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Comparison of the activities in the palmar skin conductivity (PSCR) 
and antipentylenetetrazole (APIS) tests 

Drugs Activities APIS A 

APIS A PSCR A PSCR A 

Clonazepam (cmc) 2695 351 7.7 
(2558-2855) (325-375) (@8-8.8) 

Flunitrazepam (cmc) 3588 514 7.0 
(3187-4158) (513-517) (6.5-8.1) 

Bromazepam (cmc) 671" 316 2.1 
(281-348) 

Lorazepam (emc) 1070 664 1.6 
(1048 1101) (623 738) (1.4-1.8) 

Flurazepaln (cmc) 518 �9 325 1.6 
(299 351) 

Demoxepam (cmc) 451 286 1.6 
(441-463) (265 306)  (1.4-1.7) 

Chlorazepate (cmc) 432 287 1.5 
(428-437) (256-318)  (1.3-1.7) 

Tetrazepalu (cmc) 388 261 1.5 
(374-410) (224-298)  (1.3-1.8) 

Medazepaln (sal) 399 290 1.4 
(391-409) (263 317)  (1.2-1.5) 

Nitrazepaln (emc) 813 598 1.4 
(775-863} (580 628)  (1.2-1.5) 

Oxazepam (cmc) 441 371 1.2 
(419-477) (348-392)  (1.1-1.4) 

Diazepam (tint) 620 542 1.1 
(569-724) (528-562)  (1.0-1.4) 

Chlordiazepoxide (cmc) 373 387 1.0 
(357-398) (367-405)  (0.9-1.1) 

Phenobarbital Na (sal) 325 343 0.9 
(322-329) (324-361)  (0.89-1.01) 

Meprobamate (sal) 283 300 0.9 
(277-290) (273-326)  (0.8-t.1) 

Figures in brackets = confidence limits p 0.05. 
sal, in Na CI solution; cmc, in aqueous solution of 0.5% earboxy- 
inethyleellulose. �9 Approximate value. 
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d e a t h  in 50% of the  mice (APIS  PD 50 mg/kg),  the  dose 
p roduc ing  a 50% inhibi t ion of P S C R  (PSCR ID 50 mg/kg),  
t he  cor responding  act iv i t ies :  

10 a 
(= APIS A) and 

log (APIS PD 50 • 100) 
APIS A 

(= PSCR A) and the ratio PSCR---------A ' 

10 a 
log (PSCR ID 50• 100) 

The  resul ts  are given in the  Tab!e. 
Discussion. Since the  var ious  compounds  showed grea t ly  

differ ing potencies  in the  two  tests ,  A P I S  and  P S C R - t e s t s  
are l ikely to  indicate  two  di f ferent  pharmacolog ica l  
act ions.  The mechan i sm of the  ac t iv i ty  of benzodiazepines  
in A P I S - t e s t  p robab ly  involves  an a n t a g o n i s m  of t h e  
pen ty l ene t e t r azo le - induced  decrease of t he  p r e synap t i c  
inh ib i t ion  in the  re t icular  fo rmat ion  4. In  t he  PSCR- t e s t ,  
the  effect  of benzodiazepines  is likely to  be the  consequence  
of ac t iv i ty  on the  ascending  re t icular  f o rma t ion  5, on 
au tonomic  cent res  and  p a t h w a y s  and  also on visual  
p a t h w a y s  6 as P S C R  is el ici ted by  a pho tos t imulus .  I t  is 
therefore  no surprise to find t h a t  drugs  exh ib i t  d i f fe rent  
act ivi t ies  in these  two tests .  So specifically ' an t i convu l san t '  
benzodiazepines  ( f luni t razepam and  c lonazepam) reveal  
an ac t iv i ty  ra t io  A P I S  A / P S C R  A of 7. However ,  ' seda-  
t ive '  benzodiazepines  p resen t  an ac t iv i ty  rat io which is 
e i ther  a round  1, like m e p r o b a m a t e  and phenobarb i t a l ,  or 
close to 1.5. 

