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COMBINED FLORISIL, DROPLET COUNTER- 
CURRENT, AND HIGH PERFORMANCE LIQUID 

CHROMATOGRAPH IES FOR PREPARATIVE 
ISOLATION AND PURIFICATION OF 

AZADIRACHTIN FROM NEEM 
(AZADIRACHTA INDICAJ SEEDS 

S. Mark Lee and James A. Klocke 
NPI, University of Utah Research Park 

417 Wakara Way 
Salt Lake City, Utah 84108 

ABSTRACT 

An a l t e r n a t e  p r e p u r i f i c a t i o n  procedure was developed f o r  t h e  
i s 0 1  a t i  on and p u r i f i c a t i o n  o f  azadi  r a c h t  in, a b i o l o g i c a l l y  a c t i v e  
l i m o n o i d ,  f r o m  neem (Azad i rach ta  i n d i c a )  seeds by t h e  use o f  
F l o r i s i  1 and d r o p l e t  c o u n t e r - c u r r e n t  chromatographies. The 
procedure, combined w i th  t h e  use o f  p r e p a r a t i v e  h i g h  performance 
l i q u i d  chromatography, y i e l d e d  364.8 mg o f  >99% pure  a z a d i r a c h t i n  
f rom 1.5 k g  o f  I n d i a n  neem seeds. 

INTRODUCTION 

A z a d i r a c h t i n ,  a b i o l o g i c a l l y  a c t i v e  (e.g., i n s e c t  a n t i f e e d a n t  

and e c d y s i s  i n h i b i t o r )  l imono id ,  has been i s o l a t e d  f r o m  t h e  f r u i t  

o f  c h i n a b e r r y  ( M e l i a  azedarach L., Mel iaceae)  (1)  and t h e  seeds o f  

neem ( A z a d i r a c h t a  i n d i c a  A. Juss., Mel iaceae)  (2,3). The 

i s o l a t i o n  and p u r i f i c a t i o n  o f  a z a d i r a c h t i n  f rom these  p l a n t  

spec ies  a r e  t e d i o u s  due t o  t h e  complex chemical n a t u r e  o f  t h e  

1151 

Copyright 0 1987 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1152 LEE AND KLOCKE 

p l a n t  e x t r a c t s  and t h e  s i m i l a r i t y - i n - s t r u c t u r e  o f  a z a d i r a c h t i n  t o  

c o - o c c u r r i n g  compounds (4-6). 

A number o f  chromatographic  techn iques  (e.g., t h i n  l a y e r  and 

open column) (3,7,8) have been used i n  t h e  i s o l a t i o n  and 
p u r i f i c a t i o n  o f  a z a d i r a c h t i n .  Recent ly ,  h i g h  performance l i q u i d  

chromatography (HPLC) has been employed i n  a f i n a l  p u r i f i c a t i o n  

s t e p  s i n c e  a h i g h e r  degree o f  p u r i t y  can a p p a r e n t l y  be a t t a i n e d  

w i t h  i t  (9,lO). The use o f  HPLC t o  p u r i f y  a z a d i r a c h t i n  u s u a l l y  

r e q u i r e s  sample p r e p u r i f i c a t i o n  i n  o r d e r  t o  a v o i d  column 
c o n t a m i n a t i o n  and t o  i n c r e a s e  s e p a r a t i o n  e f f i c i e n c y .  

r e p o r t e d  t h e  use o f  f l a s h  column chromatography as a 

p r e p u r i f i c a t i o n  s t e p  f o r  neem e x t r a c t s  p r i o r  t o  t h e  f i n a l  

p u r i f i c a t i o n  o f  a z a d i r a c h t i n  by HPLC (11). 

I n  t h e  p resen t  paper, we r e p o r t  on an a l t e r n a t e  

p r e p u r i f i c a t i o n  method f o r  t h e  p r e p a r a t i o n  o f  samples f o r  HPLC. 

