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I~I~METHY a n d  SCHERAGA 14,15 h a v e  discussed changes  
of w a t e r  s t ruc tu re .  T h e y  refer red  to t he  p r o d u c t i o n  of 
" c l u s t e r s "  w h i c h  m a y  inf luence  p e r m e a b i l i t y  in t he  f ibre  
etc. W e  m a y  add  t h a t  t he  fac t  t h a t  s o d i u m p e r c h l o r a t e  h a s  
an  i n t e n s i v e  inf luence  on  col lagen t en s ion  p roduc t ion ,  
whi le  NaC10 3 is comple t e ly  inac t ive ,  m a y  lead one to ques-  
t ion  t h e  role of o x y d a t i o n  of col lagen b y  pe rch lo ra te .  

I f  t h e  col lagen f ibre  is t r a n s f e r r e d  f rom 0.85% NaC1 to  
t he  5 M perch lo ra te ,  t h e  osmot ic  pressure  dif ference will 
d r ive  pe r ch lo r a t e  in to  t h e  f ib re  and  resu l t  ill t h e  obse rved  
increase  of f ibre  weight ,  as t h e  e x p e r i m e n t s  show. 

I t  m a y  be  w o r t h w h i l e  to  follow the  role of t h e  a ldehyde  
a c t i v i t y  on  collagen. One ac t ion  is t h a t  a l dehyde  d imin-  
ishes t he  so lub i l i ty  of col lagen and  increases  i ts insolu-  
b i l i ty  r e m a r k a b l y .  I t  p ro longs  and  increases  t he  mechan i -  
cal  t ens ion  also. Y o u n g  f ibres  h a v e  m a i n l y  soluble colla- 
gen whi le  in  old an ima l s '  f ibres  on ly  inso luble  col lagen 
is p resen t .  

Whi l e  fo rmer  s tud ies  showed  t h a t  t h e  t ens ion  of colla- 
gen  f ibres  increases  w i t h  t h e  an ima l s '  age, i t  is n o w  found  
t h a t  s tudies  w i t h  NaC10,  a n d  a l d e h y d e  p r e s en t  f a r t h e r  
poss ib i l i t ies  in  t h e  ana lys i s  of t e n s i o n - p r o d u c i n g  factors .  
Th i s  m e c h a n i s m  is n o t  exp la ined  in our  expe r imen t s ,  b u t  
one is r e m i n d e d  t h a t  i t  m a y  h a v e  a r e l a t i on  to t h e  observa-  
t i on  t h a t  in ageing,  u n d e r  biological  condi t ions ,  t ens ion  
changes  appear .  I t  r e m a i n s  to  follow up  w i t h  research  
a long  these  lines. 
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H y p e r t r o p h y  and  A t r o p h y  of  M a m m a l i a n  E x t r a o c u l a r  M u s c l e  F i b r e s  F o l l o w i n g  D e n e r v a t i o n  

There  are a t  leas t  six d i f fe ren t  t ypes  of muscle  f ibres 
in  m a m m a l i a n  ex t r aocu l a r  muscles  1-3. Some of t h e m  
h a v e  single n e u r o m u s c u l a r  j unc t i ons  (phasic muscle  
fibres),  o the r s  h a v e  mul t ip le  i n n e r v a t i o n  b y  diffuse en  
g rappe  ne rve  t e r m i n a t i o n s  (slow ton ic  muscle  fibres). 
Reac t i ons  of muscle  f ibres  to  d e n e r v a t i o n  m a y  be  caused  
b y  t h e  lack of n e u r o t r o p h i c  inf luence  f rom t h e i r  m o t o r  
i n n e r v a t i o n  and  b y  pass ive  s t re tch ,  wh ich  inf luences  t h e  
i nac t i ve  muscle  d u r i n g  a c t i v i t y  of i ts  an t agon i s t s .  Accord-  
ing to  d a t a  ava i l ab le  on  reac t ions  to  d e n e r v a t i o n  of 
va r ious  v e r t e b r a t e  muscles,  d i f fe rent  responses  of t h e  
single muscle  f ibre types  compos ing  ex t r aocu l a r  muscles  
are to  be  expected .  A v i a n  slow tonic  muscle  f ibres  show 
a long- las t ing  h y p e r t r o p h y  a f t e r  dene rva t i on ,  especial ly  
if a n  a d d i t i o n a l  s t r e t c h  is g iven  (reviewed by4). C o m m o n  
skele ta l  muscles  (phasic) are k n o w n  to r eac t  to  depr iva-  
t ion  of t he i r  m o t o r  i n n e r v a t i o n  b y  a t r o p h y  5, the  phas ic  
muscle  f ibres  of t he  d e n e r v a t e d  h e m i d i a p h r a g m ,  h o w ev e r  
nnde rgo  a t r a n s i e n t  h y p e r t r o p h y 4 ,  6. 

