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increase  in 5 -HT levels in  mouse  b ra in ,  r each ing  188% 
of n o r m a l  levels 45 m i n  a f t e r  an  i. p. i n j ec t ion  of pargyl ine .  

The  a d m i n i s t r a t i o n  of m e t h y s e r g i d e  to  mice  (Figure  3) 
r e su l t ed  in a p ro longed  h y p e r t h e r m i a  w h i c h  fol lowed t h e  
in jec t ion  ar t i fac t .  Th i s  h y p e r t h e r m i a  did  not ,  however ,  
r each  s t a t i s t i ca l  s ignif icance.  On t he  o t h e r  h a n d ,  w h e n  
m e t h y s e r g i d e  was in j ec t ed  i n~ raven t r i cu l a r ly  concomi-  
t a n t l y  w i t h  5 -HT (25 nmoles)  i t  s ign i f i can t ly  a t t e n u a t e d  
t h e  h y p o t h e r m i a  p roduced  b y  5 -HT (Figure 3). The  b lock  
of t h e  h y p o t h e r m i c  response  to  5 -HT b y  me thyse rg ide ,  
wh ich  ha s  been  s h o w n  to  be  a 5 -HT recep to r  b locker  in  
t h e  CNS 13, a g a i n  ind ica tes  t h a t  t h e  5-HT induced  h y p o -  
t h e r m i a  is p r o b a b l y  a d i rec t  ef fec t  of t h i s  a m i n e  on  
cen t r a l  se ro tonerg ic  receptors .  The  d a t a  o b t a i n e d  w i t h  
m e t h y s e r g i d e  would  also w e a k e n  t he  a r g u m e n t  t h a t  t h e  
effects  of i n t r a v e n t r i c u l a r l y  in j ec ted  5 - H T  would  be  
m e d i a t e d  b y  a d i s p l a c e m e n t  of o t h e r  a m i n e s  (e. g., ca te-  
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Fig. 3. ~ethysergide, 20 nmoles (n = 4, O--O), or serotonin, 25 
nmoles(n = 6, m--II), or a solution containing both methysergide 
and serotonin at these same dose levels (n = , - - A )  in artificial CSF, 
were injected intraventricularly in mice. Rectal temperature was 
recorded just prior to injection and at various times thereafter and 
results are expressed as change from preinjeetion temperature 
SD. **p < 0.001; *p < 0.05 as compared to animals receiving 
serotonin and methysergide. 

cholamines)  f rom s torage  sites. The  poss ib i l i ty  r ema ins  
t h a t  t h e  loca t ion  of va r ious  recep tors  for  5 -HT m a y  p l ay  
a p r i m a r y  role in  d e t e r m i n i n g  w h e t h e r  t h e  response  to  
i n t r a c e r e b r a l  a d m i n i s t r a t i o n  of 5 -HT is h y p o -  or h y p e r -  
t h e r m i a .  Severa l  s tud ies  14,1~ h a v e  i nd i ca t ed  t h a t  5 -HT 
in jec ted  in to  ce rebra l  ventr ic les ,  reaches  on ly  a l imi ted  
d i s t r i b u t i o n  in t i ssue  s u r r o u n d i n g  t he  v e n t r i c u l a r  s y s t e m  
in b ra in .  A l t h o u g h  m o s t  of t h e  5 -HT sens i t ive  t h e r m o -  
r e g u l a t o r y  areas  h a v e  been  found  to  reside in t h e  a rea  of 
t he  t h i r d  ven t r i c l e  t he  diffusion g r a d i e n t  p roduced  a f te r  
i n t r a v e n t r i c u l a r  a d m i n i s t r a t i o n  of 5 -HT m a y  p roduce  
resu l t s  d i f fer ing f rom those  p roduced  b y  ins t i l l ing 5 -HT 
d i rec t ly  in to  p a r t i c u l a r  areas  of t h e  h y p o t h a l a m u s .  

