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are supposed  to be a t t ached  and, as the  above results  
show, all essential  th iol  groups connec ted  wi th  the  
K-ATPase  of myos in  are p ro tec ted  f rom alkylat ion.  The 
in t e rmed ia te  inac t iva t ion  rate,  resul t ing f rom alkyla t ion 
in the  presence of h igh  Mg-ADP concent ra t ions ,  implies 
some ex ten t  of A D P  b ind ing  to  myosin.  I t  is unl ikely t h a t  
this  effect  is due to the  exis tence of d i f ferent  myos in  
species (e.g. some wi th  b o t h  heads  p ro tec ted  by  rigor 
a t t a c h m e n t  and others  inac t iva ted  because of dissociat ion 
of b o t h  heads  f rom actin) since it is no t  inf luenced by  a 
50-fold change  in the  A D P  cencent ra t ion .  Hence  i t  m a y  
be concluded t h a t  all myos in  molecules are in the  same 
state,  b inding  at  least  one A D P  and  in te rac t ing  a t  the  
same t ime  wi th  actin.  The addi t iona l  evidence t h a t  when  
m y o s i n - A D P  complexes  combine  wi th  actin,  A D P  
becomes l ibera ted  26, suggests  t h a t  th is  specific in te rac t ion  
occurring in myofibr i ls  comprises  one ADP-f ree  rigor-like 
in teract ing,  and  one ADP- loaded  non- in te rac t ing  head. 
F u r t h e r m o r e  th is  par t icu lar  t y p e  of coopera t ive  inter-  
ac t ion is regula ted  by  the  t ropon in - t ropomyos in  complex.  
In  the  con tex t  of act ive muscle,  th i s  view is in line wi th  
the  suggest ion of VINIEGRA-GoNzALBZ and MORALES 27 
t h a t  the  myos in  heads  of one cross-bridge b ind  a l te rna te ly  

on, and exer t  force at, two di f ferent  monomers  of t he  
ac t in  f i lament .  

Zusammen/assung.  Alkyl ierung yon 2 Thio lgruppen  pro  
Myosin mi t  NEM bei 0 ~ in Gegenwar t  einer Diphospha t -  
ke t t e  inak t iv ie r t  die K - A T P a s e  vollst~Lndig. In  Myofi- 
bri l len werden  diese Thio lgruppen  durch  Rigor- t in ter -  
act ion ~> beider  Myosink6pfchen mi t  Act in  vor  Alkyl ierung 
geschtitzt .  In  Gegenwar t  yon  Mg-ADP t r i t t  eine spezi- 
fische v o m  Rigor  verschiedene  <dnteraction~> zwischen 
Myosin und Act in  auf. Man muss  annehemen,  dass dabei  
nur  i MyosinkOpfchen ans Act in  b inder  und  dass das 
andere  KOpfchen ein A D P  gebunden  hat .  
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S t o r a g e  of  I n s e c t i c i d e s  in  t h e  Fat  B o d y  of  Spodoptera littoralis ( B o i s d . )  a s  a P o s s i b l e  M e c h a n i s m  of  
R e s i s t a n c e  

Storage of insect icides in the  insect  fa t  b o d y  has been 
shown by  m a n y  workers  to  be a con t r ibu t ing  factor  in 
developing resistance.  Lipids  m a y  act  as compet i t ive  si tes 
for toxic  agents ,  especially if the  la t t e r  are lipid soluble 
compounds  (MIJNSON et al. 1). The fa t  body  is also consid-  
ered to be one of the  mos t  act ive t issues in the  me tabo l i sm 
of some insect icides (FBwlCK 2; KUHRa). 

