
642 Specialia EXPERIENTIA 33[5 

c lonazepam's  an t i convu l san t  ac t iv i ty  was po ten t i a t ed  by  
.all the  drugs tr ied.  I n  any  case, i t  has  not  been possible 
a t  p resent  to f ind 'model  animals '  in which all k ind of 
h u m a n  epi lepsy can be reproduced  1,. We  bel ieve t h a t  the  
di f ferent  behav iour  of all the  drugs t r ied wi th  c lonazepam 
could be expla ined by  the  different  mechanisms  of act ion 
each of t h e m  has la. Barbi tura tes ,  phenurone  and diphenyl-  
hydan to in  have  a c o m m o n  mode  of action, a l though  the  
f irs t  ones have  a more sedat ive  and depressive ac t i v i t y  
of the  CNS than  d iphenylhydan to in .  We  have  to poin t  
ou t  t h a t  the  doses of ba rb i tu ra tes  and phenurone  required 
to p ro tec t  f rom the  effect  of m a x i m a l  e lectroshock are 
h igher  t han  the  doses requi red  to p ro tec t  f rom the  effects 
of cardiazol;  on the  o ther  hand,  the  EDs0 of diphenyl-  
hydan to in  required to p ro tec t  agains t  cardiazol  con- 
vuls ions is :higher  t h a n  the  dose required to p ro tec t  f rom 
the  e lectroshock convulsions.  This induces us to th ink  
t h a t  d ipheny lhydan to in  posses cer ta in  peculiar i t ies  wi th  

respect  to barb i tura tes  which would  expla in  why  a l though 
t h e y  have  similar  ant iepi lept ic  ac t iv i ty ,  t h e y  behave  dif 
ferent ly  wi th  respect  to the  an t i convu l san t  ac t iv i ty  of 
c lonazepam in convuls ion- induced  by  cardiazol.  
Therefore  i t  can be concluded t h a t :  a) The cardiazol  
t echn ique  we have  used induces par t icu la r ly  epi lepsy 
minor  crisis. This  agrees wi th  the  results  obta ined  by  
T o m a n  8. b) The  max ima l  electrosh9ck technique  is no t  
specific for s tudying  the  effect of several  associations of 
ant iepi lept ic  drugs, c) We  bel ieve that ,  a l though barbi-  
tu ra tes  and d ipheny lhydan to in  have  been grouped to- 
gether  as hav ing  similar  mechan i sm of act ion and similar 
therapeut ic  indications,  t hey  have  ant iconvuls ive  pecu- 
l iarit ies which can clearly be observed wi th  the  experi-  
men ta l  t echnique  used. 

14 R. Naquet and J. Lanoir, Anticollvulsant drugs 3, 67 (1973). 
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Summary. Verapami l  s tops the  electrical  ac t iv i ty  of the  sinus node cells. In  the  presence of verapamil ,  d ibu ty ry l  
c A M P  brings abou~ a recovery  of the  spontaneous  ac t iv i ty ,  whereas  noradrenal ine  is ineffective.  

Verapami l  was ini~ially t h o u g h t  to be a specific Ca-an- 
tagonis t  for smooth  and cardiac muscle 1-*. I t  has  now 
been recognized t h a t  0nly  ( - ) -verapami l  exerts  an inhibi-  
t o r y  act ion on the  siow Ca-channel,  whereas  its ( + ) -  
i somer  inter iers  wi th  t he  fas t  Na-channe l  5, 6. Thus  racemie 
and ( - ) -verapami l  can suppress the  slow componen t  of the  
actiolx po ten t ia l  in myocard ia l  cells 6-9. The  a im of present  
s t udy  was to  inves t iga te  how verapamiI  acts on the  elec- 

t r ical  ac t iv i ty  of the  sinus node cell in the  pacemaker  
region, and to find out  if noradrenal ine  and d ibu ty ry l  
cAMP (db cAMP) could coun te rac t  the  ve rapami l  effects. 
I n  these exper iments ,  racemic ve rapami l  was employed  
in a concent ra t ion  t h a t  left  the  fast  channel  prac t ica l ly  
unaffec ted  6. 
Methods. The exper iments  were per formed Oll 24 isolated 
sinus nodes of the  rabb i t  hear t .  E a c h  prepara t ion  was 

