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EXPERIENTIA 29/4 

Structural formulae and relative potencies of 
digitoxigenin (I) and 10 derivatives (II-XI).  

concent ra t ion  was:  10 -n, 3 x 10 -n, 10 -(n-l), 3 x 10 -(n-l), 
10-(n-2). The re la t ive  potencies were obta ined on the  
basis of the  concent ra t ion  of each compound  in which 
systolic cont rac ture  of the  hear t  was brought  about.  As 
discussed elsewhere% this  way  of comparison provides  
reasonable values of re la t ive  potency.  The exper iments  
were carried ou t  a t  room tempera tu re  of 20-26~ 

The results are summar ized  in the  Formulae.  I n  the  
14-deoxy-14flH-series (V-VII I ) ,  the  relat ionship was sim- 
ilar, as a whole, to t h a t  in the  14fl-hydroxy series ( I - IV) ,  
15e-hydroxy  der iva t ive  being inac t ive  again. In  the  
14fl-C1 series ( I X - X I ) ,  however,  the  results were qui te  
unexpected.  15f l -Hydroxy and 15-oxo der iva t ives  were 
bo th  inactive,  while 15~-hydroxy der iva t ive  showed the  
re la t ive  po tency  of 0.1-0.3. 

The  re la t ive  po tency  of 14-deoxy-14flH-digi toxigenin 
was es t imated as (0.04-0.15), about  z/10 of digi toxigenin.  
(The figures are pu t  in brackets,  since the  compound  was 
not  perfect ly  pure.) This  confirms again the  fact  t ha t  
14fl-hydroxyl group is not  indispensable for the  cardio,  
tonic act ivi ty .  The quan t i t a t i ve  relat ionship is, however,  
not  the  same as our earlier observat ion tha t  14-deoxy- 
14 f lH-uzarigenin is about  one th i rd  as ac t ive  as uzarigenin. 
At  present  it  is ve ry  difficult  to draw any  simple conclusion 

regarding the  s t ruc ture -ac t iv i ty  relat ionship at  C-14 and 
C-157. 

Zusammen/assung. Es wurden  die kardiotonischen 
Wirkungen  sechs neuer  Der iva te  von  14-Deoxy-14flH- 
digi toxigenin und 14-Deoxy-14fl-chloro-digi toxigenin auf 
das isolierte Froschherz  untersucht ,  sowie die Beziehungen 
zwischen deren chemischen S t ruk turen  und Wirkungen  
diskutiert .  

T. SHIGEI 5, H .  TSURU 5, Y. SAITO ~ and M. OKADA 6 

Department o[ Pharmacology, Nagoya University, 
School o] Medicine, Tsurumai-cho, Showa-ku, Nagoya, 
d55 (Japan); and Tokyo Biochemical Research Institute, 
Takada, Toshima-ku, Tokyo (Japan), 31 August 1972. 

Department of Pharmacology, Nagoya University, School of 
Medicine, Tsurumai-cho, Showa-ku, Nagoya 466 (Japan). 

6 Tokyo Biochemical Research Institute, Takada, Toshima-ku, 
Tokyo 171 (Japan). 
This s tudy was supported by a research grant  (No. 78 7012) from 
the Ministry of Education, Japan,  and by a Grant-in-Aid from 
Tokyo Biochemical Research Foundation. 

Sodium [o - [ (2 ,6 -d ich loropheny l ) -amino] -pheny l ] -ace ta te  (GP 45 840), A New Non-Steroidal  Anti-  
Inflammatory Agent ~ 

A series of subs t i tu ted  phenylaminophenylace t ic  acids 
was synthet ized  in an a t t e m p t  to develop a non-steroidal  
an t i - in f lammatory  compound  wi th  po ten t  biological 
act ivi ty .  This p rog ramme was based on the  hypothesis  
t ha t  two s t ructura l  featdres are essential  to achieve such 
a pha rmacodynamie  effect:  an acidic funct ion giving a 
p H  of about  6 and two aromat ic  nuclei  whose subst i tu t ion 
inhibi ts  coplanar i ty  z. Of ti le var ious compounds  synthe-  
sized, GI" 45 840, the  sodium salt  of the  [o-[(2,6-Dichloro- 

phenyl) -aminoj-phenyl]  acetic acid p roved  highly  act ive  in 
the  animal  tes t  systems most  re levan t  to the pharma-  
cological character iza t ion  of such therapeut ic  agents. 

