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Table IV. Balance studies with apples treated with C14-GS 13005 

~XPERIENTIA X X I I ] I  

Fractions % of recovered radioactivity 

Days after treatment 

0 2 6 10 15 21 30 42 56 

CO 2 0 1.1 5.1 11.2 17.9 23.6 26.6 30.5 31.6 
Acetone wash 98.7 59.8 38.8 30.0 18.3 5.0 4.6 1.1 2.2 
Acetone extract 0.6 33.1 52.2 48.7 34.6 48.4 38.8 40.7 35.6 
Residue 0.2 2.1 4.6 7.4 15.1 11.9 11.4 20.2 12.7 

Total 99.5 96.1 100.7 97.3 85.9 88.9 81.4 92.5 82.1 

Material as in Table I. Dose: 0.369/~c per apple, topically applied in 0.1 ml of acetone. Storage of the apples in a dessieator connected to an 
air pump; the apple was rinsed with acetone prior to homogenization in acetone; the activity not extractable from the residue was 
determined by combustion. 

t en  days  t h a t  the  ace tone  ex t r ac t  of the  to ta l  frui t  con- 
ta ins  some unchanged  mater ia l .  

Rdsumd. Le m6tabol i sme de l ' insect ic ide  GS 13005 
(marqu6 par  le C 14 dans  l 'h6t6rocycle) rut  6tudi6 chez 
l ' an imal  et  dans  la p lante .  Une  convers ion consid6rable 
de ce t te  mol6cule en CO S fu t  cons ta t6e  dans  t o u s l e s  deux.  

E n  plus aucune  accumula t ion  de 1'insecticide in t ac t  ou 
de ses p rodu i t s  m6tabol iques  n ' a  pu 8tre observ~e, ni dans  
la p lan te ,  ni dans  l ' animal .  
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S o m e  R e l a t i o n s  B e t w e e n  the  S truc ture  and the  
Ant ibac ter ia l  Act iv i ty  of  N a t u r a l  C o u m a r i n s  

I t  is a wel l -known fact  t h a t  d icoumarol  and ant i -  
coagulants  in general  r e t a rd  the  g rowth  of Gram-pos i t ive  
microorganisms,  Lit t le ,  however ,  is known abou t  the  
an t ibac te r ia l  effects of na tu ra l  coumar ins  l& As was 
ascer ta ined  in our previous  expe r imen t s  3, out  of e ighteen  
na tu ra l  coumar ins  and  furanocoumar ins ,  only os t ru th in  
(6-geranyl -7-hydroxycoumar in)  shows a s t rong effect  
specifically on Gram-pos i t ive  organisms.  The p resen t  re- 
po r t  gives the  resul ts  of our inves t iga t ion  on the  effect  of 
fu r ther  re la ted coumar ins  and  fu ranocoumar ins  on Gram-  
posi t ive  and Gram-nega t ive  organisms.  We have  t r ied  
to ascer ta in  the  inf luence of the  side isoprenic chain and  
of phenol ic  h y d r o x y l  on the  an t ibac ter ia l  act ivi ty .  

Coumarins  used4: (1) coumarin ,  (2) umbel l i ferone (7- 
hydroxycoumar in ) ,  (3) os thol  (7-methoxy-8- i sopentenyl -  
coumarin) ,  (4) o s t ru th in  (6-geranyl -7-hydroxycoumar in) ,  
(5) o s t ru th in -me thy le the r ,  (6) umbel l iprenin  (7-farnesoxy- 
coumarin) ,  (7) ammores ino l  (3- fa rnesyl -4 :7-d ihydroxy-  
coumarin) ,  (8) d iace ty lammores inol ,  (9) ammores inol -  
d ime thy le the r ,  (10) d icoumarol  (3: Y-methylene-bis- (4-  
hydroxycoumar in ) .  

Fu ranocoumar ins  used 4 : peucedan in  (11-methoxy-  10- 
isopropylpsoralene) ,  impera to r in  (8- isopentenyloxypsora-  
lene), i so impera tor in  (5- isopentenyloxypsoralene) ,  oxy-  
peucedan in  (5- (2 ' :Y-epoxy)- i sopenty loxypsora lene) ,  os- 
t ru tho l  (5- (Y-hydroxy-  2 ' -angel icy loxy)- i sopenty loxypsor-  
alene). 

Alcoholic solut ions of coumar ins  and  fu ranocoumar ins  
were t e s t ed  on agar  p la tes  in a concen t ra t ion  of 5 �9 10-3M 
by  means  of the  pape r  disc m e t h o d  3. 

Microorganisms used:  of the  Gram-pos i t ive  micro- 
organisms,  members  of the genera Staphylococcus,  
Micrococcus, and  Bacillus. Gram-nega t ive  organisms were 
represen ted  by  Escherichia coli, Aerobacter aerogenes, and  
Serratia marcescens. 

