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SUMMARY 

Under appropriate conditions it is possible to show that, during the incubation of 
muscle microsomes with ATP, a soluble dialyzable substance is found which is capable 
of inhibiting tension generation in glycerinated muscle fibers. A hypothesis has thus 
been made that the muscle-relaxing activity of MARSH extract is achieved through 
the formation of this substance. A number of conditions have been found, however, 
where the microsomes were active, but no soluble substance could be demonstrated. 
The conditions most favorable for forming the soluble muscle-relaxing substance have 
been investigated and some preliminary characterization of it has been achieved. 
Evidence is presented which suggests ~hat ATP is a substrate for the formation of 
the substance. 

INTRODUCTION 

Although the muscle-relaxing activity of extracts of muscle I is associated with the 
microsomal fraction of the extract 2 ~, some doubt exists as to whether the microsomes 
per se produce relaxation. Both LORAXI) 6 and WEBER 7 have noted that the size of 
the microsomes would preclude their penetration into a glycerinated muscle fiber and 
consequently an essential area of the fiber would be beyond the action of the micro- 
some. It thus becomes necessary to postulate that the microsomes produce relaxation 
by forming or releasing some readily diffusible substance. The observations that 
inhibition of tension s and inhibition of myofibrillar ATP-ase 9,1° is preceded by a 
latency which is abolished by preincubation suggests that such a substance is indeed 
formed, or released, or both. Attempts by NAGAI et al. 1° to demonstrate the presence 
of such a substance, however, met with failure. 

Abbreviat ions  used: ATP, adenosinetr iphosphate ;  CP, creatine phospha te ;  CPT, creatine 
phosphoryl t ransferase ;  CTP, cytidine t r iphosphate ;  SMRS, soluble musele-relaxing system. 
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The present  repor t  shows tha t  a d ia lyzable  substance is formed o r  released by  
the in terac t ion  of ATP  and ei ther  skeletal  or cardiac  muscle microsomes. This sub- 
stance,  like the Marsh ex t rac t ,  inhibi ts  the tension induced bv  ATP in single glycer-  
ina ted  rabb i t  psoas muscle. PARK~:R aNl) (,ERt;EI,Y u have briefly repor ted  a s imilar  
subs tance  capable  of inhibi t ing  myofibr i l lar  ATP-ase.  Evidence  is also presented  
which indicates  tha t  this subs tance  is synthes ized during the microsome-ATP incu- 
ba t ion  and not  mere ly  released. 

METH()I)S 

M u s c l e  microsomes were p repared  from rabbi t  skeletal  muscle and clog cardiac  nmscle 
b y  differential  centr i fugat ion.  The ex t rac t  to be centr i fuged was oh ta ined  by  homo- 
genizing chilled muscle in a War ing  b lendor  for 4 ° sec with 3 volumes of a salt-- 
sucrose solut ion (7 ° m M  KC1, 2 m M  Mg('12, 2o m M  Tris, 2. 5 m M  K-oxala te ,  2o % 
sucrose). Brief periods of homogeniza t ion  are essential  when cardiac  muscle is being 
used ~. The homogena te  was centr i fuged for 25 rain at  I LOOO ii g and the sediment  
discarded.  The muscle microsomes were then ob ta ined  by  centr i fuging the supe rna t an t  
for I h at  4o,0oo X g. The microsoines were resuspended in cold salt- sucrose solution 
so tha t  I lnl conta ined  microsomal  mater ia l  from 2.5 g muscle. Resuspension using 
a Po t t e r -E lveh j em homogenizer  was necessary in order  to obta in  consis tent ly  active 
prepara t ions .  

Muscle-relaxing ac t i v i t y  was assayed by  its capac i ty  to inhibi t  cont rac t ion  in 
single g lycer ina ted  r abb i t  psoas fibers ex t r ac t ed  for more than 9o davs  in 5 ° o~, 

glycerol  at  - - I 8  ° (see ref. I3). Contrac t ion  was induced with a solution of 5 m M  ATP, 
2 m M  MgC12, 7 ° m M  KC1, 20 m M  Tris, 2. 5 m M  K-oxala te ,  called the contrac t ion  
solution. Exper imen t s  with g lycer ina ted  fibers were performed at  p H  7 and room 
tempera tu re ,  a t  a fiber length of ioo  ~'o rest length. 

Prote in  was de te rmined  bv  the method  of LOWRY el al. ~*. 