Rdsumd. La compara i son  des act ivi t6s  de 13 benzo-  
diaz6pines sur les tes ts  de r6ponse de conduct iv i t6  cntan6e 
pa lmai re  e t  an t ipen t6 t razo le  p e r m e t  de diff4rencier pa r  
leurs r appor t s  d 'ac t iv i t6  les benzodiaz6pines  (,s4datives~> 
(1,0 5. 1,6) et  ~(anti6pileptiques~> (7). 
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Cardiotonic  Activi t ies  of 3 , 5 - S e c o - 4 - N o r - C a r d e n o l i d e s  in Rana nigromaculata 

In  the  course of our s tudies  1-5 on the  s t ruc tu re -ac t iv i ty  
re la t ionship  of the  cardenolide,  several  3,5-seco-4-nor- 
cardenol ides  were p repa red  f rom digi toxigenin (I), and  
the i r  cardio tonic  act ivi t ies  were t e s t ed  by  using the  
isolated frog h e a r t  (S t raub ' s  prepara t ion) .  In  th is  prel imi-  
na ry  repor t ,  we descr ibe the  cardio tonic  act ivi t ies  of the  
following 4 compounds~ in compar i son  wi th  t h a t  of 
d igi toxigenin  : 14-hydroxy-  3, 5-seco-4-nor- 5 -oxo- 14 fl-card- 
20(22)-enolid-3-oic acid (IIa) ,  its m e t h y l  es ter  ( I Ib) ,  
5 fl, 14-dihydro xy-  3,5 -seco- 4-nor- 14 fl-card- 20 ( 22) -enolid- 3- 
ol (III) ,  5 ~, 14-dihydroxy-3,  5-seco-4-nor-14fl-card-20(22)- 
enolid-3-ol (IV). 

The m e t h o d  of assay is t h e  same as descr ibed in t he  
previous  papers  1-5. Frogs,  Rana nigromaculata, were used. 
The S t r aub ' s  cannula  conta ined  2 ml of Ringer ' s  solution, 
the  compos i t ion  of which  was:  NaC1, 111 m M ;  KC1, 
2.7 r aM;  CaC1 v 1.8 m M ;  NaHCOs, 15 raM, and  glucose, 
2.7 raM. I t  was  aera ted  wi th  95% 02 + 5% CO2. The 
con t rac t ion  of t he  h e a r t  was  recorded wi th  isotonic lever 
on smoked drums.  The hea r t  was first  made  h y p o d y n a m i c  

by  reducing the  concen t ra t ion  of calcium to 0.6 m M ,  
1/a of the  normal ,  and t h e n  the  effect  of one of the  com- 
pounds  was t e s t ed  in the  following way.  

Stock solut ions of t he  5 compounds  were p repa red  wi th  
95% e thanol  in concen t ra t ion  of 1 mg/ml .  Before experi-  
men t ,  these  s tock solut ions were  d i lu ted  wi th  0.6% saline 
to  the  desired concent ra t ions .  S ta r t ing  f rom a sub th resho ld  
dose, a small  a m o u n t  (20-140 [xl) of a d i lu ted  solut ion was 
added  to  the  cannula  every  15-25 rain, so t h a t  a s tepwise  
increase in the  cumula t ive  concen t r a t i on  of t h e  t e s t  

1 T. SHmEI, M. KATORI, H. MURASE and S. IMAI, Experientia 20, 
572 (1964). 

2 T. SmG~I and S. MISESmTA, Experientia 24, 466 (1968). 
3 K. TAKEDA, T. SHIGEI and S. IMAI, Experientia 26, 867 (1970). 
4 T. SHINE1, H. TSURU, Y. SAITO and M. OKADA, Experientia 29, 

449 (1973). 
5 ~N, ISHIKAWA, H. TSURU, T. SHIGEI, T. ANJVO and M. OKADA, 

Experientia 30, 1308 (1974). 
6 Preparation of these compounds will be reported elsewhere. 



956 Specialia EXPERIENTIA 31[8 

c o m p o u n d  was achieved,  unt i l  the  hea r t  w e n t  in to  systolic 
con t rac ture .  The w a y  of increasing the  cumula t ive  con- 
cen t ra t ion  was:  10 -n, 3)<10 -n, 10-(n-I), . .  .. W h e n e v e r  
t he  he igh t  of con t rac t ion  reached  a p la teau,  the  n e x t  
add i t ion  was  made.  The re la t ive potencies  were ob ta ined  
On the  basis  of the  concen t ra t ion  of each compou n d  in 
which  systol ic  con t rac tu re  of the  hea r t  was b rough t  abou t  
(C-contr.). 

E a c h  c o m p o u n d  was t e s t ed  on 4 prepara t ions .  The 
expe r imen t s  were carr ied out  a t  room t e m p e r a t u r e  of 
18-22 ~ in N o v e m b e r  1974. The resul ts  are summar ized  
in the  Table.  

