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Difference  in the  s ens i t i v i ty  to Ca ion a m o n g  g lycer inated  ske le ta l ,  cardiac  and s m o o t h  m u s c l e s  
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Summary. G l y c e r i n a t e d  s m o o t h  m u s c l e  w a s  c o n t r a c t e d  a l m o s t  m a x i m a l l y  w i t h  15 m M  M g  a n d  5 m M  A T P ,  wh i l e  
e x t r a c t e d  s k e l e t a l  a n d  c a r d i a c  m u s c l e s  n e e d e d  Ca  i on  w i t h  15 m M  M g  a n d  5 m M  A T P  for  p r o d u c i n g  c o n t r a c t i o n .  

G l y c e r o l  e x t r a c t e d  s k e l e t a l  m u s c l e s  h a v e  b e e n  u s e d  as  a 
m o d e l  s y s t e m  for  t h e  s t u d y  of  c o n t r a c t i l e  p r o p e r t i e s <  
T h e r e  a r e  s o m e  i n v e s t i g a t i o n s  a b o u t  g l y c e r i n a t e d  s m o o t h  3 
a n d  c a r d i a c  m u s c l e s <  F i lo  e t  al. ~ r e p o r t e d  t h a t  M g  ion  
d e p e n d e n c e  in  t h e  g l y c e r i n a t e d  s m o o t h  m u s c l e  is h i g h e r  
t h a n  t h a t  in t h e  g l y c e r i n a t e d  s k e l e t a l  m u s c l e ,  i n s p i t e  of  
s i m i l a r  d e p e n d e n c e  on  Ca  ion.  E m b r y  et, al. 6 s h o w e d  t h a t  
t h e  s e n s i t i v i t y  to  Ca  ion  in t h e  c a r d i a c  m u s c l e  d i s a p p e a r e d  
a f t e r  g l y c e r o l  e x t r a c t i o n  for  m o r e  t h a n  12 weeks .  T h e  
Ca  ion  i n s e n s i t i v e  p r e p a r a t i o n  w a s  a lso  r e p o r t e d  in  t h e  
n a t u r a l  a c t o m y o s i n  ( m y o s i n  B) t a k e n  f r o m  a r t e r i a l  
s m o o t h  m u s c l e L  B o z l e r  s r e p o r t e d  t h a t  t h e  Ca ion  
i n s e n s i t i v e  c o n t r a c t i o n ,  w h i c h  w a s  p r o d u c e d  in  g l y c e r i n -  
a t e d  s t o m a c h  m u s c l e ,  c o u l d  n o t  be  e x p l a i n e d  as  con -  
t r a c t i o n  i n d u c e d  b y  a t r a c e  c o n t a m i n a t i o n  of Ca  i on  in  
t h e  s o l u t i o n .  I n  t h e  p r e s e n t  s t u d y ,  t h e  s e n s i t i v i t y  to  Ca  
i on  w a s  c o m p a r e d  a m o n g  g l y c e r i n a t e d  ske l e t a l ,  c a r d i a c  
a n d  s m o o t h  m u s c l e s .  
Materials and methods. S k e l e t a l  m u s c l e s  ( m u s c u l u s  
a d d u c t o r  m a g n u s )  a n d  c a r d i a c  m u s c l e s  ( v e n t r i c u l a r  
m y o c a r d i u m )  in  b o t h  r a t s  a n d  d o g s  w e l e  sp l i t  a l o n g  
f ib res .  I n t e s t i n a l  s m o o t h  m u s c l e s  in d o g s  we re  s e p a r a t e d  

