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F o r m a t i o n  of L i p o p e r o x i d e  in the Ret ina  of Rabbi t  E x p o s e d  to H i g h  C o n c e n t r a t i o n  of O x y g e n  
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Summary. W h e n  i-abbit was exposed to  high concen t ra t ion  of oxygen,  l ipoperoxide in the  re t ina  was increased a t  12 h 
of t he  exposure,  a f ter  which  per iod ampl i tude  0I e lec t ro- re t inogram decreased.  The degenera t ion  was observed in t he  
visual cell layer  of the  re t ina  of t he  exposed animal.  The exposure  increased l ipoperoxide in isolated ret ina.  These d a t a  
show the  in te rven t ion  of l ipoperoxide in re t inal  degenera t ion  induced by  exposure  to  high concen t ra t ion  of oxygen.  

I t  is well known  t h a t  the  re t ina  is one of the  t issues 
which  are m o s t  suscept ible  to oxygen.  NOELL e, a r epor ted  
t h a t  exposure  of adul t  r abb i t s  to  h igh  concen t ra t ion  of 
oxygen a t  am b ien t  pressure for a few days  induces re t inal  
degenera t ion  which  is similar to t h a t  induced  by  X - r a y  
i rradiat ion.  NOELL'S work  was based on the  earlier results  
of G~RSCHMAN et al. ~, who repor ted  t h a t  i r radia t ion  and  
oxygen  poisoning produce  the i r  lethal  effects t h rough  a 
common  mecharfism, possibly t h rough  the  fo rmat ion  of 
oxidizing free radicals.  Several  workers  have  repor ted  
t h a t  X - r a y  i r radia t ion  induces perox ida t ion  of l ipids 5-~a. 
Thus,  as po in ted  ou t  by  ~-IAUGAKRD 14, perox ida t ion  m a y  
p lay  a role in the  toxic effects of h igh concen t ra t ions  of 
oxygen.  In  fact, it  has  been repor ted  t h a t  l ipoperoxide 
level increases in t he  brain  of animals  exposed to e levated 
pressures  of oxygen 15,16. On the  basis of these  reports ,  
we decided to see if l ipoperoxides  are p roduced  in the  
re t ina  of r abb i t  dur ing oxygen-med ia t ed  degenera t ion  of 
the  ret ina.  

Animals  used were adul t  albino rabb i t s  weighing 2-3 
kg; t he  animals  were pIaced in the  chamber ,  in which  
oxygen  concen t ra t ion  was ma in t a ined  be tween 90% and 
95% at  amb ien t  pressure.  Accumula t ion  of ca rbon  diox- 
ide was minimized  by  a small  cont inuous  flow of oxygen  
t h rough  the  chamber .  Food and wa te r  were suppl ied to 
the  animals  dur ing  the  exper iments .  Tempera tu r e  in the  
cha.mber was control led a t  20-25 ~ The control  animals  
were placed in t he  chambe r  which  was flowed by  air in 
the  same way  as above. 

