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The ef fec t  of t r e a t m e n t  of the ao r t i c  va lves  of pigs with ~/ r a y s ,  4% formaldehyde solution, 
with sodium metaper ioda te  and glutara ldehyde (by C a r p e n t i e r ' s  method) on the immunogeni-  
city and antigenic composi t ion  of the t i ssue  was studied. No new antigenic spee i f ic i t ies  were  
found in sa l ine  ex t r ac t s  of the p r e s e r v e d  va lves .  The immunogenic i ty  of ex t r ac t s  of the 
valves  t r ea t ed  with ~ r ays  and formaldehyde  solution was fully p r e s e r v e d .  Formaldehyde  
slightly reduced  the antigenic act ivi ty  of the valve t i ssue .  When C a r p e n t i e r ' s  method was 
used,the immunogenic  and antigenic p rope r t i e s  of the xenogeneic valves  were  cons iderably  
suppres sed .  

Dif ferences  in the value of methods used in su rg ica l  p rac t i ce  to t r e a t  xenogeneic valves  (usually 
va lves  f r o m  p ig s '  hear ts} ,  as f ac to r s  influencing the a l le rgen ic  p rope r t i e s  of the va lves ,  were  es tab l i shed  
in previous  invest igat ions in which anaphylaxis  and hypersens i t iv i ty  of delayed type in guinea pigs were  
used as models .  

These  obse rva t ions ,  together  with r e s u l t s  indicating that  pat ients  may  develop immunologica l  r e a c -  
tions to the t ransplan ta t ion  of xenogeneic valves  [3-6, 8, 10], have necess i t a t ed  a m o r e  detai led study of the 
antigenic composi t ion  of the t i s sues  of pig hea r t  va lves  and of the i r  immunogenic i ty  a f t e r  p r e se rva t i on  by 
di f ferent  methods .  

E X P E R I M E N T A L  M E T H O D  

Saline ex t r ac t s  of the va lves  were  used:  native (AGN), t r ea t ed  with ~/rays  (AGG) [7], with 4% fo rma l -  
dehyde solution (AGF) [9], o r  by conditioning (AGC) [4]. 

The homogenized t i s sue  was covered  with physiological  sal ine (1 "5) and s t i r r e d  for  2 h with a mag-  
netic m ixe r  a t  20~ a f t e r  which it  was allowed to stand for  15-18 h in a r e f r i g e r a t o r  (4~ 

Ant i se ra  aga ins t  w a t e r - s o l u b l e  ant igens of the valves  and pig s e r u m  were  obtained by immuniz ing 
rabb i t s  by the method of Gusev and Yazova [1] (the total  immunizing dose of each antigen as prote in  was 
160-200 pg}. The methods of invest igat ion were  the double diffusion t e s t  in agar  and immunoe lec t rophore -  
s is  in aga r  on pla tes  measu r ing  9 x 12 cm in verona l -medina l  buffer  (pH 8 .4-8 .6)  w i $  a voltage of 120 V 
and cu r r en t  of 40 mA. Ex t rac t s  equal ized for  p ro te in  content,  de te rmined  by Lowry ' s  method,  were  used 
in the reac t ions .  

E X P E R I M E N T A L  R E S U L T S  

The immunogenic i ty  of the sal ine ex t r ac t s  of the valves  t r ea t ed  by the var ious  methods and studied by 
rabb i t  immunizat ion  methods var ied  s ignif icant ly both in the t i t e r  of the s e r a  obtained (Table 1) and in the 
a s s o r t m e n t  of antibodies in them.  
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T A B L E  1. T i t e r s  o f  P r e c i p i -  

t a t i n g  A n t i b o d i e s  in R a b b i t  

S e r a  

Antigen for Titers of antibodies 
imrnuni- against an- against ho- 
z -'oil ttigens of mologous 

an Inativevalve antigen s 

AGN 1:128--1:256 1:128--1:256 
AGF 1:128--1:256 1:4 --1:8 
AGG 1:128--1:256 1:128--1:256 
AGC 1:2 --I:16 1:2 --I:4 

T A B L E  2. P r o t e i n  C o n c e n t r a t i o n  i n  

S a l i n e  E x t r a c t s  o f  V a l v e s  

I Protein con- 
Method of preservation concentration 

(in mg/ml) 