The  recen t  explanations16,17 t h a t  changes  in b o d y  
t e m p e r a t u r e ,  a f t e r  a d m i n i s t r a t i o n  of drugs,  are  due  to  a 
b lock  in t h e  p r o d u c t i o n  of 5 -HT me tabo l i t e s  in  t h e  CNS 
should,  however ,  be  reconsidered.  The  func t i on  of such  
m e t a b o l i t e s  (e.g., 5 -HTOL)  was  p o s t u l a t e d  to  be  pro-  
duc t ion  of h y p o t h e r m i a .  Our  resul t s  do n o t  s u p p o r t  suctl  
a pos tu la te ,  a n d  ind ica te  t h a t  these  me tabo l i t e s  of 5 -HT 
h a v e  no  effect  on  b o d y  t e m p e r a t u r e  even  w h e n  admin i s -  
t e r ed  in to  t h e  CNS in doses well  above  t h e  levels n o r m a l l y  
found  in bra in .  P rev ious  d a t a  s showing  a h y p o t h e r m i c  
response  to 5 - h y d r o x y t r y p t o p h o l  in  doses of 0.8 or  1.2 g/ 
kg  m a y  h a v e  been  a n  express ion  of a more  genera l  pheno-  
m e n o n  of a lcohol  i nduced  lower ing  of b o d y  t e m p e r a t u r e  is. 
Hydroxy~cryptophol ,  m a y  h a v e  also been  oxid ized  to  5- 
h y d r o x y i n d o l e a c e t a l d e h y d e  w h i c h  could h a v e  ind i rec t ly  
in f luenced  b o d y  t e m p e r a t u r e .  Our  r ecen t  s tudies  h a v e  
ind ica t ed  t h a t  th i s  a l d e h y d e  i nh ib i t s  b r a i n  A T P a s e  
a c t i v i t y  19. 

Our  c u r r e n t  d a t a  s t r ong ly  suppo r t s  t he  d i rec t  invo lve-  
m e n t  of 5 -HT in m e d i a t i n g  t he  t e m p e r a t u r e  response  
p roduced  a f t e r  a d m i n i s t r a t i o n  of t h i s  n e u r o t r a n s m i t t e r  
in to  t h e  CNS a n d  ind ica tes  t h e  presence  of r ecep tors  for  
5 -HT in  b r a i n  which,  w h e n  ac t iva t ed ,  p roduce  h y p o -  
t h e r m i a  in t he  mouse.  
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269 (1967). 
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Paroxysmal Discharges in the Electroencephalogram of the E1 Mouse 
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Summary. The  spike d ischarges  in  t he  E E G  of t he  E1 mouse,  a se izure-suscept ib le  s t ra in ,  were r ecorded  d u r i n g  con-  
vu l s ive  seizures.  Th i s  fac t  p rov ides  ev idence  t h a t  those  seizures are rea l ly  epi lept ic  convuls ions .  

Since an  E l  mouse  was found  and  deve loped  b y  W h e r e a s  some n e u r o c h e m i c a l  s tud ies  were car r ied  o u t  t, 
IMAIZU•I e t  al.2,3, i t s  seizure ha s  been  r ega rded  as epi lept i -  neurophys io log ica l  ef for ts  were n o t  successful.  The re  has  
form a u d i t  ha s  appea red  to be  a su i t ab le  m o d e l o f  a h u m a n  been  no  ev idence  t h a t  an  E1 mouse  m i g h t  be  rea l ly  
genuine  or h e r e d i t a r y  epilepsy.  N ow  i t  is ava i l ab le  as a epi lept ic ,  n a m e l y  t h a t  i t  m i g h t  h a v e  t he  d isorders  of 
gene t i ca l ly  pure  s t r a i n ;  all  t h e  mice  of t h i s  s t r a i n  d i sp lay  p a r o x y s m a l  ce rebra l  d y s r h y t h m i a  5. Recen t ly ,  I was  able  
ep i l ep t i fo rm seizures,  so fa r  as t he  p r o p e r  care  is t a k e n  ~, ~. to  record  t he  p a r o x y s m a l  d i scharge  p a t t e r n s  in t h e  e lectro-  
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encepha logram (EEG) dur ing seizures and  in ter - ic ta l  
per iods  of the  animals.  Accordingly,  I can  def in i te ly  
es tabl ish  t h a t  an E1 mouse is epileptic.  

