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Abstract

Callus cultures of Azadirachta indica flower petals were
established on MS medium supplemented with naphtha-
lene acetic acid (1 mg/L), kinetin (0.5 mg/L) and sucrose
(3% wiv). Cell cultures of Azadirachta indica were estab-
lished and studied the growth and production kinetics.
Half B5 medium supplemented with dicamba (2 mg/L),
kinetin (1 mg/L) and sucrose (3% w/v) was found to be
suitable for initiation and maintenance of cell cultures
from the calli. MS medium supplemented with naphtha-
lene acetic acid (NAA) (1 mg/L), kinetin (0.5 mg/L) and
sucrose (3% w/v) was found to be suitable as production
medium. Around 80% (0.05% w/v) of azadirachtin was
found to be intracellular. The effect of various precursors,
elicitors, permeabilizing agents and growth retardants in
cell cultures was studied. The addition of precursors sodi-
um acetate (10 mg/L), squalene (10 mg/L), isopentenyl pyro-
phosphate (1 mg/L) and geranyl pyrophosphate (1 mg/L)
to the cell cultures on day 3 has shown significant in-
crease in bioproduction of azadirachtin (64.94 + 4.40 mg/L,
72.81+0.04 mg/L, 51.63+1.26 mg/L and 30.70+0.28 mg/L
respectively) over the control cultures (4.70+ 0.27 mg/L).
5% vliv cell extracts of Fusarium solani has shown moder-
ate increase in the content of azadirachtin (5.71 + 0.34 mg/L)
when compared to control cultures (2.40+ 0.56 mg/L). The
addition of methyl jasmonate (500 uM/L) on day 3 has
shown ~4 fold improvement in bioproduction of aza-
dirachtin (6.92+ 0.11 mg/L) when compared to control cul-
tures (1.631 0.02 mg/L). There was no significant etfect of
the studied growth retardants and permeabilizing agents
on bioproduction of azadirachtin. Cells are cultivated in
large volumes using the effective precursors.
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Introduction

Azadirachtin a tetranortriterpenoid first isolated by Butter-
worth and Morgan (1968) from the seed of Azadirachta indica
A. Juss; Family: Meliaceae and it is used a natural biopesti-
cide. There is much current interest in its use as a natural pes-
ticide because of its eco-friendly in nature. Azadirachtin is a
high cost biochemical; the complexity of structure precludes
synthetic production system. Moreover, current supplies of bioac-
tive compounds from the neem tree will not meet the increas-
ing demands (Saxena 1989). These factors suggest that neem
cell cultures may act as an alternative method for the produc-
tion of azadirachtin. There are several reports on the callus cul-
tures of A. indica for the bioproduction of azadirachtin (Wetzer
1994; Allan et al. 1994; Srividya et al. 1998). Veeresham et al.
(1998) reported that the 12-week-old flower callus produced
2.46% (on dry wt. basis) of azadirachtin. However, the yields
are very low. The amount of azadirachtin bioproduction in cal-
lus and cell cultures (0.006% & 0.05% respectively on dry wt.
basis) was comparatively lower than that reported in seeds
(0.40% on dry wt. basis) (Balaji 2001). These results suggest-
ed that there is a scope to adopt certain yield improvement
strategies like addition of precursors, elicitors (biotic and abiot-
ic), permeabilizing agents and growth retardants to the cell cul-
tures to enhance the productivity of azadirachtin. Ballica et al.
(1993) reported that yield of tropane alkaloid was five times
higher in Datura stramonium cell cultures supplemented with
precursors L-phenylalanine and L-ornithine as compared to
that of control cultures. Veeresham et al. (1995) reported that
the addition of biotic elicitors, cell extracts and culture filtrates
of Pencillium minioluteum, Botrytis cinerea, Verticillium dahliae
and Gliocladium deliquescens improved the production of taxol
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and related taxanes in Taxus species cell cultures. Methyl jas-
monate has been shown to enhance the production of taxol
and its analogues, rosmarinic acid, indole alkaloids, antho-
cyanins etc. in cell cultures of Taxus sp., Lithospermum erythrorhi-
zon, Catharanthus roseus and Vaccinium pahale (Yukimune et
al. 1996). Heijden van der et al. (1988) induced triterpenoid
coronarine biosynthesis in cell suspension cultures of Taber-
naemontana species by the addition of cellulase and pecti-
nase. Contin et al. (1999) reported that increased tryptamine
content in cell cultures of Catharanthus roseus was observed
by the addition of pectinase. Kuruvilla et al. (1999) found
enhanced secretion of azadirachtin by permeabilizing agents
Triton X 100, DMSO, cetrimide and chitosan in cell cultures of
A. indica. Strobel et al. (1994) reported that growth retardants
chlorocheline chloride (CCC), succinic acid, 2,2-dimethyl hydra-
zide and tetra methyl ammonium bromide (TMAB) stimulate
taxol synthesis in intact pieces of the inner bark of Taxus brevi-
folia. Jose et al. (1987) reported that sterol inhibitor miconazole
and CCC increase both the incorporation of *C-isopenteny!
pyrophosphate into artemisinin by cell free extracts and pro-
duction of artemisinin in shoot cultures of Artemisia annua.