T h i s  method u t i l i z e s  combined F l o r i s i l  column d isp lacement  

chromatography and drop1 e t  c o u n t e r - c u r r e n t  chromatography (DCCC). 

We r e c e n t l y  

MATERIALS AND METHODS 

E x t r a c t i o n  o f  A z a d i r a c h t i n  f rom Neem Seeds 
A i r  d r i e d  neem seeds (500 g, ob ta ined  f r o m  I n d i a  by Vikwood, 

Ltd., Sheboygan, W I ,  U.S.A.) were e x t r a c t e d  by g r i n d i n g  i n  

methanol (1.0 1 )  f o r  5 min w i t h  a Waring Blender .  The me thano l i c  

e x t r a c t  was decanted and t h e  marc was f u r t h e r  (x2)  e x t r a c t e d  w i t h  

f r e s h  methanol. The me thano l i c  e x t r a c t s  were poo led  and 

c o n c e n t r a t e d  i n  vacuo. The r e s i d u e  was r e d i s s o l v e d  i n  aqueous 

methanol (1 .O 1, 1:1, v / v )  and p a r t i t i o n e d  (x3)  w i t h  equal-volume 
p o r t i o n s  o f  n-hexane, f o l l o w e d  by ( x3 )  equal-volume p o r t i o n s  o f  

d ich loromethane.  
concen t ra ted  i n  vacuo, r e d i s s o l v e d  i n  500 m l  o f  methanol, and 

b a c k - p a r t i t i o n e d  (x3 )  w i th  equal-volume p o r t i o n s  o f  _?-hexane. 

A f t e r  d r y i n g ,  t h e  me thano l i c  l a y e r  was s u b j e c t e d  t o  F l o r i s i l  

column chromatography. 

t imes ,  each t i m e  w i th  500 g o f  seeds ( w i t h  a t o t a l  o f  1.5 kg), t o  

y i e l d  an average o f  14.7920.26 g o f  t h e  me thano l i c  l a y e r .  

The d ich loromethane e x t r a c t s  were pooled and 

The e n t i  r e  procedure was repeated t h r e e  
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AZADIRACHTIN FROM NEEM SEEDS 1 1 5 3  

F l o r i s i l  Column Chromatography 

The methano l i c  l a y e r  d e s c r i b e d  above (14.79 2 0.26 g) was 

r e d i s s o l v e d  i n  d ich loromethane,  mixed w i t h  F l o r i s i l  (100 g, 60-100 

mesh, F i s c h e r  S c i e n t i f i c )  and t h e n  s l o w l y  d r i e d  by r o t a r y  

evapora t i on .  The coated F l o r i s i l  was p laced  on to  t h e  t o p  o f  a 

g l a s s  column (115 x 5.0 cm I.D., LGA, Berkeley,  CA) dry-packed 

w i t h  F l o r i s i l  (500 g, 60-100 mesh). The column was e l u t e d  f i r s t  

w i t h  d i e t h y l  e t h e r  (1.5 l ) ,  and then  s tep-wise w i t h  i n c r e a s i n g  

percentages (2.5%, 5.0%, 7.5%, 10.0%, and 20.0%) o f  methanol i n  

d i e t h y l  e t h e r  (1.0 1 each). 

vacuo a t  room temperature.  

The e l u a t e s  were concen t ra ted  & 

D r o p l e t  Counter-Current  Chromatography (DCCC 

Chromatography was c a r r i e d  ou t  on an Eye la  Model 
D.C .C.-300-G3 D r o p l e t  Counter-Current  Chromatograph (Tokyo 

R i k a k i k a i ,  Tokyo, Japan) equipped w i t h  300 s tandard  g lass  tubes  

(40 x 0.2 cm 1.0.) i n t e r c o n n e c t e d  w i t h  t e f l o n  t u b i n g  (0.5 mm 

