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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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a n i m a l s  b e g a n  t o  d i s p l a y  s y m p t o m s  of  m u s c l e  t w i t c h i n g ,  
s a l i v a t i o n ,  d i a r r h e a  a n d  b o d y  t r e m o r  w h i c h  s o m e t i m e s  
l a s t e d  u p  t o  a b o u t  1 h .  

W h i l e  al l  r a t s  g i v e n  a s ing le  i n j e c t i o n  of  0.06, 0.1 a n d  
0.25 m g / k g  s u r v i v e d ,  4 of  t h e  10 r a t s  i n j e c t e d  w i t h  a 
s ing le  dose  of  0 .625 m g / k g  d i ed  a n d  8 of  t h e  15 r a t s  
i n j e c t e d  r e p e a t e d l y  w i t h  0.625 m g / k g  d ied .  2 of  t h e  6 
d e n e r v a t e d  r a t s  d ied .  I n  al l  c a s e s  d e a t h  w a s  a r e s u l t  o f  
t h e  1s t  i n j e c t i o n  a n d  a f t e r  t h e  2 n d  i n j e c t i o n  no  f u r t h e r  

d e a t h  w a s  i n c u r r e d ,  a n d  w i t h  r e p e a t e d  i n j e c t i o n s  t h e s e  
s y m p t o m s  b e c a m e  p r o g r e s s i v e l y  less  m a r k e d .  

H a l f  of  t h e  s o l e u s  m u s c l e s  o f  t h e  s u r v i v i n g  r a t s  w e r e  
e i t h e r  f i x e d  w i t h  a s o l u t i o n  c o n t a i n i n g  3 %  g l u t a r a l d e h y d e  
in  0.1 M c a c o d y l a t e  b u f f e r  ( p H  7.2) a n d  p o s t f i x e d  in  1 %  
o s m i u m  t e t r o x i d e ,  or  f i x e d  in  1 %  o s m i u m  t e t r o x i d e .  
S p e c i m e n s  we re  d e h y d r a t e d  a n d  e m b e d d e d  in  e p o x y  
r e s in .  T h i c k  s e c t i o n s  w e r e  s t a i n e d  w i t h  1 %  t o l u i d i n e  b l u e  
s o l u t i o n  for  l i g h t  m i c r o s c o p y .  S e c t i o n s  s h o w i n g  s i lve r -  

Fig. 3. After 3 weeks of daily injections with a dose of 0.625 mg/kg. 
Disorganized myofibrillar bundles with increased density of Z-like 
material are recognized in the sarcomeres. The bar represents 3 [zm. 

Fig. 1. A muscle fibre after 2 h of the injection with a dose of 0.625 
mg/kg of neostigmine methylsulfate,  which shows a striking focal 
change in the areas of the muscle fibre adjacent to a motor end-plate. 
Marked cytoarchitectural disorganization of the myofibrils is seen 
just beneath the end-plate. Fibrillar bundles surrounding the affected 
region are strongly contracted. Vacuoles, dense bodies and swollen 
mitochondria are visible in the sarcoplasm. The bar represents 2 [xm. 

Fig. 2. A muscle fibre after 3 weeks of daiIy injections with a dose of 
0.625 mg/kg of neostigmine methylsulfate,  showing a focal lesion in 
the area of end-plate with light microscopy. The bar represents 20 ~xm. 

Fig. 4. After 3 weeks of daily injections with a dose of 0.625 mg/kg. 
Many membranous structures, ribosomal particles and disarranged 
fibrils with enlarged Z-lines are seen in the sarcoplasm eneireled by 
an indented nucleus. The nucleus is filled with euehromatin-rieh 
necleoplasm. The bar represents 6 [zm. 



15. 5. 1976 Specialia 625 

gold interference colours were t aken  from selected areas 
of the  blocks, s tained wi th  uranyl  ace ta te  and lead 
citrate,  and examined  under  a J E M  7-A electron micro- 
scope. 

The  o ther  half  of the  muscles were s tained by  the  
h is tochemical  me thod  of myofibr i l lar  adenosine t r iphos-  
phatase  (ATPase) and reduced d iphosphopyr id ine  nu- 
cleotide dehydrogenase  (DPNH).  

Results. 1. Ul t r a s t ruc tu ra l  observat ions  on soleus 
muscles af ter  2 h of the  single inject ion wi th  a dose of 
0.625 mg/kg  revealed d ramat i c  localized lesions in the  
areas of muscle fibres ad jacen t  to moto r  end-plates  
(Figure 1). I n  t he  areas jus t  benea th  the  end-plates,  
myofibr i ls  were s t re tched and severe ly  disorganized and 
Z-like dense mater ia l  was increased in the  sarcomeres.  
In  the  sarcoplasm m a n y  dense bodies, vacuoles  and swol- 
len mi tochondr ia  were also observed.  Myofibri l lar  bundles 
surrounding the  severed regions were s t rongly contracted.  
No signif icant  changes, except  the  swollen mitochondria ,  
were found in the  t e rmina l  axoplasm. In  ra ts  given only a 
single in ject ion of the  drug wi th  a dose of 0.623 mg/kg,  
however ,  i t  became progressively difficult  to f ind the  
focal lesions in the  v ic in i ty  of the  moto r  end-plates  af ter  
the  2nd week. While  the  same changes were observed in 
rats  receiving lesser dosages, these changes migh t  be 
p ropor t iona te  to the  a m o u n t  adminis tered.  

