z ed  
w i t h  u r e t h a n e  (1.5 g/kg) i.v. a n d  6 dogs were  anes-  
t he t i z ed  w i t h  sod ium p e n t o b a r b i t a l  (22 mg/kg)  i.v. 
Ca the te r s  were p laced  in t h e  aor ta ,  r i g h t  a t r ium,  r i g h t  
vent r ic le ,  p u l m o n a r y  a r te ry ,  a pe r iphe ra l  leg ve in  and  
t r a n s e p t a l l y  in to  a smal l  ve in  d r a in ing  t h e  lef t  lower lobe 


