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no t  more  t h a n  6 h. For  d e t e r m i n a t i o n  of ca t a l a t i c  a c t i v i t y  
FEINSTEIN'S ~ p e r b o r a t e  m e t h o d  w i t h  s l ight  mod i f i ca t ions  
was used. 

The  sc reen ing  p rocedure  was car r ied  ou t  b y  a d d i n g  
0.003 ml  b lood to  5 ml  2.5% p e r b o r a t e  solut ion.  Those  
cases, u n a b l e  to  decompose  t h i s  a m o u n t  of p e r b o r a t e  
w i t h i n  10 min ,  were f u r t h e r  e v a l u a t e d  b y  us ing  decreas ing  
a m o u n t s  (4, 3, 2, a n d  1 ml) of t h e  s ame  solut ion.  Th i s  
p rocedure  pe rmi t s  t he  de t ec t i on  of a c t i v i t y  levels corres- 
p o n d i n g  to  in t e rva l s  of 0-20 ; 20-40 ; 40-60  ; a n d  6 0 - 8 0 %  
ol t h e  n o r m a l  level. No b e t t e r  a ccu racy  was  a t t e m p t e d  for 
t he  pu rpose  of t h i s  s tudy .  A group  of 20 n o r m a l  sub jec t s  
was s tud ied  b y  th i s  m e t hod .  The i r  ave rage  ca ta lase  
a c t i v i t y  was  0.526 =k 0.018 (X • 5 ) e x p r e s s e d  as m21~r of 
decomposed  pe rbora t e .  

Results. A m o n g  t he  10,009 b lood  samples  of d i f fe ren t  
ind iv idua ls ,  26 were f o u n d  to  h a v e  a n  e n z y m a t i c  a c t i v i t y  
be low the  n o r m a l  range.  They  were d i s t r i b u t e d  as follows : 
2 0 - 4 0 %  i n t e r v a l  4 samples ;  4 0 - 6 0 %  in t e rva l  20 samples  
and  in the  60-80 i n t e rva l  2 samples .  The  pe rcen t age  of 
h y p o c a t a l a s e m i a  is t he re fo re  0.26%, which  m e a n s  one 
pe r  384 ind iv idua ls .  If  we t a k e  all t i le cases toge ther ,  no t  
cons ider ing  t he  pos ib i l i ty  of t h e  ex is tence  of severa l  alleles, 
t he  f r e q u e n c y  would  be 0.0013, w i t h  a conf idence  l im i t  
of 0.008 to  0.0019. W e  h a v e  no t  found  cases of aca t a l a -  
semia  ( te rm coined b y  TAKAHARA and  MIYAMOTOT), a n d  
on ly  one of t he  i nd i v i dua l s  was  affected w i t h  pyor rhea ,  
a w o m a n  whose  ca t a l a t i c  a c t i v i t y  t u r n e d  ou t  to  be lowest  
ill t h i s  screening.  A d a u g h t e r  of th i s  w o m a n  was also 
affected w i t h  t he  same  illness, b u t  he r  c a t a l a t i c  a c t i v i t y  
was normal .  

Discussion. T h e  d a t a  ava i l ab le  do no t  al low one to  
decide to wh ich  t y p e  of AEBI'S ~ c lass i f ica t ion t he  hypo_ 
c a t a l a s e m i a  cases found  in Spa in  m a y  be  a t t r i b u t e d .  The  
v a r i a b i l i t y  of ca ta lase  a c t i v i t y  found  in th i s  p o p u l a t i o n  
m a y  be  of gene t ic  origin,  such as t he  p resence  of severa l  
alleles, or i t  m a y  be  due to  e x p e r i m e n t a l  v a r i a t i o n  since 
the  n u m b e r  of cells emp loyed  for t h i s  ana lys i s  was no t  
exac t ly  de t e rmined .  I n  cases of fer ropenic  and  h a e m o l y t i c  
anaemia ,  n o r m a l  va lues  are  found  w h e n  ca ta l a t i c  a c t i v i t y  
is r e l a t ed  to h a e m o g l o b i n  c o n t e n t  (PAUL a n d  ENCSrED ~0). 