I .D.). The DCCC s o l v e n t  system used was ch lo ro fo rm- to luene-  

methanol -water  (5:5:7:2, v / v / v / v ) .  The t o p  and bo t tom l a y e r s  o f  

t h e  s o l v e n t  m i x t u r e  were used as t h e  s t a t i o n a r y  and m o b i l e  phases, 

r e s p e c t i v e l y .  Two o f  t h e  F l o r i s i l  column e l u a t e s  (7.5% and 10.0% 

methanol i n  d i e t h y l  e t h e r  e l u a t e s ,  r e f e r r e d  t o  as “bl” and b2“, 
r e s p e c t i v e l y )  were d i s s o l v e d  i n  a 1 : l  ( v / v )  m i x t u r e  (10 m l )  o f  

b o t h  m o b i l e  and s t a t i o n a r y  phases and each e l u a t e  was a s p i r a t e d  

s e p a r a t e l y  i n t o  t h e  DCCC sample chamber. The f l o w  r a t e  was s e t  a t  

5.0 m l / h  and t h e  e f f l u e n t  was c o l l e c t e d  i n  5.0 m l  f r a c t i o n s  w i t h  a 

Pharmacia Frac-100 f r a c t i o n  c o l l e c t o r .  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 poo led  and concen t ra ted  i n  vacuo t o  y i e l d  

averages ( f o r  3 DCCC s e p a r a t i o n s )  o f  440.1 2 34.3 mg f o r  bl and of 

291.1 - t 14.6 mg f o r  b2. 

T h i n  Laye r  Chromatography (TLC) 

TLC was per formed e i t h e r  on 40 x 8 mm Polygram SILG/UV254, 

(0.25 mm, Macherey-Nagel) o r  on 20 x 20 cm p resco red  s i l i c a  ge l  
GHLF (0.25 mm, A n a l t e c h )  p l a t e s .  The p l a t e s  were developed w i t h  

t h e  bo t tom l a y e r  of t h e  DCCC s o l v e n t  m i x t u r e  and v i s u a l i z e d  by 
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1154 LEE AND KLOCKE 

s p r a y i n g  w i th  a v a n i l l i n - s u l f u r i c  ac id -e thano l  (3  g : l  .5 ml:100 m l )  

spray reagent  f o l l o w e d  by hea t ing .  

H i  gh Performance L i q u i d  Chromatography (HPLC ) 

a n a l y t i c a l  HPLC procedures used were s l i g h t  m o d i f i c a t i o n s  o f  t h e  

methods o f  Yamasaki e t  a l .  (11) .  Normal and reve rsed  phase 

p r e p a r a t i v e  HPLC s teps  were c a r r i e d  o u t  w i t h  a Hewlet t -Packard 

Model 1081B l i q u i d  chromatograph and a M i c r o m e r i t i c s  750 s o l v e n t  

d e l i v e r y  system, r e s p e c t i v e l y .  Bo th  systems were equipped w i t h  a 

N e g r e t t i  and Zambra i n j e c t o r  w i t h  a f i x e d  l oop  s i z e .  E f f l u e n t s  

were d e t e c t e d  u s i n g  e i t h e r  a M i c r o m e r i t i c s  787 va r iab le -wave leng th  

UV-V is ib le  d e t e c t o r  s e t  a t  218 nm o r  a Pharmacia s i n g l e  p a t h  

m o n i t o r  UV-1/214 w i t h  a 214 nm f i l t e r .  De tec ted  peaks and 

r e t e n t i  on t i m e s  were recorded u s i n g  a Hewlet t -Packard 3388A 

i n t e g r a t o r .  

Phenomenex M a x s i l  5 s i l i c a  column ( p a r t i c l e  s i z e  5 urn, 25 x 2.0 cm 

1.0.) . e l u t e d  i s o c r a t i c a l l y  w i t h  isopropanol -c-hexane (1:3, v / v )  a t  

a f l o w  r a t e  o f  5.0 ml /min and an average p ressu re  o f  1100 p.s.i. 

