
15. 7. 1971 Specialia 775 

T h e  dose  of H E H  was  less e f fec t ive  in i n h i b i t i n g  t h e  
b r a i n  e n z y m e  b u t  more  e f fec t ive  in i n h i b i t i n g  t h e  l iver  
e n z y m e  t h a n  t h e  dose of 3-amino-2-ox/~zolidinone.  One 
poss ible  exp l ana t i on ,  based  on  t h e  p remise  t h a t  3 -amino-  
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Fig. 1. Time course of in vivo inhibition of MAO. 3-amino-2- 
oxazolidinone (0.01 mmole/kg) or 2-hydroxy-ethylhydrazine (0.05 
mmole]kg) was injected i.p. into mice. MAO activity was determined, 
and results are expressed as percent inhibition compared to activity 
in untreated mice. Mean values for 3 mice per group are shown. 
Activity in untreated mice was 42.5-I-1.3 nanomoles of substrate 
oxidized]min/g brain and 577-t-20 nanomoles]min/g liver. 
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Fig. 2. Dose response curve for in vivo inhibition of MAO. Experi- 
ment as in l~igure 1 except tha t  the dose was varied and drugs were 
injected 60 rain before the mice were killed. Means and standard 
errors for 3 mice per group are shown. Activity in untreated mice 
was 45.1325.1 nanomoles of substrate oxldized/min/g brain and 
615 4- 42 nanomoles/min/g liver. 

2 -oxazo l id inone  ac t s  on ly  a f t e r  i t  is c o n v e r t e d  to  H E H ,  
is as  follows. I n  t he  f i r s t  pass  t h r o u g h  t h e  l iver  a f t e r  i.p. 
in jec t ion ,  H E H  en te r s  as a n  ac t ive  i n h i b i t o r  whereas  
3 -amino-2 -oxazo l id inone  en t e r s  as a n  i n a c t i v e  p recu r so r  
to  a n  inh ib i to r .  T h u s  g rea t e r  i n h i b i t i o n  of l iver  MAO 
occurs  w i t h  H E H .  B y  ti le t i m e  the se  agen t s  r e a c h  t h e  
b ra in ,  m u c h  of t he  H E H  has  been  i n a c t i v a t e d  b y  m e t a b o -  
l isnl  whe reas  the" 3 -amino-2 -oxazo l id inone  ha s  been  
a c t i v a t e d  b y  m e t a b o l i s m ,  so t he  l a t t e r  c o m p o u n d  h a s  a 
g rea t e r  e f fec t  on  b r a i n  MAO. 

A c o m p a r i s o n  of t h e  p o t e n c y  of t he se  c o m p o u n d s  in  
i n h i b i t i n g  b r a i n  a n d  l iver  MAO is s h o w n  in  F igu re  2, 
C o m p a r i n g  e q u i m o l a r  doses, 3 -amino-2 -oxazo l id inone  was 
more  e f fec t ive  t h a n  was  H E H  in  i n h i b i t i n g  b o t h  b r a i n  
a n d  l iver  MAO. 

Since 3 -amino-2 -oxazo l id inone  does n o t  i n h i b i t  MAO 
in v i t ro ,  i t s  in  v ivo  effects  p r e s u m a b l y  occur  a f t e r  i t  is 
c o n v e r t e d  to  some ac t ive  me tabo l i t e .  P r e v i o u s l y  t h a t  
ac t ive  m e t a b o l i t e  was  sugges ted  to  be  H E H L  If  t h a t  
were  so, t h e n  3 f ind ings  t h a t  we r e p o r t  here  would  n o t  
h a v e  been  e x p e c t e d :  1. t h e r e  was  no  lag of in  v i v o  MAO 
i n h i b i t i o n  b y  3 -amino-2 -oxazo l id inone  b e h i n d  t h a t  of 
H E H ,  2. 3 -amino-2 -oxazo l id inone  was  a c t u a l l y  more  
p o t e n t  t h a n  H E H  in caus ing  in  v i v o  i nh ib i t i on ,  a n d  
3. t h e  r e l a t i ve  l i v e r / b r a i n  effects  were d i f f e ren t  w i t h  t h e  
2 agents .  I f  3 -amino-2-oxazo l id inone  does ac t  t h r o u g h  
conve r s ion  to  H E H ,  t h e n  i t  m u s t  be  a n  ef f ic ient  vehic le  
for  de l ive r ing  H E H  to  t issues,  especia l ly  t he  b ra in .  
A l t e rna t i ve ly ,  3 -amino-2 -oxazo l id inone  m a y  ac t  in v ivo  
b y  c o n v e r s i o n  to  some m e t a b o l i t e  o t h e r  t h a n  H E H ,  t h a t  
m e t a b o l i t e  be ing  a more  power fu l  i n h i b i t o r  t h a n  H E H  
a n d  h a v i n g  less se lec t ive  a f f in i ty  for  l ive r  MAO re l a t i ve  
to  b r a i n  MAO. 