I t  is for t h i s  reason  t h a t ,  w h e n  m e a s u r i n g  abso lu te  values ,  
t hese  sub jec t s  m a y  a p p e a r  as h y p o c a t a l a t i c .  I t  was  
a s sumed  t h a t  t h e  h a e m o g l o b i n  c o n c e n t r a t i o n  would  be  
a p p r o x i m a t e l y  n o r m a l  in all t h e  samples  ana lyzed .  

I t  m a y  also be  t h a t  h y p o c a t a l a t i c  sub jec t s  h a v e  been  
over looked.  I f  t he re  is all over lap  be tween  t h e  ac t iv i t i e s  of 
h y p o c a t a l a t i c s  a n d  normals ,  t hose  ind iv idua l s  w i t h  a n  
a c t i v i t y  of ove r  80% m a y  h a v e  been  scored as normals .  
Due  to  t h i s  over lapp ing ,  i t  is possible  t h a t  ou r  f igures 
u n d e r e s t i m a t e  t he  real  n u m b e r  of h y p o c a t a l a t i c s  (i.e. in  
cases of g roup  I I I b  deficiency,  AEBIs). On t h e  o t h e r  
hand ,  t h e  presence  of e n z y m e  inh ib i to r s  in  b lood serum,  
as d e m o n s t r a t e d  b y  PAUL and  ENGSTED 10, m a y  c o n t r i b u t e  
to  a n  ove r s t ima t i on .  

T h e  f igure  for  t h e  f r equency  of t h e  a c a t a l a s e m i a  gene 
(0.0013) p r o b a b l y  r ep resen t s  a m a x i m a l  value .  Never -  
the less  our  va lues  are in  a g r e e m e n t  w i t h  t he  a s s u m p t i o n  
t h a t  - a l t h o u g h  t he  ave rage  gene f r equency  seems to  v a r y  
f rom c o u n t r y  to c o u n t r y  (TAKAHARA 1967 in AEBIS), 
t he  a c a t a l a s e m i a  gene is of wor ldwide  d i s t r ibu t ion .  

Resumen. Se h a  e s tud iado  la a c t i v i d a d  catalAsica en  la 
sangre  de 10.009 espafioles r e s iden tes  en Madr id ,  p o t  
el m d t o d o  de FEIIqSTEINt Se e a c o n t r a r o n  26 iud iv iduos  
cuya  a c t i v i d a d  catalAsica oscila en t re  el 20% y el 80~ de 
la normal .  Es tos  ind iv iduos  se cons ide ra ron  como 
h ipoca ta las6micos .  Se c o m p a r a n  estos da tos  con los de 
ot ros  au to res  y se d i scu te  su posible  s ignif icado.  
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Difference in Mechanical Properties of Adjacent 
Fibres of the Horseshoe Crab (Tachypleus gigas) 

S t r i a t e d  muscle  f ibres  c o n t a i n  b o t h  con t r ac t i l e  a n d  
visco-elas t ic  e lements .  Such  visco-e las t ic  e l emen t s  could 
be  m a d e  to  r evea l  t h e m s e l v e s  w h e n  t he  musc le  is over-  
loaded  i.e. u n d e r  so-called i somet r ic  condi t ions .  HILL * 
sugges ted  t h a t  d u r i n g  i somet r i c  c o n t r a c t i o n  t h e  ac t i ve ly  
con t r ac t i l e  e l emen t s  would  s h o r t e n  a t  t he  expense  of t he  
pass ive  elast ic  e lements .  Since then ,  severa l  m e t h o d s  
h a v e  been  des igned  to  t e s t  h is  sugges t ion  ~-6. H o w e v e r  all  
t h e  m e t h o d s  used to  m eas u r e  t h e  p rope r t i e s  of t he  elast ic  
e l emen t s  were based  on e s t i m a t i o n s  f rom t h e  force- 
ve loc i ty  r e l a t i on  a n d  t he  r e l a t i on  b e t w e e n  t en s i on  a n d  
t i m e  d e r i v a t i v e  of i somet r i c  t ens ion  d u r i n g  t e t a n u s L  I n  
t h i s  p a p e r  we h a v e  used t he  m e t h o d  of s i m u l t a n e o u s  
m e a s u r e m e n t s  of a d j a c e n t  sa rcomere  l e n g t h  changes  to  
s t u d y  t h e  b e h a v i o u r s  of a d j a c e n t  sa rcomeres  in  s ingle  
s t r i a t ed  muscle  f ibres  d u r i n g  i somet r i c  t w i t c h  s~,. The  
obse rved  di f ference in t h e  ave r age  veloci t ies  of a d j a c e n t  
Z l ines in  some special  cases is cons idered  to be  a n  i n d e x  
of t h e  di f ference in t h e  v isco-e las t ic  e l e m e n t s  of a d j a c e n t  
sarcomeres .  