As is shown in Figure  1, GP 45 840 displays a potent ,  
dose-dependent ,  an t i - in f l ammatory  effect in the  carra- 
geenin paw-oedema test  3. The compound  a l ready inhibi ts  
the  format ion of oedema when it  is adminis tered  oral ly 
in a dose as low as 1 mg/kg.  Since a reduct ion  of more than  
50% is rare ly  a t ta ined in this assay, the  act ion elicited by  



15.4. 1973 Specialia 451  

60 % 

40 

"8 
s 
55 
Z 20 

n 
�9 Phenylbutaz0ne 

n = 12 animals per dose 
0 ~ ~ 10 3'0 I()0 mg/kg p.o. 

Fig. 1. Effects of GP 45 840, indomethacin and phenylbutazone on 
rat-paw oedema induced by subplantar  injection of 0.05 ml of a 1% 
(w/v) solution of carrageenin. The compounds were administered 
1 h before and the intensity of the oedema was determined gravi- 
metrically 5 h after the injection of earrageenin. 

Effects of GP 45 840, indomethacin and phenylbutazone on the 
incidence of the writhing syndrome induced by i.p. injection of 0.2 ml 
phenyl-p-benzoquinone (0.025% w/v) 

Antinociceptive activity, mouse (phenyl-p- 
benzoquinone test) 

Acute oral toxicity, 
mouse 

Drug EDs0 (mg/kg n LDs0 (mg/kg p.o.) 
p.o.) • S.E. 

oP 45 840 4.3 • 2 45 ca. 390 

Indomethacin 2.7 -b 1.3 45 ca. 50 

Phenylbutazone 95 :L 67 45 ca. 1100 

The compounds were administered 60 min before induction of the 
syndrome. The dose that  inhibits the writhing frequency by 50% 
(EDs0) was determined according to MILLER and TAINTER. 

a d o s e  of  10 m g / k g  m a y  be  c o n s i d e r e d  a n e a r  m a x i m a l  
e f fec t .  G1, 45 840 is d i s t i n c t l y  m o r e  a c t i v e  t h a n  p h e n y l -  
b u t a z o n e  a n d  is c o m p a r a b l e  in  p o t e n c y  to  i n d o m e t h a -  
c in .  H o w e v e r ,  s i n c e  t h e  a c u t e  ora l  t o x i c i t y  o f  GP 45 840 
a m o u n t s  t o  a b o u t  150 m g / k g  in  r a t s ,  i t s  t h e r a p e u t i c  i n d e x  
is g r e a t e r  t h a n  t h a t  of  i n d o m e t h a c i n  a n d  p h e n y l b u t a z o n e .  
A n a l o g o u s  r e s u l t s  h a v e  b e e n  o b t a i n e d  in  o t h e r  acUte  m o d e l s  
o f  i n f l a m m a t i o n ,  s u c h  as  k a o l i n  r a t - p a w  o e d e m a  ~ a n d  ul-  

Inhibition of paw swelling 
100 100, 

% i A% 4 ii 00O 
0 I 

0.3 1 0.3 1 10 30 

[ ]  GP 45 840 
[ ]  Indomethacin 
[ ]  Phenylbutazone 

Diminution of ESR 

n 
O.3 O.3 

~7xmg/kg p.o.~ 
10 30 

x-+ se.~ r̂]n--'10 animals per dose 
p<UUb *= ' Pcalculated according 

**=#<0.01 .]to DUNNET 

Fig. 2. Effects of GP 45 840, iudomethacin and phenylbutazone on 
paw-swelling and the erythrocyte sedimentation rate (ESR) in the 
adjuvant  arthritis test in rats. The compounds were administered 
orally for 7 consecutive days, beginning on the 15th day after the 
injection of complete Freund's  adjuvant  (1 mg M. butyricum in 
0.1 ml paraffin oil) into the root of the tail. The swelling of the hind 
paws was determined volumetrically before and after this treatment,  
and the ESR measured at the end of the experiment. 

