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planat ions .  F r o m  the  reac t ion  shown by  the  nuclei in S. 
dharwarensis to the  Feulgen  dye, I feel t h a t  it  is possible 
to  offer one more  probable  explanat ion .  Dur ing  the  pro-  
cess of divis ion of the  nuclei in ciliates m u c h  of the  D N A  
in t h e m  is conver ted  into the  R N A  required,  t he r eb y  in- 
creasing the  ra te  of metabol ic  processes wi th in  the  cell. 

In  ciliates showing a selective micronuclear  division, the  
macronucleus  gives t h r o u g h o u t  a b r igh t  Feulgen reac t ion  
as in S. ambiguum Padmava th ih ,  ind ica t ing  t h a t  i t  does 
no t  pa r t  wi th  m u c h  of its DNA. So a n u m b e r  of 
micronuclei  con t r ibu te  the i r  DNA mater ia l  for the  build-  
up of RNA.  Now, as the  D N A  mater ia l  in t h e m  falls below 
the  o p t i m u m  level, the  ma jo r i t y  of the  micronuclei  de- 
generates ,  while only  a few main ta in  themse lves  t h ro u g h  
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Fig. 1. A vegetative individual of Spirostomum dharwarensis n. sp. 
showing a cylindrical inacronucleus and seven micronuclei distrib- 

uted around it, • 200. (e.v. -- Contractile vacuole.) 

Fig. 2. Two daughter macronuelei have grown to a considerable size 
within the parent ciliate body. Still there is no sign of any cyto- 

plasmic fission, • 100. 

the  process of mitosis  and comple te  the i r  division. On the  
o ther  hand ,  in ciliates showing a synchronous  division, the  
condens ing  macronucleus  shows a poor  react ion to the  
Feulgen dye, as in S. dharwarensis, t h e r eb y  suggest ing 
t h a t  i t  is pa r t ing  wi th  a considerable  a m o u n t  of DNA 
dur ing  the  process of condensat ion .  Hence  there  is no need 
for the  micronuclei  to  con t r ibu te  the i r  DNA mater ia l  to-  
wards  the  R N A  build-up.  For  th is  reason all the  micro- 
nuclei  ma i n t a i n  themse lves  successfully t h rough  the  
mi to t ic  division - a synchronous  division. Ill Epistylis 
articulata S~SI-IACHAR and DAS 6 have  conclusively demon-  
s t r a t ed  such a convers ion of the  macronuclear  DNA into 
R N A  in the  exconjugants .  A t t e m p t s  are being made  in 
our l abora to ry  to show exper imenta l ly  this  convers ion of 
D N A  into t~NA dur ing  the  predivis ional  stages in 
Spirostomum too. Unt i l  the  expe r imen ta l  da t a  provide  
suppor t  for the  p resen t  in te rpre ta t ion ,  this  v iew may  be 
t aken  as mere ly  one of the  possible exp lana t ions  of the  
events  under ly ing  such compl ica ted  p h e n o m e n a  as the  
nuclear  divisions in ciliates. 

Rdsumd. Dans  cet  article on a d6crit  l ' apparei l  nucl6aire 
et  la fission binaire darts le cili6 d ' eau  douce Spirostomum 
dharwarensis. La division micronucl6aire est  de type  syn- 
chrone.  E n  ce qui concerne le mode de division micro- 
nucl6aire, on a 6tudi6 6galement  le d @ l a c e m e n t  graduel  
du t y p e  s61ectif au t y p e  synchrone  dans  le genre Spiro- 
stomum. 
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M e t a b o l i s m  of  G S  130051,  a N e w  I n s e c t i c i d e  

GS 130051 is a new o rganophosphorus  insect icide wi th  
the  s t ruc tu re  O,O-dimethyl -S-E2-methoxy-1 ,  3 ,4- thia-  
d iazol -5- (4H)onyl- (4)methyl~-di th iophosphate  ~ : 

S 
S O=C / NC--OCHa 

CHaO~ II I TI 
P--S--CH2--N N 

CH30 / 

I t s  p o t e n t  biocidal  ac t iv i ty  and its toxicological  beha-  
v iour  3 have  been  described.  In  this  paper ,  the  resul ts  of 
me tabo l i sm  s tudies  on the  d i s t r ibu t ion  and  excre t ion  of 
the  subs tance  in animals  and  p lants  are repor ted .  Detai ls  
on the  metabol ic  fate  of the  molecule in vivo and  in v i t ro  
will be publ i shed  elsewhere.  

Metabolism in animals. In  a series of ba lance  s tudies ,  
the  excre t ion  of oral ly appl ied labelled GS 13005 in the  
urine, faeces and expi red  air of the  ra t  was examined .  The 
mean  values  of four  expe r imen t s  are summar ized  in 
Table I. 

