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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 
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of t he  lung and in to  the  left  atr ium~. In  some dogs the  
left  a t r ia l  ca the t e r  was  advanced  in to  the  lef t  vent r ic le  
for m e a s u r e m e n t  of pressures  and  ano the r  ca the t e r  was 
placed in t he  left  co ronary  a r t e ry  for infusion of PGE1. 

Pressures  were measured  s imul taneous ly  and recorded 
by  S ta t t l am s t ra in  gauge t r ansduce r s  (P23Db) and an 
Elec t ronics  for Medicine Research  Recorder .  Cardiac out-  
p u t  (CO) and  p u l m o n a r y  blood vo lume (PBV) were 
ob ta ined  by  ind ica tor  dye  di lut ion s tudies  using indo- 
cyanine  green (Cardiogreen). The f i rs t  der iva t ives  of the  
ven t r icu la r  pressure  curves  (dp/dt)  were ob ta ined  simul- 
t aneous ly  by  sui table  electr ical  circuits  which  were 
manua l ly  cal ibra ted.  

Af te r  s tab le  pressures  and  cardiac  ou tpu t s  were ob- 
t a ined  for 10-15 min,  PGE~ was infused a t  d i f fe rent  t imes  

f rom 12.5-200 ~g a t  ra tes  of 5-20 ~zg/kg/min and  was 
ap p ro x i ma t e l y  the  same for each anes the t i c  group. The 
to ta l  a m o u n t  of P G E  1 infused in to  t he  lef t  co ronary  
a r t e ry  var ied f rom 0.25 ~zg (5 dogs) to  2.17 [zg (2 dogs) a t  
ra tes  of 0.33-0.67 ~zg/kg/min. Such smal l  a m o u n t s  of 
P G E  t were used for infusion in to  t he  coronary  a r t e ry  
because they  would more  closely a p p r o x i m a t e  t he  a m o u n t  
of PGE1 reaching the  coronary  circulat ion when  PGE~ 
was infused systemical ly .  

Results. The resul ts  are summar ized  in Tables  I and  II .  
Systemic in/usion o/ PGE 1 in pentobarbital anesthetized 

dogs. There  was a decrease in sys temic  ar ter ia l  pressure  
af ter  sys temic  infusion of P G E  1 in all dogs anes the t i zed  
wi th  sodium pen toba rb i t a l  regardless  of t he  rou te  of 
infusion. The cardiac index  (CI) and  h e a r t  r a te  (HR) 

Table I. Hemodynamic responses to systemic infusion of PGE 1 in pentobarbitaI and urethane anesthetized dogs (mean of 21 experiments 
on 14 dogs) 

Pentobarbital Urethane 
(5 exp.) (6 exp.) (5 exp.) (6 exp.) 

Control i.a. Control i.v. Control i.a. Control i.v, 
Infusion Infusion Infusion Infusion 
PGE I PGE 1 PGE 1 PGE~ 

Femoral artery pressure (mm Hg) ~ 146 116 152 
Pulmonary vein pressure (mm Hg) 8.6 9.9 9.4 
Left atrial pressure (ram Hg) 3.3 2.9 2.8 
Pulmonary artery pressure (ram Hg) 13.7 15.3 12.8 
Leg vein pressure (mm Hg) 10.7 12.5 12.1 
Heart rate (beats/min) 188 204 183 
Respiratory rate (resp./min) 29 31 29 
Cardiac index (cma/kg per min) 123 151 133 
Pulmonary blood volume (emS/kg) 7.7 8.5 7.8 
Stroke volume (cma/beat) 13.0 13.8 12.6 

125 143 103 122 97 
8.8 9.5 8.9 10.4 8.6 
3.0 2.8 2.3 1.3 1.3 

14.0 18.2 16.2 17.0 14.2 
9.4 12.6 11.0 9.5 9.0 

178 176 195 167 147 
35 40 50 39 41 

134 195 163 183 137 
8.0 8.3 7.8 10.6 9.7 

13.8 18.3 13.8 18.9 15.9 

Pressures were recorded at maximal decline in systemic blood pressure. 

