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Summary:

Insecticides belonging to the pyrethroid family are the only 

compounds currently available for the treatment of mosquito nets. 

Unfortunately, some malaria vector species have developed 

resistance to pyrethroids and the lack of alternative chemical 

categories is a great concern. One strategy for resistance 

management would be to treat mosquito nets with a mixture 

associating two insecticides having different modes of action. This 

study presents the results obtained with insecticide mixtures 

containing several proportions of bifenthrin (a pyrethroid 

insecticide) and carbosulfan (a carbamate insecticide). The 

mixtures were sprayed on mosquito net samples and their efficacy 

were tested against a susceptible strain of Anopheles gambiae, 

the major malaria vector in Africa. A significant synergism was 

observed with a mixture containing 25 mg/m2 of bifenthrin (half 

the recommended dosage for treated nets) and 6 .25  m g/m2 of 

carbosulfan (about 2 % of the recommended dosage). The 

observed mortality was significantly more than expected in the 

absence of any interaction (80 % vs 41 %) and the knock-down 

effect was maintained, providing an effective barrier against 

susceptible mosquitoes.

KEY WORDS : insecticide mixture, synergy, treated mosquito net, Anopheles 

gambiae.

INTRODUCTION

I
n s e c tic id e - tre a te d  m o s q u ito  n e ts  a re  s tro n g ly  r e c o m 

m e n d e d  f o r  m a la r ia  c o n tr o l ,  e s p e c ia l ly  in  A f r ic a n  

c o u n tr ie s  w h ic h  a re  s e v e r e ly  a f f e c te d  b y  m a la ria  

( L in e , 1 9 9 6 ) .  In s e c tic id e s  b e lo n g in g  to  th e  p y re th ro id  

f a m ily  a re  th e  o n ly  c o m p o u n d s  c u rre n tly  a v a i la b le  f o r  

th e  tr e a tm e n t o f  m o s q u ito  n e ts . T h e y  e n s u r e  s a f e  a n d  

e f f e c tiv e  p r o te c tio n  b e c a u s e  th e y  a c t v e ry  ra p id ly , w ith  

b o th  k n o c k d o w n  a n d  le th a l  e f f e c ts  a t d o s a g e s  f a r  

b e l o w  th e  th r e s h o ld  o f  m a m m a lia n  to x ic i ty  ( Z a im  et 

al., 2 0 0 0 ) .  U n f o r tu n a te ly ,  p y re th ro id  r e s is ta n c e  h a s  

a lre a d y  d e v e lo p e d  in  s o m e  p o p u la tio n s  o f  th e  m a jo r
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m a la r ia  v e c to r s ,  p a rtic u la r ly  A nopheles g am biae  s .s . in  

tr o p ic a l  A f r ic a  ( C h a n d re  et al., 1 9 9 9 ) .  T h e  la c k  o f  a n  

a lte r n a tiv e  c h e m ic a l  c a te g o r y  c o u ld  je o p a r d iz e  th e  

e f f e c tiv e n e s s  o f  tr e a te d  m o s q u ito  n e ts  a g a in s t m a la ria  

tra n s m is s io n .

O n e  s tra te g y  p r o p o s e d  f o r  r e s is ta n c e  m a n a g e m e n t is  

th e  u s e  o f  m ix tu re s  o f  p e s ti c id e s  w ith  d i f f e re n t m o d e  

o f  a c tio n  ( T a b a s h n ik , 1 9 8 9 ; R o u s h , 1 9 9 3 ) .  T h is  s tra te g y  

im p ly  th a t n o  c r o s s  r e s is ta n c e  e x is t b e tw e e n  th e  in s e c 

tic id e s . F o r  tr e a te d  m o s q u ito  n e ts , th is  c o u ld  b e  a n  

in s e c tic id e  m ix tu re  c o m b in in g  a p y re th ro id  in s e c tic id e  

w ith  a n o n - p y re th ro id  in s e c tic id e  s u c h  a s  c a r b a m a te s  

o r  o r g a n o p h o s p h a te s .  T h e  u s e  o f  a n  in s e c tic id e  m ix 

tu re  is  a ll th e  m o re  p ro m is in g  i f  th e re  is  a  p o s itiv e  in te r 

a c tio n  b e tw e e n  th e  tw o  c o m p o n e n ts .  T h is  h a s  b e e n  

o b s e r v e d  in  c r o p  p r o te c tio n  a n d  v e te r in a ry  u s e  w ith  

m ix tu re s  o f  p y re th ro id s  w ith  o rg a n o p h o s p h a te s  o r  c a r 

b a m a te s  (A li  et al., 1 9 7 7 ; H u g e s  & T re v e th a n  1 9 7 9 ; 

