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The m e m b e r s  o f t h e p l a n t f a m i l y as te raceae a r e
no ted f o r  t h e i r  c o s m o p o l i t a n  d i s t r i b u t i o n  a n d t h e i r
v e r s a t i l i t y i s a t t r i b u t e d t o  b e l a r g e l y  d u e  t o
the i r morpho log ica l a d a p t a t i o n s . I n t e r e s t i n g l y
m e m b e r s  o f t h i s f a m i l y a r e endowed w i t h r i c h
l e v e l s  o f  s e c o n d a r y p l a n t m e t a b o l i t e s , many of which
a r e  p h o t o c h e m i c a l l y  a c t i v e  ( B a k k e r  e t  a l .  1 9 7 9 ; Kagan
et al. 1989) .  The secondary plant metabolite ∝ -
t e r t h i e n y l  d e r i v e d  f o r m  t h e  p l a n t  f a m i l y  a s t e r a c e a e  i s
among t h e new c l a s s  o f l i g h t a c t i v a t e d
i n s e c t i c i d e . The p h o t o b i o c i d a l e f f e c t s a s s o c i a t e d
w i t h ∝ -terthienyl in p r e s e n c e  o f s u n l i g h t and
u l t r a v i o l e t  l i g h t  ( 3 0 0 - 4 0 0  n m ) ,  h a s  s t i m u l a t e d  a  g r e a t
d e a l  o f i n t e r e s t  i n  i t s  t o x i c m e c h a n i s m  o f a c t i o n
a g a i n s t a number o f organisms i n c l u d i n g
p h y t o p a t h o g e n i c  f u n g i , nematodes  and  mosqu i to la rvae .
T r i a l s under t r o p i c a l c o n d i t i o n s  i n d i c a t e  a v e r y
h i g h l e v e l  o f a c t i v i t y  a s  a  l a r v i c i d e  t o mosqu i to .
T h e r e  i s no c r o s s  r e s i s t a n c e  t o t h i s c o m p o u n d  i n
m a l a t h i o n  r e s i s t a n t mosqu i to l a r v a e  ( A r n a s o n  e t  a l .
1989).

Even though many r e s e a r c h e r ’ s f e e l t h a t t h e
p h o t o t o x i c i t y o f secondary p l a n t m e t a b o l i t e s has
a r i s e n i n d e p e n d e n t l y many t imes  in e v o l u t i o n  a s  a
de fense mechanism, t h e p h y s i o l o g i c a l  i m p a c t  o f such
b i o l o g i c a l l y a c t i v e c o m p o u n d s  i n t h e p l a n t
p roduc ing t h e m  a l s o  s h o u l d  b e  a d d r e s s e d  ( A r n a s o n  e t
a l . 1987). Moreover , t h e  a c c u m u l a t i o n  o f secondary
p l a n t m e t a b o l i t e s i n  t h e  r o o t s  o f many as te raceae
members as is the case with ∝ - terthienyi in m a r i g o l d
(Tage tes s p . )  r o o t s , hi hints towards t h e i r f u n c t i o n a l
d i v e r g e n c e . I n t h i s s t u d y ,  w e d e m o n s t r a t e  a
p o t e n t heavy metal quenching activity of ∝ -
t e r t h i e n y l .
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MATERIALS AND METHODS

A l l  o f  t h e  f o u r  m o s q u i t o  l a r v a l  s t a g e s  u s e d  f o r t h i s
s t u d y  w e r e  r e a r e d  i n  t h e  l a b o r a t o r y  a n d  e a c h  s t a g e  w a s
s t u d i e d  s e p a r a t e l y .

1 0 0  m M  s o l u t i o n  o f  c o b a l t  c h l o r i d e  ( M e r c k  I n d i a Ltd. )
was m a d e  i n  d o u b l e  d i s t i l l e d  w a t e r  a n d  ∝ - t e r t h i e n y l
( a  g i f t  f r o m  D r .  J . T .  A r n a s o n ,  U n i v e r s i t y  o f Ot tawa,
C a n a d a )  w a s  p r e p a r e d  i n  e t h y l  a l c o h o l  2  m g / m l .  1 0 0  u l
o f ∝ - t e r t h i e n y l  s o l u t i o n  a n d  1 0 0  u l  c o b a l t c h l o r i d e
s o l u t i o n  w e r e  m i x e d  i n  1  m l  o f  d o u b l e  d i s t i l l e d  w a t e r .

