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SUMMARY 

Neem (Azadirachta indica A. Juss) is an evergreen woody plant of Meliaceae 

family native to Indo Pak subcontinent and distributed in the tropical and subtropical 

regions of the world. The neem plants contain a variety of secondary metabolites 

including limonoids (e.g. azadirachtin, salanin), flavonoids, essential oil, etc. used as 

biopesticide against insects. Among them azadirachtin has the most effective 

insecticidal properties but difficult to synthesize chemically due to its complex 

chemical structure. Due to harmful effects of chemical pesticides on environment, 

plants and animals, the demand of azadirachtin-based biopesticides is increasing but 

the production of these azadirachtin based pesticides becoming limiting due to many 

problems like seasonal variation, diversity of plants etc. Biotechnological techniques 

like plant cell culture seem to be the promising approach for the azadirachtin 

bioproduction to fulfill the increasing demand of azadirachtin based biopesticides. 

The main objective of present investigation was to establish an efficient system for 

the production of azadirachtin contents through in vitro of neem and to study the 

efficacy of crude azadirachtin extracts against some insects and microbes.    

For callus induction from explants of neem, MS and N6 media were 

supplemented with 3.0% sucrose and various concentrations of plant growth 

regulators including 2,4-D, BAP, NAA, IAA and solidified with 0.3% phytagel. The 

explants were sterilized in commercial bleach (robin bleach) and inoculated on 

fortified media. The highest callusing response (84.250.65%) was observed in 

immature flowers inoculated on MS basal medium additionally supplemented with 

1.0mg/L of each 2,4-D and BAP, 0.2mg/L NAA and 9.0% sucrose solidified with 

0.3% phytagel for two weeks and than subcultured on similar media with 3.0% 

sucrose.  

The cells suspensions were established from proliferating callus cultures in 

MS medium with 1.0mg/L of each 2,4-D and BAP, 0.2mg/L NAA and 3.0% sucrose. 

For production and enhancement of azadirachtin content, various concentrations of 

different chemical substances including sucrose, glucose, NH4NO3, KNO3, urea, 

(NH4)2SO4, KH2PO4, CuSO4, AgNO3, MgSO4, ZnSO4, NaCl, sodium acetate, 

salicylic acid, thiamine HCl, generyl pyrophosphate, isopentenyl pyrophosphate and 

squalene were additionally supplemented in selected MS media. The suspension cell 

cultures were incubated in shaking incubator on 105 rpm at 252C and 14/10 hours 
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light/dark conditions. For determination of azadirachtin, sugar and protein contents, 

suspension cells were harvested after seven days interval for 28 to 35 days time span. 

The change in pH of fermented media was also checked which was decreased from 

pH 5.8 to 3.5 with the passage of time.  

The bioproduction and accumulation of total azadirachtin contents (both in 

biomass and broth) was variable in different media and found in the highest quantity 

in the cells suspension cultures during day 14 to 28 of incubation. The highest amount 

of total azadirachtin content (30.35mg/L) was produced in MS media supplemented 

with 1.0mg/L of each 2,4-D and BAP, 0.2mg/L of NAA and 1.0mg/L of generyl 

pyrophosphate on day 21 of incubation followed by 28.48mg/L and 26.67mg/L on 

day 21 of incubation in media separately containing 10mg/L of squalene and 20mg/L 

of sodium acetate. Similarly the addition of AgNO3, CuSO4 and salicylic acid 

significantly reduced the accumulation of azadirachtin content in biomass and in broth 

(extracellular).  

The synthesis and release of total protein and sugars in media was also 

influenced during suspension cultures of neem cells. The total protein contents were 

significantly increased from 0 to 30.0mg/ml during initial two weeks of incubation 

followed by slight increase in third week. Similarly the synthesis and release of total 

sugars and reducing sugars in media was also increased with the passage of time 

during incubation of cells in MS media supplemented with various chemical 

substances.  

The biotoxicity of various dilutions crude azadirachtin contents (T1, T2, T3, 

T4, T5 and control) extracted from callus biomass (NCE1) and cells suspension 

extracts (NCE2) was assessed against six cotton insects including pink bollworm (P. 

gossypiella), bollworm (H. armigera), leafworm (S. litura) jassid (E. devastans Dist.), 

whitefly (B. tabaci (Gennadius) and thrips (T. tabaci). The dilutions T1 and T2 of 

both NCE1 and NCE2 preparations showed about 100% mortality against all species 

of insects while T3 showed 85 to 100% mortality. The antimicrobial potential of 

NCE1 and NCE2 was also assessed against six pathogenic bacterial and one fungal 

species including E. coli, K. pneumoniae, P. aeruginosa, V. cholerae, Staph aureaus, 

P. vulgaris and A. niger. The concentrated NCE1, NCE2 and T1 dilutions showed 3-

20mm of zones of inhibitions against all tested bacterial and fungal species.  
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CHAPTER 1 

1.1 INTRODUCTION 

Plants are an important and essential part of our daily diet. The constituents 

and nutritional values of plants have been under investigation from decades. The 

higher plants not only synthesize primary metabolites like carbohydrates, amino acids 

and lipids but also capable to produce an overwhelming varieties of secondary 

products with their unique and complex structures. The compounds produced in plants 

have various functions like provide protection from plant pathogens, predators, UV 

light damage or attraction of pollinators etc. These compounds not only help the 

plants to adapt themselves according to their surroundings but are also used as 

pharmaceuticals (Rao and Ravishankar, 2002). The synthesis of these secondary 

compounds with in the plants is often lower and usually less than one percent of dry 

weight and their production is dependent on physiological and developmental phase 

of a plant (Oksman-Caldentey and Inze, 2004; Dixon, 2001). To date about 100,000 

of such secondary metabolites have been identified from higher plants (Verpoorte, 

2000).  

A large number of these plant based chemicals are used as important sources 

for varieties of pharmaceuticals, agrochemicals, food additives, flavors, pesticides, 

resins, dyes and oils (Balandrin et al., 1985; Balandrin and Klocke, 1988; Parr, 1988). 

A large number of important drugs used in different countries of the world are 

obtained from plants. Many of these drugs in market today are either simple synthetic 

modifications or copies of naturally obtained substances. The work for search of plant 

secondary compounds is increasing over last fifty years and remains on priority 

because of present and future search for new plant derived chemicals remain on 

priority due to current and future work towards sustainable conservation (Phillipson, 

1990).  

The farmers are dependent on chemical pesticides and lost the confidence in their old 

age methods. The pest problem is being controlled very efficiently in some crop 

system by the discovery of chemical pesticides like DDT. However extreme 

persistent, bioaccumulation, toxic nature against non-target and beneficial organisms 

and increase insect resistance, these chemicals has created number of problems to 

protect crops worldwide. Today, both producers and consumers of agricultural 
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products are more aware of environmental and potential health hazards associated 

with heavy use of conventional pesticides. Due to increasing problems by the use of 

synthetic pesticides, researchers are taking more interest to use microbial or plant 

based bio-pesticides because these are narrow spectrum, bioactive, biodegradable and 

environmentally safe in nature (Jacbson, 1988). Gahukar (2011) stated that customers 

favor cut flowers containing no chemical remains, so substitute to chemical pesticide 

like plant based formulations having environmental and economic aspect are being 

required.  

The discovery of plant origin materials having insecticidal properties 

encouraged and constituted outstanding development of numerous substitutes of 

synthetic compounds in a steadily increasing demand for plant-based pesticides. Some 

plant materials like flowers, leaves or roots have toxic compounds and can be used as 

insecticides (Shepherd, 1951). Simple, readily available inexpensive medicines are 

needed to prevent and cure diseases and environment friendly pest control 

technologies are also urgently needed to reduce crop losses caused by pests. Due to 

this fact, the use of alternative biopesticides is increasing.  

The plants of family “Meliaceae” are widely distributed throughout the tropics 

to subtropics and temperate zones. The timbers of certain Meliaceae are used for 

different purposes in the world, such that natural stands have been much depleted 

(Laurance, 1999; O`Neill et al., 2001). In last twenty years, this family has been 

identified as one of the most important source of compounds that have insecticidal 

properties especially few species of genera Melia and Azadirachta were found very 

effective against insects and their secondary compounds, which are also useful in 

many other respects (Schmutterer, 1995).  

The neem plant (Azadirachta indica A. Juss) is an evergreen economically 

important tropical tree belongs to Meliaceae family. It is native to regions of Indian 

subcontinent (Koul et al., 1990), various areas of Pakistan, Sri Lanka, Thailand, 

Indonesia, Saudi Arabia and Malaysia (National Research Council, 1992). It also 

grows well in other tropical and subtropical regions of the world (Verkek and Wright, 

1993). This narrow leaved tree can reach heights of 30 meters and live for over two 

hundred years. Its deep root system is well adapted to conduct water and nutrients 

from the soil. The neem tree can live in hot and dry weathers as well as in many 

environmental stresses including drought and infertile, stony, shallow or acidic soils.  



2 
 

 The use of neem plant is multipurpose; almost every part of tree including 

seeds, flowers, leaves, bark, trunk and branches are used for shade, building material, 

medicine and pesticides. Sanskrit name of neem ‘Arishtha’ means “reliever of all 

sickness”, earliest Sanskrit medical writings have described the medical properties of 

all its parts (Champagne et al., 1992). Though many plants produce insecticidal and 

insect repellant agents but neem holds the highly effective, non toxic and environment 

friendly means that control or eliminate pests that cause losses in agriculture 

production (Govindachari et al., 1992).    

Neem tree is an important source of secondary metabolites in nature, more 

than three hundred bioactive secondary compounds have been isolated from neem 

plant and new identified compounds are added to this list each year including 

limonoids, phenolic compounds, carotenoids, steroids, ketones, enzymes and 

antimicrobial peptides (Govindachari, 1992; Kumar et al., 1996; Morgan and Wilson, 

1999). Limonoids are the major group (tetranotriterpenoids) of secondary metabolites 

in neem (Jones et al., 1989).  

Due to broad spectrum properties including low persistence in nature, low 

toxicity against non target organisms and systemic action, azadirachtin has received 

more attention as biopesticide and showed great potential against insects (Immaraju, 

1998; Prakash et al., 2002). Azadirachtin is eco-friendly in nature that controls white 

flies, aphids, thrips, caterpillars, beetles, mushroom flies etc. The structure of 

azadirachtin is similar to insect hormone “ecdysones” that controls metamorphosis in 

insects. The process of metamorphosis requires the careful release of hormones 

including ecdysones (a steroid) and other physiological changes to be successful. 

Azadirachtin seems to act as “ecdysone blocker” that blocks the release of these vital 

hormones, inhibiting insect’s molting resulting breaking the life cycle and insect’s 

production (National Research Council, 1992; Ascher, 1993). The neem extracts also 

have antifungal (Vir and Sharma, 1985), antibacterial (Rao et al., 1986), antiprotozoan 

(Mordue and Blackwell, 1993) and antiviral activity (Raghupathi and Duraiswamy, 

1993).  

Neem extracts has been used to prepare insecticides, which are available in 

market on commercial scale (Allan et al., 1999). For commercial use on non-food 

crops, environmental protection agency (EPA) in 1985 registered ‘Margosan-O’ as 

first neem based insecticide (Jacbson, 1988), since then a large number of 

azadirachtin based products are formulated by many companies. Seed extracts are 
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used to formulate these insecticides resulting either low or variable concentrations of 

azadirachtin and other related triterpenoids because of different reasons like limited 

geographical distribution of neem tree (Yakkundi et al., 1995), seasonal variation 

(Sidhu and Behl, 1996) and sensitivity of these compounds to environmental 

influences like heat, light etc (Sundaram et al., 1995; Szeto and Wan, 1996; Jarvis, 

1998).   

With the passage of time, awareness is increasing about use of environment 

friendly and safe pesticides, the requirement of azadirachtin based pesticides is also 

increasing (Immaraju, 1998) but only seed extracts of neem can not meet the 

increasing demand of azadirachtin compound in future. So an urgent need is to 

develop commercially viable alternative routes like plant callus and cell suspension 

culture technique for azadirachtin production (Prakash et al., 2002). The increasing 

demand of valuable secondary compounds in last decades resulted to investigate 

secondary metabolite compounds to alter their synthesis through using plant cell 

culture technology (Dicosmo and Misawa, 1995). Biotechnological applications of 

plant cell culture technology present a potential and valuable source of various 

medicinal compounds, flavors, fragrances and colorants, which could not be produced 

through chemical synthesis or microbial cells.  

The principle advantages of plant cell suspension culture technology are i) 

production of bioactive secondary compounds in controlled conditions and 

independent of external environment; ii) elimination of negative biological influences 

(e.g. microorganisms and insects); selection of superior cell suspension cultures with 

enhanced production of secondary compounds; iii) Cell growth control automatization 

and regulation of metabolic processes that may decrease cost price and increase 

production (Mulabagal and Tsay, 2004).  

To produce secondary metabolites in higher concentration on industrial scale; 

present researches have been focused on the stimulation of biosynthetic activities of 

cultured cells (Dixon, 1999; Ramachandra Rao, 2000; Ravishankar and 

Venkataraman, 1993). The occurrence of azadirachtin in calli obtained from different 

explants of neem including flower, bark and leaf have been reported (Allan et al., 

1994; Wewetzer, 1998; Veeresham et al., 1998; Kuruvilla et al., 1999). There are only 

few reports on azadirachtin production through cell suspension cultures of neem 

(Zounos et al., 1999; Prakash et al., 2002; Prakash and Srivastava, 2006). 
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The biosynthesis of secondary metabolites can be improved through use of 

number of factors. The numbers of biotic and abiotic factors have been reported 

responsible to enhance the synthesis of different secondary metabolites in many cell 

suspension cultures (Chattopadhyay, 2001). The production of these secondary 

compounds have been stimulated by culturing the undifferentiated cells in medium 

containing elicitors like chitosan, salicylic acid, methyljasmonate and heavy metals 

(Ebel and Cosio, 1994; Dicosmo and Misawa, 1995; Poulev et al., 2003). It is feasible 

to enhance production of azadirachtin contents that is possible in cell suspension 

cultures of Azadirachta indica by the addition of elicitors and precursors of 

azadirachtin synthesis in culture medium. The research work on azadirachtin 

production through cell and tissue culture is in very starting phase and many efforts 

are to be done for the establishment of an economical and viable system of cell 

suspension culture by establishing all physiological, bioengineering and 

environmental parameters (Prakash et al., 2002). With the increasing demand of 

azadirachtin based biopesticides, biotechnological techniques like plant cell culture 

may be used for the production of azadirachtin.     
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1.1.1 Aims and Objectives of Study 

Biotechnological techniques like plant cell and tissue culture can be used as 

alternative technique for the production of bioactive secondary compounds as 

independent of all environmental factors with improved production. Similarly with 

the increasing demand of azadirachtin-based biopesticides, plant cell culture may be 

used for the production of azadirachtin contents. Keeping in mind the commercial 

importance of neem base biopesticide and use of plant cell culture technology for 

production of azadirachtin contents following objectives were addressed.      

1. To Study the in vitro callus induction response by using different media and 

type of explants 

2. To establish the cell suspension cultures using in vitro derived callus cultures  

3. To determine the azadirachtin related compounds produced through in vitro 

techniques  

4. To study the efficacy of azadirachtin based neem callus and cells suspensions 

extracts against some insects and microbes so that to develop a low cost 

azadirachtin based product. 
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1.2 REVIEW OF LITERATURE 

1.2.1 Metabolism: Metabolism in living organisms is complex chemical reactions 

controlled and regulated by complex enzymes system that result production of energy 

in the form of ATP; substances which are needed for the growth and development of 

tissues and help the organism to survive in different situations. The compounds 

produced during metabolism are called either primary or secondary metabolites 

depending on the occurrence, biosynthetic origin and biochemical functions. The 

primary metabolites are found across all species and are produced using nearly the 

same pathway in all these species including carbohydrates, proteins, nucleic acids and 

fats.  

1.2.2 Secondary Metabolites and Their Applications: Secondary metabolites are 

synthesized in organisms but are not directly involved in the normal growth, 

development or reproduction of organisms. These compounds protect the plants 

against pathogens and UV damage, attract the pollinators and interact the plants with 

its environment. These metabolites are often species-specific or found in only a small 

set of species in a narrow phylogenetic group and without these compounds the 

organism suffers from only a mild impairment or else no change in phenotype. 

Secondary metabolites play a role in interactions between plants and their biotic and 

abiotic environment (Facchini et al., 2000). 

 The plant secondary metabolites are utilized by humans from past times. 

Among them four major classes are significantly used by humans are alkaloids, 

terpenoids, phenylpropaniods and favonoids (Edward and Gatehouse, 1999). Plants 

usually grow on different soils rich in microorganisms but due to antibacterial agents 

produced by plants, microbes rarely infect the plants (Cammue et al., 1992). A large 

number of low molecular weight proteins or peptides have been isolated from 

different plants that showed antibacterial and antifungal properties (Terras et al., 

1992; Hejgaard et al., 1992; Dahot, 1999; Dahot and Soomro 1999). These 

compounds inhibit the growth of bacteria and fungi through diverse mode of action. 

Plants, humans and other animals are susceptible to microbial infections caused by 

bacteria, fungi, viruses and protozoan. The search for plants having medicinal 

properties has received a continuous attention by the researchers to survey the plants 

for their ethano-botanical importance for all types of biological activities including 

from antibiotic to antitumor nature. Plants with medicinal properties are good 
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reservoirs of chemotherapeutants with considerable potential (Damodaran and 

Venkataraman 1994; Farooqui et al., 1998).  

In the mechanism of secondary metabolism, a molecule before oxidation 

passes through many key steps, usually catalyzed by enzymes called dioxygenases, 

which contain haeme group that utilize oxygen of -ketoglutarate in oxidation 

reactions releasing CO2 and succinate. During secondary metabolite biosynthesis, 

another common step is the methylation of amino, hydroxyl groups and carboxylic 

acid that interact to each other and spontaneously form unnecessary products in 

plants. The S-adenosyl-L-methionine (SAM) has been identified to participate 

actively in secondary metabolism. The SAM is one of many methyltransferases 

enzymes to methylate reactive groups (Edwards and Gatehouse, 1999). During 

secondary metabolites synthesis, a branch point enzyme is formed that directs a 

certain quantity of primary metabolites in to secondary metabolites (Edwards and 

Gatehouse, 1999). During secondary metabolite synthesis usually small group of 

compounds are modified in to number of other compounds under different pathways. 

Among these pathways, important intermediates produced are acetyl coenzyme A 

(acetyl-CoA), shikimic acid or melvalonic acid and called as acetate, shikimate and 

mevalonate pathways. The glycolytic pathway or their intermediates are responsible 

for formation of these intermediates (Dewick, 1997). Along with these intermediates, 

various types of other products like peptides, proteins, alkaloids and antibiotics are 

also synthesized from acetyl CoA through Krebs cycle or shikimate pathway 

(Dewick, 1997; Murray et al., 1990). The biosynthesis of alkaloids from amino acids 

require different branch point enzyme like tyrosine/dopa decarboxylase (TYDC) that 

convert L-tyrosine in to tyramine and dopa in to dopamine. These products are used 

for the synthesis of first intermediate in opiate biosynthesis known as (S)-

norcoclaurine (Facchini and De Luca, 1995; Facchini et al., 1998).  

1.2.3 Secondary Compounds of Neem: Neem is called as ‘village pharmacy’ due 

to its key role in Ayurvedic medicine and agriculture since past times. Today neem 

tree is one of the most promising plant based insecticides (Lowery and Isman, 1995). 

Its products are known to have strong pesticidal properties (Schmutterer and Ascher, 

1987). The extracts of leaves, bark, fruit etc. of neem have both insecticidal and 

repellent effects on insects. From neem seed, above 300 secondary compounds have 

been isolated, identified and characterized, one third of which belongs to 
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tetranotriterpenoids that is limonoids (Kumar et al., 1996). The secondary compounds 

isolated from different parts of neem plants showed various biological functions for 

example nimbidin, azadirachtin, nimbin, nimbolide, gedumin, Gallic acid, catechin, 

Margolone, Polysaccharide Gla, Glab, Polysaccharide GIla, GlIIa, small peptides etc 

isolated from neem seed, seed oil, bark, leaf and fruit pulp showed antimicrobial, 

antimalarial, anti-inflammatory, antipyretic, hypoglycaemic, spermicidal, insecticidal 

and antitumor properties.       

1.2.4 Azadirachtin and Its Synthesis: Almost all parts of neem tree contain a 

plethora of tetranotriterpenoids (limonoids) such as azadirachtin, nimbin, nimbidin, 

salannin etc., but the best known among these limonoids is azadirachtin (Schmutterer, 

1990; Govidachari et al., 1995), which is found in several forms known as 

Azadirachtin (Azad) A to Azad J all forms of azadirachtin have insecticidal activity 

but the greatest activity against insects was observed by Azad J. the word ‘liminoids’ 

is a collective term used for azadirachtin compounds and other compounds that are 

similar to azadirachtin and structurally related to limonin. Limonin is major and bitter 

compound in citrus fruits. The mode of action of limonoids could be different 

depending on insect species (Koul et al., 2002). Among these compounds, 

azadirachtin is known to be the major component having repellent, antifeedant, 

growth and oviposition inhibiting, toxic and sterilizing effects in insects (Broughton et 

al., 1986; Ahmed and Grainge, 1986; Mordue and Nisbet, 2000).  The action of neem 

extracts against insects was investigated and above four hundreds insect species 

belonging to order lepidoptera, coleoptera, diptera, hymenoptera, orthoptera and 

hemiptera was found susceptible to these 

extracts (Martinez, 2002).  

Azadirachtin is highly oxidized in nature 

and have many functional groups close to 

each other. Azadirachtin is a tetranoter-

penoid having chemical formula C35H44O16 

that has been completely analyzed (Ley et 

al., 1993). Azadirachtin has a very complex 

molecular structure that contains sixteen bordering stereogenic centers; among these 

seven are tetra substituted carbon atoms. In addition to inflexible conformation by 

intra molecular hydrogen bounding, azadirachtin also has a diverse group of 

oxygenated functionalities. Due to this complexity its synthetic system synthesis has 
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been resisted (Broughton et al., 1986). Similarly azadirachtin sensitivity to both acid 

and base with its light instability make it prone to rearrangement (Ley et al., 1991).  

The biosynthesis culminates in azadirachtin, starts with a steroid precursor (e.g. 

tirucallol) azadirone, azadiradione and C-ring opening (e.g. nimbin, salannin), after 

which further proceeds via two main levels of structural complexity; furan ring 

formation e.g. modifications yield azadirachtin (Rembold, 1989; Ley et al., 1993). 

Ley group has described the potential route for synthesis of azadirachtin. During 

synthesis, an initial compound was converted into another higher intermediate 

compound in series of six reactions and than was converted to primary compounds 

(Alastair et al., 1995). The synthesis of azadirachtin through chemicals is about to 

complete (Ishihara et al., 1999a; Ishihara et al., 1999b).  

1.2.5 Azadirachtin Mode of Action: Azadirachtin showed anti-feedant effects on 

insects. Among insects, order Lepidoptera was found to be the most susceptible to 

azadirachtin as compared to other orders Coleoptera, Hemiptera and Homoptera, 

which were found less susceptible (Ascher, 1993; Mordue and Blackwell, 1993). 

According to Schmutterer (1990), azadirachtin may influence the hormonal system 

especially ecdysone that modifies the metamorphosis program of insects.  

The effect of azadirachtin depend on both dosage and time of application that prevent 

ecdysis and apolysis which leads to death before or during molting stage and probably 

induce larvae permanently (Mordue and Blackwell, 1993). The exogenously applied 

growth hormones did not prevent azadirachtin action against insects, which lead 

researchers to suggest that azadirachtin most probably attack at the synthesis site and 

releases prothoracicotropic hormone (Koul and Isman, 1991). In Corpora cardiaca, 

azadirachtin action was mainly appeared at sit where prothoracicotropic hormone 

(PTTH) is released, which blocks the release of neurosecretory substance that result in 

reduction of turnover rate and ultimately affecting the production of PTTH hormone 

by brain neurosecretory cells (Barnby and Klocke, 1987; Mordue and Blackwell, 

1993). 

1.2.6 Applications of Azadirachtin Contents: Atawodi and Atawodi (2009) 

reviewed the efficacy of different parts of neem for their biological and 

pharmacological actions. Different biological actions attributed by neem extracts are 

anticancer, antioxidant, antibacterial, antiviral, antiplasmodial, fungicidal, insecticidal 

activities and insect repellant. In humans and animals, the toxicological effects of 

neem extracts like allergic, cytogenetic and genotoxic have been reported. The broad- 
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spectrum biological and pharmacological properties of neem may solve innumerable 

problems of developing countries in the fields of agriculture, health and economic 

sectors.  

1.2.6.1 Antibacterial Potential of Azadirachtin Contents: Krishnani et al., (2002) 

tested the neem extract against two shrimp pathogenic bacteria such as Vibrio 

alginolyticus and Vibrio harveyi by Kirby-Bauer method. Only Vibrio alginolyticus 

was found to be susceptible to the crude extract where as Vibrio harveyi was resistant 

at concentration used in the experiment. 

Almas (1999) conducted a comparative study of antibacterial effects of 

chewing sticks of Salvadora persica (Arak) and Azadirachta indica (Neem) at various 

concentrations. The bacterial inhibition was measured up to 48 hours using blood agar 

and ditch plate method. The pH of Neem and Arak extracts were maintained at 6.1 

and 4.9 respectively. Both extracts at 50% concentration were more effective on 

Streptococcus mutans and Streptococcus faecalis. Vanka et al., (2001) investigated 

the antibacterial response of mouthwash prepared from neem extracts against 

Streptococcus mutans and Lactobacillus in saliva for two months. Results showed that 

neem mouthwashes showed inhibition against Streptococcus mutans. 

Hoque et al., (2007) investigated the antibacterial actions of extracts of two 

plants guava and neem against twenty-one strains of foodborne pathogens. The results 

showed that guava and neem extracts hold antibacterial compounds that have property 

to control foodborne pathogens. The highest inhibition was found in ethanol extract of 

guava at 0.1mg/mL concentration for S. aureus strains JCM 2151 and JCM 2179, L. 

monocytogenes JCM 7676 and V. parahaemolyticus IFO 12711 while the lowest 

inhibition at 4.0mg/mL concentration of guava ethanol extract was found for 

Aeromonas hydrophila NFRI 8282, A. faecalis IFO 12669 and A. hydrophila NFRI 

8283.  In case of ethanol extracts of neem, the inhibition was observed at 4.5mg/mL 

concentration for S. aureus strains JCM 2151 and IFO 13276 while lower inhibition 

was observed by other microorganisms at 6.5mg/mL concentration.  

Prashant et al., (2007) conducted a study to evaluate the antibacterial activities 

of chewing sticks of neem and mango extracts against S. mutans, S. sanguis, S. mitis, 

and S. salivarius. The mango extracts at 50% concentration showed maximum zone of 

inhibition against Streptococcus mitis while 50% neem extract showed the maximum 

zone of inhibition against Streptococcus mutans. Similarly minor inhibition of growth 

was also observed in all four tested species at 5% concentration of neem extract.  
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Thakurta et al., (2007) conducted a study to evaluate antibacterial and antisecretory 

actions of neem extracts on Vibrio cholerae. The methanol extracts of neem leaf 

showed important action against four serotypes of Vibrio cholerae including O1, 

O139, non-O1 and non-O139. The least amount of neem extracts used as bactericidal 

was determined as 2.5, 5 and 10 mg/ml. The antisecretory response of neem extract 

was also observed on Vibrio cholerae that stimulate secretion of juice in intestine of 

mouse. Different doses were applied including 100, 200, 300, 450 and 1800mg/kg 

that showed the inhibition values as 27.7, 41.1, 43.3, 57.0 and 77.9 mm respectively. 

Pritima and Pandian (2008) investigated antibacterial potential of leaves 

extracts of neem against certain microbes that cause reproductive tract infection (RTI) 

among women. Neem leaves extracts were prepared using acetone, ethanol, methanol 

and water as solvents. Enterococcus faecalis and Escherichia coli were found highly 

susceptible to neem extracts of all solvents followed by Bacillus cereus, Proteus 

mirabilis and Staphylococcus aureus. The activity of Klebsiella pneumoniae was 

weak while Neisseria gonohorreae was found resistant to all neem extracts. 

Aslam et al., (2009) studied the antibacterial activity of various 

phytoconstituents of neem.  Neem leaves phytoconstituents including alkaloids, 

steroids, tannins, saponins etc. were isolated and applied in two concentrations 50 and 

75 mg/ml against three bacterial strains i.e., Staphylococcus areous, Corynebacterium 

bovi and E.coli by using disc diffusion method. The inhibition zones of neem extract 

at 75mg/ml concentration were greater than each of the phytoconstituents. 

1.2.6.2 Antifungal Potential of Azadirachtin Contents: 

Singh et al., (1993) investigated the antifungal potential of leaf extract of 

neem. When aqueous leaf extract of A. indica were applied to infested banana fruit, 

gave good control of development of F. oxysporum disease with minor loss in fruit 

weight. Ganguly, (1994) studied the effect of aqueous neem leaf extract on 

Helminthosporium oryzae and pyricularia oryzae. The extract inhibited mycelial 

growth and spore germination of Helminthosporium oryzae and pyricularia oryzae, 

which are causal agents for blast and brown spot of rice plant respectively. 

Srivastava et al., (1997) investigated the antifungal properties of aqueous leaf 

extracts of A. indica against Alt. alternate from pear fruits and reported that aqueous 

leaf extracts showed 85 % control of fruit rot in vivo.  
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SaiRam et al., (2000) investigated the effect of NIM-76 isolated from neem oil 

and entire neem oil against some bacteria, fungi and Poliovirus. NIM-76 showed a 

strong wide-ranging anti-microbial activity by inhibiting the growth of E. coli and K. 

pneumoniae as compared to whole neem oil that showed no effect against these 

bacteria. NIM-76 showed antifungal response against Candida albicans as well as 

antiviral potential against Polio viral replication of in vivo cell lines. NIM-76 also 

reduced the C. albicans in many mice tissues and enhanced the percentage of survival 

of mice.  