So far  no  r epo r t s  were p u b l i s h e d  a b o u t  cal ibre  changes  
of muscle  f ibres of ex t r aocu l a r  muscles  fol lowing dene rva -  
t ion.  I t  will be  shown  t h a t  t h e  reac t ions  of t h e  d i f fe ren t  

types  of t ib res  found  in ex t r ao cu l a r  muscles  were as 
va r i ed  as was  to  be  expec ted ,  cons ider ing  t h e  resul t s  
m e n t i o n e d  above.  

Material and methods. After  a n e s t h e t i z i n g  a d u l t  r a b b i t s  
w i t h  b a r b i t u r a t e s ,  t h e i r  r i gh t  o rb i t ae  were opened.  The  
infer ior  obl ique  muscle  was d e n e r v a t e d  b y  r e m o v i n g  a 
3-5 m m  s e g m e n t  of t h e  ne rve  b u n d l e  i n n e r v a t i n g  t he  
muscle  (be longing to N. oculomotor ius) .  The  resu l t s  of 
d e n e r v a t i n g  th i s  single muscle  were assessed h i s tochemi -  
cal ly  7, 21, 28, 34, 46, 55 an d  83 days  a f t e r  dene rva t ion .  
A t  these  t imes,  t h e  r a b b i t s  were sacrif iced a n d  t h e  infer ior  
obl ique  muscles  of b o t h  sides were removed .  T h e  de- 
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Fig. 1. M. obliquus inferior, rabbit, SDH-activity, cross section. • 20. A) control. B) 55 days after nerve section. The border between superficial 
(orbital) and central (global) layers are marked by arrows. 
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Characteristics of muscle fibre types in extraocular muscles of the rabbit and typical denervation responses 
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Location Orbital Global 

Muscle fibre type 1 2 3 4 5 6 

Diameter (txm) 10-25 10-20 30-55 20-40 15-30 20-40 
SDH + + + +  + + +  + + +  + + +  + / + + ~  
Sudan + + +  + +  + + +  + + +  (+) 
ATPase + + +  + +  + + +  + + +  + + +  + 
Innervation b Focal Multiple Focal Focal Focal Multiple 

Diameter changes after denervation Hypertrophy Hypertrophy Atrophy Different changes Transient hypertrophy Hypertrophy 

Special pattern of formazan deposits, b After ~. 

ne rva t ed  and  the  cont ra la te ra l  muscles (the la t t e r  serving 
for control) were loaded wi th  10 g and frozen witt l  cooled 
H e x a n  at  a t e m p e r a t u r e  of --60~ They  were then  
t r ans fe r red  to  a c ryos ta t  (Dit tes-Duspiva)  where  t rans -  
verse serial sect ions (14 ~xm thickness)  were cut  a t  a 
t e m p e r a t u r e  of --20~ These were f ixed to  glass slides 
and s ta ined  for succinic dehydrogenase  (SDH;  EC 
1.3.99.1), adenosine  t r i phospha t a se  a t  p H  9.4 (ATPase, 
p H  9,4; EC 3.6.1.3), and lipids by  Sudan  Black B, (for 
details,  see1). The d iamete r  of muscle fibres was de ter -  
mined  by  an ocular mic romete r ;  50 fibres of each fibre 
t y p e  were considered.  Fibres  are ident i f ied as represent -  
ing a special f ibre t ype  by  the i r  locat ion and s ta in ing 
reactions.  Af te r  denervat ion ,  all muscle fibres undergo  a 
progressive decrease in SDH react ion in tens i ty .  As the  

