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(2 mg.kg -1) given before the  ' t e s t  phase '  did no t  s ta t is t ic-  
ally reduce the  t ime  spen t  dr inking of animals  t r ea ted  
wi th  d iazepam (4 mg.kg -1) before the  ' shocks-phase ' .  

Discussion. A reduc t ion  of the  centra l  levels of catecho-  
Iamines seems to  induce a m e m o r y  defici t  ~. Fur the rmore ,  
baclofen - as GABA-like drugs do - reduces catecho-  
lamines  t u rn -ove r  5, 6. I t  would be t e m p t i n g  to  relate  the  
increase of the  t ime  spen t  dr inking elicited by  baclofen to 
an a l te ra t ion  of the  m e m o r y  processes induced  by  its 
act ivi t ies  on cent ra l  ca techolamines .  However ,  under  our 
expe r imen ta l  condi t ions ,  i t  does no t  seem t h a t  baclofen 
al ters  learning or m e m o r y  processes bu t  more likely im- 
pairs  the  t r ans fe r  of the  condi t ioned  suppress ion f rom the  
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Fig. 2. 'Test phase'. Effects of baelofen given before either the 
'shocks phase' (SP) or the 'test phase' (TP) on diazepam effects on 
the drinking inhibition. DZP, diazepam; BCF, baelofen; NS, no 
statistically significant difference between baclofen treated and non 
treated rats. Vertical bars represent SEM. 

drug to saline. This dissociat ion appears  to  be a symmet r i -  
cal, since condi t ioned  suppress ion t rans fe r red  f rom wate r  
to drug. 

Baclofen did no t  modi fy  d iazepam- induced  amnesia :  
baclofen (given before the  ' shocks phase ')  did no t  po- 
t en t i a t e  the  effect  of d iazepam on the  dr inking inhibi t ion,  
nor  (given before the  ' t e s t  phase '  did i t  elicit a reduc t ion  
of the  increased dr ink ing  t ime induced  by  diazepam.  
These da t a  do no t  allow one to relate  the  amnes ia  - or an 
eventua l  dissociat ion of learning responsible  for such an 
effect - induced  by  d iazepam to those  of its b iochemical  
effects also exer ted  by  baclofen or GABA-like drugs 5-7. 

Finally,  these da t a  seem not  to  suppor t  a s t rong re- 
Iat ionship be tween  the  GABA-enhanced  receptor  ac t iv i ty  
induced by  benzodiazepines  1,7 and their  amnesic  effect. 
The induc t ion  of dissociat ion of learning seems a p ro p e r t y  
of drugs - ant ichol inergic  drugs par t i cu la r ly  8 _ which  are 
known to elicit in m a n  a s ta te  of confusion. Accordingly,  
the  results  ob ta ined  wi th  baclofen, under  our experi-  
men ta l  condit ions,  suggest  t h a t  this  drug may  induce in 
man  a s ta te  of confusion. 
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Summary. Inser t ion  of iron nail in to  the  v i t reous  cav i ty  p rovoked  the  format ion  of l ipoperoxide in the  retina.  In  accord 
wi th  the  increase in l ipoperoxide in the  ret ina,  EIRG began  to decrease.  In  vi t ro  expe r imen t  using isolated retina,  
l ipoperoxide was found to  be increased in the  presence of ferric or ferrous ions, while it  was inhib i ted  by  adding  anti-  
ox idan t s  or e thy lened iamine  t e t r aace ta te .  F r o m  these  resuIts, direct  cause of re t ina l  degenera t ion  in siderosis could 
be ascribed to the  fo rmat ion  of l ipoperoxide by  iron-ions l ibera ted f rom the  piece of iron, resul t ing into the  degenera t ion  
of the  visual cell layers of the  ret ina.  

Insp i te  of m a n y  exper imenta l  and clinical s tudies  on 
ocular  siderosis, the  m e c h a n i s m  of re t ina l  degenera t ion  in 
th is  case has  never  been well elucidated.  Taking  into 
account  of our previous  f inding t h a t  the  fo rmat ion  of 
l ipoperoxide in the  re t ina  is a possible cause for the  
re t ina l  degenera t ion  when  rabb i t  is exposed to high con- 
cen t ra t ion  of oxygen3, as well as the  repor t s  t h a t  iron or 
iron compound  provokes  the  l ipoperoxide fo rmat ion  in 
the  t issues or cell organelles~-9, we reached a hypo thes i s  
t h a t  the  fo rmat ion  of l ipoperoxide could be the  direct  
cause for the  re t inal  degenera t ion in the  ocular siderosis. 
The p resen t  pape r  deals wi th  expe r imen ta l  d a t a  on the  
fo rmat ion  of l ipoperoxide  ill the  re t ina  caused by  an iron 
nail in vivo or iron-ions in vi tro.  

