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Abstract: An attempt was made to correlate insect antifeedant and growth regulatory activities of neem (Azadirachta
indica) seed oil with the major tetranortriterpenoids. Selective elimination of triterpenoids by preparative high-perfor-
mance liquid chromatography, incorporation of the eliminated compounds in de®ned concentrations and bioassaying

the resultant fractions against Spodoptera litura indicated the necessity to quantify major triterpenoids for correlation
of bioactivity of neem oil.

1 Introduction

Seed kernels of the Neem tree, Azadirachta indica A.
Juss., are a rich source of biologically active tetranor-
triterpenoids. Subsequent to the demonstration of
insect antifeedant activity of neem seed kernel extracts
against desert locusts (PRADHAN et al., 1962) and the
isolation of azadirachtin from them (BUTTERWORTH

and MORGAN, 1968), extensive research has been car-
ried out on the chemistry and biological activities of
tetranortriterpenoids from various parts of the neem
tree (KRAUS, 1995). Among them, azadirachtin-A has
been shown to be a potent insect antifeedant and
ecdysis inhibitor. A number of congeners of azadir-
achtin have also been isolated from the neem seed
kernels (YAMASAKI et al., 1986; KRAUS et al., 1989;
REMBOLD, 1989; GOVINDACHARI et al., 1992; ROJAT-

KAR and NAGASAMPAGI, 1993, 1994, 1995; GOVIN-

DACHARI and GEETHA GOPALAKRISHNAN, 1997) and
semisynthetic modi®cations of azadirachtin-A were
attempted (LEY et al., 1989). Insect antifeedant and
growth regulatory activity of both natural congeners
of azadirachtin (REMBOLD, 1989; GOVINDACHARI

et al., 1994, 1995a) and the synthetically modi®ed aza-
dirachtins were also studied to arrive at possible
structure±activity relationships (LEY et al., 1989).
It is generally believed that bioactivity of neem ker-

nel extracts/neem oil is due to the azadirachtin con-
tent in them. This conclusion is borne out of
correlation of azadirachtin-A content in seed extracts/
oil to the insect antifeedant and ecdysis inhibition
activity. On the basis of extracts of neem seeds col-
lected from various regions of Asia and Africa,
ERMEL et al. (1984, 1987) indicated strong correlation
of EC50 values with azadirachtin content while claim-
ing statistically signi®cant correlation in only one
extract. Subsequently, based on their studies with
behaviour-disrupting and growth-disrupting activity
of Peridroma saucia, ISMAN et al. (1990) showed a
strong correlation of bioactivity with the azadirachtin
content (azadirachtin-A) in neem seed oil.

While studying the problems connected with the
antifeedant bioassays, SCHWINGER et al. (1984) and
KRAUS et al. (1987) screened several other neem tri-
terpenoids, especially the C-seco limonoids, and
showed that salannin was as equally effective as aza-
dirachtin as an insect antifeedant against Epilachna
varivestis. Against Pieris brassicae larvae salannin was
found to be more active than azadirachtin-A (LUO

LIN-er et al., 1995) Azadiradione, epoxy azadiradione,
nimbin and desacetylnimbin were reported to be feed-
ing deterrents, although to a lesser extent than azadir-
achtin-A. (SCHWINGER et al., 1984; KRAUS et al.,
1987; GOVINDACHARI et al., 1995a, 1996a). Similar
results were also reported by AERTS and MORDUE

(LUNTZ) (1997).
In order to ascertain whether quanti®cation of aza-

dirachtin-A alone would suf®ce to correlate bioactiv-
ity of neem extracts or whether the quantitation of
other major triterpenoids are also necessary, we
attempted the following: (a) selective elimination of
terpenoids from a de®ned neem seed kernel extract by
preparative high-performance liquid chromatography
(HPLC); (b) incorporation of the eliminated com-
pounds in speci®c concentrations; and (c) testing mix-
tures obtained by (a) (b) and the pure compounds for
insect antifeedant and growth-regulating activities.