Table I shows a high degree of recovery  of the  radio- 
ac t iv i ty  applied.  The d i s t r ibu t ion  p a t t e r n  indicates  a 
comple te  absorp t ion  of the  subs tance  and an intense  
me tabo l i sm wi th  concomi t an t  cleavage of the  hetero-  
cyclic moie ty  to CO 2 as the  main  result .  The excre t ion  of 
polar  metabol i tes  in the  urine is appa ren t l y  of the  same 
impor tance  as the  expirat ion.  

The d i s t r ibu t ion  of GS 13005 in the  organs of the ra t  
was s tudied  in order  to suppor t  these  results  and to ex- 
clude specific r e t en t ion  or accumula t ion  of the  insecticide 
or its metabol i tes  in any  organ. The resul ts  are repor ted  

1 GS 13005 is the active ingredient of a new insecticide ot J. R. 
Geigy S.A., Basle, Switzerland, registered under the Trade mark 
of Supraeide| 

2 K. RI)FENACHT, J. R. Geigy S.A., Swiss Patents Nos. 3-92-521 and 
3-95-637. 
H. GROB, R. GASSER, and M. A. RUZZTTZ, Further Investigations 
with GS 13005 ]or Use in Orchards and Vineyards. 3rd British 
Insecticide and Fungicide Conference in Brighton (1965), in 
press. 
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i n  T a b l e  I I  w i t h  v a l u e s  r e p r e s e n t i n g  m e a n s  of t w o  a n i m a l s  
for  e a c h  t i m e  i n t e r v a l .  

I n  a d d i t i o n  t o  t h e  h i g h  r a t e  of e x c r e t i o n ,  t h e  r e s u l t s  
l i s t e d  in  T a b l e  I I  c l e a r l y  d e m o n s t r a t e  t h a t  no  a c c u m u l a -  
t i o n  of G S  13005 t a k e s  p l ace .  A v e r y  f a s t  d i s t r i b u t i o n  w a s  
e s t a b l i s h e d ,  t h e  m a x i m u m  of  w h i c h  d o e s  n o t  e x c e e d  8 h 
a f t e r  a p p l i c a t i o n .  T h e  r a d i o a c t i v e  c o n t e n t  of a l l  o r g a n s  is  
b e l o w  t h e  l i m i t s  of d e t e r m i n a t i o n  48 h a f t e r  d o s a g e ,  e x c e p t  
for  t r a c e  a m o u n t s  i n  m u s c l e s .  T h i s  r a p i d  e l i m i n a t i o n  of t h e  
r a d i o a c t i v i t y  i n d i c a t e s  t h a t  no  e s s e n t i a l  p a r t  of  t h e  C 1- 
p i e c e  f r o m  t h e  c l e a v a g e  of t h e  r i n g  e n t e r s  t h e  g e n e r a l  
m e t a b o l i s m .  I t  s h o u l d  be  s t r e s s e d  t h a t  a l l  r a d i o a c t i v i t y  
i n  t h e  o r g a n s  c a n  be  e x t r a c t e d  a n d  t h a t  no  i n c o r p o r a t i o n  
i n t o  h i g h  m o l e c u l a r  c o m p o u n d s  w a s  o b s e r v e d .  

Metabolism in pla~ts. T h e  m e t a b o l i c  b r e a k d o w n  of  
G S  13005 in  p l a n t s  w a s  i n v e s t i g a t e d  w h e n  a p p l i e d  t o  t h e  
l e a v e s  of y o u n g  b e a n  p l a n t s  (Phaseolus vulgaris L.) a n d  
to  f r e s h l y  h a r v e s t e d  a p p l e s .  

T h e  a b i l i t y  of y o u n g  b e a n  l e a v e s  t o  s p l i t  t h e  h e t e r o -  
c y c l i c  m o i e t y  of t h e  i n s e c t i c i d e  t o  CO2 is  d e m o n s t r a t e d  i n  
T a b l e  I I I .  U n c h a n g e d  m a t e r i a l  s h o w s  u p  in  t h e  c h l o r o -  
f o r m  p h a s e  a n d ,  a c c o r d i n g  to  c h r o m a t o g r a p h i c  e x a m i n a -  
t i o n ,  a l l  r a d i o a c t i v i t y  r e p r e s e n t s  G S  13005 u p  to  t h r e e  
d a y s  a f t e r  t r e a t m e n t .  L a t e r  on  s m a l l  a m o u n t s  of m e t a b o -  
l i t e s  a r e  p r e s e n t .  

