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Membrandepolarisation naeh Erh6hung der K+-Konzentration auf den 3faehen (16,2 inMol/1) und 4fachen (21,6 mMol/1) physiologischen 
Wert. Es sind Mittelwerte mit ihren mittleren Stremmgen angefiihrt 

Depolarisation nach 5 see Depolarisation nach 2 rain Gesamtzeit der Depolarisation 
(mY) (mY) (see) 

Faser 3 x K + 4 x K + 3 x K + 4 x K + 3 x K ~ 4 x K + 
oberfl~ichlichc 9,57 q- 2,75 9,08 ± 4,1 17,7 ~_ 3,5 21,2 =L 3,47 17,8 ~ 6,0 19,3 ± 8,04 
tiefc 1,0 q- 2,08 2,25 -2=- 2,81 11,7 L- 4,07 12,2 -k 3,59 46,1 i 30,0 51,5 ± 17,6 

Diffusion yon Kal ium in die Tie~e zus tande.  Dieser  F a k t o r  
wird yon ATWOOD n ich t  berf icksicht igt .  Die E inwi rkungs -  
zeit  von wenigen Sekunden  in ATWOODS E x p e r i m e n t e n  
ist, wie es aus unseren  D a t e n  he rvorgeh t ,  ftir die t i e fen  
Fasern  erhebl ich zu kurz  und  ffir die oberf l i ichl ichen 
Fasern  n ich t  ausre ichend.  

Unsere  Versuche  zeigen, dass  der  Befund  yon  ATWOOl) 
mi t  hoher  Ka l iumdepo la r i sa t ion  und  kleinen E P S P  nur  
fiir eine Fasergruppe ,  nl tmlich die Gruppe  1 unserer  Ein-  
teilung, zutr i ff t .  In  der  kurzen  E inwi rkungsze i t  de r  
ka l iumreichen I .Ssung k6nnen  die t iefen Fasern ,  die 
haupts~ichlich die K o n t r a k t i o n  auf Nervenre iz  un te r -  
hal ten,  keine op t imale  Depolar i sa t ion  aufweisen.  In  den 
E x p e r i m e n t e n  dieses Autors  ha t  desha lb  der  Vergle ich der  
Ka l iumdepo la r i sa t ion  mi t  den  E P S P  einiger Muskel-  
fasern,  die keineswegs als repr i t sen ta t iv  b e t r a c h t e t  werden  

kSnnen,  zu einer  n ich t  s t a t t h a f t e n  Schlussfolgerung ge- 
f i ihr t  s. 

Summary. Three  groups  of f ibres wi th  d i f fe rent  E P S P  
were d i f fe ren t ia ted  in t he  c law-opening  muscle  of crayfish.  
Small  and  late  depolar iza t ion  of t he  deep  fibres was  ob- 
served on app l ica t ion  of 3-4 t imes  t h e  n o rma l  concent ra-  
t ion of KC1. 

J. t RAVANI 

Institut ]iir Allgemeine Physiologic der Universita't 
Heidelberg (Deutschland), 25. Januar I965. 

8 Herrn PD Dr. J. DUDEL sei ftir die wertvollen Vorschlfige trod 
Anregungen verbindliehst gedankt. 

A Muscular Dystrophy Induced by Cold Fol low-  
ing Restriction of the Arterial Blood Supply  1 

Muscular  dys t roph ie s  are  k n o w n  to  occur  in exper i -  
men ta l  an imals  unde r  the  inf luence of h e r e d i t a r y  factors ,  
drugs and  diets .  Yet ,  t he  value of these  as e x p e r i m e n t a l  
models  of disease is s o m e w h a t  l imi ted  by  the  complex i t y  
of the  under ly ing  pa thogen ic  mechan i sms ,  ind iv idua l  
var ia t ions  in suscept ib i l i ty  and  the  var iable  d i s t r ibu t ion  
of the  lesions. Recent ly ,  we have  succeeded in developing  
a simple t echn ique  for the  cons i s t en t  induc t ion  of a severe 
and p red ic t ab ly  localized myolys is  b y  expos ing  cer ta in  
skeletal  muscle  groups  to cold following res t r ic t ion  of the i r  
ar ter ial  blood supply .  