Patil et al., (2001) studied the effect of neem leaf extract against early blight 

disease in tomato and reported that plant extracts effectively reduced early blight 

incidence with increased yield of tomato infected by Alt. solani.  

Natarajan et al., (2002) tested antidermatophytic activity of neem leaf and seed 

extracts. By using tube dilution technique, the extracts were applied against 

Epidermophyton floccosum, Mentagrophytes, Trichophyton ruberum, Trichophyton 

violaceum and Microsporum nanum. The neem seed extracts showed better inhibitory 

response at very low concentration than that of leaf extracts of neem against 

investigating species of Dermatophytes.   

Natarajan et al., (2003) determined the minimum fungicidal concentration 

(MFC) and minimum inhibitory concentration (MIC) for Azadirachta indica leaves 

and seeds extract against different dermatophytes including Microsporum nanum, 

Trichophyton mentagrophytes and Trichophyton rubrum using tube dilution 

technique. The results showed that 31µg/mL of neem seed extracts were adequate as 

MIC against studied species of dermatophytes while only 15µg/mL neem seed extract 

was enough to deteriorate the growth pattern of these species.   

Sharma et al., (2003) isolated and purified three azadirachtins from defated 

neem seed kernels and evaluated for antifungal and nematicidal potential. Among 

these Azadirachtin B at concentration 96.6ppm was the most efficient against 

Rotylenchulus reniformis nematode followed by Azadirachtin A and H with 119.1 and 

141.2ppm concentrations respectively. The entire test compounds at 200ppm 

concentration showed mortality between 50- 65% in Caenorhabditis elegans 

nematode. Maximum antifungal action was observed by azadirachtin H against 

Rhizoctonia solani (63.7 ppm) and Sclerotium rolfsii (43.9 ppm) when compared with 

azadirachtin B and A. 
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Mossini et al., (2004) tested the aqueous neem leaf extract under in vitro 

against Penicillium expansum. The results showed that when concentration of neem 

leafs extract was higher than 50% in medium, inhibited the production of patulin 

during cultivation. A variable fungal growth and colony characteristics were also 

observed in the presence and absence of neem extracts in cultures.  

Aboellil (2007) reported that a natural product from A. indica ‘Trilogy’ 

significantly retarded many growth parameters of cucumber powdery mildew 

pathogen (Podosphaera xanthii) and induced resistance in cucumber plants. 

Helmy et al., (2007) investigated the anticoagulation and fibrinolytic activities 

as well as effect of aqueous extraction of neem leaves, seeds and seed hulls on 

microbes. No one of the extracts showed anticoagulation activity while native 

aqueous seed extracts, alkaline seed extracts, seed-hulls and leaves as well as sulfated 

extracts activated the fibrinolytic processes. The extracts showed various inhibition 

activities against bacteria Staphylococcus aureus and Escherichia coli, yeast like 

fungi Candida albicans and fungi Aspergillus niger and Penicillium citrinum. The 

results showed that the level of fibrinolytic and antimicrobial activities of the various 

extracts depends on both the protein and carbohydrate contents. High level of protein 

and carbohydrate contents of extract had better fibrinolytic and antimicrobial 

activities. 

Hassanein et al., (2008) conducted a comparative study between the in vitro 

activity of neem and chinaberry aqueous, ethanol and ethyl acetate leaf extracts of 

different concentrations (5, 10, 15 and 20%) against these two-tomato pathogenic 

fungi Alternaria solani and Fusarium oxysporum.  The ethanol and ethyl acetate 

extracts of neem leaves at 20% concentration completely suppressed the growth of F. 

oxysporum and inhibited Alt. solani by ratios between 52.44 and 62.77% while slight 

inhibition of growth of both pathogenic fungi was observed in 20% leaf extracts of 

chinaberry. In disease severity and control of tomato plants studied, higher control 

ratios were also obtained in plants sprayed and irrigated with the aqueous extracts 

with 15.36 and 43.71% after 2nd and 4th weeks of pathogen inoculation respectively. 

Wang et al., (2010) isolated pathogens of Penicillium expansum, 

Trichothecium roseu, Monilinia fructicola and Alternaria alternate from infected fruit 

and treated with neem seed kernel extract (NSE) in vitro. NSE significantly reduced 

the growth of four pathogens. The results showed post-treating fruits with NSE could 

prevent harvest diseases in Plum and Yali pear fruits. 
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1.2.6.3 Biopesticidal Potential of Azadirachtin Contents: With an increasing pest 

resistance against classic pesticides, chemical control of insects has become difficult. 

So the principal need is to develop environment friendly new products for crop 

protection. Many different secondary metabolites are produced from superior plants 

that are protecting them against pest attack.   

In one of the earliest studies, Ruscoe (1972) demonstrated insect growth 

regulation (IGR) activity of azadirachtin (AZA) and reported that combined oral and 

topical treatment of AZA affected the development of diamondback moth, Plutella 

xylostella (L.), tobacco budworm, Heliothis virescens (F.), cotton stainer, 

Dysdercusfasciatus Signoret and cabbage white butterfly, Pieris brassicae (L.). 

Schmutterer (1990) reported that susceptibility varies among species and insect 

growth regulation (IGR) activity of azadirachtin (AZA) has been recorded for insects 

from several orders. The activity of azadirachtin disrupts the hormonal regulation of 

the moulting process by interfering with the synthesis or degradation of ecdysteroids 

(Marco et al., 1990). 

Azadirachtin has reported to control different crop insects including whiteflies, 

aphids, thrips, mealybugs, caterpillars, beetles, fungus gnats, mushroom flies, 

leafminers, gypsy moths and other insects that attack on food crops, ornamentals and 

turf (Thomson, 1992). Depending upon growth stage of life cycle, azadirachtin may 

limit the feeding of many insects that may result death of that insect. The insects may 

limit feeding as small amount of azadirachtin is ingested and this insecticidal activity 

may continue for seven to ten days of longer depending on extract dose and type of 

insect species (Farm Chemicals Handbook, 1995; Thomson, 1992).  

According to few reports, the applications of neem extracts on several species 

of aphids in many crops cause high mortality and reduce the population growth 

(Lowery et al., 1993; Ulrichs et al., 2001; Tang et al., 2002). Hunter and Ullman 

(1992) studied the effect of commercial formulation of neem (RD-Repelin) on aphids 

and found that aphids population was deterred attempting to land, probe of oviposit. 

In some species, transmission of aphid-born viruses was also reduced. The deterrence 

of aphids population may be due to working of different compounds in combination 

that produce various behavioral responses between species (Lowery and Isman, 

1993). 

Lowery and Isman (1994) reported that application of 1.0% neem seed oil 

(NSO) to leaf discs resulted 94 - 100% mortality of second instar nymphs of currant 
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lettuce aphid and green peach aphid after nine days. The equivalent amount of pure 

azadirachtin (AZA) was also found as effective as NSO. The survival of treated adult 

aphids M. persicae and N. ribis-nigri were reduced significantly as compared to 

survival adult aphids unaffected by NSO or AZA.  

Dimetry et al., (1996) conducted semifield trials for the assessment of 

biological activity of different products isolated from neem seeds against the whitefly. 

The pot cultivated tomato plants were first infested naturally with whiteflies and than 

sprayed with different seed extracts of neem. The population density of adult 

whiteflies was reduced due to different treatments as compared to control. The 

reduction in population was observed maximum one hour after treatment. 

Tang et al., (2002) studied the effects of Neemix 4.5 (4.5% azadirachtin, AZ) 

extracted from neem seeds on brown citrus aphid and its parasitoid. During green 

house trials, 11-180ppm Neemix 4.5 was sprayed onto potted citrus plants that 

significantly reduced 20 to 100% aphid population as compared to non sprayed plants 

where 950% increase in control aphid populations was observed after seven days of 

treatment while neem seed extract showed a slight effect on survival and development 

of parasitoids within aphids.  

Weathersbee and Mckenzie (2005) assessed the effects of neem-based 

biopesticide containing 4.5% azadirachtin against Asian citrus psyllid, Diaphorina 

citri Kuwayama. The results demonstrated that adult psyllids showed significant 

repellent effect from treated plants. Azadirachtin as low as 10ppm concentration also 

showed susceptibility against psyllid nymphs due to developmental inhibition and 

ultimately death of all nymphs with in seven days. 

In tropical countries poverty and social debility are significantly contributed 

due to mosquitoes biting which not only cause irritation by their biting but also spread 

fatal diseases including dengue, Japanese encephalitis, malaria and yellow fever (Jang 

et al., 2002). Bark and leaves extracts of Azadirachta indica are being used in 

Thailand and Nigeria as anti-malarial and antipyretic since ages (Okpaniyi and 

Ezeuku, 1981).  

Aliero (2003) investigated the efficacy of aqueous extracts of neem against the 

larvae of Anopheles mosquito. The undiluted crude extracts of neem seed oil, leaf and 

bark were exposed to the larvae for twelve hours showed 100, 98 and 48% deaths 

respectively and was suggested the presence of some properties in seed oil and leaf 

extract responsible to control mosquitoes.  
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Nathan et al., (2005) observed the effects of limonoids on growth of mosquito, 

and found various range of mortality during developmental stages of mosquito 

including larva, pupa and adult growth. The action of five limonoids of neem 

including azadirachtin, deacetylgedunin, deacetylnimbin, gedunin and salannin was 

evaluated on Anopheles mosquitoes and found that all doses of azadirachtin, 

deacetylgedunin and salannin compounds showed bioactivity against mosquito larvae. 

The azadirachtin was found the most potent compound at 1.0ppm concentration 

showed 100% larvae mortality. These neem products may be beneficial in programs 

initiated to control mosquito population.  

Ascher (1993) conducted a study to observe antifeedant and toxic properties 

between azadirachtin and less structurally complex putative biosynthetic precursors 

against larvae of Spodoptera littoralis (Boisd), S. gregaria and Oncopeltus fasciatus 

Dallas. He observed the toxicity to insects (severe growth and moult disruption) only 

in azadirachtin and the insect growth regulatory effects of azadirachtin were found 

amazingly alike between species. Different developmental inhibitory effects were 

observed like post-embryonic and reproductive growth that caused malformation and 

death depending on dose concentration.  

Huanga et al., (2004) investigated the changes in protein metabolism induced 

due to azadirachtin in Spodoptera litura (F.). An artificial diet containing 1ppm 

azadirachtin was feeded to 4th instar larvae and pupae were collected after 48 hours 

for protein analysis. The isolated proteins were separated by polyacrylamide gel 

electrophoresis. The results showed that azadirachtin affected ten different proteins 

significantly in treated pupae as compared to untreated control pupae. Among these, 

one protein may regulate development and reproduction of insect as an ecdysone 

receptor. The results suggested that azadirachtin based insecticides affects protein 

expression.  

Deota and Upadhyay (2005) have investigated the antifeedant actions and 

toxicity of the derivatives of azadirachtin. In this study variety of synthetic 

transformations of azadirachtin-A (Aza-A) were used on castor leaves against 2nd 

instars larvae of Spodoptera litura. The results were compared with the results of a 

crude neem extract containing 9.14% Aza-A and a relatively pure neem extract (91% 

Aza-A). The results indicated that azadirachtin provides a high crop protection in 

combination of insect toxicity and antifeedancy.  
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Greenberg et al., (2005) conducted laboratory scale bioassay to asses three 

commercial neem extracted insecticides and a non-commercial neem leaf powder for 

their toxicity to eggs and antifeedant effect on the beet armyworm larvae. Neem-

based insecticides deterred feeding by beet armyworm larvae. The survival of army 

worm eggs were decreased when direct contacted with neem insecticides. Beet 

armyworm larvae were fed for 7 days on leaves treated with neem insecticides that 

reduced the survival to 27, 33, 60, and 61% for neem leaf powder, Ecozin, Agroneem, 

and Neemix, respectively. Jotwani and Srivastava (1984) reported that when larvae of 

Chilo partellus were treated with neem seed extract, the larvae either died during the 

process of development or the adults emerging from the surviving larvae were 

abnormal. 

Nathan et al., (2006) also studied the effect of neem limonoids on rice 

leaffolder larvae mortality. Among all limonoids, azadirachtin was the most potent 

that produced 100% larval mortality. Before death these limonoids treatment resulted 

in behavioral changes in rice leaffolder. The results showed that neem based 

insecticides can be used as potent alternatives over synthetic insecticides.  

Haq et al., (2008) conducted an experiment in which effect of aqueous extract 

of neem seed at different concentrations (0.5, 1, 2, 3 and 4%) against greater wax 

moth, (Galleria mellonella L.) was investigated. The results showed that post harvest 

mortality were statistically variable at difference concentrations after different time 

intervals. The highest mortality (83.33%) of greater wax moth was observed with 4% 

neem seed extract (NSE) while minimum (50%) mortality was found with 0.5% neem 

seed extract.  

Anjum et al., (2010) assessed for toxicological evaluation of Chlorpyrifos and 

Neem extract against third instars larvae of Drosophila melanogaster. The lethal 

concentrations (LC50) of both chlorpyrifos and of neem extract were 0.0127% and 

2.4% respectively. When both extracts were applied the larvae were found melanized 

and failed to pupate. Both compounds inhibited the level of cholinesterase in treated 

insects as compared to control. The results suggested that chlorpyrifos is more 

effective pesticide than Neem extract while the melanization and antifeedent activity 

showed that Neem extract may affect up to hormonal level of insect. 

Ascher (1993) reported that besides azadirachtin, a large number of 

compounds are present in extracts of neem seed that also exhibit biological actions. 

Blaney et al. (1990) reported a completely different mode of action of salinnin and 
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nimbin than azadirachtin. The effects of one or more secondary compounds in neem 

seed extracts include egg sterility, oviposition repellency and inhibition of chitin 

biosynthesis (Ascher, 1993).  

Due to broad-spectrum action of aqueous extract of neem seed kernels, it is 

considered to be an effective homemade insecticide widely recommended against a 

number of insect pests worldwide but limited farmers are using it. The lack of 

popularity of these insecticides is due to inconsistency in its performance (Singh and 

Raheja, 1996). Similarly, seasonal and geographic variation in the insecticidal 

property due to variation in the contents of azadirachtin, salannin and other 

constituents of neem seeds attributed to this inconsistency (Easwara et al., 1997). All 

neem based commercial formulations used nowadays contain azadirachtin extracted 

from seeds of naturally grown neem plants and collection of seeds is a labour 

intensive process. 

Kearney et al., (1994) investigated insect antifeedent compounds of in vitro 

cultures of neem using desert locust.  In bioassay feeding suppression was observed 

when whole extracts of seed, leaf, callus, suspension and shoot were tested. 

Antifeedancy was determined during growth of suspension cultures, which were five 

months old. The results showed that the levels of antifeedancy were increased after 

maximum biomass was attained. 

1.2.7 Use of Plant Tissue Culture Technology for Secondary Metabolites 

Production: Plant tissue culture technology is not only used for crop improvement 

but also used for production of secondary compounds. The in vitro technology offers 

consistent, stable and controlled supply of bioactive secondary compounds. The 

research work for production of bioactive compounds through tissue culture is in 

initial stage and requires optimization of culture and process conditions for the 

development of commercially viable process. Many biotechnological strategies have 

been hypothesized and experiments have been conducted for enhanced production of 

secondary compounds from plants of medicinal use. Some of these include superior 

cell line screening for higher yield, changes in media composition, addition of 

precursors and elicitors, plant cell immobilization, biotransformation, large scale 

cultivation in bioreactor system, hairy root culture and others (Bhalsingh and 

Maheshwari, 1998; Namdeo et al., 2002; Vanishree et al., 2004).                                                           

The cell suspension cultures from many plants have been established but these 

cells did not produce enough quantity of required secondary metabolites (Rao and 
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Ravishankar, 2002). This reflects the poor understanding of basic secondary 

metabolic regulation in plant cell cultures. The addition of elicitors in plant cell 

culture system showed favorable results in fermentation of antibiotics and many other 

products. The elicitors enhanced secondary metabolism in plants or plant cells in vitro 

but the exact mechanism of elicitation is still unknown. Similarly the combined 

efforts by researchers belonging to different groups like plant science, 

pharmacognosy, microbiology, phyto-chemistry, molecular biology and fermentation 

technology can use the plant cells to produce secondary metabolites. 

The neem seed are available during season and only limited seeds are 

collected because of operational problems e.g. labour cost and quality considerations. 

The percentage of azadirachtin decreases and also loses viability during storage 

(Yakkundi et al., 1995). The environment of plants like geographical distribution and 

seasonal variation affects the productivity of plants and secondary metabolite contents 

of seeds. Microbial pathogens are also present on surface of seeds that may produce 

toxic metabolites e.g. aflatoxin on seed surface, which are extracted with azadirachtin, 

contents during processing.  

Plant cells culture technology accumulate secondary compounds in equal or 

higher quantity than produced by the whole plant growing in natural environment. 

Through plant cell culture system a number of pharmaceutically important 

compounds are produced on commercial scale like shikonin from Lithospermum 

erythrorhizon (Fujita, 1988), ginsenoside from Panax ginseng (Ushiyama, 1991; 

Ushiyama and Hibino, 1997) and berberin from Coptis japonica (Fujita and Tabata, 

1987). Plant cell culture technology ensures the continuous supply of azadirachtin 

compounds that are free from any toxic agent. However using different parameters 

affecting biosynthesis in cell culture system optimizes productions of these 

commercially important compounds. Different explants of neem have been used for 

callus induction, cell suspension growth and production of azadirachtin using 

different hormonal compositions. The azadirachtin has produced in different tissue 

culture system, which is presented in Table 1.1. 
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Table-1.1: Azadirachtin contents (per gram DW) in different tissue culture 

systems 

Explants Culture 
System 

Medium  Azadirachtin 
Contents 

References 

Leaves Callus MS+2.0mg/L BAP      
+ 4.0mg/L IBA 

7 µg/g DW Allan et al., 
(1994) 

Leaves Callus/ 
Suspension 
Cultures 

MS+2.0 mg/L BAP 
+4.0 mg/L IBA 

 
N.D 

Kuruvilla et al., 
(1999) 

Leaves  
 

Flowers 

 
Callus 

MS+0.5mg/L Kn 
+1.0 mg/L 2,4-D 
+90.3g/L glycine 

0.0268 g/g DW 
 

0.0246 g/g DW 

Veeresham et 
al., (1998) 

Leaves 
 

Bark 

 

Callus 
White+0.2mg/L 2,4-
D +1.0mg/L BAP 

64 µg/g DW 
 

7 µg/g DW 

Wewetzer, 
(1998) 

Leaves 
 

Stem 

 
Hairy Roots  

MS without growth 
hormone 

3.6 µg/g DW 
2.7 µg/g DW 

Sundaram and 
Curry (1996) 

Embryo 
 

Embryo 

In vitro roots 
 

In vitro 
shoots 

MS + 0.5mg/L BAP    
+ 0.2mg/L NAA  
½ MS + 0.5 mg/L 
IBA 

4 µg/g DW 
 

8 µg/g DW 

Srividhya et al., 
(1998) 

 
For the biomass growth and production of azadirachtin, very initial step is to 

screen and establish productive cell line of neem for cell suspension culture system. 

These cell lines are screened through comparative studies of cell lines on the basis of 

their better growth and increased azadirachtin yield. The optimized cultural conditions 

and screening of productive cell lines have increased the production of several 

compounds in cell culture lines. Through using various methods, many efforts have 

been done to focus on the activation of biosynthesis in cultured cells to obtain yields 

in higher concentration of secondary compounds (Dixon, 1999). By changing cell 

culture conditions, cell line productivity is influenced. Among them, culture medium 

is the most important that affect the production of biomass and azadirachtin and only 

few reports showed the effect of different concentrations of carbon, nitrogen, 

phosphorus and plant growth regulators (PGR) on biomass yield and azadirachtin 

production (Sujanya et al., 2008; Wewetzer, 1998). These initial studies on effect of 

different media on azadirachtin production suggested optimizing different media 

compositions that increase biomass growth and azadirachtin production. 

In many cell cultures, a large number of biotic and abiotic compounds have 

been reported to affect the synthesis and accumulation of secondary metabolites 

(Bohlmann et al., 1995). The research has been started to investigate the compounds 
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that are involved in the biosynthesis of secondary metabolites that usually proceeds 

through mevalonate, apo-tirucallol, squalene and a series of oxidations, ring cleavage 

and degradation (Kraus et al., 1985).  

Radman et al., (2003) reported that addition of biotic and abiotic ‘elicitor’ 

molecules in medium might enhance accumulation of important plants secondary 

compounds. The effect of elicitor on production of these compounds may vary in 

plant to plant or in different cell culture systems. For an interested plant cell line, 

selection of suitable elicitors with its optimized dose is necessary to ensure the 

enhanced product yield.  

Balaji et al., (2003) used various compounds including precursors, elicitors, 

permeabilizing agents and growth retardants in medium to study their effects in neem 

cell cultures. The results showed that addition of different precursors 10mg/L sodium 

acetate, 10mg/L squalene, 1mg/L isopentenyl pyrophosphate and 1mg/L geranyl 

pyrophosphate separately on 3rd day significantly increased the bioproduction of 

azadirachtin with 64.94±4.4, 72.81±0.04, 51.63±1.26 and 30.70±0.28mg/L 

respectively. There was no significant effect observed due to addition of growth 

retardants and permeabilizing agents on bioproduction of azadirachtin. 

In some cultures, initiation of cell suspension culture and their maintenance is 

difficult. For establishment of homogenous cell suspension lines many strategies have 

been adopted (Chattopadhyay et al., 2001). A fairly good possibility to increase 

production of azadirachtin in neem tissue culture is the regulation of metabolism by 

adding elicitors, precursors and intermediates in culture medium used for azadirachtin 

synthesis. The optimal concentration and time of inoculation of these intermediates 

can be analyzed for biomass growth and azadirachtin production. These intermediates 

have been identified in other plants. Linsefors et al., (1989) reported that Mevalonic 

acid (MVA) significantly enhanced the saponin yield in cell culture of ginseng. 

The transformed hairy roots produced through tissue culture can be of good 

alternative for production of azadirachtin. Zounos et al., (1999) described the 

development of hairy roots containing azadirachtin but azadirachtin concentration was 

quite low that can be enhanced by further manipulations.  

The subculture age plays an important role in the production of bioactive 

secondary compounds by elicitation. In a study, Namdeo et al., (2002) reported that 

20 days old cultures of C. roseus cells produced higher yields of ajmalicine on 

addition of elicitors. The results showed that when C. roseus cells were elicited with 
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extracts of T. viride, accumulated the highest yield of ajmalicine with 166 µg/g DW in 

20 days old cells followed by 90 and 88 µg/g DW of ajmalicine in cells elicited with 

A. niger and F. moniliforme respectively.  

Prakash and Srivastava (2005) optimized nutrients statistically for biomass 

growth and production of azadirachtin by cell suspension cultures of A. indica. With 

respect to biomass and azadirachtin production, mathematical equations were 

developed to describe interactions between complex nutrients, which were used to 

develop contour plots to study the effects of different nutrients. A medium was 

optimized on the basis of enhanced biomass and azadirachtin accumulation that 

contain 37.5g/L glucose, 56.25mM nitrate, 1.0mM phosphate and 5g/L inoculum.  

The optimized composition of medium significantly increased the production of 

biomass with 15.02 g/L and azadirachtin with 2.98mg/g (45mg/L).  

Raval et al., (2003) used major nutrients in medium to study their effect on 

growth of biomass and production of azadirachtin related limonoids (AZRL) in neem 

cell suspension cultures. Plant cell respiration activities were monitored and results 

were obtained using three plant cell culture media that showed non-growth associated 

production of azadirachtin related limonoids. An increase of 0.25 mg/g DW 

azadirachtin related limonoids production was observed by addition of different 

concentrations of nitrogen and phosphorus sources in medium as compared to no 

azadirachtin related limonoids production in simple MS media.  

Sujanya et al., (2008) investigated the nutritional effect on growth of biomass 

and production of azadirachtin in cell suspensions cultures of neem. As sucrose 

concentration was reduced to 15g/l in the medium, reduced biomass growth and no 

azadirachtin production was observed. A 1.5-fold increase in total extracellular 

azadirachtin (5.59mg/l) was observed compared with standard MS medium when total 

nitrogen was added in medium in ratios 4:1 of nitrate: ammonium. Similarly 

intracellular azadirachtin contents were also enhanced (6.98 mg/l) when total 

phosphate in medium was reduced. A complete elimination of phosphate in the 

medium containing 4:1 ratio of nitrate: ammonium enhanced 36% (59.36 g/l) of 

biomass compared with biomass produced in MS medium. 

Prakash and Srivastava (2008) studied the effect of different concentrations of 

some elicitors including salicylic acid, jasmonic acid, methyl jasmonate, chitosan and 

yeast extract on azadirachtin production in shake flask suspension culture of 

Azadirachta indica. A synergistic effect of these elicitors was observed resulting in 5-
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folds higher azadirachtin production with 15.9 mg/g DCW as compared to control 

cultures with 3.2 mg/g DCW. This increase in azadirachtin production was found the 

highest when A. indica cells were cultured in stirred tank bioreactor in combination 

with elicitors on eighth day that lead to 161.1mg/l of azadirachtin accumulation as 

compared to control bioreactor cultures without elicitors that produced 50 mg/l 

azadirachtin. This study identified different elicitor as well as their combined effect 

for improved synthesis of azadirachtin and other secondary metabolites of plant cell 

cultures. 
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CHAPTER 2 

MATERIALS AND METHODS 

For callus induction, live part of any plant species can be used under in vitro 

conditions. The production of callus cultures usually depends on plant species and 

their properties. The woody plants generally show slow response of callus growth e.g. 

neem. Usually different parts of plants including root, shoot, flower (pollen grains, 

ovary, sepal, and petal), immature and mature seeds were used as explant in tissue 

culture experiments, however younger and fresh parts of plants were preferable as 

explants. In experiments, different explants like shoot (nodular), leaf, flower 

(unopened), embryos (immature and mature) of neem plant were used in present 

study.  

2.1 Plant Tissue Culture Medium: For callus induction from an explant or for 

cultivation of callus and cells in liquid medium, various kinds of media containing 

inorganic salts were formulated. A large number of media for plant tissue culture has 

been formulated like MS medium (Murashige and Skoog, 1962), N6 medium (Chu et 

al., 1975), B5 (Gamborg et al., 1966) and White medium (White, 1963) but MS 

medium is the most common media used for plant tissue culture due to its significant 

features like high concentrations of ammonia, nitrate and potassium.  

The components of plant tissue culture medium include macronutrients, 

micronutrients, vitamins, carbon source and plant growth regulators. Macronutrients 

are required by cultured tissues in excess including N, P, K, Ca, Mg and S containing 

compounds such as NH4NO3, KNO3, MgSO4, KH2PO4 etc while micronutrients are 

enough in trace amount are Fe, Mn, Cu, Zn, B, I, Co, Mo, etc. The most commonly 

used carbon sources are sucrose or glucose, which is added 2 to 4% to the basal 

medium. The vitamins added in medium are thiamine-HCl, nicotinic acid and 

pyridoxine-HCl. Among these, thiamine HCl is essential vitamin for cell growth 

while others are responsible to stimulate the growth in some plant cells. Glycine is a 

sole amino acid used in medium. All these substances are supplied as water-soluble 

compounds.  

2.2 Preparation of Stock Solutions: Tissue culture media used in experiments 

were primarily based on the formulation developed by Muraishgie and Skoog (1962) 

and Chu et al., (1975). For the preparation of stock solutions, all nutrients were 
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categorized in six different groups of stocks based on the working concentration as 

well as their reactivity towards other nutrients. One hundred times (100X) 

concentrated stock solutions of MS and N6 media were prepared according to 

category as presented in Table 2.1. Similarly stock solutions of phytohormones were 

also prepared as mentioned in Table 2.2.  

 

Table-2.1: Preparation of MS and N6 stock solutions 

 
Ingredients 

MS Salts*  N6 Salts*  
Stock 
Conc 

Working 
Conc 

(mg/L) 

Stock 
Conc 

 

Working 
Conc 

(mg/L) 
Stock A [(100X) mg/250ml] 
NH4NO3 165,000 1650 283,000 2830 
KNO3 190,000 1900 00 00 
KH2PO4 17,000 170 40,000 400 
MgSO4 7H20 37,000 370 9,037 90.37 
(NH4)2 SO4 00 00 46,300 463 
Stock B [(100X) mg/250ml] 
MnSO4 4H2O 2230 22.3 3,330 3.33 
ZnSO4 7H2O 860 8.6 150 1.5 
CuSO4 5H2O 2.5 0.025 00 00 
CoCl2 6H2O 2.5 0.025 00 00 
H3BO3 620 6.2 160 1.6 
Na2MoO4 2H2O 25 0.25 00 00 
Stock C [(100X) g/250ml] 
Nicotinic acid 50 0.5 50 0.5 
Pyridoxine-HCl 50 0.5 50 0.5 
Thiamine-HCl 100 1.0 100 1.0 
Glycine 200 2.0 200 2.0 
Stock D [(100X) g/250ml] 
KI 83 0.83 80 0.8 
Stock E [(100X) g/250ml]
CaCl2.2H2O 44,000 440 12,533 125.33 
Stock F [(100X) g/250ml]
FeSO4.7H2O 27,800 27.8 27,850 27.85 
Na2EDTA 37,800 37.8 37,250 37.25 

 

MS Salts* (Murashige and Skooge, 1962) N6 Salts* (Chu et 

al., 1975) 
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Table-2.2: Preparation of Stock Solutions of Plant Growth Regulators 

Plant Growth Regulator 
(PGRs)  

Working 
Conc. 