t r a v i o l e t  e r y t h e m a  in  g u i n e a - p i g s  5. I n  a d d i t i o n ,  GP 45 840 
r e t a i n s  i t s  fu l l  a n t i - i n f l a m m a t o r y  a c t i v i t y  in  a d r e n a l -  
e c t o m i z e d  a n i m a l s .  I t s  a n t i - i n f l a m m a t o r y  a c t i o n  is 
t h e r e f o r e  n o t  m e d i a t e d  b y  a c t i v a t i o n  o f  t h e  p i t u i t a r y -  
a d r e n a l  ax i s :  

GP 45 840 a l so  e x e r t s  a n  a n t i - i n f l a m m a t o r y  e f f ec t  in  
m o r e  c h r o n i c  t y p e s  of e x p e r i m e n t a l  i n f l a m m a t i o n ,  s u c h  
a s  t h e  c o t t o n - p e l l e t  t e s t  e o r  t h e  a d j u v a n t  a r t h r i t i s  t e s t  in  
r a t s  7. T h i s  is e x e m p l i f i e d  b y  t h e  r e s u l t s  o b t a i n e d  in  t h e  

e s t a b l i s h e d  a d j u v a n t  a r t h r i t i s  t e s t  s h o w n  in  F i g u r e  2. 
GP 45 840 b r i n g s  a b o u t  a d o s e - d e p e n d e n t  r e d u c t i o n  of  t h e  
a r t h r i t i c  p a w - s w e l l i n g  a n d  t e n d s  t o  r e s t o r e  t h e  e r y t h r o c y t e  
s e d i m e n t a t i o n  r a t e  t o  n o r m a l .  T h e s e  e f f e c t s  a r e  a l r e a d y  
s e e n  in  r e s p o n s e  t o  a n  o ra l  d o s e  of  0.3 m g / k g  da i ly .  T h e  
c o m p o u n d  is t h u s  c o m p a r a b l e  in  p o t e n c y  t o  i n d o m e t h a -  
cin,  w h e r e a s  p h e n y l b u t a z o n e  is d i s t i n c t l y  less  a c t i ve .  

T h e  a n t i n o c i c e p t i c e  e f f ec t  of  GP45  840 is l i kewi se  
p r o n o u n c e d .  T h e  p r e p a r a t i o n  i n h i b i t s  t h e  w r i t h i n g  s y n -  
d r o m e  s i n d u c e d  b y  p h e n y l - p - b e n z o q u i n o n e  in  m i c e  a t  low 
d o s e s  (Tab le ) .  I n  t h i s  t e s t  s y s t e m  also ,  GP 45 840 a n d  
i n d o m e t h a c i n  a r e  v i r t u a l l y  e q u a l l y  p o t e n t ,  w h e r e a s  
p h e n y l b u t a z o n e  is a p p r e c i a b l y  less  e f f ec t i ve .  H o w e v e r ,  
GP 45 840 h a s  t h e  w i d e s t  a c u t e  t h e r a p e u t i c  m a r g i n .  T h i s  
is d u e  to  i t s  l ow  a c u t e  t o x i c i t y  i n  m ice ,  w h i c h  a m o u n t s  
t o  a b o u t  390 m g / k g  p .o . ,  w h e n  c o m p a r e d  w i t h  i n d o m e t h a -  
c in ,  a n d  p r i m a r i l y  t o  i t s  g r e a t e r  p o t e n c y  in  t h e  w r i t h i n g  

t e s t ,  w h e n  c o m p a r e d  w i t h  p h e n y l b u t a z o n e .  
GP 45 840 e x e r t s  o t h e r  i n t e r e s t i n g  a d d i t i o n a l  p h a r m a c o -  

