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f lowed f r o m  i t s  s i te  of sec re t ion  to  n e i g h b o u r i n g  non -  
sec re to ry  areas .  Thus ,  w h e n  t h e  t u b u l e  was  fi l led w i t h  
oil, t h e  f low res i s t ance  of t h e  oil c o l u m n s  would  p r e v e n t  
t h e  p r i m a r y  sec re t ion  f rom growing  a n d  s p r e a d i n g  over  
o n t o  n e i g h b o u r i n g  non - sec re to ry  a reas  so t h a t  a s ample  
of p u r e  p r i m a r y  sec re t ion  could  be  ob t a ined .  D u r i n g  
mic roper fus ion ,  however ,  w h e r e  t h e  l e n g t h  of t he  in jec ted  
c o l u m n  of pe r fus ion  f lu id  was  m a n y  t i m e s  g r ea t e r  t h a n  
t h e  l a rges t  c o l u m n  of p r i m a r y  sec re t ion  w h i c h  we h a v e  
eve r  obse rved ,  t h e  pe r fus ion  f luid could be  e x p e c t e d  to  
come  in to  c o n t a c f  n o t  on ly  w i t h  a reas  where  p r i m a r y  
sec re t ion  was  be ing  fo rmed  b u t  also w i t h  a reas  where  
r e - equ i l i b r a t i on  w i t h  p l a s m a  could t a k e  place.  T he  com- 
pos i t i on  of col lec ted  pe r fu sa t e  wou ld  t h u s  come  to  be  
i n t e r m e d i a t e  b e t w e e n  t h a t  of p r i m a r y  f luid a n d  serum.  

U n d e r  free-f low condi t ions ,  w h e n  no  unphys io log i ca l  
h i n d e r a n c e  to  f low of f luid a long  t he  t ubu l e s  would  
occur,  t h e r e  would  be  a c o n t i n u o u s  in f lux  of w a t e r  a n d  
e l ec t ro ly tes  in to  t h e  t ubu l e s  a n d  equ i l i b r i um  cond i t i ons  
would  n o t  develop.  W h e t h e r  t h i s  f luid mixes  w i t h  a 
sod ium- r i ch  re te  secre t ion  b y  e b b  a n d  flow, to  give r ise 
to  free-flow f luid  as we h a v e  p r e v i o u s l y  p o s t u l a t e d  x re- 
m a i n s  a n  open  ques t ion .  W h a t  t h e  p r e s e n t  e x p e r i m e n t s  
m a k e  c lear  is t h a t  t h e  semin i f e rous  t u b u l e s  do indeed  

secre te  a ' p r i m a r y '  f lu id  w h i c h  is r i che r  in  p o t a s s i u m  
a n d  p o o r e r  in  sod ium t h a n  f r ee - f low fluid,  t h e  sec re t ion  
w h i c h  n o r m a l l y  l ies in  t h e  u n d i s t u r b e d  tubu le .  W e  a re  
a t  p r e s e n t  a t t e m p t i n g  to  s t u d y  f o r m a t i o n  of p r i m a r y  
f luid f u r t h e r  b y  c o n t i n u o u s  mic rope r fus ion  in  v i t r o  of 
t u b u l e  s egmen t s .  

Zusammen[assung. Mit  Hi l fe  de r  <~stopped-flow~-Mikro- 
p e r f u s i o n s t e c h n i k  w u r d e n  a m  S a m e n k a n A l c h e n  E l e k t r o -  
l y t t r a n s p o r t p r o z e s s e  u n t e r s u c h t .  Es  wurde  ge funden ,  dass  
die K a n ~ l c h e n  e in  k a l i u m r e i c h e s  P r imi i r sek re t  b i lden.  
Dieses u n t e r s c h e i d e t  s ich in  se iner  Z u s a m m e n s e t z u n g  y o n  
dem Sekret ,  das  m a n  gew6hnl i ch  u n t e r  u n g e s t 6 r t e n  Fliess-  
b e d i n g u n g e n  f inde t .  
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'Compensatory'  Muscle Hypertrophy in the Rat 

Severa l  a u t h o r s  h a v e  desc r ibed  r a p i d  h y p e r t r o p h y  of 
musc le  fo l lowing t e n o t o m y  z or d e n e r v a t i o n  ~ of t h e i r  syn-  
ergists .  Since t h e  musc les  u n d e r g o i n g  h y p e r t r o p h y  could  
b e  e x p e c t e d  to  b e  u n d e r  a n  inc reased  f u n c t i o n a l  load,  
c o m p e n s a t o r y  h y p e r t r o p h y  seemed  a r e a s o n a b l e  t e rm .  
However ,  i t  h a s  r e c e n t l y  b e e n  p o i n t e d  o u t  3 t h a t  t h i s  
p a r t i c u l a r  t y p e  of h y p e r t r o p h y  is n o t  a p p a r e n t l y  d u e  to  
inc reased  musc le  ac t i v i t y ,  b u t  r a t h e r  to  pas s ive  m o v e -  
m e n t s  a n d  m e c h a n i c a l  t e n s i o n  of  t h e  h y p e r t r o p h y i n g  
musc les  due  to  t h e  ac t ion  of t h e i r  a n t a g o n i s t s .  T h e  p r e s e n t  
r e p o r t  was  i n t e n d e d  to  e luc ida te  f u r t h e r  t h e  fac to rs  w h i c h  
are  r e spons ib l e  for  t h i s  t y p e  of h y p e r t r o p h y .  

