
C H A P T E R  I V

R E S U L T S  A N D  D IS C U S S IO N

4 .1  C h o i c e s  o f  C E  C o n d i t i o n s

4 . 1 . 1  p H  a n d  c o n c e n t r a t i o n  o f  b u f f e r

S in c e  a v e r m e c t i n s  a r e  h i g h l y  h y d r o p h o b ic  c o m p o u n d s ,  M E E K C  w i t h  s u p p r e s s e d  E O F  

s h o u ld  b e  c a r r ie d  o u t ,  i n  o r d e r  t o  o b t a in  f a s t e r  a n a ly s i s  t i m e  a s  p r e v i o u s l y  m e n t i o n e d  

i n  S e c t i o n  2 . 5  [ A l t r i a  e t  a l .  2 0 0 0 b ,  P e d e r s e n - B je r g a a r d  e t  a l .  2 0 0 0 ,  N h u j a k  e t  a l .  

2 0 0 6 ] ,  I n  t h i s  w o r k ,  a  l o w  p H  b u f f e r  w a s  u s e d  t o  e l i m i n a t e  E O F  d u e  t o  s i m p l i c i t y  a n d  

l o w  c o s t .  T h e  p H  o f  2 . 5  is  t h e  l o w e s t  v a l u e  t y p i c a l l y  u s e d  i n  C E .  T h e  p h o s p h a t e  b u f f e r  

w a s  c h o s e n  b e c a u s e  i t  c o n t a in s  w e a k  a c id  ( H 3P O 4 o r  H A )  a n d  c o n ju g a t e d  b a s e

( H 2P Û 4 o r  A ’ )  w h i c h  c a n  b e  e x p r e s s e d  b y  a  d i s s o c ia t i o n  e q u i l i b r i u m  i n  E q u a t i o n  4 . 1 .

H 3P O 4 +  ►  H 2P Û 4 +  H + : p / f a , =  2 . 1 2  ( 4 . 1 )

T h e  p H  o f  t h e  s o l u t i o n  is  g i v e n  b y  t h e  H e n d e r s o n - H a s s e l b a lc h ’ s e q u a t i o n  [ C h a n g  

2 0 0 5 ]

p H  =  p  K 3  +  lo g
A ~
H A

( 4 . 2 )

T h e  b u f f e r  p H  o f  2 . 5  is  i n  a  r a n g e  o f  p K a \ ±  1 .0  a n d  p r o v id e s  h i g h  b u f f e r i n g  c a p a c i t y ,  

r e s u l t i n g  i n  h ig h  p r e c i s i o n  i n  t h e  s u p p r e s s e d  E O F  a n d  m i g r a t i o n  t i m e s  o f  a n a ly t e s .

I n  M E E K C ,  t h e  c o n c e n t r a t i o n  o f  t h e  p h o s p h a t e  b u f f e r  a t  5 0  m M  is  u s u a l l y  u s e d .  T h e  

l o w e r  c o n c e n t r a t i o n  o f  t h e  b u f f e r  r e s u l t s  i n  p o o r  p r e c i s i o n  i n  m i g r a t i o n  t i m e ,  w h i l e  t h e  

h ig h e r  c o n c e n t r a t i o n  o f  t h e  b u f f e r  g e n e r a t e s  h i g h  c u r r e n t  a n d  J o u le  h e a t i n g  w h i c h  m a y  

l i m i t  t h e  u s e  o f  h i g h  v o l t a g e  a n d  t e m p e r a t u r e  [ A l t r i a  e t  a l .  2 0 0 0 b ,  N h u j a k  e t  a l .  2 0 0 6 ] ,
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I n  a d d i t i o n ,  t h e  s t a b i l i t y  o f  a v e r m e c t i n s  s t o r e d  i n  t h e  a c id ic  b u f f e r  f o r  2  h o u r s  a n d  7  

d a y s  w a s  i n v e s t ig a t e d  b y  m e a s u r in g  uv a b s o r p t i o n  o f  a b a m e c t in  i n  t h e  

m i c r o e m u l s i o n  b u f f e r  c o n t a i n i n g  5 0  m M  p h o s p h a t e  b u f f e r  a t  p H  2 . 5 ,  1 .1  % v / v  ท -  

o c t a n e ,  8 9 0  m M  1 - b u t a n o l  a n d  1 8 0  m M  S D S .  A n  i n s i g n i f i c a n t  c h a n g e  o f  U V -  

a b s o r b a n c e  o f  a b a m e c t in  a t  2 4 5  n m  w i t h i n  2  h o u r s  a n d  7  d a y s  w a s  o b t a in e d  a s  s h o w n  

i n  F ig u r e  4 . 1 a  a n d  4 . 1 b ,  r e s p e c t i v e l y ,  i n d ic a t i n g  h i g h  s t a b i l i t y  o f  a v e r m e c t i n s  i n  t h e  

a c id ic  b u f f e r  u s e d  i n  t h i s  w o r k .  T h e r e f o r e ,  t h e  5 0  m M  p h o s p h a t e  b u f f e r  a t  p H  2 . 5  w a s  

s e le c t e d  i n  t h i s  w o r k ,  w h i c h  is  w i d e l y  u s e d  i n  M E E K C  a t  l o w  p H .

F ig u r e  4 .1  uv abso rp tion  o f  abam ectin  in the m ic ro e m u ls io n  b u ffe r  c o n ta in in g  50 m M  
phosphate b u ffe r  at pH  2.5, 1.1 % v /v  «-octane, 890 m M  1-b u ta n o l and 180 m M  SDS, at 245 
nm  w ith in  (a) 2 hours and (b ) 7 days.
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4 . 1 . 2  D i a m e t e r  a n d  l e n g t h  o f  c a p i l l a r y

A n  u n c o a t e d  f u s e d  s i l i c a  c a p i l l a r y  w i t h  5 0  p m  i n t e r n a l  d i a m e t e r  ( I . D . )  X  4 0 . 2  c m  i n  

l e n g t h  ( 3 0  c m  t o  d e t e c t o r )  w a s  s e le c t e d  f o r  a n a ly s i s  o f  a v e r m e c t i n s .  T h e  m o s t  

c o m m o n l y  u s e d  c a p i l l a r i e s  a r e  5 0  a n d  7 5  m m  p m  I . D .  [ C h a n k v e t a d z e  1 9 9 7 ] ,  T h e  7 5  

p m  I . D .  c a p i l l a r y  p r o v id e s  h ig h e r  s e n s i t i v i t y  a n d  l o w e r  i n t e r a c t i o n  b e t w e e n  a n a ly t e s  

a n d  c a p i l l a r y  w a l l ,  b u t  m a y  c a u s e  l o w  r e s o l u t i o n  d u e  t o  g r e a t e r  p e a k  b r o a d e n d in g  

c a u s e d  b y  J o u le  h e a t in g .  I n  a d d i t i o n ,  i t  h a s  l i m i t a t i o n  o f  t h e  u s e  o f  h ig h  B G E  

c o n c e n t r a t i o n  a n d  h ig h  v o l t a g e .  T h e r e f o r e ,  7 5  p m  I . D .  c a p i l l a r y  is  u s u a l l y  u s e d  t o  

i m p r o v e  d e t e c t io n  s e n s i t i v i t y  a n d  t o  d e c r e a s e  w a l l  i n t e r a c t i o n  w h e n  t h e  s e p a r a t io n  h a s  

n o  p r o b le m  o f  r e s o l u t i o n .  T y p i c a l l y ,  t h e  5 0  p m  I . D .  c a p i l l a r y  is  u s e d  f o r  m a n y  

a p p l i c a t i o n s  d u e  t o  i t s  c o m p r o m is e  a m o n g  r e s o l u t i o n ,  s e n s i t i v i t y ,  h e a t  d i s s ip a t i o n  a n d  

w a l l  i n t e r a c t i o n .  T h i s  w o r k  d o e s  n o t  i n v o l v e  a n a ly s i s  o f  t r a c e  l e v e l s  o f  a v e r m e c t in s ,  

a n d  t h e r e f o r e ,  t h e  5 0  p m  I . D .  c a p i l l a r y  w a s  s e le c t e d .  F o r  t h e  le n g t h  o f  t h e  c a p i l l a r y ,  

t h e  4 0 . 2  c m  ( 3 0  c m  t o  d e t e c t o r )  c a p i l l a r y  w a s  u s e d  t o  g i v e  f a s t  a n a ly s i s  t i m e .  I n  

M E E K C ,  t h e  m o s t l y  u s e d  i n t e r n a l  d ia m e t e r  a n d  le n g t h  o f  c a p i l l a r y  a r e  5 0  p m  a n d

4 0 . 2  c m ,  r e s p e c t i v e l y  [ A l t r i a  2 0 0 0 a ] ,

4 . 1 . 3  D e t e c t i o n  w a v e l e n g t h

A v e r m e c t i n s ,  s u c h  a s  a b a m e c t in ,  i v e r m e c t i n  a n d  d o r a m e c t i n ,  w a s  f o u n d  t o  a b s o r p  uv  
l i g h t  w i t h  m a x i m u m  a b s o r b a n c e  a t  t h e  w a v e le n g t h  o f  2 4 5  n m .  H o w e v e r ,  

d o d e c y lb e n z e n e  ( D B )  u s e d  a s  a  m i c r o e m u l s i o n  m a r k e r  h a s  v e r y  l o w  a b s o r p t i o n  n e a r  

2 4 5  n m .  T h e r e f o r e ,  uv d e t e c t io n  o f  a v e r m e c t in s  w a s  s c a n n e d  f r o m  1 9 0  t o  4 0 0 ,  a n d  

e le c t r o p h e r o g r a m s  w e r e  m o n i t o r e d  a t  2 1 4  n m  f o r  d e t e r m i n i n g  m i g r a t i o n  t i m e  o f  D B  

a n d  2 4 5  n m  f o r  q u a n t i t a t i v e  a n a ly s i s  o f  a v e r m e c t in s  i n  t h i s  w o r k .

