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T r e a t m e n t  of p e n d u l i n  in  m e t h a n o l  w i t h  e the rea l  solu- 
t ions  of d i a z o m e t h a n e  a n d  d i a z o e t h a n e  y ie lded  O- 
m e t h y l p e n d u l i n  (C3sH42N206) (M +, 622), m p  150-152 ~ 
~]D + 210~ a n d  O-e thy lpendu l in  (C39H44N~O6) (M +, 636), 
m p  144-146 ~ [C~D + 218 ~ respect ive ly .  T he  O-me thy l  
d e r i v a t i v e  fo rmed  a hyd roch lo r ide  m p  272-275 ~ a n d  a 
p i c r a t e  m p  251-253 ~ a n d  t h e  O-e thyl  de r iva t ive ,  a 
hyd roch lo r ide  m p  262-264 ~ (dec.) a n d  a p i c r a t e  m p  215-  

2 1 8  o. 
T h e  molecu la r  ion p e a k  (M+) a t  m / e  608 in t h e  mass  

s p e c t r u m  of p e n d u l i n  is p r o m i n e n t .  O t h e r  s ign i f ican t  
f r a g m e n t s  a p p e a r e d  a t  m/e  607, 416, 396, 395, 381, 364, 
349, 198, 175.5, 175, 174. This  c r ack ing  p a t t e r n  is 
cha rac t e r i s t i c  Of t he  o x y a c a n t h i n e - b e r b a m i n e  t y p e '  of 
bis(benzyl)isoquinoline alkaloids .  T he  cha rac t e r i s t i c  
doub le  cha rged  ion (II)  m / e  198, wh ich  is t he  base  p e a k  
in  t h e  s p e c t r u m  a n d  is a c c o m p a n i e d  b y  a n  isotopic  p e a k  
a t  m /e  198.5, e l imina tes  a m e t h o x y l  a n d  a m e t h y l  r ad ica l  
to  give a n  ion a t  m/e  175. The  key  ion a t  m/e  396, which  
looses a n  h y d r o g e n  a t o m  to  give a n  ion a t  m/e  395, is a n  
ion a lways  found  in t he  mass  spec t r a  of t he  o x y a c a n t h i n e -  
b e r b a m i n e  t y p e  of a lka lo idsL a n d  i ts  p resence  in t h e  
s p e c t r u m  of p e n d u l i n  is ev idence  t h a t  p e n d u l i n  is iso- 
mer ic  w i t h  b e r b a m i n e  a n d  o x y a c a n t h i n e  bases.  F r o m  the  
f r a g m e n t a t i o n  p a t t e r n ,  i t  also follows t h a t  all 3 m e t h o x y  
groups  p re sen t  ill t h e  p e n d u l i n  molecule  are  loca ted  in  t h e  
t e t r a h y d r o i s o q u i n o l i n e  moiet ies  a n d  t h e  h y d r o x y l  func-  
t ion  in e i the r  of t h e  2 benzyl ic  ha lves .  

The  N M R - s p e c t r u m  of p e n d u l i n  conf i rmed  t he  presence  
of 40 p ro tons  in  th i s  molecule  a n d  t h e  p a t t e r n  of t he  
s p e c t r u m  was t h a t  of bis(benzyl)isoquinoline a lka lo ids  8. 
The  2 N-Me func t i ons  gave  r ise to  s ingle ts  a t  T 7.38 a n d  
7.68. Signals for  2 shie lded O-Me groups  appea red  to-  
ge the r  as a s ing le t  a t  T 6.79 a n d  t he  t h i r d  O-Me group 
resonance  was in t h e  n o r m a l  pos i t ion  a t  T 6.25. 10 pro- 
tons  were respons ib le  for t i le s ignals  in  t he  a r o m a t i c  
region of the  spec t rum.  A shielded p r o t o n  s ignal  a p p e a r e d  
as a s ingle t  a t  z 3.95 and  a 2 -p ro ton  s ingle t  was  p r e sen t  
a t  r 3.21. The  r e m a i n i n g  7 p r o t ons  (coupled ortho, para 
a n d  meta) gave  rise to  mu l t i p l e t s  b e t w e e n  z 2.60-3.80. 
4 benzyl ic ,  8-ring m e t h y l e n e  a n d  2-ring m e t h i n e  p r o t o n  
s ignals  were a t  z 6.10, 7.12 and  6.58, respect ively .  
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T h e  N M R - s p e c t r a  of O - m e t h y l p e n d u l i n  a n d  O-ethyl-  
p e n d u l i n  were b e t t e r  resolved.  The  s p e c t r u m  of O-methy l -  
p e n d u l i n  h a d  4 O-Me signals  a t  T6.02, 6.20, 6.62 a n d  6.72. 
A shie lded a r o m a t i c  p r o t o n  was coupled  w i t h  a para pro-  
t o n  a n d  a p p e a r e d  as a d o u b l e t  a t  z 3.94 (J, 1.5 cps). 
The  2 a r o m a t i c  p r o t o n  s ingle t  a t  z 3.08 was  s o m e w h a t  
resolved.  The  o t h e r  fea tu res  of th i s  s p e c t r u m  were 
s imi la r  to  those  of t he  s p e c t r u m  of pendu l in .  

