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PREPARATIVE REVERSED-PHASE L I Q U I D  CHROMATOGRAPHIC ISOLATION OF 
AZADIRACHTIN FROM NEEM KERNELS (1) 

E. C. Uebel ,  J. D. Warthen, J r . ,  and M. J acobson  
A g r i c u l t u r a l  Environmental  Q u a l i t y  I n s t i t u t e  

A g r i c u l t u r a l  Research,  U.S.D.A. 
B e l t s v i l l e ,  Maryland 20705 

ABSTRACT 

A z a d i r a c h t i n  is a t e t r a n o r t r i t e r p e n o i d  i n s e c t  f e e d i n g  d e t e r -  
r e n t  and growth r e g u l a t o r  p r e s e n t  in t h e  k e r n e l s  of t h e  neem tree, 
Azad i rach ta  i n d i c a  A. Juss. A p rocedure  w a s  developed whereby 
8 .7  g of  >90% p u r e  a z a d i r a c h t i n  was o b t a i n e d  from 48.2 kg o f  neem 
k e r n e l s  by t h e  u s e  of open-column reversed-phase l i q u i d  chroma- 
tography on Phase-bonded C-18 H i - F l o s i l  and high-performance 
l i q u i d  chromatography on II Bondapak C-18 f o r  mon i to r ing  (217 nm) 
t h e  p u r i f i c a t i o n .  

INTRODUCTION 

A z a d i r a c h t i n  (C35H44016>, a t e t r a n o r t r i t e r p e n o i d  (2 ,3 )  (Fig.  

1 )  p r e s e n t  i n  neem k e r n e l s ,  Azad i r ach ta  i n d i c a  A.  J u s s .  (Melia 

a z a d i r a c h t a  L. , E. i n d i c a  B r a n d i s . ,  Margosa tree o r  I n d i a n  l i l a c ) ,  

i s  a p o t e n t  i n s e c t  a n t i f e e d a n t  ( 4 , 5 , 6 )  and growth r e g u l a t o r  (7 ) .  

P r o t e c t i o n  from p e s t  damage by mites,  i n s e c t s ,  and nematodes (5 )  

h a s  been demonstrated f o r  a z a d i r a c h t i n  and t h e  c rude  e x t r a c t s  of  

neem s e e d s .  A z a d i r a c h t i n  h a s  n o t  become a commonly used a n t i -  

f e e d a n t  due t o  t h e  d i f f i c u l t y  i n  i s o l a t i n g  and p u r i f y i n g  t h e  
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-0 

FIGURE 1 S t r u c t u r e  of a z a d i r a c h t i n  (C35H44016> as proposed by 
Zanno e t  a1 (2 ) .  

small amounts p r e s e n t  i n  neem k e r n e l s .  Our o b j e c t i v e s  i n  t h e  

p r e s e n t  s tudy were: 1 )  t o  o b t a i n  s u f f i c i e n t  a z a d i r a c h t i n  f o r  

f i e l d  tests and 2) t o  explore  procedures  f o r  p r e p a r a t i v e  i s o l a t i o n  

of a z a d i r a c h t l n .  

But terworth and Morgan (4) i s o l a t e d  1 . 5 1  g of a z a d i r a c h t i n  

by gr inding  2 kg of A. i n d i c a  seeds  i n  e t h a n o l ,  p a r t i t i o n i n g  t h e  

e x t r a c t  between methanol and l i g h t  petroleum, chromatographing t h e  

methanol-soluble p o r t i o n  on F l o r i d i n  e a r t h ,  and s u b j e c t i n g  t h e  

a c t i v e  f r a c t i o n s  t o  p r e p a r a t i v e  th in- layer  chromatography (TLC). 

Zanno e t  a l .  (3) i s o l a t e d  800 mg of a z a d i r a c h t i n  from 300 g of 

neem seeds  by an e t h a n o l i c  e x t r a c t i o n ,  s i l ica  g e l  chromatography, 

and p r e p a r a t i v e  TLC. 