RESUI.TS 

Fig. i shows the influence of incubat ion  on the rate  a t  which microsomes cause 
re laxat ion.  Microsomes were added  to cont rac t ion  solution (see .~.IETHODS) ei ther  iln- 
media te ly  or 48 min before re laxing ac t iv i ty  of the incubat ion mix ture  (i.e. cont rac t ion  

Z 
o 0 
03 
z 20 
l-- 
z 4 0  

oN 60 
< 

~: 8o 

~' '~  ~ : ~ ' ~  ~'~.~, MICROSOMES 

~ MICROSOMES INCUBATED 48 MIN "0--.-_0..... o 

2 4 6 8 I0 12 14 16 

T I M E  

Fig .  I .  I n f l u e n c e  of p r e i n c u b a t i o n  of m u s c l e  m i c r o s o m e s  on  t h e i r  r e l a x i n g  a c t i v i t y .  The  c u r v e s  
d e p i c t  t h e  t i m e  cou r se  of fa l l  in  t e n s i o n  of a c o n t r a c t e d  f iber  f o l l owing  t he  a d d i t i o n  of m i c r o s o m e s  
or  p r e i n c u b a t e d  m i c r o s o m e s .  The  m u s c l e  f ibers  h a d  b e e n  e x t r a c t e d  for m o r e  t h a n  6 m o n t h s .  ATP,  
5 r a M ;  Mg, 2 m3I; /z = o .16;  r o o m  t e m p e r a t u r e ;  m i c r o s o m e s ,  3 5 / * g  p r o t e m / i n l  c o n t r a c t i o n  

s o l u t i o n .  F o r  o t h e r  d e t a i l s  see t e x t .  
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solution and microsomes) was to be tested. The intervals  of t ime (o and 48 rain) and 
the concentra t ion of granules used (35/xg protein/ml contract ion solution) in this 
experiment  were chosen arbi t rar i ly  to demonstra te  most clearly the difference 

z 
o O~ 

,,, zol 

z 4o ~ 
LIJ 

60" 
uJ 
[12 
o 80" hi  

MICROSOMES 
[I INCUBATED MICROSOMES 

~ ", SOLUBLE MRS 

z o 
O 

z 20 hi 

z 4 0  

~ 6 0  

Nso 
o 
LaJ 
if3 

~t; ; MICROSOMES 
[J INCUBATED MICROSOMES 

SOLUBLE MRS 

i 2 3 4 5 6 o-.2 I 2 3 4 5 6 
TIME (MINUTES)  TIME (MINUTES)  

Fig. 2. Comparison of the tension-inhibiting activity of microsomes, incubated nlicrosolnes and 
SMRS. 2a shows such a comparison for microsomes prepared from rabbit skeletal muscle. The 
SMRS was prepared by centrifuging the incubation mixture for 1 h at lo4,ooo X g. 2b shows a 
sindlar experiment using microsomes prepared from dog myocardium. Incubation period was 
3 ° min. Microsomes; 2a 38o/*g protein/ml contraction sohltion. 2b, i. l mg proteii~/ml contraction 

solution. Conditions otherwise as in Fig. i. 

resulting from incubat ion.  When a large amoun t  of microsomes was employed the 
difference between incubated  and non- incuba ted  systems was much less striking 
(see Fig. 2a, 2b). The results shown in Fig. x confirm tha t  a noticeable period exists 
before the microsomes become fully active and tha t  this lag period disappears if the 
microsomes are preincubated.  In  most experiments  the incubated  and non- incubated  
microsomes eventual ly  produced about  the same degree of relaxation, suggesting tha t  
the material  responsible for relaxation is being formed during the incubation.  

A sohtble "musch'-relaxilzg system (SMRS)  

If the incubat ion  mixture  described above, i.e. microsomes and contract ion 
solution, was subjected to high speed ceutr ifugation (104,000 >~ g for I h) to remove 
the microsomes, relaxing act ivi ty  was still found in the superna tant .  This superna tan t  
will be referred to as the soluble muscle-relaxing system. Fig. 2a and 2b show the 
results of experiments  conducted with rabbi t  skeletal muscle microsomes (Fig. 2a) 
or with dog cardiac microsomes (Fig. 21)), in which the act ivi ty  of the SMRS is com- 
pared to that  of incubated and non- incubated  microsomal contract ion solution mix- 
ture. Usual ly the SMRS did not  produce as much relaxation as the non-sedimentcd 
incubat ion  mixture.  The relaxation produced by the SMRS was fully reversed by 
ad, tition of calcium chloride. 