K o z io l  &  W itk o w s k i, 1 9 8 2 ; C a m p a n h o la  &  P la p p , 1 9 8 9 ; 

C h r is t ia n  et al., 1 9 8 6 ) .  A  s y n e r g y  h a s  a l s o  b e e n
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Résumé :  L e s  m é l a n g e s  i n s e c t i c i d e s  e n  i m p r é g n a t i o n  d e

M O USTIQ UA IRES CO N TRE LES VECTEURS D U  PA LUDISM E

Les pyréthrinoïdes sont actuellement les seuls insecticides 

recommandés pour l'imprégnation des moustiquaires. 

Malheureusement, la résistance aux pyréthrinoïdes est déjà 

apparue chez plusieurs espèces de vecteurs du paludisme 

menaçant ainsi l'efficacité de cette méthode de lutte. De plus, 

l'absence d'insecticide de remplacement pour l'imprégnation des 

moustiquaires reste un fait préoccupant. Une stratégie de gestion 

de la résistance consisterait à associer sur une moustiquaire deux 

insecticides ayant des modes d'action différents. Cette étude 

présente les résultats obtenus avec des moustiquaires imprégnées 

avec différentes proportions de bifenthrine ¡un pyréthrinoïdel et de 

carbosulfan (un carbamatel L'efficacité de ces moustiquaires bi- 

imprégnées a été testée sur des moustiques adultes sensibles 

c/'Anopheles gambiae, principal vecteur du paludisme en Afrique. 

Un effet de synergie significatif a été détecté avec un mélange 

composé de 2 5  m g/m 2 de bifenthrine lia moitié de la dose 

opérationnelle! et 6 ,2 5  m g/m 2 de carbosulfan [2 % de la dose 

opérationnelle!. La mortalité observée a été significativement 

supérieure à celle attendue par sommation des effets 18 0  % contre 

41 %! et l'effet knock down a été maintenu, préservant ainsi une 

barrière efficace contre les moustiques.

MOTS CLES : mélange insecticides, synergie, moustiquaire imprégnée, 

Anopheles gambiae.
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o b s e r v e d  r e c e n tly  b e tw e e n  a p y re th ro id  a n d  a  c a r b a 

m a te  o n  s u s c e p tib le  a n d  re s is ta n t la rv a e  o f  Culex quin-  

quefasciatus, a  m o s q u ito  o f  m e d ic a l  im p o r ta n c e  ( C o r 

b e l  et al., 2 0 0 2 ) .

T h e  p r e s e n t s tu d y  is  a im e d  to  m o s q u ito  n e ts  s a m p le s  

im p re g n a te d  w ith  in s e c tic id e  m ix tu re s  c o m b in in g  lo w  

d o s e s  o f  p y re th ro id  a n d  c a r b a m a te  f o r m u la tio n s  ( “ b i 

tr e a te d ” m o s q u ito  n e ts ) .  T h e ir  e f f ic a c y  w e r e  c o m p a r e d  

to  “ m o n o - tr e a te d ” n e t s a m p le s  o n  a s u s c e p tib le  s tra in  

o f  A nopheles g am biaes. s . C a rb o s u lfa n  ( 2 ,3 - d ih y d ro - 2 ,2 -  

d im e ty l - 7 - b e n z o f u r a n y l  [ ( d ib u ty la m in o ) th io ]  m e th y l -  

c a r b a m a te )  h a s  b e e n  s e l e c te d  a m o n g  c a r b a m a te s .  In  

c o n tra s t to  p y re th ro id s  a n d  D D T , th is  in s e c tic id e  fa m ily  

d o e s  n o t in d u c e  a n y  k n o c k - d o w n  e f f e c t.  C a rb o s u l f a n  

is  c u r re n tly  u s e d  f o r  p u b l i c  h e a l th  d e s p ite  its  re la tiv e  

to x ic i ty  to  m a m m a ls  b e c a u s e  it h a s  s h o w n  a  g o o d  e f f i 

c a c y  in  n e t im p re g n a tio n  a t 3 0 0  m g / m 2, p a rtic u la r ly  

a g a in s t p y re th ro id - re s is ta n t p o p u la tio n s  o f  A nopheles 

a n d  Culex  m o s q u ito e s  ( K o la c z in s k i  et al., 2 0 0 0 ) .  B if e n -  

th r in  ( 2  m e th y l t l , l ’ - b ip h e n y l ] - 3 - y l ) m e th y l  3 - ( 2 - c h lo r o -  

