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SUMMARY 

Exposure 1o light of frog retinae and rod outer segments rcsuhs in accumulation 
of  free radical oxidation products thydroperoxidest  in the lipid phase of  photo* 
receptors. The action spectrum of  this process is similar to thc absorption spectrum 
o[" lhe visual pigment rhodopsin and the spectral sensitivity cur \c  of  frog retina, indi- 
cating that the photosensitive pigment participates in the induction of lipid ph ~t~- 
oxidation. 

INTROI)UCTI()N 

Pholoreceptor membranes are metabolically acli~,e fluid membranes, charac/cr- 
ized by a high level of polyunsaturated fatty acids (espechtlb docosohexaenoic-more 
t h a n _30"_ ,,d, which appear to have functional si~nificance.~ Lack of  essemial fauv acids 
in tile diet leads to a negligible decrease in the coment of  polyene fauy acids in the 
major phospholipids of  retina photoreceptor  membranes, while distinctive fcature~ 
of  vitamin F deliciency develop in other tissues 2. The location of  part of the photo- 
pigmem molecule (rhodopsinl  in fl~e lipid hydrocarbon layer of  tl~e retinal receptor 

• ~ , A -  disc membrane and the sinking of  the molecule into the lipicl layer on bleaching- 
provide evidence in a possible irnmediate participation of the lipids surrounding the 
rhodopsin molecule in the mechanisms of  the visual process. 

It is also well known that polyenoic lipids, including phospholipids of  ~ariou~ 
cell membrane structures, are able to undergo free radical oxidation. In the initial 
stakes of this process polar hydroperoxide groups occur in hydrophobic  fatty acid 
residues- . The chain of  i-netabolic conversions of  phospholipid acvls thus started 
brings about  the formation of  lysophosphatides, alterations in the structure of  mem- 
brane units and decreases in activity of membrane-bound enzymes, as in observed 
after treatment w.ith phospholipases and detergents". These considerations, together 
with the reported chlorophyll-sensitized photooxidation of  t\ltty acids, induced bx 
low-energy quanta of  visible light I °  f f. encouraged us to study free radical oxidation 
of membrane photoreceptor  lipids of  the retina and to in,,estigate the role of the 
rhodopsin complex in ~his process of  pho~ooxidation. 
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EXPERIMENTAL 

Exper iments  were run using frogs (Rana temporaria) which had been dark  
adap ted  for  2 h. Af ter  30 rain of  light (or  dark)  exposure,  lipids were extracted by  
a c h l o r o p h o r m - m e t h a n o l  mixture  (2: 1, v/v) ~2 from the whole retinae or  from isolated 
rod outer  segments,  the la t ter  being sedimented (CLR-centr i fuge,  swing-out  ro tor  
RK-25 5 0 0 0 / . g  for 30 rain) in a sucrose densi ty gradient  (45%, 35%, 28%) according 
to Kimura  et a l )  3. The p r imary  products  of  free radical  oxidat ion (hydroperoxides)  
were analysed immediate ly .  Hydrope rox ide  content  was determined by means of  the 
absorbance  at 230 rim, which is the absorp t ion  maximum character is t ic  of  conjugated  
diene groups  in po lyunsa tu ra ted  l ipids (double -beam spec t rophotomete r  SF-8) ~4 and 
by means of  po la rograph ic  assay with mercury -d ropp ing  electrodes in a system of  
organic  solvents (LP-7 po la rog raph)  ~5. To avoid l ipoperoxida t ion  in vitro, all oper-  
a t ions  dur ing  lipid extract ion and analysis  were performed in an inert  a tmosphere  at 
ice-cold temperature .  Al l  results are stat ist ically significant ( P ~ 0 . 0 1 ) ,  when Student ' s  
t-test is applied.  

The lipid hydroperox ide  content  in i l luminated retinae increases over an inten- 
sity range from 900 to 1600 lux, with a max imum at l l 0 0  lux (Table  I), while in 

TABLE 1 

LIPID HYDROPEROXIDE CONTENT OF RETINA AND BRAIN 

Spectrophotometric data; ultraviolet absorption of lipids soluted in ethanol hexane (2:1, v/v) 
at ,;.,,~x=230 nm (I cm optical path; absorbance of solution containing 1 mg of lipids in 1 ml). 

No. Ti.~sue Lipid hydroperoxides 

Dark Illuminated 
adapted 

900/ux 1100 lax 1600 ht.v 

! Retina 2.0 +0.1 2.1 _+0.3 3.2+0.3 2.9+0.3 
2 Brain 1.2 + 0.2 - - 1.3 + 0.3 
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Fig. I. (a) Ultraviolet absorption spectra of lipids from rod outer segments of frog retina. 1, lipids 
from illuminated segments; 2, difference spectrum (light-darkness). (b) Action spectra of photo- 
chemical lipid oxidation in retinae and rod outer segments (spectrophotometric data). 1, light- 
exposed rod outer segments; 2, light-exposed retinae; 3, dark-adapted rod outer segments; 
4, dark-adapted retinae. (c) Absorption spectrum of rhodopsin extract from rod outer segments 
(2"(, Triton X-100 in 0.05 M Tris-HCI buffer, pH 7.4). 
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f rog brain h o m o g e n a t e ,  which has a s imilar  lipid compos i t io i f l  ~', exposure  to l ight in 
the same dose  range  does  not  result  in a c c u m u l a t i o n  o f  l i p o p e r o x i d a t i o n  products .  