4 . 2  M E E K C  O p t i m i s a t i o n

M E E K C  o p t i m i s a t i o n  f o r  s e p a r a t io n  o f  a v e r m e c t in s  w e r e  c a r r ie d  o u t  b y  v a r y i n g  t y p e s  

a n d  c o n c e n t r a t i o n s  o f  o r g a n ic  c o - s o lv e n t s ,  S D S  c o n c e n t r a t i o n s ,  t y p e s  o f  c o ­

s u r f a c t a n t s ,  t e m p e r a t u r e  a n d  a p p l ie d  v o l t a g e .  T h e  e f f e c t s  o f  t h e s e  f a c t o r s  o n  m i g r a t i o n  

t i m e  ( / m) ,  e l e c t r o p h o r e t i c  m o b i l i t y  ( p ) ,  r e t e n t i o n  f a c t o r  ( 1k ) ,  s e l e c t i v i t y  (a), e f f i c i e n c y
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(A O  a n d  r e s o l u t i o n  ( R s )  i n  E q u a t i o n  2 . 4 2  w e r e  d is c u s s e d ,  w h e r e  R s  o f  a n a ly t e s  d e p e n d s  

o n  a ,  k  a n d  N .  T h e  m i g r a t i o n  t i m e s  o f  a n a ly t e s  a n d  t h e  m i c r o e m u l s i o n  m a r k e r  ( D B )  

w e r e  o b s e r v e d  f r o m  t h e  e le c t r o p h e r o g r a m .  T h e  e l e c t r o p h o r e t i c  m o b i l i t i e s  w e r e  

o b t a in e d  u s i n g  E q u a t i o n s  2 . 8  t o  2 . 1 0 ,  w h e r e  e le c t r o o s m o t i c  m o b i l i t y  w a s  n e g l ig ib le  a s  

r e p o r t e d  i n  p r e v io u s  w o r k  o f  o u r  g r o u p  [ N h u j a k  e t  a l .  2 0 0 6 ] ,  T h e  v a l u e s  o f  k  w e r e  

d e t e r m in e d  u s i n g  E q u a t i o n  2 . 1 6 ,  w h e r e  t mc w a s  o b t a in e d  f r o m  m i g r a t i o n  o f  D B  u s e d  

a s  m i c r o e m u l s i o n  m a r k e r  [ A l t r i a  e t  a l .  2 0 0 0 b ,  N h u j a k  e t  a l .  2 0 0 6 ] ,  T h e  s e l e c t i v i t y  is  

d e f in e d  a s  t h e  r a t i o  o f  r e t e n t i o n  f a c t o r  a s  p r e v i o u s l y  m e n t i o n e d  i n  S e c t i o n  2 . 4 . 3 .  I n  

t h i s  w o r k ,  a i /D  a n d  a D/A  r e f e r  t o  k \ / k u  a n d  k ’c J k / ^ ,  r e s p e c t i v e l y .  T h e  p e a k  e f f i c i e n c y  w a s  

d e t e r m in e d  u s i n g  E q u a t i o n  2 . 2 2 ,  w h e r e  Wb w a s  m e a s u r e d  f r o m  t h e  e le c t r o p h e r o g r a m .  

I t  s h o u ld  b e  n o t e d  t h a t  N  a n d  R s w e r e  o b t a in e d  f r o m  t h e  e le c t r o p h e r o g r a m s  a t  2 4 5  n m ,  

d u e  t o  h i g h  s e n s i t i v i t y  a n d  l o w  b a c k g r o u n d  n o is e .

4 .2 . 1  E f f e c t  o f  t y p e s  a n d  c o n c e n t r a t i o n  o f  o r g a n i c  c o - s o l v e n t s

T h e  o r g a n ic  c o - s o l v e n t  i n  M E E K C  is  o n e  o f  t h e  i m p o r t a n t  f a c t o r s  a f f e c t i n g  

s e p a r a t io n .  I n  p r e v io u s  w o r k ,  2 - p r o p a n o l  w a s  f o u n d  t o  b e  s u i t a b le  c o - s o l v e n t  i n  

M E E K C  f o r  s e p a r a t io n  o f  n e u t r a l  w a t e r - i n s o l u b l e  c o m p o u n d s ,  s u c h  a s  v i t a m i n  

[ P e d e r s e n - B je r g a a r d  e t  a l .  2 0 0 0 ] ,  p o l y m e r  a d d i t i v e s  [ H i l d e r  e t  a l .  2 0 0 1 ]  a n d  

c u r c u m i n o i d s  [ N h u j a k  e t  a l .  2 0 0 6 ] ,  w h i l e  a c e t o n i t r i l e  f o r  M E E K C  s e p a r a t io n  o f  

c a p s a ic in  a n d  d ih y d r o c a p s a i c i n  [ J u n g m a n o t h a m  e t  a l .  2 0 0 4 ] .  T h e r e f o r e ,  t h e  s u i t a b le  

o r g a n ic  s o l v e n t  i n  M E E K C  s h o u ld  b e  in v e s t ig a t e d  f o r  s e p a r a t io n  o f  p a r t i c u l a r  

a n a ly t e s .

I n  i n i t i a l  w o r k ,  M E E K C  a n a ly s i s  o f  a v e r m e c t in s  w a s  c a r r ie d  o u t  u s i n g  a  

m i c r o e m u l s i o n  b u f f e r  c o n t a i n i n g  a  5 0  m M  p h o s p h a t e  b u f f e r  a t  p H  2 . 5 ,  1 .1  %  v / v  ท -  

o c t a n e  a s  o i l  d r o p le t  p h a s e ,  1 8 0  m M  S D S  a s  n e g a t i v e l y  c h a r g e d  s u r f a c t a n t  a n d  8 9 0  

m M  1 - b u t a n o l  a s  c o - s u r f a c t a n t .  N o  r e s o l u t i o n  o f  a v e r m e c t i n s  w a s  o b t a in e d ,  a n d  c o ­

r e t e n t i o n  o f  t h e s e  c o m p o u n d s  a n d  D B  w a s  o b s e r v e d  u s i n g  t h e  m i c r o e m u l s i o n  b u f f e r  

w i t h o u t  o r g a n ic  c o - s o l v e n t  a s  s e e n  f r o m  th e  e le c t r o p h e r o g r a m  i n  F i g u r e  4 . 2 a .  T h i s  

i n d ic a t e s  t h a t  t h e s e  c o m p o u n d s  s t r o n g l y  a n d  c o m p le t e l y  p a r t i t i o n  i n t o  t h e  o i l  d r o p le t  

p h a s e .  O r g a n ic  s o l v e n t s  a t  0  t o  3 0  %  v / v ,  s u c h  a s  a c e t o n i t r i l e ,  m e t h a n o l ,  e t h a n o l  a n d  

2 - p r o p a n o l ,  w e r e  s e p a r a t e l y  a d d e d  i n  t h e  m i c r o e m u l s i o n  b u f f e r  i n  o r d e r  t o  o b t a in  t h e
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d i f f e r e n c e  i n  p a r t i t i o n i n g  o f  t h e s e  a n a ly t e s  i n t o  t h e  a q u e o u s  p h a s e .  F ig u r e s  4 . 2 b - 4 . 2 e  

s h o w  a n  e x a m p l e  o f  e le c t r o p h e r o g r a m s  o f  a v e r m e c t in s  u s i n g  3 0  %  v / v  o r g a n ic  s o l v e n t  

i n  t h e  M E E K C  b u f f e r .  A d d i t i o n  o f  o r g a n ic  c o - s o l v e n t  r e s u l t e d  i n  t h e  s e p a r a t io n  o f  

a v e r m e c t i n s  f r o m  D B ,  a n d  t h e  r e t e n t i o n  f a c t o r  o f  a n a ly t e s  ( F i g u r e  4 . 3 c )  d e c r e a s e d  

w i t h  a n  in c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  o r g a n ic  c o - s o l v e n t  d u e  t o  p a r t i t i o n i n g  o f  

a n a ly t e s  i n  o r g a n ic - a q u e o u s  p h a s e  [ A l t r i a  e t  a l .  2 0 0 0 b ] .  I n  c o m p a r i s o n  w i t h  o t h e r  

o r g a n ic  c o - s o l v e n t s ,  m e t h a n o l  g a v e  h ig h e r  r e t e n t i o n  f a c t o r s  o f  a n a ly t e s  p o s s ib ly  d u e  

t o  i t s  h ig h e r  h y d r o p h o b i c i t y  t h a n  o t h e r  o r g a n ic  c o - s o l v e n t s .  S e p a r a t i o n  o f  t w o  a n a ly t e s  

c a n  b e  d e s c r ib e d  b y  a  o r  R s . I n  M E E K C  w i t h o u t  E O F ,  t h e  a n a ly t e s  h a v in g  g r e a t e r  

r e t e n t i o n  f a c t o r  o r  s t r o n g e r  p a r t i t i o n i n g  o f  t h e  a n a ly t e s  i n t o  t h e  m i c r o e m u l s i o n  p h a s e  

m ig r a t e  w i t h  a  s m a l l e r  m i g r a t i o n  t i m e  a s  p r e v i o u s l y  d is c u s s e d  i n  S e c t i o n  2 . 5  a n d  

s h o w n  i n  F i g u r e  2 . 7 b .  I n  M E E K C  b u f f e r  c o n t a in i n g  3 0  %  v / v  o r g a n ic  c o - s o l v e n t ,  t h e  

m i g r a t i o n  t i m e  o r d e r  f o r  a v e r m e c t i n s  ( F ig u r e s  4 . 2  a n d  4 . 3 a )  i n  a c e t o n i t r i l e  ~  m e t h a n o l  