Zusammen[assung. Die M A O - h e m m e n d e  A k t i v i t ~ t  v o n  
3 -Amino-2 -Oxazo l id inon  u n d  yon  2 -Hydroxy-2~ thy lhy-  
d raz in  wi rd  beschr i eben .  
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T h e  L i p i d  C o n t e n t  of  M u s c u l a t u r e  a n d  o f  T i s s u e  P r e p a r a t i o n s  w i t h  E n r i c h e d  P l a s m a  M e m b r a n e s  
in Paramyoton ia  congenita  

Our  i n t e r e s t  in  t h e  l ip id  c o n t e n t  of m u s c u l a t u r e  in 
cases of va r ious  fo rms  of M y o t o n i a  c o n g e n i t a  h a s  been  
a roused  b y  2 f ind ings :  f i r s t  a m y o t o n i c  s y n d r o m e  could  
be  p r o d u c e d  b y  t h e  s u p p l y  of azacho le s t e ro l  z,2. Second 
KUItN et  al. ~ f o u n d  a c h a n g e  of t h e  f a t t y  ac id  c o m p o s i t i o n  
of t h e  l ip ids  in  a n  e x p e r i m e n t a l l y  i nduced  m y o t o n i e  
synd rome .  T h e y  discussed t h e  pos s ib i l i t y  of a m e m b r a n e  

lesion as t h e  ef fec t  of t h e  e n z y m a t i c  bas ic  defec t  of th i s  
disease.  A c h a n g e d  c o n d u c t i v i t y  of  t he  p l a s m a  m e m b r a n e  
p r o v e d  to  b e  t h e  cause  of t h e  m y o t o n i c  s y n d r o m e  also 
f rom e lec t rophys io log ica l  v i ew 8 

W e  h a d  t he  o p p o r t u n i t y  to  t a k e  a la rger  b iop t i c  s a m p l e  
f rom a 9-year-o ld  b o y  suf fer ing  f rom P a r a m y o t o n i a  con-  
g e n i t a  (P.c.). T h e  p a t i e n t  shows t he  t yp i ca l  c l inical  
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Neutral  lipids and phospholipids in bioptie samples of human musculature with congenital Paramyotonia and in intact  controls (A) and in 
tissue preparations with enriched plasma membrane content in P.e. and normal controls (B) 

A B 

Controls P.e. Controls P.c. 
s ~ s 

Lysophosphatidyl choline 60 25 15.2 145 65 232 
Sphingomyeline 77 32 9.2 149 46 147 
Phosphatidylcholine 380 86 I09 758 247 1005 
Phosphatidylet hanolamine 126 25 49 349 98 582 
Phosphatidylserine 26 10 6 94 29 103 
Phosphatidic acid 35 14 3 81 20 82 
Cholesterol 1.94 0.54 0.43 7.3 2.1 8.3 
Cholesterol ester 0.196 0.098 0.23 0.09 0.005 0.1 
Triglycerides 31.2 14.2 2.1 47 15 10 
Free fatty acids 2.6 1.52 0.09 3.8 1.5 8.9 

n = 12. Phospholipids: ~gP]100 mg collagenfree N. Neutral l ipids: mg[100 mg collagcnfree N. 