Sarcomeres in Single Striated Muscle 

Materials and methods. The  e x p e r i m e n t s  were pe r fo rmed  
on t he  sho r t  accessory  muscle  (SAM), a r ecep to r  muscle  sb, 
in  t he  wa lk ing  leg of t he  Asia t ic  horseshoe  crab,  Tachypleus 
gigas. These  muscle  f ibres  were se lected for s t u d y  because  
of t h e i r  b r o a d  s t r i a t ions  (2-12 ~m) and  smal l  d i a m e t e r s  
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Fig. 1. Block diagram for measurements of sarcomere lengths and 
velocities of adjacent Z lines during isometric twitch of isolated 
striated single muscle fibre. 
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Fig. 2 A-C. UV records of adjacent sarcomere lengths from 3 different 
muscle fibres in the resting state. In A) and B), A bands are indicated 
by broad strwes and Z lines by thin stripes. Sarcomere lengths are 
measured from Z-Z intervals, m~d x-axis is the time axis. Ripples 
indicate very slight spontaneous movements. In C), the signals have 
been enhanced by an amplitude analyzer. 
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Fig.  3. UV record  of 4 sa rcomeres  b o u n d e d  b y  5 Z lines d u r i n g  iso- 
me t r i c  tw i t ch  of a single muscle  fibre.  The  l eng ths  of the  respec t ive  
sarcomeres are measured at rest, and at the peak of contraction. The 
segment 1= under observation as a whole shortens very little, only 
from 30.6 ~xm to 30.4 ~znl. However, variations in the individual sar- 
comere length at peak of contraction are considerable. Thus S~r is 
only 6.8 ~m, while S~ and S~+~, each measures 8.0 ~.m. 1~ = total 
length of the 4 sareomeres; S~ = individual sarcomere length at rest; 
S~ =individuaI sarcomere length at peak; A S = S~ -- S~; (+) = 
lengthening; (0) = no change; (--) = shortening. 
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(2-16 i~m) 9. Isolation of single muscle fibres was performed 
under a binocular dissecting microscope (Carl Zeiss Model 
III). The isolated single muscle fibre was then placed in a 
special lucite chamber containing oxygenated sea water 
at pH 7.2-7.4 and specific gravity of 1018 1023, Sometimes 
horseshoe crab Ringer made according to ~Vyse's formula, 
containing 25,9 g/l NaCI; 1.0 g/l KCI; 3.64 g/l CaCI 2 " 2H~O 
3.06 g/l MgSO 4. 7H20, and buffered by 0.5 M solutions oi 
NaOH at 0.96 ml/l and HsBO 3 at 17.6 ml/l was used I~ 
The origin of the fibre was fixed by a stainless steel spring 
clip and the tendinous insertion was attached by a stain- 
less steel micro-hook to a micromanipnlator constructed 
in our laboratory, The isolated muscle fibre could then be 
s t re tched  to  va ry ing  degrees o~ the  res t ing  length  (L~). 
Most  of the  muscle f ibres s tud ied  were s t re tched  to  abou t  
120% of the  res t ing  length.  The fibre was t h e n  t r ans -  
i l lumina ted  and observed unde r  a phase -con t r a s t  micro- 
scope (Olympus,  V a n o x  N H  4 0 x / 0 . 6 5  or Lei tz  U M K  
50/0.60 objective) connec ted  to a closed-circuit  TV sys t em 
(ITC Model CTC-5000). A d j acen t  sarcomeres  along any  
region of the single muscle fibre were then scanned by the 
vidicon and transformed into video signals which varied 
with the optical densities of the fibre. Processing of the 
video signals was essentially similar to that reported by 
HWANG etal.~ except that a sampling circuit and an 
amplitude analyzer were introduced into the circuit 
(Figure 1). The sampl ing  circuit  was des igned so t h a t  any  
ver t ical  s t r ip  of the  image appea r ing  on the  TV moni tor ,  
i.e. a f rac t ion  or the  whole  w i d t h  of the  muscle  fibre, 
could be sampled  and  the  video signals s ingled out  for 
processing.  An ampl i t ude  ana lyzer  (Freder ick H a e r  & Co. 
Model 40-75-5) was used to enhance  the  signals f rom the  
Z lines wheneve r  necessary.  Compar i son  of the  UV 
recordings  wi th  t he  ac tua l  p h o t o m i c r o g r a p h s  a t  h igh  
magni f ica t ion  indica tes  tha t ,  p rov ided  the  sarcomeres  
are longer  t h a n  4 ~m, the  sarcomere  lengths  as measured  
by  our  t echn ique  are accura te  to  0.1 ~xm. Sarcomere  
lengths  or the i r  changes,  as ind ica ted  by  the  in terva ls  
be tween  ad j acen t  Z lines were t hen  d i sp layed  on a UV 
recorder  (SE Labora to ry  Model  2006). The y-axis  of t he  
UV record would indica te  d i sp l acemen t  of Z lines or 
changes  in sarcomere  lengths ;  and the  x-as ia  would  be 
the  t ime  axis. S u p r a m a x i m a l  s t imulus  was del ivered  
th rough  a pai r  of fine b r igh t  p l a t i n u m  electrodes insula ted  
except  por t ions  of t he  t ips,  p laced one on e i ther  side of t he  
fibre. Rec tangu la r  pulses were  p rov ided  by  an electronic  
s t imula to r  (Grass Ins t .  $88) t h r o u g h  an isolat ion circuit.  

