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An e lec t ron-mic roscop ic  investigation was made of al lografts  and xenografts of the aort ic  
valves after  various methods of chemical  s ter i l izat ion and T - r a y  irradiat ion.  Changes in 
the u l t ras t ruc tura l  components were demonstrated in the cells of the valve grafts a f te r  
chemical  methods of s ter i l izat ion,  but the cells were  intact after  T - r a y  irradiat ion.  The 
dynamics of development of specific degeneration of the connective tissue of the valves dur -  
ing prolonged functioning of the grafts in the human hear t  was revealed.  Degeneration of 
the collagen was shown not to be connected with its enzymic destruct ion,  but to be the r e -  
sult  of passive mechanical  injury. 
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Investigation of transplanted valves at the u l t ramicroscopic  level can shed light on the charac te r ,  
intensity,  and extent of their injuries,  so that the best  type of s ter i l izat ion of the valves can be chosen and 
their  fate in the body studied. 

There are a few repor ts  in the l i terature  of u l t ramicroscopic  changes in grafted valves af ter  s te r i l -  
i za t ionwi th~/ rays  and also af ter  clinical use [3, 5, 7]. The reports  of these investigations contain no in- 
formation on the mechanisms of development of the specific degenerative p rocesses  in the valves af ter  
t ransplantat ion and a long period of functioning in the human hear t .  

This paper  descr ibes  an at tempt to obtain such information.  

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

Recent human and porcine aort ic  valves were investigated unsteri l ized (control) and also after  s t e r -  
i l ization: 1) in a solution of 9-propiolactone,  2) in a 4% solution of formaldehyde at pH 5.6, 3) by Carpen-  
t i e r ' s  conditions method, and 4) by T - r a y  i r radiat ion in a dose of up to 2.5 Mrad for  11 min after  p re l im-  
inary f reezing to - 79~ 

In addition, 10 al lografts  and xenografts of valves ster i l ized by the methods described above and im-  
planted in the mitra l  and tricuspid positions in patients with rheumatic  hear t  disease were investigated. 
The periods of implantation ranged f rom 12 to 52 months. 

Fragments  of the transplanted valves were fixed in 2.5% glutaraldehyde and in 1% OsO 4. The tissue 
was embedded in Epon 812. The sections were stained with lead ci t rate  by Reynolds '  method. 
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Figo 1. Ul t ras t ruc ture  of transplanted valves after  s ter i l izat ion 
and a long period of functioning in the human heart :  a) among un-  
changed collagen fibrils finely granular  mater ia l  and fragments  of 
destroyed collagen fibrils can be seen at wel l -marked regular  in- 
tervals  (time of implantation of the valve 21 months; 25,000 x); b) 
numerous vacuoles presen t  in the ground substance,  forming honey- 
comb-l ike s t ruc tures  (period of implantation of the valve 52 months, 
20,000 • c) i r r egu la r  orientation of collagen fibrils and their 
f ragmentat ion (period of  implantation of the valve 25 months,  
15,000 • FrF) Fragmentat ion of fibrils;  FGM)finely granular  
material ;  V) vacuoles; HCS) honeycomb-l ike s t ruc tu res .  

EXPERIMENTAL RESULTS 

After sterilization of the valves with fi-propiolactone, formaldehyde, and the conditioning method, 
tiny areas of loosening of the collagen bundles were found between bundles of intact collagen fibrils with a 
period of 640 A; they were most marked and extensive after sterilization with fl-propiolaetene. Fibroblasts 
with a well preserved cytoplasmic membrane and an elongated nucleus were observed. The cytoplasmic 
matrix was translucent and most of the mitoehondria were damaged or destroyed. After sterilization 
of the valves by -/-ray irradiation, thebundles of collagen [ibrils were unchanged. In the fibroblasts after 
~-ray irradiation, unlike those treated by chemical methods of sterilization, a well-developed granular en- 
doplasmic retieulum and intact mitoehondria were seen. 

Investigation of  valves implanted in the mitral  position af ter  s ter i l izat ion in formaldehyde and in fl- 
propiolactone revealed a reas  of loosening of the bundles among bundles of well p reserved  collagen fibri ls .  
The cross  str iat ion in such fibrils was not equally distinct.  In some a reas  an amorphous,  finely granular  
mater ia l  could be seen close to well p reserved  collagen fibrils and fragments of others  (Fig. Ia).  tn the 
interst i t ial  space there were numerous vacuoles f rom ]50 to 400 nm in d iameter .  Most of these vacuoles 
were  surrounded by a dist inct  single membrane (150-200 ~), but in some of them it was par t ly  or  com-  
pletely absent.  In some areas  the vacuoles had joined together to form honeycomb-like s t ruc tu res ,  e s -  
pecial ly in valves steri l ized with f i-propiolactone (Fig. lb). 

