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v a r y i n g  in a m p l i t u d e  t h r o u g h  t h i s  s tage  of 26 sec d u r a t i o n  
(Figure  B). Successively,  t he  spikes r eached  t he  m a x i m u m  
in size a n d  a regu la r  f r e q u e n c y  w i t h i n  15 sec, whi le  t he  
a n i m a l  a p p e a r e d  c a t a t o n i c  (Figure  C). W i t h i n  6 sec these  
r h y t h m i c  f r e q u e n t  spike d ischarges  were r e t a r d e d  a n d  
depressed  (Figure  D). T he  cessa t ion  of t h e  convu l s ion  
s tage  was fol lowed b y  si lence of all t h e  e lec t r ica l  ac t iv i t ies .  
Af te r  20 sec smal l  spikes were recognized aga in  a t  t he  low 
f r e q u e n c y  of 1 eve ry  1-2 sec. T he  a n i m a l  m a n i f e s t e d  
s t u p o r  s o m e t i m e s  w i t h  a cha rac t e r i s t i c  pos tu re  l ike a 
k a n g a r o o  a n d  adve r s ive  m o v e m e n t s  of t he  h e a d  to  t he  
lef t  (Figure  E). Oral  m o v e m e n t s  or r e s u m i n g  b e h a v i o r  
were p r e s e n t  a t  t i m e s  s i m u l t a n e o u s l y  w i t h  t h e  a rousa l  
p a t t e r n  of t he  E E G  for a br ie f  d u r a t i o n  (Figure  F). Th i s  
pos t - i c ta l  s tage  c o n t i n u e d  for  6 m i n  a n d  r ecove ry  b o t h  
in t he  E E G  a n d  b e h a v i o r  was  seen. I n  t he  records  of t he  
E1 mouse,  t h e  p a r o x y s m a l  d ischarges  were m o s t l y  com- 
posed  of spikes of d u r a t i o n  w i t h i n  120 msec w i t h  fewer 
slow waves.  

I n  t he  in te r - i c t a l  pe r iod  also p a r o x y s m a l  d ischarges  
could be  obse rved  less f r e q u e n t l y  a n d  in l imi ted  regions.  
E v e n  d u r i n g  drowsiness ,  deep sleep or t h e  R E M  sleep, 
t h e  spikes occur red  a t  t he  same  regions  w i t h  a s h o r t  du ra -  
t ion.  I n  a b o r t i v e  seizures,  w h i c h  were on ly  s q u e a k i n g  a n d /  
or a n  i n s t a n t a n e o u s  c a t a t o n i c  pos tu re  a n d  were of ten  seen 
a t  t he  f i rs t  few weeks a f te r  t he  c o m m e n c e m e n t  of t he  sei- 
zures, r e p e t i t i v e  spike d ischarges  occur red  in same  regions  
b u t  were un l ike ly  to  sp read  a n d  general ize.  

The  p r e s e n t  p a p e r  r epo r t s  for  t he  f i r s t  t i m e  t he  E E G  of 
t h e  h e r e d i t a r y  epi lept ic  mouse  whi le  f reely moving .  On 
t h e  aud iogenic  seizure mouse,  t h e r e  was t h e  E E G  record ing  
for a s h o r t  d u r a t i o n  on ly  u n d e r  anes thes ia% A n  E1 mouse  
is cons idered  as a k i n d  of t he  sensory  p r e c i p i t a t e d  epilep-  

sy  ~ c o m p a r a b l e  to  s imi la r  t ypes  of epi lepsy in man ,  a 
mouse  w i t h  t he  aud iogenic  seizure s, a b a b o o n  of pho t i c  
s ens i t i v i t y  ~, a p a r t i c u l a r  s t r a i n  of a Mongol ian  Gerbi l  1~ 
a n d  a domes t i c  fowl n,  because  of i t s  suscep t ib i l i ty  to  
c h a n g i n g  pos i t ion  or e n v i r o n m e n t .  The  p a r o x y s m a l  dis- 
charges  h a v e  a ce r t a in  local ized onse t  a t  t h e  cen t ro -  
pa r i e t a l  reg ion  of t he  h e m i s p h e r e  a n d  sp read  to  become  
genera l  ove r  t he  whole  co r t ex  a n d  are fol lowed b y  s u d d e n  
depress ion  in t he  E1 mouse.  D u r i n g  t he  seizure,  t he  fea tu res  
of t h e  p a r o x y s m s  are qu i t e  s imi la r  to  those  in a p h o t o -  
genic baboon ,  excep t  for  t h e  focus. I n  t h e  la t te r ,  t h e  
spikes s t a r t e d  a t  t he  f r on to - cen t r a l  region 9. 