3 ,3 ,3 - tr i f lu o r o - 1- p r o p e n y l ) - 2 ,2 - d im e th y l - c y c lo p r o p a n e -  

c a r b o x y la te )  h a s  b e e n  s e l e c te d  a m o n g  p y re th ro id s , a s  

it is  p o te n tia l ly  a  g o o d  c a n d id a te  in s e c tic id e  f o r  m a la ria  

p r e v e n tio n . It is  u s e d  w o r ld  w id e  a g a in s t a  w id e  ra n g e  

o f  a g r ic u ltu ra l p e s ts  a n d  h a s  a lre a d y  b e e n  te s te d  s u c 

c e s s f u l ly  u n d e r  la b o r a to r y  c o n d i tio n s  a g a in s t m a la r ia  

v e c to r s  ( H o u g a rd  et al., 2 0 0 2 ) .  P re l im in a ry  f ie ld  te s ts  

h a v e  c o n f ir m e d  its e f f ic a c y  a g a in s t p y re th ro id - re s is ta n t 

p o p u la tio n s  o f  A. g am biae  a n d  C. quinquefasciatus at 

5 0  m g / m 2 ( G u i l le t et al., 2 0 0 1 ) .

MATERIAL AND METHODS

T
e s ts  w e r e  c o n d u c te d  u s in g  K is u m u , a  fu lly  s u s 

c e p t ib l e  r e f e r e n c e  s tra in  o f  A. g am biae  o r ig i 

n a te d  f ro m  K e n y a  a n d  in itia lly  m a in ta in e d  u n d e r  

s ta n d a rd  la b o r a to r y  c o n d i tio n s  ( 2 7  ±  2 °  C  a n d  8 0  %  

re la tiv e  h u m id ity ) .

T h e  n e t s a m p le s  w e r e  im p re g n a te d  w ith  c o m m e r c ia l  

f o r m u la tio n s . B i f e n th r in  w a s  f o r m u la te d  a s  a  s u s p e n 

s io n  c o n c e n tr a te  ( S C )  c o n ta in in g  8  %  a c tiv e  in g re d ie n t 

(T a ls tar®  8 0  SC , FM C , P h ila d e lp h ia , U SA ). C a rb o s u l f a n  

w a s  f o r m u la te d  a s  a  m ic r o c a p s u le  s u s p e n s io n  c o n ta i 

n in g  2 .5  %  a c tiv e  in g re d ie n t (M arsh all®  2 5  C S, FM C , P h i 

la d e lp h ia , U SA ).

T h e  e f f ic a c y  o f  in s e c tic id e s , a lo n e  o r  in  a s s o c ia tio n , w a s  

a s s e s s e d  a c c o r d in g  to  th e  c o n e  te s t m e th o d  ( A n o n y 

m o u s  W H O , 1 9 9 8 ) .  F iv e  u n f e d  f e m a le s  a g e d  f ro m  tw o  

to  f iv e  d a y s  w e r e  p la c e d  in  a  p la s tic  c o n e  th a t w a s  

p o s i tio n e d  o v e r  tr e a te d  n e t s a m p le . A f te r th r e e  m in u te s  

th e  m o s q u i to e s  w e r e  r e m o v e d  f ro m  th e  n e t s a m p le , 

p la c e d  in  1 5 0  m l p la s tic  c u p s  a n d  s u p p lie d  w ith  a 10  %  

h o n e y  s o lu tio n  a s  a f o o d  s o u r c e .  T h e  m o s q u ito e s  w e re  

h e ld  f o r  2 4  h o u rs  in  a n  e n v iro n m e n ta l c h a m b e r  a t 2 7 °  C  

±  2 °  C  a n d  8 0  %  ±  1 0  %  R H . E a c h  r e p l i c a te  c o n s is te d

o f  th re e - f o u r  c o n e s  a n d  e a c h  te s t s a m p le  w a s  r e p lic a te d  

th r e e  tim e s . T h e  p e r c e n ta g e  o f  k n o c k e d  d o w n  m o s 

q u ito e s  w a s  n o te d  a f te r  a  th r e e  m in u te s  e x p o s u r e  o n  

th e  tr e a te d  n e t, a t f ix e d  tim e  in te rv a ls , v a ry in g  b e tw e e n  

tw o  to  1 0  m in u te s  a c c o r d in g  to  th e  in te n s ity  o f  th e  

k n o c k  d o w n  e f f e c t .  T h e  p e r c e n ta g e  m o r ta l ity  w a s  

r e c o r d e d  a f te r  2 4  h o u rs .