I n  t he  N M R - s p e c t r u m  of 0 - e t h y l p e n d u l i n ,  3 O-Me 
s ignals  were a t  T 6.20, 6.63 a n d  6.78 a n d  t h e  O-E t  t r i p l e t  
a n d  q u a r t e t  a t  T 8.52 (J, 7 cps) a n d  T 5.82 (J, 7 cps), re- 
spect ively .  O t h e r  fea tu res  of th i s  s p e c t r u m  were  t h e  same  
as in  t h e  s p e c t r u m  of O-me thy lpendu l in .  

BICK et  al. 8 h a v e  cor re la ted  chemica l  sh i f t s  of m e t h o x y l  
func t ions  w i t h  t h e  s t e r e o c h e m i s t r y  of biscoclaurine bases.  
W h e n  t h e  2 coclaur ine  moie t ies  of these  bases  are pa i r ed  
( +  --) or (-- +) ,  t h e  6 ' - m e t h o x y l  r e sonance  ha s  a chemica l  
sh i f t  of T 6.4, whereas  w i t h  ( +  + )  or (-- --) pa i red  s t ruc-  
tures ,  t he  chemica l  sh i f t  is nea r  T 6.65. I n  O-methy l -  
p e n d u l i n  a n d  O-e thy lpendu l in  t he  6 ' - m e t h o x y l  func t i on  
re sona tes  a t  T 6.62 a n d  6.63 respec t ive ly  a n d  therefore ,  
suggests  t h a t  p e n d u l i n  exis ts  in  Coeculus pendulus in  
e i t he r  (+  + )  or  (-- --) forms.  

The  fac t  t h a t  p e n d u l i n  exis ts  in t he  (+  + )  fo rms  was 
conf i rmed  b y  sod ium a n d  l iquid  a m m o n i a  r e d u c t i o n  of 
O-e thy lpendu l in .  A non-pheno l i c  a n d  a phenol ic  c o m p o u n d  
were i so la ted  a n d  found  iden t ica l  w i t h  (+)  O-ethyl-  
a r m e p a v i n  9 a n d  (+)  N - m e t h y l c o c l a u r i n e  1~ respec t ive ly .  
A biscoclaurine base  p y c n a m i n e  has  r ecen t ly  been  i so la ted  
f rom the  roots  of Pycnarrhena manillensis n a n d  shown  to 
ex i s t  in t he  (-- --) form. P e n d u l i n  a n d  p y c n a m i n e  are, 
therefore ,  mos t  p r o b a b l y  opt ica l  isomers.  

Zusammen/assung. E i n  Biscoc laur in  Alkaloid,  P e n d u l i n  
(C37H40N206), m p  192-194 ~ , [~ID + 265~ wurde  aus  
B l ~ t t e r n  u n d  S ta tu re  yon  Cocculus pendulus Diels isol ier t  
u n d  seine S t r u k t u r  (I) ink lus ive  der  s t e r i schen  A n o r d n u u g  
an  be iden  A s y m e t r i e z e n t r e n  aufgekl~r t .  
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Slow Spontaneous Signals  from Brain Tissue Culture 