Stock Preparation 

2,4-Dichlorophenoxy acetic 
acid (2, 4-D) 

1.0mg/ml 200mg of 2,4-D was dissolved 
well in 5ml of ethanol and raised 
vol up to 200ml with D. H2O. 
Stored at 4C 

Nephthyl acetic acid (NAA)  1.0mg/ml 0.1 g of NAA was dissolved well 
in 5ml of 1N NaOH and raised 
vol up to 100ml with D. H2O. 
Stored at 4C  

Benzyl amino purine (BAP) 1.0mg/ml Weighed and dissolved 100 mg of 
BAP in 5ml of 1N NaOH and 
raised vol up to 100ml with D. 
H2O. Stored at 4C  

Indole 3-acetic acid (IAA) 1.0mg/ml 100mg of IAA was dissolved in 
few 5ml of alcohol and raised vol 
up to 100ml with D. H2O. Stored 
at 4C 

 

2.3 Preparation and Sterilization of Tissue Culture Media: For preparation of 

one liter basal MS or N6 medium, 900ml of D. water was taken in one liter beaker 

and 2.5ml from each stock A, B, C, D, E and F were added, followed by 30 gram 

sucrose and 100mg myo-inositol. The pH was adjusted to 5.8 by using 0.5N NaOH or 

HCl and 0.3% phytagel (sigma) was added for solidification. For callus induction, MS 

and N6 media were additionally supplemented with various concentrations of 2,4-D, 

BAP, NAA and IAA separately or in combinations. The volume was raised volume 

up to one liter by D. water boiled in microwave oven for melting the phytagel and 

dispensed the media in small baby jars/glass jars (30-35ml/jar). All the jars containing 

media were capped, placed in the autoclaved and sterilized at 121C at 15lbs psi for 

15-20 minutes. The stocks of phytohormones like 2,4-D, BAP, NAA and IAA were 

prepared as mentioned in Table 2 and were filter sterilized using disposable filter 

assembly according to the requirement. The D. water, capped empty flasks, glassware 

etc were also sterilized in autoclave at 121C at 15 lbs psi for 15 minutes.  

For the growth of cell suspension cultures, medium was prepared without 

solidifying agent (phytagel) and dispensed in 250ml conical flasks (50ml per flask). 

To study the effect of chemicals on production of azadirachtin contents, different 
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concentrations of various chemicals including sucrose, glucose, urea, NH4NO3, 

KNO3, (NH4)2SO4, KH2PO4, AgNO3, CuSO4, MgSO4 7H2O, ZnSO4 7H2O, NaCl, 

sodium acetate (SA), salicylic acid, thiamine HCl and precursors including 

isopentenyl pyrophosphate (IPP), geranyl pyrophosphate (GPP) and squalene (SQ) 

were additionally supplemented in MS liquid medium. All the flasks were capped and 

sterilized in autoclave.   

2.4 Collection, Sterilization and Inoculation of Explants: Five explants nodular 

stem sections, leaves, flowers (unopened), immature embryos and mature seeds were 

used to study the callus proliferation response on MS and N6 medium. All the 

explants were first collected from medium sized neem plants of 8-10 years of age 

growing in Allama I. I. Kazi main campus Jamshoro, University of Sindh during 

different months of the year. Nodular stem sections and leaves were available round 

the year. The flowers were collected during blooming season in April-May while 

immature embryos and mature seeds were collected during May-June.  

All the explants were brought in laboratory and all tissue culture work was 

carried out under aseptic environment in laminar flow cabinet. The nodular stem 

sections were first cut into smaller sections (2-3inch) rinsed in running tap water for 

some time and than placed in 70% ethanol for one minute and than with 50-70% robin 

bleach (commercially available at 5.25% concentration) under shaking condition. The 

bleach was discarded after twenty minutes and stem sections were than washed with 

sterile distilled water for four times (five minutes each wash). The sterilized stem 

sections were collected in sterile Petri dishes and carefully cut into smaller sections (1 

to 1.5cm) containing a node with sterile scalpel blade. These sections were inoculated 

in MS and N6 solidified medium and incubated in growth room at 25± 2C and 16 

hours photoperiod.  

The unopened flowers (immature condition) of same size were separated from 

bulk of flowers and rinsed with tape water. These flowers were than sterilized with 

50-75% (v/v) commercially available robin bleach (5.25% concentration) for 15-20 

minutes in shaking conditions. The bleach was discarded and washed with sterile D. 

water for four times (five minutes each wash). The sterile flowers were collected in 

sterile petri dish and the upper one-third parts of petals was removed with scalpel 

blade. The flowers were than inoculated on solidified media by placing cut part of 
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petals touching the medium and shifted in growth room at 25± 2C in low light 

intensity.  

Other explants including leaves, immature fruits and mature seeds were also sterilized 

with 60-70% robin bleach 12-20 minutes and than washed four times with sterile D. 

water. Each leaf was cut into 4 to 5 smaller pieces and inoculated on solidified 

medium. The immature fruits were cut from center and 1-2mm sized immature 

embryos were pulled out with the help of forcep and needle, and carefully placed on 

medium. The sterilized mature seeds were directly inoculated on medium. All the 

inoculated cultures were shifted in growth room at 25± 2C and 16 hours photoperiod.  

2.5 Callus Proliferation and Its Subculturing: The explants were observed on 

daily basis for their internal contaminations. The explants showing fungal or bacterial 

contaminations were removed and discarded. The dead explants were also counted 

due to bleach concentration as well as time duration of sterilization. Similarly callus 

proliferation response was also observed in different explants on MS and N6 media 

additionally supplemented with different concentrations of phytohormones separately 

or in combinations. The experiments were performed in duplicate or triplicate. The 

proliferating callus was initially subcultured after two weeks and than after three 

weeks on same fresh media.  

2.6 Determination of Callus Dry Weight: The proliferating calli from different 

media were harvested after one-week interval for six weeks and fresh callus weight 

(FCW) was determined. The calli were placed at 40C for 72 hours and dry callus 

weight (DCW) was determined.  

2.7 Establishment of Cell Suspension Cultures: The cell suspension cultures 

were initiated in MS liquid medium additionally supplemented with different 

concentrations of various chemicals. For cell suspension culture initiation, one gram 

friable callus was obtained from solid media, crushed in to smaller pieces and 

transferred in MS liquid medium supplemented with 3.0% sucrose, 1.0mg/l of each 

2,4-D and BAP and 0.1 mg/l of NAA and placed in shaking incubator at 105 rpm and 

25±2°C and 16 hours photoperiod. After 48-72 hours, a homogenized solution with 

separated cells was obtained. These cultures were maintained through 5 – 6 times 

subculturing after every five days on same liquid medium.   

 For standard growth and production of azadirachtin contents, 5.0ml of each 

starter culture was added in 250ml conical flask containing 50.0ml of MS liquid 
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medium supplemented with 3.0% sucrose, 1.0mg/l of each 2,4-D and BAP and 0.1 

mg/l of NAA and placed in shaking incubator at 105 rpm and 25±2°C and 14 hours 

photoperiod. The cell suspension cultures were harvested from flasks after every five 

days span for six weeks (forty days).  

For production of azadirachtin contents, 5.0ml of initial culture was inoculated 

in each flask containing 50.0ml MS liquid medium additionally supplemented with 

3.0% sucrose, 1.0mg/l of each 2,4-D and BAP and 0.1 mg/l of NAA and various 

chemicals in variable concentrations. The cultures were harvested in duplicate flasks 

after every seven days for 4 to 5 times or for five weeks. All the experiments were 

repeated for two times.  The pH of liquid medium was determined before inoculation 

of initial culture and immediately after each harvesting. 

2.8 Extraction of Azadirachtin Contents from Callus: The azadirachtin 

contents were extracted from dry callus cultures in dichloromethane.  The dried callus 

samples were ground in pestle mortar by adding five ml of dichloromethane and 

centrifuged at 8000rpm for 20 minutes at 4°C. The supernatant was collected in 

separate bottles; the process was repeated for two times and finally stored at -40°C.  

2.9 Extraction of Azadirachtin Contents from Cell Suspensions: The harvested 

cell suspension cultures were centrifuged at 8000rpm for 20 minutes at 2- 4°C and 

liquid medium was separated carefully from cells pellet (Biomass) and collected in 

labeled 50ml bottles. The pellets were collected in pestle mortar and ground by adding 

five ml of dichloromethane. The ground extract was centrifuged at 8000rpm for 20 

minutes at 2 - 4°C and supernatant was collected in labeled bottle. The process was 

repeated two times and samples were dried by evaporating the dichloromethane at 

50°C in water bath and than stored at -40°C. The samples were re-dissolved in D. 

H2O and raised final volume up to 10ml by adding D. H2O. The intracellular 

(biomass) and extracellular (liquid media) azadirachtin contents were determined 

separately. Similarly changes in carbohydrate and protein contents in separated liquid 

media were also determined.     

2.10 Determination of Azadirachtin related limonoids: The azadirachtin related 

limonoids in sample extracts were quantified by spectrophotometric method as 

reported by Dai et al., (1999). For this purpose 0.7ml of test sample extract was taken 

and added to 0.2ml solution of vanillin containing methanol (0.02mg of vanillin 

dissolved in 1ml of methanol) in a test tube and wait to complete the reaction at room 

temperature for two minutes with manually shaking. After that 0.3ml of concentrated 



30 
 

H2SO4 was carefully added in test tube. This H2SO4 addition was done in three 

portions with 0.1ml each portion and mixture was stirred for 10 to 15 seconds after 

each addition, which developed two-layered mixture. Than 0.7ml of methanol was 

added in test tube that converted two-layered mixture into homogenized solution and 

a blue-green colour was developed. The test solution was placed at room temperature 

for five minutes. The absorbance was than measured at 577nm in UV-visible 

spectrophotometer. The absolute methanol was used as blank. For preparation of 

standard graph, 99.9% pure azadirachtin (sigma) was used and different 

concentrations of azadirachtin 0, 5, 10, 15, 20, 25 and 30 g/ml were prepared in 

methanol. The reaction mixture was prepared and measured the absorbance at 577nm, 

as mentioned above and standard graph was prepared. The azadirachtin related 

limonoids were calculated from standard graph of azadirachtin.  
 

 
 
 

0.7ml test sample 
 

Add 0.2ml of methanol solution of vanillin 
(0.02mg/ml of vanillin) wait 2 min 

 
Add 0.3ml of conc. H2SO4  

(Add in three portions & stirrer) 

 
Add 0.7ml methanol and wait 5 min 

(Light blue-green colour) 
  

Measure absorbance at 577nm  
 

(Dai et al., 1999) 
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Fig-2.1: Standard graph for total Azadirachtin contents 
 
 

2.11 Quantification of Total Protein: The media was separated from cell cultures 

through high-speed centrifugation at 8000rpm for 20 min.  

Reagents: A). Alkaline Sodium Carbonate Solution: 20.0g of Sodium Carbonate 

dissolved in one liter of 0.1 M NaOH 

B). Copper Sulphate-Sodium Potassium Tartarate Solution: 5.0g of Copper Sulphate 

and 10 grams of Sodium Potassium Tartarate dissolved in 1 liter distilled water.  

C). Alkaline Solution: Freshly prepared on the day of use by mixing 50 ml of reagent 

(A) and 1.0 ml of reagent (B) 

D). Follin Ciocalteu Reagent: Commercially available from E. Merck.  

Procedure: To investigate the released proteins in liquid media were quantified by 

Lowry et al., (1951) method. For this purpose 0.5 ml test sample was added in 2.5 ml 

of alkaline copper reagent in a test tube and mixed thoroughly at room temperature. 

After ten minutes, 0.25ml diluted Follin-Ciocalteu reagent (1:1 v/v with D. water) was 

added in each test tube and keep the reaction mixture at room temperature for 30 

minutes to complete the reaction that developed bluish colour. The absorbance of 

each sample was read against blank at 750nm by UV-visible spectrophotometer. 

Blank was prepared by using distilled water in substitution of test sample with all 
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reagents. Different standard protein (bovine albumin) solutions were prepared 0, 0.1, 

0.2, 0.3, 0.4, 0.5 and 0.6 mg/ml for calibration curve. The graph of absorption vs. 

concentration was plotted and the concentration of test solutions was calculated from 

protein calibration curve. 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
  

 Figure-2.2: Standard graph for total Proteins  

 

2.12 Quantification of Total Carbohydrates:  

Reagents: A). Concentrated Sulphuric acid (H2SO4) 

B). 80% Phenol: 80.0 grams of phenol dissolved in 100ml of distilled water 

Procedure: Total carbohydrate content of in each separated medium was determined 

according to the method reported by Montgomery (1961). For carbohydrate 

determination, 0.5ml test sample was taken in a test tube and 2.5ml concentrated 

H2SO4 and 50µl of 80% phenol solution were added. The solution was mixed 

thoroughly and allowed to stand at room temperature for 15 min to complete the 

reaction. The absorbance was read against blank by UV-visible spectrophotometer at 

485nm. Blank was prepared by taking distilled water instead of test sample. Standard 

graph was prepared by using 0.05, 0.1, 0.15, 0.2, 0.25 and 0.3 mg/ml concentrations 

of glucose as test sample, rest of the method being same. The values obtained were 

plotted and concentrations of test samples were calculated in mg/ml from standard 
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graph. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure-2.3: Standard graph for total carbohydrates 

 

2.13 Quantification of Reducing Sugars:  

Reagents: A). Potassium sodium tartrate solution: 300 grams of Potassium sodium 

tartrate was dissolved in 500 ml distilled water. 

B). Dinitro salicylic acid reagent: 10 grams of Dinitrosalicylic acid was dissolved in 

200 ml of 2 M Sodium hydroxide. 

C). Dinitrosalicylic acid solution: This solution was prepared by mixing solution 1 

and 2 and the volume was making up to 1 liter with distilled water. 

Procedure: The reducing sugar contents of prepared samples were determined by the 

method reported by Miller (1959). 2ml of test sample was taken in test tube and 

mixed with 2ml of freshly prepared 2,6-dinitrosalisalicylic acid (DNS), the contents 

were mixed thoroughly and heated in a boiling water bath for 5 minutes and then left 

for few minutes under tap water to reduce temperature to normal. The color intensity 

was read against blank by UV-visible spectrophotometer at 540nm. Blank was 

prepared by adding distilled water in substitution of test sample. Standard graph was 

plotted by the values obtained from 0.05, 0.1, 0.15, 0.2, 0.25 and 0.3 mg/ml 

concentrations of glucose as standard sugar. The values obtained were plotted and the 

concentrations of test samples were calculated. 
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 Figure-2.4: Standard graph for reducing sugars 

 

2.14 Laboratory Scale Insect Bioassay: The efficacy of prepared callus extracts 

(NCE1) and cell suspension extracts (NCE2) of neem were evaluated in bioassays 

against six sucking and chewing insects including cotton jassids (Empoasca devastans 

Dist.), whitflies (Bemisia tabaci Genn.), thrips (Thrips tabaci), cotton bollworm 

(Helicoverpa armigera), pink bollworm (Pectinophora gossypiella) and cotton 

leafworm (Spodoptera litura). The insects were collected during August to October 

from different locations including cotton field adjacent to Indus River, Hyderabad, 

Nuclear Institute of Agriculture (NIA) Tandojam and Khairpur Mirs, Sindh, Pakistan.  

For preparation of azadirachtin-based extracts, callus and suspension cells 

were dried at 40C on filter papers separately for 72 hours. For extraction of 

azadirachtin content, about 15 to 20 gram of dried calli and cell biomass were ground 

separately in pestle and mortar in 10.0 ml methanol and centrifuged at 8000rpm at 

4C. The supernatant was collected and extraction process was further repeated for 

two times. The methanol was evaporated at 40C in water bath and remaining 

material was resuspended in 20ml of D.H2O. The azadirachtin related limonoids were 

quantified and finally adjusted the extracts to 1.0mg/ml. For bioassays, both 
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azadirachtin containing preparations, extracted from callus (NCE1) and suspension 

cells (NCE2) were diluted with D.H2O with following ratios 

T1 (1:10 v/v)  Azadirachtin preparation: Distilled water 

T2 (1:100 v/v)  Azadirachtin preparation: Distilled water 

T3 (1:1000 v/v) Azadirachtin preparation: Distilled water 

T4 (1:10000 v/v) Azadirachtin preparation: Distilled water 

T5 (1:100000 v/v) Azadirachtin preparation: Distilled water 

C (Negative Control)  only distilled water was used  

For laboratory bioassay, medium sized fresh leaves and small bolls (1.2– 

1.5cm size) were collected from control cotton field, washed with distilled water and 

surface water was absorbed with tissue paper. The leaves were either cut in to two 

pieces containing midrib or in full size were first sprayed with different 

concentrations of crude extracts (T1, T2, T3, T4 and T5) and than placed in Petri 

dishes. For negative control, leaves were sprayed with distilled water. In case of 

sucking insects (jassids, whitflies, thrips) using camel hairbrush, twenty insects were 

infested on leaves in each Petri dish with two Petri dishes for each treatment. The 

experiment was performed two times in same way thus total eighty insects were 

infested for each treatment.  

In case of chewing insects (cotton bollworm, pink bollworm, cotton 

leafworm), five insects were infested per Petri dish and small jars in duplicate and 

experiment was repeated twice thus total thirty insects were used for each treatment. 

For pink worm and cotton bollworm, small sized leaves and bolls were either cut from 

center or in full size were sprayed with different concentrations of extracts and 

controls with distilled water and placed in large sized Petri dishes small jars. The Petri 

plates and jars were incubated at 252C with 75 – 80% humidity in low light and 

data was collected after every 24 hours for five days. The mortality rate was 

calculated by determining the percentage of survival of insects    

        No. of insects survived/experiment 

Percentage Mortality  =     ------------------------------------------    X   100 

           Total no of insects/experiment  

Percentage survival of insects showed information about number of insects dead.  

Similarly repellent and post feeding behavior of insects were also observed.  
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2.15 Antibacterial Activity of Neem Cells Extracts: For efficacy of extracts 

against different pathogenic bacterial species including E. coli, Klebsiella 

pneumoniae, Pseudomonas aeruginosa, Vibrio cholerae, Staph aureaus and Proteus 

vulgaris were also evaluated. All the pathogenic species were collected from 

microbial diagnostic laboratory, ISRA University, Hyderabad.  

LB medium was prepared and all pathogenic species were carefully streaked on 

separate plates and incubated at 37°C over night. The cultures were fist identified 

through microscopy and than inoculated in LB broth at 37°C over night and than used 

for testing the antibacterial activity of extracts.  

For bioassay, LB medium was prepared, sterilized in autoclave for 15 min at 

121°C and 15 lb/cm2, stayed to cool media at about 45°C, poured into sterilized petri 

plates. About 0.1 ml of each respective activated species was inoculated on to petri 

plates containing media and lawned immediately by sterile spreader. A sterilized 1ml 

adjuster tip was cut at its base and about 2.5mm3 sized wells were developed in Petri 

dishes. About 10µl of each dilution from sample was added in separate labeled wells 

and incubated over night at 37°C and were labeled. For negative control, well was 

filled with 10µl of sterile distilled water. The efficacy of each sample extract was 

observed after 24 hours. The zone inhibitions produced by the extracts were compared 

with zone produced by the positive control.  

2.16 Antifungal Activity of Neem Cells Extracts:  

Agar medium: Prepared by adding 20g/L Dextrose, 10g/L Peptone and 20g/L agar, 

sterilized in autoclave at 121 oC for 20 min. 

Nutrient Broth Medium: Prepared by dissolving 3.0 g/L glucose, 0.2g/L yeast extract, 

0.5g/L Peptone, 1.0g/L KH2PO4, 5g/L MgSO4 and 5.0g/L NaCl, finaly pH of medium 

was adjusted to 5.5 and sterilized in autoclave at 121 oC for 20 min  

Procedure: Antifungal activity was tested against a common pathogenic fungal 

species Aspergillus niger using the diffusion plate method. 0.1 ml of the fungal spore 

suspension (grown for 3 days) in 50 ml of nutrient broth medium was thoroughly 

mixed with 20 ml of melted nutrient agar medium and poured into sterilized petri 

plates. When the agar was set, holes of 3 mm diameter bore were made on each of the 

seeded plate. These holes were filled with 10µl of the testing sample. The petri plates 

were incubated at 37oC for 72 hours. All the culture plates were examined after 48-72 

hours and the results were tabulated. The zone inhibition produced by the extracts was 

measured with scale.  
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2.17 Statistical Analysis: All the results were statistically evaluated using Minitab software 

and Student’s t-test. 
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2.18 CHAPTER 3 

RESULTS 

For the production of azadirachtin contents through in-vitro cultures of neem, 

callus and suspension cultures were developed. Five different parts of neem including 

leaves, nodular stem sections, immature flowers, immature embryos and mature 

embryos (seeds) were used as explants to raise these cultures. The explants were 

collected from neem plants growing in Allama I. I. Kazi campus, University of Sindh, 

Jamshoro, Pakistan.   

3.1 IN-VITRO CALLUS PROLIFERATION RESPONSE OF DIFFERENT 

EXPLANTS 

For in-vitro callus proliferation, five explants were inoculated on MS and N6 

media supplemented with various concentrations of plant growth regulators like 2,4-

D, BAP, NAA and IAA separately or in combinations. For sterilization of each 

explant, commercial bleach was used for different time durations.  

3.1.1 Optimization of NaOCl Concentration as Sterilizing Agent: All explants 

were sterilized in commercial robin bleach (5.25% NaOCl): water with 50:50 (v/v) 

and 75:25 for 5, 10, 15 and 20 minutes. At both bleach concentrations, different 

explants showed variable results after two weeks of inoculation. About 78% leaf 

explants were survived after two weeks of inoculation when leaf sections were 

sterilized in 50% (v/v) robin bleach: water ratio for ten minutes. In case of immature 

flower sterilization, 50% (v/v) robin’s bleach/ water concentration showed good 

results with 83% survival of explants after two weeks of inoculation when sterilized 

for 15 minutes. For nodular stem sections, 74% explants were survived when these 

explants were sterilized for twenty minutes in 75% (v/v) robin’s bleach/water. About 

89% immature embryos and 69% seeds (mature embryos) were survived on media 

after two weeks of inoculation when these explants were sterilized for fifteen minutes 

in 50 and 75% (v/v) robin bleach/ water as shown in Table 3.1. On the basis of these 

results, the concentration of commercial robin bleach and time duration of 

sterilization was optimized for each type of explant separately and than inoculated on 

media as shown in figure 3.1.   
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Table-3.1: Optimization of Sterilizing Concentration of Commercial Bleach 
(5.25% NaOCl) for different Explants 

 
A* = Alive Explants C* = Contaminated Explants D* = Dead Explants 

Explants Bleach 
Conc (%)

% Explants 
Survival 

Sterilization Time Duration (minutes) 
05 10 15 20 

 
 
Leaves 

 
50 

A* 46 78 48 12 
C* 49 07 0 0 
D* 05 15 52 88 

 
75 

A 57 51 19 03 
C 38 26 02 0 
D 05 23 79 97 

 
 
Flowers 

 
50 

A 29 54 83 68 
C 71 41 0 0 
D 0 05 17 32 

 
75 

A 45 79 64 18 
C 52 06 0 0 
D 03 15 36 82

 
Stem 
Sections 

 
50 

A 02 13 39 62 
C 98 87 61 36 
D 0 0 0 02 

 
75 

A 09 28 62 74 
C 91 72 37 18 
D 0 0 01 08

 
Immature 
Embryos 

 
50 

A 29 76 89 82
C 67 19 03 0 
D 04 05 08 18 

 
75 

A 54 81 73 19 
C 39 05 01 0 
D 07 14 26 81 

 
Seeds 
(Mature 
Embryos) 

 
50 

A 11 26 58 71 
C 83 61 23 05 
D 06 13 19 24 

 
75 

A 23 46 74 62 
C 87 48 04 0 
D 0 06 22 42 
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3.1.2 Callus Proliferation Response of Leaf Explants on Different Media: The 

sterilized leaf explants were inoculated on two different media MS and N6 

supplemented with 3.0% sucrose and twelve different concentrations of plant growth 

regulators of like 2,4-D, IAA and BAP. The data was collected and summarized after 

four weeks of inoculation. According to results obtained, MS medium supplemented 

with various hormonal concentrations showed overall good callusing response 

between 1.0 to 22% as compared to N6 medium 0.7 to 17% callusing in same 

hormonal concentrations. The highest callusing response 22.3±0.92 was observed in 

MS medium 10 (supplemented with 0.25mg/L IAA and 0.25mg/L BAP) followed by 

19.21±0.55, 17.23±1.08 and 16.2±0.65% in MS media 9, 11 and 12 respectively as 

data presented in Figure 3.1. It was observed that IAA in combination with BAP 

showed good callusing response. The callusing in N6 medium was lower in all- 

different hormonal concentrations. The highest callusing 16.36±0.58% was observed 

in N6 medium 9 as shown in Figure 3.5.  

Similarly among different aged leaves, young green leaves showed better 

callus proliferation as compared to older darker green leaves. Similarly early 

subculturing also enhanced callusing response as when leaves were subcultured after 

12 to 15 days of inoculation showed better response as compared to 18 to 21 days 

subculturing after inoculation.       

A

C 

B

D 

Figure-3.1: Inoculation of neem explants on medium 
A: Immature Flowers  B: Immature Embryos  
C: Leaves   D: Stem Section 
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In comparison of same hormonal concentrations on MS and N6 medium, the highest 

callus proliferation response (22.23±0.92%) was observed on MS medium 

supplemented with 0.25mg/L IAA and 0.25mg/L BAP as compared to N6 medium 

with same hormonal concentrations with 16.1±0.81% callus proliferation (P = 0.0075) 

which is significant as presented in Figure 3.5 

 The effect of various sucrose concentrations on callus formation was studied. 

The leaf explants when inoculated on selected MS medium supplemented with 

0.25mg/L IAA and 0.25mg/L BAP and 1.0 to 6.0% sucrose. MS media containing 1.0 

to 4.0% sucrose showed callusing response and explants started callus proliferation in 

fourth week of inoculation as shown in Table 3.2. All explants inoculated in MS 

media containing 5.0 and 6.0% sucrose were dead during 3rd and 4th week of 

inoculation while explants in 1.0% sucrose containing MS media started proliferation 

but were dead in 6th week. MS medium supplemented with 3.0% sucrose showed 

better callus proliferation after six weeks of inoculation. 

The calli on 3.0% sucrose containing medium were pale yellow and showed gradual 

increase in fresh weight while calli on 2 and 4% sucrose containing media became 

dark brownish in colour and were dead after 6th week of inoculation.   



42 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

1 

2 

2 
1 

2 

B

2 

D 
1 

1 

C 

3 

Figure-3.2: Morphological characteristics of 
proliferating callus  

A, B, C, D: Showing Callus induction 
1: Yellow callus – rapidly proliferating callus 
2: Browning of callus – showing reduction in growth 
as browning start 3: Granular callus – showing 
mixture of yellow and brown callus  

A 
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Figure-3.3: Morphological characteristics of 
proliferating callus  

A: showing Callus proliferation from immature 
flowers   B: Whitish to light yellow callus 
C: Yellow callus  D: Yellow to light brown callus 

Figure-3.4: Callus proliferation in flasks – all flasks 
were incubated at 252C, 14/10 light/dark 
photoperiod and 2000 lux light intensity   

B

C D

A 
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* & ** Callus used for further growth and analysis  
 

Media Composition 
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Legend: 
1:  0.1mg 2,4-D          2:  0.25mg 2,4-D  
3:  0.5mg 2,4-D          4:  0.1mg 2,4-D + 0.1mg BAP  
5:  0.1mg 2,4-D + 0.1mg BAP      6:  0.1mg/L IAA 
7:  0.25 mg/L IAA          8:  0.5mg/L IAA 
9:  0.25mg/L IAA+ 0.1mg/L BAP*  
10: 0.25mg/L IAA+ 0.25mg/L BAP**  
11: 0.25mg/L IAA+ 0.5mg/L BAP 
12: 0.5mg/L IAA+0.25mg/L BAP 
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MS Medinm N6 Medium

Figure-3.5: Percentage callusing response of neem 
leaves inoculated on MS and N6 media supplemented 
with 3.0% sucrose and different concentrations of IAA, 
2, 4-D and BAP separately or in combinations (Mean 
S.E) (P ≤ 0.05) 
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Table-3.2: Effect of sucrose on callus proliferation from neem leaf sections 
inoculated on MS medium Supplemented with 0.25mg/L IAA+ 0.1mg/L BAP 
 
Sucrose 

(%) 
Callus Proliferation Response (in weeks) Callus 

Characteristics 
1st 2nd 3rd 4th 5th 6th  

1 NR NR NR + + D Browning and 
death of callus after 
5th week 

2 NR NR NR + + + Yellow to brownish 
colour, growth 
reduced 

3 NR NR NR + + ++ yellow colour with 
rapid growth 

4 NR NR NR + + + Brownish colour 
and growth ceased 

5 NR NR NR D D D -- 

6 NR NR D D D D -- 

NR = No Response  D = Dead  
CFW (Approximately) + = 0.05g  ++ (doubled) 

 
3.1.3 Callus Proliferation Response of Immature Flower on Different Media: 

The unopened immature flowers were inoculated separately on MS and N6 media 

supplemented with 3% sucrose and eleven different concentrations of 2,4-D, NAA 

and BAP in two and three combinations. A wide range of callus proliferation was 

observed from 17 to 84.25% in MS media (from 1 to 11) supplemented with various 

hormonal concentrations (Figure 3.2). The highest callus proliferation response 

84.25±0.65% was observed in MS medium 9 (supplemented with 1.0mg/L 2,4-D, 

1.0mg/L BAP and 0.2mg/L NAA) followed by 78.05±0.55, 75.7±0.75 and 

72.06±0.906% in MS media 10, 8 and 7 respectively. The lowest callusing response 

17±1.73% was observed in MS medium 1 containing 0.5mg/L 2,4-D and 0.5mg/L 

BAP after three weeks of inoculation as presented in Figure 3.6.  

The callus proliferation response was also observed in N6 medium 

supplemented with same hormonal concentrations (from 1 to 11) as in MS medium. 