<  e t h a n o l  <  2 - p r o p a n o l  w a s  n o t  c o n s is t e n t  w i t h  t h e  r e t e n t i o n  f a c t o r  o r d e r  f o r  

a b a m e c t in  B i a  ( F i g u r e  4 . 3 c )  i n  m e t h a n o l  >  e t h a n o l  >  2 - p r o p a n o l  ~  a c e t o n i t r i l e .  T h i s  is  

b e c a u s e  a n  in c r e a s e  i n  t h e  m i g r a t i o n  t i m e  is  a ls o  d u e  t o  t w o  a d d i t i o n a l  e f f e c t s  c a u s e d  

b y  a n  in c r e a s e  i n  t h e  v i s c o s i t y ,  2 - p r o p a n o l  >  e t h a n o l  >  m e t h a n o l  >  a c e t o n i t r i l e ,  a n d  

th e  s m a l l e r  c h a r g e  t o  s iz e  r a t i o  c a u s e d  b y  s o l v a t i o n  o f  o r g a n ic  s o l v e n t  [ A l t r i a  e t  a l .  

2 0 0 0 b ] ,  a  is  u s e d  t o  in d ic a t e  t h e  d i f f e r e n c e  i n  t h e  r e t e n t i o n  o f  a n a ly t e s ,  w h i l e  R s is  

u s e d  t o  m e a s u r e  t h e  q u a n t i t y  o f  s e p a r a t io n  o f  a n a ly t e s ,  t h e  d is t a n c e  o f  c e n t e r  p e a k s  

d i v id e d  b y  t h e  a v e r a g e  p e a k  w i d t h  a t  b a s e .  O v e r  a  r a n g e  o f  0  t o  1 5  %  v / v  o r g a n ic  c o ­

s o l v e n t  i n  t h e  M E E K C  s y s t e m ,  n o  s e p a r a t io n  w a s  f o u n d  f o r  a v e r m e c t i n s ,  w h i c h  is  n o t  

s h o w n  i n  F ig u r e s  4 . 3 .  I n  a  r a n g e  o f  2 0  t o  3 5  %  v / v  o r g a n ic  c o - s o l v e n t s ,  e x c e p t  

m e t h a n o l ,  g a v e  a  s l i g h t  c h a n g e  o f  a .  A n  in c r e a s e  i n  a  w a s  o b s e r v e d  u s i n g  2 0  t o  3 5  %  

v / v  m e t h a n o l  a s  s h o w n  i n  F ig u r e s  4 . 3 d .  I n  t h e  p r e s e n c e  o f  2 5  t o  3 5  %  v / v  a c e t o n i t r i l e  

o r  2 - p r o p a n o l  i n  t h e  M E E K C  b u f f e r ,  t h e  v a lu e s  o f  a ,  N ,  a n d  R s w e r e  s l i g h t l y  c h a n g e d ,  

l i k e  e t h a n o l  ( F ig u r e s  4 . 3 d ,  4 . 3 e  a n d  4 . 3 f ) .  I n  t h e  p r e s e n c e  o f  3 0  t o  3 5  %  v / v  c o - s o l v e n t  

i n  t h e  M E E K C  b u f f e r ,  t h e  s e l e c t i v i t y  o f  D  a n d  A ,  a D/A , w a s  o b t a in e d  t o  b e  i n  o r d e r  

m e t h a n o l  >  e t h a n o l  >  a c e t o n i t r i l e  >  2 - p r o p a n o l  a d d e d  i n  t h e  M E E K C  b u f f e r .  A l t h o u g h  

a c e t o n i t r i l e ,  e t h a n o l  a n d  2 - p r o p a n o l  g a v e  s l i g h t  d i f f e r e n c e  i n  CCD/A a n d  k ,  e t h a n o l  

p r o v id e d  s i g n i f i c a n t l y  g r e a t e r  r e s o l u t i o n  o f  A  a n d  D ,  ( F i g u r e  4 . 3 f ) .  T h i s  is  d u e  t o  t h e  

g r e a t e r  N  o f  a n a ly t e s  i n  M E E K C  c o n t a in i n g  e t h a n o l  ( F i g u r e  4 . 3 e ) ,  R s oc N U 2  a s  s h o w n  

i n  E q u a t i o n  2 . 4 2 .  I n  p r e v io u s  w o r k  o n  M E K C  a n d  M E E K C ,  t h e  o r g a n ic  m o d i f i e r s  c a n
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e i t h e r  e n h a n c e  o r  r e d u c e  e f f i c i e n c y  d u e  t o  s e v e r a l  e f f e c t s  s u c h  a s  a n  in c r e a s e  i n  

v i s c o s i t y  a n d  a  c h a n g e  i n  m i c e l l a r  s t r u c t u r e  a n d  d i f f e r e n t  d i f f u s i o n  i n  o r g a n ic  s o l v e n t  

[ A l t r i a  e t  a l .  2 0 0 0 b .  N h u j a k  e t  a l .  2 0 0 6 ] .  I n  m o s t  c a s e s ,  s im p le  e x p l a n a t i o n  f o r  t h e  

c h a n g e  i n  N  i s  n o t  c le a r  [ K h a l e d i  1 9 9 8 ] .  F r o m  F ig u r e  4 . 3 f ,  3 0  a n d  3 5  %  v / v  e t h a n o l  

g a v e  s l i g h t  d i f f e r e n c e  i n  t h e  r e s o l u t i o n  o f  D  a n d  A ,  b u t  l o n g e r  a n a ly s i s  t i m e  w a s  

o b t a in e d  a t  t h e  h i g h e r  c o n c e n t r a t i o n  o f  e t h a n o l .  T h e r e f o r e ,  3 0  %  v / v  e t h a n o l  w a s  

c h o s e n  a s  o r g a n ic  c o - s o l v e n t  i n  t h i s  w o r k .

DB ISTD

1 mAU

migration time (min)

F i g u r e  4 .2  M E E K C  separation o f  averm ectins us ing  (a) no o rg a n ic  co -so lve n t and 30%  v /v  
o rgan ic  co -so lve n t as (b ) a ce to n itr ile  (A C N ), (c ) m ethano l (M e O H ), (d ) e thano l (E tO H ), and 
(e) 2 -p ropano l (2 -P rO H ) in  a pH  2.5 50 m M  phosphate b u ffe r  c o n ta in in g  1.1 %  v /v  17-octane, 
180 m M  SDS and 890 m M  1-bu tano l. C E  co n d ition s : uncoated fused s ilic a  c a p illa ry  50 pm  
I.D. X 40.2 cm  (30  cm  to  de tecto r), tem pera ture  25 °c, vo ltage  -1 5  k v ,  0.5 ps i pressure 
in je c tio n  fo r  3 ร and uv de tec tion  at 214 nra, DB =  dodecy l benzene used as m ic ro e m u ls io n  
m arker, I =  ive rm e c tin , D =  do ram ectin , A  =  abam ectin  B|a, and ISTD =  in te rn a l standard.



4 2

F i g u r e  4 .3  E ffe c t o f  types and concen tra tion  o f  o rgan ic  co -so lven ts  on (a ) re ten tion  fa c to r o f  
A , (b ) s e le c tiv ity  o f  D  and A , (e ) average e ff ic ie n c y  o f  D  and A , and ( f )  re so lu tio n  o f  D  and 
A . A ce to n itr ile (O ), m ethano l (□ ) , e thanol (A ), and 2 -p ropano l (x ) . O th e r C E  co n d ition s  as 
show n in  F igu re  4 .2. Each sym bo l is the average va lue  ob ta ined  fro m  d u p lica te  runs.
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4 . 2 . 2  E f f e c t  o f  S D S  c o n c e n t r a t i o n

I n  M E E K C ,  s o d i u m  d o d e c y l  s u lp h a t e  ( S D S )  i s  m o s t l y  u s e d  a s  a n i o n i c  s u r f a c t a n t  

b e c a u s e  i t  i s  c h e a p  a n d  a v a i l a b l e  i n  h i g h l y  p u r i f i e d  f o r m .  T h e r e f o r e ,  S D S  w a s  s e le c t e d  

i n  t h i s  w o r k  T h e  C 12 a l k y l  c h a in  o f  t h e  S D S  s u r f a c t a n t  p e n e t r a t e s  i n t o  t h e  o i l  d r o p le t ,  

w h i l e  t h e  n e g a t i v e l y  c h a r g e d  h y d r o p h i l i c  s u lp h a t e  g r o u p s  r e s id e  i n  t h e  s u r r o u n d i n g  

a q u e o u s  p h a s e .  T h e  e f f e c t  o f  S D S  c o n c e n t r a t i o n  i n  a  r a n g e  o f  1 3 0  t o  2 0 0  m M  o n  th e  

s e p a r a t io n  o f  a v e r m e c t i n s  w a s  in v e s t ig a t e d  a s  s h o w n  i n  F i g u r e  4 . 4 .