S p o n t a n e o u s  s ignals  h a v e  been  r epo r t ed  f rom in v i t ro  Material and method. The  c h a m b e r  descr ibed  p rev ious ly  ~ 
b r a i n  p r e p a r a t i o n s  of m o s t  classes of an i lna l s  1. Th i s  p a p e r  h a d  a second 90 ~ p l a t i n u m  (gross reference)  e lectrode.  
descr ibes  s p o n t a n e o u s  slow signals  f rom 14-day-old ch ick  A t h i n  1-2 m m  d i a m e t e r  slice of r igh t  pos te r io r  pole  of 14- 
e m b r y o  t e lencepha l ic  exp lan t s .  These  m a y  arise in  den-  day-o ld  ch ick  e m b r y o  t e l encepha lon  was p laced  on  t he  
dr i tes  or in gUM cells s econda ry  to  n e u r o n a l  ac t iv i ty ,  ba r e  t ip  of t he  gross record ing  e lec t rode  in t he  ang le  be- 
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t w e e n  s in t e r ed  glass a n d  roof  of chamber .  I t  was  k e p t  
h m n i d  a t  35 ~ and  used  d u r i n g  i ts  second cu l tu re  day.  

Glass  microe lec t rodes  c o n t a i n i n g  3 M  KC1 (tip dia-  
m e t e r s  1 ~x, i m p e d a n c e  10-50 megohms)  de t ec t ed  s ignals  
w h i c h  were  ampl i f ied  b y  Medis tor  A-35B nega t i ve  
capac i t y  e l ec t romete r s  a n d  D a n a  3400 DC amplif iers .  
Grass  P 5 1 1 R  AC ampl i f ie rs  were  used for gross e lec t rode  
signals.  Signals  were recorded  on  H e w l e t t - P a c k a r d  
S a n b o r n  3907B Magne t ic  T a p e  Sys t em a t  15 in/sec a n d  
v isua l ized  on  T e k t r o n i x  502A oscilloscopes or T.I .  
oscilloriters.  

Histology. Act ive  exp !an t s  t eased  in n u t r i e n t  f luid 1 
were  compressed  b e t w e e n  a glass slide a n d  coverglass  b y  
500 g for some min.  Seal ing t h e  coverglass  w i th  D i a t e x  1 
m a d e  a p r e p a r a t i o n  su i t ab le  for p h a s e - c o n t r a s t  micro-  
scopy for 2-3  h. Dendr i t i c  a n d  a x o n a l  end ings  were b e t t e r  
seen in t eased  cu l tu res  p laced  for 15 ra in  a t  room t e m -  
p e r a t u r e  in equa l  p a r t s  of 1~ gold chlor ide  and  s a t u r a t e d  
so lu t ion  of mercur ic  chlor ide d i lu ted  40 t i m e s  w i t h  n u t r i e n t  
fluid. 

Results and discussion. The  e x p l a n t  (superficial  cor t i -  
cold area) showed  i ts  usual  m u l t i l a m e l l a r  s t ruc tu rea  w i t h  
h is to logical ly  ' h e a l t h y '  n e u r o n s  (whose a x o n a l  a n d  den-  
dr i t ic  s y n a p t i c  i n t e r c o n n e c t i o n s  (Figure 1) c rea ted  a ne t )  
a n d  glial  cells b u t  se ldom e p e n d y m a .  0.5 % m e t h y l e n e  b lue  
in n u t r i e n t  fluid s t a ins  n e u r o n a l  g ranules  w i t h o u t  sup-  
Press ing e lectr ical  a c t i v i t y  1, m a k i n g  t h e m  vis ible  in t h i c k  
exp lan t s .  W i t h  t h i s  technic ,  good s low s p o n t a n e o u s  

s ignals  were de t ec t ed  w h e n  t h e  microe lec t rode  t ip  was  n o t  
in  n e u r o n s  or t h e  i m m e d i a t e  e x t r a n e u r o n a l  space. 
Me thy l ene  b lue  was n o t  used in t h e  o t h e r  s tudies  below. 

A P D P 4  c o m p u t e r  was  p r o g r a m m e d  to  measu re  a n d  
p roduce  f r equency  d i s t r i b u t i o n  h i s t o g r a m s  for d u r a t i o n  
of a n d  i n t e rva l s  b e t w een  t h o u s a n d s  of AC ampl i f ied  spon-  
t a n e o u s  signals.  T h e  d u r a t i o n  h i s t o g r a m s  f rom each  ac t ive  
e x p l a n t  h a d  a m u t u a l  close s imi l a r i t y  as did  t h e  h is to-  
g r ams  for i n t e r s igna l  i n t e rva l s  (Figure 2). 

