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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.  
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Table I. Reproducibility of 7 consecutive periods of atrial fibrillation produced at 15 min intervals (11 experiments) 

Mean duration of atrial fibrillation (4- S.E.) 7'32" ~ q- 23" 7'40" ~ 18" 7'04" 4- 15" 6'44" 4- 18" 7'24" 4- 30" 6'59" 4- 15" 8'00" 4- 21" 

The symbol ' refers to rain and the symbol " refers to see. 

Materials and methods. Mongrel  dogs of bo th  sexes 
weighing be tween  7 and 9 kg were used in these  experi-  
ments .  Anes thes ia  was induced  wi th  t h iopen t a l  sodium,  
20 mg/kg  i.v., and  m a i n t a i n e d  wi th  a-chloralose, 60 
mg/kg  i.v. The animals  were  i n t u b a t e d  wi th  a cuffed 
endot rachea l  t ube  and  respi ra t ion  was ma in ta ined  by  a 
H a r v a r d  pos i t ive-pressure  resp i ra to ry  pump.  A femoral  
a r t e ry  and  vein  were ca the te r ized  for recording of mean  
ar ter ia l  pressure  and  for i.v. inject ion,  respect ively.  The 
e lec t rocardiogram was moni to red  via L imb  Lead II .  

A r igh t - s ided  t h o r a c o t o m y  was per fo rmed  a t  the  4 t h  
in te rspace  and  the  pe r i ca rd ium incised over  the  r igh t  
a t r ium.  The incised per ica rd ium was t h e n  su tured  to the  
thorac ic  wall to  expose the  a t r ium and  to p r even t  con tac t  
f rom interfer ing wi th  the  results  of the  exper iment .  

Atr ia l  f lu t te r  or f ibr i l la t ion was induced by  placing 2 
drops  of a 10 % aqueous  solut ion of acetylchol ine  d i rec t ly  
on the  r igh t  a t r ium and then  s t rok ing  the  area  gent ly  
w i th  a b lun t  spatula.  The per iod of atr ial  f ibri l lat ion 
was de t e rmined  by  no t ing  the  r e tu rn  to normal  sinus 
r h y t h m  on the  e lect rocardiogram.  An in terval  of 15 rain 
was allowed be tween  the  reversion to normal  sinus 
r h y t h m  and the  induc t ion  of the  nex t  a r rhy thmia .  2 
control  per iods  of f ibr i l la t ion or f lu t te r  were obta ined.  
W h e n  the  th i rd  per iod of t a c h y a r r h y t h m i a  was induced,  
i t  was al lowed to  proceed for 10 sec to insure its onset  and  
t h e n  the  t e s t  compound  was in jec ted  i.v. If a s ignif icant  
decrease in f ibri l lat ion t ime  occurred,  the  dura t ion  of the  
ac t iv i ty  was de t e rmined  by  inducing the  t a c h y a r r h y t h -  
mia a t  15-min in tervals  unt i l  the  per iod of f ibr i l la t ion re- 
t u rned  to  control  values. 

Quinidine sulfate,  t he  c o m p o u n d  eva lua ted  in th is  
s tudy,  was admin is te red  i.v. in cumula t ive  doses calcu- 
la ted  as  the  free base. 

An analysis  of var iance  of t he  da ta  was u n d e r t a k e n  
using r andomized  block design a. 

Results. Al though  no a t t e m p t  was made  to  p r even t  the  
acetylchol ine  solut ion f rom mix ing  wi th  the  pericardial  
fluid, a suff icient  a m o u n t  of the  solut ion remained  in 
con tac t  wi th  the  a t r i um to allow the  induct ion  of atr ial  
f ibri l lat ion.  In  control  exper iments ,  a t r ia l  f ibr i l la t ion 
could no t  be induced solely by  s t roking the  a t r ium.  

The atr ial  f ibr i l la t ion induced by  the  topical  appl ica t ion  
of acetylchol ine  and s t roking results  in an i rregular  R - R  
in te rva l  of the  e lect rocardiogram,  and  a decrease in 
femoral  ar ter ia l  pressure.  The per iods  of a t r ia l  t achyar -  
r h y t h m i a  induced by  acetylchol ine  and  s t roking are 
reproducib le  as can be observed in Table  I. These da ta  

Table II. Effect of quinidine sulfate on the duration of atrial fibrilla- 
tion in 6 experiments 

Quinidine sulfate Immediately after 
(mg]kg i.v.) dose mean recovery period ( + S.E.) 