T h e  f a s t e r  m i g r a t i o n  t i m e  ( F i g u r e  4 . 5 a )  a n d  h ig h e r  e le c t r o p h o r e t i c  m o b i l i t y  o f  

m i c r o e m u l s i o n  m a r k e r  ( F i g u r e  4 . 5 b )  w e r e  o b s e r v e d  w i t h  i n c r e a s in g  t h e  c o n c e n t r a t i o n  

o f  S D S ,  d u e  t o  a n  in c r e a s e  i n  s u r f a c e  c h a r g e  d e n s i t y  o f  o i l  d r o p l e t  [ A l t r i a  e t  a l .  

2 0 0 0 b ] .  F r o m  F ig u r e  4 . 5 c ,  t h e  r e t e n t i o n  f a c t o r  in c r e a s e d  w i t h  a n  in c r e a s e  i n  t h e  S D S  

c o n c e n t r a t i o n  d u e  t o  a  d e c r e a s e  i n  t h e  p h a s e  r a t i o  (k cc <j) a s  s h o w n  i n  E q u a t i o n  2 . 1 1 ) .  

T h e r e f o r e ,  a n  in c r e a s e  i n  m i g r a t i o n  t i m e  o f  a n a ly t e s  is  d u e  t o  a n  in c r e a s e  i n  b o t h  

e l e c t r o p h o r e t i c  m o b i l i t y  o f  c h a r g e d  o i l  a n d  r e t e n t i o n  f a c t o r .  O v e r  a  r a n g e  o f  1 3 0  t o  

2 0 0  m M  S D S ,  t h e  s e l e c t i v i t y  w a s  i n s i g n i f i c a n t l y  d i f f e r e n t  d u e  t o  t h e  in d e p e n d e n t  K  ( a  

=  k i / k \  =  K 2/ K \ )  w i t h  t h e  S D S  c o n c e n t r a t i o n  a s  s h o w n  i n  F i g u r e .  4 . 5 d .  B e s id e s ,  

i n c r e a s in g  S D S  c o n c e n t r a t i o n  p r o v id e d  a n  in c r e a s e  i n  N  w h i c h  m a y  b e  i n f l u e n c e d  b y  

r e d u c t i o n  o f  / / aq a n d  H p d ,  s i m i l a r l y  e x p l a i n e d  i n  M E K C  a n d  M E E K C  a t  h i g h  E O F  

[ T e r a b e  e t  a l .  1 9 8 9  a n d  1 9 9 2 ] .  I n  a d d i t i o n ,  a n  in c r e a s e  i n  | i mc w i t h  i n c r e a s in g  t h e  S D S  

c o n c e n t r a t i o n  r e s u l t s  i n  a  d e c r e a s e  i n  H \  ( E q u a t i o n  2 . 3 0 ) .  H o w e v e r ,  a n  in c r e a s e  i n  t h e  

S D S  c o n c e n t r a t i o n  m a y  c a u s e  h ig h e r  J o u le  h e a t in g ,  l e a d in g  t o  a n  in c r e a s e  i n  H { a n d  a  

d e c r e a s e  i n  N , w h i c h  w a s  o b s e r v e d  f o r  D  a n d  A  i n  F i g u r e  4 . 5 e .  I n  t h e  r a n g e  o f  

i n v e s t ig a t e d  S D S  c o n c e n t r a t i o n s ,  t h e  r e s o l u t i o n  o f  a v e r m e c t i n s  ( F i g u r e  4 . 5 f )  w a s  

s l i g h t l y  d i f f e r e n t ,  d u e  t o  i n s i g n i f i c a n t  d i f f e r e n c e  i n  a  a n d  t h e  v a l u e  o f  i V 1/2/ ( l + & 2)  ( s e e  

F ig u r e s  4 . 5 c  a n d  4 . 5 e ,  a n d  E q u a t i o n  2 . 4 2 ) .  T h e  1 8 0  m M  S D S  c o n c e n t r a t i o n  w a s  

c h o s e n  f o r  i n v e s t i g a t i o n  o t h e r  e f f e c t s  o n  t h e  s e p a r a t io n  o f  a v e r m e c t i n s ,  d u e  t o  t h e  

f a s t e r  m i g r a t i o n  t i m e  w i t h  t h e  h ig h e r  c o n c e n t r a t i o n  o f  S D S .
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c) 180 mM SDS
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F i g u r e  4 .4  E lec trophe rog ram s o f  averm ectins  in  M E E K C  us ing  d iffe re n t concen tra tion  o f  
SDS (a) 130, (b ) 150, (c ) 180, (d ) 200 and (e) 220 m M . O the r C E  co n d itio n s  as show n in 
F igu re  4 .2d.
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F i g u r e  4 .5  E ffe c t o f  SDS concen tra tion  on (a) m ig ra tio n  tim e , (b ) re te n tio n  fa c to r, (c ) 
s e le c tiv ity , (d ) e ff ic ie n c y , and re so lu tio n  o f  averm ectins. O the r C E  c o n d itio n s  as show n in 
F igu re  4 .2d. Each sym bo l is the average va lue  ob ta ined  fro m  d u p lica te  runs.
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4 . 2 . 3  E f f e c t  o f  c o - s u r f a c t a n t  t y p e s

V a r i o u s  a l c o h o l s ,  C4 t o  Ce, a t  8 9 0  m M  w e r e  u s e d  a s  c o - s u r f a c t a n t  i n  M E E K C  f o r  

s e p a r a t io n  o f  a v e r m e c t i n s .  T h e  r e s u l t i n g  e le c t r o p h e r o g r a m s  a r e  s h o w n  i n  F ig u r e  4 . 6 .  

P o o r  r e s o l u t i o n  a n d  b a s e l i n e  i n  F ig u r e s  4 . 6 d - 4 . 6 f  in d ic a t e  t h a t  4 - m e t h y l - 2 - p e n t a n o l  o r

1 - h e x a n o l  u s e d  a s  c o - s u r f a c t a n t  g a v e  u n s t a b le  m i c r o e m u l s i o n .  B a s e l i n e  r e s o l u t i o n  w a s  

a c h ie v e d ,  R s >  1 .5 ,  w i t h  t h e  c o - s u r f a c t a n t  a s  1 - b u t a n o l ,  2 - b u t a n o l ,  t e H - b u t a n o l  o r  

i s o a m y l  a l c o h o l .  F r o m  F i g u r e  4 . 6 c ,  t h e  g r e a t e r  r e t e n t i o n  f a c t o r  o f  a n a ly t e s  w a s  f o u n d  

w i t h  i n c r e a s in g  t h e  n u m b e r  o f  C - a t o m s  o f  t h e  a l i p h a t i c  a l c o h o l s ,  p o s s ib le  d u e  t o  th e  

l a r g e r  m i c r o e m u l s i o n  d ia m e t e r  w i t h  t h e  la r g e r  s iz e  o f  a l c o h o l s  [ P o m p o n i o  e t  a l .  

2 0 0 3 ] ,  F ig u r e s  4 . 6 d  a n d  4 . 6 f ,  s i m i l a r  s e l e c t i v i t y  a n d  r e s o l u t i o n  o f  a v e r m e c t in s  w e r e  

o b t a in e d  w i t h  b u t a n o ls  u s e d  a s  o r g a n ic  CO s o l v e n t  i n  t h e  m i c r o e m u l s i o n  b u f f e r ,  w h i c h  

w a s  a ls o  f o u n d  i n  p r e v io u s  w o r k  o n  M E E K C  s e p a r a t io n  o f  c u r c u m in o id s  [ N h u j a k  e t  

a l .  2 0 0 6 ] ,  H o w e v e r ,  s i g n i f i c a n t  d i f f e r e n c e  i n  s e l e c t i v i t y ,  r e s o l u t i o n  a n d  m i g r a t i o n  t i m e  

o r d e r  w a s  o b s e r v e d  w i t h  d i f f e r e n t  C 3 t o  Ce a lc o h o l s ,  e s p e c ia l l y  b u t a n o ls ,  i n  t h e  

M E E K C  b u f f e r  f o r  s a p a r a t io n  o f  c a t e c h in s  [ P o m p o n i o  e t  a l .  2 0 0 3 ] ,  T h i s  m a y  b e  d u e  

t o  t h e  d i f f e r e n t  n u m b e r s  o f  h y b r o p h o b ic  p h e n o l i c  g r o u p  i n  c a t e c h in s  o r  d i f f e r e n t  

c o n c e n t r a t i o n  o f  c o - o r g a n ic  s o l v e n t  u s e d  i n  t h e i r  w o r k .  T h e r e f o r e ,  i n  t h i s  w o r k ,  1 -  

b u t a n o l  w a s  c h o s e n  a s  c o - s u r f a c t a n t ,  w h i c h  is  w i d e l y  u s e d  i n  t h e  M E E K C  s e p a r a t io n  

a n d  a ls o  o u r  p r e v io u s  w o r k s  [ J u n g m a n o t h a m  e t  a l .  2 0 0 4 ,  N h u j a k  e t  a l .  2 0 0 6 ] ,
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F i g u r e  4 .6  E le c t r o p h e r o g r a m s  o f  a v e r m e c t in s  in  M E E K C  u s in g  d i f f e r e n t  ty p e s  o f  8 9 0  m M  
c o - s u r fa c ta n ts  as  ( a )  1 - b u ta n o l ,  ( b )  2 - b u t a n o l ,  ( c )  t e r t - b u t a n o l ,  ( d )  is o a m y l  a lc o h o l ,  ( e )  4 -  
m e t h y l - 2 - p e n t a n o l ,  a n d  ( f )  1 - h e x a n o l.  O th e r  C E  c o n d i t io n s  as  s h o w n  in  F ig u r e  4 .2 d .
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Figure 4.7 E ffe c t o f  types o f  co-surfactants on (a) m ig ra tion  tim e, (b ) electrophoretic 
m o b ility , (c) re ten tion  factor, (d) se lectiv ity , (e) e ffic iency , and ( f)  reso lu tion  o f  avermectins. 
O ther CE cond itions as shown in F igure 4.2d. Each sym bol is the average value obtained 
fro m  dup licate  runs.
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4 . 2 . 4  E f f e c t  o f  t e m p e r a t u r e

