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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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Laminar Acetylcholinesterase Localization in the Optic Tectum of Five Seawater Teleosts  
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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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a di f ferent  d i s t r ibu t ion  p a t t e r n  was observed.  In  order  to 
increase the  da t a  on AChE localization in te leost  opt ic  
t e c t u m  and to ver i fy  the  e x t e n t  of differences in dis t r ibu-  
t ion  pa t te rns ,  I have  s tudied  the  h is tochemica l  localization 
of AChE in 5 seawater  teleosts.  

Materials and methods. For  the  presen t research 4 
species coming f rom Adria t ic  sea (Mugil cephalus, tam. 
Mugilidae; Scomber seombrus, tam. Scombr idae ;  Sardina 
pilchardus, ram. Clupeidae;  Gobius paganellus, fam. 
Gobiidae) and  the  t ropical  clown-fish (Amphiprion per- 
cula, faro. Pomacent r idae)  have  been used. 

The brains  were f ixed for 3-5 h a t  4~ in 10% formol  
saline, t h e n  washed  for 10-20 rain in 0.1 M ace ta te  
buffer  (pH 6.2), frozen and cut  in the  c ryos ta t  in t rans -  
verse or sagi t ta l  planes. The sect ions were rout ine ly  pre-  

i n c u b a t e d  for 45 min at  20-22~ in ace ta te  buffer  con- 
ta in ing  the  selective pseudochol ines terase  inhibi tor  iso- 
OMPA 3 • 10 .5 M and t h e n  incuba ted  for 90 rain in the  
media  of GEREBTZOFF 4, or  of  I~ARNOVSKY and  ROOTS 5, 
conta in ing  acetylthioch01ine iodide as subs t ra te  and  iso- 
OMPA 3 • 10 -5 M. Other  sect ions  were t r ea t ed  in pre-  
incuba t ion  and incubat ion  b a t h  wi th  the  selective AChE 
inhib i tor  B W  284C51 5 • 10 -5 M or the  inh ib i to f  of all 
cholinesterases,  eserine su lpha te  3 • 10 -5 M. Other  sec- 
t ions  were d i rec t ly  incuba ted  in t he  2 h is tochemical  media  
w i thou t  inhibi tors  bu t  conta in ing  bu tyry l th iocho l ine  
iodide as subs t ra te ,  ins tead  of acetyl thiochol ine .  

Results and discussion. The two h is tochemica l  me th o d s  
gave comparab le  results  in Mugil and  Amphiprion, while 
in the  o ther  3 species only  the  KARNOVSKY and ROOTS 
me thod  yielded a d is t inc t  posi t ive  react ion.  The same 
resul t  was previously  achieved in t he  t r o u t  among  4 

species of f reshwater  teleostsa,  and possibly t he  negat ive  
resul t  ob ta ined  by  WAWRZYNIAK 2 in Co#us m i g h t  be due 
to the  use of the  GEREBTZOFF m e t h o d  alone. The sect ions  
t r ea t ed  wi th  eserine or B W  284C51 showed respec t ive ly  
comple te  or a lmos t  comple te  d i sappearance  of the  his to-  
chemical  reac t ion;  t he  sect ions incuba ted  in media  con- 
ta in ing bu tyry l th iocho l ine  as subs t ra te  showed no ap- 
preciable reaction.  The h is tochemica l  controls  t hus  lead 
me to  consider  the  react ion observed as due to  t he  actual  
presence  of t rue  ACHE. 

For  the  ident i f ica t ion of tec ta l  layers I have  in tegra ted  
the  denomina t ions  proposed  by  ARIENS KAPPI{RS et  al. s 
and LEGHISSA 7. AChE ac t iv i ty  exhibi ts  the  following 
d is t r ibu t ion  p a t t e r n  in the  d i f ferent  tec ta l  layers  of 
Mugil, Sardina and Amphiprion (Figures 1-3), s t a r t ing  
f rom the  inner  border  of the  rec tum.  E p e n d y m a l  layer  : no 
react ion.  Per iven t r icu ia r  gray l aye r :pos i t ive  react ion,  
modera t e  (Amphiprion) to s t rong (Mugil, Sardina). 
Inne r  f ibrous layer : no reaction.  Inne r  gray  layer  : reac t ion  
uniformly s t rong in Sardina, while in Mugil and  Amphi- 
priori th i s  layer  shows an inner  b a n d  wi th  mo d e ra t e  reac- 
t ion  and an outer  b a n d  wi th  ve ry  s t rong  react ion.  Inne r  
p lexi form l a y e r : w e a k  reaction.  Outer  gray l a y e r : t h e  
react ion is a lmos t  un i formly  s t rong in Sardina and Am- 
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Fig. 1. AChE distribution in the optic tectum of Mugil. Abbreviations: el, ependymal layer; if, inner fibrous layer; ig, inner gray layer; ip, 
irmer plexiform layer; ml, marginal layer; og, outer gray layer; ol, optic layer; pg, periventricular gray layer. GEREBTZOFF ~ method. X 180. 