Conditions favoring the formation of S M R S  

I t  has never been possible to predict in advance the period of incubat ion or 
the amoun t  of microsomes which would produce a maximal ly  active SMRS. With  
each preparat ion of microsomes and even with the same preparat ion on different days 
the optimal incubat ion  period and microsamal concentra t ion varied. Table I is a 
summary  of our experience to date. Both the average amoun t  and the range of 
relaxing act ivi ty  we observed after various incubat ion  periods with various amounts  
of microsomes are shown in the table. Two points seem indicated:  (a) within the 
range of concentrat ions at which microsomes are effective, the degree of inhibi t ion of 
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tension is independent  of the amoun t  of microsomal material  used ; (b) the microsome- 
ATP mixture  becomes fully active (e.g. 6 min) before the SMRS becomes fully actiw,. 

Fig. 3 shows in one series of experiments  how the period of incubat ion  influenced 
t l>  formation of the SMRS. After 5 min of incubat ion  only slight ac t iv i ty  in the 
SMRS could be demonstrated.  After Io min the act ivi ty  in this fraction was increased 
and by  2o min was maximal.  Incuba t ion  for 60 rain produced no further increment  
in activity.  The 5-rain incubat ion  demonst ra ted  again an interval  of t ime when the 
microsome-contract ion solution mixture  was fully active and yet the act ivi ty  of the 
soluble component  of the system was low. 

INCUBATED 5 M I N  INCUBATED I0 MIN  

2o - - 4 X - - - ~  "&  . . . . . . .  "~ ,,=, 20 
,- . . . . .  ,~ . . . . . . . . .  Z~ 

40 _z 40 

60 ~ 60 

Bo , °,  B°I, , o, 

, ~ ~ ~ 5 I 2 3 4 5 6 
'TIME ( MINUTES} TIME (MINUTES) 

INCUBATED 20 M[N tNCUBATED 60  MIN  

a z 2 0  20 

z 4 0  z_ 4 0  

60 ~ 60 
. . . . . .  A . . . . . . . .  ~ # - ---z2x- . . . . . . .  2~ . . . . . . .  -& 

I 2 3 4 5 6 I 2 3 4 5 6 
TINE (MINUTES) TIME (MINUTES) 

Fig:. 3. Comparison of the tension-inhibiting activities of SMRS and microsomes after various 
peliods of incubation. O O, time course decrease in tension in the incubation mixture; A-- / 'x ,  
time course decrease in tension in the soluble MRS prepared from the corresponding incubation 
mixture. Microsomes 35o Hg protein/ml contraction solution. Conditions otherwise as in Fig. 1. 

The influence of ATP concentra t ion on the relaxing act ivi ty  of tile SMRS has 
l)e~m investigated.  Direct comparisons of relaxing activities using o.5, I and 5 m M  
ATP were performed in the presence of 5 m M  CP and CPT (4oo/xg:ml). The trans-  
phosphorylat ing system was added to overcome ATP diffusion difficulties and the 
depressFm of ATP concentrat ion by  microsomal ATP-ase. Although the microsome 
preparat ions produced relaxation at o. 5 and  I m M  ATP no relaxing act ivi ty  could 
be demonst ra ted  in the SMRS. With  one group of muscle fibers the cofactor described 
by BRIC;GS et al. ~" was required to produce relaxation at both 0.5 and i m M  ATP, 
bu t  not at 5 m M  ATP. The same microsome preparat ion when assayed on glyccrinated 
fibers from another  rabbi t  did not  require cofactor. Since at 5 m M  ATP the cofactor 
was not essential for the biosynthesis of active SMRS, it was not  used in the preceding 
experiments.  Such a use would have unnecessari ly complicated the in terpre ta t ion of 
the reaction leading to the formation of the active SMRS. The observat ion tha t  the 
colactor is required with some fibers and not with others, suggests that  the fiber 
might  be the site of action of the SMRS. Such a site has previously been suggested 
by WEBER v. 