M E E K C  w a s  c a r r ie d  o u t  u s i n g  s e p a r a t io n  t e m p e r a t u r e s  i n  a  r a n g e  o f  25 t o  4 0  °c. 
F r o m  F ig u r e s  4 . 8 ,  4 . 9 a  a n d  4 . 9 b ,  a n  in c r e a s e  i n  s e p a r a t io n  t e m p e r a t u r e  r e s u l t e d  i n  a  

d e c r e a s e  i n  t m  a n d  a n  in c r e a s e  i n  p ,  d u e  t o  a  d e c r e a s e  i n  t h e  b u f f e r  v i s c o s i t y .  T h e  v a l u e  

o f  k  d e c r e a s e d  w i t h  a n  in c r e a s e  i n  t h e  t e m p e r a t u r e  ( F i g u r e  4 . 9 c ) ,  d u e  t o  a n  in c r e a s e  i n  

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

2 0 0 0 b ] ,  w h i c h  is  c o n s is t e n t  w i t h  v a n t  H o f f  e q u a t io n ,  w h e r e  ln A T  o r  I n  k  d e c r e a s e  w i t h  

a n  in c r e a s e  i n  t e m p e r a t u r e .  F r o m  F ig u r e  4 . 9 d ,  a  o f  a n a ly t e s  s l i g h t l y  c h a n g e d  w h e n  th e  

t e m p e r a t u r e  in c r e a s e d .  F r o m  25 t o  4 0  °c i n  F i g u r e  4 . 9 e ,  a  d e c r e a s e  i n  N  w i t h  

in c r e a s in g  t h e  t e m p e r a t u r e  m a y  b e  d u e  t o  a n  in c r e a s e  i n  H i  c a u s e d  b y  J o u le  h e a t in g ,  

r e s u l t i n g  w o r s e  R s  a b o v e  25 °c ( F i g u r e  4 . 9 f ) .  T h e r e f o r e ,  t h e  t e m p e r a t u r e  a t  25 °c n e a r  

t h e  r o o m  t e m p e r a t u r e  w a s  c h o s e n  i n  t h i s  w o r k  d u e  t o

4 . 2 . 5  E f f e c t  o f  a p p l i e d  v o l t a g e

E l e c t r o p h o r e g r a m s  o f  a v e r m e c t in s  i n  M E E K C  u s in g  a p p l ie d  v o l t a g e  i n  a  r a n g e  o f - 1 5  

k v  t o  - 2 5  k v  a r e  i l l u s t r a t e d  i n  F ig u r e  4 . 1 0 .  A n  in c r e a s e  i n  a p p l ie d  v o l t a g e  g a v e  f a s t e r  

a n a ly s i s  t i m e ,  ( F i g u r e  4 .1  l a )  d u e  t o  t h e  f a c t  t h a t  v ep is  p r o p o r t i o n a l  t o  E  a s  s h o w n  i n  

E q u a t i o n  2 . 2 .  T h e o r e t i c a l l y ,  p  a n d  k  a r e  i n d e p e n d e n t  w i t h  t h e  v o l t a g e .  W i t h  in c r e a s in g  

a p p l ie d  v o l t a g e ,  a  s l i g h t l y  d e c r e a s e  i n  k  ( F ig u r e  4 . 1 1 c )  a n d  a n  in c r e a s e  i n  p  ( F i g u r e

4 .1  l b )  w e r e  o b t a in e d  p o s s ib l y  d u e  t o  J o u le  h e a t in g .  A t  - 2 5  k v ,  a  d e c r e a s e  i n  N  a n d  R s 

( F i g u r e s  4 .1  l e  a n d  4 .1  I f )  m a y  b e  a ls o  c a u s e d  b y  J o u le  h e a t in g .  S i m i l a r  r e s u l t  w a s  

f o u n d  i n  p r e v io u s  w o r k  o n  M E E K C  s e p a r a t io n  o f  c u r c u m in o id s  [ N h u j a k  e t  a l .  2 0 0 6 ] .  

I n  t h i s  w o r k ,  t h e  a p p l ie d  v o l t a g e  o f  - 1 5  k v  w a s  c h o s e n  d u e  t o  w o r s e  r e s o l u t i o n  a t  

h i g h e r  v o l t a g e .



50

migration time (min)

F i g u r e  4 .8  E le c t r o p h e r o g r a m s  o f  a v e r m e c t in s  in  M E E K C  u s in g  d i f f e r e n t  te m p e r a tu r e s  ( a )  2 5 ,  
( b )  3 0 ,  ( c )  3 5 ,  a n d  ( d )  4 0 ° c .  O th e r  C E  c o n d i t io n s  as  s h o w n  in  F ig u r e  4 .2 d .
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F i g u r e  4 .9  E ffe c t o f  tem pera ture  on (a) m ig ra tio n  tim e , (b ) e le c tro p h o re tic  m o b ility , (c ) 
re ten tion  fa c to r, (d ) se le c tiv ity , (e) e ff ic ie n c y , and ( f )  re so lu tio n  o f  averm ectins . O the r CE 
co n d ition s  as show n in F igu re  4 .2d. Each sym bo l is the average va lue  ob ta ined  fro m  dup lica te  
runs.
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ISTD

c) - 25 kV

10 15 20
migration time (min)

25

F i g u r e  4 .1 0  E lec trophe rog ram s o f  averm ectins in  M E E K C  us ing  d iffe re n t app lied  vo ltages 
(a) -15, (b ) -20, and (c ) -25 k V . O the r C E  co n d ition s  as show n in  F igu re  4.2d.
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-15 -20 -25
V o lta g e  (k V )

<►---------

( c )
—+--- I
...• .... อ

A A

............ ...........«-------------- -------------- <►
i i-------- ....  A— ...— - ... ...~à k

15 -20
V o lta g e  ( k V )

15

F ig u re  4.11 E ffe c t o f  app lied  vo ltage  on (a) m ig ra tio n  tim e , (b ) e le c tro p h o re tic  m o b ility , (c ) 
re ten tion  fa c to r, (d ) s e le c tiv ity , (e ) e ff ic ie n c y , and ( f )  re so lu tio n  o f  averm ectins . O the r C E  
co n d ition s  as show n in F igu re  4.2d. Each sym bo l is the average va lue  ob ta ined  fro m  dup lica te  
runs.
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4 . 2 . 6  E f f e c t  o f  p r e s s u r e

A n o t h e r  w a y  t o  r e d u c e  a n a ly s i s  t i m e  i n  C E  is  a p p l i c a t i o n  o f  p r e s s u r e  a t  t h e  i n l e t  

b u f f e r  v i a l  d u r i n g  a p p l i c a t i o n  o f  v o l t a g e .  T h e r e f o r e ,  M E E K C  w a s  c a r r ie d  o u t  u s i n g  

t h e  a p p l ie d  v o l t a g e  o f  - 1 5  k v  a n d  a d d i t i o n a l  p r e s s u r e  i n  a  r a n g e  o f  0.1 t o  1.0 p s i .  

F r o m  F i g u r e  4 . 1 2 ,  a n  in c r e a s e  i n  a p p l ie d  p r e s s u r e  r e s u l t e d  i n  a  d e c r e a s e  i n  t m  d u e  t o  

a n  in c r e a s e  i n  t h e  v e l o c i t y  o f  a n a ly t e s ,  b u t  w o r s e  r e s o l u t i o n  w a s  o b t a in e d  d u e  t o  a n  i n  

c r e a s e  i n  p a r a b o l ic  f l o w  p r o f i l e  g e n e r a t e d  b y  p r e s s u r e .

a )  1.0 p s i

I mAU

migration time (min)

F i g u r e  4 .1 2  E lec trophe rog ram s o f  averm ectins in M E E K C  us ing  -15 k v  and d iffe re n t app lied  
pressure (a) 1.0, (b ) 0.8, (c ) 0 .6, (d ) 0.1 psi and (e) w ith o u t pressure. O th e r C E  co n d ition s  as 
show n in F igu re  4 .2d.
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4 . 3  V a l i d a t i o n  o f  M E E K C  M e t h o d

F r o m  S e c t i o n  4 . 2 ,  t h e  f o l l o w i n g  s u i t a b le  M E E K C  c o n d i t i o n s  w e r e  u s e d  f o r  

q u a n t i t a t i v e  a n a l y s i s  o f  a v e r m e c t in s  i n  t h i s  w o r k ;  t h e  m i c r o e m u l s i o n  b u f f e r  c o n t a in i n g  

5 0  m M  p h o s p h a t e  b u f f e r  a t  p H  2 . 5 ,  1 .1  %  v / v  n - o c t a n e ,  1 8 0  m M  S D S  a n d  8 9 0  m M  1 -  

b u t a n o l  a n d  3 0  % v / v  e t h a n o l ,  t e m p e r a t u r e  2 5  ๐c ,  v o l t a g e  - 1 5  k v ,  uv  d e t e c t io n  a t  2 4 5  

n m .