2 Material and methods

2.1 Preparation of neem oil fractions by preparative
HPLC and quantitative estimation of major
triterpenoids

Neem oil (1 l) obtained from neem seed kernels by a cold
mechanical expeller was dissolved in n-hexane (1.5 l) and
partitioned with 90% methanol (3� 500ml). The methanol
layer was concentrated in vacuo to yield the residue E1
(57 g). The residue was subjected to preparative HPLC. For
each run 5 g of the residue E1 was dissolved in 20ml of
methanol, ®ltered through a 0.25 m Millipore ®lter (What-
man Group, Maidstone, UK) and the ®ltrate was subjected
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to preparative HPLC using a Shimadzu LC 8A system
linked to CR 4A data processor. Shimpack ODS reverse
phase (C18, 50mm i.d. � 250mm) preparative column was
used. The eluent ¯ow was 30ml/min throughout the run.
During the ®rst 60 min methanol : water in the ratio 60 : 40
was used, thereafter the methanol : water ratio was changed
to 70 : 30 until the end of the run. The fraction eluted from
10 to 50min (E-2A) and 51±105min (E-2S) were collected
and concentrated in vacuum to yield 12.3 g of E-2A and
33.6 g of E-2S, respectively (®g. 1). An aliquot of the residue
E-2S (4 g) was subjected to further preparative HPLC main-
taining the same conditions indicated earlier and fractions
from 61 to 85min were collected and concentrated in vacuo
to yield 2.2 g of E-2S-S. The entire procedure of the pre-
paration of various neem fractions are indicated in ®g. 2.

For the quantitative analyses of major triterpenoids 20ml
of residue (E-1, E-2A, E-2S and E-2S-S) (10mg/ml) was
injected onto a Shimadzu (LC 8A) HPLC ®tted with a
DuPont analytical ODS (10 m) column (MAC-MOD Analy-
tical Inc., PA, USA). Acetonitrile : water 50 : 50 was used as
eluent at 1ml/min. ¯ow rate and detected at 215 nm. For
the analyses of azadirachtins, acetonitrile : water 30 : 70 at 1
ml/min was used. Pure samples of azadirachtin-A, azadir-
achtin-B, desacetylnimbin, nimbin, salannin (for details of
puri®cation refer to GOVINDACHARI et al., 1995b, 1996b,
1997) were used as standards. Compounds were identi®ed
by their retention times and area measurements (valley to
valley) were used for quantitation.

2.2 Insect bioassays

Extracts E-1, E-2A, E-2S, E-2S-S and E-2S-S spiked with
azadirachtin-A/azadirachtin-B/salannin (at 25, 50 and 75%
concentration) were used for insect bioassays. Pure azadir-
achtin-A, azadirachtin-B and salannin (>99%) were used
for comparison.

Third instar larvae of Spodoptera litura reared on Ricinus
communis leaves were used and a dual choice antifeedant
bioassay was performed with extracts/compounds at 1mg/

cm2 of R. communis leaf area (for details refer GOVINDA-

CHARI et al., 1995a).

For each extract/compound ®ve replicates were main-
tained. The percentage feeding index (PFI) was calculated
(cf. LUCO et al., 1994) using the formula:

PFI� [Area fed in treated/(Area fed in treated
�Area fed in solvent control)]� 100

where treated is the area treated with the solution of com-
pound in 1ml acetone and solvent control is the area treated
with 1ml acetone.

The effect of triterpenoids on the duration of develop-
ment was also studied using third instar S. litura larvae
(GOVINDACHARI et al., 1996a). Third instar larvae were
force-fed on R. communis leaf discs (180 cm2) treated with

Fig. 1. Preparative high per-
formance liquid chromato-
graph of the residue E1

Fig. 2. Preparation of various fractions from neem oil
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0.5mg of compound/extracts per cm2 leaf area, until they
moulted. From the fourth instar, normal diet was provided
until the end of the experiment. Larval durations, mortality,
pupal weight and pupal mortality are presented.

