
BIOCHEMISTRY AND BIOPHYSICS 

EFFECT OF HORMONES ON L I P I D  PEROXIDATION 

IN THE TISSUES OF THE EYE 

B. S. Kasavina and T. V. Ukhina UDC 612.84.015.3 : 612.397.2.018.2 

The effect of hormones with different spectra of action on peroxidat ionof unsaturated fatty acids 
of lipids of the eye t issues was investigated. Various hormones were shown to have both an 
antioxidant and a prooxidant action on the selera,  cornea, and ci l iary body, depending on the 
dose of the hormone, the duration of its action, and other conditions. The possibility that lipid 
peroxidation processes  may participate in the development of ophthalmopathies is discussed. 
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Stimulation of lipid peroxidation (LPO) in biological membranes is known to be one mechanism of develop- 
ment of pathological processes  in the cell [1, 2]. Hormones have been shown to affect the intensity of this 
process  in cellular and subcellular s t ructures  [5]. Biochemical changes in the organ of vision in certain patho- 
logical states accompanied by endocrine disturbances a re  perhaps also connected with the effect of hormones 
on LPO in the eye t issues .  However, the problem of LPO in the eye has not yet been studied. 

The object of this investigation was to study peroxidation of unsaturated fatty acids of lipids in intact 
eye t issues (sclera, cornea, and ci l iary body) and also under the influence of hormones with different spectra 
of action: the glucocorticoid hydrocortisone, the mineralocorticoid deoxycorticosterone (DOC), the thyroid 
hormone thyroxine, and the pituitary thyrotrophic hormone. 

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

Experiments were car r ied  out on male chinchilla rabbits weighing 2-2.5 kg. The intensity of spontaneous 
LPO in the eye t issues was judged by determining their  content of malonic dialdehyde (MDA), an end product 
of peroxidative reactions [4]. MDA was determined in homogenate and in the lysosomal fraction of the eye 
t issues by the n~thod of Tappel and Zalkin [7], modified by the present  wri ters  for eye t issues.  Homogenates 
and lysosomes were obtained by the method described previously [3]. The incubation mixture in a volume of 
1 ml contained 50 mM potassium-phosphate buffer (pH 7.4) andfrom 2 %0 5 mg of the protein preparation. 
Protein was determined by Lowry's  method [6]. In the experiments in vivo the hormones were injected intra-  
peritoneally in a dose of 10 mg/kg body Weight. In the experiments in vitro the hormones were added to the 
incubation medium in doses of: 10 -3, 10 -6, and 10-aM. 

EXPERIMENTAL RESULTS 

LPO was studied in intact eye tissues. It will be clear from Table I that all the tissues studied normally 
contain MDA. Its highest level was found in the cornea, evidence that lipid and peroxidation takes place more 
intensively there than in the sclera and ciliary body. However, in the lysosomal fraction the quantity of this 
compound was equal in all tissues studied, possibly because of their identical content of lysosomes (in vols. 
%). The MDA level in the sclera showed considerable variability of the intensity of LPO compared with the 

cornea and ciliary body. 

Since the MDA content in the lissues of the eye depends on the time elapsing after sacrifice, a control 
experiment was set up in which the test tissues were incubated for different times. After incubation for 30 

rain clear changes were observed in the MDA content in the test tissues, which increased until 60 rain (com- 
pared with normal). For instance, after incubation of the sclera for 30 rain the MDA content rose from 0.85 
~moles/g protein to i.i, and after 60 rain to 1.5. The same dependence of the intensity of peroxidation on 
time also was observed under the influence of hormones. After the action of hydrocortisone (10-3M), on the 
sclera for 30 rain the MDA level increased to 1.2, and after its action for 60 rain to 1.64. 
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TABLE 2. 

TABLE i. 
(M �9 m) 

Tissue 

8c lera 
Cornea 
Ciliary body 

MDA c on t e n t  in  E y e  T i s s u e s  

MDA, ~ moles/g protein 

homogenates lysosomes 

0,85_+0,2 
0,98• 
0,70-+0,05 

0,40-+0,10 
0,44-+0,03 
0,48+0,02 

Note. Mean results of 6-I0 experiments are 
given (in Table 2 also). 

Effect of  Hormones on LPO in Eye Tissues (M • m) 

Hot mo ne Dose of 
hor mo ne 

C o:ntro 1 

Hydrocortisone 

Deoxycorticosterone 

Thyroxine 

Thyrotrophic hormone 

*P < 0.05, *) P < 0.01, $) P < 
b a t i o n  t i m e  60 min .  

lO mg/kg 
10-~M 
10-aM 
10 mg/kg 
10-~M 
[0-aM 
10 mg/kg 
10-~M 
10-aM 
10 mg/kg 
10-6M 
10-aM 

sclera 

MDA, gmoles/g protein 

0.001 

cornea 

l 50+0,10 
o',82>_O,lO~ 
0,97+0,06~ 
1,64+0, l 2 .  
o,88~o,o2:~ 
0,98_+_0,10 
I, 64__0, l 0 
1,68+0 05 
0,987_-_0;05* 
1,62• 
1,56• 
1,40~0,10 
1,60-+0,06 

