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The present study aimed to elucidate the effect of nutritional alteration on biomass content and azadirachtin production
in cell suspensions of the elite neem variety crida-8. Variations in total nitrogen availability in the medium in terms of
different ratios of nitrate:ammonium showed that the ratio 4:1 revealed a profound effect, leading to a 1.5-fold increase
in the total extracellular azadirachtin production (5.59 mg/l) over the standard MS medium. Reduction in sucrose (15
mg/l) in the medium exhibited a reduction in biomass and absence of azadirachtin, whereas total phosphate reduction
raised intracellular azadirachtin production (6.98 mg/l). An altered medium with a nitrate:ammonium ratio of 4:1
coupled with complete elimination of phosphate enhanced biomass by 36% (59.36 g/l).
[Sujanya S, Devi B P and Sai I 2008 In vitro production of azadirachtin from cell suspension cultures of Azadirachta indica; J. Biosci. 33 113–120]

1.

Introduction

Chemical pesticides, once considered a boon for increasing
the yield of food crops, have now become a bane owing
to the numerous cases of pesticide poisoning. Alternative
pesticides are thus becoming increasingly important. Neem,
Azadirachta indica A Juss (Meliaceae), the evergreen,
multipurpose tropical tree has emerged as a suitable
candidate for meeting the demand for environmentally
benign pest control agents, safe medicinals, wood and
non-wood products, and has also proved to be a potential
species for afforestation. The tree is best known for its use
in controlling insect pests and recently there has been an
increasing interest in this area. Neem seed extracts have
proven effective in the control of agricultural pests in an
environmentally benign manner (Immaraju 1998; Allan et
al 1999).
Over 300 compounds have been isolated from various
parts of the neem tree. The major active compounds are
highly oxidized triterpenoids called limonoids. Azadirachtin
(aza), the chief substance, is accumulated in the seed
kernels. Being a C-seco-tetranotriterpenoid, azadirachtin is

of great interest, particularly for its insect antifeedant, and
growth regulatory and sterilant effects. Keeping in view
the utility of azadirachtin as a potential biopesticide and to
combat the difﬁculties concerning variations in its source,
availability, genetic stability and maintenance of purity,
in vitro tissue culture techniques have been investigated
and found fruitful (Vander Esch et al 1993). Cell culture
technology has been found useful for highly valuable
compounds that lack a synthetic or chemical synthesis
procedure such as azadirachtin which, to date, cannot be
synthesized chemically. This technology was adopted in the
present work.
Carbohydrate, nitrogen and phosphorus are among the
most essential ingredients of the nutrient medium known
to affect the growth and metabolism of cultured cells, and
have been studied extensively in different species in relation
to the production of secondary metabolites. The present
work aimed to elucidate if and how the cell biomass and
azadirachtin content of neem cell suspensions derived from
the elite variety crida-8 cell line are affected by increased
total nitrogen, reduced sucrose and phosphate levels in MS
medium (Murashige and Skoog 1962).

Keywords. Azadirachtin; cell suspensions; nitrogen variability; neem
Abbreviations used: BAP, benzyl aminopurine; DMRT, Duncan multiple range test; HPLC, high performance liquid chromatography; K,
kinetin; NAA, naphthalene acetic acid
http://www.ias.ac.in/jbiosci

J. Biosci. 33(1), March 2008, 113–120, © Indian J.
Academy
of Sciences
113
Biosci. 33(1),
March 2008

S Sujanya, B Poornasri Devi and Isha Sai

114
2.

Materials and methods

Induction and maintenance of callus cultures

2.1

In vitro neem nodal explants of the crida-8 variety were
inoculated on modiﬁed MS medium supplemented with
0.2 mg/l benzyl aminopurine (BAP) and 0.2 mg/l kinetin
(K) to obtain a callus ,and maintained at a light intensity
of 3000 lux for a photoperiod of 16/8 h and temperature of
25±2°C. The callus obtained was maintained on standard
MS medium with naphthalene acetic acid (NAA) 1 mg/l and
BAP 3 mg/l.
Establishment of cell suspension cultures

2.2

Suspension cultures were initiated in liquid MS medium
with altered nitrate:ammonium ratios in the order 2:1,
3:1, 4:1, 5:1, reduced sucrose level of 15 g/l, and reduced
phosphate concentrations starting from ¾ (0.937 mM),
½ (0.625 mM), ¼ (0.3125 mM) to complete reduction of
potassium dihydrogen phosphate. The cell suspensions were
maintained at 90 rpm on a rotary shaker at 25±2C, 3000 lux
and 16/8 h photoperiod.
2.3