to  l o n g i t u d i n a l  a n d  c i r c u l a r  m u s c l e s .  Al l  m u s c l e s ,  w h i c h  
w e r e  t i e d  t o  g l a s s  b a r s ,  w e r e  t r a n s f e r r e d  i n t o  2 m M  
MgC1,  a t  0~  for  30 m i n ,  a n d  i m m e r s e d  in  5 0 %  g l y c e r o l  
s o l u t i o n  c o n t a i n i n g  60 m M  KC1, 4 m M  MgC12 a n d  15 m M  
T r i s - H C l  ( p H  6.8) a t  0~  o v e r n i g h t .  T h e n  t h e  g l y c e r o l  
s o l u t i o n  w a s  r e f r e s h e d  a n d  t h e  m u s c l e s  were  e x t r a c t e d  
u n d e r  --  20~  for  6 d a y s .  A f t e r  6 d a y s ,  t h e  m u s c l e s  w e r e  
w a s h e d  t h o r o u g h l y  w i t h  t h e  b a t h  m e d i u m  b u f f e r  s o l u t i o n  
a n d  u s e d  in  t h e  e x p e r i m e n t s .  CaCL, a n d  MgCI~ u s e d  in t h e  
p r e s e n t  e x p e r i m e n t  we re  d i s s o l v e d  in t h e  b a t h  m e d i u m  
b u f f e r  s o l u t i o n .  A T P  w a s  n e u t r a l i z e d  t o  p H  6.8 w i t h  K O H .  
T h e  c o n c e n t r a t i o n  of  f ree  Ca  i o n s  w a s  o b t a i n e d  b y  u s i n g  a n  
E G T A - C a E G T A  b u f f e r  s y s t e m %  D o u b l e  d i s t i l l ed  w a t e r  
w a s  u s e d  t h r o u g h o u t  t h e  w h o l e  p r o c e d u r e .  T e n s i o n  
d e v e l o p m e n t  w a s  r e c o r d e d  i s o m e t r i c a l l y  t h r o u g h  a F D  
p i c k - u p  a n d  a c a r r i e r  a m p l i f i e r  ( N i h o n  K o h d e n ) .  
Results and discussion. T y p i c a l  r e s p o n s e s  of  g l y c e r i n a t e d  
r a t  m u s c l e s  to  15 m M  MgC12, 5 m M  A T P  a n d  3 • 10 .6 M 
Ca  ion  we re  s h o w n  in  t h e  f i gu re .  W h e n  Ca  ion  w a s  a d d e d  
a f t e r  M g  a n d  A T P ,  s k e l e t a l  m u s c l e s  c o n t r a c t e d  r a p i d l y .  
A T P  a f t e r  M g  p r o d u c e d  a s l ow  c o n t r a c t i o n  in t h e  c a r d i a c  
m u s c l e s .  T h e  a d d i t i o n  of  Ca  p r o d u c e d  a r a p i d  c o n t r a c t i o n  
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Typical responses of glycerinated rat muscles to Mg ion, ATP and 
Ca ion. Bath medium: 80 mM KC1, 4 mM EGTA and 20 mM Tris- 
maleate (pH 6.8): Bath volume: adjusted to 5 ml. Bath stirred using 
magnetic stirrer, and kept at 27 ~ ATP and MgCle in final concen- 
tration of 5 mM and 15 mM respectively added to bath medium. 
Ca ++ concentration 3 • 10 -s M, adjusted using EGTA-CaEGTA buf- 
fer system. Experiments performed with adding 100 [xl of these 
solutions to bath medium. 

Ca ion dependence of glycerinated muscles 

Ca Tension (g/cm 2) response in Ca (--) 
% of 

response in Ca (+)  

A Rat muscle 

Skeletal muscle -- 5.4 + 1.89 (7) 2.2 4- 0.68 
+ 285.9 j= 56.82 (7) 

Cardiac muscle --  38.3 4- 6.16 (7) 37.2 4- 4.20* 
+ 103.8 J- 13.33 (7) 

Smooth muscle 
Duodenmn -- 6.0 ! 1.30 (9) 75.1 4- 5.47*,** 

+ 7.8 4- 1.40 (9) 
Colon --  4.5 4- 1.02 (9) 68.2 4- 8.53*,** 

+ 6.5 4- 1.32 (9) 
Vas deferens -- 4,9 4- 2.82 (5) 89.3 4- 5.15",** 

+ 5.2 4- 2.76 (5) 