The reve rsed  phase p r e p a r a t i v e  HPLC s t e p  was per formed w i t h  a 

Phenomenex U l t r e x  5 phenyl column ( p a r t i c l e  s i z e  5 25 x 2.25 

cm I.D.)  e l u t e d  i s o c r a t i c a l l y  w i t h  a c e t o n i t r i l e - w a t e r  (3:7, v / v )  
a t  a f l o w  r a t e  o f  4.0 ml /min and an average p ressu re  o f  2100 

p.s.i. Bo th  columns were p r o t e c t e d  w i t h  an A l l t e c h  

s t a i n l e s s - s t e e l  guard column (5.0 x 0.46 cm I.D.) packed w i t h  t h e  

co r respond ing  A 1  1 t e c h  p e l 1  i c u l  a r  pack ing  m a t e r i  a1 . 
HPLC system desc r ibed  above f o r  t h e  reversed phase p r e p a r a t i v e  

step. A n a l y t i c a l  HPLC was per formed on a Phenomenex U l t r e x  phenyl 

s t a i n l e s s - s t e e l  column ( p a r t i c l e  s i z e  5 pin, 25 x 0.46 cm I.D.)  

e l u t e d  i s o c r a t i c a l l y  w i t h  a c e t o n i t r i l e - w a t e r  (3:7, v / v )  a t  a f l o w  
r a t e  o f  1.0 ml /min and an average p r e s s u r e  o f  1000 p.s.i. The 

percentage o f  azadi r a c h t i n  i n  each p u r i f i c a t i o n  s t e p  was 

determined by a n a l y t i c a l  HPLC f r o m  a s tandard  c u r v e  generated by 

Normal and reversed phase p r e p a r a t i v e  and reve rsed  phase 

The normal phase p r e p a r a t i v e  HPLC s tep  was per formed w i t h  a 

Reversed phase a n a l y t i c a l  HPLC was c a r r i e d  o u t  u s i n g  t h e  same 
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AZADIRACHTIN FROM NEEM SEEDS 1 1 5 5  

u s i n g  a u t h e n t i c  a z a d i r a c h t i n  as an e x t e r n a l  s t a n d a r d  (peak h e i g h t  

vs. amount o f  a z a d i r a c h t i n ) .  

I d e n t i f i c a t i o n  o f  A z a d i r a c h t i n  and Azadi rad ione 

A z a d i r a c h t i n  i s o l a t e d  f rom neem seeds was i d e n t i f i e d  by 

s p e c t r a l  comparison (IR, PMR) and cochromatography (TLC, HPLC) 

w i t h  an a u t h e n t i c  sample. 

comparison o f  I R ,  PMR, and MS (FAB+, C I ,  and EI)  s p e c t r a  w i t h  

l i t e r a t u r e  d a t a  (12) .  

Azad i rad ione  was i d e n t i f i e d  by 

RESULTS AND DISCUSSION 

A p r e p u r i f i c a t i o n  method f o r  t h e  i s o l a t i o n  o f  a z a d i r a c h t i n  

f rom e x t r a c t e d  and p a r t i t i o n e d  neem seeds was developed by 

combi n i  ng F1 o r i  s i  1 column d i  s p l  acement chromatography and DCCC , 
f o l l o w e d  by t h e  f i n a l  p u r i f i c a t i o n  w i t h  p r e p a r a t i v e  HPLC. The 

method gave 364.8 mg o f  >99% pure  (as i n d i c a t e d  on a n a l y t i c a l  

HPLC) a z a d i r a c h t i n  f r o m  1.5 k g  o f  I n d i a n  neem seeds. 

p e r c e n t  p u r i t y  and p e r c e n t  y i e l d  of azadi r a c h t i n  f rom s e q u e n t i a l  

p u r i f i c a t i o n  s teps a r e  shown i n  Tab le  1. 