Res i s tance  of Spodoptera littoralis agains t  insect icides 
is now a comm on  p h e n o m e n o n  in Egyp t .  A m o n g  the  
factors  t h a t  migh t  con t r ibu te  to t he  to ta l  res is tance  of 

Storage of insecticides in the fat body of susceptible and resistant 
strains of the 6th instar larvae of S. littoralis 

Insecticides applied 
Time after 
treatment 
(h) 

Amount of insecticide stored 

S-strain (ppm) R-strain (ppm) 

DDT 0 Negligible Negligible 
(Amount injected 1.5 36 47 
200 btg/g) 3 280 533 

6 167 208 
12 144 197 
18 150 131 
24 150 125 

Methyl parathion 0 Negligible Negligible 
(Amount injected 1.5 17 43 
30 b~g/g) 3 28 48 

6 9 34 
12 7 15 
18 5 3 
24 0 0 

Carbaryl 0 Negligible Negligible 
(Amount injected 1.5 5 8 
400 b~g/g) 3 16 15 

6 10 11 
12 9 8 
24 7 8 

th is  pes t  is the  enhanced  ra te  of s torage of insect icides 
in the  fat  body.  This  poss ib i l i ty  was inves t iga ted .  

Materials and methods. Three R-s t ra ins  and 1 S-s t ra in  of 
S. littoralis were used. The R-s t ra ins  were reared under  
cont inuous  pressure  of the  cor responding  insecticides,  
DDT, m e t h y l  pa r a th ion  and/or  carbaryl .  By  injection,  
all the  R-s t ra ins  had  an a lmos t  ident ical  res is tance  level, 
i.e., 3-fold. By  topical  appl icat ion,  however,  t he  DDT 
R-s t ra in  was 25-fold, the  carbary l  R-s t ra in  was 13-fold, 
and  the  m e t h y l  pa r a th ion  R-s t r a in  was 3-fold. Total  fat  
con ten t  was de t e rmined  by  ex t rac t ing  the  dried larvae 
according to  BENNET and T~OMAS~. 

Analy t ica l  grade samples  of DDT,  me t h y l  pa ra th ion  
and  carbaryl  were used. All s t ra ins  were in jec ted  wi th  t he  
LD~0 of the  S-strain.  Ba tches  of 50 full grown larvae were 
dissected to r emove  tile fat  body  at  var ious  in tervals  af ter  
inj ection, and  0.2-0.3 g. samples  were ex t rac ted  by  homog-  
enizing in the  appropr ia te  solvent .  

The ex t rac t ion  and clean up procedures  of KLEIN et  al. ~, 
MOLLtlOFF 6 and JOHANSON et al. 7 and those of SCHECHTER 
et al. s, COFFIN and McKINELY 9, and  MISKUS et al. 1~ for 
the  colourimetr ic  de te rmina t ion ,  w e r e - a d o p t e d  for the  
samples  conta in ing  DDT, me t h y l  pa r a th ion  and earbaryl ,  
respect ively .  
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Results and discussion. The  t o t a l  fa t  c o n t e n t  in  the  
S - s t r a in  a n d  t he  3 R - s t r a i n s  d id  no t  v a r y  great ly ,  i.e. 
3.2, 2.9, 3.9 a n d  3.1% for t he  S-, D D T  R-, m e t h y l  
p a r a t h i o n  R-, a n d  c a r b a r y l  R-s t ra ins ,  respect ive ly .  Th i s  
is in  c o n t r a s t  to  several  pub l i c a t i ons  showing  a pos i t ive  
co r re l a t ion  b e t w e e n  insec t  r es i s t ance  to  d i f fe ren t  insect i -  
cides a n d  t he  a m o u n t  of insec t  f a t  (NIUNSON and  GOTT- 
LEIBll;  MUNSON et  al. 1; BENNET a n d  THOMAS4; I~HAN 
a n d  BROWN 1~. The  resu l t s  of BRIDGES a n d  Cox 13, a n d  
ASCHER a n d  NER114 are genera l ly  in  a g r e e m e n t  w i t h  ours. 

S to rage  and  ra t e s  of d i s a p p e a r a n c  e of DDT,  m e t h y l  
p a r a t h i o n  and  c a r b a r y l  are shown  in t he  Table .  The  D D T  
R - s t r a i n  (3-fold res i s t ance  b y  in jec t ion)  s tored  a b o u t  
doub le  the  a m o u n t  of D D T  t h a t  was  s to red  b y  t he  S- 
s t r a i n  in  t he  f i r s t  3 h a f t e r  appl ica t ion .  Th i s  suggests  t h a t  
s to rage  of D D T  is an  i m p o r t a n t  defence m e c h a n i s m  in 
S. littoralis. The  e n h a n c e d  r a t e  of d i s a p p e a r a n c e  of the  
s to red  D D T  in t he  R - s t r a i n  is p r o b a b l y  due  to  an  increas-  
ed r a t e  of de tox ica t ion ,  as was  found  in t he  housef ly  b y  
MIVAIcE e t a l .  ~5. 6 h a f t e r  t r e a t m e n t ,  s imi la r  a m o u n t s  of 
D D T  were found  in b o t h  s t r a ins  and  r e m a i n e d  so for t he  
res t  of t he  e x p e r i m e n t a l  period.  