1,62+0 05 
0,93~0',07 
0,73_+0,04r 
1,65+0,10 
0,9770 035 
0,937-0',05 r 
1,89• 
t ,85+-0,10 
i ,28• 
1,89+0, I0" 
1,74+0,06 
1,36+0,05T 
1,70-+0,10 

ciliary body 

1 33+0,05 
0',83~7.o,~ot 
0,68• 
1,40+0,07. 
0,87+0,10 7 
0,78~0,10r 
1,60• 
1,48+0, I0 
o,937-_o,o3 r 
1,56-1-0,10 
1,40-+0,05 
1,25-+0,10 
1,50+0,10 

l e v e l s  o f  s ign i f i cance  of  d i f ference  f r o m  control .  Incu- 

The results of the study of the effect of the various hormones on LPO in the eye tissues are given in 
Table 2. 

During the study of the action of hydrocortisone on the MDA content in the eye tissues in vivo a decrease 
was found in this LPO product in all tissues of the eye tested, and also in the lysosomes of the cornea and 
c i l i a r y  body.  

In the exper iments  in vi t ro  hydrocor t i sone  in a dose of 10-sM had vir tual ly  no effect  on the MDA level .  
In a dose  o f  10-6M, however ,  the  h o r m o n e  led  to a s ta t i s t i ca l ly  s ignif icant  d e c r e a s e  in the MDA leve l  in the 
c o r n e a ,  but produced v irtual ly  no change in its l eve l  in the s e l e r a o r e i l i a r y  body. With an i n c r e a s e  in the dose  
of  hydrocor t i sone  to 10-aM the IVIDA content  in the  cornea  and c i l iary  body remained  within the prev ious  c o n -  
trol  va lues .  In a dose  of  10-6M h y d r o c o r t i s o n e  can evidently induce an antioxidant effect .  This  act ion of a 
re la t ive ly  high dose  of  hydrocar t i sone  can perhaps be attributed either to compet i t ion  for  in i t iators  of  f r e e -  
radical  oxidation between the  h o r m o n e  and fatty ac ids  of  the  phosphol ipids ,  or  to embedding of  the h y d r o c o r t i -  
s o n e  into the  m e m b r a n e s ,  with a change in the ir  s tructural  proper t i e s ,  affect ing the  p r o c e s s  of  peroxidat ion.  
Another  possibi l i ty  is that  this  hormone  o r  its metabol i tes  possess  ant i radical  p rope r t i e s .  

On a d m i n i s t r a t i o n  o f  DOC in e x p e r i m e n t s  in  v ivo  a s t a t i s t i c a l l y  s i g n i f i c a n t  f a l l  in  t he  MDA l e v e l  was  
o b s e r v e d  in  a l l  t i s s u e s  t e s t e d .  

In  t h e  e x p e r i m e n t s  in  v i t r o  DOC b e h a v e d  as  an  a n t i o x i d a n t  o r  a s  a p r o o x i d a n t  depend ing  on t h e  d o s e  
u s e d .  F o r  i n s t a n c e ,  in  d o s e s  of  10 -8 and 10-6M t h e  h o r m o n e  c a u s e d  a d e c r e a s e  in  IViDA both in  h o m o g e n a t e s  
a n d  in  l y s o s o m e s  o f  t h e  s e l e r a  and c o r n e a .  In  a d o s e  o f  10-SM, on the  o t h e r  hand,  t h e  h o r m o n e  l e d  to  an  i n -  
c r e a s e  in  t h e  i n t e n s i t y  of p e r o x i d a t i v e  r e a c t i o n s  in  t h e  eye  t i s s u e s  t e s t e d .  Th i s  a c t i o n  of  the  h o r m o n e  m a y b e  the  
r e s u l t  o f  i n a c t i v a t i o n  o f  sulf l~ydryl  g r o u p s  o f  c e U u l a r  a n t i o x i d a n t s  o r  t h e  r e s u l t  of  s o m e  o t h e r  i n t e r a c t i o n  wi th  
t r u e  a n t i o x i d a n t s  n o r m a l l y  p r e s e n t  in  t h e  t i s s u e s .  

A s i m i l a r  e f fec t  on the  eye  t i s s u e s  was  found a s  a r e s u l t  of  t h e  a c t i o n  of  t h y r o x i n e  both  in v ivo  and in 
v i t r o  in  a d o s e  o f  10-aIVi. 

T h y r o t r o p h i c  h o r m o n e  c a u s e d  c h a n g e s  in  t h e  t e s t  t i s s u e s  s i m i l a r  to  t h o s e  p r o d u c e d  by  t h y r o x i n e ,  a l -  
though  t h e y  w e r e  l e s s  m a r k e d .  

T h e s e  r e s u l t s  showing a high i n t e n s i t y  o f  l i p i d  p e r o x i d a t i o n  in  t h e  i n t a c t  t i s s u e s  of  t he  e y e  m a y  be  e v i -  
d e n c e  t ha t  L P O  r e a c t i o n s  p a r t i c i p a t e  in  t he  n o r m a l  m e t a b o l i c  a c t i v i t y  of  the  eye .  The  d i f f e r e n t  l e v e l s  o f  l i p i d  
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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 
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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]. 
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