4 . 3 . 1  L i m i t  o f  d e t e c t i o n  ( L O D )  a n d  l i m i t  o f  q u a n t i t a t i o n  ( L O Q )

L O D  a n d  L O Q  a r e  d e f in e d  a s  t h e  a n a ly t e  c o n c e n t r a t i o n  g i v i n g  s i g n a l - t o - n o i s e  o f  3 

a n d  1 0 ,  r e s p e c t i v e l y .  T a b le  4 .1  s h o w s  t h e  v a lu e s  o f  L O D  a n d  L O Q  f o r  I ,  D  a n d  A .  

T h i s  w o r k  d o e s  n o t  i n v o l v e  a n a ly s i s  o f  t r a c e  le v e l s  o f  a v e r m e c t i n s .  T h e r e f o r e ,  L O D  

a n d  L O Q  i n  t h i s  w o r k  a r e  s u f f i c i e n t  f o r  q u a n t i t a t i v e  a n a ly s i s  o f  a v e r m e c t in s  i n  

c o m m e r c ia l  p r o d u c t s .

T a b l e  4 .1  L O D  a n d  L O Q  o f  i n d i v i d u a l  a v e r m e c t i n

Analyte LOD (ppm) LOQ (ppm)
I 5.3 16.8

D 6.0 18.2
A 4.5 14.6

4 . 3 . 2  C a l i b r a t i o n  p l o t s

C a l i b r a t i o n  p l o t s  w e r e  e s t a b l i s h e d  f r o m  th e  r a t i o  o f  c o r r e c t e d  p e a k  a r e a  o f  t h e  a n a ly t e  

t o  t h a t  o f  i n t e r n a l  s t a n d a r d ,  T c o rr,ra tio , a g a in s t  t h e  a n a ly t e  c o n c e n t r a t i o n  f o r  s i x  l e v e l s  i n  

a  r a n g e  o f  2 5  t o  4 0 0  m M ,  w h e r e  c o r r e c t e d  p e a k  a r e a  is  d e f in e d  a s  t h e  p e a k  a r e a  

d i v id e d  b y  m i g r a t i o n  t i m e  [ M a y e r  2 0 0 1 ] ,  A  r e a s o n  u s i n g  H corr-ratio f o r  q u a n t i t a t i v e  

a n a ly s i s  is  t o  c o r r e c t  a n y  e r r o r  a n d  v a r i a t i o n  o f  s a m p le  i n j e c t i o n  a s  g i v e n  i n  S e c t i o n  

2 . 8 .  T h e  s t a n d a r d  s o l u t i o n s  w e r e  p r e p a r e d  a s  p r e v i o u s l y  m e n t i o n e d  i n  S e c t i o n  3 . 4 . 2 .  

E t h y l  4 - h y d r o x y b e n z o a t e  w a s  c h o s e n  a s  a n  i n t e r n a l  s t a n d a r d  b e c a u s e  i t  h a s  uv  
a b s o r p t i o n  i n  t h e  r e g io n  o f  2 4 5  n m ,  is  s ta b le  i n  t h e  a c id ic  b u f f e r  u s e d  a n d  s e p a r a te s
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f r o m  a v e r m e c t i n s  a n d  o t h e r  c o m p o u n d s  i n  c o m m e r c i a l  f o r m u l a t i o n s .  H i g h  l i n e a r  

r e l a t i o n s h i p  o f  ^COIT,ratio a n d  t h e  c o n c e n t r a t i o n  o f  e a c h  a v e r m e c t i n  w a s  o b t a in e d  w i t h  r 2 

«  0 . 9 9 9 ,  a s  s u m m a r is e d  i n  T a b le  4 . 2 .

T a b l e  4 . 2  C o n c e n t r a t i o n  r a n g e s  a n d  l i n e a r  e q u a t io n s  f o r  c a l i b r a t i o n  p lo t s

A n a l y t e
C o n c e n t r a t i o n  r a n g e  

( p p m )

L i n e a r  e q u a t i o n

S lo p e I n t e r c e p t

I 0 . 0 0 3 3 0 0 . 0 0 1 3 3 0 . 9 9 8 5
D 2 5  t o  4 0 0 0 . 0 0 3 1 1 - 0 . 0 0 1 7 2 0 . 9 9 9 3
A 0 . 0 0 4 6 8 - 0 . 0 2 8 8 4 0 . 9 9 9 3

F i g u r e  4 .1 3  C a lib ra tio n  p lo ts  between ylcoo,ratio and the con ce n tra tio n  o f  ive rm e c tin  (I) , 
do ram ectin  (D )  and abam ectin  B i (A ) . Each p o in t was run in  tr ip lic a te  and w ith  R S D  <  4% .
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4 . 3 . 3  A c c u r a c y  a n d  p r e c i s i o n

T h e  e f f e c t  o f  s a m p le  m a t r i x  o n  a c c u r a c y  o f  t h e  m e t h o d  w a s  i n v e s t ig a t e d  b y  s p i k i n g  a  

m i x t u r e  o f  a v e r m e c t i n  s t a n d a r d s  w i t h  k n o w n  a m o u n t s  i n  t h e  m i c r o e m u l s i o n  a n d  

s e p a r a t e ly  s p i k i n g  e a c h  a v e r m e c t i n  w i t h  k n o w n  a m o u n t s  i n  t h e  d i l u t e d  s o l u t i o n  o f  

s a m p le s  c o n t a i n i n g  a n  in t e r e s t e d  a v e r m e c t in .  E a c h  M E E K C  e x p e r i m e n t  w a s  c a r r ie d  

o u t  f o r  f i v e  r u n s  a s  p r e v i o u s l y  m e n t i o n e d  i n  S e c t i o n  3 . 4 . 3 .  T h e  r e c o v e r y  o f  t h e  

a m o u n t  o f  a v e r m e c t i n s  s p ik e d  is  c a lc u la t e d  u s in g  E q u a t i o n  4 . 3 .

1,  _ /n / , ^determined _  ôsam ple 1AA - ,
R e c o v e r y  ( % )  = ----------------- ^ — -----------------—  X 1 0 0  ( 4 . 3 )

ôspiked

w h e r e  (7 Spjked, ^ sam ple , a n d  ^determ ined a r e  t h e  a m o u n t  o f  s p ik e d  s t a n d a r d ,  t h e  d e t e r m in e d  

a m o u n t  o f  a n a ly t e  i n  t h e  d i l u t e d  s a m p le  s o l u t i o n  b e f o r e  s p i k i n g  s t a n d a r d ,  a n d  th e  

d e t e r m in e d  a m o u n t  o f  a n a ly t e  i n  t h e  d i l u t e d  s a m p le  a f t e r  s p i k i n g  s t a n d a r d ,  

r e s p e c t i v e l y .  I n  t h e  c a s e  o f  t h e  m a t r i x  a s  t h e  m i c r o e m u l s i o n ,  ^sam ple is  e q u a l  t o  z e r o .

R e s u l t s  i n  T a b le  4 . 3  s h o w  h ig h  a c c u r a c y  o f  t h e  m e t h o d  w i t h  t h e  r e c o v e r i e s  f o r  s p ik e d  

s ta n d a r d s  r a n g i n g  f r o m  9 8 . 7  t o  1 0 3 .4  %  w i t h  R S D  <  2 . 0  % .  I n  a d d i t i o n ,  t h e  s a m p le  

m a t r i x  w a s  f o u n d  t o  g iv e  n o  e f f e c t  o n  t h e  a c c u r a c y  a n d  p r e c i s i o n  d u e  t o  t h e  s i m i l a r  

r a n g e  o f  t h e  r e c o v e r y  a n d  R S D  f o r  s ta n d a r d s  s p ik e d  i n  t h e  m i c r o e m u l s i o n  a n d  d i l u t e d  

s a m p le s .  T h e  v a l u e s  o f  r e c o v e r y  a n d  R S D  f o r  s ta n d a r d s  i n  t h i s  w o r k  a r e  o b t a in e d  t o  

b e  i n  t h e  a c c e p ta b le  r a n g e  a c c o r d in g  t o  A O A C  P e e r - V e r i f i e d  m e t h o d s ,  w h e r e  

a c c e p ta b le  A O A C  r e c o v e r i e s  a r e  i n  a  r a n g e  o f  9 3 . 2  t o  1 0 6 . 8  %  f o r  5 0  p p m ,  a n d  9 4 . 6  

t o  1 0 5 . 4  %  f o r  2 0 0  p p m  [ H o r w i t z  1 9 8 2 ,  A O A C  1 9 9 3 ] ,
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T a b l e  4 . 3  M E E K C  a n a ly s i s  o f  t h e  a m o u n t s  o f  s t a n d a r d  a v e r m e c t i n s  s p ik e d  i n  t h e  
m i c r o e m u l s i o n  a n d  t h e  d i l u t e d  s o l u t i o n  o f  s a m p le s ,  ท  =  5  r u n s .