M e t h y l  p a r a t h i o n  was also s tored  in cons iderab le  
a m o u n t s  in t he  R-s t r a in .  Compared  w i t h  DDT,  i ts  r a t e  of 
d i s a p p e a r a n c e  was  m u c h  lower.  On t he  o the r  h a n d ,  
s to rage  of c a r b a r y l  a n d  i ts  r a t e  of d i s a p p e a r a n c e  were 
a l m o s t  equa l  in  b o t h  S- and  R-s t ra ins .  Th i s  m i g h t  be  
a c c o u n t e d  for b y  a low l ip id  so lub i l i ty  a n d / o r  a h igh  
d e t o x i c a t i o n  r a t e  in  t he  f a t  bodies  of b o t h  S- and  R- 
s t ra ins .  

These  resu l t s  suggest  t h a t  t he  levels of s torage  of D D T  
a n d  m e t h y l  p a r a t h i o n  in t he  R - s t r a i n s  is a l m o s t  due to  
di f ferences  in  t he  molecu la r  species of fat ,  as c o m p a r e d  
to t he  S-s t ra in .  

Zusammen/assung. Sign i f ikan te  U n t e r s c h i e d e  des ge- 
s a m t e n  F e t t g e h a l t e s  zwischen S- u n d  R - A r t e n  der  
Spodoptera littoralis w u r d e n  n i c h t  fes tgestel l t .  D D T  u n d  
M e t h y l p a r a t h i o n  w u r d e n  im Gegensa tz  zn C a r b a r y l  in  
den  R - A r t e n  gespe icher t  u n d  die R e d u k t i o n s r a t e  yon  
M e t h y l p a r a t h i o n  erwies s ich als wesen t l i ch  n iedr iger  als 
bei  D D T .  
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Effect of P r o s t a g l a n d i n  F ~  on  the  S e c r e t i o n  of P a n c r e a t i c  Ju i ce  Induced  by Secre t in  and by D o p a m i n e  

P r o s t a g l a n d i n s  (PGs) are b io syn thes i zed  in m o s t  t i ssues  
f rom essent ia l  f a t t y  acid. Thus  n e i t h e r  specific t i ssue  for 
p r o d u c t i o n  no r  specific o rgans  for t h e i r  ac t ion  h a v e  been  
iden t i f i ed  yet .  M a n y  PGs,  however ,  h a v e  p o t e n t  pe r iph-  
eral  vascu la r  ac t ion  1 a a n d  a v a r i e t y  of ac t ions  on  t he  
g a s t r o i n t e s t i n a l  t rac t4 ,  5. Recen t ly ,  i t  was r epo r t ed  t h a t  
p r o s t a g l a n d i n  E 1 (PGE1) i n h i b i t e d  t he  vo lume  of pancre -  
a t ic  ju ice  i nduced  b y  secre t in  a n d  p a n c r e o z y m i n e  in  
dogs% Since a v e r y  p o t e n t  effect  of p r o s t a g l a n d i n  Fez 
(PGFs~) on  t he  dog ' s  s u b m a x i l l a r y  g land  ha s  been  re- 
ported~,  t he  response  of t he  panc rea s  to  P G F ~  a t t r a c t e d  
our  in te res t .  P rev ious ly  we h a v e  deve loped  t he  b lood-per-  
fused i so la ted  can ine  panc rea s  p r e p a r a t i o n  a n d  h a v e  
found  specific secre togogue a c t i v i t y  of d o p a m i n e  s. In  t he  
p r e sen t  s tudy ,  the  effect  of PGFs~ on t he  secret in-  and  
d o p a m i n e - i n d u c e d  p a n c r e a t i c  secre t ion  has  been  inves-  
t i g a t e d  us ing  t h i s  p r e pa r a t i on .  