d y n a m i c  e f fec t s .  T h e  c o m p o u n d  s t a b i l i z e s  p i a t e l e t s ,  a s  is 
d e m o n s t r a t e d  b y  i t s  c a p a c i t y  to  i n h i b i t  a g g r e g a t i o n  
i n d u c e d  in  p l a t e l e t - r i c h  p l a s m a  b y  A D P  9, r e d u c e s  f e v e r  
p r o d u c e d  b y  i .m .  i n j e c t i o n  of  y e a s t  in  r a t s  1~ a n d  s u p p r e s -  
ses  t h e  b r o n c h o c o n s t r i c t i o n  i n d u c e d  b y  i .v .  i n j e c t i o n s  of  
b r a d y k i n i n  in  g u i n e a - p i g s  n .  T h i s  l a s t - m e n t i o n e d  e f f ec t  
p r o v i d e s  i n d i r e c t  e v i d e n c e  t h a t  GP 45 840 i n h i b i t s  

x Preliminary results have been reported at the 5th International 
Congress on Pharmacology 1972. 
K. J. D6BEL, II. Int. Syrup. on Pharmaceutical Chemistry, 1968, 
Plenary Lectures (Butterworth, London 1968), p. 49. 

3 C. A. WINTER, E. A. RISLEY and G. W. Nuss,  Proc. Soc. exp. Biol. 
Med. 3, 544 (1962). 

4 L. RIESTERER and R. JAQUES, Helv. physiol. Acta 25, 156 (1967). 
5 G. WILHELMI, Schweiz. med. Wschr. 79, 577 (1949). 
6 R. MEIER,W. SCHULER and P. DESAULLES, Experientia 6,469 (1950). 

7 E. M. GLENN and J. GRAY, Am. J. vet. Res. 26, 1180 (1965). 
8 g. C. HENDERSltOT and J. FORSAITH, J. Pharmac. exp. Ther. 125, 

237 (1959). 
9 S. RENAUD and F. LECOMPTE, Thromb. Diath. haemorrh. 24, 577 

(1970). 
10 p. K. SMITH and W. E. HAMBOURGER, J. Pharm. exp. Ther. 54, 346 

(1935). 
11 j .  O. J. COLLIER, Biochem. Pharmac. 10, 47 (1962). 
12 p. j .  PIPER and J. R. VANE, Nature, Lond. 223, 29 (1969). 
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b r a d y k i n i n - i n d u c e d  r e l ea se  of  p r o s t a g l a n d i n - l i k e  m a t e -  
r ia l  12. 

Zusammenfassung .  GP 45 840, d a s  N a t r i u m s a l z  d e r  [o- 
[ (2, 6 - D i c h l o r p h e n y l  ) - a m i n o  ] - p h e n y l ] - e s s i g s / i u r e ,  b e s i t z t  
p h a r m a k o d y n a m i s c h  in  v e r s c h i e d e n e n  T e s t s y s t e m e n  a m  
T i e r  e ine  ausgepr~Lgte  a n t i - i n f l a m m a t o r i s c h e ,  a n t i n 0 c i -  
c e p t i v e  u n d  a n t i p y r e t i s c h e  A k t i v i t i t t .  D a s  P r ~ p a r a t  ze ig t  
e ine  h 6 h e r e  W i r k s a m k e i t  a l s  P h e n y l b u t a z o n  u n d  i s t  
e b e n s o  a k t i v  wie  I n d o m e t h a c i n ;  es i i b e r t r i f f t  in  s e i n e r  

a k u t e n  t h e r a p e u t i s c h e n  B r e i t e  d ie  b e i d e n  V e r g l e i c h s -  
p r i t p a r a t e .  

P. J. KRUPP, R. MENASS]~-GDYNIA, A. SALLMANN, 
G. WILHELMI, R. ZIEL and R. JAQUES 

Chemical and Biological. Research Laboratories o / the  
Pharmaceuticals  Div i s ion  o/Ciba-Geigy Limited. ,  
C H - 4 0 0 2  Basel  (Switzerland), 
6 December 1972. 