The d i ch lo romethane-so lub le  f r a c t i o n  was chromatographed on 

an open column o f  F l o r i s i l  ( 2 , 3 , 8 ) .  We chose coarse F l o r i s i l  

s i n c e  i t  r e s u l t e d  i n  a 5 - f o l d  enrichment o f  a z a d i r a c h t i n  f rom t h e  

c rude  d i ch lo romethane  f r a c t i o n  (Tab le  1)  i n  a t i m e  frame s h o r t e r  

t han  t h a t  p o s s i b l e  w i t h  f i n e  F l o r i s i l .  

t o  l o a d  a l a r g e r  sample (14.79 g)  on to  t h e  column o f  F l o r i s i l  (500 

g), w i t h  min imal  column ove r load ing ,  t h a n  was p o s s i b l e  w i t h  d i r e c t  

l o a d i n g  o f  a s o l u t i o n  o f  t h e  sample, by f i r s t  p r e c o a t i n g  t h e  

sample o n t o  100 g o f  F l o r i s i l .  Thus, each 14.79~0.26 g o f  sample 

c o n t a i n i n g  1.7+0.2% o f  a z a d i r a c h t i n  loaded on to  t h e  F l o r i s i l  

column a f f o r d e d  i n  l e s s  t h a n  1 h, 2 f r a c t i o n s  which combined 

y i e l d e d  2.9620.39 g c o n t a i n i n g  8.4-9.5% o f  a z a d i r a c h t i n  (Table 1 ) .  

A z a d i r a c h t i n  was e l u t e d  p redominan t l y  i n  2 f r a c t i o n s  from t h e  

F l o r i s i l  column; i n  7.5% methanol i n  d i e t h y l  e t h e r  (b,) and i n  

10.0% methanol i n  d i e t h y l  e t h e r  (b2) .  

Dry weights ,  

I n  a d d i t i o n ,  we were a b l e  

The o t h e r  f r a c t i o n s  
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1156 LEE AND KLOCKE 

TABLE 1. 

Percentage o f  A z a d i r a c h t i n  Found i n  Sequen t ia l  P u r i f i c a t i o n  Steps and t h e  
Percent  Y i e l d  o f  A z a d i r a c h t i n .  

P u r i f i c a t i o n  

a. Dich loromethane 
p a r t i t i o n  

bl. F l o r i s i l  column 
e l u a t e  
7.5% methanol i n  
d i e t h y l  e t h e r  

e l u a t e  
10.0% methanol 
i n  d i e t h y l  e t h e r  

DCCC o f  bl 

DCCC o f  b2 

d. Normal phase 
prep. HPLC 

e. Reversed phase 
prep.  HPLC 

b2. F l o r i s i l  column 

5' 
c2' 

X 2 S.D. 

Dry w t .  (mg) I A z a d i r a c h t i n  

% Y i e l d  o f  
A z a d i r a c h t i n  

- + S . O .  - + S.D.*  

1 4 7 902260 1.7+0.2 - > 95 

1 98021 80 8.422.4 42 

980+2 10 9.5021.3 24 

440,1234.3 28.027 .2 74 

291.1214.6 34.725.0 >99 

252.9268 8 55.4210.7 62 

121.6235.8 99.9 87 

*Analyzed by a n a l y t i c a l  phenyl HPLC; t h e  c o n c e n t r a t i o n  o f  azadi r a c h t i n  was 
q u a n t i f i e d  u s i n g  e x t e r n a l  s tandard  (peak h e i g h t  vs. amount o f  a z a d i r a c h t i n )  
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AZADIRACHTIN FROM NEEM SEEDS 1157 

con ta ined  o n l y  t r a c e s  (<3%) o r  unde tec tab le  amounts o f  

a z a d i r a c h t i n .  The h i g h  y i e l d  o f  t h e  5% methanol i n  d i e t h y l  e t h e r  

f r a c t i o n  (3.78 2 0.43 g)  was i n  l a r g e  p a r t  due t o  t h e  presence o f  

ano the r  l imono id ,  azadi rad ione,  which rep resen ted  approx ima te l y  

37% o f  t h e  f r a c t i o n  ( F i g u r e  1,A). 