The resul ts  are given in the  Table.  W i t h  the  except ion  
of the  sl ight effect  of peucedan in  on Gram-pos i t ive  or- 
ganisms,  all fu ranocoumar ins  were ineffect ive and are 
therefore  no t  men t ioned  in the  Table. Similarly, we do 
not  men t ion  in the  Table Gram-nega t ive  organisms which  
are no t  affected by  any  of the  p repara t ions  used. 

I t  follows f rom the  resul ts  ob ta ined  t h a t  all effective 
der ivat ives ,  s imilar ly dicoumarol ,  ac t  selectively on 
Gram-pos i t ive  microorganisms.  The grea tes t  effect was 
shown by  os t ru th in  (4) and  ammores ino l  (7). In  order  to 
produce  the  effect  of os t ru th in ,  the  presence of the  side 
chain is necessary.  Umbel l i fe rone  (2) has  no effect a t  all. 
Methy la t ion  of the  - O H  group in o s t ru th in  results  in a 
weakening  of tile inh ib i to ry  effect  (5), b u t  not  in its nulli- 
f ication.  The presence  of phenol ic  h y d ro x y l  is no t  the  

1 p. K. BosE, J. Ind ian  chem. Soc. 35, 367 (1958). 
2 D. P. CHAKRABORTY, M. SEN, and P. K. BOSE, Trans.  Bose Res. 

Inst .  24, 31 (1961). 
3 V. DADXK, ~eskoslov. farm. 7, 394 (1958). 
4 The der iva t ives  character is t ic  of the fami ly  Daueaeeae were ob-  

t a ined  t hanks  to Prof. Dr. F. WESSELY, Universitf t t  Wien, peu-  
cedanin  thanks  to Prof. Dr. I t .  SCHmD, Univers i t / i t  Zfirich, the  
m e t h y l a t e d  and aee ty la ted  der iva t ives  were prepared  according to  
SP~.TH 5. 
E. SP/~TH, A. J. SIMON, and J.  LINTNER, Ber. dtsch, chem. Ges. 
69, 1656 (1936). 
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m a i n  c a u s e  o f  t h e  e f f ec t  of  o s t r u t h i n .  A n  a n t i b a c t e r i a l  ef- 
f ec t  is  a l so  s h o w n  b y  o s t h o l  (3) c o n t a i n i n g  m e t h o x y l  a n d  
a n  u n s a t u r a t e d  s ide  c h a i n  c o n s i s t i n g  o f  f ive  C a t o m s .  T h e  
m e r e  p r e s e n c e  of  t h e  i s o p r e n i c  s ide  c h a i n  c o n s i s t i n g  of  fif-  
t e e n  C a t o m s  a n d  b e i n g  e t h e r i e a l l y  b o u n d  on  a c o u m a r i n  
m o l e c u l e  ( u m b e l l i p r e n i n  6) fa i l s  t o  s h o w  a n y  i n h i b i t o r y  
e f fec t .  

I n  c o n t r a s t  to  o s t r u t h i n ,  t h e  r e t a i n i n g  of  f ree  - O H  
g r o u p s  is n e c e s s a r y  for  t h e  e f f ec t  of  a m m o r e s i n o l  (7). 
T h e i r  a c e t y l a t i o n  r e s u l t s  in  a m a r k e d  d e c r e a s e  of  i t s  ef- 
f e c t  (8), t h e i r  m e t h y l a t i o n  r e s u l t i n g  in  a c o m p l e t e  nu l l i f i -  
c a t i o n  of  t h e  e f f ec t  (9). A n  i m p o r t a n t  role  is p r o b a b l y  t h a t  
p l a y e d  b y  h y d r o x y l  on  t h e  f o u r t h  c a r b o n ,  as  c a n  be  s e e n  
f r o m  t h e  e f f ec t  of  d i c o u m a r o l  (10). 

The effect of natural  coumarins oi1 Gram-positive microorganisms 

Micro- Derivative (conc. 5 �9 10 3 M) 
organism 

1 2 3 4 5 6 7 8 9 10 

S.  aureus  

NCTC 8532 0 0 (+) ++ (+) 0 ++ (+) 0 + 
BS 270 0 0 (+) ++ 0 0 ++ (+) 0 + 

M. luteus 

ATCC 398 0 0 (+) ++ + 0 + (+) 0 + 
BS 852 0 0 + ++ + 0 ++ (+) 0 + 
BS 1682 0 0 (+) ++ + 0 ++ + 0 + 

M. Iysodeicticus 
ATCC 4698 0 0 (+) ++ + 0 + (+) (+) + 
ATCC 12698 0 0 (+) ++ + 0 + + 0 ++ 
NCTC 2665 0 0 (+) ++ ++ 0 + (+) 0 + 
NCTC 7011 0 0 (+) ++ + 0 ++ (+) 0 ++ 