In present investigation, we report the influence of precur-
sors, sodium acetate (SA), squalene (SQ), cholesterol, isopen-
tenyl pyrophosphate (IPP), geranyl pyrophosphate (GPP) and
dimethyl allyl pyrophosphate (DMAP); biotic elicitors, cell
extracts and culture filtrates of Alternaria alternata, Fusarium
solani and Verticillium dahliae; abiotic elicitors, methyl jas-
monate (MJ), copper sulfate, salicylic acid, cellulase, pecti-
nase, pectolyase and silver nitrate; long term permeabilization
using chitosan, Triton x 100, DMSO and cetrimide and growth
retardants, CCC and ancymidol on bioproduction of azadira-
chtin in cell cultures of A. indica.

Materials and Methods

Initiation and maintenance of callus

The callus cultures were initiated from flower petals collect-
ed during March-April 2000 from Kakatiya University Campus,
Warangal, India. The flower petals were surface sterilized by
treatment with mercuric chloride {(0.1% w/v) for 5 minutes and
transferred to Murashige & Skoog medium supplemented with
NAA (1 mg/L), kinetin (0.5 mg/L ) and sucrose (3% wi/v). The
callus cuitures were maintained on the same medium.

Initiation of suspension cultures of A. indica

The fragile 8-week old callus (2 g) was aseptically trans-
ferred into 0.5 BS medium (40 mL) supplemented with dicam-
ba (2 mg/L), kinetin (1 mg/L) and sucrose (3% w/v) without

agar. The cultures were incubated at 26°C+£2°C and 120 rpm
in shaker incubator.

Growth kinetics

From the suspension cultures growing in growth medium,
the aliquots were withdrawn at the end of 3, 5", 7", 10" and
15" day of incubation. Cultures were filtered and the cells were
weighed for determination of growth of the cells. This proce-
dure was repeated thrice and the growth indices (G.1) were cal-
culated.

Production kinetics

The cell cultures (in growth medium) after two passages,
were cultured into the production medium [MS medium supple-
mented with NAA (1 mg/L), kinetin (0.5 mg/L} and sucrose (3%
w/v) with 50% v/v as inoculum] so as to induce production of
azadirachtin. The cell cultures (10 mL) were aseptically trans-
ferred into each of pre-sterilized conical flasks (50 mL capacity)
with a sterilized pipette (10 mL capacity) under laminar flow
and incubated at 26°C +2°C and 120 rpm in shaker incubator.
The cultures were withdrawn at the end of 3¢, 5", 7" 10" 15"
and 20" day, extracted and analyzed for azadirachtin content.

Addition of precursors, elicitoré, permeabilizing agents
and growth retardants

After 4 passages in growth medium the cell cultures were
transferred into production medium with 50% v/v as inoculum.
10 mL of cell cultures was aseptically transferred into each of
the presterilized conical flasks (50 mL capacity) with a steril-
ized pipette (10 mL capacity).

