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However ,  t he  soleus muscles did no t  gain  any  appreci-  
able  weight  w h e n - t h e i r  synergis ts  were tenotomized ,  if 
the i r  an tagonis ts  were  excluded f rom funct ion  by  denerva-  
t ion (Figure 1, I I) ,  In  th is  t y p e  of h y p e r t r o p h y  muscle  
afferents  are appa ren t ly  no t  involved,  since in deaf- 
ferented soleus muscles the  weight  gain was compar-  
able to  t h a t  in muscles wi th  in t ac t  sensory innerva t ion  
(Figure 1, I I I ) .  

W h e n  ' hype r t rophy ing '  muscles were subjec ted  to  
s tat ic  t ra ining,  there  was no increase in weight  7 days  
af ter  the  opera t ion  (Figure 1, IV), even  though  the  re- 
s idual  h y p e r t r o p h y  a t  longer  t ime  in terva ls  was some- 
wha t  enhanced  (Figure 1, upper  I, broken line). Com- 
bined excercise had a s imilar  smal l  effect.  

I t  t hus  appears  t h a t  the  rapid  h y p e r t r o p h y  which  the  
soleus undergoes  wi th in  a week  af te r  t e n o t o m y  of t he  
gas t rocnemius  is t r ans ien t  in charac te r  and  regresses 
a lmos t  comple te ly  by  the  3rd pos topera t ive  week.  This  
h y p e r t r o p h y  is no t  p r edominan t ly  due to  excess ive  use 
of the  muscles, b u t  ra ther  to mechan ica l  passive s t re tch ing  
by  the  antagonis t ic  group, since denerva t ion  of the  l a t t e r  
p reven t s  the  deve lopmen t  of muscle hyper t rophy .  Addi-  
t iona l  exercise did not  fur ther  increase the  muscle weight  
inc rement  a t  i ts peak  as compared  wi th  the  non-exercised 
animals.  A ref lex mechan i sm is appa ren t ly  no t  involved,  
since even comple te  l imb deaf ferenta t ion  did not  p reven t  
the  deve lopmen t  of muscle hyper t rophy .  

However ,  i t  cannot  be excluded tha t  pa r t  Of this weight  
gain is ac tua l ly  t rue  working  hyper t rophy ,  since a cer ta in  
weight  i nc remen t  persists  for longer  peridds of t ime  
(Figure 1, I) and has  also been found in t he  p lantar i s  
and ex tensor  d ig i to rum longus muscles under  analogous 
condi t ions  5. 

Zusammen]assung. Nachweis ,  dass die schnelle H y p e r -  
t rophic  des M. soleus nach  Teno tomie  des synergis t ischen 
M. gas t rocnemius  durch  pass ive  Spannung  des antago-  
nist ischen Muskels ve ru r sach t  wird. Denerv ie rung  dieser 
Antagonis ten  verzCgert  eine Hype r t roph ic  des M. soleus, 
wghrend  die Deafferenzierung des ganzen Gliedes ohne 
Ef fek t  b le ib t ;  auch zusXtzliche Arbei ts le is tung f i ihrt  auf  
dem H 6 h e p u n k t  der  Hype r t roph i c  zu keinerlei  Gewichts-  
zunahme.  
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E l e c t r o p h y s i o l o g y  S t u d i e s  on  the  C a r d i a c  N o n - F u n c t i o n  M u t a t i o n  in  t h e  M e x i c a n  A x o l o t l  A m b y s t o m a  
mexicanum:  

HUMPHREY ~ repor ted  the  d iscovery  of a recessive and 
le thal  gene c (for cardiac  nonfunct ion)  in Ambystoma 
mexicanum. Myogenic  a c t i v i t y  of card iac  muscle was 
absent  in the  homozygo te  of gene c, a l t hough  ear ly  
morphologica l  deve lopmen t s  were s imilar  to  those  ob- 
served in normal  embryos  3. M u t a n t  embryos  la te r  be- 
came  edematous  and the i r  deve lop ing  hear ts  became  
thin-wal led,  e longated  and tor tuous .  M u t a n t  hear t s  a t  
Harr i son  s tage  40 were on ly  one cell l ayer  th ick ,  had  
excessive accumula t ion  of yo lk  and l ipid mater ia l ,  and 
lacked t rabeculae  which were present  normal ly  a t  s tage 38. 
M u t a n t  animals  expi red  wi th in  21 days  af ter  the  t i m e  
when hear ts  would normal ly  demons t r a t e  myogenic  
ac t iv i ty .  