Micvoelectrode studies. T h e  d iv i s ion  of s p o n t a n e o u s  
s ignals  2 in to  sho r t  (1-3 msec,  10-50 mV),  i n t e r m e d i a t e  
(5-500 msec, 5 ~ V - l m V )  a n d  long (1/2 to  several  rain,  1-  
15 mV) d u r a t i o n  types  is inaccura te .  Long  d u r a t i o n  sig- 
nals  a re  a r t e f a c t s  f rom o v e r l ap p i n g  a n d  p a r t i a l  fus ion of 
successive i n t e r m e d i a t e  d u r a t i o n  (slow) s ignals  whose  
in te r s igna l  i n t e rva l s  are s h o r t e r  t h a n  t h e  signals.  Spon-  
t a n e o u s  sequences  of m o n o p h a s i c  slow signals  (Figure 3,A) 
e q u i v a l e n t  to  b u t  s impler  a n d  larger  t h a n  those  de t ec t ed  
b y  t h e  gross e lec t rode  were  de tec ted .  T h e  gross e lec t rode  
s ignals  are  smal le r  p r o b a b l y  because  of e lectr ical  s h u n t i n g  
b e t w e e n  e lec t rode  a n d  fri t .  I f  on ly  t h e  t i p  of t h e  record ing  
gross e lec t rode  con t ac t s  t h e  exp lan t ,  s ignal  m a g n i t u d e  
a p p r o x i m a t e s  t h a t  f rom microelec t rodes .  The  ac t ive  loci  
in  e x p l a n t s  were smal l  a n d  s h a rp l y  de l inea t ed ;  if 2 micro-  
e lec t rodes  t o u c h  a n  e x p l a n t  less t h a n  100 tz apa r t ,  on ly  
one m a y  de t ec t  ac t iv i ty .  

Successive mic roe lec t rode  record ings  a t  a l inear  series 
of s i tes  100-200 ~z a p a r t  on  t h e  e x p l a n t  surface  show 
changes  in  s ignal  polar i ty .  T h e  n u m b e r  a n d  form of 
s ignals  in  each  sequence  is c o n s t a n t  for a n y  one si te  b u t  
differs  for each  pos i t ion  of t h e  t ip  (Figure 3). This  're- 
versa l  p h e n o m e n o n '  s t a r t s  as a p o l a r i t y  change  f rom 
'pos i t ive -go ing '  to  ' nega t ive -go ing '  in  t h e  same f i rs t  a n d  
las t  few s ignals  in  each  sequence  w h e n  t h e  e lec t rode  is 
m o v e d  to a new si te  (Figure  3,c). A t  each  s u b s e q u e n t  
pos i t ion  (Figure  3,D) more  s ignals  will  h a v e  reversed  in 
po l a r i t y  un t i l  all are  affected.  The  i n v e r t e d  s ignals  are 
s imi la r  in  n u m b e r  an d  fo rm (a l though  inver ted)  b u t  
smal le r  t h a n  e q u i v a l e n t  n o n - i n v e r t e d  signals.  T h e  com- 
p le teness  of reversa l  a n d  t h e  d i s t ance  needed  to accom- 
p l i sh  i t v a r y  f rom cu l tu re  to  cu l tu re  a n d  each  ac t ive  focus 
h a s  o n e  p l a n e  in  which  reversa l  is m o s t  c lear ly seen. If  t h e  
microe lec t rode  is r e t u r n e d  across  t h e  surface  of t h e  ex-  
p l a n t  in  s imi l a r  steps,  t h e  or ig ina l  polar i t ies  are rega ined .  
The  s t a t i o n a r y  i m p l a n t e d  gross e lec t rodes  de tec t  no  
c h a n g e  in fo rm or p o l a r i t y  of s ignal  w h e n  t h e  reversa l  is 
be ing  de t ec t ed  b y  a microe lec t rode  (Figure 3). Thus ,  
s ignal  po l a r i t y  m u s t  be  r e l a t ed  to microe lec t rode  posi t ion .  
P e r m a n e n t  gross e lectrodes  m a y  de t ec t  a p a r t l y  i n v e r t e d  
fo rm of sequence  which,  in  mic roe lec t rode  studies,  ar ises  
on ly  f rom m i n u t e  areas  of a n  exp lan t ,  so t h a t  t h e  a rea  of 
gross e lec t rode  p i ckup  m a y  be  v e r y  small .  