M a t r i x A v e r m e c t i n s
S p ik e d
(ppm)

M e a n  r e c o v e r y  
( % )

R S D
( % )

I 5 0 9 9 . 7 1.1
200 9 9 . 0 1 .3

M i c r o e m u l s i o n 3 D 5 0 1 0 1 .3 1 .7
200 9 8 . 7 1.1

A 5 0 9 9 . 3 1.0
200 9 9 . 6 1 .3

I 5 0 9 9 . 2 1 .4

A  d i l u t e d 200 9 8 . 7 1 .5

s o l u t i o n  o f  t h e D 5 0 1 0 3 .4 1 .3
1 b 200 1 0 0 . 4 1.8s a m p le

A 5 0 9 9 2 T O
200 102.6 1 .4

aM ic ro e m u ls io n  con ta ined  180 m M  SDS, 1,1 %  v /v  17-octane, 890 m M  1-bu tano l, 30 %  v /v  
e thanol and w ater.
bA n  app rop ria te  am ount o f  the sam ple was d ilu te d  w ith  m ic ro e m u ls io n .

T h e  i n t r a d a y  a n d  i n t e r d a y  p r e c i s io n  i n  m i g r a t i o n  t i m e  (y m)  a n d  /Icorr,ratio w a s  

d e t e r m in e d  u s i n g  a  s a m e  b a t c h  o f  1 0 0  p p m  a v e r m e c t i n  s t a n d a r d  e a c h .  F o r  t h e  in t r a d a y  

p r e c i s i o n ,  t h e  v a lu e s  o f  t h e  m e a n  a n d  RSD w e r e  o b t a in e d  f r o m  f i v e  s e p a r a te  r u n s  e a c h  

d a y ,  w h i l e  f i v e  d a y s  f o r  t h e  in t e r d a y  p r e c i s io n .  R e s u l t s  i n  T a b l e  4 . 4  in d ic a t e  h ig h  

p r e c i s i o n  i n  t m  a n d  /Icorr,ratio f o r  t h e  i n t r a d a y ,  w i t h  RSD <  2 . 0  % .  I n  o r d e r  t o  a c h ie v e  

RSD f o r  i n t e r d a y  p r e c i s i o n ,  t r e a t i n g  a l l  ylcorr,ratio d a ta ,  o b t a in e d  f r o m  5 d a y s  a n a ly s e s ,  

a s  o n e  la r g e  s a m p le  c a n  b e  d o n e  d u e  t o  n o n - s i g n i f i c a n t  r e s u l t  o f  v a r ia n c e ,  c a lc u la t e d  

f r o m  s in g le  f a c t o r  A N O V A  [ M i l l e r  e t  a l .  2 0 0 0 ] ,  O n  th e  o t h e r  h a n d ,  t h e  s in g le  f a c t o r  

A N O V A  t e s t  r e s u l t  o f  / m f o r  5 d a y s  g iv e s  s i g n i f i c a n t  d i f f e r e n c e  o f  v a r ia n c e ,  a n d  

t h e r e f o r e ,  RSD f o r  i n t e r d a y  p r e c i s io n  is  o b t a in e d  u s i n g  t h e  e s t i m a t i o n  o f  v a r ia n c e  a s  

d e s c r ib e d  i n  [ M i l l e r  e t  a l .  2 0 0 0 :  p p .  7 7 - 7 8 ] .
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T a b l e  4 . 4  I n t r a d a y  a n d  i n t e r d a y  p r e c i s i o n  i n  m i g r a t i o n  t i m e  a n d  ^4corr,ratio o f  100 p p m  
a v e r m e c t i n  e a c h .

P r e c i s i o n
RSD ( % )  a n d  m e a n  o f  t m  

( m i n )
RSD ( % )  a n d  m e a n  o f  zlcorr,ratio

I D A I D A
D a y  1 0 . 7 0 . 7 0.8 2.0 1 .9 0 .5

( 1 8 . 0 7 ) ( 1 8 . 7 7 ) ( 1 9 . 4 2 ) ( 0 . 3 4 1 ) ( 0 . 3 1 9 ) ( 0 . 4 3 7 )
D a y  2 1.2 1 .3 1 .3 1.8 1 .0 0 . 7

( 1 7 . 5 4 ) ( 1 8 . 2 0 ) ( 1 8 . 8 2 ) ( 0 . 3 3 9 ) ( 0 . 3 1 3 ) ( 0 . 4 3 4 )
D a y  3 0 . 4 0 .4 0 . 4 1.8 1 .9 0 . 9i r u r a u a y

( 1 7 . 5 9 ) ( 1 8 . 2 6 ) ( 1 8 . 8 8 ) ( 0 . 3 3 7 ) ( 0 . 3 1 3 ) ( 0 . 4 3 5 )
D a y  4 0 . 9 1 .0 1.1 0.6 0 .3 1.2

( 1 8 . 4 4 ) ( 1 9 . 1 7 ) ( 1 9 . 8 5 ) ( 0 . 3 4 6 ) ( 0 . 3 1 3 ) ( 0 . 4 3 2 )
D a y  5 0 . 7 0 . 7 0.8 1.2 1 .3 1 .4

( 1 8 . 5 2 ) ( 1 9 . 2 6 ) ( 1 9 . 9 5 ) ( 0 . 3 4 5 ) ( 0 . 3 1 6 ) ( 0 . 4 3 7 )
bI n t e r d a y O v e r a l l 2 .5 2.6 2 . 7 1.8 1 .5 1 .0

( 1 8 . 0 3 ) ( 1 8 . 7 3 ) ( 1 9 . 3 8 ) ( 0 . 3 4 2 ) ( 0 . 3 1 5 ) ( 0 . 4 3 5 )
The values o f  mean are in  parentheses. att =  5 runs fo r  each day and ๖ท — 5 days.

T h e  v a l u e s  o f  R S D  f o r  i n t e r d a y  p r e c i s i o n  w e r e  f o u n d  t o  b e  <  2 . 7  %  f o r  / m , a n d  <  1 .8  

%  f o r  ^COIT,ratio, i n d i c a t i n g  h i g h  in t e r d a y  p r e c i s i o n ,  w h i c h  le s s  t h a n  t h e  a c c e p ta b le  R S D  

o f  5 . 3 %  f o r  1 0 0  p p m  a n a ly t e  [ H o r w i t z  1 9 8 2 ,  A O A C  1 9 9 3 ] .  S l i g h t  p o o r e r  p r e c i s i o n  i n  

t m  f o r  i n t r a d a y  t h a n  i n t e r d a y  w a s  o b s e r v e d  p o s s ib ly  d u e  t o  v a r i a t i o n  i n  c h e m ic a l  

p r o p e r t i e s  o f  c a p i l l a r y  w a l l  s u r f a c e  e a c h  d a y ,  r e s u l t i n g  i n  a  c h a n g e  i n  e l e c t r o o s m o t i c  

f l o w  a n d  m i g r a t i o n  t i m e  o f  a n a ly t e s .  I n  a d d i t i o n ,  t h e  h i g h  p r e c i s i o n  i n  v4COrr,ratio f o r  

i n t r a d a y  a n d  i n t e r d a y  in d ic a t e  h ig h  s t a b i l i t y  o f  s a m p le  s o l u t i o n s  s t o r e d  f o r  f i v e  d a y s ,  

w h i c h  is  c o n s i s t e n t  w i t h  s t a b i l i t y  t e s t  i n  S e c t i o n  4 . 1 .

4 . 4  A p p l i c a t i o n  t o  R e a l  S a m p le s

F i v e  s a m p le s  w e r e  u s e d  i n  t h i s  w o r k  s u c h  a s  a b a m e c t in  f o r m u l a t i o n s  ( A l ,  A 2  a n d  

A 3 ) ,  i v e r m e c t i n  ( I I )  a n d  d o r a m e c t i n  ( D l )  f o r m u l a t i o n s  u s i n g  M E E K C  a n d  H P L C .  

T h e  p r o c e d u r e  f o r  s a m p le  p r e p a r a t i o n  a n d  q u a n t i t a t i v e  a n a ly s i s  a r e  m e n t i o n e d  i n  

S e c t i o n  3 . 6 .  F ig u r e s  4 . 1 4  a n d  4 . 1 5  s h o w  M E E K C  e le c t r o p h e r o g r a m s  a n d  H P L C  

c h r o m a t o g r a m s ,  r e s p e c t i v e l y .  P e a k s  o f  a n a ly t e s  i n  s a m p le s  w e r e  i d e n t i f i e d  b y  

c o m p a r i n g  t h e i r  uv s p e c t r a  i n  a  r a n g e  o f  1 9 0  t o  4 0 0  n m  w i t h  t h e  uv s p e c t r a  o f  

s ta n d a r d s  a n d  u s i n g  a  s p i k i n g  t e c h n iq u e .  F r o m  t h e  e le c t r o p h o r e g r a m  o f  uv d e t e c t io n  

a t  2 1 4  n m  a s  s h o w n  i n  F i g .  4 . 1 4 a ,  s e v e r a l  p e a k s  o f  h i g h l y  h y d r o p h o b ic  c o m p o u n d s  i n  

a b a m e c t in  f o r m u l a t i o n s  A l ,  A 2  a n d  A 3  w e r e  o b s e r v e d  t o  o v e r l a p  a n d  t o  b e  n e a r  t h e
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D B  p e a k .  T h i s  is  a  r e a s o n  w h y  d i r e c t  H P L C  a n a ly s i s  o f  a v e r m e c t i n  f o r m u l a t i o n s  

r e q u i r e s  l o n g  t i m e  t o  r e m o v e  t h e s e  c o m p o u n d s  f r o m  a n  H P L C  c o lu m n .  I t  s h o u ld  b e  

n o t e d  t h a t  t h e  m i g r a t i o n  t i m e  o r d e r  o f  a v e r m e c t in s  i n  M E E K C  is  r e v e r s e d  t o  t h e  

r e t e n t i o n  t i m e  o r d e r  i n  H P L C .  T h i s  is  b e c a u s e  t h e  a n a ly t e  w i t h  h i g h e r  r e t e n t i o n  f a c t o r  

h a s  t h e  f a s t e r  m i g r a t i o n  t i m e  i n  M E E K C  w i t h  s u p p r e s s e d  E O F  b u t  t h e  lo n g e r  

r e t e n t i o n  t i m e  i n  r e v e r s e d  p h a s e  H P L C .  T h e  b e t t e r  r e s o l u t i o n  o f  a n a ly t e s  i n  H P L C  

t h a n  M E E K C  w a s  f o u n d  b e c a u s e  t h e  h ig h e r  a m o u n t s  o f  o r g a n ic  s o l v e n t s  w i t h  e l u t i o n  

g r a d ie n t  ( 6 0  t o  9 0  %  v / v )  w e r e  u s e d  i n  H P L C ,  w h i l e  3 0  %  v / v  e t h a n o l  i n  M E E K C .