Results.  In  the  shor t  accessory muscle  (SAM), t he  
sarcomere  lengths  were found to  differ f rom one f ibre to  
t he  n e x t  and even wi th in  the  same fibre. Figure  2 A to  C 
shows the  U V  records  f rom 3 d i f ferent  isolated fibres a t  
rest ,  wi th  each fibre set  a t  120% of Lo. In  Figure 3C 
the  original  v ideo signals  emi t t ed  f rom the  Z lines were 
re la t ive ly  weak and indis t inct .  An ampl i tude  analyzer  
was used to  enhance  the  signals. Closed-circuit  TV 
scanning of over  50 d i f ferent  single muscle  f ibres showed 
t h a t  sarcomere  lengths  could v a r y  f rom 2 ~xm to 15 ~zm 
(mean = 8.1 4- 3.4 ~m S.D.). W i t h i n  any  one muscle fibre, 
the  variation in sarcomere  l eng ths  was smaller .  The s tan-  
dard  devia t ions  for sarcomere  l eng ths  wi th in  each muscle 
fibre ranged  f rom 4- 0.74 to  1.29 ~xm; and  wi th in  any  
60 gm along a single fibre, ad jacen t  sarcomeres  se ldom 
differed by  more  t h a n  10% at  rest.  

W i t h  single s u p r a m a x i m a l  shock, i t  was readi ly  observ-  
ed t h a t  unde r  i sometr ic  condi t ions ,  some sarcomeres  
shor tened ,  whiie  o thers  l eng thened  or r ema ined  c o n s t a n t  
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in  l eng th .  A more  precise desc r ip t ion  of t he  s ingle muscle  
f ibre  d u r i n g  i somet r ic  t w i t c h  is f o r m u l a t e d  here  below. 
E a c h  muscle  f ibre  is m a d e  up  of a series of sa rcomeres  
( a p p r o x i m a t e l y  800 1200). E a c h  sa rcomere  S, is b o u n d e d  
b y  two  Z lines, Z,_ 1 a n d  Zi. 