T o  e luc ida te  the  role  o f  the rhodops in  complex  in l ipid-free radical  ox ida t ion  

the ac t ion  spec t rum of  this process was s tudied using ret inae and rod ou te r  segments  

(Figs  1 and  2). Af t e r  i l l umina t ion  by equ iva l en t  l ight pencils  (6.5.1() I'* q u a n t a / s e c o n d .  
cm 2) o f  di f ferent  wave l eng ths  (ob ta ined  by means  o f  a set o f  in te r fe rence  filters wi th  
l r a n s m i t t a n c e  m a x i m a  at 455, 494, 508, 539, 551 and 668 n m ) t h e  m a x i m u m  concen-  

t r a t i on  o f  l ipid h y d r o p e r o x i d e s w a s  found  to occur  at 508 nm ( l igh t -exposure  at 508 nm 

leads to a 95'!,, b l each ing  of  the r h o d o p s i n  in rod o u t e r  segments ) ,  g r adua l ly  decreas ing  

to the level o f  n o n - i l l u m i n a t e d  con t ro l s  at shor t e r  (455 nm) as well as longer  (668 nm) 

wavelengths .  A t t e n t i o n  is d rawn  to the fo l lowing  facts :  the m a g n i t u d e  o f  lipid free 

radical  ox ida t ion  is h igher  in rod ou te r  segments  than  in whole  ret inae,  ind ica t ing  

that  l i pope rox ida t i on  is preferent ia l ly  located in the m e m b r a n e s  o f  p h o t o r e c e p t o r  
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Fig. 2. (a) Action spectrum of photochemical lipid oxidation in rod outer segments (polaro- 
graphic data). (b) Polarogram of lipids from rod outer segments of frog retina (E , ,=  0.78+ 
-0.83 V). 1, integral polarogram: 2, derivative polarogram. 

TABLE II 

IAPID HYDROPEROXIDE A C C U M U L A T I O N  IN ROD OUTER SEGMENTS 

l¢,od Ottlt'r R.od Oltlt'r 

,s('~,~ltldll[,S ~'t'Je~lll£'ll[.~' -~ Hlt'Opllt'rO/ 

t5" I0 i M) 

Spcct rophotometry * Dark 1.37 ± 0.14 1.42 
Light I .90 ± 0.19 1.37 

Polarograph+',** Dark 45.4 +3.7 43.2 
Light (+7.2 ±2.2 42.0 

Craft polymerisation *** Dark 2.99 ±0.39 
Light 4.(18 ± 0.40 

*Spectrophotomctric data; ultraviolet absorption oflipids soluted in ethanol hexanc (2:1, 
v/v) at ,:. ...... 230 Ilnl (1 cm optical path; absorbance of sohition containing I m g  of lipids in I ml). 

** Polarographic data; × 10 " M hydroperoxides/mglipids. 
*** Dried pellet of rod outer segments suspension after incubation with ~lC-hibclled acryi- 

mnide-monomer was Sohlene treated and put into St-40 Liquid Scintillation Spectrometer in 
toluene scintilhttion mixture (cpm/mg dry weight x IOa). 
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cells. The action spectrum of photochemical  lipid oxidation is similar to the ab- 
sorption spectrum of visual pigment  rhodopsin and the spectral sensitivity curve of 

the frog retina, where rods are predominant  (Figs 1 and 2). This is evidence for a 
part icipation of rhodopsin in photooxidation.  At the same time no accumulat ion of 
lipid hydroperoxides was observed when rod outer segments were exposed to light 
in the presence of the natural  inhibi tor  of free radical reactions, c~-( ~ )-tocopherol 
( 5 - 1 0 " t  M ) ( T a b l e  11). It should also be noted that in an at tempt to detect inter- 
mediate free radical centres using the method of Craft polymerisation of ~4C-labelled 
acrylamide monomers  ~7"~8 we observed an increased incorporat ion of the label (co- 
polymerisation to free radical centres) in the i l luminated (508 nm) rod outer segments 
as compared to dark-adapted controls (Table II, detailed data will be published 
elsewhere). 

7he experimental results demonstrate  the induction of free radical oxidation 
reactions in lhe lipid phase of retina photoreceptor membranes  by light mediated by 
the visual pigment rhodopsin.  The question whether rhodopsin is a direct sensitizer 
of photooxidat ion of associated phospholipids or participates in this process causing 
generalised light-induced changes of photoreceptor membrane  conformat ion s'*') 
forms the subject of subsequent research. 
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