Af ter  the  animals  were exposed to oxygen for d i f fe rent  
periods,  t he  e lec t ro- re t inogram (ERG) ampl i tudes  were 
measured.  Af ter  20 min  of dark  adap ta t ion ,  E R G  was  
recorded wi th  t ime cons tan t ,  0.03 sec, using xenon  l ight  
s t imulus  of 2.0 jouls. L ipoperoxide  in the  re t ina  was 
de t e rmined  by th iobarb i tu r ic  acid (TBA) m e t h o d l L  The 
procedure  is similar to t h a t  repor ted  by  NISHIC-AKI et  al. is. 
The eyes of an an imal  were enuclea ted  and  the  re t inas  
were t aken  for each measurement .  Af te r  recording  wet  
weight ,  the  ret inal  t issues were homogenized  in 0.5 ml 
of cold 0.9% NaC1 aqueous solution. The homogena t e  was 
t rans fe r red  to  a centr i fuge tube  and  made  up  to 2.0 ml  
wi th  0.9% NaC1. To the  homogena te ,  5.0 ml  of TBA 
reagent  (the mix tu re  of equal  vo lumes  of 0.67% T B A  
aqueous solut ion and  glacial acetic acid) were added,  and  
hea ted  at  95 ~ in an oil b a t h  for 1 h. Af te r  cooling wi th  
t ap  water ,  5.0 ml of chloroform were added,  s h ak en  
vigorously and  cent r i fuged at  3,000 g for 10 min. The  
s u p e r n a t a n t  was cent r i fuged fu r the r  a t  10,000 g for 10 
rain, and  clear s u p e r n a t a n t  ob ta ined  was sub jec ted  to  
absorbance  m e a s u r e m e n t  a t  532 nm.  
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Fig. 1. Changes in ERG and TBA value in the retina of rabbit upon 
exposure to high concentration of oxygen. For experimental con- 
ditions, see text. The amplitudes of ERG (a- and b-waves) were 
represented by percent of mathematical means, obtained by multiple 
measurements for at least 4 animals exposed to oxygen, to those of 
the eontrois. TBA values were represented by mathematical means 
of the difference bet~veen the data obtained for at least 4 animals 
with and without oxygen exposure. Bars represent standard deviation 
calculated from the difference (a~). 
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Fig. 2. Light microscopic observation on the retina of rabbit exposed 
to high concentration of oxygen for 40 h (A) and that of the control 
(B). 

As shown  in F igure  1, t h e  exposure  to  oxygen  for  12 h 
resu l ted  in t h e  increase  in l ipoperoxide  in t h e  r e t i n a  as 
c o m p a r e d  w i t h  t h e  con t ro l  (p < 0.02). U p o n  c o n t i n u i n g  
t h e  exposure  to  oxygen,  t h e  c o n t e n t  of l ipoperoxide  b e g a n  
to decrease  a n d  r eached  a level  lower t h a n  t h a t  of the  
con t ro l  (at  24 h, p < 0.01; a t  48 h, p < 0.001). Af t e r  
t h e  exposure  to  oxygen  for 12 it, t he  E R G  a m p l i t u d e  
b e g a n  to decrease  a n d  b e c a m e  non - r eco rdab l e  a f t e r  t h e  
exposure  for 48 h (Figure 1). I t  shou ld  be  n o t e d  t h a t  E R G  
b e g a n  to decrease  in accordance  w i t h  t h e  increase  in 
l ipoperoxide.  

To observe  t h e  his to logical  change  in the  r e t ina l  tissue, 
a l ight  microscopic  o b s e r v a t i o n  was made.  F igure  2 A  
shows t h e  m i c r o p h o t o g r a p h  of t h e  r e t i n a  of r a b b i t  
exposed to oxygen  for 40 h. Compar i son  w i t h  t h e  con t ro l  
(Figure 2 B) obv ious ly  ind ica tes  p r o n o u n c e d  d eg en e ra t i on  
in t h e  v i sua l  cell layers  in the  case of oxygen  exposure .  

To measu re  the  l ipoperoxide  f o r m a t i o n  in i sola ted 
re t inas ,  t h e  fol lowing e x p e r i m e n t s  were car r ied  out .  
Re t i n a s  were suspended  in 0 .9% NaC1 an d  s a t u r a t e d  w i t h  
pure  oxygen  f lowing f rom a p i p e t t e  in to  the  t e s t  t u b e  for 
45 rain.  The  con t ro l  e x p e r i m e n t  was done  w i t h  a rgon  
f lowing u n d e r  t h e  same  condi t ions .  These  e x p e r i m e n t s  were  
pe r fo rmed  a t  room t e m p e r a t u r e  a n d  a t  a m b i e n t  pressure .  
L ipoperox ide  f o r m a t i o n  of r e t i n a  suspens ion  was m e a s u r e d  
b y  the  a b o v e - m e n t i o n e d  T B A  reac t ion .  T h e  a m o u n t  of 
l ipoperoxide  in i so la ted  r e t i n a  exposed  to oxygen  in- 
c reased a p p r o x i m a t e l y  21/3 t imes  as c o m p a r e d  w i t h  t h a t  
of the  control .  