The precursor solutions sodium acetate (10 mg/L and 100
mg/L}, squalene (10 mg/L and 100 mg/L), cholesterol (10 mg/L
and 100 mg/L), isopentenyl pyrophosphate (1 mg/L and 3
mg/L), geranyl pyrophosphate (1 mg/L and 3 mg/l) and
dimethy! aliyl pyrophosphate (1 mg/L and 3 mg/L); the biotic
elicitor solutions, 1% and 5% v/v of fungal cell exiracts (CE) or
culture filirates (CF) of Alternaria alternata / Verticillium dahliae
/ Fusarium solani; the abiotic elicitors, MJ (100 uM and 500
uM), copper sulfate (100 uM and 500 uM), salicylic acid (100
uM and 500 uM), cellulase (0.1% and 0.5% wi/v), pectinase
(0.01% and 0.05% w/v), pectolyase (0.01% and 0.05% w/v)
and silver nitrate (0.1 mg/L and 1 mg/L); the permeabilizing
agents, DMSO (0.1% v/v and 1% v/v), Tritonx 100 (100 ppm
and 500 ppm), cetrimide (25 ppm and 50 ppm) and chitosan
(0.5 mg/L and 3 mg/L); and the growth retardants ancymidol
(10 uM/L and 100 uM/L) and CCC (0.1 mM/L and 1 mM/L) with
suitable controls were added on day-0 to the cell cultures in
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each of the culture flask under laminar flow and incubated at
26°C+2°C and 120 rpm. Similarly the effective precursors and
elicitors were further studied for optimum day of addition (day
0, 3, 5 and 7). For each concentration, three culture flasks
were used, while running suitable control. The cultures were
withdrawn at the end of day-10, extracted both the cells and
media together for azadirachtin and analyzed.

Extraction of azadirachtin

The cultures after 10 days in production were extracted for
azadirachtin. The cells and media together were extracted with
methanol (3 x 10 mL). To the methanolic extract, equal volume
of distilled water was added and partitioned with dichloro-
methane (3 X 10 mL). The dichloromethane layers were pooled
together and concentrated under vacuum. The residue was
dissolved in 1 mL methanol (HPLC grade). This solution was
subjected to TLC and HPLC analysis (Yamasaki et al. 1986).

Analysis

Thin Layer Chromatography (TLC)

The methanolic extracts were co-chromatographed on pre-
coated aluminum silica gel-G (Merck) plates with authentic
sample using hexane-solvent ether (2:8) as solvent system.
Vanillin-sulphuric acid was used as detecting system.

High-Performance Liquid Chromatography (HPLC)

After detection of azadirachtin by TLC, HPLC analysis was
carried on Shimadzu LC 10AT system, by injecting 10 uL of
the each standard solution and extract with Hamilton syringe,
using C-18 column (SGE, Wakosil-Il Analitica, 250 x 4.6 mm
i.d., 5 ul) with Shimadzu Photo Diode Array (SPD-M10 AVP
model) detector. The mobile phase (acetonitrile-water 40:60)
was pumped isocratically at a flow rate of 1 mL/min and the
azadirachtin was detected at 217 nm (Yamasaki et al. 1986;
Thejavathi et al. 1995).

Results and Discussion

The callus cultures of Azadirachta indica were initiated and
maintained on MS medium supplemented with NAA (1 mg/L),
kinetin (0.5 mg/L) and sucrose (3% w/v). The cell cultures were
initiated from 8-week old callus cultures. 0.5 B5 medium sup-
plemented with dicamba (2 mg/L), kinetin (1 mg/L) and sucrose
(3% wiv) was found to be suitable for initiation and mainte-
nance of cell cultures from the calli. The growth kinetics of cell
cultures is depicted in Figure 1. The maximum growth of the
cells was found to be on day 10. A decline in growth was
observed on day 15. MS medium supplemented with sucrose