T r a n s m e m b r a n e  po ten t ia l  responses of in v ivo  em- 
bryonic  hear ts  of normal  A mbystoma mexicanum recorded 
pr ior  to and i m m e d i a t e l y  af ter  onset  of myogenic  ac t iv i ty  
have  been repor ted  ~. Typica l  res t ing potent ia l s  and act ion 
potent ia ls ,  only  present  af ter  onset  of myogenic  a c t i v i t y  
dur ing  Har r i son  s tage 34 were recorded (Table). Ace ty l -  
choline, norep inephr ine  and electr ical  s t imula t ion  were 
w i th o u t  effect  on qu iescen t  hearts ,  in con t ras t  to  modif ica-  
t ion  of card iac  ac t i v i t y  a f te r  onset  of myogenic  ac t i v i t y  4. 

The  p resen t  s t udy  was under t aken  to  compare  t he  
e lec t ropharmacologica l  induced responses of in v i v o  em-  
bryonic  hear ts  of normal  and homozygous  cardiac mu-  
t an t s  of Ambystoma mexicanum. 

Materials and methods. Fer t i l ized  eggs f rom Ambystoma 
mexicanum were incuba ted  unt i l  deve lopmen t  approxi -  

m a t e d  Harr i son  s tage 34. All embryon ic  hear ts  of normal  
A mbystoma mexicanum begin to bea t  dur ing and af ter  
s tage  34, whereas  cardiac  m u t a n t s  do no t  show m y o -  
genic a c t i v i t y  dur ing  any  s tage of deve lopment .  Ind iv i -  
dua l  embryos  were t ransfer red  to a Syracuse wa tch  dish 
layered  w i t h  paraff in  and 10 ml  Ste inberg ' s  solut ion 4 
main ta ined  a t  25 ~ 0.1 °C. Wire  res t ra in ts  immobi l i zed  
anes the t ized  embryos  on the  dorsaI  surface, and hear ts  
were then  exposed.  Animals  requi red  10 min  to  com- 
p le te ly  recover  f rom anes thes ia  and exper imenta l  ma-  
nipulat ion.  

T r a n s m e m b r a n e  potent ia l s  4 were recorded f rom 29 
m u t a n t  homozygous  for gene c and 29 he terozygous  
developed to stages 34-38, Hea r t s  were d i rec t ly  s t imu-  
la ted  60-120/rain and s t imula t ion  pa ramete r s  were con- 
t inua l ly  moni tored .  The  influence of acetylchol ine,  nor-  
epinephr ine  and serotonin (0.1 [xg/ml to 0.1 mg/ml)  on 
myogen ic i ty  was de termined.  Only one drug was used 
wi th  each  .embryo. 
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Results and discussion. The mean resting potential  of 
hearts of 29 cardiac mutants  was not statistically dif- 
ferent from tha t  found for 29 normal hearts (Table). 
The resting potential  magnitude was similar to that  
found for other inexcitable tissues 5. The 3 drugs in all 
concentrations tested did not alter resting potential  
magnitudes or induce myogenic act ivi ty  in any mutant  
embryos, whereas the heart  rates of stage 34 + normal 
~mbryos were modified by drugs*. Electrical stimulation 
strength, sufficient at  times to stimulate somatic muscles, 
in the presence or absence of these 3 drugs did not  alter 
resting potential  magnitudes or induce myogenic act ivi ty  
in mutant  embryo hearts. These results suggest that  
myogenic factors essential to produce action potentials 
are absent in homozygous gene c mutants,  and their  
heart  cel l  membranes may remain in a stage of develop- 
ment similar to that  found prior to stage 34. Mutant  
embryonic hearts never showed myogenic act ivi ty  during 
stages 34-38, in contrast to myogenic act ivi ty always 
present during stages 34-38 in normal embryonic hearts. 

HUMPHREY e transplanted primordial hearts of mu- 
tants into homozygous ( + / + )  or heterozygous (+/c) 
normals and produced myogenic activity. Conversely, 
transplanting normal primordial hearts into mutant  
recipients inhibited myogenic activity.  The factors or 
substances controlling initiation of myogenic act ivi ty 
do not appear to be present in body fluids and it seems 
to be restricted to the region of the heart since parabiosis 
of normals with mutant  siblings failed to induce myogenic 
act ivi ty  in mutants  or block myogenic act ivi ty in normal 
animals. The experiments reported here also suggest tha t  
the 3 r~eurohumors used were not  the natural  substances 
essential to initiate myogenic activity.  

