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f icant ly  d i f ferent  f rom t h a t  for 0 pg of tes tos terone .  The 
coefficient  of var ia t ion  of each s t anda rd  curve po in t  
assayed in t r ip l ica te  was a lways  less t h a n  7%. 

Specifici ty of th is  m e t h o d  was eva lua ted  by  invest iga-  
t ion  of blanks,  an t i body  specificity,  and  compar i son  of 
resul ts  ob ta ined  wi th  co lumn c h r o m a t o g r a p h y  wi th  those  
ob ta ined  wi thout .  The specif i ty  of our an t i se rum was 
t e s t ed  by  di rect  incuba t ion  wi th  15 o ther  steroids.  Per-  
cent  cross react ion was  calcula ted according to t he  m e t h o d  
of ABRAHAM S. Table I shows the  cross reac t iv i ty  of our  
an t ibody  to d i f ferent  steroids.  Recovery  of labelled 
tes te rone  wi thou t  co lumn c h r o m a t o g r a p h y  was improved .  
P re -ex t rac t ion  wi th  hexane  was still  a necessary  step.  

Normal  t es tos te rone  values  for male and  female are 
shown in Table  II .  These resul ts  agree wi th  o ther  me thods .  
Thus,  samples  m a y  be assayed w i t h o u t  t he  use of co lumn 
c h r o m a t o g r a p h y ;  th is  co lumn omission procedure  is sim- 
ple, accurate ,  sensit ive,  specific, and sui table  for clinical use. 

Rdsumd. On a d6velopp6 und  m6thode  s imple  pour  
d6teminer  sans ch roma tograph ie  en colonne le tes tos-  

t 6 r o n e  du plasma.  La  pur i f ica t ion  a 6t6 faite par  pr6- 
ex t rac t ion  avec l 'hexane .  U n  an t i s6 rnm cont re  le tes tos t6-  
tone  a 6t6 p rodu i t  chez des lapins inocul6s avec des con- 
jugu6s de tes tos t6rone-3-oxine  e t  d ' a l b u m i n e  de s6rum 
bovin.  

Table II. Pooled plasma testosterone values obtained after radio- 
immunoassay with and without column chromatography (mean 
~- S.D. ng/100 ml) 

Column used Column omitted 

Male 538 -t- 59N = 56 528 • 30N = 40 

Female 40 :~ 8 N ~ 35 41 -t- 7 N = 9 
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Simultaneous Measurement of Velocities of Adjacent Sacromere Length Changes 
in Single Muscle Fibres 

Light ,  phase  contras t ,  in ter ference  and polar iz ing 
microscopy have  been appl ied  to the  s tudy  of s t ruc tures  
of l iving muscle  fibres. To measure  dynamic  changes  
dur ing  muscle  con t rac t ion  and  re laxat ion,  var ious  
t ransducers  have  been  used to  record tens ion ;  whereas  
changes  in s t r i a t ion  p.attern of muscle fibres are recorded 
e i ther  by  photoe lec t r ic  devices w i th  markers  appl ied onto  
the  muscle fibres, or by  means  of h igh-speed  c inemato-  
g raphy  1-~. Recen t ly  changes  in sarcomere  leng th  dur ing  
isometr ic  con t rac t ion  of isolated frog muscle  fibres were 
s tudied  using laser d i f f rac t ion  techniques .  The di f f rac ted  
l ight  was t h e n  pro jec ted  on a screen for p h o t o g r a p h y  5. 
The marker  techniques  however  do no t  indica te  accura te ly  
the  indiv idual  sarcomere  lengths,  and analysis  of cine- 
m a t o g r a p h y  has the  d i sadvan tage  of be ing tedious  and 
t ime  consuming.  A me thod  for measur ing  the  d i f ferent  
velocit ies of sarcomere  leng th  changes  dur ing con t rac t ion  

and re laxa t ion  of single s t r i a ted  muscle fibres has  been 
developed.  

Materials. The accessory muscle  located in t he  coxa-  
t rochan te r i c  jo in t  of t he  Asiat ic  horseshoe crab, Tachy- 
pleus gigas is used. This  muscle  is essent ia l ly  a recep tor  
muscle w i t h  sensory  neurons  a t t a ch ed  to  it for the  detec-  
t ion  of jo in t  movement% The b road  s t r ia t ions  (2-12 ~m) 
and small  d i amete r s  (2-6 ~xm) of these  fibres are very  
favourable  for signal ident i f ica t ion  and  separat ion.  Mo- 
rever,  e lectron microscopic  s tudies  have  revealed th is  
muscle  to be devoid  of t-I zones 7, s. 

