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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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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 
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Tou te s  les op6ra t ions  son t  effectu6es en t r e  0 et 4~ 
L a  f r ac t ion  P3 es t  repr ise  p a r  une  so lu t ion  de saccharose  
0,32 M.  A chacune  des 5 f rac t ions  P~, A, C, P3, Ss, on  
a jou te  de la d ig i ton ine  5. 1% qui  p e r m e t  de lyser  les pa r -  
t icu les  e t  en  pa r t i cu l i e r  les lysosomes% On r6alise a ins i  
une  homog6n6 i sa t ion  de c h a q u e  f r ac t ion  e t  une  l ib6ra t ion  
des  enzymes  par t icu la i res ,  n o t a m m e n t  lysosomales .  

2. Mesure  de l ' ac t iv i t6  p h o s p h a t a s e  acide. Ce t te  mesure  
a 6t6 effectu6e dans  c h a c u n e  des f rac t ions  p a r  la m 6 t h o d e  
de ANDESH et  SZCYPINSKi 7 qui  ut i l ise le p a r a n i t r o p h 6 n y l -  
p h o s p h a t e  de sod ium c o m m e  subs t r a t .  

3. Mesure  de la c a p t a t i o n  de l 'ac ide  (I-14C) 7 - a m i n o b u -  
t y r i q u e  (GABA) (ac t iv i t6  sp6cifique 21 m C i / m M )  selon la 
t e c h n i q u e  de LEvi  e t  al 8. Cet te  d 6 t e r m i n a t i o n  a pou r  
ob j e t  d ' e s t i m e r  l ' e n r i c h i s s e m e n t  en  s y n a p t o s o m e s  de 
c h a q u e  f ract ion.  4. Dosage  des pro t6 ines  selon la m 6 t h o d e  
de LOWRY 9. 

Les r6su l t a t s  son t  expr im6s  en  ac t iv i t6  sp6cifique de la 
p h o s p h a t a s e  acide, c 'es t -~-di re  m U / m g  prot6ines ,  e t  en  
ac t iv i t6  to ta le ,  soi t  m U / m l  de solut ion.  La  c a p t a t i o n  du  
G A B A  m a r q u 6  es t  expr im6e  en nmole  de G A B A  rad ioac t i f  
c a p t 6 / m g  p ro t6 ines /min .  

Rdsu l ta t s  (Figure 1). L ' a c t i v i t 6  t o t a l e  en  p h o s p h a t a s e  
acide de la f r ac t ion  P2 se d i s t r ibue  i n6ga l emen t  dans  les 
d i f f6rentes  f rac t ions  subs6quen te s  du  g r a d i e n t  d i scont inu .  
Les f rac t ions  A e t  S~ son t  t r~s p a u v r e s  en  ac t iv i t6  
e n z y m a t i q u e .  Les f r ac t ions  C e t  P8 son t  au con t r a i r e  tr~s 

r iches  eli ac t iv i t6  e n z y m a t i q u e .  L a  f r ac t ion  13 n ' e s t  pas  
repr6sent~e  pu i squ 'e l l e  a 6t6 f r agment6e ,  son ac t iv i t6  
t o t a l e  6 t a n t  r6par t i e  en t r e  les f r ac t ions  S 3 e t  P3- L a  r ichesse 
en  pro t6 ines  des f rac t ions  n ' e s t  pas  la  m6me,  les ac t iv i t6s  
sp6cifiques ne  son t  pas  superposab les  a u x  ac t iv i t6s  
to ta les .  

L a  c a p t a t i o n  du  G A B A  p a r  la f r ac t ion  s y n a p t o s o m a l e  
(P3) es t  en v i ro n  4 fois celle de la f r ac t ion  mi tochondr i a l e ,  
ce qu i  conf i rme  les r6su l t a t s  de LEvi  e t  al. 8. L a  pr6sence  
de lysosomes expr im6e  p a r  l ' ac t iv i t6  sp6cif ique p h o s p h a -  
t a se  acide (Tableau)  es t  p resque  auss i  i m p o r t a n t e  dans  la 
f r ac t ion  I I  (culot  C des mi tochol ldr ies)  que  d a n s  la frac-  
t ion  I V  (culot  Pa synap tosomes) .  L a  f r ac t ion  I V  es t  9 fois 
plus  r iche en  ac t iv i t6  p h o s p h a t a s e  acide que  la f r ac t ion  I I I  
( su rnagean t  Sa). L a  derni6re  c en t r i f u g a t i o n  (25300 •  
de la f r ac t ion  B) p e r m e t  la s 6 d i m e n t a t i o n  des s y n a p t o -  
somes e t  d ' u n e  i m p o r t a n t e  p a t t i e  des lysosomes.  I1 es t  
i m p o r t a n t  de soul igner  que  les s u r n a g e a n t s  6 t a n t  p a u v r e s  
en  ac t iv i t6  p h o s p h a t a s e  acide, les d i f f6rentes  cen t r i fuga -  
t ions  p e r m e t t e n t  de conse rve r  l ' in t6gr i t6  des lsysosomes.  