30- 

20- 

10- 

30 

20 

10 

30 

20 

10 

(D 
30 

10 

,b 2b 3'0 4'0 s'0 

| 
30 

10 20 30 4.0 50ym 

| 
30- 

@ 

2'0 3'o sb2  

| 

lb 2'o 3'o io s'o,2  

| 

20-  

10-  

lb 2'o 3'o 4'o lb 2b 3'o 4'o 
Fig. 2. Histograms of muscle fibre diameters in the inferior oblique 
muscle of the rabbit. Counts of 50 muscle fibres from a muscle after 
34 days of denervation (boldface border) and from uninjured con- 
tralateral muscle (hatched). Numbers in this figure correspond to 
fibre types in the Table. 

s ta ining reac t ion  of ATPase  does no t  change  much,  the  
original fibre types  m a y  usual ly be d is t inguished  even  
af ter  denerva t ion .  Comparab le  fibres of tile expe r imen ta l  
and  the  cont ra la te ra l  muscles  are collated. 

Results and discussion. After  sect ion of its mo to r  
nerve,  the  inferior  obl ique muscle of the  r ight  eye shows 
a d i s t inc t  increase in volume (Figure 1A and B). This  
h y p e r t r o p h y  reaches  its m a x i m u m  abou t  4-6 weeks a f te r  
dene rva t ion  and is still ev iden t  af ter  more  t h a n  9 m o n t h s  - 
p rov ided  the re  is no re innerva t ion .  This  p h e n o m e n o n  
is caused by  changing  d iameters  of the  muscle  fibres, 
mos t  of which  grow thicker .  H o w  much  and for how long 
a single muscle fibre will undergo h y p e r t r o p h y  will 
depend  on the  type  of fibre. 

In  the  Table  the  t ypes  of muscle fibres in normal  
ex t raocular  muscles  are summar ized .  The cri ter ia  for 
this  d is t inc t ion  be tween  fibre t ypes  are : calibre of muscle  
fibres, h i s tochemica l  s ta in ing react ions,  and type  of 
innervat ion.  In  ex t raocular  muscles two layers can be 
dis t inguished 1 '~. The superficial  layer  (usually 'o rb i ta l  
layer '  because it is somet imes  missing near  the  globe) is 
composed  of 2 t ypes  of smal l -d iamete r  muscle fibres 
(Table, t ype  1 and  2). Type  1 fibres are said to have  single 
endplates ,  type  2 fibres have  a d i s t r ibu ted  innerva t ion  2. 
The cent ra l  layer  (usually 'global  layer '  because it looks 
towards  the  eye ball if the  superficial  layer  is missing 
there) conta ins  ma in ly  la rge-d iameter  muscle fibres. 
Besides a con t inuum of phasic  muscle fibres (Table, 
t ype  3-5), there  are fibres which  show an ex t r eme ly  low 
ATPase  s ta in ing reac t ion  (type 6). The la t t e r  are sup- 
posed to be slow tonic  (diffusely innerva ted)  muscle 
fibres i, 3. 