JHoctaim. BioJhys. Acta, 42 (I90o) 519 527 
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S M R 5  coucentration-:~ctivitv relationships 

A to ta l  of 12 exper iments  were run to de te rmine  the effect of d i lu t ing SMR% 
on its ac t iv i ty .  Fig. 4 shows tha t  for each 5o % diht t ion there was approx,  a 29% 
decrease in ac t iv i ty .  The log of ac t iv i ty  appears  to be d i rec t ly  re la ted to the concen- 
t ra t ion.  The slope of this curve is very  no t iceab ly  different from tha t  re lat ing the 
re laxing ac t iv i ty  of muscle microsomes to their  concentra t ion  t:'. Once an effectiw: 
concent ra t ion  of microsomes is reached, max imal  re laxat%n is rap id ly  achieved.  

6 0  

5 0  

40  

3o 
7 "  

h i  

,,% 20 
n*  
o 
t ~  
c~  

0.5 0.25 0J25 
RELATIVE CONCENTRATION 

Fig .  4. C o n c e n t r a t i o n - a c t i v i t y  r e l a t i o n s h i p .  T h e  c o n c e n t r a t i / m  of  t h e  S M R S  a s  p r e p a r e d  b y  
c e n t r i f u g a t i o n  o f  t h e  i n c u b a t i o n  m i x t u r e  of  n l i c r o s o m e s  a n d  A T P  is t a k e n  a x ' b i t r a r i l y  a s  i .  A f t e r  
e a c h  s u c c e s s i v e  e q u a l  d i h l t i o n  ~ i t h  c o n t r a c t i o n  s o l u t i o n  t h e  c o n c e n t r a t i o n  of  S M R S  is t a k e n  t o  
b e  o .5 ,  o .25  a i m  o .125 .  F o u r  d e t e r m i n a t i o n s  of  t h e  p e r  c e n t  d e c r e a s e  in  t e n s i o n  w e r e  m a d e  a t  

e a c h  c o n c e n t r a t i o n .  T h r e e  d i f l e r e n t  p r e p a r a t i o n s  of  m i c r o s o m e s  w e r e  use/1. 

The sttbslrale for the formc~lion ({[ lhc relaxing age~tl in the £ 'MRS 

Some pre l iminary  studies have been carr ied  out  in an a t t e m p t  to establisll  
whether  the  nficrosomes p lay  a pure ly  ca ta ly t i c  role in the format ion  of the relaxing 
agent ,  and,  in addi t ion,  furnish subs t ra te  for i ts formation,  or whether  they  increlv 
release a preformed re laxing agent.  This quest ion was tes ted by de te rmining  whether  
the microsomes could be used repea ted ly  to form an effective SMRS. If they  furnish 
subst ra tc ,  their  ab i l i ty  to forln the SMRS should be decreased on a second or th i rd  
incubat ion.  NaGai  el alJ ° have carr ied out  s imilar  exper iments  in which they  tes ted  
the ATt  asc- inhibi t ing ac t iv i ty  of microsomes af ter  they  had been repea ted ly  sus- 
pended  in ATP. They  found tha t  af ter  three such resuspelasions the. mierosomcs had 

T A B L E  I1 

C A P A C I T Y  O F  M U S C L E  M I C R O S O M E S  T O  F O R M  S M R S  oN S U C C E S S I V E  R F I N C U B A T I O N S  

T h e  p e r  c e n t  d e c r e a s e  in  t e n s i o n  r e p o r t e d  is t h e  m a x i m a l  v a l u e .  T h e  m i c r o s o m e s  were  i n c u b a t e d  
in  c o n t r a c t i o n  s o l u t i o n  fo r  3 ° r a i n  a n d  c e n t r i f u g e d  fo r  6o m i n  a t  l o 4 , o o o  "/ ~ C o n d i t i o n s  fo r  

m e a s u r i n g  p e r  c e n t  d e c r e a s e  in t m i s i o n  u e r e  a s  d e s c r i b e d  in  F ig .  I.  

S M R S  S M R S  S M R 5  Incub a h o n  mi t lu rc  
Expt .  r 2 3 

% tit:tease in tenslcm % decrease in tension % decrease in tension % decrease in tenszon 

i 65 62 68 - 

2 76 47  39 38 
3 63 58 47 41 

B i o c l d m .  l ~ i o p h y s . . ' 1 e t a ,  42 (196o) 519  5 2 7  
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lost none of their capaci ty to inhibi t  ATP-ase. Table I I  shows that  the capacity of 
the microsomes to form SMRS similarly was not  significantly depressed when they 

werereused a second or third time. I t  was surprising, tha t  considering the labi l i ty of 
the microsomes, there was not  a greater loss in activity.  