In  p re l imina ry  e x p e r i m e n t s  we t e s t ed  a va r i e t y  of pro-  
cedures for cooling and  for t he  res t r ic t ion  of the  blood 
supply ;  only the  mos t  efficacious combina t i on  of t ech-  
niques was  t h e n  used in the  pr inc ipal  e x p e r i m e n t  to  be 
described here, 

In  t w e n t y  female Sprague-Dawley  ra ts  of the  H o l t z m a n  
Fa rms  wi th  a mean  b o d y  weight  of 105 g (range 96-110 g), 
the  aor ta  was exposed  t h rough  a midl ine  incision under  
e ther  anes thes ia  and comple te ly  occluded b y  a nylon liga- 
ture  jus t  caudad  f rom the  origin of the  renal  arteries.  
I m m e d i a t e l y  af ter  the  opera t ion,  mos t  of the  animals  
showed a sl ight  i m p a i r m e n t  in the  use of the i r  h i n d  l imbs,  
bu t  th is  soon d i sappeared ,  and  af ter  two  or  th ree  days  
t h e y  were able to  walk  in an essent ia l ly  no rma l  manne r ,  
p r e sumab ly  as the  resul t  of adequa t e  col lateral  circula-  
t ion.  Five  of these  ra ts ,  killed on the  fou r th  day,  showed 
no macroscopical ly  de tec tab le  lesion in the  muscu la tu re  
of the  h ind  limbs. On the  f i f th  day,  the  remain ing  15 

Lelt: Light discoloration of the musculature from waist (arrow) 
down. Right: The muscle fibers undergo lysis while the sareolemma 

sheaths proliferate (PAS, × 120). 

1 This work was supported by the Medical Research Council of 
Canada and the Canadian Arthritis and Rheumatism Society. 
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an ima l s  were s h a v e d  w i t h  e lectr ic  c l ippers  f rom the  wais t  
down  a n d  immobi l i zed  on  a b o a r d  accord ing  to a pre-  
v ious ly  descr ibed  t e c h n i q u e  2. T h e n  t h e y  were p laced  ver-  
t ica l ly  (h ind  feet  down)  for 30 m i n  in a t a n k  filled w i t h  
a n  ice-water  m i x t u r e  wh ich  r eached  j u s t  to  t he  wais t .  

I m m e d i a t e l y  a f t e r  f reezing t he  r a t s  t h e i r  h i n d  legs were 
st iff  (as if in  a r igor  morr is)  a n d  pale,  whi le  d u r i n g  t he  
n e x t  few h o u r s  t h e y  b e c a m e  flaccid a n d  s o m e w h a t  c y a n o t -  
ic. On t he  fol lowing day ,  t he  cyanos is  of the  skin  d isap-  
pea red  b u t  t he  h i n d  legs r e m a i n e d  comple t e ly  or  a l m o s t  
comple t e ly  p a r a l y z e d  in  all an imals .  Th i s  pa ra lys i s  per-  
sisted,  a n d  d u r i n g  t he  n e x t  week  a n  acu te  i n v o l u t i o n  of 
t he  m u s c u l a t u r e  ensued  so t h a t  the  con tou r s  of t he  long 
bones  b e c a m e  eas i ly  vis ible  t h r o u g h  t he  skin.  U p o n  
a u t o p s y  on  the  12 th  day,  t he  i nvo lu t ed  muscles  e x h i b i t e d  
a l ight  ' f ish f lesh'  t y p e  of d i sco lora t ion  which ,  u p o n  h is to-  
logic e x a m i n a t i o n ,  p r o v e d  to  be the  resu l t  of a n  in tense  
genera l ized  lysis of s t r i a t e d  muscle  f ibers  assoc ia ted  w i t h  
p ro l i fe ra t ion  of t he  s a r c o l e m m a  cells and  of tile s u r r o u n d -  
ing c o n n e c t i v e  t i ssue  (Figure) .  The  vessels,  ne rves  and  
skin  showed  no e v i d e n t  change .  S imi la r  cold exposure  or  
a o r t a  l iga tu re  a lone p roduced  no  c o m p a r a b l e  muscle  
lesions. 