Bac. megatherium 

M 0 0 + ++ ++ 0 ++ (+) 0 ++ 

T h e  q u a n t i t a t i v e  e v a l u a t i o n  of  t h e  e f f ec t  e x p r e s s e d  in  
t e r m s  of t h e  l o w e s t  e f f e c t i v e  c o n c e n t r a t i o n  in  t h e  p l a t e  
t e s t  h a s  s h o w n  t h a t  a m m o r e s i n o l  is  t h e  m o s t  e f f e c t i v e  
d e r i v a t i v e .  I n  S. aureus N C T C  8532 i t  c a u s e s  m a r k e d  
i n h i b i t i o n  in  a c o n c e n t r a t i o n  of  1 �9 10 4 M  a n d  is 2.5 t i m e s  
as  e f f ec t i ve  as  o s t r u t h i n  a n d  d i c o u m a r o l .  O n  M. luteus 
B S  852, 2VI. lysodeicticus A T C C  12698,  N C T C  7011 a n d  
S. aureus B S  270, a m m o r e s i n o l  is e f f e c t i v e  u p  to  5 �9 1 0 - S M  
a n d  is  f ive  t i m e s  as  e f f e c t i v e  in  t h e s e  c a s e s  as  o s t r u t h i n  
a n d  d i c o u m a r o l .  Bac. megatherium is a f f e c t e d  b y  a m m o -  
r e s i n o l  u p  to  2.5 �9 1 0 - 5 2 V / a n d  t h e  l a t t e r  is f o u r  t i m e s  as  
e f f e c t i v e  as  o s t r u t h i n  a n d  d i c o u m a r o I .  

T h e  t e s t i n g  of  o s t r u t h i n ,  a m m o r e s i n o l  a n d  d i c o u m a r o l  
in  a m i x t u r e  w i t h  a d o u b l e  s u r p l u s  o f  v i t a m i n  K 1 (phy l lo -  
q u i n o n e ) ,  K2 ( f a r n o q u i n o n e ) ,  a n d  K a ( m e n a d i o l  so lubi le )  
h a s  s h o w n  t h a t  i t  is o n l y  v i t a m i n  K 2 t h a t  p a r t l y  r e d u c e s  
t h e  e f f ec t  of  o s t r u t h i n  in  al l  t h e  s t r a i n s  t e s t e d  w i t h  t h e  
e x c e p t i o n  of Bac. megatherium. T h e  a n t a g o n i s t i c  e f f ec t  of  
v i t a m i n  K S on  a m m o r e s i n o l  w a s  e v e n  w e a k e r  t h a n  t h a t  o n  
o s t r u t h i n .  I n  t h e  ca se  of  d i c o u m a r o l ,  i t s  i n h i b i t o r y  e f fec t  
in  a m i x t u r e  w i t h  t h e  a b o v e  v i t a m i n s  r e m a i n e d  t h e  s a m e .  

T h e  s e l ec t i ve  e f f ec t  of  n a t u r a l  c o u m a r i n s  i n d i c a t e s  a n  
e f f ec t  of  t h e  l a t t e r  s u b s t a n c e s  on  m e t a b o l i c  p r o c e s s e s  in  
G r a m - p o s i t i v e  b a c t e r i a .  I t  is p o s s i b l e  t h a t  v i t a m i n  K 2 
m a y  be  i n v o l v e d  in  t h e s e  p r o c e s s e s  6. 

Zusammen/assung. VoI1 15 u n t e r s u c h t e n  n a t i i r l i c h e n  
C u m a r i n e n  u n d  F u r o c u m a r i n e n  b e s i t z e n  A m m o r e s i n o l  
u n d  O s t r u t h i n  s t ~ r k s t e  W i r k u n g  a u f  G r a m - p o s i t i v e  
M i k r o o r g a n i s m e n .  Z u r  A m m o r e s i n o l w i r k u n g  i s t  d ie  E r -  
h a l t u n g  d e r  f r e i en  O H - G r u p p e n  n o t w e n d i g ,  w ~ h r e n d  be i  
O s t r u t h i n  d u r c h  V i t a m i n  K 2 die  Y V i r k s a m k e i t  v e r m i n d e r t  
w i rd .  

V. DADg_K a n d  K.  HOI~2{K 

Department o/ Biochemistry and Department o/ 
Microbiology, Faculty o~ Sciences, University 
J. E. Purkyn~, Brno (Czechoslovakia), 
January 7, 7965. 

++ ~ inhibition zones clear, with clear-cut demarcation; + - inhibi- 
tion zones with indistinct demarcation; (+) - inhibition zones dull, 
partly outgrown. 