Prel iminary  characterization of the soluble muscle relaxing agent 

Dialysis:  The relaxing act ivi ty  of the SMRS was found to be dialvzable. One 
volume of extract ion solution was put  into cellophane dialysis tub ing  and dialyzed 
against  IO volumes of SMRS. Dialysis was carried out for 16 h at 3 °. The tension- 
inhibi t ing act ivi ty  of the SMRS before dialysis, after dialysis, and the ac t iv i ty  of 
the dialysate are shown in Table I I I .  Wi th  bu t  one exception, a great deal of act ivi ty  
was lost during the dialysis procedure. When the dialysate was compared to the 
dialyzed solution, however, the dialysate contained,  with one exception, nearly com- 
parable activity.  Most impor tant ,  ac t iv i ty  did cross the dialyzing membrane.  

TABLE l lI  

DIALYSIS OF SMRS 

Each column shows the per cent decrease in tension observed with the given SMRS. The control 
shows the activity before dialysis. The dialysate shows the activity of the SMRS within the 
dialysis tubing. The dialyzed solution shows the activity of the solution being dialyzed after 

dialysis. 

Control Dmlyzed solution D~lysate 

46 ~5 18 
45 28 II 
4 ° 46 4 ° 
3 8 27 2: 

Stability to heat and p H :  Table IV shows the results of a series of experiments  
designed to test the influence of pH on the s tabi l i ty  of the SMRS. When  the SMRS 
w~s brought  to pH 1.5 or I I  for I tl at o °, most of the tension- inhibi t ing act ivi ty  
was destroyed, and less deviat ion from neut ra l i ty  resulted in less loss of activity.  
Heat ing at pH 7.0 was very deleterious; e.g. heat ing at 7 °° for 5 rain resulted ira 
about  5 o %  loss of act ivi ty  and heat ing at 7 °o for IO rain resulted in mor,' than  
80 % loss of activity.  The SMRS proved to be reasonably stable at room temperature.  
Act iv i ty  was not measurably  decreased in 2 h, the longest interval  studied to date. 

The relaxing act ivi ty  in the SMRS is adsorbed bv charcoal at pH 7.o. It  is not 

TABLE IX,: 

STABILITY OF SMRS AT VARIOUS pH 

The columns show the per cent decrease in tension produced by the SMRS before aml after 
exposure to the indicated plI for I h at o ~. 

Control pH L5 Contr~ pH 3.0 Control pH 4.5 Control pH o Control pH lo Control pH g 

46 7 42 37 7 ° 29 42 24 78 18 60 S 
49 II 6I 30 43 42 61 4 ° 5o 13 49 18 

50 22 55 35 
38 25 
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its readily adsorbed, however, as ATP is. This characteristic has on occasion been 
successfully applied to the separation of ATP from the mixture. 

1 ) I,'4( 'l.'>:,S I ( IN 

The isolation 1)y centrifugation of a dialvzablc agent capable of inhibiting tension 
generation suggests the hypothesis that  the function of the microsome in the muscle- 
relaxing system is not to cause relaxation directly, but  to synthesize some agent which 
then produces relaxation. The time required to biosynthesize such an agent is thus 
very likely the cause of the delay observed before obtaining full inhibitory effects 
upon the addition of microsomes. The fact that  the compound is dialyzable, means 
flint it could diffuse readily into the glycerinated muscle preparation, a point against 
the view that  the microsoine is the actual relaxing agent. 

The inability to demonstrate  active SMRS under all conditions in which the 
microsomes are effective, e.,/. low ATP concentrations (o. 5 and I .o  l /a:l l)  and brief 
periods of incubation at higher ATP concentrations (5 raM), raises some questions 
aboutil this hypothesis. No certain explanation of the difticultv seems apparent  at 
the moment .  The inability to demonstrate  the relaxing agent at low ATP concen- 
tration may  in part  be a reflection of the decreased relaxing ability of the microsomes 
at these concentrations of A'I'P *a and the decreased amounts  of relaxing factor that  
this represents. Even under apparent ly  optimal conditions the success of tweparing 
the ' re laxing agent was unpredictable. ()l)viously there are factors of still unknown 
significance playing a role in the system. 