The overall callusing response was between 20 to 54% on N6 medium.  In N6 media, 

the highest callusing response 53.75±0.45% was observed in N6 medium 9 

(containing 1.0mg/L 2,4-D, 1.0mg/L BAP and 0.2mg/L NAA) followed by 49.6±0.76 

and 49.3±0.98 in N6 media 8 and 6 respectively. 
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It was observed that callus proliferation response was increased as the 

hormonal concentrations of 2,4-D and BAP were gradually increased in both MS and 

N6 media and this response optimal 84.25±0.65 and 53.75±0.45% in MS and N6 

media (P = 0.0006) supplemented with 1.0mg/L of each 2,4-D and BAP and 0.2mg/L 

of NAA are significant and results presented in Figure 3.6.  

Immature flowers were also inoculated on twelve different concentrations of 

sucrose from 1.0 to 12%. The calli showed very slow growth on 1.0 to 3.0% sucrose 

containing media. Morphologically calli were watery and translucent. As 

concentration of sucrose was increased from 4 to 9%, increases not only callus fresh 

weight (CFW) but also changed the characteristics and colour from pale yellow to 

yellow and light brown to dark brown with rapid growth. Similarly long time 

exposure of calli on higher concentration of sucrose from 10 to 12 % reduced the 

fresh weight and ultimately calli were dead during 5th and 6th week after inoculation 

(Table 3.3). Different morphological characteristics of callus like colour, callus shape 

etc obtained from different explants is presented in figures 3.2, 3.3 and 3.4.  

The callus growth was positively enhanced when the immature flowers were 

first inoculated on MS medium supplemented with 1.0mg/L of each 2,4-D, BAP, 

0.2mg/L of NAA and 9.0% sucrose for two weeks for osmotic stress and than 

subcultured on same fresh medium but with only 3.0% sucrose. After three weeks of 

this subculture (5th week of initial inoculation), growth rate was enhanced four folds 

by increasing callus fresh weight (CFW) as shown in figure 3.6.         

 



47 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 

 
 

 

 
 
 
 
 
 
 

* & ** Callus used for further growth and analysis  
 

Legend: 
1:  0.5mg 2,4-D+ 0.5mg BAP       2:  0.5mg 2,4-D+ 1.0mg BAP 
3:  0.5mg 2,4-D+ 1.5mg BAP       4:  1.0mg 2,4-D+ 0.5mg BAP 
5:  1.0mg 2,4-D+ 1.0mg BAP       6:  1.0mg 2,4-D+ 1.5mg BAP 
7:  0.5mg 2,4-D+ 0.5mg BAP+0.1mg NAA 
8:  1.0mg 2,4-D+ 1.0mg BAP+0.1mg NAA* 
9:  1.0mg 2,4-D+ 1.0mg BAP+0.2mg NAA** 
10: 1.0mg 2,4-D+ 1.5mg BAP+0.3mg NAA 
11: 1.0mg 2,4-D+ 1.5mg BAP+0.5mg NAA 
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Figure-3.6: Callus proliferation response of immature 
flowers of neem inoculated on MS and N6 media 
supplemented with different concentrations of 2, 4-D, 
BAP and NAA (Mean S.E) (P ≤ 0.05)
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Table-3.3: Effect of sucrose on callus proliferation from immature flowers of 
neem inoculated on MS medium Supplemented with 1.0mg/L 2, 4-D, 1.0mg/L 
BAP and 0.2mg/L NAA 
 

 Sucrose 
(%) 

Callus Proliferation Response (in weeks) Callus Characteristics

1st 2nd 3rd 4th 5th 6th  

1 NR NR + + + + Watery, translucent 

2 NR + + + + ++ Watery, translucent 

3 NR + + ++ ++ ++ Watery, translucent 

4 NR + + + ++ +++ Pale yellow/ dirty 
colour, watery 

5 NR + + + ++ +++ Pale yellow/ dirty 
colour, watery 

6 NR + + ++ ++ +++ Yellow colour, slow 
dividing 

7 NR + + ++ ++ +++ Yellow to light brown, 
slow dividing 

8 NR + + ++ +++ ++++ 
 

Yellow to light brown, 
fragile, granular, rapid 
growth  

9 NR + ++ +++ ++++ 
 

++++ 
 

Light brown, rapid 
growth, browning after 
6th week  

10 NR + + ++ +++ D Dark brown, fragile, 
ceased growth in 5th 
week  

11 NR NR + ++ +++ D Dark brown stop 
dividing after 5th week  

12 NR NR + + D D Dark brown, dead in 5th 
week 

CFW (Approximately)   + = 0.3g    ++ = (doubled)  
 

3.1.4 Callus Proliferation Response of Nodular Stem Sections on Different 

Media: Nodular stem sections were inoculated on MS and N6 media containing 

twelve different hormonal concentrations of 2,4-D, BAP and NAA separately or in 

combinations. MS medium supplemented with various hormonal concentrations 

showed good and wide range of callus proliferation response from 14 to 53% as 

compared to N6 medium containing same hormonal concentrations with 17 to 49.6% 

callusing response. The highest callus proliferation response (53.060.98%) was 

observed significant (P = 0.00082) in MS medium 2 containing 1.0mg/L 2,4-D 

followed by 51.50.63%, 50.46 1.41% and 50.30.98% in MS medium containing 
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hormonal concentrations 6, 8 and 7 respectively while the lowest callusing response 

(14.460.7%) was observed in MS medium 4 (2.0mg/L 2,4-D) as results presented in 

Figure 3.7.  

N6 medium also showed good response of callusing on different hormonal 

concentrations. The highest callusing (49.30.72%) was observed in N6 medium 6 

(containing 0.5mg/L 2,4-D and 1.0mg/L BAP) while the lowest callusing 

(17.231.08) was obtained in N6 medium 12 (containing 1.0mg/L 2,4-D, 1.5mg/L 

BAP and 0.3mg/L NAA) as results presented in Figure 3.7.  

The effect of various concentrations of sucrose on callusing of nodular stem 

sections was studied for six weeks. All explants on different sucrose concentrations 

showed no response in first two weeks. Among them, only 3% sucrose containing MS 

media showed good callusing response as well as increased in fresh weight was also 

observed. The callus proliferation was started in 3rd week of inoculation followed by 

slight increase in fresh weight in 4th week. The fresh weight was increased two and 

three times in 5th and 6th weeks of inoculation on 3% sucrose containing medium as 

shown in table 3.4. The higher concentrations of sucrose gradually reduced the 

callusing response and all explants were found dead in 6% sucrose containing media. 

The callus colour was also found variable in calli obtained on different sucrose 

concentrations from light brown to dark brown as shown in table 3.4 and figure 3.2.  



50 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

* & ** Callus used for further growth and analysis  
 
Table-3.4: Effect of sucrose on callus proliferation from nodular stem sections of 
neem inoculated on MS medium Supplemented with 1.0mg 2,4-D and 1.0mg BAP 
 

 
Sucrose 

(%) 

Callus Proliferation Response (in weeks) Callus 
Characteristics

1st 2nd 3rd 4th 5th 6th  

1 NR NR NR + + + Light brown 

2 NR NR + + ++ ++ Light brown 

3 NR NR + + ++ +++ Light brown 

4 NR NR + + ++ ++ Brown 

5 NR NR NR + + D Dark brown  

6 NR NR NR NR D D -- 

Legend: 
1:  0.5mg 2,4-D                  2:  1.0mg 2,4-D**     
3:  1.5mg 2,4-D                     4:  2.0mg 2,4-D   
5:  0.5mg 2,4-D+ 0.5mg BAP     6:  0.5mg 2,4-D+ 1.0mg BAP 
7:  1.0mg 2,4-D+ 0.5mg BAP*   8:  1.0mg 2,4-D+ 1.0mg BAP 
9:  1.0mg 2,4-D+ 1.0mg BAP+0.1mg NAA    
10: 1.0mg 2,4-D+ 1.5mg BAP+0.2mg NAA  
11: 1.0mg 2,4-D+ 1.5mg BAP+0.3mg NAA  
12: 1.0mg 2,4-D+ 1.5mg BAP+0.3mg NAA  

%
 C

al
lu

si
ng

 R
es

p
on

se
 

Media Composition 

Figure-3.7: Percentage callusing response of nodular 
stem sections of neem inoculated on MS and N6 media 
supplemented with different concentrations of 2, 4-D, 
BAP and NAA (Mean S.E) (P ≤ 0.05)
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Table-3.5: Effect of sucrose on callus proliferation from immature embryos of 
neem inoculated on MS medium Supplemented with 1.0mg 2,4-D 
 

 
Sucrose 

(%) 

Callus Proliferation Response (in weeks) Callus 
Characteristics 

1st 2nd 3rd 4th 5th 6th  

1 NR NR + + + + Light brown  

2 NR + + ++ ++ +++ Light brown  

3 NR + + ++ ++ +++ Light brown 

4 NR + + + ++ ++ Dark brown 

5 NR + + + ++ ++ Dark brown 

6 NR NR + + + D Dark brown 

 
3.1.5 Callus Proliferation Response of Immature Embryos on Different Media: 

The callus proliferation response of immature embryos inoculated on MS and N6 

media supplemented with various concentrations of 2,4-D and BAP separately and in 

combinations were studied. Among both MS and N6 media, MS medium showed the 

better response of callusing in immature embryos. The highest callusing 64.31.3% (P 

= 0.00037 significant value) was observed in MS medium containing 1.0mg of each 

2,4-D and BAP followed by 62.330.95% callusing in MS medium supplemented 

with 1.0mg/L of 2,4-D while the lowest callusing 13.670.68% was observed in N6 

medium supplemented with 0.5mg/L BAP only and results presented in figure 3.8. N6 

medium showed no significant effect on callusing by immature embryos as only 

49.10.46% callus proliferation response was observed in N6 medium containing 

1.0mg/L of 2,4-D alone. 

The effect of sucrose on callus proliferation from immature embryos was also 

investigated. The immature embryos showed proliferation in 2nd week of inoculation 

in MS medium supplemented with 1.0mg/L of each 2,4-D and BAP and 2 to 5% 

sucrose concentrations. The explant proliferations was higher and increase the callus 

fresh weight, which was significantly increased in 2 and 3% sucrose containing media 

during 4th to 6th week of inoculation as presented in Table 3.5. The colour of 

proliferating calli was light brown in low sucrose media to darker brown in high 

sucrose containing media as presented in Table 3.5. The light brown calli obtained 

from 2 and 3% sucrose containing media showed significant increase in fresh weight 
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when subcultured on same fresh media while the darker brown calli from 5 and 6% 

sucrose containing media were found dead after 6th weeks of inoculation.  

3.1.6 Callus Proliferation Response of Seeds (Mature Embryos) on different 

Media: The sterilized mature seeds were inoculated on MS and N6 media containing 

different concentrations of 2,4-D and BAP separately and in combinations. All the 

hormonal concentrations showed variable response of callus proliferation from 7.1 to 

42.2%. The highest callus proliferation response (42.50.97%) (P = 0.00021) was 

noted in MS medium supplemented with 0.5mg/L of each 2,4-D and BAP while the 

lowest callus proliferation response (7.80.4%) was observed significnts in MS 

medium supplemented with 0.25mg/L 2,4-D. The N6 medium containing 1.0mg/L of 

2,4-D showed higher callusing response of 34.460.84% which was decreased as 

concentration of 2,4-D was increased (Figure 3.9).  

When different concentrations of sucrose were added in MS medium 

containing 0.5mg/L of 2,4-D and BAP, variable callus proliferation was observed. No 

germination or callusing was observed in first two weeks after inoculation. The 

callusing was started 3rd week of inoculation in 1.0 to 4.0% sucrose containing media 

but the increase in callus fresh weight was slow and was about doubled in 5th week of 

inoculation. Further increase in callus fresh weight was not observed on same media 

in following weeks. All calli showed brown to darker brown in colour and reduced 

growth as presented in Table 3.6. 
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* & ** Callus used for further growth and analysis  

Legend 
1: 0.25mg 2,4-D                     2: 0.5mg 2,4-D 
3: 1.0mg 2,4-D*                      4: 1.5mg 2,4-D 
5: 0.25mg  BAP                      6: 0.5mg BAP  
7: 1.0mg BAP                                 8: 0.5mg 2,4-D+ 0.5mg BAP 
9: 0.5mg 2,4-D+ 1.0mg BAP        10: 1.0mg 2,4-D+ 0.5mg BAP  
11: 1.0mg 2,4-D+ 1.0mg BAP**  12: 1.0mg 2,4-D+ 1.5mg BAP  

Media Composition

%
 C

al
lu

si
ng

 R
es

p
on

se
 

Figure-3.8: Percentage callusing response of 
immature embryos of neem inoculated on MS and N6 
media supplemented with different concentrations of 
2, 4-D and BAP (Mean S.E) (P ≤ 0.05)
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* & ** Callus used for further growth and analysis  
 
 
Table-3.6: Effect of sucrose on callus proliferation from seeds (mature 
embryos) of neem inoculated on MS medium Supplemented with 0.5mg 2,4-D 
and 0.5mg BAP 

 
Sucrose 

(%) 

Callus Proliferation Response (in weeks) Callus 
Characteristics

1st 2nd 3rd 4th 5th 6th  

1 NR NR + + + ++ Brownish  

2 NR NR + + ++ ++ Brownish, slow 
growth 

3 NR NR + + ++ ++ Dark brown, 
slow growth 

4 NR NR + + ++ ++ Dark brown, 
slow growth  

5 NR NR NR + + D Dark brown, 
stunted growth 

6 NR NR NR NR D D No growth 

Legend 
1: 0.25mg 2,4-D    2: 0.5mg 2,4-D 
3: 1.0mg 2,4-D    4: 1.5mg 2,4-D 
5: 0.25mg  BAP     6: 0.5mg BAP  
7: 1.0mg BAP                8:  0.5mg 2,4-D+ 0.5mg BAP*  
9: 1.0mg 2,4-D+ 0.5mg BAP**  10: 0.5mg 2,4-D+ 1.0mg BAP 
11: 1.0mg 2,4-D+ 1.0mg BAP  
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Figure-3.9: Percentage callusing response of neem 
seeds (mature embryos) inoculated on MS and N6 
media supplemented with different concentrations of 
2, 4-D and BAP (Mean S.E) (P ≤ 0.05)



55 
 

According to results summarized in Figure 3.10, all the explants inoculated on 

different media with different hormonal concentrations were compared and found that 

immature flowers inoculated on MS medium supplemented with 1.0mg/L of each 2,4-

D and BAP and 0.2mg/L NAA showed the highest callus proliferation with 

84250.65% efficiency after two weeks of inoculation followed by 64.31.3, 

53.060.98, 42.460.97 and 22.230.92% callusing efficiency in immature embryos, 

stem sections, seeds and leaves explants respectively in MS medium containing 

various concentrations of hormones after six weeks of inoculation (Figure 3.10). N6 

medium containing various concentrations and combinations of hormones also 

showed callus response but lower than callusing response obtained from MS medium 

containing various hormonal concentrations. In N6 medium, the highest callusing 

53.750.45 was observed from immature flowers inoculated on N6 medium 

containing 1.0mg/L of each 2,4-D and BAP and 0.2mg/L NAA while the leaf explants 

showed lower callus proliferation 16.360.58% as compared to other explants 

including immature flowers and embryos, stem sections and seeds. Similarly 

inoculated immature embryos also showed active callus proliferation with more 

friable and live callus as compared to other explants inoculated.   

Immature flowers started proliferation in second week of inoculation with 

1.430.76 gram callus fresh weight (CFW) which was significantly increased to two, 

three and four folds in the following 3rd, 4th and 5th week of inoculation with 4.40.44, 

7.60.7 and 9.970.75 grams per explant of CFW respectively. After fifth week, 

increase in CFW was reduced with 10.040.82 grams per explant at the end of sixth 

week after inoculation as shown in Figure 3.7. The stem sections also showed good 

response of increase in callus fresh weight after immature flowers. The stem sections 

showed callus induction during third week of inoculation. At the end of 3rd week, 

1.371.6 gram of callus fresh weight was observed which was increased to 4.60.44 

grams of callus fresh weight at the end of 6th week as presented in figure 3.10. The 

increase in callus fresh weight was lower in leaf explants. Leaf explants showed initial 

callusing response after 3rd week of inoculation and only 2.330.55 grams per 

explant callus fresh weight was obtained after 6th week of inoculation.  
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Figure-3.10: The highest callusing response of each 
explants inoculated on MS and N6 media supplemented 
with selected hormonal concentrations of IAA, 2, 4-D, 
NAA and BAP (Mean S.E) (P ≤ 0.05) 

 
 
 
 

 

 
 
 
 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure-3.11: Increase in callus fresh weight (CFW) from 
different explants of neem on MS media supplemented 
with optimized sucrose and growth regulators (Mean 
S.E) (P ≤ 0.05) 

Legend 
Leaves:      0.25mg/L IAA+ 0.25mg/L BAP      0.25mg/L IAA+ 0.1mg/L BAP   

Flowers:          1.0mg 2,4-D+ 1.0mg BAP+0.2mg NAA 

Stem Sections:  1.0mg 2,4-D 1.5mg 2,4-D  

Immature Embryos:      1.0mg 2,4-D+ 1.0mg BAP      1.0mg 2,4-D 

Seeds:      0.5mg 2,4-D+ 0.5mg BAP       1.0mg 2,4-D 
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3.2 OPTIMIZATION OF CELL SUSPENSION CULTURES OF NEEM 

The cell suspension culture is one of the important in vitro sources for 

enhanced production of azadirachtin contents. The cell cultures were developed from 

highly proliferating callus cultures obtained from various sources (explants). The 

selected proliferating calli from different sources were analyzed for their azadirachtin 

contents.     

3.2.1. Azadirachtin Contents in Callus Culture of Neem: The highly proliferating 

calli produced through five different sources (explants) on specified media, which 

were harvested separately after 7 to 8 weeks of inoculation and the total azadirachtin 

contents were extracted by using methanol as solvent and quantified through 

spectrophotometer. The highest total azadirachtin content between 912 - 955 g/g dry 

weight (0.091-0.095% total azadirachtin on dry weight basis) was found in callus 

obtained from seed explants followed by 865 - 893 g/g dry weight (0.086-0.089% of 

total azadirachtin on dry weight basis) in callus cultures raised from immature 

flowers. Total azadirachtin contents of calli obtained from other sources like leaf, 

immature seed and nodular stem section were also quantified as shown in Table 3.7. 

On the basis of high proliferation, rapid increase in fresh weight and presence of 

about 0.089% total azadirachtin on dry weight basis, calli raised from immature 

flowers on MS medium supplemented with 3.0% sucrose, 1.0mg/L of each BAP and 

2,4-D and 0.2mg/L of NAA were selected for development of suspension cultures.  

3.2.2. Establishment of Cell Suspension Culture: The selected calli were crushed 

and inoculated in MS liquid medium with 3.0% sucrose, 1.0mg/L of each BAP and 

2,4-D and 0.2mg/L of NAA with out phytagel and placed on shaking incubator at 

252C and 110rpm. For screening of optimized proliferating cell line, the 

subculturing process was repeated for 6 to 8 times and subculturing time interval was 

taken between five days to twenty five days in different experiments. Finally 

optimized proliferating cell suspension line was obtained by subculturing the cell 

suspensions for 4 to 5 times on fresh MS liquid media with same composition after 

every 10 to 12 days interval. Subculturing on fresh media before 10 days after more 

than 12 days reduced the growth of cells in next subculture.    
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Table-3.7: Azadirachtin content produced in callus cultures from different 

sources (explants) 

Explants MS Medium + 
PGRs (mg/L) 

Callus Dry 
Weight 
(gram) 

Azadirachtin 
content (g) 

Azadirachtin 
content (g/g 

dry wt) 

% Azadirachtin 
on dry wt basis

Immature 
Flower* 

1.0mg 2,4-D + 
1.0mg BAP + 
0.1mg NAA 

 
0.312 

 
270.112.1 

 
865.7 

 
0.086 

Immature 
Flower** 

1.0mg 2,4-D + 
1.0mg BAP + 
0.2mg NAA 

 
0.321 

 
286.711.8 

 
893.14 

 
0.089 

Nodular Stem 
sections* 

1.0mg 2,4-D + 
0.5mg BAP 

0.231 168.29.2 728.13 0.072 

Nodular Stem 
sections** 

1.0mg 2,4-D 0.21 162.86.5 775.24 0.077 

Leaf* 0.25mg/L IAA + 
0.1mg/L BAP 

0.231 16.11.01 69.7 0.0069 

Leaf** 0.25mg/L IAA+ 
0.25mg/L BAP 

0.199 26.40.8 132.7 0.013 

Immature 
Embryo* 

1.0mg 2,4-D 0.321 157.66.9 490.97 0.049 

Immature 
Embryo** 

1.0mg 2,4-D + 
1.0mg BAP 

0.311 142.37.4 457.56 0.046 

Seed* 0.5mg 2,4-D + 
0.5mg BAP 

0.279 266.511.8 955.2 0.095 

Seed** 1.0mg 2,4-D + 
0.5mg BAP 

0.232 211.69.4 912.1 0.091 

* and ** proliferating calli harvested from selected media  
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3.2.3. Growth Kinetics of Suspension Cells of Neem: The established suspension 

cells of neem were aseptically centrifuged at 8000rpm at 4C and than about 0.1 g 

pellet of cells were inoculated in 50ml MS media with same composition. The growth 

kinetics of cells was studied for forty days. The suspension cell cultures were 

harvested after five days interval in duplicate and their fresh and dry weights were 

determined. The growth curve of cell suspension cultures of neem showed different 

growth stages including lag phase 0 – 5th days, log phase 5th to 10th days, exponential 

phase 10th to 20th days and than slight decrease in growth 20th to 25th days and finally 

stationary phase 25th to 40th days as presented in figure 3.12. 

 

 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-3.12: Growth kinetics of cells suspension 
cultures of neem (MeanS.E)   
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3.2.4. Production Kinetics of Total Azadirachtin Content in Suspension Cells of 

Neem: During growth kinetics, bioproduction of azadirachtin contents in cells 

(biomass) and media (extra cellular) was determined after each harvest every five 

days of interval for forty days. A slight and gradual increase of azadirachtin contents 

in cells and media was observed during initial fifteen days of incubation. The 

production of azadirachtin content was significantly increased during next ten days 

(day 16 to day 25). The highest azadirachtin content 7.79mg/L was accumulated on 

25th days of incubation of cells in media followed by 7.05mg/L on 20th days. When 

harvesting was narrowed to three days interval between 15 to 25 days of incubation, 

the highest azadirachtin content was accumulated between 21st to 23rd days of 

incubation of cells in media. The accumulation of azadirachtin content was gradually 

reduced in next 26 to 40 days of incubation (Figure 3.13).   

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure-3.13: Production kinetics of azadirachtin 
content in cell suspension cultures of neem 
(MeanS.E)   
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 3.3 PRODUCTION OF AZADIRACHTIN CONTENTS THROUGH CELLS 

SUSPENSION CULTURES OF NEEM 

The effect of different chemicals on production of azadirachtin contents as 

well as changes in protein and carbohydrate contents were studied. For the production 

of azadirachtin contents, the cell cultures of neem were inoculated in MS medium 

supplemented with 1.0 mg/L of each 2,4-D, BAP and 0.2 mg/L of NAA. The liquid 

media were additionally supplemented with various concentrations and combinations 

of sucrose, glucose, NH4NO3, KNO3, (NH2)2CO, MgSO4, KH2PO4, CuSO4, AgNO3, 

ZnSO4, (NH4)2SO4, NaCl, sodium acetate (NaC2H3O2), squalene (C30H50), 

isopentenyl pyrophosphate (C5H12O7P2), geranyl pyrophosphate (C10H20O7P2), 

Thiamine HCl, salicylic acid, etc. The cultures were raised in 50ml liquid media of pH 

5.8. To study the standard growth, increase in biomass and increase in azadirachtin 

contents, the inoculated cell suspension cultures were harvested after every seven 

days of interval for seven weeks.  During this study, change in pH, total proteins and 

total sugars and reducing sugars in liquid media after harvesting were also 

investigated. For production of azadirachtin content, cell cultures were harvested after 

ten days intervals. 

3.3.1 Changes in pH of Media during Incubation of Cell Suspension Cultures: 

The decrease in pH of media during incubation is important parameter to determine 

the initial growth and metabolism of cells. Neem cells produce number of phenolic 

compounds that are released in media ultimately reduces the pH of media. As 

different carbohydrate, nitrogen sources and chemical substances were supplemented 

in media for the production of azadirachtin content from neem cell suspension 

cultures. The pH of media was optimized to 5.805 before inoculation while pH of 

media immediately after inoculation of neem cells was from 5.6 to 5.7. The 

suspension cells were harvested after every seven days of interval and pH of media 

was determined. According to results obtained as presented in Table 3.8, the pH of 

media was significantly decreased during the cells growth as well as production but 

release of phenolic compounds was increased in media. The pH of mostly harvested 

media after first seven days was decreased to 5.2 to 4.7. The pH was further decreased 

in next two weeks and was observed about 3.8 to 3.5. It was also observed that growth 

and azadirachtin production was higher until pH of media reached to 4.3. Further 
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decrease in pH of media in following weeks almost ceased the growth of cells and 

production of azadirachtin contents.          

 
Table-3.8: Changes in pH of media during incubation of cell suspension cultures 
of neem 
Medium supplemented with  PH of media during incubation of cells (in days) 

07 14 21 28 35 

 
Sucrose 

1.0% 5.21 5.01 4.67 3.71 3.5 
2.0% 5.01 4.47 3.82 3.85 3.6 
3.0% 4.97 4.78 3.8 3.66 3.59 
4.0% 4.81 3.86 3.65 3.81 3.6 

 
Glucose 

1.0% 5.34 5.02 4.36 4.09 3.99 
2.0% 5.1 4.72 4.11 3.62 3.5 
3.0% 4.78 4.12 3.62 3.56 3.5 
4.0% 4.71 4.03 3.72 3.46 3.49 

 
NH4NO3 

0.25 g/L 5.16 4.45 4.19 3.95 NC 
0.5 g/L 4.78 4.21 3.79 3.6 NC 
1.0 g/L 4.9 4.58 4.51 4.54 NC 

 
KNO3 

0.25 g/L 4.87 4.42 3.65 3.51 NC 
0.5 g/L 4.59 4.06 3.54 3.5 NC 
1.0 g/L 4.76 4.34 4.17 3.99 NC 

 
(NH2)2CO 

0.25 g/L 4.75 4.27 3.78 3.57 NC 
0.5 g/L 4.61 4.07 3.89 3.7 NC 
1.0 g/L 5.14 4.69 4.58 4.43 NC 

MgSO4 7H2O 0.1 g/L 4.98 4.08 3.64 3.61 NC 
0.2 g/L 5.19 4.96 4.74 4.71 NC 

KH2PO4 0.1 g/L 4.87 4.28 4.02 3.87 NC
0.2 g/L 5.11 4.97 4.76 4.7 NC

CuSO4 5H2O 0.025 mg/L 5.41 5.09 4.94 4.92 NC 
0.05 mg/L 5.49 5.35 5.32 5.32 NC 

ZnSO4 7H2O 2.0 mg/L 5.18 4.86 4.49 4.41 NC 
4.0 mg/L 5.36 5.17 5.05 4.98 NC 

AgNO3 0.5 mg/L 4.98 4.77 4.69 4.65 NC 
1.0mg/L 5.17 4.87 4.82 4.81 NC

(NH4)2SO4 0.1 g/L 4.69 4.17 3.92 3.7 NC 
0.2 g/L 4.98 4.34 4.15 4.01 NC 

Thiamine HCl 0.5 mg/L 4.82 4.34 4.02 3.78 NC 
1.0 mg/L 4.71 4.14 3.6 3.54 NC 

NaCl 0.1 g/L 4.97 4.39 4.03 3.91 NC 
0.2 g/L 5.12 4.84 4.76 4.75 NC 

Sodium acetate 10 mg/L 4.69 4.31 3.79 3.6 NC 
100 mg/L 4.94 4.49 4.21 4.02 NC 

Isopentenyl 
pyrophosphate 

1.0 mg/L 4.45 4.03 3.63 3.51 NC 
2.0 mg/L 4.58 4.24 3.8 3.62 NC 

Geranyl 
pyrophosphate 

1.0 mg/L 4.38 3.84 3.52 3.5 NC 
2.0 mg/L 4.24 3.9 3.61 3.58 NC 

Squalene 5.0 mg/L 4.69 4.13 3.84 3.6 NC 
10.0 mg/L 4.51 3.95 3.63 3.52 NC 

Salicylic acid  0.025mg/L 4.96 4.28 3.96 3.81 NC 
0.05mg/L 4.62 4.1 3.91 3.72 NC 

NC Not Checked 
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3.3.2 Effect of Carbohydrate on Production of Azadirachtin Contents: 

Carbohydrates are the most important organic substance and essential constituent of 

plant cell culture media that affect the growth and metabolism of biological molecules 

in cultured cells. In plant tissue culture, sucrose is most commonly used as carbon 

source. In this study the effect of sucrose and glucose on production of azadirachtin 

content was evaluated.  

3.3.2.1 Effect of Sucrose: To study the effect of sucrose on production of total 

azadirachtin content in intracellular (biomass) and extracellur (liquid media) was 

investigated. Four different concentrations of sucrose 1.0, 2.0, 3.0 and 4.0% were 

sterilized and added separately in optimized MS liquid medium. The suspension 

cultures were harvested after every seven days of intervals for five weeks (day 35 of 

incubation). According to results obtained, azadirachtin content was significantly 

increased with increasing incubation time and found highest in between 20-23rd days 

of incubation (4th harvesting after incubation). It was observed that different 

concentrations of sucrose affect the production of azadirachtin content in biomass as 

well as accumulation in media.  

As 1.0% sucrose was added in medium, slight increase in azadirachtin content 

was observed during all five weeks after incubation. An increase in azadirachtin 

content was observed till day 28 of incubation like 1.51mg/L, 2.79mg/L, 4.12mg/L 

and 4.32mg/L on days 7, 14, 21 and 28 of incubation respectively, which was 

gradually decreased to 3.41mg/L at the end of day 35 of incubation. Similarly 

biomass showed higher azadirachtin content as compared to media (extra cellular) as 

lower amount of azadirachtin was released from cells to media as shown in figure 

3.14.  