As t he  p r o v o k i n g  cond i t ions  of seizures in  E1 mice  are 
r a t h e r  compl i ca t ed  a n d  obscure  in na tu r e ,  i nves t i ga t i ons  
on t h e m  shou ld  be  made .  So fa r  t h e  seizures  seem l ikely 
to  be  caused  b y  v e s t i b u l a r  or p rop r iocep t ive  s t imula t ions .  
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Preparation of Isolated Single Cardiac Cells from Adult Frog Atrial Tissue1 
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Summary. I so l a t ed  ca rd iac  cells f rom bul l f rog  a t r i a l  t i s sue  can  be  r ead i ly  p r e p a r e d  b y  d iges t ion  of i n t a c t  f r a g m e n t s  of 
a t r i a l  t i ssue  w i t h  t r y p s i n  a n d  col lagenase.  These  i so la ted  cells h a v e  d imens ions  of a b o u t  5 ~ m  in  w i d t h  a n d  r ange  in 
l e n g t h  f rom 300 ~zm to  over  500 ~zm. Such  i so la ted  cells m a y  p rove  useful  for t he  i n v e s t i g a t i o n  of con t rac t i l e  a c t i v i t y  
of card iac  muscle  a t  t h e  s ingle cell level  a n d  a t  t h e  sa rcomere  level  w i t h i n  t h e  single cell. 

The  p r e p a r a t i o n  of c o m p o n e n t  cells f r om va r ious  t is-  
sues pe r fus ion  w i t h  a v a r i e t y  of p ro t eo ly t i c  enzymes  ha s  
been  k n o w n  for  some t ime.  However ,  t he  p r e p a r a t i o n  of 
i so la ted  ca rd iac  cells ha s  been  p r i m a r i l y  conf ined  to  t he  
e m b r y o n i c  ch ick  hea r t .  On ly  r ecen t l y  h a v e  a t t e m p t s  
been  m a d e  to  isola te  v iab le  card iac  cells f r om a d u l t  myo-  
cardi, al  t i s sue  a n d  to  da t e  t h e  m a j o r i t y  of t h i s  work  ha s  
been  conf ined  to m a m m a l i a n  card iac  muscle.  

I n  1970 VAI~OUNY et  al. 3 descr ibed  a m e t h o d  for  t h e  
p r e p a r a t i o n  of i so la ted  ca rd iac  ceils f r om a d u l t  ma le  
r a t s  b y  i n c u b a t i o n  of t h e  h e a r t  f r a g m e n t s  in  a sal ine 
so lu t ion  c o n t a i n i n g  t r y p s i n  and  col lagenase.  I so la t ed  cells 
o b t a i n e d  b y  th i s  m e t h o d  were s p o n t a n e o u s l y  ac t ive  a n d  
r e m a i n e d  ac t ive  for  severa l  hours .  Since then ,  severa l  
i nves t iga to r s  h a v e  used  VAHOUNY'S t e c h n i q u e  to p r e p a r e  
single s m o o t h  muscle  cells f r om t he  s t o m a c h  musc le  o f  
Bu]o marinus 4,~. I n  t h e  p r e s e n t  s tudy ,  we a d a p t e d  t h e  
t e c h n i q u e  for t i le  p r e p a r a t i o n  of i so la ted  card iac  cells 
f rom a d u l t  bul l f rog a t r ia I  muscle.  

Materials and methods. Bul l f rog  (Rana catesbeiana) 
a t r i a l  t i ssue  was c leaned  of as m u c h  n o n c a r d i a c  cell t i ssue  
as possible  a n d  t h e n  minced  in to  coarse  f r agments .  The  
f r a g m e n t s  f rom one a t r i u m  were p laced  in 2 ml  of a Ca++- 
free R inge r ' s  d iges t ion  so lu t ion  h a v i n g  t h e  fol lowing 
compos i t i on :  111 m M  NaCI, 5.4 m M  KC1, 10 m M  tris 
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]Fig. 1. Examples of 4 typical single frog atrial cells prepared by 
trypsincollagenase dispersion of intact frog (Rana catesbeiana) 
atrial tissue; length calibration is 100 ~m. 

