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Thromboplast ic  and Fibrinolyttc Activity in Valves of the Pig Heart 

Dete rmina t i ons  of concen t ra t ions  of p lasminogen  acti-  
va to r  and  t h r o m b o p l a s t i n  in h u m a n  and  animal  t issues 
have  revealed d is t r ibu t ions  which  in m a n y  ins tances  
could be corre la ted wi th  pa t t e rn s  of t issue repair .  Such 
observa t ions  have  led to  the  fo rmula t ion  of an in tegra ted  
concep t  of repara t ive  connec t ive  t issue fo rma t ion  regu- 
la ted by  f ibrin depos i t ion  and resolut ion 1. There  are 
only  minu te  amoun t s  of t issue t h r o m b o p l a s t i n  and  
p lasminogen  ac t iva to r  in h u m a n  hea r t  valves  wi th  a 
l imi ted  n u m b e r  of f ibr inolyt ical ly  act ive  sites localized 
to vascular  s t ruc tures  in p rox imal  p a r t s  of the  atr io-  
ven t r icu la r  valves  and  to  pa r t s  of the  chordae  t end ineae  
close to the  a t t a c h m e n t s  to  the  papi l la ry  muscles  2. 
Occasional  sites of f ibr inolyt ic  ac t iv i ty  in the  dis ta l  pa r t s  
of t he  a t r ioven t r icu la r  and semilunar  valves  were all 
re la ted  to t he  endocardia l  lining. Recent ly ,  assays of 
th ickened  valves  f rom 2 h u m a n  hea r t s  revealed no 
marked  differences f rom normal  valves.  The low plasmi-  
nogen ac t iva to r  concen t ra t ions  in t he  cusps are no t  
surpr is ing since the i r  ground p la te  consis ts  of a t end inous  
membrane ,  a connec t ive  t issue s t ruc tu re  in which  fibrin- 
olyt ic  ac t iv i ty  has never  been observed.  However ,  since 
f ibr inolyt ic  ac t iv i ty  is re la ted in par t icu lar  to  endo the l ium 
of the  venous  sys t em 3 and the  endo the l ium of the  large 
vessels is cont inuous  wi th  t he  endocardia l  lining, the  
low values  in all the  valves  were somewha t  unexpec ted .  
We wish to repor t  some da t a  on pig hea r t  valves  because 
they  are known to be ex tens ive ly  p rov ided  wi th  blood 
vessels in con t ras t  to the  mos t ly  avascular  h u m a n  hear t  
valves. The concen t ra t ions  of t issue t h r o m b o p l a s t i n  and 
p lasminogen  ac t iva to r  were de t e rmined  by  ex t rac t ion  
me thods  as descr ibed before 2. These d a t a  would also be 
of in te res t  in v iew of the  recen t  use of hea r t  valves  f rom 
pig as subs t i tu tes  for h u m a n  aort ic  valves  4 (Table). 

In  hea r t  valves  of animals  vessels ex t end  beyond  the  
marg in  of inser t ion into the  valve r ing Therefore,  in 
th is  s tudy  valves  were no t  d iv ided  into a proximal  and 
dis ta l  par t .  The con ten t  of t issue t h r o m b o p l a s t i n  was 
as low as in h u m a n  valves  whereas  p lasminogen  ac t iva to r  
concen t ra t ions  were marked ly  higher,  in par t icu lar  when  
compared  wi th  the  dis ta l  pa r t s  of t he  h u m a n  valves. 
In teres t ingly ,  the  m y o c a r d i u m  has cons iderably  higher  
f ibr inolyt ic  ac t iv i ty  in pig t h a n  in o ther  species including 
man  5. Usual ly concen t ra t ions  of p lasminogen  ac t iva to r  

