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Gossypoh Antagonist ic  Effect on Toxicity of Insecticides to Spodoptera littoralis 

Cot tonseed  mea l  has  been  an  i m p o r t a n t  source  of 
p ro t e in  in  r u m i n a n t  d ie t  for m a n y  years .  However ,  i ts  
u t i l i z a t i on  b y  monogas t r i c  a n i m a l s  has  been  l imi ted  
because  of t h e  u n f a v o r a b l e  effect  of gossypolL Gossypol  
t o x i c i t y  has  been  a t t r i b u t e d  to t he  uncoup l ing  of respi-  
r a t o r y  cha in - l i nked  p h o s p h o r y l a t i o n  2. Gossypol  occurs  in  
t he  p i g m e n t  g l ands  of t he  seed, leaf, s tem,  laproof  b a r k  a n d  
roots  of t he  c o t t o n  p l a n t  ~. An  ideal  so lu t ion  to  t h i s  p r o b l e m  
is t he  p r o d u c t i o n  of gossypol-free co t ton ,  a n d  such  a 
v a r i e t y  Gossypium barbademe, was deve loped  b y  i r rad ia -  
t i on  ~. The  glandless  c h a r c a t e r  was  d o m i n a n t  a n d  s i m p l y  
i nhe r i t ed  s. I t  differed in th i s  respec t  f rom t he  glandless  
v a r i e t y  of G. hirsut2em ~. However ,  t he  p o t e n t i a l  of gossypol  
in  c o t t o n  as a source  of r e s i s t ance  to t he  bo l lworm,  
Heliothis  zea (Boddie) ,  a n d  to  the  t obacco  b u d w o r m ,  
H. virescem (F.), was  d e m o n s t r a t e d  7,s. Because  of t he  
poss ib i l i ty  t h a t  low gossypol  c o n t e n t  m i g h t  m a k e  c o t t o n  
more  suscep t ib le  to feeding b y  insec t  pests ,  we inves t i -  
ga ted  t he  effect  of gossypol  on  tl le t o x i c i t y  of some 
insect ic ides  to  Spodoptera l i t tomlis  (Boisduval) ,  t h e  resu l t s  
of wh ich  are r epo r t ed  below. 

Mater ials  and methods. Pur i f i ed  gossypol  (1, 1', 6, 6", 7, 7"- 
h e x a h y d r o x y - 3 ,  3 ' -d imethy l -5 ,  5 ' -d i isopropyl-2 ,  2 ' - b inaph -  
thyl-8 ,  8 ' -d ia ldehyde)  was o b t a i n e d  f rom t he  S o u t h e r n  
U t i l i z a t i o n  R e s e a r c h  D e v e l o p m e n t  Divis ion,  U S D A ,  
New Orlean,  Louis iana ,  USA.  L e p t o p h o s  (0-(4-bromo- 
2, 5 -d ich lorophenyl )  0 -me thy l  p h e n y l p h o s p h o n o t h i o a t e ) ,  
Cyclone  (2 - (d i e thoxyphospheny l ) - l ,  3-di thiolane) ,  Z e c t r a n  
( 4 - N , N - d i m e t h y l a m i n o ) - 3 , 5 - d i m e t h y l p h e n y l  N - m e t h y l -  
c a r b a m a t e ,  a n d  e n d r i n  (1, 2, 3, 4, 10, 10 ' -Hexachloro-6 ,  7- 
epoxy- l ,  4, 4a,  5, 6, 7, 8, 8a -oc tahydro -1 ,  4-endo, endo-  
5, 8, d i m e t h a n o n a p h t h a l e n e )  were o b t a i n e d  f rom t h e i r  
m a n u f a c t u r e r s .  Spec imens  of S. l i t tomlis  were f rom a 
l a b o r a t o r y  co lony t h a t  h a d  been  rea red  for  15 gene ra t ions  
on  t h e  s emi - syn the t i c  d ie t  of LEVlNSON and  NAVON 9 as 
modi f ied  by  BAI<ERY e t a l .  ~~ In  one expe r i m en t ,  un -  
a n e s t h e t i z e d  4 th  i n s t a r s  we igh ing  a b o u t  80 m g  each  were 
top ica l ly  t r e a t e d  on  t h e  dorsa l  region w i t h  ace tone  solu- 
t ions  of gossypol  a n d  t he  4 insect ic ides  us ing  a mic rop ipe t  
syr inge  f i t t ed  to  a m i c r o m e t e r  (4 replicates~ 25 each).  
M o r t a l i t y  coun t s  were recorded  24 h a f te r  t r e a t m e n t  a n d  
LDs0 va lues  were d e t e r m i n e d  ~1. I n  a 2nd e x p e r i m e n t  t h e  
l a rvae  were top ica l ly  t r e a t e d  w i t h  a s ingle sub tox ic  dose 
of gossypol  (100 tzg/g)- 24 h a f t e r  t r e a t m e n t  w i t h  gossypot  
no  m o r t a l i t y  h a d  occur red  in  t he  t r e a t e d  l a rvae  wh ich  
were t h e n  top ica l ly  t r e a t e d  w i t h  d i f fe ren t  levels of t e s t  
insec t ic ides  and  t he  LD~0 va lues  d e t e r m i n e d  as before.  