L 
A 

S~ . . . . . . . . .  S, . . . . . . . . .  S,, 

Z o Z 1 Zi_~ Z~ Z~-j_ Z~ 

where  : Z 0 = f i r s t  Z l ine (origin), a n d  Z~ = las t  Z l ine (in- 
ser t ion) ,  L = t o t a l  l e n g t h  of t i le  muscle  fibre.  

D u r i n g  i somet r ic  tw i t ch ,  w i t h  A L ~ 0, we h a v e  ob- 
se rved  t h a t  S, could  a s sume  a n y  value .  F igu re  3 shows 
one such  example .  T he  U V  record  shows 4 sa rcomeres  
w i t h i n  a single muscle  fibre,  S~, S~+~, S,+2 a n d  Sl+~. A t  t he  
p e a k  of con t r ac t i on ,  b o t h  sa rcomeres  S, a n d  S~+2 e longa ted  
a l t h o u g h  to  d i f fe ren t  ex ten t s .  Sa rcomere  S~+~ s h o r t e n e d  
b y  10.8% while  sa rcomere  S~+~ r e m a i n e d  u n c h a n g e d .  
As t h e  in i t i a l  s a rcomere  l eng ths  were n o t  un i f o r m  even  a t  
rest ,  a n y  a t t e m p t  to  ana lyze  t he  c o n t r i b u t i o n s  m a d e  b y  
each  sa rcomere  to  t h e  s ingle muscle  f ibre  s y s t e m  as a 
whole,  be  t h e y  ac t ive  or pass ive ,  would  be e x t r e m e l y  
complex .  A n  a t t e m p t  was the re fo re  m a d e  to  select  
sa rcomeres  whose  l eng ths  in  t he  r e s t i ng  s t a t e  were exac t ly  
iden t i ca l  w i t h i n  t he  l imi t s  of our  m e a s u r i n g  t echn ique .  
W e  h a v e  the re fore  selected cases or s egmen t s  of single 
muscle  f ibres  whose  sa rcomeres  were in i t i a l ly  u n i f o r m  in 
lengtl~s for s tndy .  Tile s e g m e n t  1~ selected for s t u d y  m u s t  
sa t i s fy  t h e  fol lowing r equ i r emen t s .  

lo. 
A _ _  

. . . . . . . . . . .  S~ S~+~ S~+. S~+~ 

Z o Z~_~ Z~ 

~+3  
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F igure  4 shows t h e  a c t u a l  U V  record ing  of one such  
s egmen t  1~ d u r i n g  t he  course of a n  i somet r ic  t w i t c h  of 
t he  s ingle muscle  fibre. Since 1~ was t h e  same a t  r e s t  and  a t  
t i le  p e a k  of con t r ac t i on ,  t he  sum t o t a l  of all t h e  forces 
g e n e r a t e d  w i t h i n  t h e  s egmen t  1~ m u s t  be  equa l  a n d  
oppos i te  to  t h e  e x t e r n a l  forces appl ied  a t  Z~_ i and  
Z~+a. As t h e  in i t i a l  l eng ths  of t i le 4 sa rcomeres  were 
equa l  w i t h i n  t he  s e g m e n t  1~, and  as A S~ = 0 = A S~+a, 

( dZ~_, i { dZ~ ~ t dZ~+~ ~ i dZ~+~ 
dt ] . v . = \  dt / ~ v - - \ ~ / ~ v . = \  d~ ] .v  

