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be m u c h  s t ronger  on b o t h  s i lkworms t h a n  t h a t  of original 
s train,  sotto. No change  of toxic  ac t iv i ty  was found  in t he  
all 3 m u t a n t s  af ter  t he  hea t  t r e a tmen t .  

Scanning electron micrographs  of sporeless m u t a n t s  
showed only  regular ly  shaped b ipyramida l  crystal l ine 
bodies  laid free on a background  of lysed cell envelopes 
which  somet imes  form cell ghosts  or ne tworks  (Figures 
1-3). Ill cont ras t ,  m a n y  ellipsoidal spores were observed 
besides oc tahedra l  crysta l l ine  bodies  and  cell envelopes 
in the  original wild s t ra ins  (Figure 4). In  general,  c rys ta l -  
line bodies  of m u t a n t  $162 (Figure 3) were much  smaller  
t h a n  those  of the  m u t a n t s  M1 (Figure 1) and M67 (Figure 
2), a condi t ion which  also occurs in the  original  sotto 
strain.  All m u t a n t s  had  a size and shape of crystal l ine 
bodies similar to those  of the i r  pa ren t  strains.  

The combina t ion  of biological inviabil i ty,  and  comple te  
r e t en t ion  of toxic ac t iv i ty  in p repara t ions  der ived f rom 
sporeless m u t a n t s  of Bacillus thuringiensis would provide  
a safer source of microbial  insecticides as well as being a 
valuable source of s t a r t i ng  mater ia l  for the  pur i f ica t ion  
and charac te r iza t ion  of the  6-endotoxin.  

Summary. Three  sporeless m u t a n t s  of Bacillus thurin- 
giensis, 2 der ived f rom var. thuringiensis and 1 f rom var.  
sotto were selected af ter  mutagen ic  t r ea tmen t .  They  were 
comple te ly  lacking in abi l i ty  to  form spores, ye t  ma in ta in -  
ed in t ac t  insect icidal  ac t iv i ty .  
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I s a t i n - 3 - A n i l s  as  E x c y s t m e n t  and Cys t i c ida l  A g e n t s  A g a i n s t  Schizopyrenus russelli 

General ly  relapses have  been encountered  in t r ea t ed  
cases of chronic amoebiasis .  This has been a t t r i b u t e d  to  
the  fact  t h a t  the  drugs discovered so far have  li t t le or no 
effect  on the  cyst ic  s tage of amoeba.  

Isa t ins  have  general ly  been associa ted wi th  ant iv i ra l  
ac t iv i ty t .  Other  biological responses  exhib i ted  by  
isat ins  include an t ibac ter ia l  2, an the lmin t i c  ~ and hypo-  
tens ive  act ions 4. In  th is  communica t ion  we wish to  
repor t  for the  first  t ime  the i r  cyst ic idal  ac t ion and the i r  
abi l i ty  to  cause excys tmen t .  A series of isatiu-3-anils(I) 
have  been  screened for their  cysticidal  ac t iv i ty  and the i r  
role as e x c y s t m e n t  agents.  

I t  is in teres t ing  to note  t h a t  cer ta in  compounds  of this  
series have  shown cyst ic idal  ac t iv i ty  and  also caused 
e x c y s t m e n t  s imul taneously .  This type  of behav iour  in a 

single subs tance  has  pe rhaps  no t  been repor ted  earlier. 
Materials and methods. Isat in-3-anils(I)  were ob ta ined  

by  condens ing  isat in w i th  a romat ic  amines  in e thanol ic  
m e d i u m  conta in ing  2 drops  of glacial acetic acid. The 
resul t ing  condensed  p roduc t s  were t h e n  subjec ted  to  
Mannich  react ion conditionsS. 
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Isatin-3-anils (1) as excystment and cystieidal agents 

Specimen No. R R' Excystment (%) Mortality (%) 