Results  and discussion. The  Tab le  gives t he  LDs0 of 
gossypol  a n d  4 insect ic ides  aga ins t  n o r m a l  and  gossypol-  
p r e t r e a t e d  larvae.  The  r e su l t s  show t h a t  gossypol  was 
tox ic  to  S. littoralis. The  t o x i c i t y  of gossypol  to  S. littoralis 
is in  a g r e e m e n t  w i t h  t h a t  to  H. zea a n d  H. virescensT, s 
a n d  to t he  p i n k  bol lworm,  Pectinophora gossypiella 
(Saunders)~L The  LDs0 for each  c o m p o u n d  inc lud ing  
gossypol  was s ign i f i can t ly  increased  b y  p r e t r e a t i n g  t he  
l a rvae  w i t h  gossypol.  The  increase  in LD~0 was no t  t he  
same for all insect ic ides  however .  The  increase  was h ighes t  
in  t h e  ch lo r i na t ed  insect ic ide,  e n d r i n  (200%) followed by  
t he  o r g a n o p h o s p h a t e  insect icide,  Cyclone  (154%) a n d  t he  
p h o s p h o r o t h i o a t e  insect ic ide,  l ep tophos  ( 1 2 3 ~  The  
increase  in t he  LDs0 of Z e c t r a n  t he  on ly  t e s t ed  c a r b a m a t e  
insect ic ide  was 879/o, while  t he  increase  in t h e  LDao of 
gossypoI was t h e  lowes t  (26~o). 

I n  the  p r e sen t  i n v e s t i g a t i o n  t he  insec t ic ides  used 
r ep resen ted  3 d i f fe ren t  g roups  of insect ic ides  : ch lo r ina ted ,  
o r g a n o p h o s p h o r u s  and  c a r b a m a t e s .  All organic  insect ic ide  
chemicals ,  to a v a r y i n g  degree, m e t a b o l i z e  in t h e  l iv ing  
organisms_ The  e x t e n t  and  n a t u r e  of t he  b i o t r a n s f o r m a -  
t ions  v a r y  w i th  species a n d  t he  chemical .  The  b io t r ans -  
f o r m a t i o n s  m e n t i o n e d  are t he  resu l t  of va r ious  e n z y m e  
systems.  I n  m a m m a l s ,  these  sys t ems  are f r e q u e n t l y  
local ized in  t h e  mic rosomal  f r ac t ion  of t h e  l iver,  whi le  in  
insects  t he  c o m p a r a b l e  s y s t e m  resides  m a i n l y  in t he  f a t  
b o d y ' S  As for t he  mode  of ac t ion  of t he  a n t a g o n i s m  of 
insect ic ide  t ox i c i t y  b y  gossypol  two m e c h a n i s m s  are  
conce ivab le :  1. gossypol  m a y  reduce  p e n e t r a t i o n  of t h e  
insect ic ide  en t e r ing  t h e  b o d y ;  2. gossypol  m a y  e n h a n c e  
de tox i f i ca t ion  of t he  abso rbed  insecticides.  The  2nd 
a s s u m p t i o n  is in  h a r m o n y  w i t h  t he  f ind ing  t h a t  in  gossypol  
fed r a t s  t he  l iver  mic rosomal  oxidases  increased  in 
a c t i v i t y  ~4. 

Since gossypol  decreased t h e  t ox ic i ty  of t he  t e s t e d  
insecticides,  t he  effect  of gossypol  m a y  be cons idered  as 
an  a d a p t i v e  de tox i f i ca t ion  sys tem.  I t  seems t h a t  insects  
would  be  more  sens i t ive  to  insect ic ide  t o x i c i t y  w h e n  fed 
gossypol-free c o t t o n  t h a n  g landed  co t ton .  The  resu l t s  
ind ica te  t h a t  chemica l  con t ro l  would be more  effect ive  on  
gossypol-free co t ton .  