[( dZ~ i - - (dz~§ ] 
dt ].v. \ dt /~v.J 

would  be  i n d i c a t i v e  of t he  dif ference in t he  visco-elas t ic  
e l emen t s  r e s iden t  in S~+~ a n d  S~+ v F igure  4 shows t h a t  1~ 
was 27.0 v m  a t  res t  and  also a t  t i le p e a k  of con t r ac t i on ,  
w i t h  each  sa reomere  m e a s u r i n g  6.75 ~.m ini t ia l ly .  Sarco-  
mere  S~+ 2 s h o r t e n e d  f rom 6.75 lxm to 6.40 /~m whi le  
sa rcomere  S~+~ l e n g t h e n e d  f rom 6.75 ~ii1 to  7.10 vm. The  
di f ference in slope of 2 ~ be tween  (dZ~+~/dt)~v. a n d  t he  
a d j a c e n t  Z l ines would ind ica t e  t he  di f ference in visco- 
e last ic  e l emen t s  be tween  t h e  2 a d j a c e n t  sarcomeres .  

Discussion. The  he te rogeneous  b e h a v i o u r  of muscle  
w h e n  s t i m u l a t e d  u n d e r  i somet r i c  cond i t ion  is well  
k n o w n  ~,n. These  could be due  to  t he  d i f ference  in e i the r  
t he  force gene ra to r s  or t i le  v isco-elas t ic  e l emen t s  in  
d i f fe ren t  p a r t s  of t he  muscle,  or bo th .  Marker s  p laced  on  
c o n t r a c t i n g  musc les  h a v e  shown  t h a t  t he  muscle  f ibres  do 
c o n t r i b u t e  to  t h e  series compl iance  5. I n  t he  i n t r a fusa l  
muscle  f ibres  of m a m m a l i a n  muscle  spindles,  ev idence  of 
regional  c o n s t i t u t i o n a l  d i f ference in t h e  con t r ac t i l e  
a p p a r a t u s  has  also b e n  prese l l t ed  t2,~a. The  c o n t r a c t i l i t y  
and  qua l i t y  of t h e  m y o f i l a m e n t s  and  re l a t ed  in t r ace l lu l a r  
s t r u c t u r e s  could differ  f rom one region to t he  n e x t  a n d  
such  regional  v a r i a t i o n s  in t he  subce l lu la r  c o n s t i t u e n t s  
could in t u r n  affect  t he  v isco-e las t ic  p rope r t i e s  as well  as 
t h e  con t rac t i l e  p roper t i e s  ~4, 1~. B y  record ing  t he  veloci t ies  
of a d j a c e n t  Z l ines in t h e  course of a n  i somet r ic  t w i t c h  in 
cases in  wh ich  ti le a d j a c e n t  sa reomeres  are  of un i fo rm  
lengths ,  we bel ieve  we h a v e  been  able  to  d e m o n s t r a t e  
d i f fe ren t  visco-elast ic  e l emen t s  i n h e r e n t  in d i f fe ren t  
sarcomeres .  E l e c t r o n  microscopic  s tud ies  h a v e  s h o w n  
t h a t  th i s  muscle  exh ib i t s  compl i ca t ed  subce l lu la r  con- 
s t i tuents16.  D y a d s  and  t r i ads  coexis t  in  t h i s  muscle  a n d  
are p r e s e n t  in  va r i ab l e  n u m b e r  f rom one  sa rcomere  to t i le 
next .  Some m y o f i l a m e n t s  exh ib i t  pecu l ia r  per iodic i t ies  a n d  
t he  Z l ines are v a r i a b l y  a d h e r e d  to  t h e  s a r c o l e m m a  
(HWANG a n d  WoNa,  u n p u b l i s h e d  da ta) .  T h u s  t he  
morpho log ica l  s u b s t r a t e  for t h e  va r i ed  b e h a v i o u r  of 
a d j a c e n t  sa rcomere  seems to exist .  Th i s  s t u d y  ha s  the re -  
fore p r o v i d e d  f u r t h e r  ev idence  t h a t  s t r i a t ed  muscle  even  
a t  t he  level  of single muscle  f ibre  is st i l l  an  e x t r e m e l y  
he t e rogeneous  sys tem.  E v e n  in t he  case where  t h e  in i t ia l  

11 C. C. SPEIDEL, Am. J .  Ana t .  65, 471 (1939). 
12 B. Q. BANKER a n d  J .  P. GIRVlN, J .  N e u r o p a t h .  exp.  NeuroI .  30, 

~55 (1971). 
la H .  YELLIX, Am.  J .  Ana t .  73g, 147 (1974). 
14 p .  B. C. MATTHEWS, Mammalian Muscle Receptors and Their 

Central Action ( E d w a r d  Arno ld ,  L o n d o n  1972). 
15 I. Bo,zn,  J .  Physio l . ,  Loud .  787, 1 0 P  (1966). 
16 y .  C. WONG a n d  J .  C. HWANG, Am.  J .  A n a t .  139, 285 (1974). 