A l t h o u g h  f r a c t i o n s  bl and b2 each con ta ined  8.4-9.5% 

a z a d i r a c h t i n  and c o u l d  have been combined, t h e y  were 

chromatographed s e p a r a t e l y  by DCCC i n  o r d e r  t o  determine t h e  

e f f e c t  o f  sample s i z e  (bl c o n t a i n e d  t w i c e  t h e  amount (1.98 g)  o f  

b2 (0.98 9 ) )  on t h e  r e s u l t a n t  pe rcen t  y i e l d  and p u r i t y  o f  

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

p e r c e n t  y i e l d  (>99% compared t o  74%) and p u r i t y  (34.7% compared t o  

28.0%) o f  a z a d i r a c h t i n  compared t o  bl (Table 1). 

i n j e c t i o n s  o f  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 l o r i s i l  e l u a t e s  can 

e f f e c t i v e l y  be made on t h e  DCCC system used i n  t h i s  s tudy  (300 

tubes  o f  40 x 0.2 cm I.D.), b u t  a system c o n t a i n i n g  tubes o f  a 

l a r g e r  i n t e r n a l  d iameter  would be necessary t o  e f f e c t i v e l y  hand le  

l a r g e r  sample s i z e s  (13). 

DCCC, based on t h e  p a r t i t i o n i n g  o f  s o l u t e s  between d r o p l e t s  

of m o b i l e  phase s o l v e n t  and columns o f  su r round ing  s t a t i o n a r y  

phase s o l v e n t ,  has been used most e x t e n s i v e l y  t o  separa te  p o l a r  

p l a n t  e x t r a c t s  on semip repara t i ve  and p r e p a r a t i v e  sca les  (14-18). 

We found t h a t  a m o d i f i c a t i o n  o f  a DCCC s o l v e n t  m i x t u r e  

(ch1oroform:toluene:methanol :water, 5:5:7:2, v / v / v / v ) ,  p r e v i o u s l y  

u t i l i z e d  t o  separa te  p e p t i d e  a l k a l o i d s  (19) ,  r e s u l t e d  i n  a 3- t o  

4 - f o l d  enr ichment  o f  a z a d i r a c h t i n  con ta ined  i n  t h e  F l o r i s i l  

f r a c t i o n s  (bl and b2)  (Tab le  1 ) .  

The bot tom l a y e r  o f  t h e  DCCC s o l v e n t  m i x t u r e  separated 

a z a d i r a c h t i n  f r o m  i t s  contaminants  on s i l i c a  ge l  TLC p l a t e s  

a t  an Rf  o f  0.25 ( F i g u r e  1,B). The upper l a y e r  o f  t h e  s o l v e n t  

m i x t u r e  n o r m a l l y  i s  used as t h e  m o b i l e  phase i n  DCCC (i.e., 

ascending mode) f o r  t h e  s e p a r a t i o n  o f  compounds o f  low R f  W . 4 )  

(20). However, we chose t o  u t i l i z e  t h e  upper  l a y e r  as t h e  
s t a t i o n a r y  phase (1 .e., descending mode) s i n c e  t h e  p a r t i t i o n  

c o e f f i c i e n t  va lue  (K) o f  a z a d i r a c h t i n  was 0.52, w h i l e  t h e  K va lue  

The s m a l l e r  sample s i z e  o f  b2 r e s u l t e d  i n  a h i g h e r  

Thus, 1.0 g 
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of a z a d i r a c h t i n  f o r  t h e  ascending mode was 1.92 (unpub l i shed  

da ta ) .  
p u r i f i c a t i o n  o f  a z a d i r a c h t i n  i n  t h e  much s h o r t e r  t i m e  p e r i o d  o f  

44-62 h ( a z a d i r a c h t i n  was s t i l l  r e t a i n e d  i n  t h e  s t a t i o n a r y  phase 

even a f t e r  96 h when t h e  DCCC was operated i n  t h e  ascending mode). 

