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Agr icu l tura l  Environmental Quality I n s t i t u t e  
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B e l t s v i l l e ,  Maryland 20705 

and 
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Agr icu l tura l  Research Service 
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Philadelphia,  Pennsylvania 191 18 

ABSTRACT 

A h igh  performance l i q u i d  chromatographic reversed-phase 
procedure has been developed whereby azadi racht in  conten t  can be 
estimated i n  crude e x t r a c t s  of neem and i n  d u s t  formulations of 
neem. An es t imat ion  of the  azadi racht in  conten t  is achieved 
through the use  of an ex te rna l  azadi racht in  standard and va l ley-  
to-valley in t eg ra t ion .  Since azad i r ach t in  seems to be the  most 
pa ten t  i n s e c t  feeding d e t e r r e n t  i n  these  e x t r a c t s  and 
formulations, its con ten t  is a measurement of potency and 
represents  an attempt a t  s tandard iza t ion .  

INPRODUCT ION 

Azadirachtin (C H 0 s a t e t r anor t r i t e rpeno id  ( l , 2 )  

(Fig. 1) present  i n  neem kerne ls  [Azadirachta i n d i c a  A. ass. 
(Melia azadfrachta L., 5 indica Brandis., Margosa t r e e  o r  Indian 

l i l a c ) ]  and the  chinaberry tree (E. azedarach L., Persian 

l i lac) .  It is a h ighly  ac t ive  feeding d e t e r r e n t  and growth 

regula tor  fo r  i n s e c t s  ( 3 ) .  
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592 WARTHEN ET AL. 

FIGURE 1 St ruc tu re  of azad i r ach t in  (C H 0 ) as proposed by 35 44 16 Zanno e t  al. ( 2 ) .  

Azadirachtin has  not  y e t  become a gene ra l ly  used i n s e c t  

feeding d e t e r r e n t  f o r  s e v e r a l  reasons: 1) it is d i f f i c u l t  t o  

isolate and t h e  y i e l d  is low (41, 2) formulations have no t  y e t  

been s t a b i l i z e d  (5), and 3) i t s  e f f ec t iveness  on any one 

p a r t i c u l a r  i n s e c t  p e s t  i n  t h e  f i e l d  has  not been t o t a l l y  s tud ied ,  

etc. (6-10). 

In order  to study t h e  e f f ec t iveness  of crude e x t r a c t s  or 

formulations conta in ing  neem, we developed a high performance 

l i qu id  chromatographic (HPIC) technique f o r  es t imat ing  t h e  

a z a d i r a c h t h  con ten t  of t hese  samples. The technique is p a r t i a l l y  

based on some of our p r i o r  work dea l ing  wi th  the  prepara t ive  

i s o l a t i o n  of azad i r ach t in  ( 4 )  and the  e f f e c t s  of s u n l i g h t  on 

azad i r ach t in  ( 5) .  

MATERIALS AND METHODS 

Apparatus 

A Waters Associates Model ALC-100 Liquid Chromatograph 

equipped with a Model 720 System Con t ro l l e r ,  a Model 730 Data 

Module, two Model 6000A Pumps, a U6K In j ec to r ,  and a Model 440 

Absorbance Detector with a n  Extended Wavelength Module a t  214 nm 

w a s  used f o r  a l l  HPLC. The column f o r  HPLC, i n  a Z-Module' Radial 
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AZADIKACHTIN CONTENT IN NEEM 593 

Compress ion  S e p a r a t i o n  System, w a s  a 10 p Radial-Pak” pBondapak@ 

‘18’ 
A Comitrol  Model MG, Urschel  C u t t e r ,  w i t h  a 0.15 c m  c u t t i n g  

head;  a Hamilton G t t l e ,  s t y l e  A 227 L, double  motion Tef lon  

s c r a p e r  a g i t a t o r ;  a S p a r k l e r  F i l t e r  w i t h  E-5 f i l t e r  paper;  a 

P r e c i s i o n  S c i e n t L f i c ,  3 L (D-1 ) l a b o r a t o r y ,  vacuum, g l a s s  

evapora tor ;  and a Stokes  Vacuum Dryer were used f o r  t h e  l a r g e  

scale e x t r a c t i o n  of neem s e e d  k e r n e l s .  

A Brinkmann C e n t r i f u q a l  Grinding M i l l  ZM-1 w a s  used to  

decrease  t h e  p a r t i c l e  s i z e  of hexane e x t r a c t e d  neem k e r n e l  powder 

needed f o r  k a o l i n  (hydra ted  aluminum s i l i c a t e )  formula t ions .  

Ethanol  ( 9 5 % )  was o b t a i n e d  from Publ icker  I n d u s t r i e s ,  Inc. 

S o l v e n t s  (methanol, methylene c h l o r i d e ,  a c e t o n e ,  and e t h e r )  w e r e  

HPLC grade and o b t a i n e d  from F i s h e r  S c i e n t i f i c  Co. Hexane 

( l a b o r a t o r y  g r a d e )  was also obta ined  from F i s h e r  S c i e n t i f i c  Co.  