Method. Iso la ted  single muscle  f ibres are f ixed at  one 
end by  a stainless steel  spring,  c l ipped onto  the  exoskele ton 
and  b a t h e d  by  oxygena ted  f i l tered sea wa te r  in a lucite 
chamber .  The t en d o n  end of the  muscle  fibres is a t t a c h e d  
by  means  of a stainless steel  mic rohook  to  a special 
mic roman ipu la to r  cons t ruc ted  in our labora tory .  The 
isolated single f ibres could t h e n  be s t re tched  by  the  
mic roman ipu la to r  to va ry ing  degrees of the  res t ing length.  
The muscle  fibre is t h e n  observed under  a phase  con t ras t  
microscope (Olympus,  V a n o x  N H  40•  or N H  
100 • The image is also d isp layed  th rough  a closed 
circuit  T,V. sys t em (ITC. CTC-5000 T.V. camera) on a 
moni to r  (Pye Model 59). An ad jus tab le  slit is placed on 
top  of the  pho to  eye-piece (Olympus P-15 •  to l imi t  the  

Fig. 1. Block diagram for measurement of sarcomere length and veloc- 
ity of contraction in single striated muscle fibre. SIU, stimulus isola- 
tion unit. 
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field of obse rva t ion .  S t r i a t ions  of t he  muscle  f ibre  are  t h e n  
a l igned  ve r t i ca l ly  on  t he  T.V. m o n i t o r  so t h a t  t he  neces- 
sa ry  i n f o r m a t i o n  on  sa rcomere  l eng ths  is c o n t a i n e d  w i t h i n  
one  T.V. f r ame  (Figure  1). T he  v ideo  s ignal  wh ich  var ies  
w i t h  t he  op t ica l  diensity of t h e  f ibre  s t r i a t ions  is f i rs t  
passed  t h r o u g h  a t h i r d  o rder  B u t t e r w o r t h  lowpass  f i l ter  
us ing  a c u r r e n t  rea l ized nega t i ve  i m p e d a n c e  c o n v e r t e r  
( INIC) w i t h  a - - 3 d b  f r equency  a t  1.5 kHz.  The  low 
f r equency  s ignal  is ampl i f ied ,  so t h a t  t h e  A b a n d s  a n d  Z 
l ines a p p e a r  as u p w a r d  def lec t ions  on  a n  oscil loscope 
(Tek t ron ix  502A). The  A b a n d s  are  r ep r e s en t ed  b y  large 
a n d  wide  peaks ,  a n d  t he  Z l ines b y  peaks  of smal le r  
ampl i tudes .  The  d i s t ance  b e t w e e n  t he  a d j a c e n t  Z l ine 
peaks  is t h e n  t he  sa rcomere  l eng th .  

To measure  veloci ty ,  t he  low f r equency  s ignal  f rom the  
sa rcomeres  is supe r imposed  on  a 50 Hz  r a m p  s ignal  v ia  a 
s u m m i n g  ampl i f i e r  (Ph i lb r i ck  Model  1009 ope r a t i ona l  
amplif ier) ,  before  be ing  fed to  a UV- reco rde r  (SE Labo-  
r a t o r y  Model  2006). The  r a m p  s ignal  i tself  is g e n e r a t e d  b y  
a t h r ee  m o d e  i n t e g r a t o r  (Ph i lb r i ck  Model  4850) w h i c h  is 
rese t  b y  a 50 Hz  t r igger ing  pulse f rom t h e  T.V. f r a m e  pulse. 
The  m i x e d  s ignals  t h e n  a p p e a r  as d i s t i nc t  def lec t ions  
r id ing  on t he  r a m p s  a n d  w h e n  ti le UV- reco rde r  is o p e r a t e d  
a t  a speed of 10 mm/sec ,  t he  r a m p s  are closely packed  
toge ther .  W i t h  t he  musc le  f ibre  a t  rest ,  t h e  r e l a t ive  
d i s t ances  b e t w e e n  t h e  A b a n d s  a n d  t he  Z l ines are cons t an t ,  
t h e  def lec t ions  a p p e a r  as h o r i z o n t a l  d a r k  s t r ips  on  t h e  
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Fig. 2. A) Actual UV record of single contraction of a portion of 
muscle fibre in response to single shock stimulation obtained with 
the system described in Figure 1. Z, Z-lines of isolated living single 
muscle fibre; $1, sareomere 1; Se, sarcomere 2. B) Diagramatic 
representation of the portion of muscle fibre in the vidicon field. S, 
sarcomer length in ~xm; S, initial state; S', contracted state; S", 
reIaxed state. C) Tracing of Z lines. D) Maximal slopes and average 
velocities of Z lines displacements. 

UV-records .  A n y  change  in sa rcomere  l eng ths  will  be  
i n d i c a t e d  b y  a co r re spond ing  change  in t he  d i s t ances  of 
s e p a r a t i o n  be tween  t h e  d a r k  str ips.  The  slopes of t he  d a r k  
s t r ips  t h e n  ind ica t e  t h e  veloci t ies  a n d  changes  of slopes, 
acce le ra t ion  or dece le ra t ion  (Figure  2). 