Figs. 2-5. AChE distribution in the optic tectum of Sardina (Figure 2, KAR~OVSKY and RooTs ~ method); Amphiprion (Figure 3, GEREBTZOFF 
method); Scomber (Figure 4, KAR~OVSKY and ROOTS method) ; and Gobius (Figure 5, KARNOVSKY and RooTs method). • 55, 
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phiprion while in Mugil the  deep p a r t  of th is  layer  shows 
very  s t rong reaction,  and  the  superficial  p a r t  shows 4 th in  
bands  wi th  weak or modera t e  react ion.  Optic  l a y e r : t h e  
inner  par t ,  cor responding  to  af ferent  re t ina l  fibres, shows 
no react ion;  the  outer  par t ,  cor responding  to the  area 
where  the  marg ina l  neurons  of the  opt ic  layer are main ly  
arranged,  exhibi ts  ve ry  s t rong react ion.  Marginal  f ibrous 
layer  : no react ion.  

In  Scomber (Figure 4) a d i s t r ibu t ion  p a t t e r n  similar to 
t h a t  of Mugil is p resen t  b u t  the  in t ens i ty  of the  his to-  
chemical  reac t ion  appears  reduced  in all layers. In  
Gobius (Figure 5) AChE localization in optic  t e c t u m  differs 
f rom t h a t  jus t  descr ibed for the  o ther  species: in deep 
and cent ra l  tec ta l  layers AChE ac t iv i ty  appears  subs tan-  
tial, bu t  t he  d i s t r ibu t ion  p a t t e r n  does no t  show marked  
var ia t ions  among  the  d i f fe rent  layers, while the  marg ina l  
layer, which  is lacking in h is tochemica l  react ion in all the  
species descr ibed above,  exhib i t s  ve ry  s t rong react ion.  

Some exper imen ta l  and  u l t r a s t ruc tu ra l  works s-aT have  
out l ined the  synap t i c  a r r a n g e m e n t  and the  d i s t r ibu t ion  
p a t t e r n  of f ibre sys tems  in te leost  opt ic  rec tum.  These 
results  help to explain  the  laminar  d i s t r ibu t ion  of AChE 
and  the  role p layed  by  the  enzyme.  Previous  observa-  
t ions  2,3 and the  resul ts  of p resen t  work  show a p reva len t  
AChE d is t r ibu t ion  which  suggests  t h a t  mos t  of the  sen- 
si t ive discharge and  some i m p o r t a n t  sys tems  of s t imul i  
p ropaga t ion  and modu la t ion  m i g h t  be med ia t ed  b y  cho- 
linergic mechan i sms  in te leos t  opt ic  rec tum.  This con- 

clusion is suppor t ed  by  p r o m i n e n t  AChE ac t iv i ty  a t  level 
of inner  and outer  g r a y  layers, per iven t r icu la r  gray  layer  
and marg ina l  neuron  layer, i.e. all layers which  d i rec t ly  
or indi rec t ly  receive the  inpu t  of sensi t ive s t imulat ion.  