2. U l t r a s t ruc tu ra l  observat ions  on the  muscles of the  
repea ted ly  injected rats  demons t ra t ed  t h a t  sarcoplasmic 
changes such as vacuoles,  dense bodies and swollen mito-  
chondria  disappeared f rom the  first  week on, whereas 
focal lesions showing increased dens i ty  of Z-like mater ia l  
in the  disorganized myofibr i ls  could still be recognized 
up to the  8fh week (Figures 2 and 3). F r o m  the  6th week, 
however ,  the  affected regions were gradual ly  decreased 
in number .  

Lesions observed in the  subsarcolemmal  or  cent ra l  
par ts  of the  muscle fibre no t  far f rom the  end-pla te  regions 
were found a t  all t imes.  F r o m  the  first  week some of 
nuclei found in sole p la te  regions showed an apparen t  
appearance  of pyknot ic  processes, while m a n y  others  
were filled wi th  euchromat in- r ich  nucleoplasm. Euchro-  
ma t in - r i ch  nuclei were more f requen t ly  found in sole 
plates t han  in control.  Disarranged fibrils, m a n y  membra -  
nous s t ructures  and r ibosomal  part icles  were seen near  
these nuclei (Figure 4). The  wid th  of the  p r imary  synapt ic  
clefts ranged f rom 500 A to 900 A, bu t  secondary  synapt ic  
clefts were somet imes  widened. Many  dense granules wi th  
membranes  were found in the  synapt ic  spaces. Processes 
of Schwann cells interposing be tween  axon te rminals  and 
synapt ic  folds were more  f requen t ly  encountered  than  

in control.  The  satell i te cells were occasionally located 
near  the  sole plate  regions. 

3. I n  the  soleus muscles, which were previous ly  de- 
ne rva ted  and given inject ions wi th  a dose of 0.625 mg/kg  
every  day  for 21 days, no focal changes as ment ioned  
above  were found in the  muscle fibres of the  end-pla te  
regions bu t  showed the  denerva t ion  a t rophy.  

4. His tochemica l  s ta ining of the  ATPase  and D P N H  
showed p redominan t  a t rophy  in the  type  I fibres. 

5. No signif icant  changes, however ,  were found in the  
soleus muscle fibres of the  control  rats  in jected wi th  
physiological  saline solution. 

Discussion. In  the  exper iment  described neost igmine 
caused marked  disorganizat ion of myofibr i ls  in skeletal  
muscle fibres a t  end-pla te  regions, even  af ter  the first  
inject ion.  W i t h  repeated  adminis t ra t ion  of the  drug for 
3 weeks, the  whole soleus muscle decreased the  weight  a t  
30%, indicat ing muscular  a t rophy.  

Euchromat in - r i ch  nuclei  found from the  first  week of 
the  daily injections,  toge ther  w i th  m a n y  membranous  
s t ructures  and r ibosomal  particles,  should ref lect  an 
e levated  ac t iv i ty  in the  in jured muscles. These features  
m a y  suggest t h a t  a process of regenera t ion  appeared in 
the  sarcoplasm. Af ter  the  dai ly  injections,  subsarcolem- 
mal  lesions or  centra l  core-like lesions were seen a t  all 
t imes,  whereas  those of the  end-pla te  regions were less 
marked  as t ime  went  by. W i t h  the  single inject ion,  on 
the other hand; focal changes at the end-plate regions 
were scarcely found in the muscle fibres after 2 weeks. 
In either case, it might be reasonable to assume that some 
reconstructive changes occurred in the affected muscle 
fibres. 

Irreversible cholinesterase inhibitors such as DFP or 
Paraoxan containing organophosphorous compound can 
produce m y o p a t h y  similar  to this  repor t  5-v. Neos t igmine  
inhibi ts  the  cholinesterase ac t iv i ty  a t  the  neuromuscular  
junc t ion  reversibly,  and resu l tan t  excess a m o u n t  of 
acetylcholine migh t  mechanica l ly  or chemical ly  p lay  a 
role in the  format ion  of these changes. This  repor t  will 
also present  m a n y  problems concerning the  his topatholog-  
ical features  and t r e a t m e n t  of myas thenic  pa t ien ts  as 
well. Fu r the r  invest igat ions  of this  expe r imen t  are now 
underway.  
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Summary. The his tochemical  local izat ion of acetylchol inesterase in the  opt ic  rec tum of seawater  teleosts shows a 
character is t ic  laminar  d is t r ibut ion  which parallels the  histological  s t ruc ture  of the  nervous centre. Signif icant  differences 
have  been observed be tween  Gobius and the  o ther  4 species of teleosts examined.  I t  seems l ikely t h a t  cholinergic 
mechanisms  p lay  an impor t an t  role in the  funct ion  of te leost  optic  rectum.  

The optic  r ec tum usual ly  reaches a not iceable  degree 
of deve lopmen t  in teleosts, p laying a ve ry  impor t an t  role 
in in tegra t ion  of visual  inpu t  wi th  o ther  ex te rocept ive  
informat ions  1. WAWRZYNIAK ~, using h i s tochemica l  
methods,  observed a complex  laminar  d is t r ibut ion  of 
acetylchol inesterase  (ACHE) in t ec ta l  layers of Tinca, 
while no posi t ive  react ion was achieved in Co#us. A 

recent  s tudy  3 on A C h E  local izat ion in the ,opt ic  rec tum of 
4 species of f reshwater  teleosts showed a similar  pa t t e rn  
of d is t r ibut ion in 3 species while in the  fourth,  the  catfish, 
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