D a ta  w e r e  a n a ly z e d  u s in g  a  lo g - p r o b it p ro g ra m  b a s e d  

o n  F in n e y  ( 1 9 7 1 ) .  T h e  s ta tis tic a l a n a ly s is  c a lc u la te d  th e  

ra te s  a t w h ic h  5 0  %  a n d  9 5  %  o f  m o s q u ito e s  w o u ld  

b e  k n o c k  d o w n  ( re s p e c tiv e ly :  K D t50 a n d  K D t95). T h e  

d i f f e r e n c e  b e tw e e n  tw o  K D t50 o r  tw o  K D t95 v a lu e s  w a s  

c o n s id e r e d  a s  s ta tis tic a lly  s ig n if ic a n t o n ly  i f  th e r e  is  n o  

o v e r la p  o f  th e ir  c o n f id e n c e  lim its . E a c h  te s t w a s  c a r 

r ie d  o u t w ith  a n  u n tre a te d  c o n tr o l  m o s q u ito  n e t. I f  th e  

c o n tr o l  m o rta l ity  w a s  a b o v e  5  % , th e  “ o b s e r v e d ” m o r 

ta lity  is  a d ju s te d  b y  A b b o tt ’s  f o r m u la  ( A b b o tt, 1 9 2 5 ) .  

P e r c e n t  m o r ta l i t ie s  w e r e  c o m p a r e d  u s in g  th e  C h i 

s q u a re  te s t at a 9 5  %  C o n f id e n c e  In te rv a l.

T h e  n e ttin g  m a te r ia l  w a s  a  m u ltif i la m e n t p o ly e s te r  1 0 0  

d e n ie r  ( w e ig h t in  g ra m s  o f  9 .0 0 0  m  y a rn ) ,  m e s h  s iz e  

1 5 6  ( 2 5  h o le s / c m 2) , f r o m  Sia m d u tc h  ( B a n g k o k ,  T h a i 

la n d ) . F o r  tr e a tm e n t, p i e c e s  o f  n e ttin g  w e r e  f o ld e d  in  

th r e e  e q u a l  p a rts  a n d  p u t in  a  d is p o s a b le  p e tr i  d ish . 

A  v o lu m e  o f  f o r m u la tio n  s u s p e n s io n  c o r r e s p o n d in g  to  

s p e c i f i c  a b s o r b e n c y  o f  th e  n e t a n d  p r e p a r e d  im m e 

d ia te ly  b e f o r e  tr e a tm e n t w a s  d r o p p e d  re g u la r ly  o n to  

th e  s u r f a c e . N e t w e r e  th e n  c a r e f u l ly  s o a k e d  w ith  f in 

g e r s  ( f i tte d  w ith  p la s ti c  g lo v e s )  in  o r d e r  to  e n s u r e  a 

re g u la r  d is tr ib u tio n  o f  th e  s o lu tio n . O n c e  im p re g n a te d , 

n e ts  w e r e  k e p t to  d ry  in  th e  b o x .  T e s ts  w e r e  m a d e  f iv e  

d a y s  a f te r  tr e a tm e n t in  o r d e r  to  a v o id  te s tin g  d e p o s its  

o f  m a rk e d ly  d if f e re n t a g e s ,  w h ic h  m ig h t h a v e  d i f f e re n t 

im p a c t o n  m o s q u ito  b e h a v io u r  a n d  a f f e c t th e  re s u lts . 

W e  te s te d  o n  K isu m u  s tra in  d i f f e re n t im p re g n a te d  n e ts  

w ith  th e  in s e c tic id e s  a lo n e  a n d  in  m ix tu re s  w ith  th e  

o b je c t iv e s  to  f in d  th e  b e tte r  in s e c tic id e  c o m b in a tio n  in  

te rm  o f  K d T 50/ 95 a n d  m o rta lity . F iv e  s a m p le s  o f  m o s 

q u ito  n e t w e r e  u s e d  a s  r e f e r e n c e  s a m p le s :  tw o  w ith  

b i f e n th r in  a lo n e  a t 2 5  a n d  1 2 .5  m g / m 2, th r e e  w ith  c a r 

b o s u l f a n  a lo n e  a t 1 0 0 , 2 5  a n d  6 .2 5  m g / m 2, a n d  o n e  

w ith  n o  in s e c tic id e  ( c o n tr o l  s a m p le ) .  S ix  o th e r  s a m p le s  

w e r e  im p re g n a te d  w ith  d i f f e re n t b i f e n th r in  /  c a r b o 

s u lf a n  m ix tu re s  u s in g  th e  f iv e  d o s e s  e n u m e r a te d  a b o v e . 