The d i f ferent ia ted  and  of ten  major  change  in fibre 
d iamete r  subsequen t  to  nerve  sect ion has  been  followed 
in its t ime course, using 7 animals  a t  d i f ferent  t imes  a f te r  
denerva t ion .  4 weeks af ter  denerva t ion ,  t he  changes  
reach a s ta te  which  m a y  be d o c u m e n t e d  by  the  resul ts  of 
the  animals  sacrificed at  the  28, 34 and 46 day  in the  same 
way. Figure 2 shows h i s tog rams  of the  d iameters  of t he  
6 fibre types  of the  inferior  oblique muscle measured  34 
days  af ter  surgery  where  50 muscle  fibres are compared  
in each case to the  respec t ive  fibres of the  un in ju red  
cont ra la te ra l  muscle.  The fibres of the  superficial  orbi ta l  
layer  ( type 1 and  2) have  s ignif icant ly  hype r t roph ied .  
This causes the  big changes  of t he  superficial  layer  of 
ex t raocular  muscle  seen in Figure  1. 34 days  af ter  nerve  
sect ion in the  global layer,  t he  th ick  phas ic  muscle fibres 
( type 3) have  a t roph ied ;  however ,  the  t h in  phasic  muscle 
fibres which  are r ich in mi tochondr i a  ( type 5) exh ib i t  
h y p e r t r o p h y  - a t r ans i en t  h y p e r t r o p h y  as is shown by  
the  spec imens  af ter  long- las t ing denerva t ion .  Type  6 
muscle fibres show a c lear-cut  b u t  l imi ted  h y p e r t r o p h y .  
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The  h y p e r t r o p h y  of f ibre t ypes  1, 2 and  6 was p rese rved  
for more  t h a n  3 m o n t h s .  

E x t r a o c u l a r  muscles  inc lude  muscle  f ibre t ypes  wh ich  
are  qu i te  d i f fe ren t  f rom those  to  be  found  in c o m m o n  
skele ta l  muscles.  A long- las t ing  h y p e r t r o p h y  is shown  b y  
f ibres  wh ich  are cons idered  to be  ton ic  muscle  f ibres 
( types  2 and  6), s u b s e q u e n t  to  dene rva t ion .  I n  par t i cu la r ,  
t y p e  2 f ibres r eac t  in  a w ay  wh ich  is k n o w n  to be  typ ica l  
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of av i an  slow tonic  f ibres  ~,~. The  t r a n s i e n t  h y p e r t r o p h y  
of t he  phas ic  muscle  f ibres  wh ich  are c o m p a r a t i v e l y  
r ich  in m i t o c h o n d r i a  ( type  5) resembles  t h e  r eac t i on  
descr ibed  for d i a p h r a g m  muscle  f ibres  ~,~. The  resul t s  
con f i rm  the  d i s t i nc t i on  m a d e  be tween  no  less t h a n  6 
d i f fe ren t  f ibre  t ypes  in e x t r a o c u l a r  muscles.  

Summary. E x t r a o c u l a r  muscles  show a s t r ik ing  h y p e r -  
t r o p h y  s u b s e q u e n t  to  dene rva t i on .  This  is due to  h y p e r -  
t r o p h y  of special  h i s t ochemica l l y  cha rac t e r i zed  muscle  
f ibre types .  
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70t Leipzig (German Democratic Republic, DDR), 
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Richesse en lysosomes  des preparations de synaptosomes du m~senc~phale de rat 
Lysosome-Rich  Synaptosomal  Preparations from Rat Mesencephalus 

Depuis  la d6couver t e  des lysosomes p a r  de D u v E  e t  al. 
en  19551 ces o rgan i t e s  on  fa i l  l ' ob j ec t  de n o m b r e u x  t r a -  
v a u x  qui  o n t  pe rmis  d ' en  pr6ciser  leurs  ca rac t6res  
s t r u c t u r a u x  e t  b ioch imiques .  Ces ca rac tbres  son t  r6unis  
d a n s  l ' ouv rage  de DINGLE 2. 

Les  lysosomes p e u v e n t  e t re  ident i f i6s  grace  5  ̀ des 
~ m a r q u e u r s  ~> e n z y m a t i q u e s  repr6sent6s  p a r  des hydro la ses  
consid6r6es c o m m e  leur  6 t a n t  sp6cifiques,  n o t a m m e n t :  
p h o s p h a t a s e  acide (EC 3.1.3.2.), fl g lucuron idase  (EC 
3.2.1.31.), r ibonuc l6ase  (EC 2.7.7.16.). 