Effect of Spreading  Depress ion  on Electrical  Act iv i ty  and Doparnine Turnover  in the S tr ia tum of Rats  

F . p i d u r a l  a p p l i c a t i o n  of  h y p e r o s m o l a r  KC1 s o l u t i o n s  on  
one  h e m i s p h e r e  o f  t h e  r a t  b r a i n  p r o d u c e s  d e p o l a r i z a t i o n  
w h i c h  s p r e a d s  t o  t h e  w h o l e  c o r t e x  1-~ a n d  t h e  s t r i a t u m  of  
t h e  i p s i l a t e r a l  s ide  5 ( s p r e a d i n g  d e p r e s s i o n ,  SD).  T h e  S D  is 
a s s o c i a t e d  w i t h  a n  i n c r e a s e  in  t h e  t u r n o v e r  of  b r a i n  s t e m  
n o r e p i n e p h r i n e  6 a n d  of  s t r i a t a l  d o p a m i n e  ( D A ) 7 , <  H o w -  
ever :  t h e  c h a n g e s  in  e l ec t r i ca l  a c t i v i t y  as  wel l  a s  t h e  co r r e -  
l a t i o n  b e t w e e n  b i o c h e m i c a l  a n d  n e u r o p h y s i o l o g i c a l  e v e n t s  
d u r i n g  a p r o l o n g e d  S D  a r e  n o t  wel l  k n o w n .  T h e r e f o r e ,  in  
t h e  p r e s e n t  p a p e r  t h e  e f f ec t  of  e p i d u r a l  a p p l i c a t i o n  of  
KC1 d u r i n g  1 h o n  t h e  e l e c t r i c a l  a c t i v i t y  a n d  t h e  D A  
t u r n o v e r  in  t h e  b a s a l  g a n g l i a  h a v e  b e e n  i n v e s t i g a t e d .  

Methods. Male  a l b i n o  r a t s  of  W i s t a r  o r i g i n  (F i i l l insdor f ) ,  
w e i g h i n g  2 0 0 - 2 5 0  g, w e r e  a n a e s t h e t i z e d  w i t h  T h i o g e n a l  | 
I n  a f i r s t  g r o u p  of  15 a n i m a l s ,  2 s c r e w  e l e c t r o d e s  w e r e  
i m p l a n t e d  on  e a c h  p a r i e t a l  b o n e  2 a n d  4 m m ,  r e s p e c t i v e l y ,  
f r o m  t h e  s a g i t t a l  l ine  a n d  5 m m  a n t e r i o r  to  t h e  l a m b d a .  
T w o  c o n c e n t r i c  e l e c t r o d e s  (0.3 m m  in  d i a m e t e r )  w e r e  
p l a c e d  in  e a c h  c o r p u s  s t r i a t u m  ( c o o r d i n a t e s :  A = 8.2, 
L = 3.0, V = + 6.0)9. A n  e l e c t r o l y t i c  l e s ion  m a d e  a t  t h e  
e n d  of  e a c h  e x p e r i m e n t  f a c i l i t a t e d  t h e  h i s t o l o g i c a l  con t ro l .  
Al l  b i p o l a r  d e r i v a t i o n s  we re  c o n n e c t e d  t o  a G r a s s  p o l y -  
g r a p h  ( m o d e l  7 B) t h r o u g h  a s h i e l d e d  c a b l e  a t t a c h e d  to  a n  
A m p h e n o l  s t r i  p p l u g  c e m e n t e d  to  t h e  sku l l .  A s e a l e d  p l a s t i c  
c a n n u l a  c o n t a i n i n g - a  c o t t o n  p l u g  m o i s t e n e d  w i t h  0.9~ 
NaC1 w a s  p l a c e d  o v e r  t h e  d u r a  of  t h e  r i g h t  h e m i s p h e r e  
e x p o s e d  b y  a s k u l l  o p e n i n g  2 m m  a n t e r i o r  a n d  3 m m  
l a t e r a l  t o  t h e  l a m b d a .  A s e c o n d  g r o u p  of  92 a n i m a l s  in  
w h i c h  o n l y  t h e  p l a s t i c  c a n n u l a  w a s  i m p l a n t e d  s e r v e d  for  
t h e  b i o c h e m i c a l  a s s a y s .  

