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Tension Transients  in Glycerol-Extracted Fibres 

A qu ick  s t r e t c h  of l iv ing frog ske le ta l  muscle  p roduces  
a de layed  increase  in t ens ion  followed b y  osc i l la tory  IIuc- 
t u a t i o n s  of t he  i somet r ic  t ens ion  2. S imi la r  osci l la t ions  are 
obse rved  a f te r  a s u d d e n  increase  or decrease  of t h e  load 
on  t he  muscle  2, a. The  de layed  rise in  t ens ion  a f t e r  qu ick  
s t r e t c h  is m o s t  p r o n o u n c e d  in l iv ing  4 a n d  glycerol-  
e x t r a c t e d  ~ insec t  f ibr i l la r  muscle .  Here,  t he  t ens ion  
increase  is assoc ia ted  w i t h  a t en s ion~dependen t  ~, ~ increase  
in t he  a c t i v i t y  of t he  a c t o m y o s i n  ATPase ,  sugges t ing  
t h a t  t h e  con t rac t i l e  m a c h i n e r y  m a y  be  t u r n e d  on  r a t h e r  
a b r u p t l y  b y  app ly ing  a qu ick  s t re tch .  I n  t h e  fol lowing 
we r e p o r t  e x p e r i m e n t s  showing  t h a t  a f t e r  an  a b r u p t  
s t r e t ch  of glycerol  e x t r a c t e d  f ibres  t h e  i somet r ic  t ens ion  
does no t  a t  once a t t a i n  a s t e a d y  level  ; i n s t ead  i t  f l uc tua t e s  
in  a n  osci l la tory  fashion.  T h e s e  i somet r ic  osci l la t ions  are  
to  be  d i s t ingu i shed  f rom the  p rev ious ly  descr ibed  auxo-  
ton ic  ' free osci l la t ions '  wh ich  are d e p e n d e n t  Oil a n d  cor- 
r e spond  to t h e  n a t u r a l  f r equency  of t he  record ing  lever  
s y s t e m  (see 5, s). 

G i a n t  t rop ica l  w a t e r b u g s  (Lethoeerus maximus) were 
k ind ly  Supplied b y  Dr.  F. BENNETT (Tr in idad) .  T h e  
dorsa l  l o n g i t u d i n a l  musc le  was  d issec ted  and  e x t r a c t e d  
w i t h  glycerol  as descr ibed  previously~.  Bund l e s  of a b o u t  
6-8  f ibres  were cu t  to  a l e n g t h  of 4 m m  a n d  glued to t h e  
sha f t  of a n  RCA 5734 force t r a n s d u c e r  a n d  to t h e  a r m  
of a G o o d m a n  V P  47 v ib r a to r ,  d r i v e n  b y  a servo- loop 
ampl i f ier ,  connec t ed  to a H e w l e t t - P a c k a r d  3300 A func-  
t ion  genera tor .  T h e  l e n g t h  changes  were  m o n i t o r e d  b y  
F P  17 L 100 S iemens  F i e l @ l a t e s  m o v i n g  in a n d  o u t  of 
a m a g n e t i c  field ; l e n g t h  a n d  t ens ion  s ignals  were d i sp layed  
on  a 502 A T e c t r o n i x  double  b e a m  oscilloscope. 

The  i n c u b a t i o n  so lu t ion  c o n t a i n e d  30 m M  KC1, 10 m M  
Na-azide,  10 m M A T P  (Na-sal t)  a n d  0.8 m M  A M P  in equi-  
l i b r ium w i t h  2 m M  ADP,  10-30 un i t s  a d e n y l a t e  k inase /ml ,  
12 m M  MgCI~, 4 m M  C a - E G T A  (pCa ~ 5 ) ,  10 m M  his t i -  
d ine  p H  6.5 a t  t he  respec t ive  e x p e r i m e n t a l  t e m p e r a t u r e .  