Effect of verapamil and db cAMP 
on the sillus node cell. A control, 
B-F action of verapamil, B 3 mill, 
C 12 mill, D 12 mill 5 sec, E 15 
rain, F 18 rain of perfusion; G-H 
db cAMP added to perfusion 
fluid containing verpamil, G 8 
mill, H 10 rain of perfusion; I-P 
rinsing with Tyrode fluid con- 
taining verapamil, I 10 rain,. 
J 20 roan, K 25 rain, L 40 mill, 
M 48 rain, N 60 rain, 0 73 rain, 
P 75 rain of perfusiom In E, F 
and N the cell was stimulated. 
Calibration: voltage 50 mV, time 
5 see. 
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perfused wi th  oxygena ted  and warmed  (35~ Tyrode  
solution. Elec t r ica l  ac t iv i ty  was recovered by  means  of 
conven t iona l  glass microelectrodes.  E a c h  recording micro-  
electrode was also used for in t racel lular  s t imula t ion  (cur- 
ren t  1-2 tzA, dura t ion  3 msec, f requency  0.2-1 Hz) of the  
celD 0. Af te r  control  records, the  p repara t ion  was per-  
fused wi th  Tyrode  solut ion conta in ing  5 • 10 -7 M/1 of 
(~=)-verapamil unt i l  comple te  cessation of spontaneous  
ac t iv i ty  ensued. Abou t  5 min  af ter  arrest,  the  p repara t ion  
was perfused wi th  Tyr0de  solut ion conta in ing  verapami l  
and 10 -s m/1 of noradrenal ine  b i t a r t a ra t e  or 2 • 10 .3 M/1 
of db cAMP. 
Results and discussion. The effects of verapamiI  and db 
c A M P  are shown in the  figure. Verapami l  reduced the  
spontaneous  rate,  decreased the  slope of the  slow de- 
polar iza t ion  and diminished the  ampl i tude  of the  act ion 
po ten t ia l ;  12-40 min  f rom the  onset  of ve rapami l  ad- 
minis t ra t ion,  the  ac t ion  potent ia l s  disappears  and the  
records showed only  slow depolarizat ion.  Wi th in  this 
period, the  cells became inexci table  bo th  for depolarizing 
and for hyperpolar iz ing  pulses (figure, E, F), a l though 
in the  control  conditions,  in t racel lular  s t imula t ion  dur ing 
slow depolar izat ion and a t  t he  end of repolar izat ion was 
always effective. In  a fur ther  3-8 rain, the  ampl i tude  and 
ra te  of the  slow depolar izat ion progressively decreased 
and f inal ly a stable m e m b r a n e  potent ia l  of -45  to -50  mV 
was recorded. 
Addi t ion  of noradrenal ine  was ineffective,  whereas  db 
c A M P  caused the  spontaneous  ac t iv i ty  to re turn  wi th in  
5-20 mill. This a c t i v i t y  remained  as long as the  nucleot ide 
was present.  Wash ing  ou t  the  p repara t ion  wi th  pure  
Tyrode  solution, or Tyrode  solut ion conta in ing verapamil ,  
again caused an arrest  wi th in  25-75 min.  The  above  re- 
suits conf i rm o ther  inves t igat ions  which indicate  t h a t  in 
the  cardiac  pacemaker  slow depolar izat ion as well as the  
act ion po ten t ia l  is main ly  dependen t  on the  calc ium in- 
f lux 11-13. Disappearance  of the  act ion po ten t ia l  and the  
comple te  inexc i tab i l i ty  of the  cells arrested by  ve rapami l  
could also suppor t  the  v iew that ,  in the  nodal  act ion po- 
tent ial ,  on ly  the  slow cur ren t  componen t  is p resent  14. 
However ,  the  effect  of the  db c A M P  in t he  presence of 
ve rapami l  remains  unclear.  I t  is general ly  accepted t h a t  

ve rapami l  inhibi ts  calcium influx act ing d i rec t ly  on the  
slow channel  3, ~, 15. This  m a y  explain the  lack of act ion of 
noradrenal ine  which, as its actions, increases the  inward 
Ca_current16,17 However ,  i t  does no t  expla in  w h y  db cAMP 
reac t iva tes  spontaneous  ac t iv i ty  blocked by  ve rapami l  
which only slightly, if a t  all, affects the  c A M P  conten t  in 
the  hear t  and does no t  counte rac t  the  adrenergic  s t im- 
Ulation of adenyla te  cyclase 15, is. The last  f inding makes  
an unspecific act ion of db cAMP unlikely, because other-  
wise e leva ted  level of c A M P  due to  noradrenal ine  would 
be also effective. 
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Spectral changes  result ing from the interaction of some N-alkyl  n i trosamines  
and rat liver microsomes  1 
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Summary. D i m e t h y l  (DMN) and d ie thy l  n i t rosamine(DEN)  do no t  give character is t ic  spectral  changes upon in terac t ion  
wi th  ra t  l iver  microsomes,  while d ipropyl  (DPN) and d ibu ty l  (DBN) n i t rosamine  cause type  I spectral  changes. The 
spectral  b inding cons tan t  is 100 m M  for D P N  and 1.17 mM for DBN.  The max ima l  spectra l  change is 3.2 X l0  s and 
1.0 • 10 6 absorbance units  per  mil l igram prote in  for D P N  and D13N respect ively.  

Many  compounds  known to be  substra tes  for the  hepat ic  
microsomal  mixed  funct ion  oxygenase  h a v e  been shown 
to in te rac t  wi th  oxidized cy tochrome  P450 (P450). 
R e m m e r  et  al. 2 using difference spect roscopy showed 2 
dis t inct  types  of spectra l  shifts which t h e y  la ter  called 
type  I and I I .  The  type  I shif t  was typif ied by  compounds  
such as aminopyr ine ,  hexobarb i t a l  and m a n y  o ther  chemi-  
cals and was character ized by  a t rough  of abou t  420 n m  
and a peak  a t  385 nm, Compounds  such as aniline, 
pyr id ine  and others  gave  t y p e  I I  shift, character ized by  a 

peak  a t  abou t  430 n m  and a t rough  a t  395 rim. Type  I 
spectra are general ly  considered to be caused by  non- 
specific in terac t ions  wi th  a l ipophilic si te o ther  than  the  
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