T h e  a b o v e - s a i d r e a c t i o n sys tem was then  sub jec ted
t o  U V  v i s i b l e  s p e c t r o s c o p y  u s i n g  S h i m a d z u UV 160A
r e c o r d i n g  d o u b l e b e a m  s p e c t r o p h o t o m e t e r  u s i n g two
matched q u a r t z c e l l s . Be fo re s t a r t i n g t h e
e x p e r i m e n t t h e spec t ropho tomete r was base l i n e
c o r r e c t e d . S i m i l a r l y  f l u o r e s c e n c e  s t u d i e s were made
u s i n g  a  S h i m a d z u  R F 5 4 0  s p e c t r o f l u o r o p h o t o m e t e r .  F i n a l -
l y t h e r e a c t i o n system was s u b j e c t e d  t o e l e c t r o n
p a r a m a g n e t i c  s t u d i e s  u s i n g  a  V a r i a n  e l e c t r o n paramag-
n e t i c resonance (EPR) s p e c t r o m e t e r . For t h i s
s t u d y , 100 ul a l i q u o t s was t a k e n i n t o a
g l a s s c a p i l l a r y  t u b e  ( C l i n i c o n  I n t . ,  G m b H ) , and one
end  was  f l ame sea led . T h e  c a p i l l a r y  w a s  p l a c e d  i n EPR
sample t u b e and was  in t roduced i n t o t h e c a v i t y .
The i n s t r u m e n t  s e t t i n g s  w e r e :  S c a n  r a n g e -  1 0  x  1 K ;
F i e l d  s e t -  1 4 3 7 G ;  T i m e  c o n s t a n t -  1  m i n u t e ;  S c a n t i m e -
8  m i n u t e s ; M o d u l a t i o n  a m p l i t u d e -  2  x  1 G ; M o d u l a t i o n
f r e q u e n c y - 100KHz; R e c e i v e r  g a i n -  4  x  1 03 ; Tempera-
t u r e - 2 7 ° C  ±  5 ° C ;  M i c r o w a v e power- 100mW; Microwave
f requency-  9 .01GHz.

The f o l l o w i n g p r o t o c o l  w a s  e m p l o y e d  f o r  t e s t i n g
t o x i c i t y w i t h t h e  c o m p l e x  f o r m e d  a g a i n s t  m o s q u i t o
l a r v a e : 2 5 - 3 0  m o s q u i t o  l a r v a e  o f  a l l  t h e  f o u r i n s t a r s
v i z . , 1 s t ,  2 n d , 3 r d  a n d  4 t h ,  w e r e  s e l e c t e d  f o r  t h e
s t u d y . L a r v a e  w e r e  c l e a n e d  w i t h  w a t e r  t a k i n g  c a r e n o t
t o  h a r m t h e  l a r v a e .  T h e y  w e r e  t r a n s f e r r e d  t o p e t r i
d i s h e s  c o n t a i n i n g  1 5  m l  o f  w a t e r .  ∝ -  t e r t h i e n y l - c o b a l t
comp lex  was  added  to  these  pe t r i  d i shes  (1mg/10ml )  and
was t h e n e x p o s e d  t o  u v  l i g h t  ( 3 2 0 - 4 0 0  n m , model
UVL 21 b l a c k r a y l a m p ,  U l t r a v i o l e t  P r o ,  I n c . , San
G a b r i e l C A )  f o r  1 h r .  M o r t a l i t y  ( i f  a n y )  o f mosqu i to
larvae was observed.

RESULTS AND DISCUSSION

C o b a l t ,  a t r a n s i t i o n metal hav ing a  v a l a n c e o r b i t
c o n f i g u r a t i o n  o f  3 s2 ,  3 p6 ,  3 d7 , g i v e s  a p rominen t
e l e c t r o n paramagne t i c r e s o n a n c e  a t g=4.329 at a
m a g n e t i c  f i e l d 1 4 8 7 G  ( F i g .  1 a ) . A study on t h e
d i s t o r t i o n  o f t h i s  s p e c t r u m  h a s  b e e n  u s e d  t o
i n v e s t i g a t e t h e  r e a c t i o n  o f  C o+ +  w i t h  ∝ - t e r t h i e n y l
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F i g u r e  2 . S t r u c t u r e
of ∝ - terthienyl (a)
and t h e proposed
s t r u c t u r e o f ∝
- t e r t h i e n y l  - c o b a l t
complex.

Figure 1. The EPR spec t ra  o f  coba l t  (a )  and ∝
- t e r t h i e n y l  c o b a l t  c o m p l e x  ( b ) .

r e f l e c t s  t h e  n a t u r e  o f  c o m p l e x  f o r m e d  ( F i g .  1 b ) .
The most l i k e l y c a u s e  f o r  t h e  l o s s  o f E P R  s i g n a l
i n t e n s i t y w h e n  c o b a l t  i o n  r e a c t e d  w i t h  ∝ - t e r t h i e n y l
( F i g .  2 a ) i s  t h e  f o r m a t i o n  o f  b r i d g e s p e c i e s  ( F i g .

2 b ) . I n t h i s e v e n t , C o+ + s p i n s can
a n t i f e r r o m a g n e t i c a l l y coup le t o produce a
d i a m a g n e t i c s t a t e  o r o t h e r w i s e i n t e r a c t  t o  c h a n g e
r e l a x a t i o n  p r o p e r t i e s  a n d  r e d u c e  s i g n a l  i n t e n s i t y .
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Figure  3 . A b s o r p t i o n  s p e c t r a  o f  ∝ - t e r t h i e n y l
( a ) a n d  o f  ∝ -  t e r t h i e n y l - c o b a l t c o m p l e x  ( b ) ,
a r r o w s  i n d i c a t e  t h e  p e a k .