Material and methods. 32 adu l t  mice were used. All of 
t h e m  were of F 56-58 genera t ion  and  suscept ible  to  
seizures of tonic  and  clonic convulsions,  runn ing  fi ts  or 
o the r  manifes ta t ions .  Af te r  the  o rd ina ry  m e t h o d s  de- 
ve loped  by  I~rAizlJMi et  al. ~,~, s t imula t ions  were given 
once a week f rom 3 weeks of age. The procedures  of t he  
s t imula t ion  were as follows : a mouse  was t aken  ou t  of the  
home  cage and placed on the  me ta l  mesh  of the  cage and  
observed for 3 min ,  and  t h e n  i t  was t h r o w n  up in the  air 
abou t  15 cm, 30 t imes.  In  mos t  cases, the  mouse  exh ib i t ed  
tile f i rs t  seizure a t  7 or 8 weeks of age and b e c a m e  more 
suscept ible  to  t h e  seizures w i th  fewer t h rowing-up  
procedures.  In  some ] i te rmates  of t he  mice, seizures 
occurred dur ing  the  per iod of the  observa t ion  on the  mesh  
af ter  several  weeks of s t imula t ions .  

The E E G  was recorded t h r o u g h  the  th in  s tainless  steel  
screws imp lan ted  in the  ca lvar ium as shown in the  Figure.  
I careful ly avoided  inser t ing  the  screws into t he  cor tex  or 
deep s t ructures ,  so t h a t  t he  bra in  m i g h t  no t  be damaged .  
The reference e lect rode was f ixed to  t he  u t m o s t  caudal  
p a r t  of t he  skull. The  e l ec t romyogram (EMG) and  the  
e lec t rocard iogram (ECG) were  recorded f rom the  neck  
muscles and  the  back  respect ively.  These opera t ions  were 
carried out  under  e the r  anesthesia .  Po lygraph ic  recordings  
were done on the  comple te ly  freely moving  animals  af ter  
recovery.  For  a technica l  reason, I show here the  records 
of the  seizures dur ing  the  observa t ion  o n t h e  mesh  w i t h o u t  
the  procedure  of t h rowing  up. 

Results a~d discussion. On arousal  or sleep, no remark-  
able difference in the  background  act ivi t ies  was recognized 
be tween  an E1 mouse  and  a contro l  d d N  one. The seizure 
p resen ted  in the  Figure  was typ ica l  b o t h  in clinical fea tures  
and in t he  EEG.  Unt i l  several  p rod roma l  clinical signs ~,* 
of t he  seizure began,  in t he  r igh t  cent ra l  a n d  s l ight ly  la ter  
in t he  cont ra la te ra l  occipi tal  region, small  nega t ive  
monophas ic  spike discharges appeared  a t  first.  Soon t h e y  
increased in ampl i tude  and  dura t ion .  The frequencies  of 
the  spikes were i rregular  a t  f i rs t  and  became  regular  
a t  1 Hz  (Figure A and B). This  p rod roma l  s tage con t inued  
for 62 see. 

Sudden ly  convulsions s t a r t ed  wi th  tonic  f lexions of 
l imbs and  the  up r igh t  tai l  for a ve ry  shor t  t ime.  Soon 
af ter  t ha t ,  r emarkable  clonic dorso -ven t ra l  convuls ions  
of the  head  fol lowed and in t he  E E G  ve ry  fa t  b u t  smaller  
spikes occurred as burs t s  and  spread  to the  f ronta l  region, 

z I thank Dr. K. IMAIZUMI and Dr. K. NAKANO Of National Institute 
of Health for their sharing the strain of El mouse to us and Miss 
Y. NAKAMOTO and Mr. N. OZAWA for their technical assistance and 
~r. K. MOaI~AMA for his care for the mice, and also thank Dr. H. 
NARABAYASm for his criticism on this paper. 
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Research (Eds. T. TOKIZAIgE and J. P. SCHADE; Elsevier, Amster- 
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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 

M. TARR a n d  J.  W.  TRANK 2 

Department o/ Physiology, University o] Kansas Medical Center, College o] Health Sciences and Hospital Kansas City 
(Kansas 66703, USA),  77 September 1975. 

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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