D B  +

10 15 20 25 30
migration time (min)

F i g u r e  4 .1 4  A n  exam ple  o f  e lectropherogram s o f  averm ectins  fo rm u la tio n s  o f  samples A1 (a) 
and (b ), A 2  (c ), A 3  (d ), D I  (e), I I  ( f )  and averm ectin  standards (g ). LTV de tec tion  at 214 nm 
(a) and 245 nm  (b -g ). O th e r C E  co n d ition s  as show n in F igu re  4.2d.
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๙ ) A 3

0 10 20 30 40 50 60
retention time (min)

F i g u r e  4 .1 5  A n  e x a m p le  o f  H P L C  c h r o m a to g r a m s  o f  ( a )  m ix e d  s ta n d a rd s  a n d  a v e r m e c t in s  
f o r m u la t i o n s  o f  s a m p le s  A l  ( b ) ,  A 2  ( c )  a n d  A 3  ( d )  u s in g  H P L C  c o n d i t io n s  as d e s c r ib e d  in  
S e c t io n  3 .5 .1 .
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T h e  a m o u n t s  o f  i n d i v i d u a l  a v e r m e c t i n  i n  c o m m e r c ia l  f o r m u l a t i o n s  d e t e r m in e d  b y  

M E E K C  w e r e  o b t a in e d  u s i n g  c a l i b r a t i o n  p lo t s  a s  p r e v i o u s l y  m e n t i o n e d  i n  S e c t io n

4 . 3 . 2 .  F o r  H P L C  a n a ly s i s ,  t h e  c a l i b r a t i o n  p lo t s  w e r e  e s t a b l i s h e d  f r o m  t h e  p e a k  a r e a  o f  

t h e  a n a ly t e  ( y )  a g a in s t  t h e  a n a ly t e  c o n c e n t r a t i o n  ( c )  f o r  s i x  l e v e l s  i n  a  r a n g e  o f  10 t o  

1 0 0  p p m ,  g i v i n g  l i n e a r  e q u a t io n s  y  =  1 9 3 7 7 c - 1 4 8 1 6  w i t h  r 2  o f  0 . 9 9 9 2  f o r  a b a m e c t in ,  y  

=  1 4 2 1 7 c - 1 7 9 9 1  w i t h  r 2 o f  0 . 9 9 8 7  f o r  d o r a m e c t in ,  a n d  y  =  1 6 4 4 Ô C - 7 2 7 6 5  w i t h  r 2  o f  

0 . 9 9 8 6  f o r  i v e r m e c t i n .  I t  s h o u ld  b e  n o t e d  t h a t  i n t e r n a l  s t a n d a r d  is  n o t  u s e d  i n  H P L C  

a n a ly s i s  d u e  t o  h i g h  p r e c i s i o n  i n  t h e  a m o u n t  o f  a n a ly t e  i n j e c t e d  b y  a  f i x e d  v o l u m e  

i n j e c t i o n  l o o p .

T h e  p e r c e n t a g e  o f  w e i g h t  b y  v o l u m e  ( % w / v )  o f  i n d i v i d u a l  a v e r m e c t i n  i n  e a c h  p r o d u c t  

is  o b t a in e d  f r o m  E q u a t i o n  4 . 4 ,

/ >(%พ /y ) = x g(ppm)x F ( l)x  ๘(g/ml) (4 4)
1 0  X พ ( g  )

w h e r e  พ  i s  t h e  d e s i r e d  s a m p l in g  w e i g h t  o f  c o m m e r c ia l  f o r m u l a t i o n s  ( m g ) ,  V  i s  t h e  

i n i t i a l  v o l u m e  o f  t h e  s a m p le  s o l u t i o n  ( l ) , 7d is  t h e  d i l u t i o n  f a c t o r ,  c  is  t h e  c o n c e n t r a t i o n  

o f  i n d i v i d u a l  a v e r m e c t i n  i n  t h e  f i n a l  s o l u t i o n  ( p p m )  o b t a in e d  f r o m  t h e  c a l i b r a t i o n  

p lo t s ,  a n d  d  i s  t h e  d e n s i t y  o f  e a c h  c o m m e r c ia l  f o r m u l a t i o n  o f  a v e r m e c t i n s  ( g / m l ) .

T a b le  4 . 5  l i s t s  a  c o m p a r i s o n  o f  t h e  c o n t e n t s  o f  a v e r m e c t in s  i n  c o m m e r c ia l  p r o d u c t s  

d e t e r m in e d  b y  M E E K C  a n d  H P L C .  U s in g  p a i r e d  / - t e s t  a n a ly s i s  a t  9 5  %  c o n f id e n c e  

i n t e r v a l  o f  t h e  m e a n ,  M E E K C  a n d  H P L C  g iv e s  n o n - s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  

d e t e r m in e d  a m o u n t  o f  e a c h  a v e r m e c t i n  i n  e a c h  s a m p le ,  w h i c h  is  o b t a in e d  f r o m  th e  

s t a t i s t i c  / - t e s t  v a l u e  le s s  t h a n  t h e  c r i t i c a l  / - t e s t  v a lu e .

G o o d  a g r e e m e n t  w a s  o b t a in e d  f o r  d e t e r m in e d  a n d  la b e le d  a m o u n t s  o f  a v e r m e c t in s  i n  

e a c h  s a m p le ,  e x c e p t  f o r  S a m p le  I I  w h e r e  t h e  d e t e r m in e d  a m o u n t  o f  i v e r m e c t i n  w a s  

f o u n d  t o  b e  a p p r o x i m a t e l y  a  h a l f  o f  t h e  la b e le d  a m o u n t .  T h e  e x p e r i m e n t  f o r  s a m p le  I I  

w a s  r e p e a t e d ,  a n d  s a m e  r e s u l t s  w e r e  o b t a in e d .  T h i s  d i f f e r e n c e  f o r  s a m p le  I I  is  n o t  

k n o w n .  M o r e o v e r ,  t h e  a m o u n t s  o f  a b a m e c t in  B i  i n  a l l  a b a m e c t in  f o r m u l a t i o n s  w e r e  

f o u n d  t o  b e  i n  a  r a n g e  o f  1 .5 3  t o  2 . 0 7  % w / v ,  w h i c h  a r e  a c c e p ta b le  a c c o r d in g  t o  t h e  

r e g u l a t i o n  o f  t h e  D e p a r t m e n t  o f  A g r i c u l t u r e ,  t h e  M i n i s t r y  o f  A g r i c u l t u r a l  a n d
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C o o p e r a t i v e s .  T h e r e f o r e ,  M E E K C  m a y  b e  u s e d  t o  b e  a n  a l t e r n a t i v e  m e t h o d  f o r  

q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  i n d i v i d u a l  a v e r m e c t i n  i n  c o m m e r c i a l  s a m p le s  o r  

f o r m u l a t i o n s .  A d v a n t a g e s  o f  M E E K C  o v e r  H P L C  in c lu d e  f a s t  a n a ly s i s  t i m e  a n d  l o w e r  

a m o u n t  o f  o r g a n ic  s o l v e n t  c o n s u m p t io n .

T a b l e  4 . 5  T h e  a m o u n t s  o f  a v e r m e c t in s  i n  s a m p le s  d e t e r m in e d  b y  M E E K C  a n d  H P L C .

S a m p le  A v e r m e c t i n s
C o n t e n t  ( %  w / v ) P a i r e d  / - t e s t

L a b e le d D e t e r m in e d
s t a t i s t i c c r i t i c a l

M E E K C H P L C
A 1 A 1.8 1 .7 0  ± 0 . 0 1 1 .7 1  ± 0 . 0 1
A 2 A 1.8 1 .5 8  +  0 .0 1 1 .5 6  ± 0 . 0 1
A 3 A 1.8 1 .7 6  ± 0 . 0 1 1 .7 7  ± 0 . 0 2 0 . 6 7 2 . 7 8
D 1 D 1.0 0 . 9 9  ± 0 . 0 1 0 . 9 8  ± 0 . 0 1
11 I 1 .5 0 . 7 7  ± 0 . 0 1 0 . 7 6  ± 0 . 0 1
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