3 Results and discussion

Direct preparative HPLC separation of major triter-
penoids from neem kernel extracts and neem oil and
their quantitative estimation by analytical HPLC are
known (GOVINDACHARI et al., 1995b). On the basis
of the HPLC chromatographic pro®le of neem oil
extractives, it is possible to selectively collect azadir-
achtin-rich fractions and fractions devoid of azadir-
achtin by preparative HPLC. Accordingly, peaks
appearing from 10 to 50min in the preparative run
(E-2A) were collected. Analytical HPLC of E-2A
revealed the presence of azadirachtins A and B as the
major constituents and azadirachtins D, H and I as
minor constituents. The quanti®cations of the latter
are not included in this study. E-2A was devoid of
salannin, nimbin and desacetylnimbin. The peaks
appearing between 61 and 105min were collected (E-
2S) and found to be devoid of any of the ®ve azadir-
achtins mentioned. E-2S had salannin, nimbin, azadir-
adione and desacetylnimbin as major constituents.
The E-2S was subjected to another preparative HPLC
and peaks appearing from 61 to 85min (E-2S-S) and
a single peak appearing between 86 and 104 (salannin)
were separately collected.
E-2S-S was devoid of azadirachtins as well as salan-

nin. Analytical HPLC of E-2S-S revealed the presence
of nimbin and desacetylnimbin as the major constitu-
ents This fraction also contained azadiradione and
desacetylsalannin among others as minor constituents
and the analysis of the latter are not included in this
study. Quantitation of major limonoids from these
fractions are presented in table 1.
E-2A had approximately 2.5- and 1.5-fold increase

of azadirachtin-A and azadirachtin-B, respectively,
compared with E-1. Still, there is no appreciable dif-

ference in the antifeedant activity of the methanolic
extract of neem oil (E-1) and the azadirachtins-rich
HPLC fraction (E-2A). Interestingly, E-2A did not
have the other major C-seco limonoids such as desa-
cetylnimbin, nimbin and salannin. E-2S, which was
devoid of any azadirachtins, was three times less
active than either the crude methanolic extract or the
azadirachtin-rich fraction (E-2A). Elimination of sal-
annin from E-2S resulted in the fraction E-2S-S,
which showed only a marginal increase in antifeedant
activity.
When E-2S-S was spiked with azadirachtin-A, it

showed excellent antifeedant activity even at 25% of
the extract (0.25 mg azadirachtin-A/cm2 leaf area). In
the case that E-2S-S was spiked with azadirachtin-B,
only a marginal improvement in antifeedant activity
was noticed. There was no appreciable increase in
antifeedant activity due to addition of salannin to E-
2S-S and pure salannin was comparably better than
E-2S-S. Hence, quanti®cation of azadirachtin-A may
be taken as a marker for correlating antifeedant activ-
ity of neem extracts against S. litura, although mix-
tures of triterpenoids also impart excellent antifeedant
activity as indicated by the extract E-1 (table 2).
Duration of development of larvae and larval and

pupal mortalities have been taken as indicators of
growth regulation of S. litura for testing the neem
extracts. There was no appreciable differences either
in larval durations or mortality among the fractions
E-1, E-2A, E-2S and E-2S-S. Salannin and azadirach-
tin-A in pure form increased the larval durations
more than control. The incorporation of salannin into
E-2S-S resulted in signi®cant prolongation of total
larval durations of S. litura. Azadirachtin-B, not only
increased the larval durations both in pure form as
well as when incorporated into E-2S-S but also
induced larval mortalities to a very signi®cant level.
In fact, by the ®fth instar, 100% mortality was
noticed with both pure azadirachtin-B as well as when
incorporated into E-2S-S. There was no sign®cant

Table 1. Details of HPLC analyses of major compounds in neem oil fractions. All values are percentages