A f t e r  14 d a y s  5 % of t h e  a p p l i e d  i n s e c t i c i d e  is s t i l l  u n -  
c h a n g e d .  T h e  w a t e r  p h a s e  c o n t a i n s  r a d i o a c t i v i t y  in  v e r y  

TabIe I. Excretion of GS 13005 in the urine, faeces and expired air 
of the male rat  

Time after % of recovered radioactivity 
application 
in h Urine Faeces Expired 

air 

0-24 39.7 0.63 27.8 
24 48 2.2 0.60 7.8 
48-72 0.7 0.05 0.5 
72-96 0.2 0.02 0.3 

Total excreted 42.8 1.3 36.4 

p o l a r  fo rm.  A n  a c c u m u l a t i o n  of t h i s  m a t e r i a l  does  n o t  
occur .  I t s  p e r c e n t a g e  r e a c h e s  a m a x i m u m  a f t e r  8 d a y s  a n d  
d e c l i n e s  a f t e r w a r d s .  T h e  r e s i d u e  is c o n s i d e r e d  m a i n l y  t o  
i n c l u d e  b r e a k d o w n  p r o d u c t s  u s e d  a g a i n  b y  t h e  p l a n t  in  
s y n t h e t i c  p roces ses .  

T h e  s t u d i e s  w i t h  a p p l e s  r e v e a l e d  a n  a p p r e c i a b l e  b r e a k -  
d o w n  of GS  13005 to  CO 2. T h e  r a d i o a c t i v i t y  w h i c h  c a n  be  
w a s h e d  off  t h e  s u r f a c e  w i t h  a c e t o n e  r e p r e s e n t s  u n c h a n g e d  
GS  13005. On  t h e  o t h e r  h a n d ,  i t  is o n l y  d u r i n g  t h e  f i r s t  

Table II. Distribution of GS 13005 in the organs of the male ra t  

Organ % of recovered radioactivity 

Time after application in h 

0.5 3 8 24 48 

Stomach 41.5 28.4 1.66 0.58 < 0.05 
Small intestine 2.66 2.33 2.67 0.87 < 0.05 
Cecum + colon 1.75 1.68 3.96 3.21 0.05 
Liver 1.84 1.15 0.75 0.22 < 0.05 
Kidneys 0.40 0.42 0.35 0.13 < 0.05 
Lung 0.32 0.34 0.24 0.10 < 0.05 
Testis 0.28 0.69 0.59 0.14 < 0.05 
Muscles 9.64 15.9 17.4 3.17 0.29 
Body fat 3.48 3.26 2.54 0.65 % 0.05 
Blood plasma 1.0 % 0.05 < 0.05 < 0.05 < 0.05 
Blood cellular 0.51 % 0.05 < 0.05 < 0.05 < 0.05 
elements 

MateriaI and applied dose as in Table i. Procedure : Extraction of the 
isolated organs with acetone-methanol and dissolution of the 
evaporated extract with Hyamine. Liquid scintillation counting of 

Day the extracts was followed for time dependence for at least 24 h. The 
efficacy of the extractions was controlled by combustion of the 
residues. In no case were significant amounts of radioactivity found. 
(Limits of the determination: < 0.2% of the applied dose for com- 

68.13 bustions of the extracted residues of the first 3 organs and < 0.05% 
10.60 for the rest; < 0.05% for extracts.) Calculations: Total nmscle as 

1.25 39% of living body weight (sample collected from foreleg, hind leg 
0.52 and back), total  body fat as 12~ (sample collected from subcuta- 

neous tissue, intestines and testis), blood volume as 6% with the 
80.5 relation of plasma to cellular elements as 1 : 1. 

Material used: GS 13005 C14-1abelled in the 5-position of the hetero- 
cycle ~. Dose: 2.7/be corresponding to 0.8 mg per animal of 180-200 g 
body weight per os. The animals were held in closed all-glass metab- 
olism cages. Radioactive measurements were performed by liquid 
scintillation counting. 

The Iabelled GS 13005 was synthesized by Dr. D. E. RYSKIEVIC~, 
Geigy Research Laboratories, Ardsley (New York). 

Table III .  Distribution of radioactivity after foliar appIication of C14-GS 13005 to beans 

Fractions % of recovered radioactivity 

Days after treatment 

2 3 4 5 7 8 10 12 14 

CO 2 2.3 8.9 12.5 15.3 20.4 22.2 24.4 26.0 27.4 
Chloroform phase 71.5 41.2 32.0 15.4 17.6 10.3 11.3 10.2 6.9 
Water phase 7.1 22.6 16.2 27.8 24.4 37.7 27.7 17.9 14.9 
Residue 2.1 6.1 6.0 8.8 7.3 9.1 8.6 8.4 12.4 

Total 83.0 78.8 66.7 67.3 69.7 79.3 72.0 62.5 61.6 

Material as in Table I. Dose: 0.464 ~tc per plant, dissolved in 0.1 ml of acetone. Procedure: the plants were kept in a closed system and air 
drawn through it;  after harvest of the plants homogenization in acetone; parti t ioning of the acetone extract  between chloroform and water; 
determination of the radioactivity not extractable from the residue by combustion. 
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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 .  

H. O. Ess~R and  P. W. Mt~LLER 

Departement Forschung SchiidlingsbeMirnp/ung, 
J. R. Geigy AG, Basel (Switzerland), October 25, 1965. 

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). 