S i m u l t a n e o u s  fas t  a n d  slow signals  are occas ional ly  
de t ec t ed  b y  gross e lectrodes  b u t  ra re ly  b y  microe lec t rodes  
(due to  t h e  smal ler  field of p ickup) .  Slow signals  are t h e n  
assoc ia ted  w i t h  a shower  of f a s t  s ignals  or a n  increase  in 
n u m b e r s  of ongoing  fas t  Signals .  F a s t  pos i t ive  s ignals  
usua l ly  occur  a t  t h e  c o m m e n c e m e n t  of slow signals  a n d  
fas t  nega t i ve  ones a t  t h e  end.  

Slow signals  m a y  be  c o n t i n u o u s l y  r epe t i t i ve  i n s t ead  of 
in p a t t e r n e d  sequences.  Microelec t rode  exp lo ra t ion  of a 

Fig. 1. Fresh teased preparation of a 1-day culture of 14-day2old 
chick telencephalon explant showing dendrite of ~A] ending in a 
probable synaptic bouton on soma of (B} which sends a dendrite to 
the hillock and another to soma of (c). Possible dendritic connections 
of (c) to (D) are seen in the right and left corner. Phase contrast 
• 670. 
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focus showing  such  ac t iv i ty ,  de t ec t ed  s ignals  of a b o u t  
10 msec  d u r a t i o n  a t  one site, 20 msec a t  a second a n d  
60 msec a t  a t h i r d  site. B o t h  pos i t ive  a n d  nega t i ve  going 
forms  of these  signals  were also found.  The  10 msec s ignals  
were s imple  peaks  w i t h  slow decay  a n d  longer  s ignals  h a d  
subs id i a ry  smal ler  peaks .  Superpos i t ion  of t h e  s imples t  
s ignals  showed  t h e m  to  h a v e  t h e  same  d u r a t i o n  b u t  
d i f fe ren t  levels of m a g n i t u d e  sugges t ing  s u m m i n g  of 
s i m u l t a n e o u s  s imple  componen t s .  Supe rpos i t i on  of com- 
p lex  s ignals  showed  seconda ry  c o m p o n e n t s  a t  f ixed in- 
t e rva l s  a f t e r  t he  p r i m a r y  one, i.e. 10 msec  p e a k s  followed 
t h e  10 msec  in i t ia l  c o m p o n e n t  a t  mul t ip les  of 21/2 msec  
un t i l  30 msec  a n d  t h e n  more  i r regular ly .  Supe rpos i t i on  of 
s ignals  f rom gross e lec t rode  records  showed  s imi la r  
re la t ionsh ips .  

The  r e semblance  b e t w e e n  t he  d u r a t i o n  h i s t o g r a m s  a n d  
b e t w e e n  in te r s igna l  i n t e r v a l  h i s t o g r a m s  shows t h a t  each  
e x p l a n t  p roduces  t he  same class of signal,  s imi la r ly  spaced  
a n d  p r e s u m a b l y  f rom s imi la r  sources. The  slow signals  are  

a p p a r e n t l y  c o m b i n a t i o n s  of s imple r  e lements .  T h e  re- 
ve rsa l  p h e n o m e n o n  suggests  s t r a t i f i c a t i on  of t h e  si tes of 
origin of pos i t ive  a n d  nega t i ve  s ignal  forms,  i.e. t h e  posi-  
t i ve  m a y  ar ise  in  n e u r o n a l  s o m a t a  a n d  t h e  n e g a t i v e  in  
dendr i tes .  However ,  a w a y  f rom t h e  p l ane  of t h e  r eve r sa l  
p h e n o m e n o n ,  t h e  p a t t e r n  of t h e  spac ing  an d  m a g n i t u d e  
of t h e  s ignals  w i t h i n  sequences  is s imi la r  over  areas  of a n  
ac t ive  focus larger  t h a n  a cell a n d  i ts  processes  (except  
axons) .  Closely p a t t e r n e d  sequences  of such  s imi l a r i t y  are  
un l ike ly  to be  p roduced  b y  c o n t r i b u t i o n s  of s ignals  f rom 
t h e  va r ious  cells c o n t a c t i n g  t h e  mic roe lec t rode  t ip  a t  e ach  
site. Thus ,  t h e  s ignals  m u s t  come  via  t h e  in te rce l lu la r  
space or each  r a n d o m  c o n t a c t  m u s t  b r ing  t h e  micro-  
e lec t rode  t ip  in to  c o n t a c t  w i t h  a cell c apab le  of g e n e r a t i n g  
a sequence  c o n t a i n i n g  pos i t ive  a n d  nega t i ve  signals.  T he  
s h a r p  de l inea t ion  of loci  s u p p o r t s  t h e  poss ib i l i ty  of t h e  
cel lular  route .  W h e n  t h e  mJcroelec t rode  t ip  h a s  been  seen 
d u r i n g  slow s ignals  i t  has  n o t  been  in, or in  vis ible  con-  
t a c t  with,  neurons .  T h e  on ly  o t h e r  cell t y p e  in s t a t i o n a r y  