A p p a r e n t l y ,  l iga ture  of t he  a o r t a  p roduces  on ly  a l a t e n t  
v a s c u l a r  def ic iency which  becomes  mani fes t ,  however ,  
u p o n  exposure  to cold. The  p rocedure  is t h u s  su i t ab le  fur 
t he  c o n s i s t e n t  p r o d u c t i o n  of se lec t ive  s t r i a t ed  muscle  
lesions in a p r e d e t e r m i n e d  t e r r i t o ry .  I t  shou ld  lend i tself  
especia l ly  to  b iochemica l  s tud ies  on  myolys i s  for which  i t  
is i m p o r t a n t  t h a t  a large muscle  mass  of p r e d e t e r m i n e d  
size be  af fec ted  s imul t aneous ly .  

Zusammen/assung. N a c h  v o l l k o m m e n e r  l . i g a t u r  de r  
A o r t a  k n a p p  u n t e r h a l b  de r  N ie r ena r t e r i en  ge l ing t  es bei 
der  R a t t e ,  d u r c h  A b k i i h l u n g  de r  H i n t e r b e i n e  regelmS.ssig 
eine s t r eng  au f  die kauda l e  K6rperh i i l f t e  beschrXnkte  
D y s t r o p h i e  de r  S k e l e t t m u s k u l a t u r  he rvo rzu ru fen .  

H. SELYE 

Institut de 3fddecine el de Chirurgie expdrimentales, 
Universitd de Montrdal (Canada), June 28, 1965. 

2 H.  SELYE, The Pluricausal ('ardiopathics (Charles C. T h o m a s  
Publ . ,  Spr ingf ie ld  1961). 

T h e  E f f e c t  o f  L i m b  I s c h a e m i a  o n  t h e  S e r u m  

G l y c e r o l  C o n c e n t r a t i o n  of  t h e  R a t  

An increase  in  the  c o n c e n t r a t i o n  of non-es te r i f ied  f a t t y  
acids ( N E F A )  in the  b lood u s u a l l y i n d i c a t e s  a g rea t e r  r a t e  
of mob i l i z a t i on  f rom the  fa t  stores.  Changes  in the  N E F A  
c o n c e n t r a t i o n  of p l a s m a  d u r i n g  and  a f t e r  4 h b i l a t e ra l  
h i n d  l imb  i s c h a e m i a  in r a t s  h a v e  been  i nves t i ga t ed  b y  
STONER 1. The  genera l  response  was t he  same  w h e t h e r  
t he  samples  were o b t a i n e d  b y  d e c a p i t a t i o n  or  u n d e r  nem-  
b u t a l  anae s the s i a  b u t  the  a c t u a l  c o n c e n t r a t i o n s  d e p e n d e d  
o n  the  s a m p l i n g  procedure .  The  p l a s m a  N E F A  concen t r a -  
t i on  rose whi l s t  t h e  t o u r n i q u e t s  were in place a n d  re- 
m a i n e d  h igh  a f t e r  release.  The re  was l i t t le  di f ference be- 
t w e e n  con t ro l  a n d  e x p e r i m e n t a l  va lues  3 h a f t e r  release,  
owing  to  a rise in t he  N E F A  c o n c e n t r a t i o n  of con t ro l  
a n i m a l s  d u r i n g  t he  a f t e rnoon .  STONER 1 also showed  t h a t  
t he  increase  was  d e p e n d e n t  on  the  presence  of a n  i n t a c t  
s y m p a t h e t i c  ne rvous  sys tem.  

In  t he  case of r a t s  a f t e r  t o u r n i q u e t  release,  an  increase  
in the  p l a s m a  N E F A  c o n c e n t r a t i o n  m i g h t  ref lect  no t  on ly  
a g rea t e r  r a t e  of release f rom the  depots ,  b u t  also impa i r ed  
u t i l i za t ion  of N E F A .  Changes  in the  r a t e  of fa t  mobi l iza-  
t i on  m i g h t  be  fol lowed more  easi ly  b y  m e a s u r i n g  the  con-  
c e n t r a t i o n  of c i rcu la t ing  glycerol  2.~. 