are lower in an imals  t h a n  in man.  Though  the  usual  
large indiv idual  var ia t ions  in p lasminogen  ac t iva to r  con- 
cen t ra t ions  were encountered ,  even  in assays of d i f fe rent  
samples  f rom the  same valve specimen,  no marked  dif- 
ferences be tween  d i f fe ren t  valves  of the  pig hea r t  were 
observed.  As in the  h u m a n  hear t  the  absence of marked  
differences be tween  the  valves of the  left and  r ight  side 
of the  hea r t  is pa r t i cu la r ly  no tewor thy .  There  are m a n y  
repor t s  on vessels in hea r t  valves  of an imal  species such 
as the  pig, sheep, dog, cat, horse, ca t t le  and calf". In  
cont ras t ,  valves  f rom rabb i t  and  guinea-pig have  been 
repor ted  as avascu la rL  The resul ts  of our f ibr inolyt ic  
assays  are in ag reemen t  wi th  the  repor ted  presence  of 
vascular  s t ruc tu res  in pig hea r t  valves. Ind iv idua l  varia-  
t ions  and  differences observed be tween  di f ferent  samples  
f rom the  same spec imen could p robab ly  be caused by  
d i f ferent  degrees of vascular izat ion.  Since the  f ibr inolyt ic  
assays were pe r fo rmed  by  an ex t rac t ion  m e t h o d  which 
incorpora tes  an acid precipi ta t ion,  the  presence  of labile 
ac t iva tors  or ig inat ing  in the  blood could be excluded.  

The presence  of blood vessels in the  valves  of the  pig 
hea r t  would make  t h e m  depend  less on diffusion of nu- 
t r i en t  mater ia l  and  oxygen  f rom blood sur rounding  the i r  
surfaces. Hence,  f ibrin deposi t ion following va lvula r  
in jury  and  d i s rup t ion  of agg lu t ina ted  platelets ,  sub-  
s t i t u t ing  for the  missing t issue th romboplas t in ,  would 
lead to less i m p a i r m e n t  of valvular  nu t r i t ion  in pig t h a n  
in man.  F ibr in  depos i t s  would also be re ta ined  for briefer  
per iods  because of the  higher  f ibr inolyt ic  ac t iv i ty .  The 
presence  of vascular  s t ruc tures  accompan ied  by  fibrin- 
olytic ac t iv i ty  could possibly expla in  the  in f requency  
of cardiac  disease repor ted  in an imal  species s. The 
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Thromboplastic and fibrinolytic activity of pig heart valves 

Animal No. Thromboplastic activity (U/g) Fibrinolytie activity (U/g) 

Mitral Tricuspid Aortic Pulmonic Mitral Tricuspid Aortic Pulmonic 
valve valve valve valve valve valve valve valve 

3 1 5 1.5 14 122.5 74 87 95 
(66;179) 

5 3 2.5 3 3 64 35 23 49 
6 3 4 14 5.5 60 45 47 68 

(43 ; 47) 
7 4 1.5 0.5 3 79.5 41 44 103 

(103; 56) (34;48) 

Average 3 3 5 6 82 49 50 79 

Thromboplastic activity is recorded as concentrations of tissue thromboplastin in U/g fresh tissue assayed on human plasma. Fibrinolytic 
activity is recorded as concentrations of tissue plasminogen activator in U/g fresh tissue. The 2 separate determinations reported in sonle 
of the fibrinolytic assays are from 2 different samoles from the same soecimen. Averages for each specimen were then deternfined and used 
in the calculation of the final estimate. 
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f ib r ino ly t i c  a c t i v i t y  in  t he  va lves  would  no t  r e m a i n  a f te r  
t he  s te r i l i za t ion  p rocedures  used in p r e p a r i n g  t h e m  as 
p ros theses  for h u m a n  aor t i c  va lves  9. 