Water was d i s t i l l e d .  Kaolin (USP) was obta ined  from Mal l inckrodt  

Inc. 

P l a n t  Material and Fozmulatfons 

1 )  N e e m  e x t r a c t s  on a small scale were prepared by g r i n d i n g  

50 g of neem k e r n e l s  i n  a Waring Blendor with 100 m l  95% ethanol 

or  a n  a p p r o p r i a t e  s o l v e n t  f o r  30 sec. The mixture  w a s  then  

f i l t e r e d  through Whatman #1 f i l t e r  paper. When neem w a s  e x t r a c t e d  

w i t h  methylene c h l o r i d e  or e t h e r ,  t h e  s o l v e n t  w a s  removed i n  vacuo 

and r e p l a c e d  with 100 mL 95% e t h a n o l  f o r  HPX a n a l y s i s .  

2 )  N e e m  e x t r a c t  on a l a r g e  scale (Fig .  2)  w a s  p repared  by 

f i r s t  g r i n d i n g  1 1  4 kg of neem seed  k e r n e l s  i n t o  a c o a r s e  powder 

w i t h  a C o m i t r o l  Model MG, Urschel  c u t t e r .  The f i r s t  23 kg w a s  

e x t r a c t e d  with 95 L 95% e t h a n o l  f o r  2 h r  a t  room tempera ture  i n  a 

Hamilton Kettle. The mixture  w a s  a l lowed to settle and t h e  

s u p e r n a t a n t  w a s  c l a r i f i e d  by f i l t r a t i o n  with a S p a r k l e r  F i l t e r .  

The f i l t r a t e  w a s  c o n c e n t r a t e d  a t  a temperature  g e n e r a l l y  below 

4OoC i n  a P r e c i s i o n  S c i e n t i C i c  Evaporator .  The y i e l d  of e x t r a c t  

was 4 L. The e x t r a c t i o n  was repea ted  twice w i t h  y i e l d s  of 2.5 L 

and 0.25 L, r e s p e c t i v e l y .  The neem seed k e r n e l  m a r c  w a s  dried i n  
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594  WARTHEN ET AL. 

EXTRACTION KETTLE 

95% ETHANOL NEEM SPARKLER 
F I L T E R  

EVAPORATOR -- 
-- 

CON CENT RATE 
(OIL1 

FIGURE 2 P i l o t  p l a n t  e x t r a c t i o n  process .  

a S tokes  Vacuum Dryer to  2.2% v o l a t i l e s .  The remaining 91 kg of 

ground neem s e e d  k e r n e l s  w a s  e x t r a c t e d  wi th  76  L 95% e t h a n o l  f o r  2 

h r s ,  a l lowed t o  set t le  o v e r n i g h t ,  and f i l t e r e d .  E i g h t  sFmilar 

e x t r a c t i o n s  of  t h i s  l a r g e  b a t c h  gave a t o t a l  y i e l d  of 19.5 L a f t e r  

c o n c e n t r a t i o n .  A 1 9 sample from each  of t h e  e x t r a c t s  w a s  

prepared f o r  a n a l y s t s  by adding 10 mL 95% e t h a n o l .  

3 )  Neem-kaolin f o r m u l a t i o n s  were prepared  by f i r s t  g r i n d i n g  

454 4 of neem s e e d  k e r n e l s  w i t h  1 L hexane i n  a Waring Rlendor f o r  

60 sec. The mixture  w a s  f i l t e r e d  through Hhatman #1 f i l t e r  paper  

and t h e  procedure repea ted .  The hexane-ext rac ted  powder was air 

d r i e d  and then  ground i n  t h e  Brinkman M i l l  w i t h  a s c r e e n  of 0.5 mm 

pore s i z e .  The powder was then  mixed with k a o l i n  on  a weight  t o  

weight  b a s i s .  The neem-kaolin formula t ions  ( 1  9 )  and 10 mL 95% 

e t h a n o l  were mixed f o r  t h e  a n a l y t i c a l  e s t i m a t i o n  oE a z a d i r a c h t i n  

conten t .  

Sample P r e p a r a t i o n  

The neem-kaolin f o r m u l a t i o n s  (1.0 9 )  were mixed w i t h  2-10 mL 

95% e t h a n o l  and s o n i c a t e d  f o r  10 min. The tnixtures  Here then 

c e n t r i f u g e d  a t  l o w  speed f o r  5 min and t h e  s u p e r n a t a n t  w a s  used 

for t h e  a n a l y t i c a l  e s t i m a t i o n  of a z a d i r a c h t i n  c o n t e n t .  
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A 

FIGURE 3 A t y p i c a l  chromatogram of (A) t h e  s t a n d a r d ,  
a z a d i r a c h t i n ,  and ( B )  a c rude  neem sample. 

Chranatographic  Procedure 

A s t a n d a r d  a z a d i r a c h t i n  sample (1.0 pq/10  IJL)  was i n j e c t e d  

i n t o  a 10 lJ Radial-Pak UBondapak C , 8  I n  a Z-Module Radica l  

compression S e p a r a t i o n  System w i t h  a flow ra te  of 2 mL/min (50/50 

methanol/water) and d e t e c t i o n  a t  214 nm. 