Fig.  4. A) UV reco rd  of 4 sa rcomeres  d u r i n g  i somet r i c  twi tch .  In  B}, 
the  ave rage  velocit ies of the  respec t ive  Z l ines are expressed  in  angles.  
Note  t h a t  Zc,+I wh ich  lies be tween  s a r comere  S=+ 1 a n d  sa rcomere  
S~+ 6 moves  a t  a ver loe i ty  d i f ferent  f rom the  a d j a c e n t  Z lines. 
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sa rcomere  l eng ths  are ident ica l ,  a d j a c e n t  sa rcomeres  st i l l  
could  b e h a v e  d i f fe ren t ly  in  response  to  single e lectr ical  
shock.  This  could be  a t t r i b u t e d  to  a d i f ference in t he  
visco-elast ic  Cemen t s .  

For  t he  sake  of conven ience  and  for ease of analys is ,  
muscles  are s tud ied  e i the r  u n d e r  i sotonic  cond i t i on  or 
i sometr ic  condi t ion .  U n d e r  i sotonic  condi t ion ,  ve loc i ty  is 
usuaI ly  expressed  in un i t s  of Lo/sec. Th i s  a t  be s t  m e r e l y  
r ep resen t s  ave rage  ve loc i ty  of sa rcomere  s h o r t e n i n g  in 
un i t s  of sa rcomere  length/sec~L CLOSE is has  e s t i m a t e d  
t he  speed of s h o r t e n i n g  pe r  sa rcomere  b y  d iv id ing  t he  
speed of s h o r t e n i n g  of t he  whole  musc le  b y  t he  ave rage  
n u m b e r  of sa rcomeres  per  muscle  f ibre  w i t h i n  a muscle.  
H i s  e s t ima t ions ,  however ,  a s s u m e d  t h a t ,  a) all t h e  muscle  
f ibres  were o r i e n t a t e d  in t h e  same direct ion,  b) all t h e  muscle  
f ibres were of un i f o r m  length ,  c) each  muscle  f ibre  h a d  a 
un i fo rm  n u m b e r  of sa rcomeres  19, d) eve ry  sa rcomere  
l e n g t h  was un i fo rm,  e) t he  fo rce -genera to r  in each  
sa rcomere  was the  same  a n d  f) t he  visco-elas t ic  p r o p e r t y  
of each  sa rcomere  was  t h e  same.  

17 K. L. ZIERLER, The Structure and Function o/Muscle (Ed. G. H. 
BOURNE; Academic Press, New York 1973), vol. 3. 

is R. I. CLOSE, J. Physiol., Lond. 780, 542 (1965). 
19 W. S. AL-AMOOD and R. PopE, J. Anat. 113, 49 (1972). 
20 A. M:. GORDON, A. F. t-[UXLE'Z and F. J. JULIAN, J. Physiol., 

Lond. 184, 143 (1966). 
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Likewise  in  i somet r ic  m e a s u r e m e n t s ,  even  w i t h  single 
muscle  fibres,  GORDON et  al. ~~ in  t h e i r  s tud ies  on  t h e  
l eng th - t en s ion  cu rves  m u s t  also a s sume  the  v a l i d i t y  of 
c), d), e) and  f). Our  s t u d y  ind ica tes  t h a t  a t  leas t  in t he  
s t r i a t ed  muscle  f ibres  in  t he  horseshoe  crab,  b), c), d), 
e) a n d  f) are  b y  no  m e a n s  sound  a n d  va l id  a s s u m p t i o n s  
all t h e  t ime.  