These  resul t s  sugges t  t h e  poss ib i l i ty  t h a t  t h e  f o r m a t i o n  
of l ipoperoxide  in t h e  r e t i n a  is induced  b y  h igh  concen t r a -  
t ion  of oxygen  an d  t h e  l ipoperoxide  d e n a t u r e s  t h e  asso- 
c ia ted  pro te ins ,  r e su l t ing  in an  inab i l i t y  of r e t ina l  f unc t i on  
as obse rved  b y  E R G ,  a n d  t h e  change  in s t r u c t u r e  as 
obse rved  b y  l ight  microscope.  
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Summary. A d m i n i s t r a t i o n  of large dose of neos t i gmine  caused v e r y  qu ick ly  m a r k e d  m y o p a t h i c  changes  a t  t h e  m o t o r  
end -p l a t e  region.  W i t h  c o n t i n u e d  inject ions ,  however ,  some recovery  of t h e  s t r u c t u r a l  f ea tu res  did  occur  sugges t ing  
t h e  r econs t ruc t i ve  changes  in t he  af fec ted  regions.  

Neos t igmine  is a revers ib le  an t i cho l ines t e r a se  d rug  for 
t he  t r e a t m e n t  of m y a s t h e n i a  g rav i s  and  o t h e r  diseases. 
P rev ious  s tud ies  h a v e  i nd i ca t ed  t h a t  t he  r epea t ed  ad-  
m i n i s t r a t i o n  of th i s  d rug  can  p roduce  some changes  a t  
t he  m o t o r  end-p la tes ,  such  as a t r o p h y  of p o s t - s y n a p t i c  
folds a n d  the  a p p e a r a n c e  of col lapsed res idues  of pre-  
ex is t ing  folds in widened  s y n a p t i c  spaces  3, ~. W e  r epo r t  
here  t h a t  t he  r epea t ed  a d m i n i s t r a t i o n  of large a m o u n t s  
of neos t igmine  m e t h y l s u l f a t e  p roduces  no t  on ly  changes  a t  
t he  m o t o r  end-pla tes ,  b u t  a lso s t r i k ing  changes  in t h e  
areas  of muscle  f ibres a d j a c e n t  to  the  m o t o r  end-p la tes .  

Materials and methods. A to t a l  of 44 S p r a g u e - D a w l e y  
r a t s  weighing  200-250 g were  used. 2 r a t s  were in jec ted  
s.c. w i t h  neos t i gmine  m e t h y l s u l f a t e  a t  a dose of 0.06 mg /  
kg, 0.1 mg/kg,  0.25 m g / k g  and  0.625 m g / k g  (resolved in 
1 ml  sal ine solut ion) ,  respect ively .  T h e y  were sacrif iced 
2 h a f t e r  t h e  in ject ion.  10 ra t s  rece ived  a single dose of 
0.625 m g / k g  a n d  were sacrif iced a f t e r  i week  an d  2 
weeks.  15 r a t s  were g iven  a da i ly  in j ec t ion  w i t h  a dose 

of 0.625 m g / k g  an d  sacr if iced a f te r  3 days,  i week, 3 
weeks, 6 weeks a n d  8 weeks. 

I n  6 o the r  r a t s  t h e  r i g h t  sciat ic  ne rve  was sect ioned.  
F r o m  t h e  6 th  p o s t o p e r a t i v e  day,  da i ly  in jec t ions  w i t h  a 
dose of 0.625 m g / k g  were s t a r t e d  a n d  t h e  r a t s  were 
sacr i f iced a f t e r  2 days ,  1 week  a n d  3 weeks. 5 con t ro l  
r a t s  were i n j ec t ed  w i t h  equa l  vo lumes  of phys io log ica l  
sal ine so lu t ion  da i ly  for 3 weeks a n d  t h e n  sacrificed.  
W i t h i n  5 to  10 m i n  fol lowing the  in ject ion,  all  of t h e  
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