Table II. Hemodynamic responses to infusion of PGE 1 in left 
coronary artery of pentobarbital and urethane anesthetized dogs 
(mean of 10 experiments on 7 dogs) 

Control PGE 1 

Femoral artery pressure (mm Hg) ~ i17 99 
Pulmonary artery pressure (mm Hg) 12.6 11.8 
Small pulmonary vein pressure (mm Hg) 6.0 5.3 
Leg vein pressure (mm Hg) 7.4 8.2 
Cardiac index (cm3/kg per min) 110 95 
Pulmonary blood volume (cma/kg) 7.0 6.8 
Heart rate (beats/min) 175 154 
Respiratory rate (breaths/min) 36 41 
Stroke volume (em3/beat) 11.7 10.3 
LV pressure s/d (mm Hg) 139/13 127/8 
RV pressure s/d (mm Hg) 22/1.4 21/1.4 
PDLV (mm Hg/sec) 2310 1810 
PDRV (mm Hg]sec) 379 382 

These pressures were recorded at maximal decline in systemic 
blood pressure. LV, left ventricle; RV, right ventricle; PDLV, peak 
derivative of left ventrieular pressure rise; PDRV, peak derivative 
of right ventrieular pressure rise. 

in various si tes including the  inferior  vena  cava, r igh t  
a t r ium,  aor ta  and  left  co ronary  ar tery .  A reduc t ion  of t he  
sys temic  pressure  by  app rox ima te ly  1/4 was  considered 
an adequa te  response  when  P G E  1 was infused sys temi-  
cally. The a m o u n t  of PGE~ infused sys temica l ly  var ied 

were s ignif icant ly  increased wi th  in t ra -a r te r ia l  infusion 
of P G E  1 (Figure) b u t  r ema ined  essent ia l ly  unchanged  
when  P G E  1 was given i.v. The s t roke vo lume (SV) was 
unchanged  in bo th  instances.  

B o t h  in t ra -a r te r ia l  (aorta) and i.v. infusion of P G E  1 
p roduced  a t r ans i en t  rise in m e a n  p u l m o n a r y  a r t e ry  
pressure  (Ppa). At  the  t ime  of m a x i m a l  effect  of the  drug, 
Ppa ,  m e a n  smal l  p u l m o n a r y  vein  pressure  (Pvs) and  
p u l m o n a r y  blood vo lume (PBV) were  essent ia l ly  un-  
changed.  

Systemic in/usion o[ PGE 1 in urethane anesthetized dogs. 
The sys temic  ar ter ia l  pressure  decreased af ter  sys temic  
infusion of P G E  1 in all dogs anes the t i zed  wi th  ure thane .  
B o t h  in t ra -a r te r ia l  (aorta) and  i.v. infusion of P G E  1 
p roduced  a decrease in CI and  SV in all dogs. H R  in- 
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c reased  w h e n  P G E  1 was g iven  i n t r a - a r t e r i a l l y  b u t  
decreased w h e n  i t  was g iven  i.v. A smal l  in i t ia l  increase  in 
P p a  was noted,  b u t  a t  t he  m a x i m a l  effect  of PGE~ the re  
were no s igni f icant  changes  in Ppa ,  P v s  or PBV.  

Coronary artery in/usion o/ PGE 1. 8 dogs anes t he t i z ed  
w i t h  u r e t h a n e  a n d  6 dogs anes t he t i z ed  w i t h  p e n t o b a r b i t a l  
h a d  s imi la r  responses  to infus ion  of P G E  1 in to  t h e i r  le f t  
co rona ry  a r te ry .  The  H R  decreased  in all  dogs, h u t  t he  de- 
crease was more  p r o n o u n c e d  in t he  p e n t o b a r b i t a l  anes the -  
t ized dogs. CI decreased  in all of t he  u r e t h a n e  anes t he t i z ed  
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The influence of the anesthesia on mean responses of cardiac index 
and arterial pressure to the intra-arterial infusion of PGE a. The 
direction of change was the same for all dogs. 

dogs and  was e i the r  u n c h a n g e d  or decreased in t he  pen to -  
�9 b a r b i t a l  ane s the t i z ed  dogs. T he  p e a k  d e r i v a t i v e  of lef t  
v e n t r i c u l a r  pressure  rise (PDLV) decl ined in all dogs while  
t he  p e a k  d e r i v a t i v e  of t h e  increase  in r i g h t  v e n t r i c u l a r  
p ressure  (PDRV)  did  no t  change.  No tab ly ,  lef t  v e n t r i c u l a r  
end-d ias to l ic  p ressure  decreased,  whereas  Pvs,  P p a  a n d  
P B V  were essent ia l ly  u n c h a n g e d .  