(8% wiv), NAA (1 mg/L) and kinetin (0.5 mg/L) was found to be
suitable as production medium. The production kinetics of aza-
dirachtin in cell cultures is shown in Figure 2. The maximum
amount of azadirachtin was found to be 10.11+2.41 mg/L on
day 7 using production. medium. On co-chromatography with
authentic sample, the extracts obtained from the cultures re-
vealed the presence of azadirachtin. The extracted samples
has the same retention factor (Rs) (0.28) value as that of the
authentic sample and shown a violet-black spot upon treatment
with vanillin - sulphuric acid. On HPLC analysis, the extracts
obtained from cell cultures had the same retention time (Ry)
values as that of authentic sample (15.6 min). Further, the
extracts obtained from cell cultures had the same UV absorp-
tion maxima as that of authentic sample in Diodearray detec-
tor. The production profile of azadirachtin revealed that the maxi-
mum bioproduction of azadirachtin was on day 7 using produc-
tion medium. However, there was a decrease in the production
of azadirachtin with the increased period of incubation. The
content of azadirachtin in cells and media was found to be 9.31
+2.40 mg/L and 0.80+0.001 mg/L respectively. These results
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Figure 1. Growth Kinetics of Cell Suspension Cultures of Azadirachta
indica
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Figure 2. Production Kinetics of Azadirachtin in Suspension Cultures
of Azadirachta indica
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suggests that majority of the azadirachtin was produced as
intracellular. The comparative profile of azadirachtin production
in intact plant, callus and cell cultures of A. indica is shown in
Figure 3. The content of bioproduction of azadirachtin in cell
cultures is almost 10 folds more than in callus cultures derived
from different explants. However, the yield of azadirachtin in
cell cultures was one tenth to that reported in seeds (0.4% on
dry wt. basis).

The addition of sodium acetate (10 mg/L) to the cell cultures
of A. indica significantly improved the production of azadira-
chtin over the control cultures. There was ~ 8-fold increase in
azadirachtin content by supplementation of sodium acetate (10
mg/L) to the cell cultures (30.72+2.56 mg/L) over the control
cultures (3.92+ 0.72 mg/L) (Figure 4). The overall improve-
ment in the yield of azadirachtin may be due to its incorpora-
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tion as a precursor for the biosynthesis of azadirachtin. It was
reported that azadirachtin belongs to the C-seco-limonoid
group of triterpenoids, and is biogenetically formed from acetate
via mevalonate, squalene, apo-tirucallol and subsequent oxi-
dation (Butterworth and Morgan 1968; Ley et al. 1993). The
earlier reports suggest that proto-meliacins or proto-limonoids
(euphane or triucallane derivatives) are the biosynthetic precur-
sors of meliacins or limonoids (tetranortetracyclic triterpenoids)
(Lavie and Levy 1971).

The addition of squalene (10 mg/L) to the cell cultures of A.
indica significantly improved the production of azadirachtin.
There was ~11-fold increase in azadirachtin bioproduction by
supplementation of squalene (10 mg/L) to the cell cultures (27.
38+0.014 mg/L) over the control cultures (2.43+0.28 mg/L)
(Figure 4). The overall improvement of azadirachtin may be

-
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Figure 3. Comparative statement of azadirachtin content from different source (Intact & In vitro Cultures)
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due to precursor incorporation in its biosynthesis. Ekong et al.
(1985) reported that the biosynthetic pathway of limonoids
involves the incorporation of squalene for bioproduction of eu-
phol or butyrospermol, which are intermediates in azadirachtin
biosynthesis in intact plant.

The addition of isopentenyl pyrophosphate (1 mg/L) to the
cell cultures of A. indica significantly improved the production of
azadirachtin (28.33+3.80 mg/L) over the control cultures (2.65
+0.18 mg/L) (Figure 4). There was ~ 11-fold increase in aza-
dirachtin bio-production by supplementation with isopentenyl
pyrophosphate (1 mg/L) to the cell cultures observed over the
control cell cultures. The azadirachtin is biosynthesized through
acetate-mevalonate pathway. The isopentenyl pyrophosphate
is one of the key intermediates in acetate-mevalonate path-
way. Hence, its enhanced effect on bioproduction may be due
to increased availability of precursor for the biogenesis of
azadirachtin (Newmann and Chappell 1999).