Fig. 2. (A) Frequency distribution histograms 
of durations of AC amplified slow signals from 
4 different cultures of 14-day-old chick embryo 
telencephalon. (B) Frequency distribution 
histograms for intervals between AC amplified 
slow signals from 4 different cultures of 14- 
day-old chick embryo telencephalon. The 
similarities within each set of 4 histograms 
is obvious. 
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co n t ac t  w i th  microelec t rode  in suff ic ient  n u mb er s  is the  
glial cell. The  slow signals have  a def ini te  resemblance  to 
those  p roduced  by  glial cells in response  to  associa ted 
neurona l  a c t i on  4, 5. 

Resumdn. La exploraci6n con microelectrodos,  de ex- 
p lan tes  telencefAlicos de embr i6n  de pollo, regis t ra  es- 
pon tAneamente  sefiales de dos t ipos :  lentas  y r~pidas,  
conf i rmando  hallazgos similares p r ev i amen te  r epor t ados  
con macroelect rodos .  Observandose  un  pa t r6n  en la distr i-  
buci6n de las sefiales lentas,  las cuales son or iginadas  po t  
la m i s m a  fuen te  en cada  exp lan te  pud iendo  ser 6sta, las 
c61ulas de glia o el p roduc to  de potensia les  dendri t icos .  

A. X/V. ]3. CUNNINGHAM, A. E. HAMILTON, 
M. F. KING, R. R. ROJAS-CORONA 
and G. F. SONGSTER 

Fig. 3. Reversal of polarity of slow signals from microelectrode tip 
touching explant in 4 successive positions 100-200 ~t apart in a 
straight line. The 1st, 3rd, 5th and 7th traces are DC records from 
microelectrodes at these positions and for each there is a simultaneous 
AC record from gross electrodes (2nd, 4th, 6th and 8th traces). The 
distortion at the end of record C is an artefact. The similarity be- 
tween all gross records shows no change in the basic activity of the 
focus while a change in polarity of some of the signals in each sequence 
was recorded by the microelectrode. 

Department o/ Pathology and Psychiatry, 
Harvard Medical School, 
Boston (Massachusetts 02175, USA), 73 June 7969. 

4 s. W. I{UFFLER, Proc. R. Soc., London 768B, 1 (1967). 
5 This investigation was supported by National Institutes of Health 

Grant No. NB-08082. 

F l u c t u a t i o n s  in S a r c o m e r e  Length  in the  Chick  
D u r i n g  I s o m e t r i c  C o n t r a c t i o n  

Recent ly ,  LARSON et al. 1 repor ted  the  de tec t ion  and  
m e a s u r e m e n t  of sarcomere  f luc tua t ion  dur ing  isometr ic  
con t rac t ion  of the  frog sar tor ius  using the  opt ical  diffrac- 
t ion p a t t e r n s  ob ta ined  b y  t r a n s m i t t i n g  a laser beam 
th rough  the  muscle.  In  order  to  ascer ta in  whe t h e r  
sarcomere  f luc tua t ion  is a p r o p e r t y  peculiar  to  the  frog 
sar tor ius  i t  was  decided t h a t  the  laser b e a m  dif f ract ion 
m e t h o d  should be appl ied  to  some o the r  muscles.  In  
prac t ice  ve ry  few muscles  are sui table for th is  k ind  of 
s t u d y  as i t  is necessary  to  use a muscle t h a t  is ve ry  th in  
and  which  possesses sarcomeres  of more  or less uni form 
length.  Af te r  a n u m b e r  of muscles had  been  t r ied  i t  was 
found  t l la t  t he  chick pos ter ior  la t iss imus dorsi  muscle 
gave a good workable  d i f f rac t ion  pa t t e rn .  This muscle  is 
a fas t  or phas ic  muscle  whereas  the  ad j acen t  an te r ior  
la t iss imus dorsi  musc le  is a slow or tonic  muscle.  I t  was 
possible to  ob ta in  a reasonable  d i f f rac t ion  p a t t e r n  f rom 
the  anter ior  la t iss imus dorsi  and,  therefore ,  the  e x t e n t  of 
sarcomere  f luc tua t ion  in the  phasic  muscle  could be 
compared  wi th  t h a t  in t he  tonic  muscle.  

