
peroxidat ion in the different  eye t i s sues  may evidently de te rmine  d i f ferences  in the r e s i s t ance  of the sc le ra ,  
cornea ,  a n d c i l i a r y b o d y t o  pathological  fac to rs .  This  could be one explanation of the different  r e sponse  of 
ce l lu l a r  organel les  to hormonal  and o ther  influences [3]. The  effect  of hormones  on peroxidat ion of unsatura ted  
fatty acids of l ipids in ce l lu la r  and lysosomal  membranes  of the eye t i s sues  and also i ts  dependence on the 
dose of the  p repara t ion  and the  type of t i s sue  must  be taken  into account when endocrine prepara t ions  a r e  used 
in ophthalmology. 
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ROLE OF ANTIOXIDANTS IN THE REGULATION OF 

PEROXIDATION OF PRESERVED TISSUES DURING 

PROLONGED STORAGE 

A.  I .  D z h a f a r o v  

L I P I D  

UDC 612.015.32:547.87 

The effect  of natural  and ar t i f ic ia l  antioxidant on accumulat ion of l ipid perozidat ion (LPO) 
products  in p r e s e r v e d  t i s sues  during prolonged s torage  was studied. At the end of the cha rac -  
t e r i s t i c  per iod for  each method of p re se rva t ion  the intensity of LPO was shown to switch f rom 
a low level  to a se l f -acce le ra t ing  reg ime .  When antioxidants were  used this c r i t ica l  t rans i t ion 
appeared  much la te r .  Of the antioxidants tes ted ,  vi tamin E and propyl gal la te  were  the most  
effect ive.  

KEY WORDS: p re se rva t ion  of t i ssues;  l ipid peroxidation;  antioxidants .  

Bioantioxidants a re  one of the most  important  fac tors  in the maintenance of l ipid oxidation reac t ions  at 
a definite,  s ta t ionary  level  [1]. The p r e sence  of antioxidants is  an essent ia l  condition fo r  the  s t ruc tura l  in-  
t ~ r i t y  of membranes ,  and the i r  content  in a b iosys tem ch a rac t e r i z e s  i ts adaptive possibi l i t ies  - i ts ability 
to function normal ly  under  the  influence of unfavorable  fac to r s  also.  In the  living organism changes in the 
intensi ty  of l ipid peroxidat ion (LPO) in the t i s sues  a r e  compensated  by adequate changes in the content of ant i-  
oxidants [2]. By cont ras t ,  in isolated surviving t i s sues  the  content of endogenous antioxidants is l imi ted to 
the r e s e r v e s  actual ly p resen t ,  and for  that  r e a so n  act ivat ion of  LPO leads to rapid  uti l ization of the antioxi-  
dants [71. 

It was shown previously  that p r e s e r v e d  t i s sues  r ema in  capable of survival  only as long as the f r e e - r a d i -  
cal oxidation reac t ion  is maintained in the  steady state [4]. Trans i t ion  of oxidative p ro ce s se s  into an unsteady 
state  leads to undesi rable  consequences for the cell  such as inc reased  permeabi l i ty  of b iomembranes ,  inhibi- 
t ion of act ivi ty of many enzymes,  depress ion  of synthetic p rocesses ,  d is integrat ion of cell  metabol ism,  and 
ul t imately  necrosis [4, 3]. 