(h y d ro x y me t h y l )  a m i n o m e t h a n e ,  0 .1% collagenase,  a n d  
0.1% t r y p s i n .  T h e  pi-I of th i s  Ca++-free d iges t ion  so lu t ion  
was a d j u s t e d  to  7.0 a t  25~ b y  a d d i n g  12.4 N HC1. T h e  
d iges t ion  m e d i u m  w i t h  t i ssue  f r a g m e n t s  was  ag i t a t ed  b y  
gent le  b u b b l i n g  w i t h  95% O2-5 % CO 2 and  a t  30 m i n  
in te rva l s  t h e  s u p e r n a t a n t  was  r e m o v e d  a n d  replaced  b y  
2 ml  of f resh d iges t ion  so lu t ion  a n d  t h e  d iges t ion  con-  
t inued .  T h e  s u p e r n a t a n t  f rom each  30 m i n  d iges t ion  
per iod  was added  to  10 ml  of cold Ca++-free R inge r ' s  
so lu t ion  (composi t ion  as above  w i t h o u t  t r y p s i n  a n d  col- 
lagenase) a n d  t h e  h e a r t  cells were col lected b y  gent le  
cen t r i fuga t ion .  All  p rocedures  were ca r r ied  o u t  a t  r oom 
t e m p e r a t u r e .  The  ceils f r om each  30 ra in  h a r v e s t  were 
r e suspended  in 6-10 ml  of Tris-buffered Ringe r ' s  so lu t ion  
c o n t a i n i n g  1.8 m M  CaCI2, 4 m M  glucose, 100 U penic i l l in /  
ml,  a n d  200 ~g s t r e p t o m y c i n / m l .  Cells c o n t a i n e d  in 
1-2 ml  of th i s  so lu t ion  were p l a t ed  in to  t i ssue  cu l tu re  
dishes  (Falcon t i ssue  cu l tu re  d ish  No. 3001) a n d  al lowed 
to  set t le  an d  a t t a c h  to  t h e  b o t t o m  of t h e  dish. T h e  cells 
a t t a c h  f i rmly  enough  to the  cu l tu re  dishes  so t h a t  t h e  
cells can  be  super fused  w i t h  so lu t ion  of v a r y i n g  com- 
posi t ion.  I t  was found  t h a t  a s ign i f ican t  n u m b e r  of 
cardiac  cells was  o b t a i n e d  on ly  a f t e r  11/2 2 h of t i ssue  
digest ion,  a r e su l t  s imi la r  to  t h a t  r epo r t ed  b y  VAHOUNY 
et  al. a. No obvious  s t r u c t u r a l  dif ferences  were obse rved  
b e t w een  cells o b t a i n e d  2 h a f te r  i n i t i a t i on  of d iges t ion  
an d  those  o b t a i n e d  4 h a f te r  i n i t i a t i o n  of digest ion.  

Results. A large q u a n t i t y  of i sola ted cells can  be  ob-  
t a i n e d  b y  th i s  t e c h n i q u e  a n d  examples  of 4 t yp i ca l  cells 
are shown  in F igure  1. These  cells are sp indle  s h a p e d  a n d  
h a v e  a cen t r a l l y  loca ted  nucleus ;  b i fu rca t ed  cells h a v e  
also been  observed .  The  cells are qu i te  long r an g i n g  in 
l e n g t h  f rom a b o u t  300 ~zm to  over  500 ~m. The  cell w i d t h  
a t  t h e  region of t h e  nuc leus  is on  t h e  order  of 9 ~xm, 
whereas  a d j a c e n t  to  t h e  nuc leus  region t h e  cell w i d t h  is 
a b o u t  5 ~m. W e  h a v e  ver i f ied  b y  hemotoxy l in - eos in  
s t a in ing  of t h e  isola ted cells a n d  b y  e lec t ron  mic roscopy  

]Fig. 2. Examples of sarcomere 
pattern in 2 cells observed at high 
magnification; length calibration 
is 20 txm. 
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t h a t  t he  cells p r e p a r e d  b y  t h i s  t e c h n i q u e  are single cells. 
O b s e r v a t i o n  of t h e  cells a t  h i g h  m a g n i f i c a t i o n  (Fig- 

ure  2) d e m o n s t r a t e s  t h a t  t h e  ceils h a v e  a d i s t i nc t  sarco-  
mere  p a t t e r n i n g  a n d  t h a t  t he  sa rcomere  spac ing  is fa i r ly  
u n i f o r m  a long  t he  l e n g t h  of t he  cell. T he  sa rcomere  
spac ing  (de t e rmined  b y  d iv id ing  t h e  n u m b e r  of sarco- 
meres  in a g iven  region of t he  cell b y  t h e  l e n g t h  of t h a t  
region) is a b o u t  2.1 ~zm (average  of 11 d e t e r m i n a t i o n s  on  
10 cells). 