Native . . . . . . . .  5,I4 (5,17--5,32) 
Irradiation with y rays . . . .  [4,28 (3,46--5,09) 
�9 t% formaldehyde sol{ation 10,57 (0,50--0,67) 
Protein concentration(in rng/ml)10,54 (0,45--0,62) 

1 

Fig. I. Antibodies in antisera against 
extracts of heart valves preserved by 
different methods. Central wells con- 
tain antisera against extracts of 
valves: a) native, b) treated with 7 
rays e) treated with formaldehyde so- 
lution, d) conditioned. Peripheral 
w e l l s  c o n t a i n  e x t r a c t  o f  t i s s u e  o f  n a -  

t i v e  v a l v e s  in  d i l u t i o n s  of  1 : 4 - 1 : 1 2 8 .  

It will be clear from Table I that the titers of sera obtained by immunization of rabbits with the AGN, 
AGG, and AGF extracts and in the precipitation test with AGN differed essentially from the titers of the 
sera of the animals immunized with AGC extracts. If these sera were tested with homologous antigens, it 
was found that AGF gave precipitation bands only in low titers (I :44:8), whereas AGG with the homolo- 
gous serum worked in those same fliers. The AGC obtained as described above was inert, for only when it 
was concentrated tenfold was a reaction observed in titers of 1:2-1:4. 

Immunization of the animals with extracts of valves preserved by the different methods led to the 
formation of different spectra of antibodies, as shown by the precipitation test and by immunoelectrophore- 
sis in agar. For instance, antisera against extracts from native valves (ASN) or valves treated with form- 
aldehyde solution (ASF) and 7 rays (ASG) regularly formed four precipitation bands in Ouchterlony's test 
with AGN antigens (Fig. la, b, c). Serum against extract of tile conditioned valves (ASC) gave only one or 
two bands with AGN (Fig. id). These differences in the antigenic activity of the valve tissues were clearer 
still in the immunoelectrophoresis test. Antisera against extracts from the native, irradiated, and formal- 
inized valves in all cases formed four main precipitation arcs when reacting with AGN. When the sera of 
animals immunized with extract from conditioned valves were used, under these conditions only two preci- 
pitation bands were detected (Fig. 2). 

The firss step in the study of the antigenic composition of the valve extracts was to detect whether or 
not they contained antigens in common with serum proteins. For this purpose immunoelectrophoresis of 
AGN and of pig serum (PS) was carried out with pig antiserum (ASP) and ASN. The results showed that 
extract of the native valves formed four chief precipitation arcs with the homologous antiserum in the 
zones of albumins and ~2-, /3i-, and 7-globulins. Meanwhile, in the reaction with ASP precipitation bands 
were discovered only in the zones of albumins and ~2-globulins, but not of the 7-globulins. Comparison 
between these results and those of the reactions of pig blood serum with ASP and ASN shows that besides 
antigens common to the valves and serum, the valve extracts also contained components specific for the 
valve tissues only. 

The second stage of the investigation was to study changes produced in the antigenic composition of 
the valves by the various methods of treatment. Extracts of the valves treated with 7 rays, like AGN, 
formed four precipitation bands in the reaction with ASN and the homologous antiserum (ASG) (Fig. 3a, b) 
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Fig. 2. Immunophore t ic  analys is  of antibodies against  
e x t r a c t s  of t i s sues  f r o m  p r e s e r v e d  hea r t  va lves .  Cen- 
t r a l  wells contain e x t r a c t  of native va lves ,  gu t te r s  con- 
tain an t i s e r a  agains t  antigens of valve t i s sues :  1) na- 
t ive,  2) t r ea t ed  with formaldehyde solution, 3) condi- 
t ioned, 4) t r ea t ed  with y r a y s .  