In 1.0% sucrose containing media, changes in total protein, total and reducing 

sugars was also studied. Before inoculation of cells in media, total protein, total 

sugars and reducing sugars were determined and found 0.0mg/ml, 4.87±0.11mg/ml 

and 0.03±0.1mg/ml respectively. A significant increase in total protein contents 

(20.7±0.57mg/ml) was observed during first week followed by gradual increase in 

next two weeks and the highest protein content (26.15±2.78mg/ml) was found on day 

21 of incubation, which was reduced in following days of incubation. Total sugar 

content was also gradually increased in initial 21 days after incubation and than 

reduced. The reducing sugar content were increased during initial 28 days and were 
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highest (11.31±0.42mg/ml) on 4th week and than slight decrease were observed in 5th 

week after incubation as shown in figure 3.14.   

As 2.0% sucrose was supplemented in media, it stimulated the production of 

azadirachtin contents. The overall azadirachtin content in both biomass and media 

were increased as compared to media containing 1.0% sucrose as carbon source. The 

highest total azadirachtin contents (6.7mg/l) were found when cell suspension cultures 

were harvested on day 21 of incubation and than gradually decreased to 4.68mg/L on 

day 35 of incubation. In case of protein changes in media, protein contents were 

initially increased in media and were found highest (32.5±0.85mg/ml) on 14th days of 

incubation and than decreased to 26.7±0.57mg/ml during 5th week of incubation. 

Total and reducing sugars content were also significantly increased in initial three 

weeks in cell suspension cultures supplemented with 2.0% sucrose. Total sugar 

contents were highest (43.75±1.63mg/ml) on 21st days of incubation and than 

gradually reduced to 37±0.14mg/ml during 5th week of incubation. Reducing sugar 

contents were gradually increased with passage of time and highest amount 

(28.5±0.56mg/ml) was found in media on 28th day of incubation as presented in figure 

3.15.   

The cell suspension media was supplemented with 3.0% sucrose directly 

influenced the production of azadirachtin content in biomass and in media. The 

highest azadirachtin contents (7.79mg/L) were produced on 28th days of incubation. 

With passage of time, azadirachtin content was also decreased. Total protein content 

was significantly produced during first two weeks and than slight increase in protein 

content was observed during 3rd and 4th week of incubation. The highest protein 

content 26.95±0.78mg/ml was found during 4th week of incubation. Total and 

reducing sugar contents were significantly increased during five weeks of incubation. 

During 5th weeks, the highest total sugar and reducing sugars were determined with 

72.9±3.99mg/ml and 66.3±3.46mg/ml respectively as shown in figure 3.16.  

According to results presented in figure 3.17, the increase of sucrose to 4.0% 

in media affected the production of azadirachtin. In media containing 4.0% sucrose, 

the highest azadirachtin content (5.83mg/l) were produced on 14th days of incubation. 

The azadirachtin content was decreased during 21st - 35th days of incubation. In case 

of total protein content, highest amount 30.7±1.56mg/ml was produced and released 

in media on 14th days of incubation of cells in media. Further incubation decreased the 

protein contents released in media. Similarly a significant increase in total and 
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reducing sugar contents were observed during incubation. The highest total sugar 

(76.65±2.68mg/ml) and reducing sugars (67.8±4.1mg/ml) were found in media on 

35th days of incubation as shown in figure 3.17. 

The overall effect of sucrose on production of azadirachtin content was 

variable. It was observed that 3.0% sucrose concentration in media influenced the 

azadirachtin content. Lower and higher than 3.0% sucrose could not influenced the 

azadirachtin production. Similarly 3.0% sucrose showed good production of 

azadirachtin at the end of 3rd weeks and start of 4th weeks of incubation of cells in 

media as compared to other sucrose concentrations. Similarly azadirachtin content 

was also found higher in biomass (cells) as compared to extracellur (media), as a less 

quantity of metabolites were released in media.  
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Figure-3.14: Effect of 1.0% sucrose on 
production of Azadirachtin (biomass 
and extra cellular), protein and sugar 
contents in cell suspension cultures of 
neem (MeanS.E)   

Figure-3.15: Effect of 2.0% sucrose on 
production of Azadirachtin (biomass 
and extra cellular), protein and sugar 
contents in cell suspension cultures of 
neem (MeanS.E)   
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Figure-3.17: Effect of 4.0% sucrose on 
production of Azadirachtin (biomass 
and extra cellular), protein and sugar 
contents in cell suspension cultures of 
neem (MeanS.E)   

Figure-3.16: Effect of 3.0% sucrose on 
production of Azadirachtin (biomass 
and extra cellular), protein and sugar 
contents in cell suspension cultures of 
neem (MeanS.E)   
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3.3.2.2. Effect of Glucose: Glucose was used as carbon source, which also affected 

the bioproduction of azadirachtin as well as protein and sugar contents in media. Four 

different concentrations of glucose from 1.0 to 4.0% were added in media that not 

only stimulated the growth of cell suspension cultures of neem but also influence the 

production of azadirachtin.   

When cell suspension cultures were inoculated in MS media containing 1.0% 

glucose, 1.0mg/L of each BAP and 2,4-D and 0.2mg/L of NAA, slow growth 

response was observed during five weeks of incubation. The production of 

azadirachtin content was gradually increased to two folds and found highest 5.22mg/L 

during 4th weeks of incubation as compared to 2.32mg/L during 1st week of 

incubation of cell suspensions. The highest azadirachtin content (3.360.16mg/L) was 

accumulated from biomass during 4th weeks of incubation as shown in figure 3.18.  

According to results obtained from media containing 1.0% glucose, maximum 

protein synthesis was observed during first two weeks of incubation and than protein 

synthesis was slow down in 3rd weeks and highest protein content (20.91.25mg/ml) 

was found during 3rd week. The increase in total and reducing sugars was also 

observed in media during incubation of cell suspension cultures. The highest total 

sugars (15.80.68mg/ml) and reducing sugars (13.50.21mg/ml) were found during 

4th weeks of inoculation of cells in media as shown results presented in figure 3.18.  

When 2.0% glucose was supplemented in media, the growth, bioproduction of 

azadirachtin content was also stimulated or increased as compared to media 

containing 1.0% glucose. The highest azadirachtin content (6.11mg/L) was produced 

in media containing 2.0% glucose during 3rd weeks of incubation of neem cells. With 

the passage of time azadirachtin content was reduced to 4.0mg/L in both biomass as 

well as in media (Figure 3.19).   

The change in total protein, total sugar and reducing sugar contents also 

observed in media during incubation of cells. Total protein content was significantly 

increased during 1st and 2nd weeks of incubation with 15.90.28mg/ml and 

27.851.48mg/ml respectively while a slight increase in protein contents was 

observed during 3rd and 4th weeks and highest protein content (31.31.28mg/ml) was 

found during 4th weeks of inoculation. Similarly the production of total sugars and 

reducing sugars were also enhanced and highest total sugar (20.451.2mg/ml), and 
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reducing sugar (190.99mg/ml) contents were determined in media during 3rd weeks 

of incubation of cells as shown in figure 3.19.  

The cell suspension cultures were inoculated in media containing 3.0% 

glucose, which further stimulated the production of azadirachtin contents during 3rd 

weeks of incubation of cells when compared to 1.0 and 2.0% glucose containing 

media. The highest azadirachtin content (7.48mg/L) was produced during 3rd weeks of 

incubation. This increase in azadirachtin content was observed in biomass (cells). 

Total protein, total sugars and reducing sugars were produced and accumulated in 

media in higher quantity like 23.950.49mg/ml, 421.13mg/ml and 40.15mg/ml 

respectively during 3rd weeks of incubation of cells as presented in figure 3.20. 

Further increase of glucose to 4.0% in media did not stimulate the production 

of azadirachtin content during incubation of cells in media. The azadirachtin content 

produced in 4.0% glucose containing media was less than produced in 3.0% glucose 

containing media. In 4.0% glucose containing media, the highest azadirachtin content 

(4.82mg/L) was produced during 4th weeks of inoculation. On the other hand, total 

protein content was produced in higher quantity (32.551.48mg/L) during 3rd weeks 

of incubation of cells as compared to 3.0% of glucose containing media. Total sugar 

and reducing sugar contents were gradually increased and highest amount was found 

during 5th weeks of incubation of cells as presented in figure 3.21.   

According to results shown in figures 3.18 to 3.21, media supplemented with 

3.0% glucose not only stimulated the growth of cells but also enhanced the production 

of azadirachtin content (7.48mg/L) during 3rd weeks of incubation of cells. The 

azadirachtin produced (7.48mg/L) by adding 3.0% glucose in media is still less than 

7.79mg/L by the addition of 3.0% sucrose in media as shown in figure 3.16.  
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Figure-3.19: Effect of 2.0% glucose on 
production of Azadirachtin (biomass 
and extra cellular), protein and sugar 
contents in cell suspension cultures of 
neem (MeanS.E)   
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Figure-3.18: Effect of 2.0% glucose on 
production of Azadirachtin (biomass 
and extra cellular), protein and sugar 
contents in cell suspension cultures of 
neem (MeanS.E)   
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Figure-3.20: Effect of 3.0% glucose on 
production of Azadirachtin (biomass 
and extra cellular), protein and sugar 
contents in cell suspension cultures of 
neem (MeanS.E)   

Figure-3.21: Effect of 4.0% glucose 
on production of Azadirachtin 
(biomass and extra cellular), protein 
and sugar contents in cell suspension 
cultures of neem (MeanS.E)   
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3.3.3 Effect of Increased Nitrogen on Production of Azadirachtin Contents: Like 

carbohydrate and phosphorus, nitrogen is also an important ingredient of nutrient 

media that affect the growth and metabolism of cells cultured in media. Addition of 

nitrogen in media for the production of different biological molecules called 

secondary metabolites in different species has been investigated. The effect of 

different nitrogen sources like NH4NO3, KNO3, (NH2)2CO and (NH4)2SO4 was 

checked.  

3.3.3.1 Effect of Ammonium Nitrate (NH4NO3): Nitrogen in the form of ammonium 

or nitrate if supplemented in media stimulates the growth of the cells as well as 

influences the production of metabolites. MS medium contains 1680 mg/L of 

NH4NO3 along with other inorganic substances. Further increase of NH4NO3 in media 

affected the growth and azadirachtin contents in biomass (cells) and media (extra 

cellular). 

MS media was additionally supplemented with 0.25g/L of NH4NO3 and 

bioproduction of azadirachtin contents as well as protein and sugar contents were 

checked for four weeks. According to the results obtained as shown in figure 3.22, the 

production of azadirachtin content was increased during 3rd week and the highest 

azadirachtin content (16.66mg/L) was accumulated from cell biomass and media at 

the end of 3rd week after inoculation. This azadirachtin produced during 3rd week from 

media supplemented with 0.25g/L of NH4NO3 was about 130% higher than 

azadirachtin contents (7.28mg/L) produced during 1st week of inoculation and about 

double than that of standard media containing 3.0% sucrose.  

Total protein content was significantly increased and accumulated in media 

during first two weeks and highest protein content (38.65±0.64mg/ml) was obtained 

during 2nd week of incubation of cell cultures in media and than decreased to 

32.65±1.19 mg/ml at the end of 4th week while total sugar and reducing sugars were 

also increased in media and found highest during 3rd week of incubation of cells as 

shown in figure 3.22.     

As NH4NO3 concentration was increased in media, azadirachtin contents were 

also increased. It was observed that addition of 0.5g/L of NH4NO3 in media; 

azadirachtin content was increased about two folds (21.2 mg/L) as compared to 

azadirachtin content produced in standard media containing 3.0% sucrose during 3rd 

week of incubation of cells in media. Addition of 0.5g/L of NH4NO3 also affected the 

production of protein and sugar contents in media. Total protein content was slightly 
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increased as compared to media containing 0.25g/L of NH4NO3 and the highest total 

protein content (36.7±2.04mg/ml) was accumulated in media during 4th week of 

incubation of cells in media. A little increase in total sugar and reducing contents was 

also observed in media containing 0.5g/L of NH4NO3. The highest total sugars 

contents (38.16±2.76mg/ml) and reducing sugar contents (32.5±0.78mg/ml) were 

released in media during 3rd week of incubation of cells as presented in figure 3.23.     

Further increase of NH4NO3 concentration to 1.0g /L in media reduced the 

production of azadirachtin during incubation of cells in media. The highest quantity of 

azadirachtin (11.42mg/L) was produced at day 21st after inoculation. This increase in 

azadirachtin content was observed in biomass (cells) as compared to media 

(extracellular) as shown in figure 3.24. In case of total proteins, highest amount 

(270.41mg/ml) was determined on day 21st but the total protein still less quantity as 

compared to that of accumulated in media (36.7±2.04mg/ml) containing extra 0.5 g/L 

NH4NO3 on 21st day. On the other hand, total sugar and reducing sugar contents were 

increased with addition of 1.0g/L of NH4NO3 in the media and highest total sugars 

(49.9±1.13mg/ml) on day 21st and reducing sugars (39.1±2.47mg/ml) on day 14th after 

inoculation of cells in media (Figure 3.24).  
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Figure-3.22: Effect of Ammonium nitrate on 
production of azadirachtin, protein and sugar 
contents in cell suspension cultures of neem in MS 
medium additionally supplemented with 0.25g/L 
NH4NO3 (MeanS.E)   
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Figure-3.23: Effect of Ammonium nitrate on 
production of azadirachtin, protein and sugar 
contents in cell suspension cultures of neem in MS 
medium additionally supplemented with 0.5g/L 
NH4NO3 (MeanS.E)   
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Figure-3.24: Effect of Ammonium nitrate on 
production of azadirachtin, protein and sugar 
contents in cell suspension cultures of neem in MS 
medium additionally supplemented with 1.0g/L 
NH4NO3 (MeanS.E)   
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3.3.3.2 Effect of Potassium Nitrate (KNO3): Three different concentrations of 

potassium nitrate 0.25, 0.5 and 1.0 g/L were additionally supplemented in MS media 

and their effects on production of azadirachtin, protein and sugar contents were 

evaluated. Azadirachtin contents were significantly increased as 0.25g/L of KNO3 

was supplemented in media. Azadirachtin content was gradually increased and 

highest content (14.85mg/L) was produced during 4th week of incubation of cells in 

media containing 0.25g/L of KNO3. It was found that biomass (cells) accumulated the 

highest azadirachtin contents (11.68mg/L) as compared to extracellular (media) where 

only 3.17mg/L azadirachtin was accumulated (figure 3.25).  

 Total protein content was significantly increased during initial two weeks after 

inoculation and highest proteins (32.850.35mg/ml) was found on day 14th of 

incubation of cells in media containing 0.25g/L of KNO3. Total sugar and reducing 

sugar contents were also significantly influenced and highest total sugar 

(57.92.33mg/ml) and reducing sugars (51.43.11mg/ml) were found at the end of 2nd 

week of inoculation. After day 14th both total and reducing sugar contents were 

decreased in next two weeks and 49.552.05mg/ml of total sugar and 

34.552.19mg/ml of reducing sugar contents were found at the end of 4th week as 

shown in figure 3.25.        

  As the addition of KNO3 was increased to 0.5g/L in media, it also significantly 

influenced the production of azadirachtin content during incubation of cells in media. 

The highest amount of total azadirachtin content (17.77mg/L) was produced during 4th 

week of inoculation of cells. Similarly highest azadirachtin content (14.010.11mg/L) 

was accumulated in biomass when harvested on day 28th after inoculation while 

highest azadirachtin content (3.910.12mg/L) was accumulated in media 

(extracellular) on day 21st after inoculation as presented in figure 3.26. 

 Total protein and total sugar contents were produced in higher amount and 

released in media during 3rd week while reducing sugars were found higher quantity 

during 2nd week of incubation. The highest total protein (37.850.35mg/ml) and total 

sugar (48.60.85mg/ml) were found in media on day 21st while reducing sugar 

(42.552.46mg/ml) was found in media on day 14th of incubation of cells in media as 

presented in figure 3.26. 

 Increase of KNO3 to 1.0g/L in media reduced the production of azadirachtin as 

well as affected the production of total proteins, total sugars and reducing sugars. In 
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MS media additionally supplemented with 1.0g/L of KNO3, total azadirachtin content 

was produced in higher amount (8.3mg/L) on day 21st but the azadirachtin content 

was produced more than one fold less quantity as compared to MS media containing 

0.5g/L of KNO3 that produced 17.77mg/L on day 21st after inoculation. This 

significant decrease in azadirachtin content was observed in biomass where highest 

azadirachtin content 4.960.14mg/L was accumulated at day 21st of inoculation of 

cells in media (Figure 3.27).  

 Similarly the highest total protein (34.61.13mg/ml) was found on day 14th 

while highest total sugar (37.41.18mg/ml) and reducing sugar contents 

(35.052.05mg/ml) were highest on day 21st of inoculation of cells in media as shown 

in figure 3.27.  
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Figure-3.25: Effect of Potassium nitrate on production 
of azadirachtin, protein and sugar contents in cell 
suspension cultures of neem in MS medium additionally 
supplemented with 0.25g/L KNO3 (MeanS.E)   
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Figure-3.26: Effect of Potassium nitrate on production 
of azadirachtin, protein and sugar contents in cell 
suspension cultures of neem in MS medium additionally 
supplemented with 0.5g/L KNO3 (MeanS.E)   

Figure-3.27: Effect of Potassium nitrate on production 
of azadirachtin, protein and sugar contents in cell 
suspension cultures of neem in MS medium additionally 
supplemented with 1.0g/L KNO3 (MeanS.E)  
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3.3.3.3 Effect of Urea [(NH2)2CO]: Urea is one of important source of nitrogen when 

supplied to cells through media affect the growth and metabolism of cells and 

organisms. In this study, three different concentrations of urea (0.25, 0.5 and 1.0g/L) 

were incorporated in the media and its effect on the production of azadirachtin, 

protein and sugar contents were evaluated.  

  Addition of 0.25g/L of urea in media influenced the production of azadirachtin 

content during second week of inoculation and further incubation for next two weeks 

reduction of azadirachtin content was observed. According to results as presented in 

figure 3.28, the highest total azadirachtin content (12.83mg/L) was produced on day 

14th of incubation. The higher azadirachtin contents (9.360.14mg/L) accumulated in 

biomass on day 14th of incubation while azadirachtin content released in the media 

was also higher (3.470.2 mg/L) on day 14th of incubation of cells in media. Similarly 

synthesis of total proteins, total sugars and reducing sugars were also influenced 

during 2nd week of incubation of cells in media supplemented with 0.25g/L of urea. 

The reduction in amount of these biomolecules was observed during 3rd and 4th week 

of incubation. The highest total proteins (32.51.91mg/ml), total sugars 

(52.91.84mg/ml) and reducing sugars (44.71.57mg/ml) were determined in media 

on day 14 after incubation of cells in media as presented in figure 3.28. 

   As the addition of urea was increased to 0.5g/L, the total production of 

azadirachtin was reduced as compared to media supplemented with 0.25g/L urea. 

Here total azadirachtin content was observed higher (11.38mg/L) during 3rd week of 

incubation while azadirachtin content in biomass was found higher (7.980.14mg/L) 

during 2nd week. Similarly azadirachtin content released in media was determined and 

found higher (3.570.21mg/L) on day 21 of incubation of cells as shown in figure 

3.29. The addition of 0.5g/L of urea in media influenced synthesis of proteins during 

initial two weeks and than protein content was reduced. Over all, the amount of 

proteins produced during incubation was slightly higher (33.31.57mg/ml) than that 

of total proteins produced (32.51.91mg/ml) and released in media containing 

0.25g/L of urea. The synthesis of total sugar and reducing sugars was significantly 

influenced in presence of higher amount of urea (0.5g/L) in media. The highest 

concentration of total sugars (58.91.84mg/ml) and reducing sugars 

(48.62.28mg/ml) were released in media on day 21 of incubation of suspension cells 

of neem in media as shown in figure 3.29. 
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 Further increase of urea to 1.0g/L in media not only reduced the production of 

azadirachtin contents but also affected the synthesis of protein and sugar contents. In 

media containing 1.0g/L urea, higher azadirachtin content (6.9mg/L) was accumulated 

on day 21 of incubation of cells in media. The azadirachtin contents in biomass 

(4.960.34mg/L) and released in media (1.970.19mg/L) were also higher on day 21 

of incubation. Total protein content 23.2mg/ml was accumulated on day 21 of 

incubation. The highest total sugar (39.251.34mg/ml) and reducing sugar contents 

(36.71.27mg/ml) were accumulated on day 14 of incubation as presented in figure 

3.30. The production of azadirachtin, total proteins, total sugars and reducing sugars 

were significantly reduced in media containing 1.0g/L of urea as compared to media 

supplemented with 0.25 and 0.5g/L of urea as shown in figures 3.28 and 3.29. It was 

observed that media containing 0.25g/L of urea showed overall good response for 

production of azadirachtin as compared to media containing 0.5 and 1.0g/L of urea.  

    

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-3.28: Effect of urea on production of 
azadirachtin, protein and sugar contents in cell 
suspension cultures of neem in MS medium 
additionally supplemented with 0.25g/L Urea 
(MeanS.E)   
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Figure-3.30: Effect of urea on production of 
azadirachtin, protein and sugar contents in cell 
suspension cultures of neem in MS medium 
additionally supplemented with 1.0g/L Urea 
(MeanS.E)   

Figure-3.29: Effect of urea on production of 
azadirachtin, protein and sugar contents in cell 
suspension cultures of neem in MS medium 
additionally supplemented with 0.5g/L Urea 
(MeanS.E)   
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3.3.3.4 Effect of Ammonium Sulphate (NH4)2SO4: Ammonium sulphate showed 

good response for the production of azadirachtin content from neem suspension cells.  

MS media when supplemented with 0.1g/L of ammonium sulphate influenced the 

bioproduction of azadirachtin content in cell suspension cells of neem during 

incubation period. A significant increase in azadirachtin contents was observed during 

first three weeks and 17.09mg/L azadirachtin content was found on day 21 of 

incubation. A slight increase in azadirachtin content was observed on day 28 of 

incubation where the highest azadirachtin content (17.42mg/L) was accumulated. This 

significant increase in azadirachtin content was observed in biomass that produced 

13.114mg/L azadirachtin content at day 28 of incubation as shown in figure 3.31.  A 

significant increase in protein synthesis was observed during first two weeks of 

incubation while a slight increase in protein content was observed during 3rd week of 

incubation. Total sugars and reducing sugar contents were gradually increased in 

media during four weeks incubation of neem cells in media containing 0.1g/L of 

(NH4)2SO4 and highest total sugars (40.31.78mg/ml) and reducing sugars 

(36.81.4mg/ml) were determined in media on day 28 of incubation as shown in 

figure 3.31.   

 Addition of 0.2g/L of (NH4)2SO4 in suspension culture medium affected the 

production of azadirachtin. The highest total azadirachtin contents (12.02mg/L) were 

accumulated on day 21 of incubation with 8.310.39mg/L azadirachtin content 

produced in biomass. Similarly release of azadirachtin content was found higher 

(4.020.49mg/L) on day 28 of incubation as presented in figure 3.32. Maximum total 

protein content was synthesized during first two weeks of incubation with 

28.341.8mg/ml at end of day 14 of incubation. In 3rd week, the synthesis and release 

of protein was slow down and 31.1mg/ml of total protein was released in media on 

day 21 of incubation. Total sugars and reducing sugars were synthesized and released 

gradually in medium till day 28 of incubation of cells. The highest total sugars 

(41.31.4mg/ml) and reducing sugars (37.31.36mg/ml) were found in media on day 

28 of incubation of flower derived callus cells of neem in media as presented in figure 

3.32.     
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Figure-3.31: Effect of Ammonium sulphate on 
production of azadirachtin, protein and sugar 
contents in cell suspension cultures of neem in MS 
medium additionally supplemented with 0.1g/L 
(NH4)2SO4 (MeanS.E)   

Figure-3.32: Effect of Ammonium sulphate on 
production of azadirachtin, protein and sugar 
contents in cell suspension cultures of neem in MS 
medium additionally supplemented with 0.2g/L 
(NH4)2SO4 (MeanS.E)   
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3.3.4 Effect of Potassium Dihydrogen Phosphate (KH2PO4) on Production of 

Azadirachtin: Addition of 0.1 g/L of potassium dihydrogen phosphate in media 

influenced the bioproduction of azadirachtin content during second week of 

incubation of cell suspension cells in media. The highest total azadirachtin content 

(10.93mg/L) was found when cells suspension was harvested at the end of day 14 

after inoculation in media. Further incubation of cells in media reduced the total 

azadirachtin contents 8.81mg/L and 7.29mg/L on day 21 and day 28 of incubation. 

Similarly synthesis of total proteins and sugar contents were increased during 2nd 

week of incubation and than reduced in following weeks. The protein synthesized was 

released in media, which was higher during first two weeks was increased from 

0.0mg/ml to 24.851.77mg/ml on day 7 and than 35.92.04mg/ml were found on day 

14 of incubation while during 3rd and 4th week total protein content was reduced in 

media. Similarly total sugar and reducing sugar contents produced and released in 

media were also found higher at day 14 of incubation with 51.22.87mg/ml and 

46.32.62mg/l respectively as shown in figure 3.33.  

 As MS medium was additionally supplemented with 0.2g/L of KH2PO4, it 

significantly affected and reduced the production of total azadirachtin content during 

incubation of cells in media while total sugar and reducing sugar contents were 

increased during this time. About 6.76mg/L total azadirachtin content was 

accumulated at day 14 of incubation of cells and than reduced to 6.17 and 5.2mg/L on 

days 21 and 28 respectively. This reduction in total azadirachtin content was observed 

in both biomass and in cells (extracellular). The highest protein content 

(31.450.92mg/ml) was produced and released in media on day 7 of incubation and 

than reduced in next three weeks. The highest total sugar (623.01mg/ml) and 

reducing sugar (48.32.55mg/ml) contents were found in media on day 14 of 

incubation which were than slightly reduced in next two weeks as presented in figure 

3.34.   

The optimized media for suspension growth already contains 170mg/L of 

KH2PO4. Addition of 0.1g/L KH2PO4 in medium further influenced the growth of cells 

and bioproduction of azadirachtin content but as amount of KH2PO4 was increased to 

0.2g/L in media; growth was slightly reduced with reduction of bioproduction of 

azadirachtin contents.   
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Figure-3.33: Effect of Potassium dihydrogen 
phosphate on production of azadirachtin, protein and 
sugar contents in cell suspension cultures of neem 
inoculated in MS medium additionally supplemented 
with 0.1g/L KH2PO4 (MeanS.E)   
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Figure-3.34: Effect of Potassium dihydrogen 
phosphate on production of azadirachtin, protein and 
sugar contents in cell suspension cultures of neem 
inoculated in MS medium additionally supplemented 
with 0.2g/L KH2PO4 (MeanS.E)   
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3.3.5 Effect of Copper Sulphate (CuSO4 7H2O) on Production of Azadirachtin: 

Addition of copper sulphate in medium not only reduced the growth of suspension 

cells but also reduced the synthesis of azadirachtin, total proteins, total sugar and 

reducing sugar contents. When MS medium was additionally supplemented with 

0.025mg/L copper sulphate it affected the growth and bioproduction of azadirachtin 

contents both in biomass and in medium (extracellular). In this medium, the highest 

total azadirachtin contents 5.24mg/L was determined on day 14 of incubation of cells, 

which was significantly reduced to 4.02mg/L and 2.6mg/L on days 21 and 28 of 

incubation. The azadirachtin content produced was significantly lower than that of 

produced in optimized standard media. Total protein and total sugar released in 

medium were higher on day 21 of incubation with 26.51.33mg/ml and 

25.652.05mg/ml respectively while reducing sugar contents released in medium was 

found higher on day 28 of incubation as presented in figure 3.35.        

 According to results obtained (figure 3.36), the addition of copper sulphate 

was increased to 0.05mg/L, growth of cells, total azadirachtin content; protein and 

sugar contents were significantly reduced. In this medium total azadirachtin content 

accumulated in medium was only 3.93mg/L on day 14 of incubation, which was 

further reduced significantly and lowest amount of azadirachtin content (1.86mg/L) 

was accumulated from both biomass and media (extracellular) on day 28 of 

incubation as shown in figure 3.36. After day 14 of incubation, cells in media became 

darker brown to black in colour that showed the ceased activity as well as death of 

cells. Total protein synthesized and released in medium were higher (181.1mg/ml) 

on day 14 of incubation. Similarly total sugar content was also higher 

(21.81.2mg/ml) on day 14 of incubation. MS Medium before inoculation already 

contained about 15mg/ml of sucrose and a little photosynthetic activity was observed 

as only about 7mg/ml total sugar contents were increased in first two weeks and than 

growth was ceased. Reducing sugar contents were found higher (10.30.68mg/ml) on 

day 21 of incubation.       

Normally MS medium also contains 0.025mg/L of copper sulphate. Further 

addition of copper sulphate immediately retarded the growth of cells and 

bioproduction of azadirachtin contents both in biomass and in media (extracellular). 

So addition of copper sulphate in media acted as growth retardant.  
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Figure-3.35: Effect of Copper sulphate on production 
of azadirachtin, protein and sugar contents in cell 
suspension cultures of neem inoculated in MS medium 
additionally supplemented with 0.025mg/L CuSO4 
(MeanS.E) 

Figure-3.36: Effect of Copper sulphate on production 
of azadirachtin, protein and sugar contents in cell 
suspension cultures of neem inoculated in MS 
medium additionally supplemented with 0.05mg/L 
CuSO4 (MeanS.E) 
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3.3.6 Effect of Silver Nitrate (AgNO3) on Production of Azadirachtin: Addition 

of silver nitrate in media also affected the growth and bioproduction of azadirachtin. 

