
S U P R A M O L E C U L A R  C H A N G E S  IN P R E S E R V E D  C O R N E A L  

T I S S U E  D U R I N G  T R E A T M E N T  W I T H  c ~ - T O C O P H E R O L  

A.  G .  T r a v k i n ,  V.  P .  D e r e v y a n k o ,  
a n d  A.  B .  T s y p i n  

UDC 612.841.1.014.46:615.357: 
577.161.3]-085.23 

The kinetics of chemi luminescence  of corneal  t i ssue  of isolated dogs '  eyes  induced with 1% 
hydrogen peroxide was compared  with the r e s u l t  of de terminat ion  of u l t r a s t ruc tu ra l  changes 
by the 30th day of p r e s e r v a t i o n  of the eye in a mo i s t  chamber  at +4~ with or  without filling of the an-  
t e r i o r  chamber  of the eye with ~- tocophero l  (0.2 ~g).  The r e su l t s  indicate  s e v e r e  d is turbances  
of f r e e - r a d i c a l  p r o c e s s e s  in the s t ruc tu ra l  components of the cornea l  cells with changes in the 
t imes  and conditions of p r e se rva t i on .  These  d is turbances  can be r ega rded  as bas ic  for  one of 
the t r i gge r  m e c h a n i s m s  of auto lys is .  Stabilization of the l ipoprote in  complexes  of the cell  during 
p r e s e r v a t i o n  is evidently de te rmined  by the abil i ty of ant i -oxidants ,  notably ~ - tocophero l ,  to 
support  oxidative p r o c e s s e s  at  a constant level .  
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Grea t  impor tance  is at tached in the l i t e ra tu re  to the s tate  of the lysosomal  enzyme s y s t e m s  in the 
study of p o s t m o r t e m  changes in the membranous  s t ruc tu re s  of the cel l  by phys icochemica l  methods [5]. 
However,  the initial d i s turbances  of the cell  m e m b r a n e s  may  be caused by lipid peroxides ,  the format ion  of 
which is p robably  the t r igge r  m e c h a n i s m  of i r r e v e r s i b l e  pos tmor t en  changes [1, 3, 9]. P r o c e s s e s  of f r e e -  
rad ica l  oxidation, inducing damage  to thin ce l lu la r  s t ruc tu re s ,  a re  a lso  obse rved  in surviving and p r e s e r v e d  
t issue.  Meanwhile the sup ramolecu la r  p r o c e s s e s  taking place  in p r e s e r v e d  t i s sue  during t r ea tmen t  with 
antioxidants have been inadequately studied. 

The object  of the p re sen t  invest igat ion was to study one m e c h a n i s m  of autolysis  of cornea l  t i ssue and 
the r e su l t  of t r ea tmen t  with antioxidants during p r e se rva t i on  of the isolated dog eye.  

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

Exper imen t s  were  c a r r i e d  out on 27 eyes  enucleated f r o m  dogs immedia te ly  af ter  death of the ani -  
mals .  In group 1 (9 dogs) the exper imen t s  were  c a r r i e d  out 5-10 min af ter  enucleation, in group 2 (9 dogs) 
af ter  p r e se rva t i on  of the eyes  in the mois t  chamber  at 4 ~ C for 30 days,  and in group 3 (9 dogs) af ter  p r e -  
se rva t ion  of the eye in the mois t  chamber  at 4 ~ C, also for 30 days,  but with the aqueous humor  of the eye 
rep laced  by ~- tocopherol .  

The chemi luminescence  of the cornea l  t i ssue induced by 1% hydrogen peroxide was de te rmined  on the 
FI~U-86 radia t ion  detector .  In a pa ra l l e l  s e r i e s  of expe r imen t s  the cel l  m e m b r a n e s  were  studied in the 
IEM-100B e lec t ronmic roscope .  Fo r  this purpose  the co rnea  was fixed by Caulf ie ld 's  method, d e h y d r a t e d  
in alcohols,  s tained with uranyl  aceta te ,  and embedded in Durcupan.  Sections 150-A thick were  cut on the 
LKB-8800 u l t ra tome and s tained with lead c i t r a te  by Reynolds '  method. 