Quantiﬁcation of biomass content

Growth of the suspension was quantiﬁed as a function
of fresh weight and dry weight. While fresh weight was
assessed by packed cell weight and settled cell weight, dry
weight was obtained by oven drying for 48 h at 60°C. The
speciﬁc growth rate (µ) was calculated from (lnX – lnXo)
versus the time (t) plot, where Xo is the initial biomass at
the time of inoculation, X is the biomass concentration
estimated by measuring the dry weight during the log phase
of the culture. The efﬁciency of growth was assessed by the
average growth rate (QX):
(maximum cell density) – (initial cell density)
QX =
(initial cell density) (culture time in weeks)
Results were statistically analysed using the Duncan
multiple range test (DMRT).
2.4

Quantitative analysis of azadirachtin

2.4.1 Extraction protocol: The homogenized intracellular
and extracellular components were subjected to
centrifugation at 13 000 rpm, at –4°C for 10 min and
extracted into methanol of high performance liquid
chromatography (HPLC) grade. The supernatant was ﬁltered
through a sep-pak C-18 cartridge and the ﬁltrate was utilized
for HPLC analysis.
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2.4.2 HPLC analysis: 20 µl of the extract was subjected
to HPLC analysis on the Shimadzu LC-AT series, the
mobile phase being acetonitrile:water, 35:65 at a ﬂow rate
of 1 ml/min (Bureau of Indian Standards [BIS] No. 142991995 and 14300-1995) with a reverse-phase analytical
Chromega C-18 column (50 mm length × 4.6 mm diameter)
or Phenomenex C-18 column (250 mm length × 4.6 mm
diameter) with an azadirachtin retention time of 6.7 min
or 19.5 min, respectively. Azadirachtin was detected at 215
nm by an SPD-10 AVP UV-VIS detector and quantiﬁed
by comparing it with the peak of the external standard of
azadirachtin (95%, Sigma, USA Catalogue No.A-7430) and
total azadirachtin was calculated as the sum of intracellular
and extracellular azadirachtin accumulated.
3.

Results

As total nitrogen, sucrose and phosphorus are essential
ingredients for cell growth and metabolism, alterations
in their levels were studied in terms of cell biomass and
azadirachtin accumulation in neem cell suspensions.
3.1

Effect of increased total nitrogen

In view of the positive effect of increased total nitrogen on
biomass and secondary metabolite accumulation, the effect
of increasing total nitrogen by increased nitrate levels of
59.1 mM, 78.8 mM and 98.5 mM at constant ammonium
concentrations in the order of 3:1, 4:1, 5:1 studied, resulted
in a progressive increase in biomass with statistically
signiﬁcant differences (table 1). Medium with 2-fold
increase in nitrate levels (nitrate: ammonia 4.1) revealed,
enhanced biomass by 8.3% whereas, 2.5%-fold increase of
nitrate levels (nitrate: ammonia 5:1) resulted in 20% increase
of biomass over standard MS with nitrate: ammonia 2:1 ratio.
The cell suspension cultures depict a typical sigmoid curve
with an initial lag phase, followed by an exponential phase
(extending up to 4 weeks), terminating in a stationary phase
characterized by no cell growth but increased secondary
metabolite accumulation (extending up to 4 weeks) (ﬁgure 1).
The average growth rate of the cultures was also signiﬁcantly
high in the nitrate:ammonium ratio of 5:1. The 2-fold increase
in nitrate:ammonium ratio from 2:1 to 4:1 resulted in a 1.5fold increase in azadirachtin content, recording an optimum
of 5.589 mg/l of total azadirachtin. The entire product formed
in this nitrate:ammonium ratio, unlike that of standard MS,
was found to be extracellular (ﬁgure 2).
3.2

Effect of sucrose reduction

The reduction in sucrose to 15 g/l resulted in a proportionate decrease in biomass by 7.4% (table 1) as
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compared to 30 g/l in standard MS medium, the growth
being reduced from 43.4 g/l to 40.52 g/l with
a correspondingly lower growth rate (ﬁgure 3). With
respect to azadirachtin production, unlike the increase
reported by Wewetzer (1998), no signiﬁcant increase was
observed.