The Model 730 D a t a  Module w a s  set with a peak width  of 40, 

n o i s e  r e j e c t i o n  of 5, and va l ley- to-va l ley  i n t e g r a t i o n .  A t  214 nm 

am3 0.05 a t t e n u a t i o n ,  1.0 ug of a z a d i r a c h t i n  gave a 1/2 scale peak 
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WAKTHEN ET AL. 596 

which w a s  e n t e r e d  i n  t h e  c a l i b r a t i o n  table as an e x t e r n a l  

s tandard .  

S o l u t i o n s  prepared from crude neem e x t r a c t s  o r  neem-kaolin 

samples were i n j e c t e d  and t h e  peak cor responding  to  t h e  

a z a d i r a c h t i n  s t a n d a r d  w a s  analyzed by t h e  Data Module a t  t h e  same 

a t t e n u a t i o n s .  A t y p i c a l  chromatogram of t h e  s t a n d a r d ,  

a z a d i r a c h t i n ,  and a c rude  neem sample is shown i n  Fig.  3. 

When crude  neem e x t r a c t s  w e r e  analyzed,  i t  was necessary  t o  

f l u s h  t h e  column a f t e r  each run w i t h  a 10 min f l u s h  of 100% 

methanol. T h i s  w a s  accomplished by t h e  System C o n t r o l l e r  w i t h  a 

10 min l i n e a r  program from 50/50 methanol/water t o  100% methanol, 

a hold  f o r  10 min a t  100% methanol, and then  a n o t h e r  10 min l i n e a r  

program from 100% methanol t o  50/50 methanol/water. T h i s  

procedure w a s  n o t  necessary  w i t h  t h e  a n a l y s e s  of t h e  neem-kaolin 

samples because t h e  neem k e r n e l s  i n  t h e s e  formula t ions  had been 

pre-ex t rac ted  w i t h  hexane. 

RESULTS AND DISCUSSION 

1 ) The e f f i c i e n c y  of a z a d i r a c h t f n  e x t r a c t i o n  from neem 

k e r n e l s  w a s  determined by a series of small scale e x t r a c t i o n s .  Of  

t h e  s o l v e n t s  t r i e d ,  95% e t h a n o l  was t h e  most e f f e c t i v e  f o r  t h e  

removal of a z a d i r a c h t i n  from t h e  k e r n e l s  (Table  1 ) .  

2 )  The u t i l i z a t i o n  of t h i s  e s t i m a t i o n  technique for  

monitoring t h e  completeness  of a z a d i r a c h t i n  removal by e x t r a c t i n g  

neem k e r n e l s  i n  95% e t h a n o l  has  proven to be very usefu l .  The 

amount of dZadlraChtin/g of e x t r a c t  f o r  the  3 s u c c e s s i v e  e x t r a c t s  

f r a n  t h e  23 kg b a t c h  revea led  t h a t  a z a d i r a c h t i n  was e f f e c t i v e l y  

rernoved (1 - 1.36 ug/g, 2 - 2.72 Vq/g, 3 - 0.22 LJg/g). The amount 

of azadizacht in /g  of e x t r a c t  f o r  each of t h e  8 s u c c e s s i v e  e x t r a c t s  

from the 91 ky b a t c h  also r e v e a l e d  t h e  completeness  of 

azadi rach  t i n  e x t r a c t i o n .  

3 )  ‘rhe stability of t h e  kaolin-neem powder formula t ions  w a s  

demonstrated by t h i s  e s t i m a t i o n  technique also. It w a s  found t h a t  

t h e  1: 4 neem-kaol in  formula t ion  conta ined  474 ug a z a d i r a c h t i n / g  of 

e x t r a c t  and 2 months la ter  c o n t a i n e d  465 ug/g. O t h e r  neem-kaolin 
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TABLE 1 
Extraction of N e e m  Kernels 

Solvent pg Azadirachtin/lO pL Solwent 

95% Ethanol 
Methano1:Water 85: 15  
Methanol 
Methylene Chloride 
Ether 
Acetone 

2.80 
2.60 
2.19 
1.73 
1.28 
0.74 

formulations of lo%, 5%, 2%, and 1% were also analyzed and found 

t o  be stable with t i m e  and room temperature. 

This high performance l i qu id  c h r m a h g r a p h i c  technique has 

been extremely valuable i n  es t imat ing  azadi racht in  content.  

appl ica t ions  of t h i s  technique could inc lude  the  determination of 

azadi racht in  y ie ld  from d i f f e r e n t  batches of neem kernels;  

determination of azad i r ach t in  degradation i n  o ther  neem e x t r a c t s ;  

determination of azadi racht in  con ten t  i n  e x t r a c t s  of o ther  Melia 

smcies; and poss ib ly  t h e  determination of azadi racht in  conten t  i n  

the environment ( in sec t s ,  food, clokhing, animals, soil ,  etc. ). 
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