Les p h o t o m i c r o g r a p h i e s  de la f r ac t ion  P3 synap toso -  
ma le  o b t e n u e s  au  microscope 61ectronique apr6s  doub le  
f i xa t ion  c lass ique p a r  le g l u t a r a l d 6 h y d e  e t  le t 6 t r o x y d e  
d ' o s m i u m  m o n t r e n t  p a r m i  des s y n a p t o s o m e s  et  des 
m i t o c h o n d r i e s  la pr6sence de v6sicules i n t r a  et  e x t r a  s y n a p -  
tosomales  de ta i l les  va r i ab le s  qu i  6 v o q u e n t  des lysosomes 
i n t a c t s  (Figure  2). 
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% 
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I ~  

Fig. 1. Pourccntage d'activit6 phosphatase acide des diff6rentes 
fractions rapport6es h l'activitd totale de la fraction l'e. I, fraction A; 
II, fraction C; III, fraction S 3 (surnageant de 25300 • g) ; IV, fraction 
Pa (culot de 25300 • g). 
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Fig. 2. Photomicrographie grossis- 
selnent du s6diment de 25000 g 
sans traitement par la digitonine. 
S, synaptosomes; L, lysosomes; 
M, mitochondries. • 40000. 
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Discussion. Quelle que  soft  la m 4 t h o d e  uti l is6e pou r  la 
p r 6 p a r a t i o n  des s y n a p t o s o m e s  on  a v a i t  cons t a t4  u n  
ce r t a i n  degr4 de c o n t a m i n a t i o n  p a r  les m i t o c h o n d r i e s  de 
d i f f4rentes  tai l les.  L a  pr6sence de lysosomes n ' a v a i t  pas  
4t6 m e n t i o n n 4 e  jusqu ' ic i .  Nos r4su l t a t s  m o n t r e n t  une  
c o n t a m i n a t i o n  i m p o r t a n t e  de la  f r ac t ion  s y n a p t o s o m a l e  
p a r  des lysosomes in tac t s .  

n a t e d  b y  lysosomes,  as ev idenced  b y  t he  h igh  c o n t e n t  of 
acid p h o s p h a t a s e ,  t h e i r  b iochemica l  marke r .  

J. c. KOUYOUMDJIAN, L. E. A. I~.ODRIGUES, 
M. F. BELIN et P. GONNARD 

Summary. Subce l lu la r  f rac t ion,  en r i ched  w i t h  s y n a p t o -  Departement de Biochimie, C.H.U. Henri Mondor, 
somes, o b t a i n e d  f rom r a t  b r a i n  ha s  been  found  c o n t a m i -  F-94010 Creteil Cedex (France), 26 mai 7975. 

R e d u c t i o n  o f  H y p o x i a - I n d u c e d  D i s t u r b a n c e s  b y  

L - D o p a  i n  R a t s  

I m p r o v e m e n t  of t h e  pe r f o r m ances  d u r i n g  h y p o x i a  
a f t e r  t r e a t m e n t  b y  a n  i n h i b i t o r  of dopa -deca rboxy la se  
(benserazide)  a n d  L-Dopa s t rong ly  suggests  a role of 
c a t echo l amines  1. Cen t ra l  ca t echo lamines  m a y  a l t e r  e i the r  
ce rebra l  b lood  flow a n d / o r  v e g e t a t i v e  responses  induced  
b y  hypox ia ,  s ince these  ca t echo lamines  are k n o w n  to  
i n h i b i t  c en t r a l  pressor  effects p rovoked  b y  s t i m u l a t i o n  
of ca ro t id  s inus  2,3. I n  th i s  s tudy ,  we a t t e m p t e d  to  
d e t e r m i n e  w h e t h e r  h y p o x i a  causes  a n y  modi f i ca t ion  of 
ce rebra l  b lood  flow e s t i m a t e d  b y  r heoencepha l og raphy ,  
of s p o n t a n e o u s  mot i l i ty ,  a n d  level  of ce rebra l  ca techo la -  
mines .  

Methods. Long  E v a n s  female  rats ,  3 m o n t h s  old, were 
used. E v e r y  m e a s u r e m e n t  was  pe r fo rmed  in a n  h y p o b a r i c  
chamber .  E a c h  p a r a m e t e r  (pO2, pCO2, pH,  rheoence-  
p h a l o g r a m m ,  mot i l i ty ,  cen t r a l  d o p a m i n e  and  norep ine-  
phr ine)  was  reg is te red  a t  760 m m  Hg, t h e n  a t  a pressure  
of 500 m m  I-Ig (4200 m), l a t e r  on  a t  300 m m  H g  (7300 m) 

o o  a) 

10 ~ h  mg eoencephalogramm 

m 4 

b) 

. . . . .  treated animals I DC + L - Dopa (100 m 9 / kg) 
140 untreated animals 

mm Hg / 12e pa 0 2 

"x'X, / /" 
80 "~Xo //i/" 
60 " / 

,oi CO, 

760 500 300 760 mm Hg 

Fig. 1. a) surface of rheoencephalogramms 4- SE (rag of paper) 
measured at variable pressures (760, 500, 300 mm Hg and back to 
760 mm Hg) (10 animals per group), b) pO z and pCO 2 at he same 
different values of pressure, o p < 0.05. oop < 0.01 (statistical 
significance calculated by appared couple method and t-test inside). 