A n u m b e r  of p r e l i m i n a r y  t e s t s  h a v e  been  pe r fo rmed  
to  assess t h e  v i ab i l i t y  of these  i so la ted  ceils. T he  ab i l i t y  
of these  cells to  give t w i t c h  like c o n t r a c t i o n s  in response  
to  a n  electr icaI  s t imu lus  was de t e rmined .  E lec t r ica l  
s t i m u l a t i o n  was p rov ided  b y  field s t i m u l a t i o n  b e t w e e n  
a n  e lec t rode  p laced  in close p r o x i m i t y  to  a cell a n d  a 
r e m o t e  e lect rode p laced  in t he  f luid in  t he  cu l tu re  dish.  
Of 479 ceils ( from 7 atr ia)  t e s t ed  w i t h i n  5 h of p r e p a r a t i o n ,  
380 (79%) of t he  cells gave  t w i t c h  like c o n t r a c t i o n s  in  
response  to  e lec t r ica l  s t imu la t ion .  T he  response  of t h e  
i so la ted  cells to  e l eva ted  ex t race l lu la r  p o t a s s i u m  con-  
c e n t r a t i o n  was also de t e rmined .  Of 101 cells ( f rom 5 
atr ia)  super fused  w i t h  h i g h - K  R inge r ' s  so lu t ion  (115 m M  
KC1, 111 m M  NaC1 a n d  1.8 m M  CaCI~), 87 (89%) of t he  
cell p roduced  e i the r  su s t a ined  or t r a n s i e n t  con t r ac t i l e  
responses.  Ve ry  few ceils showed  s p o n t a n e o u s  con t r ac t i l e  
a c t i v i t y  w h e n  exposed  to  n o r m a l  R inge r ' s  solut ion.  

Discussion. The  t e c h n i q u e  of t r y p s i n  a n d  col lagenase  
d ispers ion  of i n t a c t  t i ssue  appea r s  to  work  nice ly  for t h e  
p r e p a r a t i o n  of i so la ted  frog a t r i a l  cells. T he  m o r p h o l o g y  
of cells o b t a i n e d  b y  t h i s  t e c h n i q u e  appea r s  to  be  s imi la r  
to  t h a t  o b t a i n e d  b y  1VIARCEAU 6 on cells i so la ted  f rom 
frog card iac  t i ssue  b y  a c o m b i n a t i o n  of p o t a s s i u m  caus-  
t i que  a n d  acid d issoc ia t ion  of i n t a c t  t issue.  T he  cell 
w i d t h  of 5 ~m is s imi la r  to  t h a t  o b t a i n e d  b y  MARCEAU as 
well  as t h a t  r e p o r t e d  b y  e lec t ron  microscopis t sL  The  
cell l e n g t h  of 300-500 a m  is longer  t h a n  r epo r t ed  pre-  

v ious ly  in t he  l i t e ra tu re .  BARR e t  al. s r epo r t ed  cell l eng ths  
of 175 o t  250 tzm on frog a t r i a l  ceils t eased  f rom bund l e s  
i n c u b a t e d  in E D T A  Ringe r ' s  a n d  SKRAMLIK 9 r e p o r t e d  
l eng ths  of 73 to  193 ~zm in cells i so la ted  b y  K O H  diges t ion 
of i n t a c t  t issue.  However ,  t he  d i ag rams  of frog card iac  
cells p r e sen t ed  b y  MARCEAU 6 give a l e n g t h  to  w i d t h  
r a t io  of a b o u t  70 i n d i c a t i n g  cell l eng ths  in  excess of 
300 [zm. The  sa rcomere  spac ing  in t h e  i so la ted  cell of 
a b o u t  2.1 ~zm is s imi la r  to  t h a t  r epo r t ed  for i n t a c t  frog 
ca rd iac  t i ssue  ~0, ~. 