T h e  c h a r a c t e r i s t i c  a b s o r p t i o n  s p e c t r a  o f  ∝ -  t e r t h i e n y l
i n  e t h y l  a l c o h o l  ( F i g  3 a ) g i v e s  a p e a k  a t  3 4 8  n m ,
b u t  t h e  a d d i t i o n  o f  c o b a l t  s h i f t s  t h i s  p e a k  t o 360nm
( F i g  3 b ) .  S i m i l a r  r e s u l t s  a r e  s h o w n  b y  f l u o r e s c e n c e
s t u d i e s . ∝ -  t e r t h i e n y l  g i v e s  a  f l u o r e s c e n c e  p e a k  a t
4 0 6  a n d 4 2 3  n m  a n d  i t s  c o m p l e x i n g  w i t h  C o+ +  s h i f t s
t h e s e peak to 486 nm (peaks shown by s o l i d arrows )
( F i g . 4 a  a n d b  r e s p e c t i v e l y ) .
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Figure  4 . F l u o r e s c e n c e  s p e c t r a  o f  ∝ - t e r t h i e n y l  ( a )  a n d
∝ -  t e r t h i e n y l - c o b a l t  c o m p l e x  ( b ) ,  a r r o w s  i n d i c a t e  t h e
peaks) .

An a t t e m p t  t o s t u d y  t h e t o x i c i t y e f f e c t  o f t h i s
complex  fo rmed aga ins t  mosqu i to  la rvae ,  gave  some very
i n t e r e s t i n g  r e s u l t s .  I t was observed t h a t t h i s
c o m p l e x  i s  t o t a l l y n o n - t o x i c  t o mosqu i to l a r v a e ,
no m o r t a l i t y  w a s  o b s e r v e d  i n  a n y  o f  t h e f o u r l a r v a l
s t a g e s ( r e s u l t s n o t p r e s e n t e d ) ,  a s a g a i n s t 100%
m o r t a l i t y shown b y  ∝ -  t e r t h i e n y l  a g a i n s t mosqu i to
l a r v a e .

It i s w e l l  k n o w n  t h a t  t h i o p h e n e s a r e s e v e r a l f o l d
c o n c e n t r a t e d a s was te  p roduc ts  p roduced d u r i n g t h e
d i f f e r e n t b i o c h e m i c a l  r e a c t i o n s  u n d e r g o i n g  i n t h e
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p l a n t body b u t , l a t e r  w e r e  a s s i g n e d  a n  i n s e c t i c i d a l
r o l e . Several r e p o r t s  a r e  k n o w n  f o r t h e i r t o x i c i t y
such a s  i n a c t i v a t i o n  o f  a  n u m b e r  o f  e n z y m e s ( W a t  e t
a l . 1981 ; K a g a n  e t  a l . 1 9 8 4 ;  N i v s a r k a r  e t  a l .  1 9 9 1  a ,
b ) ,  d a m a g e t o  D N A  ( K a g a n  e t  a l .  1 9 7 9 ) , t o x i c i t y  t o
mic roo rgan isms ( P h i l o g e n e  e t  a l .  1 9 8 5 ) , supe rox i de
a n i o n r a d i c a l g e n e r a t i o n and t o x i c i t y  ( N i v s a r k a r
e t  a l . 1 9 9 2 )  e t c .  B u t , t h e  r e s u l t s  s h o w n  a b o v e  p r e s e n t
a v e r y d i f f e r e n t a s p e c t  i n ∝ - t e r t h i e n y l
c h e m i s t r y ,  i . e . , b e s i d e s  h a v i n g  s u c h  t o x i c r o l e s ,  ∝
- t e r t h i e n y l possess a un ique complex ing
p r o p e r t y  w i t h  c o b a l t .

Thus, t h e  l i g h t  i n d u c e d  p h o t o t o x i c i t y  c o u l d  n o t  b e  t h e
proper e x p l a n a t i o n f o r t h e  l o c a l i z a t i o n  o f  ∝
- t e r t h i e n y l  i n t h e  u n d e r g r o u n d  p a r t s  o f t h e p l a n t s
e s p e c i a l l y  r o o t s .  B u t ,  t h e  h e a v y  m e t a l b i n d i n g , t h e
p l a u s i b l e heavy metal d e t o x i f i c a t i o n and i t s
i n a c t i v a t i o n c o u l d b e  c l a s s e d  a s  a  e v o l u t i o n a r y
p r o s p e c t . T h i s c o u l d have a r i s e n as an
adapt i ve  b iochemica l  evo lu t ion  wh ich  makes  the  members
o f  a s t e r a c e a e  c o s m o p o l i t a n .
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