Labora to ry  of Biophysics of Reception,  A. I. Karaev Institute of Physiology,  Academy of Sciences of the 
Azerba i jan  SSR, Baku. (Presen ted  by Academician of the Academy of Medical Sciences of the USSR G. G. 
Gasanov.) Trans la t ed  f rom Byul le ten '  l~ksperimental 'noi  Biologii  i Meditsiny, Vol. 89, pp. 21-23, January,  
1980. Original  a r t i c l e  submitted June 15, 1979. 
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Fig. 1. Kinetics of accumulation of hydro- 
peroxides of preserved tissues during 
prolonged storage. 1) lyophilized rat 
liver; 2) frozen rat  liver (-30~ 3) lyo- 
philized human skin; 4) human skin em- 
bedded in plastic; 5) human bone embedded 
in plastic. Here and in Figs. 2 and 3: 
Abscissa, length of storage (in months); 
ordinate, accumulation of hydroperoyJdes 
(in nmoles/mg lipids). 
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Fig. 2. Kinetics of accumulation of hydroperoxide 
in liver f~ozen at-30~ during prolonged storage 
preceded by antioxidant treatment. A) Prel iminary 
treatment with ~-tocopheroh 1) without prelimin- 
ary treatment, 2) with injection of ~-tocopherol 
into animal, 3) perfusion with ~-tocopherol; B) pre- 
l iminary treatment with propyl gallate (PG) and 
ionol: 1) without preliminary treatment, 2) injection 
of PG into animal; 3) perfusion with PG, 4) injection 
of ionol into animal, 5) perfusion with ionol. 

This explains the need for maintenance of the antioxidant level in preserved tissues in order to protect 
them against oxidative damage during prolonged storage. In order to divide optimal regimes for the use of 
antioxidants, the kinetic principles governing LPO of preserved tissues, treated with antioxidants before 
storage, must be studied. 

EXPERIMENTAL METHOD 

Experiments were carr ied out on the liver and skin of albino rats and also on tissues (skin, bone) taken 
from human cadavers. Tissue samples were dissected under sterile conditions and preserved by freezing, 
lyophilization, and embeddding in plastic [8]. The liver was preserved by freezing and lyophttization, bone 
simply by embedding in plastic. Skin was preserved by all three methods. 

During storage for 1.5 years changes in the intensity of LPO of t issues preserved with and without pre- 
l iminary treatment with antioxidants were studied. The antioxidants used were ~-tocopherol, propyl gallate, 
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Fig. 3. Kinetics of accumulation of hydro- 
perox ides  in lyophi l ized human skin during 
pro longed s to rage  a f t e r  p r e l i m i n a r y  t r e a t -  
merit with ant ioxidants .  1) Without p r e l i m i n -  
a r y  t r e a t m e n t  with antioxidants;  2) p r e l i m i n -  
a r y  t r e a t m e n t  with a - tocophe ro l  solution; 3) 
with propyl gallate solution, 4) with ionol 
solution.  

and ionol, which were  in jected in t r ape r i tonea l ly  into the  an ima l s  or  i so la ted  t i s s u e s  were  t r e a t e d  with the i r  
solut ions .  F o r  p a r e n t e r a l  use ,  a - t o c o p h e r o l  was injected in a dose  of 200 m g / k g ,  propyl  ga l la te  in a dose  of 
120 m g / k g ,  and ionol in a dose  of 60 m g / k g .  The  animals  w e r e  decapi ta ted  18-20 h a f t e r  t he i r  inject ion and 
the  l i v e r  was examined.  With t he se  doses  the K7 �9 C products  of tocophero l  and propyl  ga l la te  we re  comparab le ,  
but  ionol, because  of i ts  toxic i ty ,  was injected in much s m a l l e r  doses ,  equivalent  to only 3% of K 7 for  t oco -  
phero l  [5]. T r e a t m e n t  of the i so la ted  t i s s ue s  with solut ions  o f  antioxidant  was c a r r i e d  out as  follows: The 
l i v e r  was pe r fu sed  for  40 rain with a 0.23 mM solution of toeopherol ;  0.45 mM propyl  ga l la te  solution and a 
1.5 mM solution of ionol in Tween de te rgen t .  The  skin was kept in these  solutions of antioxidant for  4 h and 
bone t i s s u e  fo r  8 h at  10~ 

During invest igat ion of LPO the p r e s e r v e d  t i s s u e s  we re  taken  out of s to rage  at ce r t a in  t i m e s  and incu-  
ba ted  at  37~ Lipids  we re  ex t rac ted  by F o l ch ' s  method.  The  r a t e  of LPO was judged f r o m  the accumula t ion  
of total  hydroperox ides .  The content of  total  hydroperox ides  was de te rmined  by iodomet r ic  t i t r a t ion  and by 
a polorographic  method on the  ON-104 po la rog raph .  