We now d e s c r i b e  a p r e p a r a t i v e  procedure f o r  i s o l a t i n g  azadi -  

r a c h t i n  whereby w e  ob ta ined  8.7 g of t h e  material (>go% p u r i t y )  

from 48.2 kg o f  neem seed k e r n e l s  by u s i n g  open-column reversed-  

phase chromatography w i t h  high-performance l i q u i d  chromatographic  

(HPLC) monitor ing a t  217 nm as t h e  key s t e p .  
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AZADIRACHTIN FROM NEEM KERNELS 877 

MATERIALS AND METHODS 

Apparatus 

A Waters Assoc ia tes  Model ALC-100 Liquid Chromatograph 

equipped w i t h  a Model 660 s o l v e n t  p r o g r a m e r ,  two Model 6000A 

pumps, a U6K c l o s e d  loop  i n j e c t o r ,  a Buchler Fractornet te  200 

f r a c t i o n  c o l l e c t o r ,  and a S c h o e f f e l  Instrument  Corp. SF 770 mul t i -  

wavelength UV d e t e c t o r  a t  217 nm was used f o r  a l l  HPLC. 

column f o r  HPLC was p Bondapak C-18 (30 X 0.39 c m  I . D . ,  Waters 

A s s o c i a t e s ) .  

The 

Solvents  and chromatographic materials 

Hexane, ace tone ,  and methanol were obta ined  from Burdick & 

Jackson L a b o r a t o r i e s ,  Inc.  (Muskegan, Michigan). Water w a s  dis- 

t i l l e d  and f i l t e r e d .  D i e t h y l  e t h e r  (A.C.S. grade)  w a s  o b t a i n e d  

from U.S .  I n d u s t r i a l  Chemicals Co. (New York, New York). F l o r i s i l  

60-100 mesh w a s  ob ta ined  from F i s h e r  S c i e n t i f i c  Co. ( F a i r  Lawn, 

N.J . ) .  Phase-bonded C-18 Hi -Flos i l  80-100 mesh was o b t a i n e d  from 

Applied Science L a b o r a t o r i e s ,  Inc.  ( S t a t e  Col lege,  Pa . ) .  S i l i c a  

g e l  TLC p l a t e s  (MQ65, 200 pm, 1 X 3 i n )  were obta ined  from Pierce-  

Quantin (Rockford, I l l . ) .  

P l a n t  material 

N e e m  k e r n e l s  (48.2 kg) obta ined  from t h e  1977 h a r v e s t  n e a r  

New Delh i ,  I n d i a ,  were ground (Fig.  2)  i n  1-kg b a t c h e s  w i t h  2 L of  

hexane i n  a Waring Blendor (Model CB-4) f o r  4 rnin a t  medium speed. 

Each ba tch  of homogenate w a s  f i l t e r e d  through a Buchner f u n n e l ,  

and t h e  r e s i d u e  w a s  washed w i t h  500 m l  o f  hexane. The marc in 

1.1-kg b a t c h e s  w a s  then e x t r a c t e d  cont inous ly  f o r  24 h w i t h  ace- 
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Neem Kernels (48.2 kg) 

Ground in hexane I 
I 

Powdered Marc 

Soxhlet extraction in acetone 

Acetone Extract ( 6 . 3  kg) 

Solvent washes 

(1. Hexane, 2. Water, 3. Hexane) 

Washed Extract 

I 
I 
I 

70130 and 7 5 / 2 5  Methanol/water 

70/30 and 75/25 Methanollwater-solubles 

75/25 Etherlacetone 

75/25 Etherlacetone-solubles ( 4 6 4  g) 

Florisil chromatography 

Azadirachtin-containing fractions (102.8 g) 

Phase-bonded C-18 Hi-Flosil 

Azadirachtin (8.7 g) 

FIGURE 2 Flow diagram of the isolation of azadirachtin from 
neem kernels. 

tone in a Soxhlet extractor, and the combined acetone extracts 

were concentrated to 6 . 3  kg. 

Solvent washes 

Each 200-g batch of acetone extract was washed with 1 L of 

hexane by stirring for about 5 min. The hexane-insoluble residue 

was dissolved i n  acetone and filtered. The combined filtrate was 

concentrated to yield 1.3 kg of material. 
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AZADIRACHTIN FROM NEEM KERNELS 879 

Each 200-g ba tch  of hexane-insoluble  material w a s  washed w i t h  

1 L of d i s t i l l e d  water. 

i n s o l u b l e  material. The aqueous s u p e r n a t a n t  was f i l t e r e d  t o  g i v e  

a brownish powder t h a t  was combined w i t h  t h e  gummy i n s o l u b l e  

m a t e r i a l .  The t o t a l  combined water - inso luble  material weighed 

850 g. 