Addition of geranyl pyrophosphate (1 mg/L) to the cell cul-
tures of A. indica also enhanced the yield of azadirachtin
(41.05+3.19 mg/L) as compared to the control cuitures (2.65
+0.18 mg/L). There was ~16-fold increase in azadirachtin pro-
duction by supplementation of geranyl pyrophosphate (1 mg/L)
to the cell cultures over the control cultures (Figure 4). The
overall improvement of azadirachtin, by addition of geranyl
pyrophosphate in the cell cultures of A. indica may be due to
its incorporation as a precursor in biosynthesis of azadirachtin.

The addition of cholesterol (10 mg/L) to the cell cultures of
A. indica has not shown significant effect on bioproduction of
azadirachtin (Figure 4). In earlier reports, the addition of cho-
lesterol has shown enhancement in solasodine content in sus-
pension cultures of Solanum xanthocarpum and Solanum avic-
ulare (Khanna et al. 1976; Bhargava 1979). In our study cho-
lesterol failed to enhance the bioproduction of azadirachtin
may be due to its preference towards the biosynthesis of
sterols than terpenoids or it may not be reaching the site of
action.

The addition of dimethyl aliyl pyrophosphate (1 mg/L) to the
cell cultures of A. indica improved the production of azadira-
chtin (7.84+0.19 mg/L) over the control cultures (2.65+0.18
mg/L) (Figure 4). There was approximately 3 fold increase in
azadirachtin production by supplementation of dimethyl allyl
pyrophosphate to the cell cultures over the control. The lower
dose of the precursor was found optimum to induce bioproduc-
tion of azadirachtin. The improvement in bioproduction of aza-
dirachtin indicates the incorporation of this precursor in biosyn-
thesis of azadirachtin.

All precursors in higher concentration showed less effect on
enhancement of azadirachtin bioproduction in cell cultures of
A. indica. It may be due to negative feed back mechanism in
biogenetic pathway.

The precursors, which were found effective, were further
studied for determination of optimum day of their addition. On
addition of sodium acetate (10 mg/L) on days 0, 3, 5 and 7 has
shown about 6.5, 16, 11 and 7 folds increase respectively in
the content of azadirachtin (27.38+0.014 mg/L, 64.94+4.40
mg/L, 47.21+£2.90 mg/L and 28.82+3.32 mg/L respectively)
over the control cultures (4.16 +2.54 mg/L) (Figure 5). The addi-
tion of sodium acetate (10 mg/L) on day 3 was found to show
more significant effect than the additions on days 0, 5 and 7.
The addition of squalene (10 mg/L) on days 0, 3, 5 and 7 has
shown 6.5, 16, 11 and 5 folds increase in content of azadira-
chtin [30.72+1.53 mg/L, 72.81+0.04 mg/L, 50.4+0.12 mg/L
and 21.74 mg/L respectively over control cultures (4.70+0.27
mg/L)] (Figure 6). Upon addition of isopentenyl pyrophosphate
(1 mg/L) and geranyl pyrophosphate (1 mg/L) on day 3, 14 and
8 folds increase respectively in amount of azadirachtin could
be detected (Figure 7 and 8).

All the precursors studied for optimization of day of addition
have shown appreciable enhancement in yield of azadirachtin
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Figure 5. Effect of sodium acetate on different days of addition to the
cell cultures of A. indica
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upon day-3 addition. This could be due to the reason that the
biogenetic process is positively accelerated leading to in-
creased production of azadirachtin.

There is no significant effect of cell extracts and culture fil-
trates on Afternaria afternalta, Verticillium dahliae and Fusarium
solani on the bioproduction of azadirachtin in cell cultures of A.
indica except with the cell exiracts of F. solani (Figure 9). The
addition of cell extract (5% v/v) of F. solani showed 2-fold im-
provement in bioproduction of azadirachtin (5.71+0.34 mg/L)
over control cultures (2.40+0.56 mg/L). Whereas in case of A.
alternata and V. dabhliae, the addition of culture filtrates has
shown 1.3 and 1.5 fold improvement in bioproduction of aza-
dirachtin (3.18+1.54 mg/L and 3.54+0.07 mg/L respectively)
over control cultures. However, the cell extracts of F. solani
and culture filtrates of A. alternata and V. dahliae were found to
show significant effect only in higher concentration (5% v/v) on
bioproduction of azadirachtin in cell cultures of A. indica. It may
due to the fact that fungal extracts used may have sufficient
amount of compounds only in higher concentration, capable of
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Figure 7. Effect of isopentenyl pyrophosphate on different days of
addition to the cell cultures of A. indica
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Figure 8. Effect of geranyl pyrophosphate on different days of addition
to the cell cultures of A. indica

stimulating the plant defensive system in present set of experi-
ment or it might be the sufficient concentration to reach the
appropriate site of action to enhance the yield of secondary
metabolites.