EXPERIMENTAL RESULTS 

The  kinet ics  of LPO during prolonged s to rage  was s i m i l a r  to that  of  development  of  chain reac t ions  with 
degenera te  branching - for  a long t i m e  the  accumula t ion  of LPO products  p roceeds  ve ry  slowly, then r i s e s  
sharp ly  (Fig. 1). The  length of the induction pe r iod  depends on the initial ve loci ty  of the p r o c e s s e s ,  the method 
of p r e s e r v a t i o n  and s to rage ,  the type  of t i s sue  and, finally,  on whether  the t i s s u e  was p r e t r e a t e d  with ant i -  
oxidants .  P r e l i m i n a r y  t r e a t m e n t  of the  t i s s u e s  with antioxidants  lengthens the induction per iod  and r educes  
the intensity of accumulation of LPO products. 

Curves reflecting the accumulation of LPO products in frozen liver untreated with antioxidants and pre- 
treated with various antio~idants are given in Fig. 2. Clearly the accumulation of LPO products (hydroper- 
oxides) rose sharply after storage for 12 months in liver not treated with antioxidants before freezing. In- 
jection of a-tocopherol considerably delayed the accumulation of hydroperoxides; injection of a-toeopherol 
into the animal, incidentally, was more effective than perfusion with the solution (Fig. 2A). The same can also 
be said about propyl gaUate - it was more effective by intraperitoneal injection (Fig. 2B). The results obtained 
by treatment of the liver with ionol differed a little from those described above. First, after treatment with 
ionol the initial level of the hydroperoxide content was relatively high (Fig. 2B); second, a more rapid increase 
in the content of LPO product took place in liver taken from animals into which ionol was injected intraperi- 

toneally; this increase was less marked in the perfused liver (Fig. 2B). 

The results of the study of the kinetics of accumulation of hydroperoxide during prolonged storage of 
lyophilized skin showed that with this method of preservation also preliminary treatment with antioxidant 
solution also lengthened the induction period and lowered the hydroperoxide level. In this case also tocopherol 
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and propyl gal la te  were  much more  effect ive than ionol (Fig. 3). A s imi la r  pat tern  was observed  during the 
invest igat ion of LPO of bones embedded in plast ic ,  when p r e t r ea t ed  with antioxidants. 

The  high eff icacy of vi tamin E when injected in t raper i toneaUy can evidently be assoc ia ted  with its more  
effect ive embedding into the s t ruc tu re  of membranes  and the accumulat ion of o ther  natural  antioxidants [i]. 

The  high eff icacy of propyl  ga l la te  can be explained by the higher  value of the K 7 . C product .  After  its 
injection into the rec ip ien t  f r e e  rad ica l s  f rom lipids r eac t  mainly with it, sothat expenditure of total natural  
antioxidants is l imi ted  [5]. By contras t ,  ion. l ,  because of its low constant  KT, induces inc reased  uti l ization 
of  endogenous antioxidants [5]. 

When the eff icacy of antioxidants used with individual methods of p r e se rva t i on  is compared  the following 
points mus t  be noted: 1) a - tocophero l ,  when injected intravenously into animals ,  is mos t  effect ive with all 
methods of p reserva t ion ;  2) when isola ted  t i s sues  a r e  p r e se rv ed ,  propyl  gal la te  as well as a - t ecophero l  is 
highly effective, and this is especially so in the case of lyophilization and embedding in plastic. 

It can thus be concluded f rom the resu l t s  of these  exper iments  that  during prolonged s to rage  of p r e s e r v e d  
t i s sues  t he i r  oxidative injury can be prevented  to some extent by the  use  of var ious  antioxidants.  Bes ides  
natural  antioxidants,  ar t i f ic ia l  antioxidants also can be used fo r  this  purpose ,  especia l ly  those with high values 
of the i r  K 7 constant .  
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