s y m p t o m s  a n d  e l e c t r o m y o g r a p h i c a l l y  s igns ;  in  t h e  his-  
to logical  e x a m i n a t i o n  t h e r e  was  no  c h a n g e  a t  t he  myo-  
f ibr i ls ,  4 m e m b e r s  of t h e  f a m i l y  h a d  t h e  s ame  disease.  
T h e  t i ssue  piece, cove r ing  a b o u t  5 g, e n a b l e d  us  to  engage  
in  m a k i n g  a p l a s m a  m e m b r a n e  p r e p a r a t i o n .  I n  t h e  
p r e s e n t  p a p e r  we r e p o r t  o n  t h e  l ip id  c o n t e n t  in  t h e  t o t a l  
m u s c u l a t u r e  a n d  in t he  t i ssue  p r e p a r a t i o n  en r i ched  w i t h  
p l a s m a  m e m b r a n e s  in  t h e  n o r m a l  muscle  and  P.o. b y  
w a y  of compar i son .  

The  b iop t i c  s a m p l e  o r ig ina tes  f rom t he  M. quad r i ceps  
fern. The  m u s c u l a t u r e  of t h e  con t ro l  g roup  be longed  to  
t h e  IV[. pec t .  m a j o r  a n d  h a d  b e e n  t a k e n  f rom 46 to  
73-year-old  w o m e n  a t  m a m m a r y  g land  opera t ions .  W e  
could  n o t  m a k e  t h e  m e m b r a n e  p r e p a r a t i o n  acco rd ing  to  
KONO 4, as t he  t i ssue  q u a n t i t y  was  too  smal l .  J u d g i n g  
f rom ou r  exper ience ,  t h e  m e t h o d  accord ing  to  McCoL- 
nESTER ~ does n o t  y ie ld  a n y  p u r e  p r e p a r a t i o n s ,  b u t  re-  
qui res  less in i t i a l  m a t e r i a l  ~. As t h e  t a k i n g  of b iop t i c  
s amp le s  of  t i s sue  m a t e r i a l  is l imi ted ,  o n  t h e  one  h a n d ,  
a n d  as, on  t h e  o t h e r  h a n d ,  f resh  t i s sue  s am p l e s  c an  
h a r d l y  be  o b t a i n e d  b y  au topsy ,  we dec ided  to  a t t e m p t  
a p r e p a r a t i o n  in sp i te  of t h e  m e t h o d i c  d i f f icul t ies  invo lved .  
T h e  p h a s e  c o n t r a s t  opt ic  con t ro l  y ie lded  o n l y  some single,  
s c a t t e r e d  myof ibr i l s ,  whi le  we found  b y  e l ec t ronop t i ca l  
con t ro l  u n d e s t r o y e d  m u s c u l a r  t i s sue  bes ide  a reas  ful l  of 
m e m b r a n e o u s  rags  a n d  m e m b r a n e o u s  debr is .  L ip id  
ana lys i s  also ind ica t e s  t h e  f ac t  t h a t  t h e r e  is a p r e p a r a t i o n  
w i t h  e n r i c h m e n t  of m e m b r a n e o u s  rags.  I n  ou r  p u r e  
m e m b r a n e o u s  p r e p a r a t i o n s ,  t h e  p h o s p h o l i p i d s  recorded  
are  a b o u t  3 t i m e s  as high.  Cor re spond ing  to t he  p rocess ing  
w i t h  P.c.,  t h e  c o m p a r a t i v e  m a t e r i M  was  p r e p a r e d  b y  
t h e  s a m e  m e t h o d .  T h e  ana lys i s  of t h e  n e u t r a l  I ipids  a n d  
p h o s p h o l i p i d s  was  m a d e  b y  t h i n l a y e r  c h r o m a t o g r a p h y  
accord ing  to  m e t h o d s  a l r e a d y  p u b l i s h e d  L F o r  t h e  choice  
of t h e  re fe rence  p a r a m e t e r , w e  refer  to  a p r e v i o u s  pub l i ca -  
t i o n  s. I n  t h e  t o t a l  musc le  we f o u n d  in  P.e. a n  u n i f o r m  
decrease  of a l l  phosphoI ip ids ,  wh ich  was  p a r t i c u l a r l y  
m a r k e d  w i t h  s p h i n g o m y e l i n .  