Zusammenfassung. An B e i n m u s k u l a t u r  des Pfei l-  
s chwanzk rebse s  Tachypleus gigas w u r d e n  w/ ih rend  
isometrisc-hen E i n z e l z u c k u n g e n  die D i s t a n z e n  zwischen  
b e n a c h b a r t e n  Z-Sche iben  u n d  A - B a n d e n  u n t e r  Ver-  
w e n d u n g  e iner  T e l e v i s i o n s a n o r d n u n g  ausgemessen .  I n  
e iner  r u h e n d e n  Einze l fase r  e rwiesen  s ich  die L ~ n g e n  der  
e inze lnen  S a r k o m e r e n  als n i c h t  e inhei t l ich .  W X h r e n d  
e iner  i some t r i s chen  E i n z e l z u c k u n g  ve rk i i r z t en  sich gewisse 
Sarkomere ,  w g h r e n d  ande re  in  die L~nge  gezogen wurden .  
Bei  gle icher  Ruhe l~nge  y o n  b e n a c h b a r t e n  S a r k o m e r e n  
wa r  die Gesehwind igke i t  der  Ve rk i i r zung  in der  Regel  
ungleich.  Dies wi rd  auf  U n t e r s c h i e d e  im v isco-e las t i schen  
V e r h a l t e n  zur i ickgef i ihr t .  Die :Resul ta te  zeigen deut l ich ,  
dass  se lbs t  aus  d e m  V e r h a l t e n  yon  E inze l fase rn  n i c h t  
ohne  wei teres  auf  das  V e r h a l t e n  yon  e inze lnen  Sa rkome-  
t e n  geschlossen werden  darf .  
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E f fec t s  of T e m p e r a t u r e  on  O s m o t i c  R e s p o n s e s  and  o n  T r a n s m e m b r a n e  Ef f lux  of U r e a  a n d  
S o d i u m  in  V a s c u l a r  S m o o t h  M u s c l e  Ce l l s  

I n  p rev ious  s tud ies  of osmot ic  responses  in  s m o o t h  
muscle  of r a t  p o r t a l  vein,  we h a v e  descr ibed  an  i n t i m a t e  
r e l a t ion  be tween  t he  changes  in cell v o l u m e  and  t h e  
s p o n t a n e o u s  e lect r ica l  and  m e c h a n i c a l  a c t i v i t y  1-3. 
An i sosmola r  Solut ions  c o n t a i n i n g  u rea  caused  cha rac t e r -  
ist ic t r a n s i e n t  changes  in ac t iv i ty .  A close cor re la t ion  was 
d e m o n s t r a t e d  b e t w e e n  t he  t i m e  course of these  reponses  
and  t he  r a t e  of p e n e t r a t i o n  of t h e  molecule  t h r o u g h  
t he  cell m e m b r a n e s  as s tud ied  d i rec t ly  b y  14C-ureae. 
The  p r e sen t  r e p o r t  is concerned  w i t h  t he  effects of 

t e m p e r a t u r e  on  such  con t rac t i l e  responses  and  on m e m -  
b r a n e  pe rmeab i l i t y .  

F igure  1 i l lu s t r a t e s  increases  of con t r ac t i l e  a c t i v i t y  
obse rved  in r a t  p o r t a l  ve in  on  r e t u r n  to s t a h d a r d  so lu t ion  

i B. JOHANSSON and O. JoNSSON, Acta physiol, scand. 72, 456 
(1968). 
A. ARVILL, B. JOHANSSON and O. Jo~ssoN, Aeta physiol, scan& 
75, 484 (1969). 

s O. JONSSON, Acta physiol, scand. Suppl. 359, 1 (1970). 
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Fig. 1. Time course of the transient 
increase of contractile activity 
observed in a portal vein prepara- 
tion on return to standard Krebs 
solution (arrows), after previous 

~ " ~ ~ ~  equilibration in a hyperosmotic 
solution with 100 mM urea. The 
duration of the excitatory response 
is markedly increased with de- 
creasing temperature. 