Compound Aza-A Aza-B Deacetyl nimbin Nimbin Salannin Others

E-1 1.9 8.3 6.9 5.0 21.25 56.651

E-2A 5.1 13.6 ± ± ± 81.31

E-2S ± ± 5.2 5.4 20.36 69.04
E-2S-S ± ± 12.8 24.1 ± 63.1
25A 25 ± 9.62 18.01 ± 47.37
50A 50 6.42 12.01 ± 31.57
75A 75 ± 3.21 6.03 ± 15.76
Aza-A >99 ± ± ± ± ±
25 B ± 25 9.62 18.01 ± 47.37
50 B ± 50 6.42 12.01 ± 31.57
75 B ± 75 3.21 6.03 ± 15.76
Aza B ± >99 ±
25S ± ± 9.62 18.01 25 47.37
50 S ± ± 6.42 12.01 50 31.57
75 S ± ± 3.21 6.03 75 15.76
Salannin ± ± ± ± >99 ±

1 others include other azadirachtins such as aza D, H, I and K.
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change in larval durations due to incorporation of
azadirachtin-A to E-2S-S, but considerable larval
mortality was noticed (table 3).

Based on the foregoing, we conclude that quanti®-
cation of any one component to correlate bioactivity
of neem formulations/extracts may lead to erroneous
conclusions. It is hence, necessary to quantitate the

major limonoids, especially azadirachtin-A, azadir-
achtin-B and salannin, in order to correlate the varied
biological activities of neem kernel extracts/formula-
tions against pest insects.
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290 T. R. Govindachari et al.



major triterpenoids and their quantitative determination
in neem oil. J. Liq. Chromat. 18, 3465±3471.

GOVINDACHARI, T. R.; NARASIMHAN, N. S.; SURESH, G.;
PARTHO, P. D.; GEETHA GOPALAKRISHNAN, 1996a:
Insect antifeedant and growth-regulating activities of
salannin and other C-seco limonoids from neem oil in
relation to azadirachtin. J. Chem. Ecol. 22, 1453±1461.

GOVINDACHARI, T. R.; GEETHA GOPALAKRISHNAN; SUR-

ESH, G., 1996b: Isolation of various azadirachtins from
neem oil by preparative high performance liquid chro-
matography. J. Liq. Chrom. Rel. Technol. 19, 1729±
1733.

GOVINDACHARI, T. R.; GEETHA GOPALAKRISHNAN, 1997:
13,14-desepoxy-azadirachtin-A, a tetranortriterpenoid
from Azadirachta indica. Phytochemistry 45, 397±399.

GOVINDACHARI, T. R.; GEETHA GOPALAKRISHNAN; SUR-

ESH, G., 1997: Puri®cation of azadirachtin-B (3-tigloyla-
zadirachtol) by preparative high performance liquid
chromatography, using the recycling mode. J. Liq.
Chrom. Rel. Technol. 20, 1633±1636.

GOVINDACHARI, T. R.; SANDHYA, G.; GANESH RAJ, S. P.,
1992: Structure of azadirachtin-K, a new tetranortriter-
penoid from Azadirachta indica. Indian J. Chem. 31B,
295±298.

GOVINDACHARI, T. R.; SURESH, G.; GANESHWAR PRASAD,
K., 1994: Structure-related antifeedant activity of azadir-
achtins against the tobacco cutworm, Spodoptera litura
F. Pest. Res. J. 6, 20±25.

ISMAN, M. B.; KOUL, O.; LUCQVNSKI, A.; KAMINSKI, J.,
1990: Insecticidal and antifeedant bioactivities of neem
oil and their relationships to azadirachtin content. J.
Agric. Food Chem. 38, 1406±1411.

KRAUS, W. 1995: Azadirachtin and other triterpenoids. In:
The Neem Tree. Source of Unique Natural Products for
Integrated Pest Management, Medicine, Industry and
Other Purposes. Ed. by SCHMUTTERER, H. Weinheim:
VCH, pp. 35±74.