The  F igure  shows t h e  effect  of a n  a b r u p t  s t r e t c h  a t  2 
d i f fe ren t  t e m p e r a t u r e s .  No te  t h a t  a qu ick  s t r e t c h  is 
assoc ia ted  w i t h  all a b r u p t  increase  in t en s ion  w h i c h  is 
followed b y  a f u r t h e r  (delayed) rise in t ens ion  a n d  b y  
severa l  osci l la t ions of t h e  i sometr ic  t ens ion .  The  m a x i m a l  
t ens ion  in t h e  f i rs t  osc i l la tory  cycle is a b o u t  40 d y n e s /  
f ibre ;  i t  is s imi la r  a t  25 ~ a n d  15 ~ b u t  o f t en  cons ide rab ly  
la rger  t h a n  t he  s t e a d y  t e n s i o n  a t t a i n e d  a f te r  cessa t ion  
of t he  i somet r ic  osci l lat ions.  A t  25 ~ t h e  f r e q u e n c y  of 
these  .oscillations is a b o u t  10-15 Hz, w i t h  a t e m p e r a t u r e  
coeff ic ient  (Q~0) of a b o u t  3-4 b e t w e e n  5 and  30~ T h e  
f r equency  is h a r d l y  af fec ted  b y  changes  in pCa or p H  (in 
the  r ange  of 6.3-7) b u t  i t  is g rea t ly  r educed  b y  A D P .  
Simi lar  osci l la t ions  were  occas iona l ly  obse rved  a f t e r  a 
qu ick  release of t h e  tens ion .  The  c o n t e n t  of c rossbr idges  
is a b o u t  3 p moles p e r  c e n t i m e t r e  f ibre  (cf. ") r a t h e r  t h a n  
1.5 p moles (see ~0) and  t h e  r a t e  of A T P - s p l i t t i n g  of 
m a x i m a l l y  a c t i v a t e d  f ibres  is up  to 30 p moles /see  in 
1 cm fibre, a n d  a t  25 ~ (cf. ~x) w i t h  a t e m p e r a t u r e  coef- 
f ic ient  of up  to  41 I n  presence  of I T P  (20 m M ,  1 0 - ~ M  
Ca ++, p H  6.5) t h e  (delayed) r ise in  t en s ion  p roduced  b y  
qu ick  ex tens ion  is m u c h  slower t h a n  w i t h  A T P ;  no iso- 
me t r i c  osci l la t ions were obse rved  u n d e r  these  condi t ions .  

I t  seems l ikely t h a t  t h e  successful  d e m o n s t r a t i o n  of 
i somet r i c  osci l la t ions in  t he  isola ted con t rac t i l e  m a c h i n e r y  
resul t s  f rom a sudden m a x i m a l  a c t i v a t i o n  p roduced  b y  
m a x i m a l  ex tens ion  ( S t r e t c h  a c t i v a t i o n  l) a t  h i g h  concen-  
t r a t i o n s  of free ca lc ium a n d  a t  a low level  of A D P  w h i c h  
is k e p t  as c o n s t a n t  as possible  w i t h i n  t h e  fibre.  

The  occur rence  of s t r e t c h  induced  osci l la t ions  p o i n t s  
to  t he  basic  s imi la r i ty  of t h e  con t rac t i l e  m e c h a n i s m  in 
frog sa r to r ius  (cf. *~) a n d  in g lyce ro l -ex t rac ted  insec t  

of Insect Fibrillar Muscle (Lethocerus maximus) 1 

f ibr i l la r  muscle,  an d  t h e  f ind ings  r e p o r t e d  are  cons i s t en t  
w i t h  t h e  fol lowing work ing  h y p o t h e s i s :  (4) A t  t he  
molecu la r  level  t h e  m a i n t a i n e d  con t rac t i l e  t ens ion  is 
gene ra t ed  i n t e r m i t t e n t l y ,  poss ib ly  b y  t h e  cycl ing of 
cross-br idges  (cf. la,14). (2) T h e  osc i l la tory  f l uc tua t ions  
of t ens ion  m a y  ref lect  t h e  per iodic  (cyclic) m o v e m e n t  of 
crossbr idges  w h i c h  m a y  h a v e  been  p a r t l y  synch ron ized  
b y  ' s t r e t c h  a c t i v a t i o n '  as sugges ted  in a r ecen t  h y p o t h e s i s  
(see 1~). T h e  t r a n s i e n t  t ens ion  p r e s u m a b l y  p roduced  b y  
s y n c h r o n o u s  s t rokes  of br idges  is g rea te r  t h a n  t h e  t en -  
s ion d u r i n g  a s y n c h r o n o u s  ac t iv i ty .  (3) The  t u r n o v e r -  
f r equency  of crossbr idges  is s t rong ly  d e p e n d e n t  on  t em-  
p e r a t u r e  w i th  a Q~0 of up  to 4, as in t h e  case of t h e  A T P -  
sp l i t t i ng  b y  t h e  a c t o m y o s i n  A T P a s e  (cf. 16). (4) M a x i m a l l y  
a c t i v a t e d  e x t r a c t e d  f ibres  sp l i t  a b o u t  1 molecule  of A T P  
pe r  c rossbr idge  cycle d u r i n g  i somet r ic  con t r ac t ion .  
(5) T h e  f r equency  of c rossbr idge  cycles (see 14) cor responds  
to  t h e  f r equency  of o p t i m a l  power  o u t p u t  (see 17) d u r i n g  
d r iven  osci l lat ions,  t h u s  sugges t ing  s y n c h r o n i z a t i o n  of 