The water  w a s  decanted from a gummy 

Each 100-g ba tch  of water - inso luble  material w a s  washed w i t h  

500 ml of hexane as before .  The t o t a l  combined hexane-insoluble  

material weighed 691 g. 

Each 100-g ba tch  of  hexane-insoluble  material w a s  washed w i t h  

500 m l  of 70130 methanol lwater  and t h e n  w i t h  500 ml of 75/25 

methanol lwater .  The t o t a l  combined methanol lwater-soluble  mater- 

i a l  from t h e  70130 and 75/25 washes weighed 532 g. 

Each 100-g ba tch  of methanol lwater-soluble  material w a s  

washed w i t h  500 m l  of  75/25 d i e t h y l  e t h e r l a c e t o n e .  

combined d i e t h y l  e t h e r l a c e t o n e - s o l u b l e  material weighed 464 g. 

N o r m a l  phase chromatography 

The t o t a l  

The ace tone-so luble  material (464 g) w a s  chromatographed i n  

2 ba tches  on 2 .5  kg of F l o r i s i l  (95 X 9.9 cm O . D . ) ,  s lu r ry-packed  

i n  d i e t h y l  e t h e r .  An e l u t i o n  scheme ranging  from e t h e r  t o  50:50 

e t h e r l a c e t o n e  was employed. F r a c t i o n s  c o n t a i n i n g  a z a d i r a c h t i n  

were combined t o  g ive  102.8 g. Most of t h e  a z a d i r a c h t i n  e l u t e d  

between 90/10 and 80/20 e t h e r l a c e t o n e .  

Reversed-phase chromatography 

Each 25-g b a t c h  of t h e  a z a d i r a c h t i n - c o n t a i n i n g  f r a c t i o n  was 

chromatographed on 300 g of  Phase-bonded C-18 Hi -Flos i l  (56 X 4.8 
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880 UEBEL, WARTHEN, AND JACOBSON 

cm O.D.), slurry-packed i n  50150 methanollwater. The material 

was placed on the column in 40 m l  of methanol and eluted with 

50150 methanollwater. The column was then flushed with methanol 

and re-equilibrated with 50150 methanollwater for the next run. 

Fractions from the column that were rich i n  azadirachtin were then 

refractionated through the same column. This recycling was re- 

peated 20 times to yield 8.7 g of >90% pure azadirachtin. 

Fraction monitoring 

Fractions were anlyzed for azadirachtin by HPLC as follows: 

Samples were dissolved i n  methanol and injected into a CI Bondapak 

C-18 column (30 X 0.39 cm I.D.) with a flow rate of 1 ml/min of 

50150 methanollwater and detection at 217 nm. Azadirachtin had an 

Rv of  12-13 m l .  Amounts of azadirachtin present were estimated by 

comparing peak height with an authentic sample of azadirachtin (8). 

Fractions were also analyzed for azadirachtin by TLC (9). 

Spots of 100 or 200 p g  were developed with 50110 diethyl ether/ 

acetone and visualized by dipping the plates into aqueous 8% 

phosphoric acid-2% cupric acetate and charring on a hot plate. 

The Rf of authentic azadirachtin (8) was 0.65. 

RESULTS AND DISCUSSION 

A large quantity of azadirachtin (8.7 g) was obtained for 

field testing by the procedure described. The isolation was 

dependent upon the repetitive use of a Phase-bonded C-18 Hi- 

Flosil open column for reversed-phase liquid chromatography. 

Recycling the fractions produced a good separation between 

azadirachtin and contaminating materials of similar polarity; 
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AZADIRACHTIN FROM NEEM KERNELS 8 81 

also the column could always be reused after flushing with 

methanol. Azadirachtin eluted from this column between 1300 

and 1500 ml of eluent with the conditions described. 

The isolation procedure was also dependent upon the use of 

p Bondapak C-18 for monitoring azadirachtin at 217 nm. All iso- 

lation steps and refractionations were monitored to achieve the 

best possible yield. 

Isolation of azadirachtin by other methods described in the 

literature ( 3 , 4 )  has always involved adsorption chromatography and 

tedious preparative TLC. Our method, using reversed-phase chroma- 

tography, is a convenient way to isolate azadirachtin from neem 

kernels. Variations in yield among the methods of isolation are 

probably due to geographical location of the plant, time of harvest, 

and length of storage. 
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