E x p e r i m e n t s  were pe r fo rmed  on 7 adu l t s  mongre l  dogs 
weigh ing  11-14 kg. The  an i m a l s  were anes t he t i z ed  w i t h  
30 m g / k g  of sod ium p e n t o b a r b i t a l  in jec ted  i.v. The  
s u p r a n a v e l  a b d o m e n  was opened  b y  a mid l ine  incision.  
A p o l y e t h y l e n e  t u b e  was in se r t ed  in to  t he  m a i n  pancre -  
a t ic  d u c t  a n d  t he  r a t e  of secre t ion  m e a s u r e d  b y  a drop  
counter .  The  accessory p a n c r e a t i c  d u c t  was  l igated.  
P o l y e t h y l e n e  c a n n u l a e  were i n se r t ed  in to  t he  gas t roduo-  
dena l  and  t h e  splenic  a r te r ies  t h r o u g h  w h i c h  t he  panc rea s  
was per fused  w i t h  t he  a n i m a l ' s  own blood f rom t he  left  
f emora l  a r t e r y  b y  m e a n s  of a H a r v a r d  pe r i s t a l t i c  p u m p  
(Model 500-1200).  All  e x p e r i m e n t s  were pe r fo rmed  u n d e r  
c o n s t a n t  a r t e r i a l  p ressure  a t  100 m m  H g  b y  m e a n s  of a 
p n e u m a t i c  res i s t ance  w h i c h  was p laced  in para l le l  w i t h  
t h e  pe r fus ion  sys tem.  The  de ta i l s  of t he  p r e p a r a t i o n  were 
descr ibed  in a p rev ious  p a p e r  s. A dose of 300 u n i t s / k g  of 
sod ium h e p a r i n  was g iven  a t  t h e  b e g i n n i n g  of t h e  perfu-  

sion and  a s u p p l e m e n t a r y  dose of 200 un i t s  was  g iven  i.v. 
a t  1 h in te rva l s .  PGF2~ was in jec ted  in to  a r u b b e r  t u b e  
connec ted  to t he  a r te r ia l  c a n n u l a  on  a v o l u m e  of 0.1 ml  
for 4 sec. Secre t in  a n d  d o p a m i n e  were infused  in t r a -  
a r t e r i a l ly  a t  a c o n s t a n t  r a t e  of 0.1 m l / m i n  b y  a H a r v a r d  
infus ion  p u m p  (Model 600-900).  Drugs  used in th i s  s t u d y  
were secre t in  (k indly  g iven  f rom Professor  J. E. JORpES, 
K a r o l i n s k a  In s t i t u t e ,  S tockholm,  Sweden),  d o p a m i n e  
hydroch lo r ide  (ICN) and  p r o s t a g l a n d i n  Fs~ t r o m e t h a m i n e  
(k indly  g iven  f rom N i p p o n  U p j o h n  Ltd.) .  

A t yp i ca l  resu l t  is shown  in t he  F igure  a) a n d  b). W h e n  
secre t in  was infused a t  a r a t e  of 0.05 un i t s / r a in  i n t r a -  
ar ter ia l ly ,  t he  p a n c r e a t i c  secre t ion  s t a r t e d  i m m e d i a t e l y  
and  r eached  a c o n s t a n t  level. Then ,  PGFs~ in a dose of 
100 [,g was i n t r a - a r t e r i a l l y  in jected.  The  r a t e  of secre t ion  
d i m i n i s h e d  g radua l ly  and  r eached  t he  m a x i m u m  inh ib i -  
t i on  a t  a b o u t  5 m in  later ,  b u t  i t  r e t u r n e d  g radua l ly  to  t he  
in i t ia l  level.  Pe r fus ion  b lood  f low t r a n s i e n t l y  increased  
a b o u t  5 m l / m i n  a n d  sys temic  b lood pressure  decreased  
a b o u t  10 m m  Hg b y  t he  in jec t ion  of PGFs~ even  t h o u g h  
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