Zusammen/assung. H e r z k l a p p e n  v o m  Schwein  w u r d e n  
auf  ihre  t h r o m b o p l a s t i s c h e  u n d  f ib r ino ly t i sche  Ak t iv i t / i t  
u n t e r s u c h t .  Die  K o n z e n t r a t i o n  yon  G e w e b s t h r o m b o -  
p l a s t i n  war  in  al len H e r z k l a p p e n  (Segel- u n d  Taschen-  
k lappen)  ger ing u n d  s t i m m t  m i t  der  in  mensch l i ch en  
H e r z k l a p p e n  gemessenen  i iberein.  I m  Gegensa tz  dazu  
weisen S chwe inehe rzk l appen  eine h6he re  f ib r ino ly t i sche  

A k t i v i t ~ t  als mensch l i che  I-Ierzklappen auf, wahr sche in -  
l ich als Folge de r  re icheren  Vasku la r i s i e rung .  

PIA GLAS an d  T. ASTRUP 
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The Transport  of Various Immune Globulins by the New-Born  Pig Intestine 

The  n e w - b o r n  p ig  o b t a i n s  a pass ive  i m m u n i t y  to  
disease b y  t he  inges t ion  a n d  s u b s e q u e n t  i n t e s t i na l  absorp-  
t ion  of an t ibod ie s  p r e sen t  in  t he  sow's  co los t rum.  The  
a p p e a r a n c e  of the  i n t e s t i n a l  m u c o s a  sho r t l y  a f te r  b i r t h  
suggests  t h a t  p ro t e in  is be ing  endocy tosed  b y  t he  mucosa l  
cell 1, b u t  t he  m e c h a n i s m  wh ich  in i t i a t es  endocy tos i s  or 
t he  m e a n s  b y  wh ich  p ro t e in  leaves  t he  cell is no t  known.  
A n y  d e m o n s t r a t i o n  of se lec t iv i ty  d u r i n g  a b s o r p t i o n  
would  help  to  def ine cond i t ions  cr i t ical  for  t h e  m o v e m e n t  
of p ro t e in  molecules.  The  p r e s e n t  work  was the re fore  
des igned to t e s t  w h e t h e r  i m m u n e  g lobul ins  der ived  f rom 
d i f fe ren t  species would  be  t r a n s p o r t e d  a t  d i f fe ren t  ra tes  
b y  t h e  pig  in t e s t ine  used in v i t ro .  

Materials and methods. Pigle t s  col lected a t  b i r t h  before  
t h e y  could suck t he  sow were kil led b y  d e c a p i t a t i o n  a n d  
eve r t ed  sacs of smal l  i n t e s t ine  fo rmed  and  i n c u b a t e d  in 
b i c a r b o n a t e  sal ine as descr ibed  p rev ious ly  2. I n c u b a t i o n  
was for 2 h a t  37 ~ in m e d i u m  c o n t a i n i n g  glucose, 1 mg/ml ,  
t o g e t h e r  w i t h  a k n o w n  p r e p a r a t i o n  of IgG (final concen-  
t r a t i o n  5 g/100 ml). F lu id  r e m o v e d  f rom the  sacs a t  t h e  
end  of i n c u b a t i o n  was weighed  a n d  samples  l a t e r  ana lysed  
for sod ium us ing  a n  E E L  f l ame  p h o t o m e t e r ,  for glucose 
us ing  t he  glucose oxidase  m e t h o d  of HANSEN 3 an d  for 
I gG  us ing  t he  q u a n t i t a t i v e  i m m u n o d i f f u s i o n  assay  of 
GELL 4. I n t e s t i n a l  sacs were weighed  a t  t he  end  of incuba-  
t ion  a n d  serosal  t r ans fe r s  ca lcu la ted  as a m o u n t  t r ans fe r r ed  
g i n t e s t i n e / h  incuba t ion .  Va lues  h a v e  been  r ep re sen t ed  
in each  case as per  cen t  c h a n g e  f rom va lues  found  in 
t he  presence  of porc ine  IgG to  lessen er rors  due  to  a n i m a l  
va r i a t ion .  Direc t  c o m p a r i s o n s  were m a d e  b e t w e e n  al ter-  
n a t e  sacs, one i n c u b a t e d  in b i c a r b o n a t e  sal ine c o n t a i n i n g  
porc ine  IgG and  t he  o the r  i n c u b a t e d  in sal ine c o n t a i n i n g  
IgG p r e p a r e d  f rom a d i f fe ren t  species. The  s ignif icance 
of a n y  dif ference was assessed us ing  t he  Wi lcoxon  t e s t  5. 
H u m a n ,  equ ine  and  ov ine  v-g lobul ins  (Koch-L igh t  Labs .  
Ltd . )  were s t a t e d  to  con t a in  _> 98% v-globul ins  e s t i m a t e d  
b y  e lec t rophores i s  on  cellulose ace ta te .  The  p u r i t y  of 
bov ine  a n d  porc ine  v-g lobul ins  (Armour  P h a r m a c e u t i c a l  
Co. a n d  P e n t e x  Inc.  respect ive ly)  was s t a t e d  to  be  > 95%.  
All p r e p a r a t i o n s  h a d  been  m a n u f a c t u r e d  us ing  t he  same 
Cohn  f r a c t i o n a t i o n  t echn ique .  