The above -men t ioned  AChE d is t r ibu t ion  pa t t e rn ,  
however ,  is no t  the  only one among  the  teleosts.  In  fact  in 
the  optic  t e c t u m  of Gobius among  seawater  te leosts  and  
7ctalurus among  f reshwater  onesa, an a l t e rna t ive  t ype  of 
AChE d is t r ibu t ion  exists.  This d i f ferent  AChE dis t r ibu-  
t ion migh t  be indica t ive  of specific differences in synap t i c  
p a t t e rn s  among  te leosts  or differences ill chemical  me- 
d ia tors  be tween  analogous synap t ic  sys tems.  I t  seems 
likely t h a t  fu r ther  expe r imen ta l  and  u l t r a s t ruc tu ra l  s tudies  
on the  optic  r e c t u m of teleosts  w i th  dissimilar  AChE 
localization will be necessary  in order  to solve the  prob-  
lems arizing f rom his tochemica l  analysis.  
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Copper Ut i l izat ion During  E m b r y o g e n e s i s  of Palaemon lamarrei  
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Summary. The p a t t e r n  of copper  ut i l izat ion dur ing the  embryogenes is  of the  f r e shwa te r  prawn,  Palaemon lamarrei 
has  been  described.  Th roughou t  the  incuba t ion  period, las t ing for 14 to  16 days,  t he  egg of P.  lamarrei is permeable  to 
salts  and  agains t  a concen t ra t ion  gradient ,  it  absorbs  11 ~,g of salt  f rom the  f reshwater  medium.  Out  of th is  to ta l  salt  
uptake ,  as much  as 0.143 ~zg is due to the  absorp t ion  of copper.  In t ake  of copper,  as a func t ion  of incuba t ion  t ime,  
exh ib i t ed  a more  or less s imilar  t r end  to  t h a t  of to ta l  salt  in take  and th is  Call be a t t r i b u t e d  to  the  increased syn thes i s  
of haemocyanin .  

Unl ike  in mar ine  c rus taceans  1, the  r equ i red  salts  for the  
no rma l  d e v e l o p m e n t  of tlae embryo  in f reshwater  have  to  
be e i ther  m a d e  available along wi th  the  yolk ill the  egg 
and /o r  have  {o be absorbed  aga ins t  a grea t  concen t ra t ion  
gradient .  A m o n g  the  t race  elements ,  copper  is an im- 
p o r t a n t  e l emen t  p resen t  in enzyme sys tems  as well as 
r e sp i r a to ry  p igm en t s  of c rus taceans  2. There  are numerous  
publ ica t ions  deal ing wi th  the  ut i l izat ion of energy  and 

Changes in ash alld copper content of developing eggs and zoea of 
Palaemon lamarrei 

Develop- Ash content 
mental 
stage gg/egg 

Copper content 

% ash/egg ~g/egg ~xg/g egg 

I 15.30 z 0.82 3.10 i 0.12 0.173 ~}= 0.002 338.7 zc= 4.10 
II 19.20 ~_ 0.44 3.90 ~ 0.12 0.171 ~- 0.006 356.3 d- 12.70 
III 19.80 • 0.38 4.30 -E 0.33 0.182 ~_ 0.018 398.3 • 39.40 
IV 22.10 J_ 0.92 4.90 4- 0.10 0.245 J- 0.014 544.8 • 32.50 
V 22.90 ~- 0.78 5.20 • 0.22 0.286 -~ 0.033 623.9 -~ 71.60 
VI 26.30 :~ 0.48 7.07 i 0.32 0.316 ~= 0.019 736.7 d- 43.80 

subs tance  in several  mar ine  crus taceans  ~-6. VoN HENTIG 7 
has s tudied  the  yolk ut i l izat ion in Ar/emia salina. A p a r t  
f rom this,  there  is no publ ica t ion  which deals wi th  the  
ut i l izat ion of yolk and  especially copper  dur ing  the  em- 
bryogenesis  of o ther  f reshwater  crustaceans.  The p resen t  
paper  repor t s  on the  p a t t e r n  of ut i l izat ion of copper  dur ing 
the  di f ferent  deve lopmenta l  s tages of t h e  f reshwater  
prawn,  Palaemon lamarrei. 

Material and methods. Berr ied  female specimens  of 
Palaemon lamarrei (Edwards)  were collected f rom the  
Bel landur  fish farm, near  Bangalore.  The p rawns  caugh t  
in several  collections t h r o u g h o u t  1969-1972 were t rans-  
ferred into individual  glass b a t t e r y  jars con ta in ing  ae ra ted  
f reshwater .  The egg mass  was slowly released f rom the  
p lumose  hairs  of the  p leopods  onto  a glass slide and  the  
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