W E B E R  7, in!his:discussion of the role of the microsomes in the relaxing mechanism, 
suggests two possibilities, either a relaxing agent is biosynthesized by the microsomes 
or the microsomes release a preformed agent to the myofibril. He suggests that  
perhat)s ATP serves as a carrier in the system, since its presence is clearly requisite. 
This same explanation could be at)plied to the results obtained by preincubation and 
centrifugation. Certain observations scem to suggest tha t  a preexisting relaxing agent 
in the microsome is unlikely. If such an agent did indeed exist, it should be possible 
by  SOlTle 1Tleans to release it from the microsome. Such techniques as freezing and 
thawing, sonication and t rea tment  with organic solvents 1~ have failed to produce any 
evidence of such a substance. Furthermore,  the specificity of the relaxing system 
for ATP or CTP (see ref. I7), no other trinucleotide being effective, suggests a bio- 
chemical reaction rather  than merely the release of a preexisting agent. The differing 
slopes relating tension-inhibiting act ivi ty to concentration of microsomes or SMI¢S 
suggest that  the $5'II{S is of a diflerent composition and hence lnust be formed during 
incubation. 

The nature of the 1)iosvnthetic reaction leatling to the fornaation of the e txin.< 
agent remains to be elucidated. The experiments carried out so far add some i n l o f  
mation on this point. The following facts seem pert inent:  

i. Only ATP and CTP of many  nucleotides investigated are capable of producing 
relaxation ~v. 

2. The amount  of microsomes used to form SMRS in the experiments reported 
above did not prove significantly related to the activi ty of the SMRS obtained. The 
capaci ty  to form the SMRS was, however, related to ATP concentration. NA~;:\I v'; 
has presented contrary ex'idence, however, suggesting that  a quant i ta t ive  relationship 
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ex is t s  for t he  a m o u n t  of m ic ro somes  needed  to re lax  a g iven  a m o u n t  of myof ibr i l s .  

3. On  success ive  i n c u b a t i o n s  of m ic ro somes  w i t h  A T P  the  mic ro somes  succes-  

s ive ly  fo rm the  ac t i ve  agent .  I f  the  m i c r o s o m e s  are  d o n a t i n g  a s u b s t a n c e  to th is  

r eac t ion  no s igni f icant  loss in th is  c a p a c i t y  was  o b s e r v e d  w h e n  the  mic rosomes  had  

been used  for th ree  success ive  incuba t ions .  

These  d a t a  sugges t  t h a t  the  A T P  and,  by  ana logy  p r e s u m a b l y  CTP,  func t ion  as 
one of the  subs t r a t e s  for t he  f o r m a t i o n  of the  ac t i ve  r e l ax ing  agent .  W h e t h e r  or  no t  

t he  mic ro somes  also c o n t r i b u t e  s u b s t r a t e  seems difficult  to decide.  

I t  is qu i t e  possible  t h a t  A T P  also func t ions  as the  ene rgy  source  for the  bio- 

s y n t h e t i c  reac t ion .  EBASH118 hg~s a t t e m p t e d  to d iscover ,  for example ,  w h e t h e r  t he  

r e l ax ing  a c t i v i t y  of m ic ro somes  cou ld  be d i ssoc ia ted  f rom the i r  A T P - a s e  ac t iv i ty .  

He  found  tha t ,  in all cases in which  the  A T P - a s e  h a d  been  des t royed ,  the  r e l ax ing  

func t ion  h a d  been  lost.  He  d id  find some  s i tua t ions  in which  the  r e l ax ing  func t ion  

was  lost ,  b u t  no t  t he  A T P - a s e ;  he n e v e r  found  the  conve r se  to be  true.  

I f  A T P  serves  a s u b s t r a t e  func t ion  in t he  f o r m a t i o n  of the  r e l ax ing  agent ,  this  

has  some i m p o r t a n t  imp l i ca t i ons  for the  o b s e r v a t i o n  m a d e  by  HASSELBACH AND 

WFBER 19 t h a t  r e l ax ing  fac to r  shif ts  the  region of o v e r - o p t i m a l  A T P  c o n c e n t r a t i o n s  

to  lower  concen t r a t i ons .  Th is  s t a t e m e n t  has  h a d  a ce r ta in  mechan i s t i c  chal lenge.  

H o w e v e r ,  if low A T P  c o n c e n t r a t i o n  will no t  s u p p o r t  the  syn thes i s  of the  r e l ax ing  

agent ,  b u t  will  s u p p o r t  c o n t r a c t i o n  2°, t hen  a shif t  in o v e r o p t i m a l  c o n c e n t l a t i o n  need  

no~ be i n v o k e d  to exp la in  the  results .  
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