T h e s e  d o s a g e s  h a v e  b e e n  s e le c te d  a s  th e y  in d u c e d  

s e p a r a te ly  a  lo w  ra n g e  o f  m o rta l ity  ( 5  % - 4 0  % ) ,  th u s  

a l lo w in g  a b e tte r  d e te c ti o n  o f  a n y  s y n e rg is m  e f f e c t 

( T a b le  I) .  B y  c o m p a r in g  th e  re s u lts  o b s e r v e d  w ith  

e a c h  m ix tu re  w ith  th e  re s u lts  th e o r e tic a l ly  e x p e c te d  in  

th e  a b s e n c e  o f  a n y  in te r a c ti o n  ( u n - c o r r e la te d  jo in t 

a c tio n ) ,  it w a s  p o s s ib le  to  d e te r m in e  th e  e f f e c t  o f  s u c h  

in s e c tic id e  m ix tu re s  o n  a d u lt m o s q u ito e s  T h e  e x p e c te d  

m o rta lity  w a s  c a lc u la te d  b y  m u ltip ly in g  th e  p e r c e n ta g e  

su rv iv a l o n  e a c h  in s e c tic id e  te s te d  s e p a r a te ly  a n d  s u b 

tra c tin g  th e  r e s u lt f r o m  1 0 0  % . In  th e  s a m e  w a y , th e  

K D t th e o r e tic a l ly  e x p e c te d  f o r  a  g iv e n  in s e c tic id e  m ix 
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In s e c t ic id e  m ix t u r e s  f o r  m o s q u it o  n e t s

tu re , in  th e  a b s e n c e  o f  a n y  in te ra c tio n , is  e q u a l  to  th e  

s u m  o f  th e  K D t o f  e a c h  in s e c tic id e .  T h e r e  is  s a id  to  

b e  s y n e rg y  w h e n  th e  o b s e r v e d  re s u lts  a re  s ig n if ic a n tly  

h ig h e r  th a n  th e  e x p e c te d  re s u lts  ( p o s itiv e  in te ra c tio n ) .  

T h e r e  is  s a id  to  b e  a n ta g o n is m  w h e n  th e  o b s e r v e d  

re s u lts  a re  s ig n if ic a n tly  lo w e r  th a n  th e  e x p e c te d  re su lts  

( n e g a tiv e  in te ra c tio n ) .

RESULTS

V
a lu e s  s h o w n  in  T a b le  I w e r e  n o t a d ju s te d  s in c e  

th e  c o n tr o l  m o rta l ity  w a s  v e r y  lo w  ( n o  K D  

e f f e c t  w a s  o b s e r v e d  w i t h  t h e  u n t r e a t e d  

s a m p le s ) .  T h e  re s u lt o b ta in e d  w ith  c a r b o s u l f a n  a lo n e  

c o n f ir m e d  th e  a b s e n c e  o f  K D  e f f e c t th a t c h a r a c te r is e  

th e  c a r b a m a te  f a m ily , w h a te v e r  th e  d o s a g e s  te s te d . 

R e s u lts  w ith  b i f e n th r in  a lo n e  c o n f ir m e d  th e  e x i s te n c e  

a K D  e f f e c t, b u t th e re  w a s  n o  a p p a re n t d o s e / e f f e c t c o r 

r e la tio n  s in c e  a n  o v e r la p  o f  th e  c o n f id e n c e  in te rv a ls  

w a s  o b s e r v e d  f o r  K D t50 a s  w e l l  a s  f o r  K D t95. W ith  th e s e  

lo w  c o n c e n tr a tio n s ,  m o rta l ity  le v e ls  r e c o r d e d  f o r  e a c h  

in s e c tic id e  u s e d  s e p a ra te ly  w e r e  lo w  ( m a x im u m  3 8  %  

f o r  b i f e n th r in  a n d  1 5  %  f o r  c a r b o s u l f a n ) .