To s t i m u l a t e  t he  muscle  f ibres  electr ical ly,  f ine s i lver  
wires  are p laced  one on  each  of t he  i so la ted  single f ibres.  
R e c t a n g u l a r  pulses  are p r o v i d e d  b y  a s t i m u l a t o r  (Grass 
S 88) t h r o u g h  i so la t ion  circuits .  The  same  pulses are  fed to 
a c u r r e n t  c o n v e r t e r  for d r i v ing  a n  e v e n t  m a r k i n g  ga lvano-  
m e t e r  in  t h e  UV-recorder .  

Result. Figure  2 (A) shows a t o t a l  of 4 Z l ines a n d  3 A 
b a n d s  i.e. 3 comple t e  sarcomeres .  D u r i n g  e lectr ical  
s t imu la t i on ,  due  to  t he  series e las t ic  c o m p o n e n t s  in  t he  
sys tem,  t h e r e  is a ne t  u p w a r d  m o v e m e n t  of t h e  fibre,  i.e. 
m o v e m e n t  t owards  t he  exoske le ton  end, even  t h o u g h  t he  
f ibre  is f ixed a t  b o t h  ends. On ly  m o v e m e n t s  of t he  lower 
3 Z l ines a n d  2 A b a n d s  could be  fol lowed t h r o u g h o u t  t he  
course of con t r ac t i on .  The  record  c lear ly  ind ica t e s  t h a t  
sa reomeres  could sho r t en  to d i f f e ren t  e x t e n t  even  u n d e r  
t he  same degree of tens ion .  Thus  a t  t h e  h e i g h t  of con t rac -  
t i on  sa rcomere  i sho r t ens  f rom 6.6 ~tm to  5.6 ~m i.e. 15% ; 
whereas  sa rcomere  2 shor t ens  f rom 8.1 ~xm to  5.7 ~m i.e. 
30% (Figure  2B).  F igure  2C shows t he  t r a c ing  of t h e  
Z lines. Tile a d j a c e n t  Z l ines (Z1, Z2, Zg) are obse rved  to  
m o v e  a t  d i f fe ren t  veloci t ies .  

Discussion. Our  t e c h n i q u e  the re fo re  p rov ides  a conve-  
n i e n t  m e t h o d  of s t u d y i n g  sa rcomere  l eng ths  as well  as 
d i f fe ren t  veloci t ies  of c o n t r a c t i o n s  of sect ions  of i so la ted  
single fibres,  viz. Z l ines and  A bands .  Ord ina r i l y  t he  use 
of l igh t  mic roscopy  is i n a d e q u a t e  to  resolve t h e  A b a n d s  
and  Z l ines of i sola ted muscle  f ibres  due to t he  th i ckness  
of t he  f ibre  c o m p a r e d  w i t h  t he  l e n g t h  of t he  sa rcomeres  9. 
The  accessory  muscle  of t he  Asia t ic  horseshoe  c rab  over-  
comes  th i s  d i f f i cu l ty  b y  possess ing  v e r y  b r o a d  s t r i a t ions  
a n d  ve ry  smal l  d iamete r s .  S tudies  h a v e  now been  i n i t i a t ed  
to i nves t i ga t e  t he  l e n g t h - t e n s i o n  r e l a t i onsh ip  of such  
muscle  f ibres  us ing  t he  t e c h n i q u e  descr ibed  above .  

Zusammen/assung. Messme thode  fiir die S a r k o m e r e n -  
1/~nge der  ges t re i f ten  E inze lmuske l fase r .  Bei  e lek t r i scher  
Re izung  ve rk t i r zen  s ich b e n a c h b a r t e  Sa rkomere  j a  n a c h  
AusgangslXnge u n d  b e n a c h b a r t e  Z-L in ien  bewegen  s ich  
m i t  ve r sch i edenen  Geschwind igke i t en  se lbs t  u n t e r  <dso- 
metrischem> Bedi l lgungen.  
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Acetylchol ine-Induced Atrial Tachyarrhythmia:  A Modification to Quantitate Potency and Duration 

Ace ty lcho l ine - induced  a t r i a l  f ib r i l l a t ion  ha s  been  used induced  or occur red  spon taneous ly .  SCI~ALLEI~ 2 i m p r o v e d  
ex t ens ive ly  as a m e t h o d  for e v a l u a t i n g  p o t e n t i a l  an t i -  on  t h i s  t e c h n i q u e  a l t h o u g h  g rea t  v a r i a b i l i t y  st i l l  exis ted.  
a r r h y t h m i c  agen t s  1. As w i t h  m o s t  a n t i - a r r h y t h m i c  I t  was  decided,  therefore ,  to  mod i fy  t h e  ace ty lcho l ine  
me thods ,  t h i s  p a r t i c u l a r  t e c h n i q u e  suffered f rom t he  lack m e t h o d  so as to  assure  t he  m e a s u r e m e n t  of d rug - induced  
of a d e q u a t e  controls .  F r equen t l y ,  i t  was  di f f icul t  to  a c t i v i t y  a n d  to  q u a n t i f y  th i s  a c t i v i t y  on a n  i n t e n s i t y  a n d  
d e t e r m i n e  w h e t h e r  revers ion  of t he  a r r h y t h m i a  was d rug  d u r a t i o n  basis.  