Transient response of contractile tension (below) after a quick stretch 
(above). Fibre bundle (8 fibres, 4 mm long) suspended in ATP- 
salt-solution; see methods. Temperature: 24 ~ (left) and 14 ~ (right). 
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bridges  under  these  condi t ions  (cf. PmNGLB'S hyp o t h e -  spr ich t  of fenbar  der  E igenf requenz  zyklisch tg t iger  <~Kon- 
sis~S,19), traktionsbriickem~ zwischen Akt in  und  Myosin.  

Zusammen/assung. Mit Wasser -Glyzer in  ex t r ah ie r t e  
fibrill/ire Muskelfasern  (Fasermodelle)  yon  Lethocerus 
maximus zeigen im A T P - B a d  nach  pl6tzl icher  D e h n u n g  
das PhSmomen der  Dehnungsak t iv ie rung ,  gefolgt  yon  
einer  ged~tmpften, t empera tu rabhSmgigen  i somet r i schen  
Oszil lat ion der K o n t r a k t i o n s s p a n n u n g .  Die F requenz  ent-  
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D 6 c l e n c h e m e n t  de la soif  h y p e r o s m o l a i r e  chez  le 

Depuis  les exp6riences de GILMAN 1, il est  g6n6ralement  
admis  que le s t imulus  d6clenchant  la soil est  l ' hyperosmo-  
larit6 effect ive du l iquide extracellulaire.  Cette  hyperosmo-  
larit6 effect ive peu t  appa ra l t r e  aussi  b ien pa r  d6shydra-  
ra t ion  de l ' an ima l  qu '~  la suite de l ' in jec t ion  de solut ions 
hyperosmola i res  de solut6s ioniques  ou non  ioniques,  5  ̀
condi t ion  que les m e m b r a n e s  cellula~res ne leur soient  
pas  l i b r emen t  perm6ables .  On suppose  g6n6ralement  que  
des celIules osmom6t r iques  Se r6tr6cissant  en pr6sence 
d ' une  hyperosmola r i t4  extracel lula i re  effective son t  situ6es 
dans  le cent re  de la soil de l ' h y p o t h a l a m u s  lat6ra12, ~. 

Les exp6riences rappor t6es  ou t  6t6 ex6cut6es afin de 
pr6ciser les r appor t s  ent re  l 'osmolar i t6  p l a sma t ique  et  la 
soil chez Ie r a t  et  le m6rion. 

Des ra t s  des 2 sexes pesan t  envi ron 300 g, entrain6s 
sat isfaire  leur besoin d 'eau  quo t id ien  en 3 h, l 'apr6s-midi ,  
c o n s o m m e n t  les 80% de leur prise to ta le  au cours de la 
premi6re  heure.  C'est  5  ̀ce s tade  de sati6t6 hydr ique  rela- 
t i v e m e n t  cons t an t e  que les a n i m a u x  out  re~u des injec- 
t ions  i.v. de 3 ml / r a t  de solut ions 5 lois hyperosmola i res  
de NaC1, manni to l ,  fructose,  ur6e e t  glucose. Leur  con- 
s o m m a t i o n  d 'eau  ~ la sui te  de ces in ject ions  a 6t6 mesur6e 

in terval les  de 15 rain p e n d a n t  2 h e t  compar6e  pour  
chaque  an imal  ~ celle su ivan t  l ' in jec t ion  d ' u n e  solut ion 
isotonique du m~me solut6. La diff6rence a 6% appel6e 
effet  d ips ig[ne  de la solut ion hyperosmola i re .  L 'osmola-  
rit6 p l a sma t ique  a 6t6 mesur6e dans  des exp6riences paral-  
161es ~ interval les  r6guliers par  une mic rom6thode  cryosco- 
p ique  u t i l i san t  0,2 ml  de sang pr61ev6 5. la pa t te .  Le 
Tableau  I ind ique  l ' e f fe t  dipsig6ne des diff6rentes solu- 
t ions  hyperosmola i res ;  le Tableau I I  les c h a n g e m e n t s  de 
l 'osmolar i t6  p l a sma t ique  apr6s in jec t ion  de solut ions 
hyperosmola i res  de NaC1 et  de glucose. 