B Dog nmscle 

Skeletal muscle -- 5.9 4- 2.11 (6) 1.3 -1- 0.45 
+ 416.8 :J= 44.13 (6) 

Cardiac muscle -- 33.7 • 7.58 (6) 52.4 4- 6.61" 
+ 62.9 4- 8.38 (6) 

Intestinal smooth muscle 
Longitudinal --  62.4 • 14.35 (5) 92.6 -t- 2.95",** 

+ 66.5 -L 14.14 (5) 
Circular --  30.6 • 13.66 (5) 89.6 4- 5.04*,** 

+ 34.0 ~2 7.39 (5) 

Bath medium: 80 mM KC1, 20 mM Tris, 4 mM EGTA, pH 6.8 with 
maleate. ATP and MgCle in final concentration of 5 mM and 15 mM 
respectively added to bath medium. Ca ++ concentration adjusted 
using EGTA-CaEGTA buffer system. Ca( - - ) :<10  -8 M, Ca(+) :  
3 • 10 .8 M. Diameter of bundles of glycerinated fibres used: skeletal 
or cardiac muscles, 0.5 mm:  duodenum, colon or vas deferens in rat, 
1 mm:  intestinal smooth muscles in dog, 0.8 mm. Crosssectional 
area of muscles was estimated by dividing weight of muscles by 
length, density taken as 1 g/cm 3. Data shown as mean 4- SE (number 
of experiments). Differences between skeletal and other muscles 
statistically significant (*p<0.01), and differences between cardiac 
and smooth muscles also statistically significant (**p<0.01). 
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in the  cardiac muscles.  In  the  smoo th  muscles,  however ,  
A T P  af ter  Mg p roduced  a lmos t  m a x i m u m  con t rac t ion  
and  addi t ion  of Ca p roduced  a l i t t le cont rac t ion ,  d i f ferent  
f rom skeletal  and cardiac  muscles. No more  con t rac t ion  
was observed  by  fu r ther  addi t ion  of Ca in all p repara t ions .  
F u r t h e r  add i t ion  of E G T A  did no t  relax the  smo o t h  
muscle,  b u t  gradual ly  re laxed cardiac and  skeletal  
muscles. These resul ts  are summar ized  in the  table,  A. 
Tension deve lopmen t  of g lycer ina ted  smoo th  muscles  
was m u c h  weaker  t h a n  t h a t  of g lycer ina ted  skeletal  
muscles.  The ra t io  of the  response in the  absence of Ca 
(probably  lower t h a n  10 -s M of Ca ion) to  the  response  
in 3 • 10 -B M Ca ion were 2.2% and 37.2% for the  skeletal  
and cardiac muscles respect ively .  The f inding indica ted  
t h a t  g lycer ina ted  cardiac muscles par t ia l ly  con t r ac t ed  
wi thou t  exogenous Ca ion. The values of g lycer ina ted  
smoo th  muscles in ra t s  were s ignif icant ly  higher  t h a n  
those of skeletal  or cardiac muscles. The sens i t iv i ty  to 
Ca ion among  glycer ina ted  skeletal,  cardiac and smoo th  
muscles  in dogs (table, B) was similar to t h a t  in rats.  
The role of Ca ion in the  contract i le  sys tem of skeletal  
muscle was expla ined  by  Ebash i  1~ Binding  of Ca ion 
to t ropon in  removed  the  inhib i t ion  of t ropon in - t ropo-  
myos in  to actin,  so t h a t  act in  f i lament  in te rac ted  wi th  
myos in  f i l ament  and a con t rac t ion  produced.  A similar 
mechn i sm have  been  assumed to exist  in cardiac and 