3.3
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Effect of decreased phosphate levels

Involvement of inorganic phosphate in the metabolic
regulation of secondary metabolites is well established.
On the basis of studies indicating increased secondary
metabolite accumulation with reduced phosphate levels,

Table 1. Effect of increased nitrate/ammonia ratio and reduced sucrose on cell biomass and azadirachtin production in neem cell
suspensions
Parameter

Mean fresh
weight** (g/l)

Average growth
rate (week)–1

Total Aza
(mg/l)

Azadirachtin content (mg/l)
Intracellular

Extracellular

Aza A

Aza B

Aza (A+B)

Aza A

Aza B

Aza (A+B)

MS (sucrose 30 mg/l)
Nitrate:ammonia (2:1)

43.4 ± 0.001b

0.133

1.93

Nil

1.93

0.04

1.72

1.76

3.69

N1 (3:1)

45.2 ± 0.001c

0.161

1.73

Nil

1.73

1.97

Nil

1.97

3.70

N2 (4:1)

47.04± 0.003d

0.176

Nil

Nil

Nil

5.59

Nil

5.59

5.59

N3 (5:1)

e

52.24± 0.007

0.217

Nil

Nil

Nil

Nil

Nil

Nil

Nil

S1 (2:1)
(Sucrose 15 mg/l)

40.51 0.004a

0.124

Nil

Nil

Nil

Nil

Nil

Nil

Nil

DMR test: same superscript indicates no signiﬁcant difference between the values whereas variation in the superscript order of letter
indicates proportionate difference at P<0.05.
(Values are mean ± SE).
**Average of 5 readings repeated twice.

Figure 1. Speciﬁc growth rate of neem cell suspensions in altered nitrate: ammonium ratio. MS, Murashige and Skoog medium; MS
medium with variation in nitrate and ammonia ratio indicated in paranthesis: N1 (3:1), N2 (4:1), N3 (5:1).
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various reductions from ¼ (0.937 mM), ½ (0.625 mM), and
¾ (0.3125 mM) of phosphate to complete reduction were
studied. Gradual reduction of phosphate from 1.25 mM was
accompanied by a corresponding increase in biomass, the

maximum being 50 g/l on complete elimination of phosphate,
a 13% increase over standard MS medium (table 2, ﬁgure 4).
The same trend was observed with respect to azadirachtin
production, which reached a maximum of 6.689 mg/l, a

Table 2. Effect of reduced phosphate levels and altered medium composition on cell biomass and azadirachtin production in neem cell
suspensions
Parameter

Mean fresh
weight** (g/l)

Average growth
rate (week)–1

Azadirachtin content (mg/l)
Intracellular

Total Aza
(mg/l)

Extracellular

Aza A

Aza B

Aza A+B

Aza A

Aza B

Aza A+B

MS medium
43.40 ± 0.001a

0. 133

1.93

Nil

1.93

0.04

1.72

1.76

3.69

P ¼ (0.937 mM)

b

44.00± 0.001

0.152

1.95

1.92

3.87

Nil

Nil

Nil

3.87

P ½ (0.625 mM)

45.00± 0.001c

0.160

2.98

1.04

4.02

Nil

Nil

Nil

4.02

d

0.171

Nil

6.75

6.75

Nil

Nil

Nil

6.75

Po (complete reduction)

e

50.00± 0.003

0.200

6.94

0.04

6.98

Nil

Nil

Nil

6.98

AM (altered
medium)

59.36± 0.007f

0.274

Nil

Nil

Nil

0.069

Nil

Nil

0.069

P1 (1.25 mM)

P¾ (0.3125 mM)

46.40± 0.001

DMR test: same superscript indicates no signiﬁcant difference between the values whereas variation in the superscript order of letter
indicates proportionate difference at P < 0.05.
(Values are mean ± SE.).
** Average of 5 readings repeated twice.

Figure 2. Effect of altered nitrate: Ammonium ratio on azadirachtin production. MS, Murashige and Skoog medium; MS medium with
variation in nitrate and ammonia ratio indicated in paranthesis: N1 (3:1), N2 (4:1), N3 (5:1).
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Figure 3. Speciﬁc growth rate of cells at reduced sucrose levels. MS, Murashige and Skoog medium; SI: MS with 50 mg/l sucrose.

Figure 4. Speciﬁc growth rate of neem cell suspensions at reduced phosphate levels. MS, Murashige and Skoog medium; MS medium
with reduction in phosphate levels indicated by subscript to ‘P’ – P1: No reduction; P2: P1/4; P3: P1/2; P4: P3/4.
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Figure 5. Effect of reduction of phosphate levels on azadirachtin production. MS, Murashige and Skoog medium; MS medium with
reduction in phosphate levels indicated by subscript to ‘P’ – P1: No reduction; P2: P1/4; P3: P1/2; P4: P3/4 .