Materials and method. The  pos ter ior  la t iss imus dorsi  and 
an te r ior  la t i ss imus dorsi  were  dissected out  f rom 20-day- 
old W h i t e  Mounta in  Cross chicks. They  were suspended  in 
t he  muscle c h a m b e r  as shown in Figure  1. The muscle  
chambe r  was filled wi th  Krebs  b ica rbona te  r inger  solut ion 
a t  38 ~ equi l ibra ted  wi th  a 95% O2/5%CO~ mixture .  The 
opt ical  a r r a n g e m e n t  for recording sarcomere  f luc tua t ions  
dur ing  con t rac t ion  was as follows: The laser beam 
(Optics Technology,  Inc. ,  Model 170, He l ium-Neon  gas 
Laser  = 6328 ~,  power  0.3 mw) was  t r a n s m i t t e d  th rough  
the  muscle  in the  muscle  c h a m b e r  and the  d i f f rac ted  b e a m  
was t h e n  focused into t he  lens of a 16 m m  movie  camera  

A n t e r i o r  and P o s t e r i o r  L a t i s s i m u s  dors i  M u s c l e s  

(Bolex 16 m m  H reflex). Also the  screen of an oscilloscope 
showing the  s t imula t ion  pulses was  ref lected and  focused 
in to  t he  top  le f t -hand  corner  of t he  camera  lens using 
several  mir rors  and  lens. The l eng th  of the  muscle  was 
ad jus ted  to  its m a x i m u m  rest ing l eng th  by  lowering the  
b o t t o m  hook using t h e  rack  and  pinion. I t  was  t h e n  
gen t ly  f l a t t ened  be tween  the  glass p la te  and the  muscle  
c h a m b e r  wall using the  o ther  rack  and  pinion which 
m o v e d  the  muscle  c h a m b e r  backwards  and forwards  in 
t he  hor izonta l  plane.  The  laser b e a m  was t h e n  swi tched  
on and  m o v e d  up and down  the  muscle  unti l  a region was 
found  which  gave a good di f f rac t ion  p a t t e r n .  Care was 
t a k e n  no t  to  expose a n y  region of t he  muscle to  t he  b e a m  
for more  t h a n  a few seconds.  The  muscle c h a m b e r  was 
t h e n  dra ined  and  the  camera  set  in mot ion  (60 f rames  per  
sec) and  af ter  a second or so the  muscle  was s t imula ted  
via  t he  hooks  f rom w h i c h  the  muscle  was suspended,  
wi th  a burs t  of 30 vol t  DC square wave  pulses of 10 msec 
dura t ion  del ivered at  a f r equency  of 50 pulses per  sec. 
The tens ion  developed dur ing  the  con t rac t ion  was  re- 
corded  using the  m y o g r a p h  (Grass s traingauge) w i th  the  
o u t p u t  connec ted  to  a pen  recorder  (Dynograph  Offner 
Type  RS).  Af te r  processing,  the  f i lm was analyzed f rame 
by  f rame on an i sodens i tomete r  (Joyce and Loebl  Ltd . ,  
E n g l an d  ) and  the  d i s tance  be tween  the  diff ract ion lines 
was measured  and  p lo t t ed  for each {ndividual f r ame  of the  
film. 

R. E. LARSON, M. J. KUSHMERICH, D. H. HAYNES and R. E. 
Davies, Biophys. J. Soe. Abstr. 12th Ann. Mtg. 8, February 19-21 
(1968), p. A8. 