W i t h  digi toxigenin  (I), the  hea r t s  of all 4 frogs w e n t  
into systol ic  con t rac tu re  a t  the  concen t ra t ion  of 3 • 10-7 g/ 
ml. This is the  same concen t ra t ion  as t h a t  ob ta ined  in 
s u mmer  frogs. C-contr.  of I I b  was 3 X10 -e g/ml  in 2 
hearts ,  and  10 .5 g/ml  in tl~e o the r  two, C-contr.  of I I I  was 
3 X 10 -5 g/ml  in all 4 frogs. Compounds  I I a  and IV failed 
to cause systolic con t rac tu re  a t  3 • 10 5 g/ml, which  was 
the  h ighes t  concen t ra t ion  tes ted .  W i t h  co mp o u n d  IV, 
however ,  some posi t ive  inot ropic  act ion was  observed a t  
cdncen t ra t ions  of 10 -5 and  3 • 10 -5 g/ml, while I I a  did no t  
show a n y  effect  a t  these  concent ra t ions .  Thus  the  order  
of p o t e n c y  should be I > I I b  > I I !  > IV  > I I a .  

0 ~0 0 0 ~.~yO 0 0 , ,~0  

Ho .@j H ~ c HO.2C ~ x J HOH2 

l ]]a: R=H ]]I 1V 
]] b: R=OH3 

The whole  p a t t e r n  of the  response  of the  S t r aub ' s  
p repa ra t ion  to  compounds  I I b  and  I I I  was the  same as 
t h a t  of i ts  response  to  digi toxigenin,  and a typ ica l  systolic 
con t rac tu re  was the  final phenomenon .  In  addi t ion,  i t  was 
observed  in p re l iminary  exper imen t s  t h a t  the  po tass ium-  
induced  con t rac tu re  in the  frog vent r icu la r  muscle s t r ip  
was m arked ly  p o t e n t i a t e d  by  I I b  and I I I .  Therefore,  t he  
cardio tonic  act ion of these  compounds  is cer ta in ly  of 
the  same na tu re  as t h a t  of digi toxigenin or o the r  cardenol-  
ides. 

I t  was  previous ly  d e m o n s t r a t e d  t h a t  t he  oxygen  
funct ion  a t  C-3 is no t  an indispensable  r equ i r emen t  for 
cardio tonic  act iv i ty ,  since 3-deoxydigi toxigenin  p roved  to  
be a lmos t  equ ipo ten t  w i th  digi toxigenin when  t e s t ed  for 
its effect  on the  isolated hea r t  s or for its inh ib i to ry  act ion 
on Na  +, K+-ATPase  7. Then,  to  see if the  s teroidal  skeleton 
of t he  cardenol ide  is an essent ial  s t ruc tura l  r equ i r emen t  
for cardiotonic  act iv i ty ,  3, 5-seco-4-nor-cardenolides were 
p repa red  by  cleaving the  A-ring of digi toxigenin and  the i r  
effects on isolated cardiac muscle were tes ted.  The p re sen t  
resul t  d e m o n s t r a t e s  t h a t  the  p e r h y d r o c y c l o p e n t a n o p h e n -  
an th r ene  nucleus is no t  an indispensable  r equ i r emen t  for 
t he  cardio tonic  act iv i ty ,  because  14-hydroxy-3,  5-seco-4- 
nor-5-oxo-14fl-card-20(22)-enolid-3-oic acid me thy l  es ter  
( I Ib)  and  5fl, 14-dihydroxy-3,5-seco-4-nor-14fi-card-20-  

(22)-enolid-3-ol (III) produced  a defini te  cardiotonic  
act ion in the  S t r aub ' s  p repara t ion .  P repa ra t ion  and  
pharmacologica l  t e s t  of some o ther  3, 5-seco-4-norcardenol-  
ides are now in progress  in our laborator ies  and the  resul ts  
will be r epor ted  elsewhere,  w i th  special reference to the  
s t ruc tu re -ac t iv i ty  re la t ionship  s. 

Zusammen/assung. Die cardiotonische A kt ivi t / i t  von  
4 neuen,  aus Digi toxigenin  herges te l l ten  3, 5-Seco-4-nor- 
cardenol iden  auf  das isolierte Froschherz  wurde  geprtift .  
Die Ergebnisse  zeigen, dass fiir die posi t ive  inot rope 
Wi rkung  eines Cardenolids  das in tak te  Steroidgert is t  n ich t  
no twend ig  ist. 
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Final concentrations and the relative potencies of the compounds 
used 

Compound I IIa IIb III IV 

C-contr. 3X10 -7 > 3 x 1 0  -5 3• -e 3• -5 > 3 •  -5 
(g/ml) "~ 10 -5 

RP 1,0 (--) 0.03 0.01 < 0.01 
~-- 0.i 

C-contr., concentration of the compound tested at which a systolic 
contraeture was brought about; RP, relative potency. 

7 W. ZI~RGHER, E. WEISS-BERG a n d  CH. TAMM, Helv.  ch im.  A c t a  52, 
2449 (1969). 
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