P r e v i o u s  T r e a t m e n t  w i t h  B e n s e r a z i d e  a n d  

a n d  f ina l ly  w h e n  b a c k  to a t m o s p h e r i c  pressure .  E a c h  
e x p e r i m e n t  s t a r t e d  1 h a f te r  a d m i n i s t r a t i o n  of L-Dopa. 
2 g roups  were s tud ied :  a con t ro l  one (NaCI 0.9%) and  a 
t r e a t e d  one (RO 4 4.602 : 50 m g / k g  i.p., L-Dopa 100 m g / k g  
i.p. 1 h later) .  E a c h  a n i m a l ' s  m o t i l i t y  was  recorded  b y  a 
pho toe lec t r i c  ac t ime te r .  Cerebra l  flow was reg is te red  in 
a n a e s t h e t i z e d  r a t s  ( p e n t o b a r b i t o n e  35 m g / k g  i.p.) b y  
m e a n s  of i m p e d a n c e  p l e t h y s m o g r a p h y  w i t h  2 e lectrodes  
f ixed on  temples .  S imul taneous ly ,  h e a r t  r a t e  was  recorded 
(ECG);  pO2, pCO 2, p H  were reg is te red  in a r te r ia l  aor t ic  
b lood  of a n a e s t h e t i z e d  rats .  

Results and discussion. I n  con t ro l  animals ,  measure -  
m e n t s  of b lood p a r a m e t e r s  showed  t h a t  the  d i m i n u t i o n  
of pressure  chosen  (300 m m  Hg) induced  a suff ic ient  
h y p o x e m i a  (45 m m  Hg) w i t h o u t  a n y  modi f i ca t ion  of 
pCO 2. Therefore ,  a n o r m o c a p n i c  h y p o x e m i a  ha s  been  
real ised a n d  an  inf luence  of possible  changes  of CO 2 on  
cerebra l  b lood  flow seems to be  ru led  out .  B u t  i t  is 
i m p o r t a n t  to  not ice  t h a t  t he  b lood  gas va lues  are no t  
c h a n g e d  a f t e r  t r e a t m e n t  b y  benseraz ide  a n d  L-Dopa. 
Thus ,  t he  hypo thes i s  of a n  i n t e r a c t i o n  of the  t r e a t m e n t  
u p o n  a n i m a l ' s  v e n t i l a t i o n  can  be  re jected.  

I n  t h e  con t ro l  group,  h y p o x i a  i nduced  an  e l eva t ion  of 
t he  r h e o e n c e p h a l o g r a m m  w i t h o u t  a n y  change  in h e a r t  
ra te .  The  r e t u r n  to  a t m o s p h e r i c  pressure  p rovoked  an  
increase  of pO 2 a n d  a decrease  of r h e 0 e n c e p h a l o g r a m m  
which  r eached  a lower va lue  t h a n  t he  in i t ia l  one. 

P r e t r e a t e d  an ima l s  (benseraz ide  + L-Dopa 100 mg /kg  
i.p.) show v e r y  d i f fe ren t  h e m o d y n a m i c  modi f ica t i6ns  
(Figure  1): t hese  an ima l s '  r h e o e n c e p h a l o g r a m m s  were 
unchanged .  Therefore ,  a d m i n i s t r a t i o n  of benseraz ide  and  
L-Dopa appea red  to  abo l i sh  i n t e r ac t i ons  of h y p o x i a  on 
ce rebra l  b lood  flow. I t  seems to work  as if L-Dopa inh ib i t -  
ed t he  chemorecep to r s  2, s. A d m i n i s t r a t i o n  of benseraz ide  
a n d  L-Dopa induced  a d i m i n u t i o n  of mot i l i ty ,  wh ich  is 
n o t  obse rved  *, 5 a f t e r  t r e a t m e n t  b y  benseraz ide  alone. A 
r educ t i on  of m o t i l i t y  is also p r o v o k e d  b y  h y p o x i a  alone. 
The  decrease  in t he  r educ t i on  of m o t i l i t y  a f te r  h y p o x i a  
in  p r e t r e a t e d  r a t s  (benseraz ide  a n d  L-Dopa) m i g h t  be  
ascr ibed  to t he  cen t r a l  effects of L-Dopa 1 (Figure  2). 
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