Fig. 3. Antigenic c o m p o s i t i o n o f t i s s u e s  o f h e a r t v a l v e s  t r ea t ed  
by var ious  methods .  Centra l  wells  contain antigens of va lves :  
a, b) t r ea t ed  with y r a y s ,  c, d) t r ea t ed  with formaldehyde s o -  
lution, e,  f) conditioned; pe r iphe ra l  wells  contain an t i se ra :  a, 
c, e) against  ex t r ac t  of native va lves ,  b, d, f) homologous.  

while ex t r ac t  f r o m  AGF gave only 1-2 l ines (Fig. 3c, d) and ex t r ac t  f rom the conditioned valves  (AGC) was 
iner t  in the t e s t s  with homologous s e r u m  (Fig. 3e, f). S imi la r  r e su l t s  were  obtained in the i m m u n o e l e c t r o -  
phores i s  tes t .  Antibodies cha rac t e r i z ing  a group of antigens specif ic  for  pig hea r t  va lves  were  found in all 
the an t i se ra .  Meanwhile no new antigens were  found in the ex t rac t s  of the t r ea ted  va lves .  This is evidence 
that  t r ea tmen t  of the valves  does not lead to the fo rmat ion  of new antigenic spec i f ic i t ies .  

It  can be concluded f r o m  these  r e su l t s  that t r ea tmen t  of hea r t  valves by the conditioning method con- 
s iderab ly  d iminishes  the immunogenic i ty  and the antigenic p rope r t i e s  of the t i s sues .  The advantage of this 
method becomes  pa r t i cu la r ly  c l ea r  when the prote in  content in the sal ine ex t rac t s  f r o m  homogenates  of 
va lves  t r ea t ed  by di f ferent  methods is compa red  {Table 2). 

T r e a t m e n t  of the va lves  with 4% formaldehyde solution, like the conditioning method,  led to a sha rp  
dec rea se  in the ex t rac t ion  of wa te r - so lub l e  pro te ins  f r o m  the t i s sue .  However ,  this was accompanied  by 
only a very  sma l l  dec r ea se  in the antigenic p rope r t i e s  of the valves  and by the p r e s e r v a t i o n  of the i r  im-  
munogenici ty.  Meanwhile the ni t rogen content (determined by the Kjeldahl method) showed only sl ight  v a r i -  
at ion whatever  method was used to p r e s e r v e  the valves  (Table 3). 

This suggests  that  the changes detected in the antigenic p rope r t i e s  of the t i ssue a r e  connected p r i -  
ma r i l y  with blocking of the antigenic de te rminan ts  by the chemical  p r e s e r v a t i v e s  (formaldehyde,  a mixture  
of glutaraldehyde with sodium metaper iodate)  r a t h e r  than with the r e m o v a l  of the prote ins  themse lves  f rom 
the t i s sues .  These  p r o c e s s e s  a r e  probably respons ib le  also for  the " iner t ia"  of the sal ine ex t r ac t s  of the 
valves  t r ea t ed  with formaldehyde solution and by the conditioning method in the gel diffusion t e s t s .  
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TABLE 3. Nitrogen Content in Tissue  of Valves P r e s e r v e d  by Dif- 
fe ren t  Methods 

Method of preservation Nitrogen content (in mg/g) 

Native . . . . . . . . . . . . . . . . . . . . . .  I Irradiation with y rays . . . . . . . . . . . . . .  
4% formaldehyde solution . . . . . . . . . . . . .  
Conditioning . . . . . . . . . . . . .  

17,82 (15,42--18,52) 
i5,84 (12,17--18,43) 
t3,21 (11,81--16,15) 
18,13 (15,12--20,01) 

The r e su l t s  show that  f r o m  the immunological  standpoint t r e a t m e n t  ofxenogeneic  hear t  va lves  by con-  
ditioning is the m o s t  p romis ing  of the m ode rn  methods of p r e s e r v a t i o n  for  cl inical  use.  
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