KRAUS, W.; BAUMANN, S.; BOKEL, M.; KELLER, U.;
KLENK, A.; KLINGELE, M.; POHNL, H.; SCHWINGER,
M., 1987: Control of insect feeding and development by
constituents of Melia azedarach and Azadirachta indica.
In: Natural Pesticides from the Neem Tree and Other
Tropical Plants. Ed. by SCHMUTTERER, H.; ASCHER, K.
R. S. Eschborn: GTZ, 111±125.

KRAUS, W.; GUTZEIT, H.; BOKEL, M., 1989: 1,3-diacetyl-
11,19-deoxo-11-oxomelia-carpin, a possible precursor of
azadirachtin from Azadirachta indica A. Juss. (Melia-
ceae). Tet. Lett. 30, 1797±1798.

LEY, S. V.; ANDERSON, J. C.; BLANEY, W. M.; JONES, P.
S.; LIDERT, S.; MORGAN, E. D.; ROBINSON, N. G.;

SANTAFIANOS, D.; SIMMONDS, M. S. J.; TOOGOOD,

P. L., 1989: Insect antifeedants from Azadirachta indica

(Part 5): Chemical modi®cation and struture-activity

relationships of Azadirachtin and some related limo-

noids. Tetrahedron. 45, 5175±5192.

LUCO, J. M.; SOSA, M. C.; CESCO, J. C.; TON, C. E. &

GIORDANO, O. S. ., 1994: Molecular connectivity and

hydrophobicity in the study of antifeedant activity of

clerodane diterpenoids. Pestic. Sci. 41, 1±6.

LUO LIN-er.; VAN LOON, J. J. A.; SCHOONHOVEN, L. M. .,

1995: Behavioral and sensory responses to some neem

compounds by Pieris brassicae larvae Physiol. Entomol-

ogy 20, 134±140.

PRADHAN, S.; JOTWANI, M. G.; RAI, B. K., 1962: The

neem seed deterrent to locust. Indian Farming 12, 7±11.

REMBOLD, H. 1989: Azadirachtins, their structure and

mode of action. In: Insecticides of Plant Origin. Ed. by

ARNASON, J. T.; PHILOGENE, B. J. R.; MORAND, P.

ACS Symposium Ser. 387, Washington, DC: American

Chemical Society, 150±163.

ROJATKAR, S. R.; NAGASMPAKI, B. A., 1993: 1-tigloyl-3-

acetyl-11-hydroxy-4b-methyl- meliacarpin from Azadir-

achta indica. Phytochemistry 32, 213±214.

ROJATKAR, S. R.; NAGASMPAKI, B. A., 1994: a-hydroxy-
12-norazadirachtin from Azadirachta indica (A. Juss.).

Nat. Prod. Lett. 5, 69±76.

ROJATKAR, S. R.; NAGASMPAKI, B. A., 1995: a-acetoxy-1a-
hydroxyazadirachtol, a new constituent from Azadir-

achta indica (A. Juss.) seeds. Indian J. Chem. 34B, 1016±

1018.

SCHWINGER, M.; EHHAMMER, B.; KRAUS, W., 1984: Meth-

odology of the Epilachna varivestis bioassay of antifee-

dants demonstrated with some compounds from

Azadirachta indica and Melia azaderach. In: Natural

Pesticides from the Neem Tree and Other Tropical

Plants. Ed. by SCHMUTTERER, H.; ASCHER, K. R. S.

Eschborn: GTZ, 181±197.

YAMASAKI, R. B.; KLOCKE, J. A.; LEE, S. M.; STONE, G.

A.; DARLINGTON, M. V., 1986: Isolation and puri®ca-

tion of azadirachtin from neem (Azadirachta indica)

seeds using ¯ash chromatography and high performance

liquid chromatography. J. Chromatogr. 356, 220±226.

Authors' address: Dr G. SURESH (corresponding author),
Centre of Agrochemical Research, SPIC Science Founda-
tion, 111 Mount Road, Madras 600 032, India.

291Insect antifeedant and growth regulating activities of neem seed oil