1 4-- OCH:~ 1t 50 20 

2 2 -- OCH:~ t-[ 28 -- 

3 4--CH 3 H 15 -- 

4 3--CHa H 30 40 

5 4--C1 H nil 37 

6 4-- Ph H 10 40 

7 4-- OCI% CH2--N S nil 28 \__/ 
/ - - - \  

8 3--CH a CH2--N S O nil 20 
\ \ _ _  / 
/ - -  \ 

9 4--Ph CH2--N S ) 5 -- 
\ _ _ /  
/ - - - \  

10 4--Ph CH2--N S O 10 10 
\ _ _ /  

11 Control (cysts k E. col{ extract) 96 -- 
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Cysts  f rom a pure  l ine cu l tu re  of Schizopyrenus russelli 
were used in th i s  work.  Tile am oebae  were grown on non-  
n u t r i e n t  aga r  (2 .5%;  w/v),  0 .5% (w/v) NaC1; p H  6.8-7),  
p la tes  suppl ied  w i t h  a 3-day-old  cu l tu re  of Escherichia 
coli, grown on n u t r i e n t  aga r  slopes, as food. 3- to  7-day- 
old cys t s  were h a r v e s t e d  a n d  v iable  cysts,  free f rom l i v i n g  
or dead  bac ter ia ,  were o b t a i n e d  6. 

A c o n c e n t r a t i o n  of 2 m g / m l  of t he  t e s t  c o m p o u n d s  (in 
1% agar  suspension)  was employed  for e x c y s t m e n t  exper-  
i m e n t s L  50 to  75 cys ts  were p laced  as a h a n g i n g  d rop  
suspens ion  in a c a v i t y  slide (25 • 1 ~ housed  in a mois t  
chamber .  The  p e r c e n t a g e  e x c y s t m e n t  was  ca lcu la ted  f rom 
the  c o u n t  of a m o e b a e  a n d  t he  unexcys t ed  cysts.  A cys t  
was  cons idered  excys t ed  on ly  w h e n  a n  a m o e b a  escaped 
f rom i t  and  was found  m o v i n g  in t he  s u r r o u n d i n g  m ed ium.  

Fo r  cys t ic ida l  ac t iv i ty~,  t he  t e s t  c o m p o u n d  was freed 
f rom the  cysts,  a f te r  in i t ia l  t r e a t m e n t ,  b y  r epea t ed  cen- 
t r i fuga t ion .  The  cysts  were t h e n  t r e a t e d  w i th  an  excys t -  
m e n t  a g e n t  (E. coli ex t rac t ) ,  a f t e r  ge t t i ng  r id  of t ro -  
phozoi tes  in cases where  e x c y s t m e n t  h a d  t a k e n  p lace  b y  

I 
R'  

t r e a t i n g  t h e  sample  for 2 h w i t h  2 %  HC1, and  t h e  n u m b e r  
of cys ts  excys ted  were counted .  The  cysts  t h a t  d id  no t  
excys t  were p r e s u m e d  to  be dead.  The  n u m b e r  of cys ts  
t a k e n  in each  e x p e r i m e n t  va r i ed  fror~: 200 to 350. The  
resu l t s  are descr ibed in  t he  Table.  

Acute toxicity. The  acu te  t ox i c i t y  t es t s  were done  b y  
feeding ora l ly  t h e  t e s t  c o m p o u n d s  (900 mg/kg)  to  a lb ino  
ra t s  we igh ing  20-25 g of e i the r  sex and  fed on  a d ie t  of 
mi lk  a n d  bread) .  No m o r t a l i t y  was  recorded d u r i n g  7 days  
of obse rva t ion .  

Summary. A series of i sa t in-3-an i l s  (wi th  or w i t h o u t  a 
N - p i p e r i d i n o / m o r p h o l i n o m e t h y l  subs t i t uen t )  h a v e  been  
screened for  t he i r  cys t ic ida l  a c t i v i t y  aga ins t  Schizo- 
pyrenus russelli. The i r  ab i l i ty  to  cause e x c y s t m e n t  has  
also been  s tudied.  
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Action of Bacillus thuringiensis Preparation Against Larch Bud Moth, Zeiraphera diniana 
(Gn.), Enhanced by/3-Exotoxin and DDT 1 