Les r6sul ta ts  m o n t r e n t  que l ' u r4e  exerce un effet  
dipsig6ne plus g rand  que celui qui cor respondra i t  5. 
l 'osmolar i t6  effect ive qu 'el le  entraine.  Le glucose par  
contre ,  malgr6 une 416vation de l 'osmolar i t6  p l a sma t ique  
plus g rande  que celle provoqu6e par  le NaCI, n ' a  pas 
d ' e f fe t  dipsig6ne signif icat if  dans  les 30 min  apr~s l ' injec-  
t ion  et  n ' a  q u ' u n  faible effet  dipsig6ne d u r a n t  les 30 rain 
suivantes .  Si les r6cepteurs  du cent re  de la soif 6 ta lent  
des osmom6t res  ils dev ra i en t  4tre moins  perm6ables  5. 
l 'ur6e et  plus perm6ables  au glucose que presque  tou tes  
les au t res  cellules de l 'organisme.  

Des m6rions (M. M. Shawii) qui ne bo iven t  pas d 'eau  
dans  leur  h a b i t a t  naturel ,  dans  des condi t ions  de labo- 
ratoire,  p e u v e n t  6tre entrain6s 5. boire 8 5. 10 ml  d 'eau  
par  jour,  et  6tre entrain6s 5. c o n s o m m e r  tou te  ce t te  quan-  
t i t6  eli une  p6riode res t re in te  de 3 5. 24 h. Chez ces ani- 
m a u x  l ' in jec t ion  de mann i to l  et  de glucose hype rosmo-  
laires p rovoque  des signes de souffrance visibles mais  
n ' e n t r a i n e  aucune prise d ' eau  suppl6menta i re .  

rat et le mgr ion  

Tableau I. Effet dipsig~ne de diff4rentes solutions 5 lois hyperosmo- 
laires en 2 h exprim6 ell fonetion du temps apr6s injection 

Solut6s Effet dipsig6ne ~zl/rat par nfinute ml/rat • 2 h 
1-15 15 30 30-60 60-120 
min �9 rain rain min 

NaC1 2754-30 . 604-20 b 60-t-15 ~ 54-4-5 6,8 +0,5  ~ 
Mannitol 1894-36o 82-u24 b 24~  5 b 84-8 5,7 4-0,72~ 
Ur6e 110 L-23 o 89-t-17 o 34--11 b 104-8 4,054-0,9 ~ 
Fructose 162q-45 b 484-27 114-10 44-4  3,6 _u0,6 . 
Glucose 8 ~  2 184-13 454-10 ~ 4 -b5  1,1 ~1 ,0  

Diff4rence entre la eonsommation d'eau durant plusieurs p6riodes 
apr6s injections i.v. de solutions 5 • hypertoniques et isotoniques: 
3 ml/rat. Valeurs moyennes de groupes de 10 & 20 rats 4- 1 erreur 
moyenne de ia  moyenne. La signification statistique de ces dif- 
f6rences est indiqu6e par " p < 0,05; b p < 0,01 et o p < 0,001. 

Tableau II. Evolution de l'osmolarit6 plasmafique (mOsm/L) apr6s 
injection de 3 ml de NaC1 et de glucose 5 fois hyperosmolaires 

rain aprgs 5 rain 15 min 30 min 60 rain 120 min 
injection 

NaC1 +15q-3 ~ +21dz5 b -- 4,64-1 ~ -- 84-3 ~ 
Glucose +35q-8 b +194-9 +274-3 ~ +16 -~6 a - -19•  

Les valeurs sont les moyennes de groupes de 6 /~ 8 rats 4- 1 erreur 
moyenne de la moyenne et repr6sentant la diff6rence entre les osmo- 
lari%s apr~s injection et imm6diatement avant injection (311!4 
mOsm). La signification statistique de ces diff6rences est indiqu4e 
par ~p<0,05; bp%0,01 et op<0,001. 

Summary. Osmotic  arousal  of th i r s t  was s tudied  in ra t s  
by  measur ing  addi t iona l  wa te r  in take  for 2 h af ter  i.v. in- 
iect ion of hype rosmola r  solutions.  NaC1 and  Manni to l  
induced  a rap id  and  large wa te r  in take ;  urea  and  f ructose  
were hal f  as effect ive;  glucose was prac t ica l ly  ineffect ive 
t h o u g h  i t  increased p l a sma  osmolar i ty .  In  deser t  rats ,  
hype rosmot i c  solut ions did no t  induce any  dr inking.  
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