Fo r  t he  n e u t r a l  l ip ids  we also r ecorded  a decrease  
c o n c e r n i n g  especia l ly  f a t t y  acids a n d  cholesterols .  As t he  
i n t e r s t i t i a l  l ip id  sha re  is covered  b y  t h i s  d e t e r m i n a t i o n ,  
a b i n d i n g  s t a t e m e n t  on  genuine ,  i n t r ace l l u l a r  sh i f t ings  of 
c o n t e n t  is imposs ib le .  C o n t r a r y  to  this ,  t h e  m e m b r a n e o u s  
p r e p a r a t i o n s  p e r m i t  - cons ide r ing  t he  m e t h o d i c  res t r ic-  
t i ons  s t a t e d  a b o v e  - conclus ions  as to  specific l ip id  
changes  w h i c h  would  concern,  a b o v e  all, ce l lu lar  m e m -  
b r a n e o u s  s t ruc tu re s .  T h e r e  r e su l t s  a c o n f o r m i t y  in  t he  
p h o s p h o l i p i d s  of n o r m a l  a n d  m y o p a t h i c  muscle .  I n  t h e  
n e u t r a l  l ip id  c o n t e n t  t h e r e  is also a c o n f o r m i t y  in t h e  
f r ac t i ons  t r ig tycer ides ,  cho les te ro l  a n d  cho les te ro l  es ter .  
T h e  c o n t e n t  of f a t t y  ac ids  is, however ,  s t r i k ing ly  dif-  
f e ren t ,  W h i l e  a decrease  of free f a t t y  acids  h a s  b e e n  

recorded  in t h e  overa l l  m u s c u l a t u r e ,  t h e  c o n t e n t  of f a t t y  
ac ids  in  t h e  m e m b r a n e o u s  p r e p a r a t i o n s  is m o r e  t h a n  
d o u b l e  as  h i g h  w i t h  P.c.  

T h e  d i f fe rences  r eco rded  in  t he  l ip id  c o n t e n t  of  t h e  
t o t a l  m u s c u l a t u r e  a re  p r o b a b l y  d i f fe rences  in  i n t e r s t i t i a l  
f a t t e n i n g  w h i c h  is m o r e  m a r k e d  in a d v a n c e d  age {i.e. w i t h  
n o r m a l  samples )  t h a n  in adolescence.  Th i s  d i f fe rence  is 
r e m o v e d  b y  t he  p r e p a r a t i o n .  B o t h  in t h e  t o t a l  musc le  
a n d  in t h e  p r e p a r a t i o n ,  t h e  b e h a v i o u r  of t h e  f a t t y  acids  
is conspicuous .  The  d i a m e t r i c a l l y  opposed  behav iou r ,  in  
t h e  overa l l  musc le  a n d  in t h e  p r e p a r a t i o n ,  c an  be  in te r -  
p r e t e d  on ly  as fol lows:  Along  w i t h  a sho r t age  of f a t t y  
acids  of t h e  overa l l  musc le  t h e r e  occurs  a n  e n r i c h m e n t  in  
t h e  musc le  p l a s m a  m e m b r a n e .  I n  v iew of t h e  c o m p l e x  
m e c h a n i s m  of t h e  t r a n s f e r  of f a t t y  acids  t h r o u g h  ce l lu lar  
m e m b r a n e s  ~ a n  i n t e r p r e t a t i o n  f rom th i s  i n d i v i d u a l  f i nd ing  
is imposs ib le .  T h i s  f i n d i n g  will, however ,  h a v e  to  be  
d u l y  cons ide red  a t  f u t u r e  i n t e r p r e t a t i o n s  of t h e  m y o t o n i c  
s y n d r o m e .  

Zusammen fas sung .  I n  e i n e r  B iops i ep robe  m e n s c h t i c h e r  
M u s k u l a t u r  bei  P a r a m y o t o n i a  c o n g e n i t a  w u r d e n  N e u t r a l -  
l ip ide  u n d  P h o s p h a t i d e  i m  G e s a m t m u s k e l  a n d  in Pr l ipa-  
r a t i o n e n  m i t  a n g e r e i c h e r t e n  P l a s m a m e m b r a n e n  b e s t i m m t  
u n d  m i t  den  e n t s p r e c h e n d e n  "Werten in n o r m a l e r  Musku-  
l a t u r  ve rg l i chen .  D a b e i  f inde r  s ich  eine E r h 6 h u n g  der  
f re ien  Fetts~Luren in  den  P l a s m a m e m b r a n e n  bei  P a r a -  
m y o t o n i e .  
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