Results and discussion. The  p u r i t y  of these  va r ious  
p ro te ins  was f i rs t  assessed b y  c o m p a r i n g  the i r  s ed imen ta -  
t i on  p a t t e r n s  on  u l t r a c e n t r i f u g a t i o n  (Figure  1). P r o t e i n  
s e d i m e n t i n g  as t he  m a j o r  p e a k  co r responded  to  7S 
g lobul in  ( IgG globulin).  The  smal l  a m o u n t  of ma te r i a l  
wh ich  s e d i m e n t e d  fas te r  was  t h o u g h t  to  cons is t  of 
aggrega ted  IgG. The  p r o p o r t i o n  of aggrega ted  to  7S IgG 

was  lowest  for  ov ine  an d  h ighes t  for porc ine  p repa ra t ions ,  
b u t  t h e  di f ference b e t w een  i n d i v i d u a l  samples  was  small .  
E q u i n e  IgG c o n t a i n e d  a b o u t  5% (w/v) sod ium chlor ide 
a n d  th i s  was  r e m o v e d  b y  dialysis.  T h e  p r o p o r t i o n  of 7S 
to  aggrega ted  Ig G  was n o t  changed  b y  th i s  t r e a t m e n t  or 
b y  s u b s e q u e n t  freeze d r y i n g  (Figure 1 co mp a re  E w i t h  
E(d)) .  Sal t - f ree  equ ine  IgG was used for  al l  f u r t h e r  work.  
T h e  h o m o g e n e i t y  of these  p ro te ins  was n e x t  assessed b y  
compar i son  of t he i r  i m m u n o e l e c t r o p h o r e t i c  p a t t e r n s  
(Figure  2). A n t i b o d i e s  to  porcine,  equ ine  an d  b o v i n e  IgG 
globul ins  h a d  been  ra ised  p rev ious ly  in r abb i t s .  An t i s e ra  
to  h u m a n  a n d  ov ine  IgG l igh t  chains ,  p r e p a r e d  in sheep 
a n d  r a b b i t  respect ive ly ,  were used to  p rec ip i t a t e  t h e  whole 
IgG molecules  f rom these  species. A n t i s e r u m  to bov ine  
Ig G  p roduced  a p rec ip i t in  l ine of p a r t i a l  i d e n t i t y  w i th  
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Fig. 1. Ultracentrifugal patterns obtained using commercial prepara- 
tions of v-globulins prepared from 5 different species. The final 
concentration of each protein, dissolved in phosphate buffer I - 0.1, 
pH = 7.5, was 0.8% w/v. Centrifugation was at room temperature 
for 55 min at 59,780 rpm O, P, B, H and E, ovine porcine, bovine, 
human and equine v-globulins. E(d), equine v-globulin after dialysis. 
A, aggregated globulin. 7S, globulin having a Svedberg coefficient 
of approximately 7S. 