s mo o t h  muscles  n.  Recent ly ,  i t  was  r epor ted  t h a t  the  
regula t ion of the  con t rac t ion  via  Ca ion was d i f ferent  in 
skeletal  and  in s mo o t h  muscles 12-~s. U n d e r  the  condi t ions  
used in the  p resen t  exper iment ,  there  are a t  least  quant i -  
t a t i ve  differences wi th  respec t  to  in i t ia t ing  con t rac t ion  
in the  skeletal ,  cardiac  and s mo o t h  muscles,  respect ively.  
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E n d o l y m p h a t i c  l e a k a g e  in  c a s e  of a c u te  l o s s  of c o c h l e a r  m i c r o p h o n i c s l  
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Summary. Rapid  loss of cochlear  microphonics  in guinea-pigs previous ly  exposed to h igh-energy  impulse  noise was 
shown to be re la ted  to the  b reakdown  of the  endo lympha t i c  boundary .  The cochlear  duc t  was rendered  leaky by  
de ter iora t ion  of the  ret icular  membrane ,  and damage  of sensory and suppor t ing  cells. 

Cochlear microphonics  are considered indicat ive  of the  
ac t iv i ty  of cochlear  sensory  cells 2. Accordingly,  loss of 
cochlear  microphonics  (CM) following acoustic  t r a u m a  
was expec ted  to paral lel  cellular damage  at  least  in the  
basal  t u rn  of the  cochlea. L ight  microscopic f indings of 
less t h a n  20% damaged  hair  cells are at  var iance  wi th  
the  a lmost  80% decrease of CM in guinea-pigs exposed  
to single impulses 2 h pr ior  to sacrifice 3. In  the  p re sen t  
paper  we repor t  on t racer  s tudies  provid ing  evidence of 
the  rapid  b reakdown  of the  endo lympha t i c  barr ier  which  
is t h o u g h t  to impai r  hai r  cell funct ion.  
Material and methods. Anaes the t i sed  young guinea-pigs 
subjec ted  to  resect ion of the  t ympan i c  bulla  were indi-  
vidual ly  exposed to 10 successive impulses of 164 dB S P L  
for 0.1 msec each p roduced  by  a spark-noise  genera tor  
(built a t  tile Zen t r a lwerks t a t t  fiir Forschung  und  E n t -  
wicklung des Bereichs Medizin, F S U  Jena).  Previous  to 
and immedia te ly  af ter  impulse exposure  CM were t aken  
f rom the  round  window at  f requencies  f rom 500 to 10,000 
Hz. A b o u t  40-50 min af ter  exposure  to impulse  noise, 
pe r i lympha t i c  perfus ion wi th  6% horseradish  peroxidase-  
Ringer  p H  7.6 commenced  for a per iod of 8 rain. Fol-  

lowing a 2-min rinse wi th  Ringer-solut ion,  the  phospha te -  
buffered 2% glutaraldehyde-l .5~ fo rma ldehyde  f ixat ive  
was insti l led for 30 min,  and  af ter  removal  the  cochlea 
was f ixed for ano the r  180 rain. Over -n igh t  the  cochlea 
was incuba ted  in p h o s p h a t e  buffer  a t  4~ Segments  of 
the  cochlear  duc t  were micro-d issec ted  free f rom the  
modiolus and,  w i t h o u t  removing  the  spiral  l igament ,  the  
s t r ia  vascular is  or Reissner ' s  membrane ,  the  specimens  
were subjec ted  to the  DAB-reac t ion  for de tec t ion  of 
peroxidase  (for details,  Geyer4). Af ter  comple t ion  of the  
h is tochemica l  procedure ,  the  t issue was d e h y d r a t e d  and 
emb ed d ed  in Durcupan .  
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Mean amplitudes of cochlear microphonics registered from 11 guinea-pigs innnediately following the exposure to 10 impulses of 164 dB SPL 

Frequency (Hz) 500 1000 2000 3150 5000 8000 10,000 

CM amplitude as % of the mean 
value previous to noise exposure 
~- SD 68 i 2.7 70 • 3.6 69 -4- 4.0 67 =~ 3.3 64 i 2.5 62 =t- 3.0 64 -4- 4.1 

According to the t-test, the amplitudes of CM before and after noise exposure differ froln each other by a level of significance better than 1%. 