When neem suspension cells were inoculated in medium containing 0.5mg/L silver 

nitrate, total azadirachtin content was increased in initial two weeks and than 

gradually decreased. In 0.5mg/L silver nitrate containing media, bioproduction of 

azadirachtin content was higher (7.5mg/L) on day 14 of incubation and than reduced 

to 5.44mg/L on day 28 of incubation as shown in figure 3.37. A significant increase 

was also observed in synthesis and release of protein contents in media on day 7 of 

incubation. Total protein content was 28.41.1mg/ml on day 7 of incubation, which 

was gradually increased to 32.651.8mg/ml on day 21 on incubation. Total sugars 

were also significantly increased (29.41.13mg/ml) and released in media on day 7 

while a slight increase in total sugars (31.011.41mg/ml) was observed on day 21 of 

incubation. Reducing sugar content was higher (24.40.94mg/ml) on day 14 of 

incubation as shown in figure 3.37.  

 Addition of 1.0mg/L silver nitrate in media further reduced the growth and 

azadirachtin contents in both biomass and in media (extracellular). Total azadirachtin 

content was higher (6.15mg/L) on day 14 of incubation, which was decreased to 

3.14mg/L on day 28 of incubation. Total sugar released in media was higher 

(29.50.99mg/ml) on day 14 while reducing sugars were higher (22.50.98mg/ml) on 

day 21 on incubation of cells in media as shown in figure 3.38.   
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Figure-3.38: Effect of Silver nitrate on production of 
azadirachtin, protein and sugar contents in cell 
suspension cultures of neem inoculated in MS medium 
additionally supplemented with 1.0mg/L AgNO3 
(MeanS.E) 

Figure-3.37: Effect of Silver nitrate on production of 
azadirachtin, protein and sugar contents in cell 
suspension cultures of neem inoculated in MS medium 
additionally supplemented with 0.5mg/L AgNO3 
(MeanS.E) 
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3.3.7 Effect of Sodium Acetate (SA) on Production of Azadirachtin: Addition of 

sodium acetate in medium influenced the bioproduction of azadirachtin content by 

suspension cells of neem during third and fourth week of incubation. As 10mg/L of 

sodium acetate was added in medium, it influenced the total azadirachtin production 

significantly during initial three weeks of incubation but during fourth week a slight 

increase in azadirachtin content was observed. During first week of incubation 

9.02mg/L azadirachtin content was accumulated, which was increased by about two 

folds during second and third weeks of incubation. The highest total azadirachtin 

content (25.98mg/L) was found on day 28 of incubation of cells in media as shown in 

figure 3.39.  The azadirachtin content accumulated from biomass was significantly 

higher 19.960.78mg/L on day 28 of incubation as compared to azadirachtin content 

(6.020.61mg/L) accumulated from liquid media (extracellular) as shown in figure 

3.39.     

 As the amount of sodium acetate was increased to 20mg/L in medium, the 

azadirachtin content was also increased as compared to media containing 20mg/L 

sodium acetate. But the highest azadirachtin content (26.67mg/L) was produced on 

day 21 of incubation. On day 7 of incubation 8.38mg/L of azadirachtin content was 

accumulated, which was less than 9.02mg/L azadirachtin contents produced in media 

containing 10mg/L sodium acetate but during next two weeks bioproduction of 

azadirachtin content was enhanced and highest content was accumulated on day 21 of 

incubation as presented in figure 3.40.     
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Figure-3.40: Effect of Sodium acetate (SA) on 
production of azadirachtin content in cell suspension 
cultures of neem inoculated in MS medium 
additionally supplemented with 20mg/L Sodium 
acetate (MeanS.E) 
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Figure-3.39: Effect of Sodium acetate (SA) on 
production of azadirachtin content in cell suspension 
cultures of neem inoculated in MS medium additionally 
supplemented with 10mg/L Sodium acetate (MeanS.E) 
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3.3.8 Effect of Magnesium Sulphate on Production of Azadirachtin: Effect of 

magnesium sulphate on azadirachtin production was also studied. MS medium 

already contains 360mg/L MgSO4. Additional supplement of MgSO4 affected the 

production of azadirachtin content. When neem suspension cells were inoculated in 

MS medium additionally supplemented with 0.1g/L of MgSO4, growth of cells as well 

as azadirachtin content was enhanced. The bioproduction of azadirachtin content was 

gradually increased during incubation and the highest azadirachtin (11.65mg/L) was 

accumulated on day 28 of incubation. At the end of first week only 3.98mg/L of total 

azadirachtin content was accumulated from both biomass (2.410.6mg/L) and media 

(1.570.32mg/L). During second and third week, about two fold increases in total 

azadirachtin content (11.57mg/L) was accumulated at the end of third week of 

incubation as shown in figure 3.41.     

 As MgSO4 concentration was increased to 0.2g/L in medium, which decreased 

the production of azadirachtin contents as compared to media containing 0.1g/L 

MgSO4 as in figure 3.41. According to results presented in figure 3.42, total 

azadirachtin content accumulated was higher (10.53mg/L) at the end of third week of 

incubation. These contents were than decreased during fourth week of incubation. 

This decrease in total azadirachtin content was observed both in biomass and media 

(extracellular). These total azadirachtin content was slightly higher than control cell 

suspensions incubated in MS medium supplemented with 3.0% sucrose, 1.0mg/L of 

each 2,4-D and BAP and 0.2mg/L of NAA. According to these results, additional 

supplement of MgSO4 in medium in lower concentration (0.1g/L) influenced the 

growth and azadirachtin production but as concentration of MgSO4 was increased; it 

reduced the production of total azadirachtin contents in biomass as well as released in 

media.  

 In both concentrations of magnesium sulphate, lower concentration (0.1g/L of 

MgSO4) showed higher and enhanced production of total azadirachtin production. In 

both media maximum production of azadirachtin was observed on day 21 of 

incubation of cells in media as shown in figures 3.41 and 3.42.         
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Figure-3.41: Effect of Magnesium sulphate on 
production of azadirachtin content in cell suspension 
cultures of neem inoculated in MS medium additionally 
supplemented with 0.1g/L MgSO4 7H2O (MeanS.E) 

Figure-3.42: Effect of Magnesium sulphate on 
production of azadirachtin content in cell suspension 
cultures of neem inoculated in MS medium 
additionally supplemented with 0.2g/L MgSO4 7H2O 
(MeanS.E)
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3.3.9 Effect of Zinc sulphate (ZnSO4) on production of azadirachtin: 

 Zinc sulphate also affected the growth and production of azadirachtin when 

additionally supplied to cells through media. Additional of 2.0mg/L of zinc sulphate 

(ZnSO4 7H2O) slightly increased the production of total azadirachtin content as 

compared to standard specified media. The bioproduction of azadirachtin content was 

gradually increased during initial three weeks of incubation of cells with 3.9mg/L and 

6.36mg/L on day 7 and 14 respectively and found higher (10.21mg/L) on day 21 of 

incubation and than decreased to 9.42mg/L. The azadirachtin contents accumulated in 

biomass were also gradually increased from 2.80.4mg/L on day 7 to 8.120.41mg/L 

on day 21 of incubation as presented in figure 3.43.     

 Further addition of 4.0mg/L of zinc sulphate (ZnSO4 7H2O) in media not only 

reduced the growth of cells but also reduced the total azadirachtin content in cells and 

media (extracellular). According to results obtained presented in figure 3.44, addition 

of 4.0mg/L zinc sulphate affected the azadirachtin bioproduction. The reduction of 

azadirachtin content was observed after first week of incubation of cells. The total 

azadirachtin content accumulated was 2.78mg/L on day 7 followed by 5.22mg/L, 

8.26mg/L and 6.81mg/L on days 14, 21 and 28 respectively. The azadirachtin 

accumulated in biomass was also gradually increased during initial three weeks of 

incubation with 1.80.21mg/L, 3.480.26 and 6.390.34mg/L on days 7, 14 and 21 of 

incubation. During fourth week, azadirachtin contents accumulated in biomass were 

reduced to 4.870.21mg/L. The highest amount of total azadirachtin content 

(8.26mg/L) was produced on day 21 of incubation in 4.0mg/L, which was still lower 

than that of azadirachtin contents (10.21mg/L) produced in media containing 2.0mg/L 

of zinc sulphate as shown figures 3.43 and 3.44.  It was observed that azadirachtin 

contents accumulated from media containing 2.0mg/L and 4.0mg/L zinc sulphate 

separately, maximum azadirachtin production was observed on day 21 of incubation 

of cells in media as shown figures 3.43 and 3.44.  
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Figure-3.43: Effect of Zinc sulphate on production of 
azadirachtin content in cell suspension cultures of 
neem inoculated in MS medium additionally 
supplemented with 2.0mg/L ZnSO4 7H2O (MeanS.E) 

A
za

d
ir

ac
h

ti
n

 c
on

te
n

t 
(m

g/
L

) 

Days of Incubation 

Days of Incubation 

A
za

d
ir

ac
h

ti
n

 c
on

te
n

t 
(m

g/
L

) 

Figure-3.44: Effect of Zinc sulphate on production of 
azadirachtin content in cell suspension cultures of 
neem inoculated in MS medium additionally 
supplemented with 4.0mg/L ZnSO4 7H2O (MeanS.E) 
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3.3.10 Effect of Sodium chloride (NaCl) on production of Azadirachtin: Addition 

of low concentration of sodium chloride (1.0mM to 2.0mM) stimulated the 

bioproduction of azadirachtin contents by cell suspension cultures of neem. Addition 

of 0.1g/L of NaCl in media stimulated the overall production of azadirachtin content. 

In this media highest azadirachtin content (14.88mg/L) were accumulated on day 28 

of incubation of cells in media. Total azadirachtin content was gradually increased 

during incubation with 5.46mg/L, 10.35mg/L, 13.92mg/L and 14.88mg/L on day 7, 

14, 21 and 28 respectively as shown in figure 3.45. The azadirachtin content 

accumulated in biomass was also gradually increased from 3.680.31mg/L on day 7 

to 11.70.54mg/L on day 28 of incubation.       

 Addition of 0.2g/L of NaCl in medium reduced the production of azadirachtin 

content during incubation. In media containing 0.2g/L of NaCl, azadirachtin content 

was gradually increased and the highest azadirachtin content (8.04mg/L) was 

accumulated on day 21 of incubation and than reduced to 7.77mg/L on day 28 of 

incubation. In biomass, azadirachtin content was also gradually increased during 

initial three weeks from 1.680.24mg/L on day 7 to 5.90.34mg/L on day 21. The 

azadirachtin content released in media on day 7 were 0.920.2mg/L increased to 

2.470.16mg/L on day 28 of incubation as shown in figure 3.46. According to these 

results presented in figures 3.45 and 3.46, maximum azadirachtin content 

(14.88mg/L) was produced on day 28 of incubation in media containing only 0.1g/L 

of NaCl. As concentration of NaCl was increased to 0.2g/L in media, accumulation of 

azadirachtin content was reduced and maximum production of azadirachtin content 

(8.04mg/L) was observed on day 21 of incubation.   

 
 



94 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure-3.45: Effect of Sodium chloride on production 
of azadirachtin content in cell suspension cultures of 
neem inoculated in MS medium additionally 
supplemented with 0.1g/L NaCl (MeanS.E) 
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Figure-3.46: Effect of Sodium chloride on production 
of azadirachtin content in cell suspension cultures of 
neem inoculated in MS medium additionally 
supplemented with 0.2g/L NaCl (MeanS.E) 
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3.3.11 Effect of Salicylic Acid on Production of Azadirachtin: Salicylic acid act as 

phenolic plant hormone that stimulate the plant growth, development, photosynthesis 

etc. in very low concentration. Addition of 0.025mg/L of salicylic acid in medium 

slightly increased the growth of cells but reduced the bioproduction of azadirachtin 

content during four weeks incubation of cells in media. Total azadirachtin content 

accumulated on day 7 was 2.25mg/L, which was gradually increased during further 

incubation for next three weeks with 4.19mg/L, 7.24mg/L and 7.54mg/L on days 14, 

21 and 28 of incubation respectively as presented in figure 3.45. Total azadirachtin 

content accumulated in biomass was also increased during incubation from 

1.470.27mg/L on day 7 to 5.230.31mg/L on day 21 of incubation. The azadirachtin 

content released in media was also determined after each harvesting of cells. The 

azadirachtin contents accumulated in media (extracellular) were 0.780.2mg/L, 

1.210.26mg/L, 2.140.24mg/L and 2.310.34mg/L on days 7, 14, 21 and 28 of 

incubation respectively as shown in figure 3.47. 

 According to results obtained and presented in figure 3.48, as the amount of 

salicylic acid was increased to 0.05mg/L in media, production of azadirachtin content 

was also reduced as compared to media containing 0.025mg/L of salicylic acid. 

During initial three weeks incubation, azadirachtin concentration was slightly 

increased with passage of time and 1.98mg/L, 3.84mg/L and 6.54mg/L on days 7, 14 

and 21 of incubation and than reduced to 6.06mg/L on day 28 of incubation. A 

significant decrease in azadirachtin production was observed in biomass. The 

azadirachtin contents accumulated from biomass were 1.390.24mg/L, 

2.560.29mg/L, 4.560.47 and 3.980.34mg/L on days 7, 14, 21 and 28 of incubation 

while azadirachtin contents released in media (extracellular) were 0.590.2mg/L on 

day 7 to 2.080.22mg/L on day 28 of incubation.  

 According to these results, salicylic acid affected the production of 

azadirachtin content even supplemented in very low concentration (0.025mg/L) in 

medium. Further increase of salicylic acid in medium significantly reduced the 

production of azadirachtin content in biomass as well as released in media 

(extracellular) as shown in figures 3.47 and 3.48.      
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Figure-3.47: Effect of Salicylic acid on production of 
azadirachtin content in cell suspension cultures of 
neem inoculated in MS medium additionally 
supplemented with 0.025mg/L Salicylic acid 
(MeanS.E) 
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Figure-3.48: Effect of Salicylic acid on production of 
azadirachtin content in cell suspension cultures of 
neem inoculated in MS medium additionally 
supplemented with 0.05mg/L Salicylic acid 
(MeanS.E) 
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3.3.12 Effect of Thiamine HCl on Production of Azadirachtin: Accumulation of 

azadirachtin content by neem suspension cells was influenced by additional 

supplement of vitamin thiamine HCl in media. As MS media was additionally 

supplemented with 0.5mg/L of thiamine HCl, bioproduction of azadirachtin content 

was significantly influenced during initial three weeks of incubation of cells. During 

incubation, total azadirachtin content produced was 6.69mg/L, 15.73mg/L, 21.35mg/L 

and 22.41mg/L on days 7, 14, 21 and 28 of incubation as shown in figure 3.49. 

According to results, two fold increases in azadirachtin content was observed during 

second and third week of incubation while a slight increase in azadirachtin content 

(22.41mg/L) was observed on day 28 of incubation. The production of azadirachtin 

content was also significant in biomass of neem suspension cells as compared to 

released in media (extracellular) as shown in figure 3.49. 

 According to results obtained and presented in figure 3.50, additional increase 

of thiamine HCl of 1.0mg/L in media slightly reduced the production of azadirachtin 

content as compared to media containing 0.5mg/L of thiamine HCl. During 

incubation of neem cells in media containing 1.0mg/L of thiamine HCl, total 

azadirachtin contents produced were 4.64mg/L, 13.16mg/L, 18.47mg/L and 

17.65mg/L on days 7, 14, 21 and 28 of incubation respectively. The highest 

azadirachtin content (18.47mg/L) was produced on day 21 of incubation. Similarly 

azadirachtin content accumulated from biomass were 2.970.29 mg/L, 9.670.94 

mg/L, 13.81.3 mg/L and 12.61.7mg/L on days 7, 14, 21 and 28 of incubation 

respectively while azadirachtin content released in media (extracellular) was 

1.670.58mg/L, 3.490.7mg/L, 4.670.69mg/L and 5.050.8mg/L on days 7, 14, 21 

and 28 of incubation respectively.  

 According to results of production of azadirachtin content obtained and 

presented in figures 3.49 and 3.50, both concentrations (0.5mg/L and 1.0mg/L) of 

thiamine HCl, influenced the overall production of azadirachtin content while lower 

concentration of thiamine HCl (0.5mg/L) influenced production of azadirachtin 

content (22.41mg/L) more significantly as compared to higher concentration of 

thiamine HCl (1.0mg/L) that produced azadirachtin content 18.47mg/L.    
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Figure-3.49: Effect of Thiamine HCl on production 
of azadirachtin content in cell suspension cultures of 
neem inoculated in MS medium additionally 
supplemented with 0.5mg/L Thiamine HCl 
(MeanS.E) 

A
za

d
ir

ac
h

ti
n

 c
on

te
n

t 
(m

g/
L

) 

Days of Incubation 

Figure-3.50: Effect of Thiamine HCl on production 
of azadirachtin content in cell suspension cultures of 
neem inoculated in MS medium additionally 
supplemented with 1.0mg/L Thiamine HCl 
(MeanS.E) 
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3.3.13 Effect of Geranyl Pyrophosphate (GPP) on Production of Azadirachtin: 

Geranyl pyrophosphate is used as precursor for synthesis of many secondary 

metabolites. Addition of geranyl pyrophosphate in medium significantly influenced 

the production of azadirachtin content. As 1.0mg/L geranyl pyrophosphate was 

supplemented in media, significantly influenced the production of azadirachtin 

content during incubation. During incubation total azadirachtin contents accumulated 

were 8.41 mg/L, 21.9 mg/L, 30.35 mg/L and 23.58mg/L on days 7, 14, 21 and 28 of 

incubation. The highest total azadirachtin content (30.35mg/L) was produced on day 

21 of incubation. Biomass accumulated the azadirachtin content 6.870.39mg/L, 

18.740.45mg/L, 23.90.98mg/L and 17.80.59mg/L on days 7, 14, 21 and 28 of 

incubation respectively. Similarly azadirachtin content released in media was ranged 

between 1.540.54mg/L to 6.450.68mg/L during day 7 to 21 of incubation as shown 

in figure 3.51.    

 By addition of 2.0mg/L of geranyl pyrophosphate in media also influenced the 

production of azadirachtin content but these azadirachtin content was still in less 

quantity than produced in media containing 1.0mg/L geranyl pyrophosphate. 

According to results obtained as presented in figure 3.52, in media containing 

2.0mg/L geranyl pyrophosphate, azadirachtin content produced was in-between 9.18 

to 23.5mg/L during four weeks incubation and the highest azadirachtin content 

(23.5mg/L) were accumulated on day 21 of incubation. Similarly biomass 

accumulated azadirachtin content in-between 6.760.59 to 18.91.1mg/L during 

incubation of cells while azadirachtin content released in media (extracellular) was in-

between 2.420.45 to 4.970.69mg/L in media containing 2.0mg/L geranyl 

pyrophosphate as shown in figure 3.52.     
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Figure-3.51: Effect of Geranyl pyrophosphate on 
production of azadirachtin content in cell suspension 
cultures of neem inoculated in MS medium 
additionally supplemented with 1.0mg/L Geranyl 
pyrophosphate (MeanS.E) 
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Figure-3.52: Effect of Geranyl pyrophosphate on 
production of azadirachtin content in cell suspension 
cultures of neem inoculated in MS medium 
additionally supplemented with 2.0mg/L Geranyl 
pyrophosphate (MeanS.E) 

0

5

10

15

20

25

30

7 14 21 28

AZA (Biomass)
AZA (E. cellular)
T. AZA (Biomass+E. cellular)

0

5

10

15

20

25

30

7 14 21 28

AZA (Biomass)
AZA (E. cellular)
T. AZA (Biomass+E. cellular)



101 
 

3.3.14 Effect of Isopentenyl Pyrophosphate (IPP) on Production of 

Azadirachtin:  Isopentenyl pyrophosphate is also used an intermediate by organisms 

for biosynthesis of terpenes and terpenoids. Addition of 1.0 to 2.0mg/L of isopentenyl 

pyrophosphate influenced the production of azadirachtin content as compared to 

azadirachtin content produced in specified media used for growth kinetics. As 

suspension cells of neem were inoculated in optimized media supplemented with 

1.0mg/L Isopentenyl pyrophosphate, production of azadirachtin content was 

significantly enhanced during initial two weeks of incubation. In presence of 

Isopentenyl pyrophosphate in media bioproduction of azadirachtin was influenced 

during second week instead of third or fourth week of incubation. The highest amount 

of azadirachtin content (24.67mg/L) was found on day 14 of incubation and than 

reduced to 20.18mg/L at end of day 28 of incubation as shown in figure 3.53. During 

incubation, azadirachtin content accumulated from biomass was 6.070.64, 

20.310.97, 18.70.9 and 16.50.68mg/L while azadirachtin contents released in 

media (extracellular) were 2.310.34, 4.360.4, 4.410.54 and 3.680.45mg/L on 

days 7, 14, 21 and 28 of incubation respectively.        

 Addition of 2.0mg/L of Isopentenyl pyrophosphate in media also enhanced the 

production of azadirachtin contents during second and third week of incubation. The 

production of azadirachtin was significantly increased from 7.07mg/L on day 7 to 

18.68mg/L on day 14 of incubation while during third week a slight increase in 

azadirachtin content was observed with 18.74mg/L on day 21 of incubation. Similarly 

the highest azadirachtin content 16.30.91mg/L was accumulated on day 14 of 

incubation, which was than decreased to 13.40.86mg/L on day 28 of incubation. The 

azadirachtin content released in media (extracellular) were found 1.390.3, 2.380.68, 

3.140.7 and 2.780.39mg/L on days 7, 14, 21 and 28 of incubation respectively as 

presented in figure 3.54.  
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Figure-3.53: Effect of Isopentenyl pyrophosphate on 
production of azadirachtin content in cell suspension 
cultures of neem inoculated in MS medium 
additionally supplemented with 1.0mg/L Isopentenyl 
pyrophosphate (MeanS.E) 

Figure-3.54: Effect of Isopentenyl pyrophosphate on 
production of azadirachtin content in cell suspension 
cultures of neem inoculated in MS medium 
additionally supplemented with 2.0mg/L Isopentenyl 
pyrophosphate (MeanS.E) 
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3.3.15 Effect of Squalene (SQ) on Production of Azadirachtin: Squalene is an 

organic compound and precursor to steroid family. Addition of Squalene in media 

also enhanced the production of azadirachtin content during incubation of suspension 

cells of neem. According to results obtained and presented in figure 3.55, addition of 

5.0mg of Squalene in media enhanced the production of azadirachtin content during 

second and third weeks of incubation. The highest azadirachtin content (24.97mg/L) 

was observed on day 21 of incubation of cells in media, which was decreased to 

23.53mg/L on day 28 of incubation. Azadirachtin contents accumulated from biomass 

were 5.680.87, 13.60.84, 20.591.5 and 18.971.1mg/L while azadirachtin 

contents released in media were 2.080.68, 2.980.79, 4.380.57 and 4.560.74mg/L 

on days 7, 14, 21 and 28 of incubation respectively as presented in figure 3.55.      

 As concentration of Squalene was increased to 10.0mg/L in media, production 

of azadirachtin content was also enhanced as compared to media containing 5.0mg/L 

of Squalene. During incubation of cells in media containing 10.0mg/L of Squalene, 

the production of azadirachtin was significantly increased from 9.23mg/L on day 7 to 

22.57mg/L on day 14 and 28.48mg/L on day 21 of incubation. After day 21, 

azadirachtin content was reduced to 25.21mg/L. During incubation azadirachtin 

contents accumulated from biomass were 6.870.94, 19.421.6, 23.681.8 and 

20.171.39mg/L while azadirachtin contents released in media were 2.360.87, 

3.150.56, 4.80.76 and 5.040.9mg/L on days 7, 14, 21 and 28 of incubation of cells 

in media containing 10.0mg/L of squalene respectively as shown in figure 3.56. 

 Media containing squalene showed overall enhanced production of 

azadirachtin content while 10.0mg/L squalene containing media showed enhanced 

production with 28.48mg/L of azadirachtin content as compared to 5.0mg/L squalene 

containing media with 24.97mg/L of azadirachtin content as presented in figures 3.55 

and 3.56.    

  For production and enhancement of azadirachtin, cell suspension cultures of 

neem were inoculated in MS liquid medium supplemented with 3.0% sucrose, 

1.0mg/L of each 2,4-D and BAP, 0.2mg/L of NAA and different concentrations of 

various substances for four weeks. Addition of substances not only affected the 

growth of cells but also affected the production of azadirachtin content. According to 

results obtained and summarized in figure 3.57, the bioproduction of azadirachtin 

content was observed during second to fourth week of incubation of cells in MS 
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media containing various substances. Some substances like CuSO4, AgNO3, salicylic 

acid reduced the production of azadirachtin content during incubation of cells in 

media as compared to optimized MS media for standard growth. Similarly some 

nitrogen containing substances like NH4NO3, KNO3, (NH4)2SO4 influenced one to 

two folds production of azadirachtin content (18.92mg/L in 0.5g/L NH4NO3 

containing media) than that of azadirachtin contents (7.48mg/L in 3.0% sucrose 

containing media) produced in standard growth media. Addition of sodium acetate, 

thiamine HCl and some precursor substances like GPP, IPP and squalene significantly 

enhanced the production of azadirachtin content between 21.0mg/L to 30.0mg/L 

during four weeks incubation of neem suspension cells as shown in figure 3.57.  
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Figure-3.56: Effect of Squalene (SQ) on production 
of azadirachtin content in cell suspension cultures of 
neem inoculated in MS medium additionally 
supplemented with 10.0mg/L Squalene (MeanS.E) 

Figure-3.55: Effect of Squalene (SQ) on production 
of azadirachtin content in cell suspension cultures of 
neem inoculated in MS medium additionally 
supplemented with 5.0mg/L Squalene (MeanS.E) 
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Figure-3.57: Summarized results of production of azadirachtin content 
through cell suspension cultures of neem in MS media supplemented with 
3.0% sucrose, 1.0mg of 2,4-D, 1.0mg/L of BAP, 0.2mg/L of NAA and 
different concentrations of different carbohydrates, nitrogen sources, 
inorganic and organic substances, growth retardants, vitamin, precursors 
and salt 

Media Composition 
Legend: 
1:   3% Sucrose          2:   3% Glucose          3:   0.5g NH4NO3          4:   0.25g Urea 
5:   0.25g KNO3          6:   0.1g (NH4)2SO4    7:   0.1g KH2PO4     8:   0.025mg CuSO4 

9:   0.5mg AgNO3      10: 1.0mg GPP           11: 1.0mg IPP     12: 10mg SQ 
13:  20mg SA          14:  0.1g MgSO4      15:  2mg ZnSO4            16: 0.1g NaCl  
17:  0.025mg Salic A  18: 0.5mg Thiamine 
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3.4 LABORATORY SCALE INSECT FEEDING BIOASSAY 

The biotoxicity of azadirachtin extracted from biomass was assessed. 

Laboratory scale bioassays were carried out against six sucking and chewing insects 

including cotton jassid (Empoasca devastans Dist.), whitefly (Bemisia tabaci 

(Gennadius), thrips (Thrips tabaci), cotton bollworm (Helicoverpa armigera), pink 

bollworm (Pectinophora gossypiella) and cotton leafworm (Spodoptera litura). All 

bioassays were performed in petriplates at 25C and 70-80% humidity.  

3.4.1      Bioassays against Chewing Insects: For lab scale bioassays, two 

azadirachtin based preparations were used; one prepared from neem callus extracts 

(NCE1) while other from neem suspension cells extracts (NCE2). Five treatments (T1 

to T5) having different preparation dilutions were used for bioassays against three 

chewing insects cotton bollworm, pink bollworm and cotton leafworm.  

When pink bollworms (Pectinophora gossypiella) were infested on small 

cotton bolls and leaves treated with five treatments of NCB1 and NCB2 seperately, 

showed mortality significantely in T1 replicates. The survival percentage of insects 

was determined on basis of insects survived after 1, 2, 3, 4 and 5 days of infestation of 

insects. According to data obtained and presented in figure 3.59 and 3.60, T1, T2 and 

T3 treatems of both NCE1 and NCE2 preparations showed significant mortality rate 

of pink bollworm. All insects were found dead in treatment T1 of NCE2 on day 3 

while in treatment of NCE1 on day 4 of infestation. Similarly all insects were dead in 

treatmet T2 NCE2 on day 4 of infestation while 8.0% insects were alive in treatmet 

T2 of NCB1 after five days of infestation. Treatment T3 also showed good results as 

20% and 24% insected were found alive in treatment T3 of both NCE1 and NCE2 

respectively. Further dilutions of preparations NCE1 and NCE2 also showed positive 

results as 64 and 56% survival of pink bollworm was observed after 4th day of 

infestation in T4 of both NCE1 and NCE2 respectively as compared to control 

treatment as shown in figures 3.59 and 3.60. The results obtained from T5 of NCE1 

and NCE2 showed no significant effect on pink booworm as 76% and 80% 

respectively insects were survived after five days of infestation. Pink bollworm also 

showed deterrent behavior in treatments of both preparations.  

Different treatments of NCE1 and NCE2 also showed good mortality response 

against cotton leaf worm (Spodoptera litura). Treatments T1 and T2 of NCE1 and 

NCE2 showed significant efficacy as 100% mortality with all insects was found dead 
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at end of fourth day of infestation as presented in figures 3.61 and 3.62. Treatments 

T3 of both preparations showed 76 to 84% mortality and only 16 to 24% survival of 

cotton leaf worm while treatment T4 showed 44 to 36% mortality rate as 36 to 64% 

caterpillars were survived after five days of infestation. Treatment T5 in both 

preparations failed to show good response as only 8 to 20% insects showed mortality 

and 80 to 92% were survived after five days of infestation. In case of control 

treatment, no mortality was observed and all insects were survived as in figures 3.61 

and 3.62.        

When cotton bollworm (Helicoverpa armigera) was infested treated cotton 

bolls and leaves, treatments T1 and T2 of NCE1 preparation showed 100% mortality 

and no survival of insects after four and five days of infestion while Treatmet T1 of 

NCE2 showed 88 to 96% mortality as 4 to 12% caterpillers of H. armigera were alive 

after 5 days of infestation as shown in figures 3.63 and 3.64. Treatmets T3 of NCE1 

and NCE2 showed significant results as 76 to 80% mortality with 20 to 24% survival 

of insects after five days of infestation. Similarly treatment T4 showed 36 to 44% 

mortality while T5 of showed 20 to 24% mortality of H. armigera in both NCE1 and 

NCE2 preparations respectively as data presented in figures 3.63 and 3.64 showing 

the percentage survival of insects. In case of control treatment 96% insects were 

survived.    