Figure 6. Effect of altered medium composition on cell biomass. MS, Murashige and Skoog medium; MSAM, MS with altered medium
nitrate:ammonia 4:1 + total phosphate reduction.
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Figure 7. Effect of altered medium composition on azadirachtin production in neem suspensions. MS, Murashige and Skoog medium;
N2- MS with nitrate:ammonia 4:1; P4- total phosphate reduction: MSAM- MS with altered medium Nitrate: Ammonia 4:1 + total phosphate
reduction.

1.5-fold increase following complete phosphate elimination
(ﬁgure 5). Our study revealed a signiﬁcant increase in both
cell biomass and corresponding intracellular azadirachtin
production in a phosphate-deﬁcient medium.
3.4

Effect of altered medium composition

A combination of 4:1 nitrate:ammonium ratio and
complete phosphate elimination in the medium resulted
in an enhancement of the biomass by 36% (table 2,
ﬁgure 6), the growth pattern being in accordance with
that of a sigmoid curve (ﬁgure 4). Very little azadirachtin
production was observed in the altered medium. However,
the total azadirachtin produced was found to be completely
extracellular (ﬁgure 7).
4.

Discussion

Keeping in view the effect of increased total nitrogen on cell
biomass and secondary metabolite production, increased
nitrate levels at constant ammonium concentrations resulted
in enhanced biomass production with increasing nitrogen.
It has been reported that synthesis of 1,4 naphthaquinones
in callus cultures of Lythospermum erythrorhizon increased

with an increase in total nitrogen from 67 mM to 104
mM, while further increase in nitrogen suppressed yield
(Tabata et al 1974). In conformity with this, azadirachtin
production was found to progressively increase from
69.01 mM nitrate [2(NO3):1(NH4)], attaining a maximum
of 5.59 mg/l at 94.41 mM [4(NO3):1(NH4)]. Thereafter, the
yield was suppressed at 119.11 mM total nitrate [5(NO3):
1(NH4)].
Prakash et al (2005) reported progressive enhancement in
biomass and azadirachtin production with increase in nitrate
concentrations in neem cell suspensions. In accordance
with this report, in the present study, increased biomass was
observed with an increase in the nitrate level, but azadirachtin
production showed progressive enhancement up to a nitrate:
ammonia ratio of 4:1; and was suppressed thereafter
in a ratio of 5:1. However, the medium with a 4:1 ratio
revealed a profound effect on cell permeability by making
the total azadirachtin extracellular. The increased nitrate
concentration seems to have increased cell permeability,
thereby leaching all azadirachtin molecules into the medium.
Prakash et al (2005, 2006) successfully used glucose as
the carbon source for the production of azadirachtin in
neem cell suspension cultures. Wewetzer (1998) reported
a triple increase in azadirachtin yield from callus derived
from leaf explants of A. indica of Nicaraguan origin grown
J. Biosci. 33(1), March 2008
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on medium with 15 g/l sucrose, while the cell line from
the Nicaraguan bark failed to show any enhancement in
azadirachtin when grown on reduced sucrose levels with
respect to standard MS. The neem cell suspensions in the
present study resulted in a lower biomass and absence
of any detectable quantity of azadirachtin when cultured
in medium containing 15 mg/l sucrose, suggesting the
varied responses of different cell lines. Decreased phosphate
has been correlated with an increase in alkaloids, anthocyanins
and phenolics in Catharanthus roseus, increased alkaloid
in Peganum harmala and increased solasodine in Solanum
lanciatum (Zenk et al 1977). Stimulated caffeine production
has been reported in Coffea arabica cell suspensions
and that of cinnanoyl putrescine in those of Nicotiana
tabaccum under phosphate-deﬁcient conditions (Bramble
et al 1991; Knobloch et al 1981). In the present study,
total phosphate reduction resulted in enhanced azadirachtin
production (6.98 mg/l), revealing an inverse relationship
between progressive increase in azadirachtin and reduction
in phosphate levels.
5.

Conclusion

The production of azadirachtin in quantities well above
the limit of detection in cell suspension cultures of neem
depends on the cell line, and components of the nutrient
medium such as total nitrate, phosphate and sucrose levels.
An increase in product formation is seen with increased
nitrate and decreased phosphate levels.
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