The  i so la ted  ceils p repared '  f rom a d u l t  bu l l f rog  a t r i a l  
t i s sue  a p p e a r  to  h a v e  i n t a c t  m e m b r a n e s  as ev idenced  b y  
t he  obse rva t i ons  t h a t  t h e y  give con t r ac t i l e  responses  in 
response  to e lec t r ica l  s t i m u l a t i o n  or a n  e l eva t ion  in 
ex t r ace l l u l a r  p o t a s s i u m  concen t r a t i on .  I n  c o n t r a s t  to  
m a m m a l i a n  cardiac  cells p r e p a r e d  b y  e n z y m a t i c  diges- 
t ion  where  on ly  a b o u t  10% of t h e  cells a p p e a r  to  h a v e  
i n t a c t  m e m b r a n e s  ~2, t h e  m a j o r i t y  of t h e  i so la ted  frog 
a t r i a l  cells a p p e a r  to  h a v e  n o r m a l  m o r p h o l o g y  a n d  re- 
spond  to e lectr ical  or chemica l  s t imu la t i on .  Also, these  
frog a t r i a l  ceils t o l e r a t e  ex t race l lu la r  ca lc ium concen t r a -  
t ions  in  excess of 1 m M ,  whereas  i so la ted  m a m m a l i a n  
ca rd iac  cells go in to  c o n t r a c t u r e  if ex t raee l lu la r  ca lc ium 
c o n c e n t r a t i o n  is e l eva t ed  above  1 m M  12. 
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A Populat ion  of H u m a n  L y m p h o c y t e s  Staining for Esterases  1 
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Summary. A p o p u l a t i o n  0f l y m p h o c y t e s  is found  to  s t a i n  pos i t i ve ly  for esterases.  The  pos i t ive ly  s t a in ing  l y m p h o c y t e s  
are more  p r e d o m i n a n t  a m o n g  T t h a n  B l y m p h o c y t e s  a n d  are  s ign i f i can t ly  increased  on  s t i m u l a t i o n  w i t h  P H A .  Trea t -  
m e n t  w i t h  cho l ines t rase  i nh ib i t o r s  reduces  t h e i r  n u m b e r  s igni f icant ly .  

S t a in ing  for non-specif ic  es terase  is a wide ly  used cyto-  
chemica l  m e t h o d  for  t h e  i den t i f i ca t ion  of monocy tes .  
However ,  i t  h a s  n o t  been  r e p o r t e d  t h a t  l y m p h o c y t e s  
s t a in  pos i t ive ly  us ing  t h i s  t echn ique .  W e  n o w  r e p o r t  t h a t ,  
in  c o n t r a s t  to  t h e  diffuse cy top l a smic  s t a in ing  p a t t e r n  
obse rved  w i t h  monocy tes ,  a v a r i a b l e  p r o p o r t i o n  of 
l ~ m p h o c y t e s  show one or more  d iscre te  cy t op l a smic  
' spots ' .  W e  e x a m i n e d  t h e  poss ib i l i ty  t h a t  pos i t ive ly  
s t a in ing  l y m p h o c y t e s  m a y  cor re la te  w i t h  d i s t i nc t  sub-  
p o p u l a t i o n s  of l ymphocy te s .  W e  also s tud ied  t h e  effect  
of l y m p h o c y t e  s t i m u l a t i o n  w i t h  p h y t o h a e m a g g l u t i n i n  
(PHA). 

Blood leukocy tes  f rom 26 persons  were s e p a r a t e d  b y  
H y p a q u e - F i c o l l  g r a d i e n t  c e n t r i f u g a t i o n  2. T he  ave rage  
yield of l y m p h o c y t e s  was 85% a n d  95% of t he  cells were  
l ymphocy t e s .  V iab i l i t y  as j u d g e d  b y  dye  exclus ion was  
99%.  Sheep red  b lood cell (SIRBC) rose t t e  f o r m a t i o n  
w i t h  T l y m p h o c y t e s  was car r ied  ou t  as p rev ious ly  de-  

scr ibed a. R o s e t t e  fo rming  l y m p h o c y t e s  were  s epa ra t ed  
f rom n o n - r o s e t t i n g  l y m p h o c y t e s  b y  g r a d i e n t  cen t r i fuga-  
t i on  4. The  s e d i m e n t e d  rose t t es  a n d  t h e  free cells h a r v e s t e d  
f rom t h e  in te r face  were used as source of T a n d  B- r ich  
l eukocy tes  suspens ions  respect ively .  A d h e r e n t  ceils were 
dep le ted  b y  i n c u b a t i n g  8 • 106 l eukocy tes  in  2 ml  of 
m e d i u m  in smal l  p e t r i  d ishes  a t  37~ for 2 h 5. 

L y m p h o c y t e  p ro l i fe ra t ion  was i nduced  b y  cu l t u r i ng  
4 • 106 cel ls /ml  w i t h  12.5 ~zI of P H A  (Burrough-~Vel lcome 
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