W ith  in s e c tic id e  m ix tu re s , a  r e d u c tio n  o f  th e  K D  e f f e c t 

w a s  n o te d  w h e n  th e  d o s a g e  o f  c a r b o s u l f a n  in c r e a s e d  

a n d  th e  d o s a g e  o f  b i f e n th r in  d e c r e a s e d . T h is  a n ta g o 

n is m  w a s  m o r e  e v id e n t at th e  K D t95 le v e ls ,  p a rtic u la r ly  

w ith  m ix tu re s  c o n ta in in g  th e  lo w e r  d o s a g e  o f  b i f e n 

th r in  ( 1 2 .5  m g / m 2)  a n d  th e  h ig h e r  d o s a g e  o f  c a r b o 

s u l f a n  ( 1 0 0  m g / m 2) :  th e  s p e e d  o f  th e  K D  e f f e c t w a s  

a lm o s t h a lv e d  ( K D t50: 1 2 .2  m in  ; K D t95: 5 0 .6  m in )  c o m 

p a r e d  w ith  th a t o b s e r v e d  w ith  b i f e n th r in  a lo n e  at

1 2 .5  m g / m 2 ( K D t50: 6 .8  m in ; K D t95: 2 6 .0  m in ) . C o n v e r 

s e ly ,  a  v e r y  s ig n i f i c a n t s y n e r g y  (P  <  0 .0 0 0 1 )  w a s

o b s e r v e d  w ith  th e  in s e c tic id e  m ix tu re  c o n ta in in g  th e  

lo w e r  d o s a g e  o f  c a r b o s u l f a n  ( 6 .2 5  m g / m 2)  a n d  th e  

h ig h e r  d o s a g e  o f  b i f e n th r in  ( 2 5  m g / m 2) : th e  p e r c e n 

ta g e  m o rta l ity  o b s e r v e d  w ith  th e  m ix tu re  ( 8 0 % )  w a s  

tw ic e  th e  e x p e c te d  o n e  in  th e  a b s e n c e  o f  a n y  in te r 

a c tio n  ( 4 1 .1  % ) . E x c e p t f o r  1 2 .5  m g / m 2 b i f e n th r in  a n d  

1 0 0  m g / m 2 c a r b o s u l f a n , w h e r e  a  s l ig h t s y n e rg y  w a s  

o b s e r v e d , n o  s ig n if ic a n t d i f f e r e n c e  w a s  n o te d  w ith  th e  

o th e r  in s e c tic id e  m ix tu re s  b e tw e e n  th e  o b s e r v e d  a n d  

e x p e c te d  m o rta l itie s .

DISCUSSION

T h e  la c k  o f  k n o c k  d o w n  e f f e c t  a t lo w  d o s a g e s  o f  c a r 

b o s u l f a n  w a s  c o n f irm e d . R e s u lts  o b s e rv e d  w ith  th e  d if 

f e r e n t m ix tu re s  s h o w e d  th a t c a r b o s u lf a n , a t a  re la tiv e ly  

h ig h  d o s a g e  ( 1 0 0  m g / m 2) , c o u ld  a c t a s  a n  in h ib ito r  o f  

th e  K D  e f f e c t  o f  p y re th ro id s . T h e  irrita n t p r o p e r tie s  o f  

c a r b o s u l f a n  a g a in s t A nopheles a n d  M ansonia s p e c ie s  

w a s  d e m o n s tra te d  b y  K le in  e t D a rr ie t ( 1 9 8 9 )  b y  h o u s e  

s p ra y in g  o f  e x p e r im e n ta l  h u ts . A t a  r e la tiv e ly  h ig h  

d o s a g e , th e  irritan t e f f e c t o f  c a r b o s u lf a n  c o u ld  d e c r e a s e  

th e  d u ra tio n  o f  ta rs a l c o n ta c t w ith  th e  s u b s tra te , th u s  

re d u c in g  th e  K D  e f f e c t  o f  b i f e n th r in .

R e g a rd in g  m o rta lity , a  v e ry  s ig n if ic a n t s y n e rg y  (P  <

0 .0 0 0 1 )  w a s  n o te d  at th e  h ig h e s t d o s a g e  o f  b i f e n th r in  

( 2 5  m g / m 2)  a n d  th e  lo w e s t o f  c a rb o s u lf a n  ( 6 .2 5  m g / m 2). 