The advantages of DCCC (as compared t o  t h e  use o f  s o l i d  

suppor t  chromatography) a r e  l ower  consumption o f  s o l  vent  and 

q u a n t i t a t i v e  recovery of samples s i n c e  no s o l i d  suppor t ,  which 

m igh t  cause i r r e v e r s i b l e  a d s o r p t i o n ,  i s  i nvo l ved .  Due t o  t h e  

c o n s e r v a t i v e  p o o l i n g  of t h e  DCCC e l u a t e s  f rom bl ( l a r g e r  sample 

s i z e ) ,  o n l y  74% o f  t h e  a z a d i r a c h t i n  (c,) was recovered. However, 

complete recovery o f  t h e  a z a d i r a c h t i n  (c,) was made f rom t h e  DCCC 

e l u a t e s  f r o m  b2 ( s m a l l e r  sample s i z e ) .  

HPLC. The normal and reve rsed  phase p r e p a r a t i v e  HPLC steps were 

m o d i f i c a t i o n s  o f  ou r  p r e v i o u s l y  r e p o r t e d  method (11) .  Even though 
s i l i c a  ge l  p r e p a r a t i v e  HPLC d i d  n o t  appear t o  s i g n i f i c a n t l y  

c o n c e n t r a t e  a z a d i r a c h t i n  f u r t h e r  (F igu res  1 and 2 ) ,  we i n c l u d e d  i t  

i n  o u r  i s o l a t i o n  scheme i n  o r d e r  t o  e l i m i n a t e  p e r s i s t e n t  y e l l o w  

c o l o r e d  i m p u r i t i e s  and o t h e r  i m p u r i t i e s  n o t  r e a d i l y  separated f rom 

a z a d i r a c h t i n  by t h e  use o f  o t h e r  chromatographic methods 

( i n c l u d i n g  reversed phase HPLC). The d i f f i c u l t y  o f  s e p a r a t i n g  

these  i m p u r i t i e s  f r o m  a z a d i r a c h t i n  i s  r e f l e c t e d  i n  t h e  low pe rcen t  

y i e l d  of a z a d i r a c h t i n  i n  t h e  normal phase s tep  (62%, Tab le  1) .  

The subsequent phenyl p r e p a r a t i v e  HPLC s tep  r e s u l t e d  i n  

a z a d i r a c h t i n  o f  s i n g l e  peak p u r i t y ,  as mon i to red  by a n a l y t i c a l  

phenyl HPLC (F igu res  1 and 2) .  

Thus, t h e  use o f  t h e  descending mode r e s u l t e d  i n  a 3 - f o l d  

F i n a l  p u r i f i c a t i o n  o f  a z a d i r a c h t i n  was accomplished w i t h  

The approx imate t R ' s  f o r  

FIGURE 1 

T h i n  l a y e r  chromatographic a n a l y s i s  o f  a z a d i r a c h t i n  (compound 9) 
f r om t h e  sequen t ia l  p u r i f i c a t i o n  o f  neem seeds. 
developed once w i t h  t h e  bo t tom l a y e r  o f  ch1oroform: to luene:  
methanol :water  (5:5:7:2 v / v / v / v ) )  and v i s u a l i z e d  by s p r a y i n g  w i t h  
v a n i l l i n - s u l f u r i c  ac id -e thano l  (3g:1.5 ml:100 m l )  f o l l o w e d  by 
heat  i ng . 

The TLC p l a t e  was 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1160 LEE AND KLOCKE 

a 

/ t 

Cl  

r' 

J 

d 
t 

rl 3 

4 t 

e 

t 

FIGURE 2. 