Animals  used were albino rabb i t s  weighing 2-3 kg. For  
in vivo exper iment ,  one eye was used for the  expe r imen t  
and  the  o ther  for the  control .  Af te r  the  inst i l la t ion anes- 
thes ia  using 0.4% benox ina te  hydrochlor ide ,  the  con- 

junc t iva  and Tenon ' s  capsule were incised for abou t  
5 m m  in leng th  in the  region of the  pars  p lana  in the  
upper  t empora l  q u a d r a n t  and the  sclera was exposed.  An 
iron nail ( ~  0.8 • 8 ram} steril ized was inser ted carefully 
into the  v i t reous  cav i ty  t h rough  the  sclera. The con- 
junctJva  was closed by  a suture  and  ant ibiot ic  o i n t m e n t  
was applied. 

For  E R G  measurements ,  one or two drops of 0.4% 
benox ina te  hydrochlor ide  were used as a topical  anes- 
thet ic .  After 20 rain of dark adaptation, ERG was re- 
corded with time constant, 0.03 sec, using xenon light 
stimulus of 2.0 jouls. The change in ERG before and after 
the insertion of an iron nail was followed with time until 
enucleation. Amplitudes of a- and b-waves were summed 
and the ratio values between the experimental and control 
were calculated. 

Lipoperoxide in the retina was determined by thiobar- 
bituric acid (TBA) method1~ The procedure is similar to 
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Effects of antioxidants and EDTA on lipoperoxide formation by 
ferrous ions 

Additions Lipoperoxide value 

Fe 2+ 1.0.46 ~ 1.36 
Fe 2+ q- glutathione 5.49 i 1.49 
Fe 2+ q- riboflavin tetrabutyrate 3.06 =L 0.57 
Fe 2+ @ ~-tocopherol 2.54 -L 0.41 
Fe ~ i- q_ EDTA 1.30 ~ 0.09 

Concentrations of additions are: FeC12, l x l 0  5 M; ghttathione, 
5 •  a M; riboflavin tetrabutyrate,  5 •  -3 M; ~-tocopherol, 
5 • 10 -8 M; EDTA, 1 • 10 -a M. Lipoperoxide value was represented 
in terms ot nmoles of malonaldehyde, which were calculated from the 
value for tetraethoxypropane treated by TBA method described in 
the text. Means of 4 experiments and standard deviation are given. 
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Fig. 1. Changes in ERG and TBA values in the retina of rabbit caused 
by an iron nail insertion. Experimental conditions, see text. The 
amplitudes of ERG (a- and b-waves) were represented by percent 
of mathematical  means, obtained by multiple measurements for at 
least 5 animals. TBA values were represented by mathematical  means 
of difference between the data obtained from at least 5 animals with 
and without an iron nail insertion. Bars represent standard devi- 
ation calculated from the difference (alp). 
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Fig. 2. Lipoperoxide formation with ferrous or ferric ions. Open 
circles, ferrous chloride; solid eircles, ferric chloride. Final concen- 
trations of iron ions are 10 -~ M (I), 10 ~ M (II) and 10 -6 M (III). 
TBA values were represented by mathematical  means of difference 
between the data obtained from at least 5 retina suspensions with 
and without iron ions. Bars represent standard deviation calculated 
from the difference (o'B). 

t h a t  r e p o r t e d  b y  NISHIGAKI e t  al. n .  T h e  eye  of  a n  a n i m a l  
w a s  e n u c l e a t e d  a n d  t h e  r e t i n a  w a s  t a k e n  for  e a c h  m e a -  
s u r e m e n t .  A f t e r  r e c o r d i n g  w e t  w e i g h t ,  t h e  t i s s u e  w a s  
h o m o g e n i z e d  in  1.0 m l  of  co ld  0 . 9 %  NaC1 a q u e o u s  so lu -  
t ion .  T h e  h o m o g e n a t e  w a s  t r a n s f e r r e d  to  a c e n t r i f u g e  t u b e  
a n d  0.5 m l  of  0 . 9 %  NaC1 w a s  a d d e d .  T o  t h e  h o m o g e n a t e ,  
5.0 m l  of  T B A  r e a g e n t  ( the  m i x t u r e  of  e q u a l  v o l u m e s  of  
0 . 6 7 %  T B A  a q u e o u s  s o l u t i o n  a n d  g lac ia l  a c e t i c  ac id)  
we re  a d d e d ,  a n d  h e a t e d  a t  9 5 ~  in  a n  oil b a t h  for  1 h.  
A f t e r  c o o l i n g  w i t h  t a p  w a t e r ,  5.0 m l  of  c h l o r o f o r m  were  
a d d e d ,  s h a k e n  v i g o r o u s l y  a n d  c e n t r i f u g e d  a t  3,000 g fo r  
10 m i n .  T h e  s u p e r n a t a n t  w a s  c e n t r i f u g e d  f u r t h e r  a t  
10,000 g for  10 m i n ,  a n d  c lea r  s u p e r n a t a n t  o b t a i n e d  w a s  
s u b j e c t e d  t o  a b s o r b a n c e  m e a s u r e m e n t  a t  532 n m .  