6 D. H. L. BISHOP and H. K. KING, Biochem. J. aS, 550 (1962). 
The authors wish to thank Mrs. M. KAZDOVA for her technical 
assistance. 

l~ber die Abh~ingi~kei t  der  A c e t y l c h o l i n w i r k u n ~  
von  der  i ius seren  C a - K o n z e n t r a t i o n  bei  i s o l i e r t en  

Meer  s c h w e i n c h e n v o r h 6 f e n  

Die  w e s e n t l i c h e  W i r k u n g  v o n  A c e t y l c h o l i n  (ACh)  a m  
H e r z e n  w i r d  h e u t e  in  e i n e r  s p e z i f i s c h e n  E r h 6 h u n g  de r  
M e m b r a n p e r m e a b i l i t g t  f i i r  K - I o n e n  g e s e h e n  1. Die  Fo lge  
d e v o n  i s t  e ine  V e r k t i r z u n g  d e r  A k t i o n s p o t e n t i a l d a u e r ,  d ie  
i h r e r s e i t s  f i i r  d i e  n e g a t i v  i n o t r o p e  "W i rknng  v o n  A C h  
v e r a n t w o r t l i c h  g e m a c h t  w i rd .  HODITZ u n d  LOLLMANN ~ 
u n d  GROSSMAN u n d  FURCHGOTT 3 k o n n t e n  ze igen ,  class de r  
4 5 C a - U m s a t z  y o n  e l e k t r i s c h  g e r e i z t e n  M e e r s c h w e i n c h e n -  
v o r h 6 f e n  d u r c h  A C h  v e r m i n d e r t  w i rd .  D i e se  A u t o r e n  
n e h m e n  d a h e r  an ,  d a s s  i n fo lge  d e r  v e r k i i r z t e n  A k t i o n s -  
p o t e n t i a l d a u e r  d ie  f i i r  d i e  A u s l 6 s u n g  d e r  K o n t r a k t i o n  n o t -  
w e n d i g e  C a - I o n e n k o n z e n t r a t i o n  i m  Z e l l i n n e r e n  w ~ h r e n d  
d e r  E r r e g u n g  n i c h t  e r r e i c h t  w i rd .  D u t c h  die  v o r l i e g e n d e n  
V e r s u c h e  sol l  g e z e i g t  w e r d e n ,  d a s s V e r g n d e r u n g  d e r  e x t r a -  
zellulg~ren C a - K o n z e n t r a t i o n  (ECaJe) d ie  n e g a t i v  i n o t r o p e  
W i r k u n g  y o n  A C h  b e e i n f l u s s t .  

D ie  V e r s u c h e  w u r d e n  a n  i so l i e r t en ,  e l e k t r i s c h  g e r e i z t e n  
(160 /min )  l i n k e n  M e e r s c h w e i n c h e n v o r h 6 f e n  d u r c h g e f f i h r t .  
I n  e i n e r  V e r s u c h s s e r i e  w u r d e n  d ie  K o n t r a k t i o n e n  d e r  
V o r h o f p r g p a r a t e  a u f  e i n e m  R u s s k y m o g r a p h i o n  i s o t o n i s c h  
r e g i s t r i e r t .  H i e r b e i  w u r d e  A C h  d e r  B a d l 6 s u n g  z u g e s e t z t ,  
so  d a s s  E n d k o n z e n t r a t i o n e n  v o n  10 s, 10-7 u n d  10 6 g / m l  
r e s u l t i e r t e n .  D ie  E i n w i r k u n g s d a u e r  de r  S u b s t a n z  b e t r u g  
10 m i n .  I n  e i n e r  z w e i t e n  V e r s u c h s s e r i e  w u r d e  d ie  K o n -  
t r a k t i o n s k r a f t  d e r  V o r h 6 f e  f iber  e ine  T r a n s d u c e r r 6 h r e  
( R C A  5734) i s o m e t r i s c h  r e g i s t r i e r t ,  g l e i chze i t i g  w u r d e n  
IRuhe-  u n d  A k t i o n s p o t e n t i a l e  m i t  G l a s m i k r o e l e k t r o d e n  
in t r aze l lu lXr  a b g e l e i t e t .  A C h  w u r d e  10 m i n  l a n g  m i t  k o n -  
s t a n t e r  G e s c h w i n d i g k e i t  i n  d e s  O r g a n b a d  i n f u n d i e r t .  Als  

1 "vV. TRAUTWEIN, Ergebnisse der Physiologic (1961), p. 131. 
2 H. HODITZ und H. L~LLMANN, Pfliigers Arch. ges. Physiol. 280, 

22 (1964). 
3 A. GROSSMAN und R. F. FURCHGOTT, J. PharinacoL exp. Therap. 

145, 162 (1964). 