A n a l y t i c a l  h i g h  performance l i q u i d  chromatograms o f  a z a d i r a c h t i n  
(a r rows)  recovered from: ( a )  d ich loromethane p a r t i t i o n ;  (b  ) 7.5% 
methanol i n  d i e t h y l  e t h e r  e l u a t e ;  (b  ) 10.0% methanol i n  d i h h y l  
e t h e r  e l u a t e ;  (c,) DCCC o f  b ( c  ) 8 C C C  o f  b2; ( d )  p r e p a r a t i v e  
s i l i c a  ge l  HPLC; ( e )  p r e p a r a l i v e  6henyl  HPLC. A n a l y t i c a l  HPLC was 
per formed w i t h  a phenyl column (25 x 0.46 cm I.D., 5 pM) e l u t e d  
i s o c r a t i c a l l y  w i t h  a c e t o n i t r i l e - w a t e r  (3:7 v / v )  a t  1.0 m/min. 
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azadi r a c h t i n  i n  t h e  normal and reversed phase p r e p a r a t i v e  systems 

were 35 and 60 min, r e s p e c t i v e l y .  

p r e p u r i f i c a t i o n  steps, i s  t h e  b e s t  a v a i l a b l e  method, i n  o u r  

exper ience,  f o r  t h e  p u r i f i c a t i o n  o f  a z a d i r a c h t i n  t o  s i n g l e  peak 

p u r i t y  as mon i to red  by a n a l y t i c a l  HPLC. Combined F l o r i s i l  column 

d isp lacement  chromatography and DCCC were found t o  adequate ly  

p r e p u r i f y  a z a d i r a c h t i n  f r o m  neem f o r  f i n a l  p u r i f i c a t i o n  wi th  HPLC. 

p lementary methods, may seem t e d i o u s  and time-consuming, i n  o u r  
hands t h e  v a r i o u s  methods were necessary t o  a t t a i n  a z a d i r a c h t i n  o f  
s i n g l e  peak p u r i t y  f rom t h e  chemical ly -compl  ex neem seed e x t r a c t s .  
However, i n  those  s i t u a t i o n s  where a b s o l u t e l y  p u r e  a z a d i r a c h t i n  i s  

n o t  needed (e.g., i n  c e r t a i n  a p p l i c a t i o n s  f o r  i n s e c t  c o n t r o l ) ,  

c e r t a i n  o f  t h e  s teps i n  o u r  procedure can be de le ted .  Fo r  exam- 
p l e ,  F l o r i s i l ,  which has l o n g  been used s u c c e s s f u l l y  i n  t h e  

i s o l a t i o n  o f  a z a d i r a c h t i n  ( 2 , 3 , 8 ) ,  czn sometimes s u f f i c e  as t h e  

s o l e  chromatographic  method i n  t h e  p u r i f i c a t i o n  o f  a z a d i r a c h t i n  

f r o m  e x t r a c t e d  and p a r t i  t i  oned neem seeds. DCCC, which can f u r t h e r  
p u r i f y  ( a t  l e a s t  3 - f o l d )  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 l o r i s i l  

f r a c t i o n s ,  m igh t  a l s o  s u f f i c e  as t h e  s o l e  chromatographic  method 

i n  t h e  p u r i f i c a t i o n  o f  a z a d i r a c h t i n ,  e s p e c i a l l y  i f  t h e  number and 

i n t e r n a l  d iamete r  o f  t h e  tubes used a r e  maximized. Both F l o r i s i l  
column chromatography and OCCC can e a s i l y  be sca led  up t o  handle 

even g r e a t e r  sample s i z e s  t h a n  r e p o r t e d  here. Thus, depending on 

t h e  degree o f  p u r i t y  r e q u i r e d  by t h e  i n d i v i d u a l  i n v e s t i g a t o r ,  some 

o r  a l l  o f  t h e  methods i n  our  procedure can e f f e c t i v e l y  be u t i l i z e d  

i n  t h e  p u r i f i c a t i o n  o f  a z a d i r a c h t i n  f rom neem seeds. 

P r e p a r a t i v e  HPLC, when coupled w i th  a p p r o p r i a t e  

A l though  o u r  procedure,  which i n v o l v e s  a combinat ion o f  com- 
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