I n  F i g u r e  1, t h e  c h a n g e  in  t h e  a m o u n t  of  l i p o p e r o x i d e  
w i t h  t i m e  is s h o w n .  I t  b e g a n  to  i n c r e a s e  12 h a f t e r  t h e  
i n s e r t i o n ,  r e a c h e d  t h e  m a x i m u m  a t  36 h a n d  b e g a n  to  
d e c r e a s e .  I n  a c c o r d  w i t h  tl~e i n c r e a s e  in t h e  a m o u n t  o f  
l i p o p e r o x i d e ,  E R G  a m p l i t u d e  b e g a n  t o  d e c r e a s e ,  b e c o m -  
i n g  n o n - r e c o r d a b l e  a t  72 h a f t e r  t h e  i n s e r t i o n .  T h i s  i nd i -  
c a t e s  t h a t  fer r ic  o r  f e r r o u s  i o n s  l i b e r a t e d  f r o m  a n  i r o n  
nai l ,  p r o v o k e d  t h e  p e r o x i d a t i o n  of  u n s a t u r a t e d  f a t t y  
a c i d s  in  t h e  r e t i n a ,  r e s u l t i n g  in  t h e  d e g e n e r a t i o n  of p r o t e i n  
in  s i tu ,  w h i c h  n a t u r a l l y  i n j u r e s  t h e  r e t i n a l  f u n c t i o n s  s u c h  
as  E R G  a m p l i t u d e .  

To  v e r i f y  t h e  p r o v o c a t i o n  of l i p o p e r o x i d e  i n  t h e  r e t i n a  
b y  fer r ic  o r  f e r r o u s  ions ,  in  v i t r o  e x p e r i m e n t s  we re  c a r r i e d  
ou t .  A d e t a c h e d  r e t i n a  w a s  s u s p e n d e d  i n 0 . 9  m l  of 0 . 9 %  
NaC1 s o l u t i o n  w i t h  o r  w i t h o u t  0.1 m l  of  FeC1 a o r  FeCI~ 
s o l u t i o n  a t  d i f f e r e n t  c o n c e n t r a t i o n  ( f ina l  c o n c e n t r a t i o n ,  
10 -6 ~ 10 -~ M )  a n d  a t  d i f f e r e n t  t i m e  (0 ~ 30 m i n ) .  
F i g u r e  2 s h o w s  t h e  r a t e  of  l i p o p e r o x i d e  f o r m a t i o n  b y  
fe r r ic  o r  f e r r o u s  ions .  I t  is o b v i o u s  t h a t  b o t h  ferr ic  a n d  
f e r r o u s  i ons  a re  e f f e c t i v e  in  p r o v o c a t i o n  of  l i p o p e r o x i d e  
a n d  t h e  e f f e c t s  d e p e n d  on  t h e i r  c o n c e n t r a t i o n .  

T o  c o n f i r m  t h e  e f f ec t  of  fe r r ic  o r  f e r r o u s  i o n s  to  p r o v o k e  
l ip id  p e r o x i d a t i o n ,  t h e  e f f ec t s  of  a n t i o x i d a n t s  we re  e x a m -  
ined .  A s  s h o w n  in  t h e  T a b l e ,  b o t h  g l u t a t h i o n e  a n d  a - t o c o -  
p h e r o l  p r e v e n t e d  t h e  l ip id  p e r o x i d a t i o n .  R i b o f l a v i n  
2' ,  3', 4 ' ,  5 ' - t e t r a b n t y r a t e ,  w h i c h  w a s  r e p o r t e d  to  d e c o m -  
p o s e  t h e  l i p o p e r o x i d e  as  wel l  a s  t o  a c t  as  a n t i o x i d a n t  1~, 
e f f e c t i v e l y  s u p p r e s s e d  t h e  l eve l  of  l i p o p e r o x i d e .  R e m a r k -  
ab l e  e f f ec t  of  E D T A  cou ld  be  a s c r i b e d  to  t h e  f o r m a t i o n  
of  i r o n - c h e l a t e .  

R e c e n t l y  "vVEiss a n d  GRAF la r e p o r t e d  t h a t  t h e  h i g h l y  
u n s a t u r a t e d  f a t t y  ac id  in  t h e  r e t i n a  in  e x p e r i m e n t a l  
s i d e r o s i s  d e c r e a s e d  s i g n i f i c a n t l y .  T h i s  m i g h t  be  e x p l a i n e d  
b y  t h e  f o r m a t i o n  of  l i p o p e r o x i d e  f r o m  u n s a t u r a t e d  f a t t y  
a c id  as  d e m o n s t r a t e d  in  t h e  p r e s e n t  e x p e r i m e n t s .  
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