The  l a rch  b u d  m o t h  Zeiraphera diniana (Gu~n~e), a 
monovo l t i ne  to r t r i c ide  m o t h  of t he  sub fami ly  Ole th reu-  
t inae ,  is a p r i m a r y  pes t  of l a rch  in suba lp ine  fores ts  of 
Aust r ia ,  F rance ,  I ta ly ,  and  Swi tzer land  3. In  l a rch  
forests,  s i t u a t e d  a t  1400 to  2100 m above  sea level,  t he  
dens i ty  of t he  insec t  f l uc tua t e s  in cycles, w i t h  g rada t ions  
of 8-10 years  d u r a t i o n  3,4. Tree  defol ia t ion  in t he  phase  
of c u l m i n a t i o n  impa i r s  t he  tour i s t i c  a t t r a c t i o n  of the  
forests  a t t a cked ,  reduces  wood p roduc t ion  cons ide rab ly  5, 
and  leads to  no t i ceab le  t ree  m o r t a l i t y  w h e n  defo l ia t ion  
t akes  place in 2 successive years,  as for i n s t ance  in 1973/ 
74. Resea rch  is the re fore  be ing  conduc t ed  a t  ou r  Depa r t -  
m e n t  to  f ind su i t ab le  m e a n s  to cont ro l  of th i s  pest .  

Large  scale app l i ca t ions  of insect ic ides  in t he  cu lmina-  
t i on  phase  of a g r a d a t i o n  showed t h a t  a single app l i ca t ion  
of D D T  could reduce  l a rva l  popu la t i ons  b y  97% and  t h u s  
p r e v e n t  defo l ia t ion  for t h e  whole  g r a d a t i o n  cycle, whereas  
a single t r e a t m e n t  w i t h  t he  o r g a n o p h o s p h a t e  p h o s p h a m i -  
done,  caus ing  93% mor t a l i t y ,  could p r e v e n t  defo l ia t ion  
on ly  in t h e  yea r  of app l i ca t ion  b u t  no t  in the  succeeding 
yea r  6. The  l a t t e r  t r e a t m e n t  caused  h e a v y  m o r t a l i t y  of 
b i rds  in  t he  forests  t r e a t e d  7, and  since meanwhi l e  D D T  
has  been  banned ,  chemica l  con t ro l  offers no so lu t ion  o f  
the  p rob l em of Z. diniana. 

More t h a n  10 years  ago, t he  a u t h o r  t r i ed  select ive 
microbia l  con t ro l  of Z. diniana b y  means  of b iop repa ra -  
t ions  of Bacillus thuringiensis Ber l iner  s. U n p u b l i s h e d  
expe r imen t s  in  1963 on  3 and  4 h a  plots,  t r e a t e d  b y  
he l icop te r  9 a t  t he  r a t e  of 401 pe r  ha,  resu l ted  in p o p u l a t i o n  
r educ t ion  of 60 -7 5%.  These  values,  a f te r  cor rec t ion  for 
n a t u r a l  mor t a l i t y ,  co r responded  to  410/0 induced  m o r t a l i t y  
on plots  t r e a t e d  w i t h  Thur ic ide  90T (7.5 1/ha) or Bac to -  
speine (3.3 kg/ha) ,  a n d  64% m o r t a l i t y  on plots  t r e a t e d  

w i t h  Biospor  H o e c h s t  (3.3 kg/ha) .  R e p e t i t i o n  of t he  
t r e a t m e n t  w i t h  Biospor  on  t he  same  p lo t  w i t h  a dose of 
4 k g / h a  in 1964 resu l ted  in a 95% reduc t ion  of t he  l a rva l  
popu la t ion ,  co r re spond ing  to  90% induced  l a rva l  mor-  
ta l i ty .  U n f o r t u n a t e l y ,  t h e  p roduce r  of Biospor  s t opped  the  
p r o d u c t i o n  of th i s  m o s t  p romiz ing  p r epa ra t i on  in 1965. 

Large  scale app l i ca t ions  of Bac tospe ine  aga ins t  Z. 
diniana in F rance  h a v e  been  r e p o r t e d  b y  GRISON e t  al. 10, n 
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