The addition of methyl jasmonate (MJ) (500 uM/L) on 0 day
has shown ~3 fold improvement in production of azadirachtin
(5.84+0.71 mg/L) over the control cell cultures (2.24+0.13
mg/L) {Figure 10). There was no significant effect of MJ (100
uM/L) on day 0 addition, on the production of azadirachtin,
compared to control cell cultures.

The addition of copper sulphate (100 yM/L and 500 uM/L)
on day-0 had no significant effect on the production of azadira-
chtin (2.82+0.35 and 1.12+0.15 mg/L respectively) over the
control cultures (1.98+0.84 mg/L) (Figure 10). It may be due
to its inability to induce the enzymes involved in biogenetic
pathway of azadirachtin or the elicitor may not be reaching the
site of action or toxic to the cells. It was reported that, copper
(Il) ions were optimal for inducing the accumulation of high lev-
els of sesquiterpenoid phytoalexins (lubimin, 3-hydroxy lubimin
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Figure 9. Effect of biotic elicitors on bioproduction of azadirachtin in
cell cultures of Azadirachta indica
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and rishitin) in fruit cavities of thorn apple (Datura stramonium)
whilst, in cell suspension cultures, the highest levels of product
were formed in response to 1 mM copper (Il} ions (Whitehead
et al. 1990).

The addition of salicylic acid (100 uM/L and 500 uM/L) on
day-0 had no significant effect on the production of azadira-
chtin (3.12+0.11 and 1.36+0.43 mg/L respectively) over the
control cultures (1.98+0.84 mg/L) (Figure 10). It may be due
to its inability to induce the enzymes involved in biogenetic
pathway of azadirachtin or the elicitor may not be reaching the
site of action or toxic to the cells.

The addition of cellulase (0.1% and 0.5% w/v), pectinase
(0.01% and 0.05% w/v), pectolyase (0.01% and 0.05% w/v)
and silver nitrate (0.1 mg/L and 1 mg/L) on day-0 had no signif-
icant effect on the production of azadirachtin (17.58+1.65 and
27.481+5.60 mg/L, 14.53+1.88 and 25.70+4.70 mg/L, 15.34
+0.64 and 26.27+0.68 mg/L and 46.49+6.46 and 90.19+
10.78 mg/L respectively) over the control cultures (78.84+
16.27 mg/L} (Figure 11). It may be due to its inability to induce
the enzymes involved in biogenetic pathway of azadirachtin or
the elicitor may not be reaching the site of action or toxic to the
cells.

The elicitors, which were found effective, were further stud-
ied for determination of optimum day of their addition. There
was a significant improvement (4 fold) in bioproduction of aza-
dirachtin (6.92+0.11 mg/L) over control cultures (1.63+0.02
mg/L) observed on day 3 addition of methy jasmonate (500
uM/L) (Figure 12). These results indicated that the optimum
day of addition of methy jasmonate (MJ) was day 3.

In conclusion, the methyl jasmonate showed great influence
on bioproduction of azadirachtin in cell cultures of A. indica
over other elicitors employed. This is the first report of the effect
of methyl jasmonate on the production of azadirachtin in cell
cultures of Azadirachta indica. Methyl jasmonate is thought to
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Figure 11. Effect of elicitors on bioproduction of azadirachtin in cell
cultures of Azadirachta indica

be the precursor of the jasmonic acid which is one of the inter-
mediates involved in the signal transduction.