A lth o u g h  th e s e  in s e c t i c id e s  d o  n o t h a v e  th e  s a m e  

ta rg e t s ite s , it is  l ik e ly  th a t th e ir  c o m b in a tio n  re s u lte d  

in  a  c o m p le x  m o le c u la r  in te ra c tio n . P y re th ro id s  a c t o n  

th e  n e r v o u s  s y s te m  b y  m o d if y in g  th e  g a tin g  k in e tic s  

o f  v o l ta g e - s e n s itiv e  s o d iu m  c h a n n e ls  (L u n d  &  N ara -  

h a s h i , 1 9 8 3 ) .  A s  w ith  th e  o th e r  p y re th ro id s , b i f e n th r in  

k e e p s  th e  s o d iu m  c h a n n e ls  o p e n  te m p o ra rily , th u s  c a u 

Insecticide

Bife n th rin  

25 m g / m 2

N

61

KDt

O b se rv e d

6 .0

:50 (min)

Cl 1

5.2 -6 .8

Exp ected

K

O b se rv e d

26 .8

Dt95 (min) Mortality (% )

C l Ex p e c te d  O b se rv e d  Ex p e c te d  x2 P

2 1 .2 -3 7 .8  -  3 8 .0

12.5 m g / m 2 58 6 .8 6 .0 -7 .6 - 26 .0 2 1 .5 -3 3 .7  -  26 .0

C arb o su lfan

10 0 m g / m 2 51 n o  e fe c t - - n o  e f f e c t 15.0

25 m g / m 2 52 n o  e f f e c t - - n o  e f fe c t 4 .0

6 .2 5  m g / m 2 50 n o  e f f c e t - - n o  e f fc e t 5.0

Bife n th rin  25 m g / m 2

+ C arb o . 100 m g / m 2 59 8 .0 6 .9 -9 .0 6 .0 4 2 .8 3 4 .1 -5 8 .6  2 6 .8  3 7 .0  4 7 .3  1 .2  >  0 .05

+ C arb o . 25 m g / m 2 62 5.7 4.8-Ö .6 6 .0 30 .2 23 .9 -4 2 .3  26.8 5 3 .0  4 0 .5  2.1 >  0 .05

+ C arb o . 6 .2 5  m g / m 2 6 0 5.4 4 .6 -6 .1 6 .0 20.7 1 7 .6 -2 5 .6  2 6 .8  8 0 .0  41.1 18.5 <  0 .05

Bife n th rin  12.5 m g / m 2

+ C arb o . 10 0  m g / m 2 64 12.2 11 .1 -13.4 6.8 50 .6 41 .1 -6 8 .1  2 6 .0  5 6 .0  37.1 4 .5  <  0 .0001

+ C arb o . 25  m g / m 2 6 3 7.7 6.8 -8 .4 6.8 26.2 22 .5 -3 2 .1  2 6 .0  3 5 .0  2 9 .0  0 .6  >  0 .05

+ C arb o . 6 .2 5  m g / m 2 6 3 6.1 5 .3 -7 .0 6.8 29 .3 24 .8 -4 2 .4  2 6 .0  4 6 .0  2 9 .7  3 .4  >  0 .05

N , n u m b e r te ste d . C l, 95  % c o n f id e n c e  interv al. P e rc e n t m o rtalitie s w e re  c o m p a re d  u sin g  a  C hi sq u are  te st at 95 %  c o n f id e n c e  interv al. 

T a b le  I. -  C o m p are d  activ ity  o f  b ife n th rin  an d  c a rb o su lfa n  fo rm u latio n s, a lo n e  an d  in asso c iatio n , ag ain st su sc e p tib le  Anopheles gambiae.

P a ra s ite , 2 0 0 2 , 9, 2 5 5 - 2 5 9
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s in g  r e p e a te d  d is c h a r g e s  o f  a c t io n  p o te n tia ls  w h ic h  

in c r e a s e  th e  a m o u n t o f  a c e ty lc h o l in e  ( A C h )  in  th e  

s y n a p s e s  ( S a lg a d o , 1 9 8 3 ) .  C a rb o s u l f a n , a s  w ith  th e  

o th e r  c a r b a m a te s ,  is  a n  in h ib ito r  o f  a c e ty lc h o l in e te r a s e  

( A C h E ) . S u c h  in h ib itio n  a ls o  c o n tr ib u te s  to  in c r e a s e d  

A C h  c o n c e n tr a ti o n  at le v e l  w h ic h  c o u ld  e x p la in  th e  

s y n e rg y  o b s e r v e d . T h e  a b s e n c e  o f  s y n e rg y  a t h ig h e r  

c o n c e n tr a ti o n s  o f  c a r b o s u l f a n  c o u ld  b e  d u e  e i th e r  to  

th e  s h o r te r  c o n ta c t  b e tw e e n  m o s q u ito e s  a n d  im p re 

g n a te d  n e ts ,  a s  o b s e r v e d  b y  r e d u c e d  K D  e f f e c t,  o r  to  

a  s e c o n d a r y  ta rg e t s ite  in h ib itio n  a s  C h o l in e  A c e ty l-  

tra n s f e ra s e  (C h A T ) . C h A T  is  a  p ro te in  im p lic a te d  in  s y n 

th e s is  o f  A C h  a n d  is  a  s e c o n d a r y  ta rg e t f o r  c a r b a m a te s  