T w e n t y  to  24 h a f t e r  t h e  o p e r a t i o n ,  t h e  c o t t o n  p l u g  in  
t h e  p l a s t i c  c a n n u l a  w a s  r e p l a c e d  b y  a n o t h e r  o n e  i m p r e g -  
n a t e d  w i t h  KC1 (25%)  or  NaC1 (20%)  w h i c h  in  t h e  f i r s t  
g r o u p  of  r a t s  w a s  a g a i n  r e p l a c e d  a f t e r  i h b y  p h y s i o l o g i c a l  
sa l ine .  T h e  e l ec t r i ca l  a c t i v i t y  w a s  r e c o r d e d  d u r i n g  t h e  
30 m i n  p r i o r  t o  a n d  4 h f o l l o w i n g  a p p l i c a t i o n  of  KC1 (25%)  
or  NaC1 (20%) ,  t h e  r a t s  b e i n g  k e p t  in  a l a rge  b e l l - s h a p e d  
g l a s s  j a r  u n d e r  n o r m a l  l a b o r a t o r y  c o n d i t i o n s .  

I n  t h e  s e c o n d  g r o u p ,  s o m e  of  t h e  r a t s  we re  d e c a p i t a t e d  
30 o r 6 0  m i n  a f t e r  e p i d u r a l  a p p l i c a t i o n  of  t h e  c o n c e n t r a t e d  
e l e c t r o l y t e  s o l u t i o n s ,  w h e r e a s  in  o t h e r s  KC1 (25%)  or  
NaC1 (20%)  w a s  a g a i n  r e p l a c e d  a f t e r  1 h b y  0 . 9 %  NaC1. 
T h e  a n i m a l s  w e r e  t h e n  s ac r i f i c ed  a t  v a r i o u s  t i m e  i n t e r v a l s .  
R a t s  k i l l ed  2 0 - 2 4  h a f t e r  t h e  o p e r a t i o n  w i t h o u t  e p i d u r a l  
t r e a t m e n t  s e r v e d  a s  con t ro l s .  
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Effect of epidural application of NaC1 or KC1 on the content of endogenous homovanillic acid (HVA) in brain of rats 

Min after electrolyte NaCI, 20 G KC1, 25 % 
application L R L R 

0 . 0.092 ~: 6.006 0.096 ~: 0.005 

30 0.098 i 0.007 0.100 i 0.008 0.112 =k 0.003 0.149 ~ =L 0.007 

60 0.098 ~- 0.004 0.106 ! 0.005 0.108 • 0.005 0.170 �9 i 0.008 

120 0.100 • 0.006 0.109 • 0.006 0.103 ~- 0.003 0.146 ~ -4- 0.003 

180 0.100 :~= 0.005 0.100 :t: 0.004 0.103 i 0.004 0.128 ~ • 0.006 

240 0.105 • 0.010 . 0.112 -4- 0.005 0.093 -4- 0.008 0.098 i 0.009 

20% NaC1 or 25% KC1 was applied on the dura  of the right cerebral cortex at time 0. Some of the rats were decapitated 30 or 60 min later, 
whereas in others the concentrated electrolytes were replaced after 60 min by 0.9% NaCI, and sacrifice followed at the time intervals indicated. 
Operated animals without epidural t reatment  served as controls (=  values for time 0). The concentration of HVA was determined in 2 pooled 
left (L) or right (R) cerebral hemispheres and is expressed in bg/g wet weight. The values represent means with SEM of all determinations 
in 2 3 experiments, each performed with 4 rats per group. ~ p < 0.01 compared to the corresponding left hemisphere. All the other values of 
the  right hemisphere are not significantly different (p > 0.05) from those of the corresponding left hemisphere. 