Where the cusps of the valves were  torn the collagen fibrils were very  much thinner, the fibrils were 
fragmented in some places and appeared to have "melted," and to be converted into finely granular ,  a m o r -  
phous mater ia l .  

During the investigation of valves implanted in the tricuspid position af ter  s ter i l izat ion in formalde-  
hyde or  by Carpent ie r ' s  method most  of the bundles of collagen fibrils were seen to be well p reserved .  
In the cusps of these valves small  a reas  of collagen fibrils with an i r r egu la r  orientation could be seen. 
C ros s - s t r i a t i on  within the periods (about 50/~) was observed in some of the fibri ls .  Character is t ica l ly  
some fibrils showed weakened osmiophilia,  thinning of their  ends, and fragmentat ion (Fig. lc) .  These 
changes were much more marked in valves s ter i l ized in formaldehyde.  In all cases  the elastic fibers 
showed no s t ruc tura l  changes.  

In all transplanted valves implanted in the mitra l  and tricuspid positions newly formed cells of the 
f ibroblast  type could be seen; their nucleus was elongated, they were surrounded by a dist inct  double m e m -  
brane ,  and chromat in  was concentrated at the per iphery  of the nucleus. A well-developed network of 
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granu la r  endoplasmic  re t icu lum could be seen  in the cy toplasm.  The numerous  mitochondria  had a dense 
ma t r ix  with many c r i s t a e .  

Chemical  and physical  methods of s ter i l iza t ion  thus do not lead to des t ruc t ion  of the co l lagen-e las t ic  
skeleton of the valve,  maintaining its mechanical  s t rength ,  but the cel ls  of the graf t  are  gradual ly des t royed .  
By the end of the f i r s t  month af ter  implantat ion,  the donor ' s  cel ls  were  a lmos t  comple te ly  absent  in the 
graf t ,  even in valves  s ter i l ized  by ~/-ray i r radia t ion .  

Approximate ly  one month af ter  implantation of the va lves ,  newly formed cells  of the f ib rob las t  type 
began to appear  in their  super f ic ia l  p a r t s .  These were  undoubtedly rec ip ien t ' s  cells;  their  u l t r a s t ruc tu re  
pointed to active biosynthetic  act ivi ty.  

After  prolonged functioning of the grafted va lves ,  p r o g r e s s i v e  changes were  observed in the ground 
subs tance .  These  changes were  pa r t i cu la r ly  well  marked a f te r  implantat ion in the mi t r a l  posit ion: a r ea s  
of loosening of the bundles of col lagen f ibe r s ,  loss of thei r  complex s t ruc tu re ,  and thinning of their  ends 
were  observed~ More seve re  changes indicating molecu la r  d is turbances  in the s t ruc tu re  of the collagen 
f ibr i ls  took the f o r m  of d is turbance of the p rec i se  per iod of 640/~ between the s t r ia t ions  and the appearance  
of c r o s s - s t r i a t i o n s  within the pe r iods ,  as f ragmenta t ion of the f ibr i ls  and, finally,  as cloudy swelling. 
These changes indicate the gradual  des t ruc t ion  of the collagen skeleton of the valve cusps .  

An unusual and not comple te ly  c l ea r  phenomenon,  that has not been observed in other  types of d i s -  
organizat ion of the connective t i ssue under pathological  conditions, is the format ion  of vacuoles with or  
without a surrounding m em brane  in the ground substance.  The vacuoles a re  not ce l lu la r  in origin for there 
a re  no cel ls  in the valve except  a few newly formed cel ls  in the superf ic ia l  zones.  The format ion  of honey-  
comb- l ike  s t ruc tu re s  with breakdown of the ground substance can be seen  on the e lec t ron  micrographs~  
This p ic ture  probably  co r responds  to the fo rmat ion  of the large vacuoles  visible in the light mic roscope  
[6, 8]~ This phenomenon is evidently a specif ic  mechan i sm of des t ruct ion of the ground substance af ter  
t ransplanta t ion of the valves  [1, 2]~ As a r e su l t  of the absence  of cel ls  in the implanted valve,  the enzymic 
ca tabo l i sm of collagen cannot take place (no col lagen. lyr ic  or  mucolytic enzymes ,  p r o t e a s e s ,  or  hydro lases  
a re  produced) and a pass ive  mechanical  wear ing  away of the col lagen s t ruc tu re s  therefore  takes place .  
These p r o c e s s e s  taking place at the f ib r i l l a ry  and molecu la r  levels p r o g r e s s  pa r t i cu l a r ly  rapidly  where  
the hem.dynamic  load is g r e a t e r  (in the mi t ra l  posit ion),  where  they lead to thinning of the collagen f ibers ,  
f ragmenta t ion  of the f ibe r s ,  and even to pe r fo ra t ion  and rupture of the valve cusps .  
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