 According to overall results of bioassays against chewing insects, treatments 

T1 (1:1 v/v callus extract: D. water) and T2 (1:10 v/v callus extract: D. water) of both 

NCE1 and NCE2 preparations showed more significant results as almost 100% 

mortality was observed after three to four days of infestation. Treatment T3 (1:100 v/v 

callus extract: D. water) of NCE1 and NCE2 also showed good response as 76-84% 

mortality was observed and only 16-24% caterpillars of all chewing insects were 

found alive. Treatments T4 (1:1000 v/v callus extract: D. water) and T5 (1:10000 v/v 

callus extract: D. water) showed weaker response against all insects with 8 to 40% 

mortality and 60 to 92% survival of insects as in figures 3.59 to 3.64.        
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Figure-3.58: Insect Feeding Bioassay against pink bollworm 
and cotton leaf worm 

A to D: Bioassay against pink bollworm 
A to B: Treated bolls - showing dead and alive but decrease in 
weight   
C: Negative Control - showing all alive with increase in weight  
D:  Treated with T3 dilution – showing slower growth 
E to H: Bioassay against cotton leaf worm 

 E: Negative Control - showing feeding activity of insects 
 F & G: Treated leaves with T3 & T4 dilutions 
 H: Leaves sprayed with T1 dilution – showing all dead insects 
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Figure-3.59: Effect of various 
concentrations of NCE1 on mortality of 
pink bollworm (P. gossypiella) 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure-3.60: Effect of various 
concentrations of NCE2 on mortality of 
pink bollworm (P. gossypiella) 
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Figure-3.61: Effect of various concentrations 
of NCE1 on mortality of cotton leafworm (S. 
litura) 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-3.62: Effect of various concentrations 
of NCE2 on mortality of cotton leafworm (S. 
litura) 
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Figure-3.63: Effect of various concentrations 
of NCE1 on mortality of cotton bollworm (H. 
armigera) 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure-3.64: Effect of various concentrations 
of NCE2 on mortality of cotton bollworm (H. 
armigera) 
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3.4.2      Bioassays against Sucking Insects: Different treatments (from T1 to T5) of 

NCE1 and NCE2 were used for bioassays against three sucking insects including 

cotton jassid (Empoasca devastans Dist.), whitefly (Bemisia tabaci (Gennadius), 

thrips (Thrips tabaci). The mortality rate of three treatments T1, T2 and T3 of both 

NCE1 and NCE2 was highly significant almost all insects were found dead from all 

three species after four to five days of infestation.  

 As jassids were infested on leaves sprayed with different concentrations (T1 to 

T5) of NCE1 and NCE2, the mortality rate was found highly significant. 100% 

mortality was observed in T1, T2 and T3 of NCE1 and T1 and T2 of NCE2 as all 

insects were found dead after four to five days of infestation while T3 of NCE2 also 

showed 96% mortality. Treatments T4 of NCE1 and NCE2 showed 52 to 80% 

mortality as 0nly 20 to 52% jassids were survived after five days of infestation. 

Treatment T5 of NCE1 and NCE2 showed low mortality response as 64 to 76% 

jassids were survuved after five days of infestation. Similarly control treatment 

showed 88% survival of jassids after five days of infestation as presented in figures 

3.65 and 3.66.     

 Infestation of whitefly on leaves sprayed by different dilutions of NCE1 and 

NCE2 (T1 to T5) also showed 100% mortality as no insect was survived in treatments 

T1 and T2 of NCE1 and T1, T2 and T3 of NCE2 after five days of infestation. 

Treatment T4 showed  40 to 48% mortality as 52 to 60% whiteflies were survived 

after five days of infestation. The lowest mortality was observed in treatment T5 as 

80% whiteflies were survived after five days of infestation as shown in figures 3.67 

and 3.68. Similarly control treatment showed 96% survival of whiteflies after five 

days of infestation.   

 Both NCE1 and NCE2 also showed good response against thrips. According 

to results presented in figures 3.69 and 3.70, treatments T1 and T2 of both NCE1 and 

NCE2 showed 100% mortality while T3 showed 88 to 92% mortality against thrips 

after five days of infestation of insects on treated leaves. Similarly treatment T4 

showed 36 to 44% mortality as 56 to 64% thrips were survived after five days of 

infestation. Similarly treatment T5 showed lowest mortality from 24 to 30% as 70 to 

76% insects were survived.  

 According to these results, both callus and suspension cells of neem based 

preparations NCE1 and NCE2 showed efficacy against three sucking insects including 
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jassid, whitefly and thrips. Treatments T1, T2 showed highest mortality response, T3 

good mortality response, T4 lower and T5 lowest mortality response against insects 

when infested on treated leaves as shown in figures 3.65 to 3.70.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure-3.65: Effect of various concentrations 
of NCE1 on mortality of Jassids 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure-3.66: Effect of various concentrations of 
NCE2 on mortality of Jassids 
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Figure-3.67: Effect of various concentrations of 
NCE1 on mortality of whitefly  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure-3.68: Effect of various concentrations of 
NCE2 on mortality of whitefly  
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Figure-3.69: Effect of various concentrations of 
NCE1 on mortality of thrips 

 
 
 
 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-3.70: Effect of various concentrations of 
NCE2 on mortality of Thrips  
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3.5 ANTIMICROBIAL ACTIVITY OF NEEM CELLS EXTRACTS 

3.5.1  Antibacterial Activity of Neem Cells Extracts 

 The bioactivity of different dilutions of two neem preparations NCE1 

(extracted from callus) and NCE2 (extracted from suspension cells) was investigated 

against six bacterial species. All six bacterial species showed inhibition of growth and 

formed zones of growth inhibition after 24 hours as both neem callus and cells culture 

based preparations NCE1 and NCE2 were tested. E. coli was found to be more 

susceptible for both NCE1 and NCE2 among all species assayed. As both NCE1 and 

NCE2 were applied in concentrated form (1.0mg/ml) in C+ treatment, E. coli showed 

between 17 – 20mm of zones of growth inhibition. Staphylococcus aureus was also 

found to be susceptible and showed 16 – 17mm of zones of inhibitions followed by K. 

pneumoniae, P. aeruginosa, V. cholerae and P. vulgaris with 13 – 14 mm, 11 – 12 

mm, 10 – 12 mm and 8 – 11 mm of zones of growth inhibitions respectively (Table 

3.9 and 3.10).  

 As the neem callus and cells culture preparations (NCE1 and NCE2) were 

diluted to 1:1 v/v (Extract: D. H2O) in Treatment T1, all bacterial species showed 

growth inhibition between  3 – 12 mm of zone of growth inhibition. E. coli again 

showed the more susceptibility with 12 – 15 mm of inhibition zones of growth. P. 

vulgaris was the least susceptible against T1 of both NCE1 and NCE2. When NCE1 

and NCE2 were further diluted to 1:10 v/v (Extract: D. H2O) in Treatment T2, only E. 

coli, K. pneumoniae and Staph aureus showed slight inhibition while remaining three 

species showed no inhibition and resistance. Further dilutions of NCE1 and NCE2 to 

1:100 and 1:1000 v/v (Extract: D. H2O) in treatments T3 and T4 were failed to show 

the bioactivity against all species (Tables 3.9 and 3.10). Similarly negative control (C) 

containing D. H2O only, showed no inhibition of growth.   
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Table 3.9: Inhibitory effect of NCE1 dilutions against some 
bacterial species (zone of growth inhibition in mm) 

 

Bacterial Species  

Treatments 

C+ T1 T2 T3 T4 C 

Escherichia coli  17 12 05 -ve -ve -ve 

Klebsiella pneumoniae 14 05 -ve -ve -ve -ve 

Pseudomonas aeruginosa 11 06 -ve -ve -ve -ve 

Vibrio cholerae 12 05 -ve -ve -ve -ve 

Staphylococcus aureus 17 10 03 -ve -ve -ve 

Proteus vulgaris 08 03 -ve -ve -ve -ve 

C+: 1:0 v/v Extract: D. H2O C : Negative control -ve = No zones of 
growth inhibition  

 

 

Table-3.10: Inhibitory effect of NCE2 dilutions against some 
bacterial species (zone of growth inhibition in mm) 

 

Bacterial Species  

Treatments 

C+ T1 T2 T3 T4 C 

Escherichia coli  20 15 06 -ve -ve -ve 

Klebsiella pneumoniae 13 07 03 -ve -ve -ve 

Pseudomonas aeruginosa 12 05 -ve -ve -ve -ve 

Vibrio cholerae 10 03 -ve -ve -ve -ve 

Staphylococcus aureus 16 09 03 -ve -ve -ve 

Proteus vulgaris 11 06 -ve -ve -ve -ve 

-ve = No zone of growh inhibition 
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 3.5.2 Antifungal Activity of Neem Cells Extracts: The bioactivity of various 

dilutions (T1, T2, T3 and T4) of NCE1 and NCE2 was also evaluated against 

Aspergillus niger after 72 hours of incubation at 37C. Aspergillus niger showed 

susceptibility when concentrated samples of NCE1 and NCE2 (1.0mg/ml azadirachtin 

contents) were applied in prepared holes in media containing cultures. About 9 – 11 

mm of zone of inhibition of growth Aspergillus niger was produced in tested 

concentrated samples. As samples were diluted to 1:1 v/v (Extract: D. H2O) in 

treatment T1, the susceptibility was reduced as between 5 – 6 mm of zones of 

inhibition of growth was produced. Further dilutions of samples in treatments T2, T3 

and T4 showed no zones of inhibitions of growth and A. niger species was resistance 

to these treatments. Negative control also produced no zone of inhibition and showed 

thick mycelial growth in tested petriplates (Table 3.11)    

  
 
 
 

Table-3.11: Inhibitory effect of NCE1 and NCE2 
dilutions against Aspergillus niger (zone of 
inhibition in mm) 

 

Treatments (NCE1) 

C+ T1 T2 T3 T4 C 

09 05 -ve -ve -ve -ve 

Treatments (NCE2) 

C+ T1 T2 T3 T4 C 

11 06 -ve -ve -ve -ve 

   -ve = No zones of growth inhibition  
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CHAPTER       4 

DISCUSSION 

For in vitro production of azadirachtin contents from neem, five explants were 

first inoculated on MS and N6 media with different concentrations and combinations 

of plant growth regulators. The selected highly proliferating calli were used for 

development of cell suspension cultures of neem and production of azadirachtin 

content by the addition of different chemical substances in selected media. The 

biomass extracted azadirachtin contents were subjected for antimicrobial potential 

against seven bacterial and fungal species and lab scale bioassays against six chewing 

and sucking insects.      

4.1 In-Vitro Callus Proliferation Response from Different Explants: In this 

study, callus proliferation from five explants of neem was achieved. The explants 

were inoculated on MS and N6 media supplemented with different concentrations and 

combinations of 2,4-D, IAA, IBA, NAA and BAP. Different explants showed variable 

response of callus proliferation while immature embryos showed the highest callusing 

response (84.250.65%) (P = 0.0006) on MS medium supplemented with 1.0mg/L of 

each 2,4-D and BAP and 0.2mg/L of NAA (Figure 3.6) followed by immature 

embryos (64.331.3%) (P = 0.00037) on MS medium supplemented with 1.0mg/L of 

each 2,4-D and BAP (Figure 3.8) and nodular stem sections (53.060.98%) (P = 

0.00082) on MS medium supplemented with 1.0mg/L 2,4-D (Figure 3.7). Leaf 

explants showed least callusing response as only about 22.230.92% explants were 

proliferated on MS medium supplemented with 3.0% sucrose, 0.25mg/L of each IAA 

and BAP as in figure 3.5. 

Cultivation of woody plant species under in vitro conditions was not 

successful before 1970. Morphogenesis and tissue culture of neem was first reported 

in 1970s (Rangaswamy and Promila, 1972; Sanyal et al., 1981). Now number of 

reports on role of various growth factors in differentiation processes in neem tissue 

cultures has been published (Ramesh and Padhya, 1990; Rao et al., 1988; Schulz, 

1984). Muralidharan and Mascarenhas (1989) were probably first to describe embryo 

like structures in cultures of cotyledon segments of neem. At the time of callus 

culture, the developmental stage of embryos is an important determinant of their 

morphogenic response (Custers and Bergervoet, 1990). 
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The callus growth from different explants of neem was remarkably affected by 

type of plant growth regulator and concentration. However, callus was developed on 

surface of explants cultured on MS and N6 medium supplemented with varying 

concentrations of either IBA, NAA, IAA, 2, 4-D and BAP separately or in 

combinations. 2,4-D alone or in combinations with BAP and NAA produced the 

highest callusing proliferation percentage and callus fresh weight when compared to 

similar concentrations of other auxins.  

In plants, the callusing response is genotype specific and each explant has its 

own callusing potential that can be optimized by changing the concentration and type 

of plant growth regulators in media. Immature flower explants showed the highest 

callus proliferation response and increase in callus fresh weight. The explants 

enlarged and developed in to callus during second week. MS media supplemented 

with 1.0mg/L 2,4-D, 1.0mg/L BAP and 0.2mg/L NAA produced rapid growth. The 

lowest callusing response was found in leaf explants. Leaf explants developed callus 

at cut surface in media containing 2,4-D, BAP and IAA.  

Many researchers have published reports on callus induction in neem by using 

different explants. Khalafalla et al., (2007) reported that leaf explants on MS basal 

medium supplemented with 1.0mg/L of IBA promoted fast growth and produced the 

highest callusing percentage (92.6%). Schulz (1984) also described callus initiation 

from young neem leaves and petioles. According to Veeresham et al., (1998) 

modified MS medium supplemented with 1.0mg/L NAA and 0.5mg/L Kn was found 

the most suitable media for flower and leaf callus as 82% and 77.7% callus was 

produced. The developed callus was light green that turned brown upon subculturing. 

Balaji (2001) reported bioproduction of azadirachtin in callus and cell cultures 

(0.005% and 0.05% respectively on dry wt basis) was lower amount as compared to 

reported in seeds (0.4% on dry wt basis). Similarly Balaji et al., (2003) also 

established callus cultures from neem petals on MS medium supplemented with 

1.0mg/L NAA, 0.5mg/L Kn and 3.0% sucrose.  

In the experiments, when explants inoculated on various concentrations of 

sucrose containing MS media with specified concentrations and combinations of plant 

growth regulators, variable callus proliferation response and increase in fresh weight of 

callus was observed. Among all explants, only immature flowers (with 5-10% sucrose) 

and immature embryos (2-5% sucrose) showed proliferation during second week of 

incubation of explants on specified media (Tables 3.3 and 3.5). Similarly leaf explants 



122 
 

showed the slowest response of callusing as started proliferating during fourth week of 

incubation (Table 3.2). 

Khalafalla et al., (2007) found that increasing sucrose concentration in 

medium decreased callus induction. The leaf explants were callused in MS medium 

containing 10g/L sucrose; the amount of callusing and its appearance were notably 

better than MS media containing 20 or 30g/L sucrose. Su et al., (1997) initiated 

embryogenic callus from cotyledons or hypocotyls on MS medium containing 50g/L 

sucrose, 1.0mg/L BAP, 0.5mg/L NAA and 1.0g/L casein hydrolysate. In another 

study of neem callus induction was obtained at low sucrose concentration compared 

with high concentration (Wewetzer, 1998). Shrikhande et al., (1993) described 

development of globular and shiny masses of callus from immature cotyledon on MS 

medium supplemented with 1.0mg/L BA, 0.5mg/L NAA, 1.0% w/v CH and 5.0% 

sucrose. Sanyal et al., (1981) also reported that 5% sucrose gave the best callus 

initiation and growth when neem stem sections were inoculated on MS basal medium 

supplemented with different combinations of IAA (0.1- 0.5mg/L), BAP (0.1- 0.5 

mg/L) and sucrose (5%).  

Chaturvedi et al., (2003) obtained the best callus proliferation response from 

anthers on MS medium supplemented with 9% sucrose, 1.0M 2,4-D, 1.0M NAA 

and 5.0M BAP. The percentage of anthers callused and amount of callusing were 

markedly better than 3.0% or 12.0% sucrose. The callus growth was profuse growth 

with brown in colour, friable, soft and wet texture. In our study, best callus 

proliferation was obtained from immature flowers on MS medium supplemented with 

1.0mg/L 2,4-D, 1.0mg/L BAP, 0.2mg/L NAA and 9.0% sucrose. Furthermore present 

results are in agreement with results of Chaturvedi et al. (2003).   

The increase in callus fresh weight (CFW) was the highest in immature flower 

derived callus where as callus fresh weight was exponentially increased with passage 

of time as compared to increase in fresh weight of calli derived from other explants 

(Figure 3.11). The highest callus fresh weight (10.40.82grams per explant) was 

observed at the end of sixth week of incubation of immature flower followed by 

4.60.44 g per explant of nodular stem sections. The lowest increase in fresh weight 

(2.330.55g per explant) was observed in leaf explant after sixth week of inoculation. 

During incubation, proliferating callus showed variable characteristics from watery 
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and translucent to friable, hard and compact, light yellowish green to light brown and 

dark brown in colour as described in tables 3.2 to 3.6.       

 Chaturvedi et al., (2003) reported successful callus multiplication raised from 

anther cultures on MS medium supplemented with 1.0M 2,4-D and 10.0M kinetin, 

95% callus cultures showed enormous proliferation. According to results obtained, the 

immature flowers started proliferation after one week of inoculation and flower was 

covered with yellowish to light brown callus after six weeks, which was friable. On the 

other hand, Chaturvedi et al., (2003) reported callus initiation after four weeks and 

formation of entire brown callus after eight weeks. During successive subculturing, 

callus was gradually turned brown and became very hard (Su et al., 1997; Shrikhande 

et al., 1993). This type of callus browning was also observed in our experiments when 

callus cultures were about eight weeks old. The change in colour during callus growth 

is an agreement with previous reports.  

4.2 Optimization of Cell Suspension Cultures of Neem: The calli derived from 

different explants were analyzed for azadirachtin contents as shown in Table 3.7. The 

azadirachtin contents in seed derived callus was the highest between 912 - 955 g/g 

dry weight (0.091-0.095% total azadirachtin on dry weight basis) but this callus 

showed very slow growth rate as about 2.2g fresh wt per explant was obtained after 

six weeks of inoculation (Figure 3.11) with dark brown in colour (Table 3.6). On the 

other hand, good amount of azadirachtin contents 865-893 g/g dry weight (0.086-

0.089% of total azadirachtin on dry weight basis) were detected from immature 

flowers derived callus after six weeks of inoculation (Table 3.7). The callus derived 

from immature flowers was also highly proliferating and showed fast growth as more 

than 10g fresh wt of callus was produced at the end of sixth week of inoculation 

(Figure 3.11) with yellowish to light brown in colour (Table 3.3). Total azadirachtin 

contents of selected calli obtained from leaf, immature seed and nodular stem section 

were also quantified (Table 3.7) but these contents were between 69g/g in leaf to 

775g/g dry weight in nodular stem sections (Table 3.7). These calli exhibited slow 

growth as between 2.0 g to 5.0 g fresh wt of calli (Figure 3.11). The calli were hard in 

texture with light brown to dark brown in colour (Tables 3.2, 3.4, 3.5).  

 The use of callus cultures of neem for the production of valuable secondary 

metabolites e.g. azadirachtin has been studied (Kearney et al., 1994; Allan et al., 

1994). Allan et al., (1994) reported 7.0g/g dry wt of azadirachtin content from leaf 
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derived callus on MS medium supplemented with 4.0mg/L IBA and 2.0mg/L BA 

while Veeresham et al., (1998) detected 0.0265g/g dry wt of azadirachtin from leaf 

derived callus on MS medium supplemented with 1.0mg/L 2,4-D, 0.5mg/L Kn and 

90.3g/L glycine. Similarly Srividya et al., (1998) also found 8.0g/g dry wt of 

azadirachtin from embryo derived shoots on ½ MS medium supplemented with 

0.5mg/L IBA while 4.0g/g dry wt of azadirachtin from embryo derived roots on MS 

medium supplemented with 0.1mg/L NAA and 0.5mg/L BA. Kearney et al., (1994) 

developed the callus and suspension cultures from leaf explants on MS medium 

supplemented with 4.0mg/L IBA and 2.0mg/L BA but failed to detect azadirachtin 

contents. Veeresham et al., (1998) reported 2.46% (on dry wt basis) of azadirachtin in 

12 weeks old flower callus.  

 According to results obtained in present study, azadirachtin contents were 

between 69g/g to 955 g/g dry weight (Table 3.7) were ten to hundred folds higher 

than previous reports (4.0g/g to 8.0g/g dry wt). This higher concentration of 

azadirachtin contents were may be due different plant growth regulators or 

environmental condition. On the basis of presence of good amount of azadirachtin 

content, higher growth rate, friable nature callus derived from immature flowers was 

selected for establishment of suspension cultures.   

During growth kinetic cell suspension cultures showed different growth stages 

including lag, log, exponential, and stationary phases. The exponential phase was 

observed on day 10 to day 20 of inoculation (Figure 3.12). The production kinetics 

showed that the accumulation of azadirachtin slowly increased in first ten days and 

than significantly increased during next fifteen days. The highest azadirachtin content 

(7.61mg/L) were accumulated during days 20 to 25 of inoculation (Figure 3.13). The 

highest accumulation of azadirachtin during days 20 to 25 was towards the end of 

exponential phase in growth kinetics.    

Other researchers also studied growth kinetics and production kinetics of 

azadirachtin contents. Sujanya et al., (2008) studied the production of azadirachtin 

contents by manipulating carbon, nitrogen and phosphate sources. The specific 

growth was the highest during fourth week of inoculation of neem cells in media on 

different manipulated media. Babu et al., (2006) reported the exponential and linear 

phases from 9th to 15th day, progressive deceleration from 15th to 18th day and finally 

stationary phase from 18th to 21st day. The highest accumulation of azadirachtin 
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contents were found towards end of culture growth while the highest accumulation of 

nimbin was during 18th to 21st day.  

Other the other hand, Balaji et al., (2003) used ½ B5 media supplemented with 

2.0mg/L dicamba, 1.0mg/L kn and 3.0% sucrose for initiation and maintenance of cell 

suspension cultures. The highest growth was found on day 10 while the maximum 

azadirachtin contents were accumulated on day 7 in suspension cultures of 

Azadirachta indica. Wewetzer, (1998) found the highest amount of secondary 

metabolites in late exponential and early stationary growth phase of neem cell 

cultures. The age of callus or number of subcultures might also have role in 

accumulation of azadirachtin contents in tissue cultures. The callus cultures may be 

differentiated as superior and inferior cell lines on the basis of azadirachtin production 

(Wewetzer, 1996).  

In present investigation, the growth was highest at the end of day 20 while 

azadirachtin content was the highest amount during day 21 to 25 of incubation of cells 

suspension cultures. The stationary phase was started from day 20 of incubation that 

indicated that the accumulation of azadirachtin content was higher at end of growth 

phase and start of stationary phase (Figure 3.12 and 3.13). These results are in 

agreement with the findings of other researchers (Sujanya et al., 2008; Babu et al., 

2006; Wewetzer, 1998). In a single report by Balaji et al., (2003), the highest growth 

was found on day 10 while the maximum azadirachtin accumulation was observed on 

day 7 of inoculation of neem cells. This may be due to change of media composition, 

as ½ B5 media supplemented with 2.0mg/L dicamba and 1.0mg/L kn was used while 

in our study MS media supplemented with 1.0mg/L 2,4-D, 1.0mg/L BAP and 

0.2mg/L NAA.     

4.3 Production of Azadirachtin through Cells Suspension Cultures: In plants, 

the mechanism of secondary metabolism is directly linked through differentiation 

processes (Barz et al., 1990; Flower, 1981; Lindsey and Yeaman, 1983; Rhodes et al., 

1986) that strongly depend on growth regulation. These processes must be activated 

in callus and suspension cultures. The differentiation process is restricted due to 

specified auxin-cytokinine ratios supplemented in nutrient media. Carbohydrate, 

nitrogen and phosphorus are the most important and essential constituents that affect 

the growth and metabolism of cells in suspension cultures. Wewetzer, (1998) reported 

that morphological differentiation is not a requirement for production of azadirachtin 

and the highest concentrations were accumulated in completely undifferentiated cells. 
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Tissue cultures are able to produce azadirachtin in enough quantity depending on 

nutrient medium, sucrose concentration and cell line. Sujanya et al., (2008) found 

reduction of biomass growth with no azadirachtin contents as sucrose concentration 

was reduced to 15.0g/L in medium. 

Sucrose and glucose are preferred carbohydrates used as carbon source for 

tissue culture of plants. Mostly the amount of carbon source added in media influence 

cell growth and production of secondary compounds (Robins et al., 1990). In present 

study, when different concentration of sucrose and glucose were supplemented in MS 

media, the accumulation of azadirachtin content was significantly affected. Among 

four sucrose concentrations used, 3.0% sucrose influenced the accumulation of 

azadirachtin contents and the highest azadirachtin content 7.79mg/L was accumulated 

during fourth week of incubation of suspension cells (Figure 3.16). Similarly when 

3.0% glucose was supplemented in media as carbon source, growth of cells and 

azadirachtin production was stimulated and the highest azadirachtin content 

(7.48mg/L) was obtained at end of third week of incubation (Figure 3.20). The 

azadirachtin content accumulated in media containing 3.0% sucrose are still higher 

than media containing 3.0% glucose (7.48mg/L) (Figures 3.16 and 3.20). Media 

containing 3.0% sucrose produced the highest azadirachtin content during 4th week 

while media containing 3.0% glucose accumulated at end of 3rd week of incubation. 

During incubation significant increase in protein contents was observed during initial 

two weeks and than slightly increased during next week and than reduced. The total 

sugar and reducing sugar contents were also increased with passage of time.         

Carbohydrate source supplemented in media was reported to be an important 

factor in plant cell metabolism (Martinez and Park, 1993; Zhang et al., 1996). 

Carbohydrates affected the production of alkaloids by suspension cultures of 

Holarrhena antidysenterica (Panda, 1992) and shikonin produced by cell cultures of 

Lithospermum erythrorhizon (Srinivasan and Ryu, 1993). Zhang et al., (1996) 

reported that addition of 20 to 40g/L sucrose in media increased the cell growth but 

higher concentration of sucrose repressed the cell growth. Wewetzer, (1998) found 

the increase in fresh weight of undifferentiated calli inoculated on medium with 15g/L 

sucrose was higher than on medium containing 30g/L sucrose.  

Sucrose concentrations also stimulate the production of other secondary 

metabolites, Martinez and Park (1993) reported that relatively higher concentration of 

sucrose positively affect the production of rosmarinic acid. Park et al., (2011) stated 
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that addition of glucose in media reduced the production of pyrrolnitrin whereas 

increased the phenazine levels in Pseudomonas chlororaphis. Zhang et al., (1996) 

obtained maximum production of ginseng saponin and polysaccharides in media 

containing 40g/L sucrose. Glucose is also important carbon source used for growth 

and biosynthesis of many secondary metabolites. Prakash et al., (2005) reported a 

biomass of 6.32g/L DCW and 11.12mg/L azadirachtin when 30g/L glucose was used 

as compared to 5.94g/L DCW and 8.89mg/L azadirachtin when 30g/L sucrose was 

used as carbon source. In present investigation 7.79mg/L azadirachtin contents were 

produced in 30g/L sucrose containing media after four weeks of inoculation while 

7.48mg/L azadirachtin contents were accumulated in 30g/L glucose containing media 

after third week. Sucrose 3.0% showed better response towards growth and 

azadirachtin production while Prakash et al., (2005) obtained higher amount of 

azadirachtin on media containing 30g/L glucose.  

In present study only sucrose and glucose were used as carbon source for 

production of azadirachtin contents through cell suspensions of neem. Several other 

carbohydrates including arabinose, cellobiose, galactose, glycerol, maltose and xylose 

were less effective than sucrose for the growth and alkaloid formation (Hayashi et al., 

1988).   

 Addition of nitrogen source in media is also essential for the secondary 

metabolites formation in plant cells. In present study the effect of different nitrogen 

sources like NH4NO3, KNO3, (NH2)2CO and (NH4)2SO4 were investigated. The extra 

addition of 0.5g/L of NH4NO3 in MS media; azadirachtin content was significantly 

enhanced to about three folds (21.2 mg/L) as compared to azadirachtin content 

accumulated in standard growth media (7.79 mg/L) containing 3.0% sucrose during 

third week of cultivation of cells in media (Figure 3.23). These azadirachtin contents 

were also in higher amount when compared with media containing various 

concentrations of sucrose and glucose. Similarly extra addition of 0.5g/L of KNO3 in 

MS medium produced 17.77mg/L of azadirachtin contents (Figure 3.26) and 0.1g/L 

of ammonium sulphate produced 17.42mg/L azadirachtin contents (Figure 3.31) 

during fourth week of cultivation of cells while 0.25g/L of urea produced 12.83mg/L 

(Figure 3.28) on day 14th of incubation of cells in media. The time duration for the 

production of azadirachtin content in highest amount is different when different 

nitrogen sources were supplemented in the media e.g. the highest production of 

azadirachtin was found on day 21 in presence of NH4NO3, on day 28 in presence of 
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KNO3 and (NH4)2SO4 and on day 14 in presence of urea. The ammonium: nitrate 

ratio in NH4NO3 containing media showed more encouraging results as 21.2 mg/L of 

azadirachtin contents were accumulated.      

 Addition of different nitrogen sources also stimulated the biosynthesis of 

protein contents, which were significantly increased and released in media from 

0.0gm/ml before inoculation to about 37.0mg/ml during four weeks cultivation of 

cells. The increase in protein contents in media showed that cultivated cells resulting 

release of proteins in media did metabolic activity. Similarly total sugars and 

reducing sugars were also increased in media. This increase in sugars in media may 

be due to photosynthetic activity performed by chlorophyll pigments present in 

suspension cells (Figures 3.22 to 3.33).   