0 Control I 8'15" • 17 ~' 
Control II 8"45" + 54" 

2.5 7"24" ~ 29" 
5.0 6"28" i 38" 

10.0 24" 4- 12" 
5'58" ~ 50" 6'38" -t- 5" 

summar ize  the  resul ts  ob ta ined  w i t h  7 consecut ive  
per iods  of a t r ia l  f ibr i l la t ion in 11 anes the t ized  dogs. An 
analysis  of var iance  ind ica ted  t h a t  the re  was  excel lent  
reproduc ib i l i ty  of t he  dura t ion  of t he  a t r ia l  a r r h y t h m i a  
wi th in  any  one dog (p > 0.1). However ,  the re  was a ve ry  
s ignif icant  var ia t ion  be tween  dogs (p < 0.005). Because 
of th is  good reproducib i l i ty  w i th in  animals,  each dog can 
be used as its own control .  

Quinidine sulfate was eva lua ted  for p o t en cy  and dura-  
t ion  by  th is  m e t h o d  in 6 animals  and  the  resul ts  are 
summar ized  in Table  II .  As these  results  indicate ,  a 
s l ight  decrease in the  per iod of f ibr i l la t ion was observed  
at  a dose of 5 mg/kg  i.v. At  the  10 mg/kg  i.v. dose, ve ry  
pronounced  ac t iv i ty  was observed  in each of six exper i -  
ments ,  In  these exper iments ,  the  per iod of Iil3rillation 
appeared  to  re turn  to  contro l  wi th in  15 min.  The per iod 
of t a c h y a r r h y t h m i a  a f te r  the  10 mg/kg  i.v. dose increased 
in dura t ion  wi th  consecut ive  induc t ions  b u t  p l a t eaued  a t  
a t ime  s l ight ly  lower t h a n  the  control  value. This h a p p e n s  
occasionally bu t  is i n t e rp re t ed  as a r e tu rn  to  control .  

Discussion. Evidence  indicates  t h a t  the  atr ial  t achyar -  
r h y t h m i a  induced  by  acetylchol ine  is the  result  of a hyper -  
polar iza t ion and  a conduc t ion  block 4. This  block would be 
localized in the  area of d i rect  con tac t  w i th  the  acetyl-  
choline. The t a c h y a r r h y t h m i a  could t h e n  be caused by  
re -en t ry  waves  which  are faci l i ta ted by  delayed conduc-  
t ion ~. 

This  t ype  of a r r h y t h m i a  should be par t i cu la r ly  sensi- 
t ive  to agents  such as quinidine,  which  decrease in t ra-  
a t r ia l  conduc t ion  veloci ty  and increase the  effective 
re f rac tory  period.  The  former  qua l i ty  would  decrease 
the  n u mb er  of impulses  t r a n s m i t t e d  a round  a conduc t ion  
block and the  increase on effective re f rac to ry  per iod would 
cause the  head  of the  impulse to  ex t inguish  itself in its tai l  ~. 

The technique ,  itself, allows the  induc t ion  of a t r ia l  
f ibri l lat ion or f lu t te r  a t  15-min intervals ,  wi th  t he  per iods  
of a r r h y t h m i a  being readi ly  reproducible .  This modif i -  
ca t ion should allow one to compare  b o t h  the  p o t en cy  and 
dura t ion  of po ten t i a l  of a n t i - a r r h y t h m i c  agents.  

Rdsumd. La m6thode  d ' i nduc t i on  de f ibr i l la t ion auricu- 
laire par  l 'ae6tylchol ine est  c o u r a m m e n t  utilis6e pour  
t es te r  Fact ion de subs tances  an t i - a ry thmiques .  Nous avons  
modifi6 ce t te  m6thode  de tel le sor te  que la f ibr i l la t ion 
peu t  @tre indu i te  k plusieurs  reprises, ~ 15 minu tes  d ' in-  
terval le ,  chez le chien anesth@si& Ceci p e rme t  la d6ter-  
mina t ion  de l 'efficacit6 e t  de la dur6e d ' ac t ion  dans  des 
condi t ions  bien contr616es. 
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