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

Analysis  of the kinetic cu rves  of chemi luminescence  of the co rnea  showed that  af ter  p r e se rva t ion  of 
the eye in the mois t  chamber  for 30 days  the intensi ty of luminescence  in the f i r s t  5 minreached3601  counts, 
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Fig. 1. U l t r a s t ruc tu re  of f ibroblas ts  in ground substance of dog 
co rnea  under no rma l  conditions and af ter  p rese rva t ion .  A) Control.  
Nucleus of f ibroblas ts  (1), k a r y o l e m m a  (2), cy top lasm (3), lympho-  
cyte (4), collagen (5); magnification 20,000 • B) P r e s e r v a t i o n  in 
mois t  chamber  at 4 ~ C for 30 days.  Mitochondrion (1), t rans lucent  
cy top lasm with vaculated rough endoplasmic re t i cu lum (2), d e s t r u c -  
tion of m e m b r a n e s  of c y t o l e m m a  (3), decomposi t ion of collagen (4); 
magnif icat ion 60,000 x. C) P r e s e r v a t i o n  in mois t  chamber  at 4 ~ C 
for 30 days with r ep l acemen t  of aqueous humor  by ~- tocopherol .  
Nucleus of f ibroblas ts  (1), s tabi l ized m e m b r a n e s  of c y t o l e m m a  (2) 
and mi tochondr ia  (3); magnif icat ion 25,000 x. D) The same  as C. 
Lipoprotein complexes  of outer  (1) and ~nner mitochor/drial  m e m -  
b rane  (2), c r i s t a e  (3), and t rans lucent  ma t r i x  (4). Magnification 
500,000 x. Fixation by Caulf ield 's  and staining by Reynolds '  methods.  

falling during the next 25 rain to 685 counts.  Marked  decomposi t ion of the collagen f ibers ,  with p r e s e r v a -  
tion of division into light and dark  disks ,  were  obse rved  on the e lec t ron  mic rog raphs  (Fig. 1B), accompanied 
by des t ruc t ion  of the cell  m e m b r a n e ,  the nuclear  appara tus ,  and organel les  of the f ibroblas ts  and, in p a r t i c -  
u lar ,  of the l ipoprotein complexes  in the outer  and inner mi tochondr ia l  m e m b r a n e s .  
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During p re se rva t ion  with the addition of a - tocophero l  a much lower intensity of luminescence  was ob-  
s e rved  at the beginning of the oxidative action of hydrogen peroxide on the cornea l  t issue,  which was 2110 
counts, falling af ter  25 min to 489 counts.  E l e c t r o n - m i c r o s c o p i c  investigation r evea led  signs of s t e r i l i z a -  
tion of the l ipoprotein complexes  of the f ibroblas t  m e m b r a n e s  (Fig. 1C) and their  organel les .  The mi to -  
chondria  had an intact outer  m e m b r a n e ,  consis t ing of modera t e ly  swollen l ipoprotein complexes  (Fig. 1D), 
a slightly edematous  and t rans lucent  mat r ix ,  and intact c r i s t ae .  The collagen f ibers  of the ground substance 
of the co rnea  {by con t ras t  with previous  observat ions)  had a r egu l a r  a r r angemen t  of the f ibr i ls  and intact, 
slightly edematous ,  i sot ropic  and anisotropic  disks .  

In the control  group the intensity of luminescence  of the co rnea  at the beginning of oxidative i n t e r ac -  
tion between hydrogen peroxide and the cornea l  t i ssue  was 703 counts,  and 25 rain la te r  it was only slightly 
lower  - 525 counts.  E lec t ron  m i c ro s  copic examinat ion a lso  r evea led  intact  collagen f ibers  with the typical  s t r u c -  
ture  (Fig. 1A). The r e su l t s  thus demons t ra te  profound dis turbance of f r e e - r a d i c a l  oxidation and d i so rgan i -  
zation of the submicroscop ic  components  of the f ibrous and ce l lu lar  components  of the co rnea  of the i so -  
la ted eye during p r e se rva t i on  under hypothermic conditions. 

The use of ~- tocophero l  as an antioxidant leads to p r e se rva t i on  of the l ipoprotein complexes  of the 
cell  m e m b r a n e s  and, correspondingly ,  p r e se rva t i on  of the product  of f r e e - r a d i c a l  oxidation, as r e f l ec ted  in 
a fall  in the level  of chemi luminescence .  

The kinetic curves  of th is  phenomenon re f l ec t  the s tate  of the l ipoprotein complexes  in the cel l  m e m -  
b ranes  of the cornea.  Injury to the m e m b r a n e s  is accompanied by a shift  of equi l ibr ium between lipids and 
f ree  fatty acids in favor  of the la t ter  [4], which leads to a sharp  inc rease  in chemi luminescence  on oxida-  
t ive interact ion with hydrogen peroxide  [6, 7]. ~ -Tocophero l  inhibits accumulat ion of lipid peroxides  [2] and 
pro tec t s  the phospholipid base ,  which is the weakes t  link in the se l f - regu la t ing  s y s t e m  of the energy cycle 
of the cel l  [8]. Compar i son  of these  r e s u l t s  with data in the l i t e ra tu re  indicates that the integri ty of the 
s t ruc tura l  components  of the ce l l s  during p re se rva t ion  is de te rmined  by the abil i ty of antioxidants to sup-  
por t  oxidative p r o c e s s e s .  
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