Male a lb ino  r a t s  of the  P o r t o n  s t r a i n  (body we igh t  
223 g ± 22 S.D.) fed on  M.R.C. d ie t  41B were used. Bi- 
l a t e ra l  h i n d  l imb  i s chaemia  was  p roduced  b y  r u b b e r  tou r -  
n i q u e t s  appl ied  u n d e r  e t h e r  anae s t he s i a  4. E a c h  exper i -  
m e n t a l  a n i m a l  was  pa i red  w i t h  a con t ro l  wh ich  was kil led 
a t  t he  same  t ime.  Con t ro l  a n i m a l s  were also a n a e s t h e t i z e d  
to c o m p e n s a t e  for  a n y  effects  of e ther .  On ly  one such  pa i r  
was  s tud ied  a t  a n y  p a r t i c u l a r  t i m e  on  a n y  day .  Glycerol  
was  e s t i m a t e d  e n z y m a t i c a l l y  5 o n  f i l t ra tes  of s e r u m  de- 
p ro te in ized  w i t h  b a r i u m  h y d r o x i d e  a n d  zinc s u l p h a t e  6. 

The  s e rum glycerol  c o n c e n t r a t i o n s  va r i ed  widely  u n d e r  
all  c o n d i t i o n s  (Table).  The  process  of dep ro te in i z ing  con-  
t r i b u t e s  to  th i s  va r i a t ion ,  as  t he  u n a v o i d a b l e  d i lu t ion  in- 

vo lved  can  b r ing  the  c o n c e n t r a t i o n s  of the  weaker  samples  
close to the  l imi t  of re l iab i l i ty  of the  m e t h o d  (abou t  5 pM). 

A ch i - square  t e s t  showed  t h a t  t he  c o n c e n t r a t i o n s  in t he  
whole g roup  of i n ju r ed  r a t s  were s ign i f i can t ly  g rea t e r  
( P  <: 0.01) t h a n  in the  con t ro l s  f rom noon  onwards ,  b u t  
c o m p a r i s o n  of the  m e a n s  ( ' t ' - tes t )  a t  specific t imes  showed  
a s ign i f i can t  d i f ference b e t w e e n  t he  con t ro l  and  in ju red  
r a t s  on ly  a t  3 p .m.  

The  e f fec t  of h ind- l imb  i schaemia  on the  c o n c e n t r a t i o n  of g lycerol  in 
s e rum.  Bi la te ra l  h ind - l imb  t o u r n i q u e t s  were app l i ed  d u r i n g  a 3 min 
per iod  of e t h e r  a n a e s t h e s i a  a t  l 0 a .m.  Cont ro l  an ima l s  were  s imi la r ly  
a t taes the t ized  wi th  the  excep t ion  of the  10 a . tn .  g roup .  Blood samples  
were  o b t a i n e d  b y  d e c a p i t a t i o n  a t  the t imes  ind ica ted .  T o u r n i q u e t s  
were  r e m o v e d  a t  2.0 p .m.  in the  e x p e r i m e n t a l  g roups  kil led a t  3 a n d  
5 p .m.  Glycerol  c o n c e n t r a t i o n s  I+M]I se run l  ~ S.E.M.  Nt t tnber  of 

r a t s  s h o w n  in pa ren thes i s  

Time Contro l  F .xper imenta l  

10.00 a .m.  162 ± 17 (8) 
10.10 a .m.  124 i 17 (7) - 
1 2 . 0 0 a . m .  154 j_ 31(t)) 188 ~ 17 (6) 

2 . 0 0 p . m .  1 1 3 i  8(6)  138 ± 16(6) 
3.00 p.nl.  112 4- 10 (6) 182 :J2 11 (6) '~ 
5.00 p .m.  137 ~- 7 (7) 169 :~ 18 (7) 

P < 0.001. 

t H. B. STONER, Bri t .  J .  exp.  P a t h .  13, 556 (1962). 
2 M. VAUGttAN, J .  biol. Chem.  237, .:1354 (1962). 
a L. A. CARLSON a n d  L. ORO, Metab.  clin. F x p .  12, 132 (1963). 
4 H.  B. STONER, Bri t .  J .  exp.  1)ath. 39, 251 0 9 5 8 ) .  
3 p.  B. GARLAND a n d  P. J .  [{ANDLE, N a t u r e  196, 987 (1962). 
6 N. NELSON, J .  biol. Chem.  15.3, 37.5 (1944). 