Summary of the measured characteristics of in vivo hearts of normal 
and mutant Ambystoma mexivanum 

Characteristic T i s sue  Genotype Stages 
34-38 

Resting potential (mV) Random Normal 24 4- 2, 
cell sample Mutant 24 4- 2 

Action potential ( m V )  Ventricle Normal 32.9 4- 2 
Ventricle Mutant b 

Heart rate (beats/rain) Normal 75 J: 18 
Mutant b 

• Mean 4- S.E.M. b None observed. 

JAcossoN and DUNCAN 7 reported that  developing 
hearts may be under the influence of 1. an inducer that  
increases heart  differentiation, 2. an inhibitor that  delays 
heart  differentiation, and 3. a stimulator tha t  increases 
beating heart  formation. Embryos  of mutant  gene c may 
influence synthesis of only 1. and/or 2. which results in 
modulation of membrane properties essential for excita- 
tion, conduction and action potentials. The results re- 
ported here suggest tha t .homozygous  gene c mutants  
have cardiac cell membranes tha t  are inexcitable. This 
may be due to differences in membrane permeabili ty to 
ions essential for excitation. Low resting potential  mag- 
nitudes may be due primarily to a higher sodium and 
potassium permeabil i ty ratio in nonexcitable cells 5. The 
effects of homozygosity for gene c seem restricted to 
cardiac tissues since electrical stimulation evokes somatic 
movements without  concomitant responses in cardiac 
cells. This lack of cardiac contracti l i ty may be at tr ibuted 
to insufficient myofibrillar material ~. Large numbers of 
mitochondria and other intracellular structures asso- 
ciated with pathological states have been reported 3. I t  
is not yet clear whether these cellular pathological-like 
conditions reflect only intracellular changes and acti- 
vities or also an alteration in membrane response prop- 
erties. 

Rdsumd. Le mutant  homozygote d',4mbystoma mexi- 
canura qui n 'a pas d 'act ivi t6  cardiaque myog6nique, est 
aussi r6fractaire aux modifications chimiques et 61ec- 
triques des potentiels membranaires et de la fr6quence 
cardiaque. I1 diff~re en cela de l 'animal normal au m~me 
stage de developpement embryonnaire. 
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The  Effect of pH on  Quin ine - Induced  Contractures  and Exc i ta t ion-Contract ion  C o u p l i n g  i n  C r u s -  
t a c e a n  S k e l e t a l  M u s c l e  

Although the action of quinine in both potentiat ing 
and depressing contracti l i ty of skeletal muscle has been 
known for some t ime 1,2, the ability of quinine to induce 
contractures has been only recently reported in frog 3 
and crustacean* skeletal muscle. In one of these reports a, 
i t  was noticed that  changes in pH affected the contrac- 
ture-induction ability of quinine, but  the mode of action 
of pH changes during quinine activation, and the actual 
site of action of quinine on skeletal muscle are still not 
clear. This study of the effect of pH changes both on 
membrane potentials, quinine contractures and excita- 
t ion-contraction coupling of crustacean skeletal muscle 
was carried out in an a t tempt  to clarify the way in 
which quinine activates the contractile mechanism of 
skeletal muscle, and the modifying effect of pH on qui- 
nine activation. 

Methods. The dactylopodite flexor muscle of the walking 
legs of the common shore crab, Carcinus maenas was used 
throughout  this study. Details of procedure and prepara- 
tions have already been published 4 In  some experiments, 
whole muscle preparations were used. Flexion of the 
dactylopodite was measured isometrically on a 50g strain 
gauge, the output  of which was fed into a Tektronix 
502A oscilloscope. Occasional experiments were carried 
out on isolated bundles of fibres dissected from the flexor 
muscle. These were mounted in a 5 ml perfusion chamber 
and tension was recorded isometrically on a 5 or 10g strain 
gauge. Membrane potentiaIs of muscle fibres were meas- 
ured with conventional 3M KC1 electrodes, details of 
recording procedures have already been published 5. The 
crab saline used was that  of ATwooo ~, containing (in mM), 
NaC1 520; KC1 10; CaC12 11 ; MgC12 8; NaHCO3 3, modified 