( B o u r g u e t et al., 1 9 9 7 ) .  W h e n  a d d in g  a h ig h e r  d o s a g e  

o f  c a r b o s u l f a n  ( 1 0 0  m g / m 2) ,  C h A T  c o u ld  b e c o m e  a n  

in s e c tic id e  ta rg e t, le a d in g  to  a  d e c r e a s e  o f  A C h  p r o 

d u c tio n  w h ic h  c o u ld  b a l a n c e  th e  a c c u m u la tio n  o f  A C h  

d u e  to  th e  o th e r  m e c h a n is m s .

B e c a u s e  c a r b a m a te s  a re  p o te n t in h ib ito r s  o f  A C h  a n d  

b e c a u s e  c a r b o s u l f a n  d e g r a d e s  to  a  m o r e  to x ic  c o m 

p o u n d  ( c a r b o f u r a n )  ( 2 ,3 - d ih y d r o - 2 ,2 - d im e th y l - n - 7 - b e n -  

z o f u ra n y l m e th y lc a r b a m a te )  b y  th e  lo s s  o f  th e  ( d ib u -  

ty la m in o ) th io  g ro u p , th e  to x ic o lo g ic a l  r is k  o f  th e ir  u s e  

o n  m o s q u ito  n e ts  h a s  to  b e  c a re f u l ly  c o n s id e re d  in  re la 

t i o n  to  h u m a n  s a f e ty  ( A n o n y m o u s  W H O , 1 9 8 6 ) .  It is  

e n c o u r a g in g  th a t th e  o p tim u m  in te ra c tio n  o b ta in e d  in  

th e  s u s c e p tib le  K isu m u  s tra in  w a s  w ith  th e  lo w e r  d o s e  

o f  c a r b o s u lf a n  ( a b o u t 5 0  tim e s  le s s  th a n  th e  o p e ra tio n a l 

d o s e ) .  H o w e v e r , a n  in s e c tic id e  m ix tu re  m u s t b e  c o n s i 

d e r e d  a s  a n e w  c o m p o u n d  th a t n e e d s  a  lo n g  s e r ie s  o f  

to x ic o lo g ic a l  s tu d ie s  b e f o r e  it w o u ld  b e  c le a r e d  f o r  u s e  

o n  m o s q u ito  n e ts  ( Z a im  et al., 2 0 0 0 ) .  A n o th e r  im p o r 

ta n t a d v a n ta g e  w ith  th is  ra tio  w a s  th e  a b s e n c e  o f  a n y  

a n ta g o n is m  o f  th e  K D  e f f e c t  th a t a l lo w s  th e  m ix tu re  

to  k e e p  its f a s t a c tin g  p r o p e r tie s  o n  n e ts  a n d  c o n tin u e  

to  p ro v id e  a n  e f f e c tiv e  b a r r ie r  a g a in s t s u s c e p tib le  m o s 

q u ito e s  ( M ille r  & G ib s o n ,  1 9 9 4 ) .

P re l im in a ry  f ie ld  s tu d ie s  in  e x p e r im e n ta l  h u ts  h a v e  

b e e n  c a r r ie d  o u t in  C o te  d ’Iv o ire  b y  u s in g  a  “ tw o  in  

o n e ” c o m b in a tio n  o f  b i f e n th r in  a n d  c a rb o s u lf a n  a p p lie d  

to  d i f f e re n t p a rts  o f  th e  s a m e  b e d n e t ( G u il le t et al., 

2 0 0 1 ) . P ro m is in g  re su lts  h a v e  b e e n  o b ta in e d  a g a in s t th e  

lo c a l p y re th ro id  re s is ta n t p o p u la tio n s  o f  A. gam biaes.  s. 

a n d  C. quinquefasciatus. T h is  s tu d y  w il l  b e  c o m 

p le te d  in  th e  s a m e  a re a  b y  u s in g  m o s q u ito  n e ts  tre a te d  

w ith  a  m ix tu re  o f  b i f e n th r in  a n d  c a r b o s u l f a n  a t a n  

o p tim u m  ra tio  g iv in g  m o rta l ity  u n d e r  la b o ra to ry  c o n d i 

tio n s .
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