Au cours  de  t e c h n i q u e s  de f r a c t i o n n e m e n t  des cons t i -  
t u a n t s  cellulaires,  les lysosomes,  p a r  l eur  ta i l le  e t  l eur  
densi t6,  son t  le p lus  s o u v e n t  associ6s a u x  mi tochondr ie s .  
D ' a u t r e  pa r t ,  les s y n a p t o s o m e s  pr6par6s  en  g r a d i e n t  
d i scont inu ,  selon la m 6 t h o d e  dScri te  p a r  GRAY e t  WHIT- 
TAKER3 m o n t r e n t  en  microscopie  61ectronique une  
<~contamination~> i m p o r t a n t e  p a r  les mi tochondr ie s .  Ces 
deux  ph6nomgnes  nous  o n t  amen6  5  ̀6 tud ie r  l ' i m p o r t a n c e  
de la ~ c o n t a m i n a t i o n  ~> p a r  les lysosomes d a n s  les d i f f6rentes  
f rac t ions  d6cr i tes  au  cours  de la s6pa ra t ion  des s y n a p t o -  
somes,  en m e s u r a n t  l ' a c t iv i t6  p h o s p h a t a s e  acide e t  en  
e f f e c t u a n t  des  p h o t o m i c r o g r a p h i e s  au  microscope 61ec- 
t ron ique .  

Matdriel et mdlhodes. 1. Sdpara t ion  des f ract ions .  Des 
r a t s  Sprague-Dawley ,  de 180-200 g, son t  sacrifids p a r  
d6cap i t a t ion ,  sans  anes th6sie .  Apr~s d issec t ion  de la 
bo i t e  c ran ienne ,  on  s6pare  les m6senc6phales  p a r  la 
t e c h n i q u e  d6cr i te  p a r  GLOWINSKY 4. Les  s y n a p t o s o m e s  
son t  o b t e n u s  s u i v a n t  la t e c h n i q u e  de GRAY et  WHITTAKER 3 
modif i6e p a r  ISRAEL e t  FRACHON-MASTOUR ~. 

Les m6senc6phales  son t  broy6s  5  ̀l ' a ide  de l ' appa re i l  de 
P o t t e r - B .  B r a u n  Melsungen,  ve r re - t e f lon  5. 840 t o u r s / m i n  
avec  10 a l le r - re tours  du  p i s ton  (clearance 0,25 ram) 
p e n d a n t  1 ra in  d a n s  une  so lu t ion  de saccharose  0,32 M 
( h o m o g d n a t  5. 10% p/v) .  

Les  d i f f6rentes  f rac t ions  son t  s6par~es selon le s c h e m a  
s u i v a n t  : 

1. homog6nat 

1700• 10 min 

/ \  
P1 $1 

10800 • g 30 rain 

2. P2 $2 

l 
homog6nis6 dans saccharose 0,32 M 
gradient diseontinu de saccharose 1,2 M 13 ml - 0,8 M 10 ml 

50000 • 120 rain 

fraction A sup~rieure, enrichie en my~line 
fraction B m~diane, synaptosomes 
fraction C inf~rieure, grosses mitochondries 

3. fraction B 

dilute au demi avec de l'eau distilMe 
25300 • g 30 rain 

P3 S3 
synaptosomes 

PI, P2, 1~ repr~sentent Ins culots de centrifugation; $1, $2, S a repr~- 
sentent Ins surnageants. 

Activit6 phosphafase aeide au tours des diff~rentes ~tapes de la s~paration des synaptosomes dtI m~sencdphale de rat 

Fractions Activit~ totale Prot~ines totales Activit~ sp~cifique 
(mU]ml) (mg]ml) (mU]mg) 

Captati0n du GABA-I ~4C 
(nM/mg/min) 

Fraction P~ 321 9,80 32,75 0,70 
Fraction A 29 1,95 14,87 0,00 
Fraction C 125 3,90 32,05 0,63 
Fraction S 3 17 0,49 34,69 0,00 
Fraction P3 150 5,00 30,00 2,50 