Discussion. Exce l l en t  genera l  rev iew discussions of the  
p ro s t ag l and in s  are ava i l ab le  7,9,1~ The  h e m o d y n a m i c  
effects of sys temic  infus ion  of P G E  1 in dogs anes t he t i z ed  
wholly,  or in pa r t ,  w i t h  p e n t o b a r b i t a l  h a v e  b e e n  re- 
ported2-G. Our  d a t a  on  p e n t o b a r b i t a l  ane s t he t i z ed  dogs 
are in  genera l  a g r e e m e n t  w i t h  these  r epo r t ed  resul t s  of 
o thers  (Table  I). The  effects  cons is t  of a decrease  in 
sys temic  a r te r ia l  p ressure  a n d  an  increase  in ca rd iac  
i ndex  (CI) a n d  h e a r t  r a t e  (HR).  I n  addi t ion ,  ou r  d a t a  
showed  l i t t le  change  in p u l m o n a r y  b lood  v o l u m e  (Pt3V), 
p u l m o n a r y  a r t e r y  pressure  (Ppa)  or smal l  p u l m o n a r y  
ve in  pressure  (Pvs) a f te r  in fus ion  of P G E  1. As ha s  been  
p rev ious ly  n o t e d  2, i n t r a - a r t e r i a l  in fus ion  of P G E  1 pro- 
duced  a g rea te r  response  t h a n  i n t r a v e n o u s  infusion.  

Sys temic  in fus ion  of P G E  1 in to  t he  g roup  of dogs 
anes the t i z ed  w i t h  u r e t h a n e  p roduced  a decrease  in 
sys temic  a r t e r i a l  p ressure  s imi la r  to  t h a t  p roduced  in 
p e n t o b a r b i t a l  a n e s t h e t i z e d  dogs. However ,  s t r ik ing ly  
d i f fe ren t  changes  in CI were obse rved  (Table  I). Un l ike  
t he  p e n t o b a r b i t a l  anes the t i zed  dogs, sys temic  in fus ion  of 
PGE~ in to  t he  u r e t h a n e  anes t he t i z ed  dogs p roduced  a 
decrease  in CI. This  was t r ue  regardless  of t he  rou t e  of 
infusion.  I t  was  in te res t ing ,  however ,  t h a t  w h e n  P G E  1 
was  a d m i n i s t e r e d  i.v. H R  decreased,  whereas  HIR 
increased  fol lowing i n t r a - a r t e r i a l  infus ion  of P G E  1. As 
in t he  p e n t o b a r b i t a l  ane s t he t i z ed  dogs, sys temic  in fus ion  
of P G E  1 in u r e t h a n e  anes t he t i z ed  dogs changed  Ppa ,  
P B V  and  P v s  v e r y  l i t t le .  

I t  was  found  t h a t  PGE 1, in  t he  doses used, p r o b a b l y  
has  a nega t ive  ch rono t rop ic  a n d  ino t rop ic  effect  on  t h e  
h e a r t  in  b o t h  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 t i z e d  
dogs. This  is i nd i ca t ed  b y  t he  decrease  in CI, H R,  SV 

a n d  P D L V  w h e n  P G E  1 was infused in a m o u n t s  so smal l  
t h a t  i t  d id  n o t  l ikely inf luence  t h e  sys temic  c i rcu la t ion  8. 
A r ecen t  s t u d y  b y  GLAVIANO and  MASTERS 11 suppor t s  our  
f indings,  a l t h o u g h  o the r s  5, us ing  a larger  t o t a l  dose, h a v e  
found  P G E  1 to h a v e  a pos i t ive  ino t rop ic  effect  on  t h e  
m y o c a r d i u m  w h e n  infused in to  t he  co rona ry  a r te ry .  I t  
is i n t e r e s t i ng  t h a t  t h e  decrease  in p e a k  r a t e  of rise in 
v e n t r i c u l a r  pressure  p roduced  b y  t he  i n t r a c o r o n a r y  
in fus ion  of P G E  1 was l imi ted  to t he  lef t  ,(entricle.  Lef t  
v e n t r i e u l a r  end-d ias to l ic  p ressure  decreased,  which,  in 
th i s  ins tance ,  could h a v e  been  re la ted,  in p a r t  a t  least,  to  
a decrease  in dias tol ic  ' t one '  r a t h e r  t h a n  to poor  diastol ic  
fi l l ing. 