I n  t h e  1st  series of e x p e r i m e n t s  (I) t h e  tendon" of t h e  
g a s t r o c n e m i u s  musc le  in  120-150 g ma le  ~Vistar a lb ino  
r a t s  was  sec t ioned  u n d e r  e t h e r  a n a e s t h e s i a ;  a s ha  m opera -  
t i o n  was  p e r f o r m e d  o n  t h e  c o n t r a l a t e r a l  side. Soleus  
musc les  were  exc ised  3, 7, 14, 21 or  85 d a y s  a f t e r  t h e  
ope ra t ion ,  r espec t ive ly ,  we ighed  a n d  t h e n  dess ica ted .  T he  
m e a n  d r y  w e i g h t  of t h e  musc les  o n  t h e  o p e r a t e d  s ide was  
expressed  as  p e r c e n t a g e  of t h e  c o n t r a l a t e r a l  cont ro l .  

I n  t h e  2rid series  of e x p e r i m e n t s  ( I I )  t e n o t o m y  of t h e  
g a s t r o c n e m i u s  was  c o m b i n e d  w i t h  sec t ion  of t h e  pe ronea l  
n e r v e  w h i c h  suppl ies  t h e  a n t a g o n i s t i c  musc l e  group.  
T e n o t o m y  of t h e  g a s t r o c n e m i u s  was  c o m b i n e d  in  t h e  
3rd series of e x p e r i m e n t s  w i t h  whole  l i m b  dea f f e r en t a -  
t i o n  (III) b y  ips i l a t e ra l  sec t ion  of L 1 - -  S 1 dorsa l  roo t s  4. 

I n  t h e  4 t h  series of e x p e r i m e n t s  a n  a t t e m p t  was m a d e  
to  inc rease  musc le  h y p e r t r o p h y  b y  a n  a d d i t i o n a l  work  
load,  e i t h e r  s t a t i c  or  a c o m b i n a t i o n  of s t a t i c  a n d  d y n a m i c  
excercise  (IV). S t a t i c  t r a i n i n g  was ach i eved  b y  m a k i n g  
t h e  e x p e r i m e n t a l  a n i m a l  s t a n d  on  a s u s p e n d e d  wire  l a d d e r  
for 5 h a d a y  s t a r t i n g  on  t h e  d a y  a f t e r  t e n o t o m y ,  whi l e  
a n i m a l s  s u b j e c t e d  to  t h e  c o m b i n e d  t r a i n i n g  p r o g r a m m e  
p e r f o r m e d  85.5 h of s t a t i c  a n d  46 h of d y n a m i c  excercise 
b y  r u n n i n g  on  a t r ead-mi l l .  

T h e  m a x i m u m  ga in  in w e i g h t  in  t he  soleus musc les  
was  a t t a i n e d  7 days  a f t e r  t e n o t o m y  of t he  g a s t r o c n e m i u s  
(Figure  1, I).  The rea f t e r ,  t h e r e  was  a r e l a t i ve  loss  of 
w e i g h t  of t he  h y p e r t r o p h i e d  muscles ,  a l t h o u g h  t h e i r  

Induced by Tenotomy of Synergistic  Muscles 

w e i g h t  was st i l l  s ign i f i can t ly  h i g h e r  t h a n  t h a t  of con t ro l  
musc les  even  a f t e r  85 d a y s  (p < 0.001). T h e  in i t i a l  r a p i d  
ga in  in w e i g h t  is thus  t r a n s i e n t  in  cha rac t e r .  
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The time course and some factors affecting 'compensatory' 
muscle hypertrophy in the rat soleus after tenotomy of the gastro- 
cnemius muscle. Above: I. dry muscle weight expressed as per- 
centage of contralateral control (solid line), broken line indicates 
an analogous situation under additional static work load. Below: 
soleus muscle weight 7 days after tenotomy of the gastrocnemius 
and peroneal nerve section (II), limb deafferentation (III) and 
additional static work load (IV). Horizontal broken line represents 
soleus hypertrophy after 7 days (not combined with other proce- 
dures). Vertical bars denote standard error of the mean. 
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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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