The effect of long term permeabilization using DMSQO, Triton
% 100, cetrimide and chitosan on the bioproduction of azadira-
chtin in cell cultures of Azadirachta indica is shown in Figure
13. The addition of DMSO (0.1% and 1% v/v), cetrimide (25
ppm and 50 ppm) and Triton x 100 (100 ppm and 500 ppm) on
day-0 had no significant effect on the production of azadira-
chtin (30.81+3.45 and 63.45+ 6.24 mg/L; 10.06+ 0.30 and
10.93+1.30 mg/L and 5.20+0.005 mg/L and 25.32+ 14.17
mg/L respectively) over the control cultures (25.65+6.55 mg/L).
Park and Martinez (1992) reported 66% release of rosmarininc
acid from Coleus blumei cell cultures using DMSO as perme-
abilizing agent at 1% v/v concentration. Brodelius (1988) report-
ed that cetrimide in the concentrations of 44 and 72 ppm in cell
cultures. of Catharanthus roseus enhanced the release of in-
dole alkaloids by 50%. Brodelius et al. (1988) reported 50%
release of alkaloids from cultured cells of Catharanthus roseus
using Triton x 100 as permeabilizing agent. Similar effect was
not observed in case of Azadirachta indica cell cultures.

Both the doses of chitosan (0.5 mg/L and 3 mg/L) employed
inhibited the production of azadirachtin (53.40+8.06 and 20.30
+6.36 mg/L respectively) when compared with control cell cul-
tures (66.34+8.79 mg/L). Chitosan (0.5 mg/L) showed 10.5%
decrease and at concentration 3 mg/L showed 69.4% de-
crease in the content of azadirachtin. Kuruvilla et al. (1999)
reported that permeabilizing agents DMSO, chitosan and
Triton x 100 enhanced the secretion of azadirachtin from the
callus culture of Azadirachta indica. Their results also indicat-
ing that enhanced release of azadirachtin by permeabilizing
agents also enhanced the overall productivity of azadirachtin
when compared with untreated cultures. The maximum amount
of azadirachtin reported was found to be 10 mg/L. However, in
our study all the permeabilizing agents employed was not
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Figure 12. Influence of day of addition (Methyl jasmonate, 500 uM/L)
on bioproduction of azadirachtin in cell cultures of Azadirachta indica



128 Azadirachtin, a Novel Biopesticide from Gell Cultures of Azadirachta indica

B Low Concentration
O High Concentration

Amount of azadirachtin (mg/L)

Control DMSO  Tritonx 100 Cetrimide  Chitosan

(1%Acetic Acid)

Control
(Water)

Figure 13. Effect of permeabilizing agents on bioproduction of
azadirachtin in cell cultures of Azadirachta indica

enhanced the production of azadirachtin. The maximum amount
of azadirachtin in our study was 90.19+10.78 mg/L. It seems
that the enhancement of azadirachtin by permeabilizing agents
also depends on the productivity of the culture. The culture
employed in the present study shown 9 fold increased produc-
tivity compared to the cell cultures of Kuruvilla et al. (1999).

The effect of addition of growth retardants on bioproduction
of azadirachtin in cell cultures has shown in Figure 14. The
addition of chlorocholine chioride (CCC) (0.1 mM and 1 mM) to
the cell cuftures couid not enhance the production of azadira-
chtin (1.40+0.32 mg/L and 0.63+0.20 mg/L respectively) over
the control cultures (4.20+0.01 mg/L). The CCC inhibits the
incorporation of farnesyl pyrophosphate into sterol.

There was no significant effect on addition of ancymidol (10
UM/L and 100 uM/L) on the bioproduction of azadirachtin in cell
cultures (4.32+2.21 mg/L and 6.10+0.24 mg/L) over the con-
trol cultures (3.44 +0.50 mg/L).

In conclusion, the precursors enhanced the productivity of
azadirachtin in cell cultures of Azadirachta indica. However,
there is a need to study further employing with the radio-
labeled precursors to show the effect. The methyl jasmonate
had a significant effect on the production of azadirachtin, while
growth retardants and permaeabilizing agents had no signifi-
cant effect. The effect of various precursors, elicitors, perme-
abilizing agents and growth retardants may depend on cell line
productivity. The maximum productivity of the cell line was ob-
served at 90 mg/L of azadirachtin. The productivity of the cul-
ture varied from 1.63+0.02 mg/L to 90.19+10.78 mg/L through-
out the study.
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