I t  h a s  b e e n  m e n t i o n e d  t h a t  t h e  di f ference in the  
m a g n i t u d e s  of response  of t he  p e n t o b a r b i t a l  anes the t i zed  
dog to  i n t r a - a r t e r i a l  and  i.v. in fus ions  of P G E  1 m i g h t  be  
due  to a n  a l t e r a t i o n  of P G E  1 b y  t h e  lungs  ~. A r ecen t  
s t u d y  ha s  s h o w n  t h a t  in  t h e  dog 80% of P G E  1 is m e t a -  
bol ized in t h e  lungs  % Thus ,  i t  would  a p p e a r  t h a t  in  t he  
u r e t h a n e  anes the t i z ed  dog t h e  lungs  were n o t  metabo l iz -  
ing, or a l ter ing,  P G E  D t h e r e b y  a l lowing t he  P G E  1 to a c t  
on  t he  co rona ry  a r t e r i a l  sys tem,  a o r t a  and  m y o c a r d i u m .  
Th i s  would  expla in ,  in  par t ,  t h e  nega t i ve  ch rono t rop i c  
effect  of P G E  I w h e n  i t  was  a d m i n i s t e r e d  i.v. in  t he  
u r e t h a n e  anes the t i z ed  dog and  t he  lack of th i s  nega t ive  
ch rono t rop i e  effect  w h e n  t he  d rug  was  a d m i n i s t e r e d  in t r a -  
a r t e r i a l ly  18. I n  t h e  l a t t e r  s i t ua t i on  t h e  a r t e r i a l  s y s t e m  
was ac ted  u p o n  before  t he  P G E  1 was modi f ied  b y  t h e  
p u l m o n a r y  c i rcula t ion,  e l ic i t ing pos i t ive  c h r o n o t r o p i c  and  
ino t rop ic  effects r e l a t ed  to ref lex s y m p a t h e t i c  s t imula -  
t i o n  7. I t  is k n o w n  t h a t  reserp ine  and  s y m p a t h e t i c  b lock ing  
agen t s  (Agent i  | i n h i b i t  t he  increase  in h e a r t  r a t e  pro-  
duced  b y  sys temic  i.v. infus ion  of P G E  1 ~. 

H o w  the  2 a n e s t h e t i c  agen t s  used in th i s  s t u d y  m i g h t  
a l t e r  p u l m o n a r y  or m y o c a r d i a l  m e t a b o l i s m  is u n k n o w n .  
The  res t ing  ca rd iac  o u t p u t  was  h ighe r  in t he  u r e t h a n e  
anes the t i z ed  dogs t h a n  in t he  p e n t o b a r b i t a l  anes the t i zed  
ones. W h a t e v e r  t he  exp lana t ions ,  i t  is c lear  t h a t ,  in 
e v a l u a t i n g  s tud ies  of t h e  h e m o d y n a m i c  effects of P G E  1 in 
ane s the t i z ed  animals ,  t he  a n e s t h e t i c  used m u s t  be  

c o n s i d e r e d .  The  p u l m o n a r y  c i rcu la t ion  changed  ve ry  
l i t t l e  regardless  of t he  a n e s t h e t i c  used. 

Zusammen/assung. Es  wird  gezeigt,  dass  P h e n o -  
b a r b i t a l -  u n d  Urethan-AnS~sthesie  n a c h  In fus ion  von  
P G E  1 in den  Kre i s lauf  n o r m a l e r  H u n d e  ve r sch iedene  
h / i m o d y n a m i s c h e  R e a k t i o n e n  ( H e r z m i n u t e n v o l u m e n ,  
Herz f requenz ,  D u r c h b l u t u n g  der  Per ipher ie)  ve ru r s ach t .  
Die I n t r a k o r o n a r i n f u s i o n  yon  P G E  1 m i t  de r  Narkose  
e rgab  e inen  n e g a t i v  e h r o n o t r o p e n  u n d  e inen  n e g a t i v  
i n o t r o p e n  Effek t .  
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