Effect of gossypol on the LD~0 of some insecticides against S. 
littoralis 

Compound LDs0 (~zg/g) Increase in LDs0 

Normal Gossypol b ( % ) 

Leptophos 15 34 123 
Cyolane 22 56 154 
Zectran 160 300 87 
Endrin 40 120 200 
Gossypol 310 374 26 

Each larvae (4th instar) weighed 80 rag. b Each larvae was topically 
treated with 100 btg/g body weight of gossypol 24 h before determina- 
tion of LDs0. 
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Zusammen/assung. Nachweis,  dass  Vorbehand lung  der  
Larven  yon Spodoptera littoralis (Boisduval) mi t  sub- 
toxischen Dosen yon Gossypol  die Toxizit / i t  der lokal 
appl iz ier ten  Insekt iz ide  Leptophos ,  Cyolan, Zec t ran  und  

E n d r i n  reduzier t .  Es  wird  angenommen ,  dass Gossypol  die 
Toxizit / i t  dieser Insek t iz ide  neutral is ier t ,  indem es deren 
Detoxif iz ierung du tch  die Larven  s t imulier t .  
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I m m u n o l o g i c a l  Ev idence  for the  P r e s e n c e  of S m o o t h  M u s c l e - T y p e  Contract i l e  F ibres  in 
M o u s e  M a c r 0 P h a g e s l  

Prote ins  w i t h  properLies similar  to smoo th  muscle 
ac tomyosin ,  myos in  and  ac t in  have  been isolated f rom 
non-muscu la r  cells such as ra t  sa rcoma cells 2, b lood 
pla te le ts  a, leukocytes  a, and f ibroblas ts  5, 6. The presence  of 
microfibri ls  in monocy tes  wi th  d imens ions  s imilar  to  actiu 
fibrils was f irs t  d e m o n s t r a t e d  by  de PETRIS et al. 7, 
and  it was la ter  sugges ted  t h a t  these  are cont rac t i l e  s. 

I t  was recent ly  shown by  the  senior au tho r  t h a t  ant i -  
bodies p repared  against  ac tomyos ins  f rom smoo th  
muscle, a l though species non-specific,  are musc le - type  
specific and are capable  of reac t ing  wi th  contract i le  

a) 

e lements  f rom non-muscula r  cells 9,1~ We assumed t h a t  
the  use of such an t ibodies  tagged wi th  f luorescein migh t  
assist  in local izat ion of contract i le  fibrils in macrophages .  

Mouse per i tonea l  macrophages  were ha rves t ed  and 
allowed to  a t t ach  to  glass slides according to a modif ica-  
t ion of GILL and COLE'S m e t h o d  11. Af ter  16 h of incubat ion  
(37~ 5% CO s in air) the  cells were f ixed for 30 sec in 
icecold methanol ,  and  then  incuba ted  wi th  the  y-globulin 
enr iched f rac t ion of f luorescein- tagged an t i -ch icken  gizzard 
(smooth muscle) myosin,  an t i -ch icken  cardiac (striated) 
muscle  myos in  and an t i -ch icken  actin.  (The la t t e r  
was p rev ious ly  shown not  to be musc le - type  specific l~.) 
Br igh t  cy toplasmic  staining,  excluding the  nuclear  region, 
was observed when  ant isera  agains t  smoo th  muscle  
myos in  or ac t in  were appl ied (Fignre la). A n t i b o d y  agains t  
s t r ia ted  muscle myos in  did no t  s ta in  beyond  the  usual 
background  obta ined  wi th  n o n - i m m u n e  control  globulin 
(Figure lb) .  

W h e n  isolated and  washed  macrophages  were incuba ted  
in the  presence  of f luoresceinated ant ibodies  aga ins t  
smoo th  and s t r i a ted  muscle myos ins  or non-specif ic  
y-globulin, the  ceils were a t t a ch ed  and showed no signs 
of tox ic i ty  af ter  16 h. Diffuse cy top lasmic  f luorescent  
s ta in ing was no t  observed wi th  any  of the  th ree  an t i sera ;  
however ,  m a n y  of the  cells showed f luorescent  s ta in ing of 
small  vesicles near  the  surface of t he  cell (Figure 2). 
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4-- 
Fig. 1. Methanol-fixed mouse maerophages stained with fluoreseein- 
ated antiserum against: a) chicken actin: diffuse cytoplasmic 
fluorescence. • b)chicken striated cardiac muscle myosin: 
background fluorescence only. • 1,000. 