 Other researchers also reported the increase in bioproduction of azadirachtin 

contents through manipulation of nitrogen source supplied in a specified 

concentration in medium. Sujanya et al., (2008) found enhanced 36% (59.36g/L) 

biomass and 1.5-fold increase in total extracellular azadirachtin (5.59mg/l) was 

observed compared with standard MS medium when total nitrogen was added in 

medium in ratios 4:1 of nitrate: ammonium. Raval et al., (2003) observed an increase 

of 0.25 mg/g DW azadirachtin related limonoids production by addition of different 

concentrations of nitrogen and phosphorus sources in medium as compared to no 

azadirachtin related limonoids production in simple MS media. Prakash and 

Srivastava (2005) optimized a medium containing 37.5g/L glucose, 56.25mM nitrate 

and 1.0mM phosphate significantly increased the production of biomass with 

15.02g/L and azadirachtin with 2.98mg/g.  

 Effect of nitrogen source also reported to affect the biosynthesis of other 

secondary compounds as supplemented in suspension cultures of Holarrhena 

antidysenterica for production of alkaloids (Panda et al., 1992) in suspension cultures 

of Vitis vinifera for accumulation of anthocyanin (Do and Cormier, 1991) and in cell 

cultures of Lithospermum erythrorhizon for the production of shikonin (Srinivasan 

and Ryu, 1993). Liu and Zhong (1997) reported that nitrogen in the form of nitrate in 

combination with ammonium or alone affected the kinetics of cell growth, production 

of ginseng saponin and polysaccharide in cell suspension cultures of Panax ginseng. 

Pandurangan and Philomina (2010) reported the addition of 40 mM NH4NO3 as 

nitrate source in media produced the highest biomass and colchicine content in callus 

cultures of Gloriosa superba. 
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 In present investigation, the azadirachtin contents were significantly increased 

with increasing concentrations of nitrogen sources from 0.1 to 0.5g/L. Further 

increase in concentrations of NH4NO3, KNO3, urea and (NH4)2SO4 from 0.5g/L to 

1.0g/L reduced the biomass growth and accumulation of azadirachtin contents in cell 

suspensions of neem. This may be due to toxicity of the cation in media. Therefore 

concluded that 0.5g/L extra addition of NH4NO3 significantly enhanced the 

production of azadirachtin contents.  

 Potassium plays a vital biochemical role in plant cells. It is a key contributor 

to osmotic potential, specifically required for protein synthesis and activates 

particular enzyme systems. As potassium is supplied in cell suspensions in the form 

of KNO3 and KH2PO4, stimulates the secondary metabolism. In present study, as 0.1 

g/L of potassium dihydrogen phosphate is supplemented in media affected the 

bioproduction of azadirachtin contents. The highest total azadirachtin content 

(10.93mg/L) was accumulated on day 14 of inoculation of cells. Further increase in 

KH2PO4 concentration reduced the production of azadirachtin content (Figure 3.33). 

Addition of KH2PO4 also affected the synthesis of proteins and release in media. The 

highest protein content released in media was 35.92.04mg/ml on day 14 of 

incubation (Figure 3.33) which were higher than protein contents (26.95±0.78mg/ml) 

produced in standard growth media (Figure 3.16). Similarly total sugar and reducing 

sugar contents released in media were also found higher at day 14 of incubation with 

51.22.87mg/ml and 46.32.62mg/l respectively (Figure 3.33) which are lesser than 

released in standard growth media with 72.9±3.99mg/ml and 66.3±3.46mg/ml total 

sugars and reducing sugars respectively (Figure 3.16).  

Almost all previous reports related to K+ effect on cultivated plants only few 

reports described the effect of K+ on cell suspension cultures of plants (Sujanya et al., 

2008; Prakash and Srivastava, 2005). During manipulation of nitrogen sources in 

media, the amount of potassium is significantly changed, as KNO3 is most important 

component of MS medium. So extra addition of KNO3 in MS Media produced 

azadirachtin contents (17.77mg/L) were a lesser amount of azadirachtin contents (21.2 

mg/L) as compared to NH4NO3 containing media. Liu and Zhong (1997) also found 

the effects of K+ in the range of 0-60mM on cell growth, production of saponin in cell 

suspension cultures of Panax ginseng.  Sujanya et al., (2008) found that intracellular 

azadirachtin contents were enhanced (6.98 mg/l) when total phosphate in medium was 
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reduced. A complete elimination of phosphate in the medium containing 4:1 ratio of 

nitrate: ammonium also enhanced 36% (59.36 g/l) of biomass compared with biomass 

produced in MS medium. Prakash and Srivastava (2005) optimized a medium 

containing specified quantity of potassium. The optimized medium contained 37.5g/L 

glucose, 56.25mM nitrate and 1.0mM phosphate enhanced biomass (15.02g/L) and 

azadirachtin accumulation (45mg/L). Raval et al., (2003) also reported the 

enhancement of azadirachtin related limonoids (AZRL) to 0.25 mg/g DW by 

changing the concentrations of nitrogen and phosphorous as compared to no 

azadirachtin related limonoids production in simple MS media. Prakash and 

Srivastava (2005) found progressive increase of biomass and azadirachtin levels with 

increase in concentrations of nitrate in cells suspensions of neem. El-Sharabasy, 

(2004) also found the highest L-dopa production (0.365mg/ml) in medium containing 

0.3% (w/v) potassium dihydrogen phosphate. Further increase of KH2PO4 decreased 

L-dopa production. The results of present study are in agreement of previous reports.   

 In present experiments when addition of KH2PO4 in medium was further 

increased to 0.2g/L, production of azadirachtin was reduced to 6.76mg/L on day 14 of 

incubation as in figure 3.34. This increase in KH2PO4 in medium probably increased 

the K+ ions, which may be toxic to cells as K+ ions were also incorporated in the form 

of KNO3 in MS media.  

 Magnesium ions are required for catalytic actions of many enzymes and 

necessary for synthesis of chlorophyll and photosynthesis. Incorporation of 

magnesium in the form of magnesium sulphate supplement in media of cell 

suspensions, affected the production of azadirachtin content. Addition of 0.1g/L of 

MgSO4 in medium enhanced the azadirachtin content to 11.65mg/L during fourth 

week (Figure 3.41) as compared to standard growth media that produced only 

7.79mg/L azadirachtin content (Figure 3.16). As MgSO4 concentration is further 

increased to 0.2g/L in medium, production of azadirachtin content was slightly 

reduced to 10.53mg/L (Figure 3.42) but these azadirachtin contents were still higher 

in amount as compared to produced in standard growth media (Figure 3.16). The 

stress responses reduced the azadirachtin content due to over supply of Mg2+.  

 Zinc ions are required for many secondary metabolite processes in plants that 

activate the number of enzymes. Zinc sulphate when additionally incorporated in 

media, also affected the growth and production of azadirachtin content. In present 

study, the additional 2.0mg/L of zinc sulphate (ZnSO4 7H2O) increased the 
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production of total azadirachtin contents to 10.21mg/L (Figure 3.43) while further 

increase (4.0mg/L) of zinc sulphate in media, 8.26mg/L (Figure 3.44) azadirachtin 

content was accumulated on day 21 of incubation. These azadirachtin content was still 

in higher amount as compared to azadirachtin contents (7.79mg/L) produced by 

standard growth media (Figure 3.16) 

 Elicitors are reported to affect the growth and secondary metabolism of intact 

plants as well as in cell suspension cultures. In present study, different abiotic elicitors 

including copper sulphate, silver nitrate and salicylic acid were used in various 

concentrations. Addition of copper sulphate in medium not only reduced the growth 

of suspension cells but also reduced the synthesis of azadirachtin contents, total 

proteins, total sugar and reducing sugar contents. When MS medium was additionally 

supplemented with 0.025mg/L copper sulphate affected the growth with reduction of 

azadirachtin contents to 5.24mg/L (Figure 3.35) as compared to standard growth 

media. Further incorporation of copper sulphate to 0.05mg/L reduced the azadirachtin 

contents to 3.93mg/L (Figure 3.35) on day 14 of incubation. The azadirachtin contents 

produced in presence of copper sulphate were significantly less in quantity as 

compared to azadirachtin contents produced in standard growth media. Total protein 

and total sugar released in medium were also significantly decreased as compared to 

media used for standard growth. It may be due to its inability to induce enzymes 

involved in biogenetic pathway of azadirachtin or the elicitor may not be reaching the 

site of action or toxic to the cells.  

 Whitehead et al., (1990) found optimal levels of copper (II) ions in fruit 

cavities of thorn apple (Datura stramonium) for induction and accumulation of high 

levels of susquiterpenoid phytoalexins (lubimin, 3-hydroxy lubimin and rishtin) while 

addition of 1.0mM copper (II) ions in cell suspension cultures produced the highest 

product. Pande et al., (2000) obtained the enhanced yield of ledipine in callus cultures 

of Lepidium Sativum L. on MS medium supplemented with 2.0mg/L NAA, 5.0mg/L 

BAP and 900M Zn2+ or 100M Cu2+. Balaji et al., (2003) found no significant effect 

of addition of copper sulphate on the production of azadirachtin over the control 

cultures. Similar results were also obtained in present study, where addition of copper 

sulphate reduced the production of azadirachtin content as compared to control 

cultures.   
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 Addition of silver nitrate in cell suspension media also affected the growth and 

bioproduction of azadirachtin contents. When 0.5mg/L silver nitrate was added in 

media, total azadirachtin content (7.5mg/L) was produced on day 14 (Figure 3.37), 

which was slightly lower than azadirachtin content produced in standard growth 

media. Similarly total protein synthesized and release in media was 32.651.8mg/ml 

on day 21, which was also lower than released in standard media on day 21. Total 

sugar and reducing sugar released in the highest amount in media were 

31.011.41mg/ml and 24.40.94mg/ml respectively (Figure 3.37). 

 In many reports, biotic and abiotic elicitors were used for enhancement of 

secondary metabolites. Veeresham et al., (1995) reported the enhanced production of 

taxol and related taxanes in cell cultures of Taxus species by the incorporation of 

biotic elicitors, cell extracts and cell filtrates of Botrytis cinerea, Verticillium dahliae, 

Gliocladium deliquescens and Pencillium miniolutum. Yukimune et al., (1996) 

enhanced the production of taxol and its analogues including indole alkaloids, 

rosmarinic acid, anthocyanins etc. by the addition of methyl jasmonate in cell 

suspension cultures of Taxus species including Catharanthus roseus, Lithospermum 

erythrorhizon and Vaccinium pahale. Prakash and Srivastava (2008) studied the effect 

of different concentrations of some elicitors including chitosan, jasmonic acid, methyl 

jasmonate, salicylic acid, and yeast extract on azadirachtin production in shake flask 

suspension culture of Azadirachta indica. A synergistic effect of these elicitors was 

observed resulting in 5-folds higher azadirachtin production with 15.9 mg/g DCW as 

compared to control cultures with 3.2 mg/g DCW. Khosroushahi et al., (2006) 

produced 13.75 mg/l of Taxol in B5 medium was supplemented with vanadyl sulfate 

(0.1 mg/l), silver nitrate (0.3 mg/l) and cobalt chloride (0.25 mg/l), which was about 

5.6-fold higher than that of B5 control media. Zhao et al., (2005) stated the increased 

production of hispidulin and jaceosidin from 3.11 to 5.13 mg /L and 32.01 to 

51.25 mg/L in cell suspension cultures of Saussurea medusa as silver nitrate and 

glutathione elicitors were supplemented in an appriopriate amount in the media. 

 Salicylic acid acts as phenolic plant hormone that stimulates the plant growth, 

development, photosynthesis etc. in very low concentration. Addition of 0.025mg/L 

of salicylic acid in medium slightly increased the growth of cells but reduced the 

bioproduction of azadirachtin content. Total azadirachtin accumulated was 7.54mg/L 

on day 28 of incubation (Figure 3.47). According to these results, salicylic acid 
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reduced the production of azadirachtin content even supplemented in very low 

concentration (0.025mg/L) in medium. Further increase of salicylic acid in medium 

significantly reduced the production of azadirachtin content in biomass as well as 

released in media (extracellular) as shown in figures 3.47 and 3.48.  

 Wang et al., (2007) found that as 20mg/L of salicyclic acid was introduced in 

media was proved to optimal concentration of SA as taxol production was enhanced 

(1.581 mg/g dry wt) and phenylalanine ammonia lyase (PAL) was activated. 

Khosroushahi et al., (2006) obtained the highest amount of Taxol (39.5 mg/l) which 

was 16 fold higher in B5 medium supplemented with 10 mg/L methyl jasmonate, 100 

mg/L salicylic acid and 25mg/L fungal elicitor as compared to control B5 media.  

This decrease in azadirachtin content may be due to the addition of salicylic acid, 

which may not stimulate the enzymes responsible for azadirachtin biosynthesis. Balaji 

et al., (2003) found no significant effect on the production of azadirachtin. This may 

be due to its lack of ability to activate the enzymes that are involved in biogenetic 

pathway of azadirachtin or the elicitors, which may be toxic to the cell or may not 

reached the site of action (Balaji et al., 2003).  

 Addition of low concentration of sodium chloride (1.0mM to 2.0mM) 

stimulated the bioproduction of azadirachtin content by cell suspension cultures of 

neem. Addition of 0.1g/L of NaCl in media stimulated the overall production of 

azadirachtin content with 14.88mg/L (Figure 3.45) on day 28 of incubation of cells in 

media, which is about doubled amount as compared to standard growth media that 

produced only 7.79mg/L azadirachtin contents (Figure 3.16). Further increase of NaCl 

to 0.2g/L in media reduced the azadirachtin content (8.1mg/L).  

 The influence of sodium chloride stress on fungi has also been studies. The 

salt stress and sucrose concentrations significantly affected the colony diameter, 

mycelial weight and secondary metabolites of P. janthinellum and P. duclauxii 

(Griffin, 1994; Cho et al., 2002; Suhr et al., 2002; Leite et al., 2003). Hayashi et al., 

(1988) found no effect of sodium chloride on colchicine formation in Colchicum 

autumnale during comparative study of sodium chloride and sodium sulphate.    

 Accumulation of azadirachtin content by neem suspension cells was also 

influenced by additional supplement of vitamin thiamine HCl in media. According to 

results addition of 0.5mg/L of thiamine HCl in media, enhanced the bioproduction of 

azadirachtin content (22.41mg/L) to about two times as compared to azadirachtin 

content produced in standard growth media (Figure 3.49). Further increase of 
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thiamine HCl to 1.0mg/L in media reduced the production of azadirachtin content to 

18.47mg/L in cell suspensions of neem. Researchers used optimized concentration of 

thiamine in cell cultures for enhanced production of other secondary metabolites. 

Norman et al., (1981) reported the enhanced production of abscisic acid in 

Cercospora rosicola cultures by increasing thiamine HCl concentration up to 0.05 

g/ml in production media.  

 Precursors are important intermediates used in metabolism of various 

secondary metabolites. Sodium acetate salt act as precursor as 10mg/L was added in 

medium; it significantly influenced the total azadirachtin production. The highest total 

azadirachtin content (25.98mg/L) were found on day 28 of incubation of cells in 

media (Figure 3.39) The azadirachtin content accumulated from biomass was also 

significantly higher 19.960.78mg/L on day 28 of incubation. As 20mg/L of sodium 

acetate incorporated in medium, the azadirachtin content was significantly increased 

about 3.6 folds and the highest azadirachtin content (26.67mg/L) was produced on 

day 21 of incubation (Figure 3.40).  

 Geranyl pyrophosphate is used as precursor for synthesis of many secondary 

metabolites. Addition of geranyl pyrophosphate in medium significantly influenced 

the production of azadirachtin content. As 1.0mg/L geranyl pyrophosphate was 

supplemented in media, it significantly influenced the production of azadirachtin 

contents with 30.35 mg/L (Figure 3.51). The azadirachtin content produced in media 

containing 1.0mg/L geranyl pyrophosphate was the highest (30.35mg/L) as compared 

to media containing different carbon and nitrogen sources, elicitors, precursors etc. 

The overall improvement of azadirachtin by addition of geranyl pyrophosphate (GPP) 

in cell cultures of Azadirachta indica may be due to its incorporation as precursor in 

biosynthesis of azadirachtin. All precursors in higher concentration showed less effect 

on the enhancement of azadirachtin bioproduction in cell cultures of Azadirachta 

indica. It may be due to feed back mechanism in biogenetic pathway.  

 Isopentenyl pyrophosphate is also used an intermediate by organisms for 

biosynthesis of terpenes and terpenoids. Addition of 1.0 to 2.0mg/L of isopentenyl 

pyrophosphate influenced the production of azadirachtin content as compared to 

azadirachtin content produced in specified media used for growth kinetics. As 

1.0mg/L Isopentenyl pyrophosphate was incorporated in media, production of 

azadirachtin content was significantly enhanced in cell suspensions cultures of neem 
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during initial two weeks of incubation. The highest amount of azadirachtin content 

(24.67mg/L) was found on day 14 of incubation (Figure 3.53).   

 Addition of two concentrations of squalene (5.0mg/L and 10.0mg/L) 

significantly enhanced the production of azadirachtin content. Addition of 10.0mg/L 

squalene significantly stimulated the production of azadirachtin content to 28.48mg/L 

on day 21 of cultivation of cells (Figure 3.56). Media containing squalene showed 

overall enhanced production of azadirachtin content however, 10.0mg/L squalene 

containing media showed enhanced production with 28.48mg/L of azadirachtin 

content as compared to 5.0mg/L squalene containing media with 24.97mg/L of 

azadirachtin content and the results are presented in figures 3.55 and 3.56. 

 The incorporation of GPP, IPP, SQ and sodium acetate in media significantly 

enhanced the production of azadirachtin content to about four folds in cell 

suspensions of neem as compared to optimized growth media. This on the whole 

enhancement in the yield of azadirachtin might be due to addition of precursor for the 

biosynthesis of azadirachtin. Azadirachtin belongs to the C-seco-limonoid group of 

triterpenoid and biogenetically formed from acetate via mevalonate, squalene, apo-

triucallol and subsequent oxidation (Butterworth and Morgan, 1968; Ley et al., 1993). 

The azadirachtin is biosynthesized through acetate-mevalonate pathway. The 

isopentenyl pyrophosphate (IPP) is one of the important intermediates involved in 

acetate-mevalonate pathway. Hence the addition of IPP as precursor enhanced effect 

on bioproduction of azadirachtin (Newmann and Chappell, 1999). The previous 

reports propose that proto-meliacins or proto-limonoids are the biosynthetic 

precursors of meliacines or limonoids (tetranortetracyclic triterpenoids) (Lavie et al., 

1971). Ekong et al., (1985) stated that the biosynthetic pathway of limonoids involves 

the addition of squalene for euphol or butyrospermol production that is intermediates 

in azadirachtin biosynthesis in intact plant. Anna and Marziah, (2001) obtained the 

best biomass production by the addition of 0.08mg/L squalene and the highest level of 

targeted triterpene was produced in media containing 0.4mg/L squalene in media. 

Ballica et al., (1993) obtained five times higher yield of tropane alkaloid in cell 

cultures of Datura stramonium as compared to that of control cultures when 

precursors L-Phenylalanine and L-ornithine were incorporated in media. Balaji et al., 

(2003) stated that the addition of precursors like sodium acetate, isopentenyl 

pyrophosphate, geranyl pyrophosphate and squalene to neem cell cultures 

significantly enhanced the bioproduction of azadirachtin over the control cultures.  
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 In production study, incorporation of precursors and changing the ammonium 

and nitrate concentrations in medium enhanced the production of azadirachtin 

contents. These results are in agreement with the other published reports, only two 

reports by Balaji et al., (2003) and Prakash and Srivastava (2005) have shown higher 

azadirachtin contents than present study. Balaji et al., (2003) used B5 media with 

addition of different precursors while Prakash and Srivastava (2005) statistically 

optimized the media for cell growth and azadirachtin production by changing the 

ammonium and nitrate ratios.   

4.4 Insect Feeding Bioassays: The bioactivity of NCE1 and NCE2 against 

chewing insects showed that treatments T1 and T2 of both NCE1 and NCE2 

preparations produced more significant results as almost 100% mortality were 

observed after three to four days of infestation. Treatment T3 of NCE1 and NCE2 

also showed good response as 76-84% mortality was observed and only 16-24% 

caterpillars of all chewing insects were found alive. Treatments T4 and T5 showed 

least bioactive response against all insects with 8 to 40% mortality and 60 to 92% 

survival of insects (Figures 3.59 to 3.64). In case of sucking insects, jassids, whiteflies 

and thrips showed the highest susceptibility against T1 and T2 as 100% mortality was 

recorded. T3, T4 and T5 of NCE1 and NCE2 showed 88-100%, 36-80% and 20-44% 

mortality respectively while negative controls (sprayed with distilled water) showed 

only 4-12% mortality (Figures 3.65 to 3.70).  

 The bioactivity of neem extracts against insects has also been reported and 

azadirachtin is one of the most potent compound that have antifeedant activity. 

Azadirachtin has been reported to control different insects of orders lepidoptera, 

Coleoptera, Hemiptera and Homoptera including whiteflies, aphids, thrips, 

mealybugs, armyworms, pink bollworms, leaf worms, caterpillars, beetles, fungus 

gnats, mushroom flies, leafminers, gypsy moths etc. (Ascher, 1993; Thomson, 1992; 

Mordue and Blackwell, 1993). Azadirachtin may limit the feeding of many insects 

that may lead to insect death (Thomson, 1992) or may influence the hormonal system 

especially ecdysone that modifies the metamorphosis program of insects (Schmutterer 

(1990).  

 The biological activity of neem based extracts has been assessed. Dimetry et 

al., (1996) reported the reduction of population density of adult whiteflies after one 

hour of treatment. Ascher (1993) comparatively assessed antifeedant and toxic 

properties between azadirachtin and biosynthetic precursors against larvae of 
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Spodoptera littoralis (Boisd), S. gregaria and Oncopeltus fasciatus Dallas. The 

toxicity to insects from severe growth and moult disruption was observed only in 

azadirachtin and the insect growth regulatory effects of azadirachtin were found 

amazingly alike between species. Huanga et al., (2004) found changes in proteins 

metabolism induced due to azadirachtin in Spodoptera litura (F.). Among these, one 

protein may regulate development and reproduction of insect as an ecdysone receptor. 

The results suggested that azadirachtin based insecticides affects protein expression. 

Deota and Upadhyay (2005) also assessed synthetic transformations of azadirachtin-A 

against 2nd instars larvae of Spodoptera litura and found azadirachtin as high crop 

protection in combination of insect toxicity and antifeedancy. In laboratory scale 

bioassay, Greenberg et al., (2005) found that neem-based insecticides deterred feeding 

by beet armyworm larvae. Jotwani and Srivastava (1984) found that reported that 

larvae of Chilo partellus treated with neem seed extract were either died during the 

process of development or the adults emerging from the surviving larvae were 

abnormal.  

 In present study, field collected insects were used for bioassays. Most of 

chewing insects were 4th stage larvae to caterpillars stage which may be more resistant 

to callus and cells extracts as compared to 2nd stage larvae, however a positive 

response with 85-100% mortality was found in T1, T2 and T3. The decrease in 

mortality and increase in resistance in T4 and T5 may be due to dosage or time of 

treatment of insects. The effect of azadirachtin depends on both dosage and time of 

application that prevents ecdysis and apolysis, which leads to death before or during 

molting stage and probably induce larvae permanently (Mordue and Blackwell, 1993).  

 The callus and cells extracts successfully showed the bioactivity against 

insects as showed by extracts isolated from intact plants. These reults are in 

agreement with other reports.  

4.5 Antimicrobial Potential of Biomass Extracts: Both NCE1 and NCE2 

extracted from neem callus and cells showed bioactivity against all tested bacterial 

and fungal species.  All species were found susceptible to concentrated extracts, 

however E. coli was found more susceptible as compared to all other species as 

produced between 18 – 20 mm of zones of growth inhibitions. Similarly P. vulgaris 

and A. niger were least susceptible and more resistant to NCE1 and NCE2 as 

produced 8 – 11 mm of zones of growth inhibitions. Both extracts were diluted in 

various treatments T1, T2, T3 and T4 the concentration of azadirachtin contents was 
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decreased resulting increased the resistance of species against extracts (Tables 3.9 – 

3.11).    

 In many reports, azadirachtin from neem have shown bioactivity against 

microorganisms. Our results are in agreement with the results of Pritima and Pandian 

(2008) on various bacterial species using neem leaf extracts. Enterococcus faecalis 

and Escherichia coli were more susceptible than Bacillus cereus, Proteus mirabilis 

and Staphylococcus aureus. Similarly Aslam et al., (2009) tested the extracts of neem 

leaves and found zones of inhibitions against three bacterial strains i.e., 

Staphylococcus aureus, Corynebacterium bovi and E. coli. Nwachukwu and 

Umechurubal (2001) found mycelial growth inhibition of Colletotrichnm 

gleosporiodes by neem leaves and fruit extracts. Helmy et al., (2007) tested the 

aqueous extraction of neem leaves, seeds and seed hulls on microbes and found 

various inhibition activities against bacteria Staphylococcus aureus and Escherichia 

coli, yeast like fungi Candida albicans and fungi Aspergillus niger and Penicillium 

citrinum. Hassanein et al., (2008) also reported the suppressed growth of F. 

oxysporum and inhibited growth of Alt. Solani during a comparative study between 

the in vitro activity of neem and chinaberry aqueous, ethanol and ethyl acetate 

extracts of leaves. 

 Thakurta et al., (2007) studied the bactericidal effect of neem extracts against 

Vibrio cholerae.  The different doses 100, 200, 300, 450 and 1800mg/kg were applied 

that showed the inhibition values of 27.7, 41.1, 43.3, 57.0 and 77.9 mm respectively. 

In present study, zones of inhibitions were produced between 8 – 20 mm, which was 

lower than Thakurta et al., (2007). This may be due to that extracts used in our study 

were obtained from callus and cells biomass. The mechanisms through which 

different microorganisms survive against antimicrobial agents are poorly understood 

and remain debatable (Woolfrey and Enright, 1990). 
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4.6 Conclusion  

 The azadirachtin-based biopesticides are continually gaining more and more 

attention all over the world due to its environment friendly and non-toxic nature. 

The azadirachtin-based products are not only effective against key pests but also 

have minimum to no impact on non-target organisms.   

 Present study highlighted the significance of plant tissue culture and the use of 

plant cells and callus cultures for the production of secondary compounds 

especially azadirachtin contents, a new field of biotechnological exploration. The 

study emphases the possibilities for the continuous and enhanced culture growth 

and azadirachtin production.  

 In this study, callus induction from different sources (explants; immature flowers, 

immature embryos, seeds, leaves and nodular stem sections) of neem was 

optimized.  MS and N6 media were supplemented with 3.0% sucrose and various 

plant growth regulators including 2,4-D, BAP, NAA, IAA, IBA with various 

concentrations separately or in combination and solidified with 0.3% phytagel. 

Immature flowers showed the best callusing response (84.250.65%) when 

inoculated on MS medium supplemented with 1.0mg/L of each 2,4-D and BAP and 

0.2mg/L of NAA. The callus proliferation was further stimulated when immature 

flowers were first inoculated on MS media with 9.0% sucrose for two weeks and 

than subcultured on same media with 3.0% sucrose. The least callusing response 

was observed in leaf explants.  

 The increase in callus fresh weight (CFW) was the highest in immature flower 

derived callus (10.040.82g/explant) after six weeks of inoculation on specified 

media while leaf explant showed the least increase in callus fresh weight 

(2.330.55g/explant) after six weeks of inoculation on specified media.  

 In the study cell suspension cultures were optimized. The callus derived from 

immature flowers was found more friable, fast growing and yellow to light brown 

in colour with 893.14 g/g callus dry wt of azadirachtin contents.  

 In growth kinetics of cell suspensions of neem, optimal growth was observed on 

day 20 of inoculation and production kinetics showed that the highest azadirachtin 

content (7.61smg/L) was accumulated on day 25 of inoculation on MS liquid media 
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supplemented with 3.0% sucrose, 1.0mg/L of each 2,4-D and BAP and 0.2mg/L of 

NAA. 

 In present study, production of azadirachtin content was affected by incorporation 

of various concentrations of carbon and nitrogen sources, precursors, elicitors, 

thiamine HCl, NaCl, etc. The azadirachtin content was significantly enhanced when 

precursors like sodium acetate, geranyl pyrophosphate, isopentenyl pyrophosphate 

and squalene were incorporated in cells suspensions of neem. The highest level of 

azadirachtin content was accumulated by incorporation of 1.0mg/L of geranyl 

pyrophosphate (30.35 mg/L) followed by 1.0mg/L o of isopentenyl pyrophosphate 

(24.67mg/L), 10.0mg/L of squalene (28.48mg/L) and 20.0mg/L of sodium acetate 

(26.67mg/L). Addition of NH4NO3, KNO3 and thiamine HCl also increased the 

production. When salicylic acid, copper sulphate and silver nitrate were 

individually incorporated in cells suspensions, the bioproduction of azadirachtin 

content was reduced over the control cultures. 

 In present study, protein and sugars released in media were also quantified. Both 

protein and sugars synthesis and release in media were higher during initial two 

weeks. It was also observed that total sugars and reducing sugars were increased 

with passage of time. When copper sulphate and silver nitrate were incorporated in 

media reduced these biochemicals. The increase of protein and sugars were 

probably due to presence of chlorophyll contents in cells suspensions and 

photosynthesis.     

 In this study, bioactivity of neem callus and cells extracts against chewing and 

sucking insects of cotton, treatments T1, T2 and T3 of NCE1 and NCE2 

preparations showed 85 to 100% mortality of pink bollworms, cotton bollworms, 

cotton leaf worms, jassids, whiteflies and thrips. T3 and T4 showed 45-80% 

mortality of assayed insects. 

 In the bioassay study, all six bacterial and one fungal species produced 

antimicrobial response in between 8 – 20 mm of zones of inhibitions when 

concentrated NCE1 and NCE2 (1.0mg/ml of azadirachtin content) were tested 

against E. coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Vibrio cholerae, 

Staphylococcus aureus, Proteus vulgaris and Aspergillus niger.    
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4.7 Suggestions 

 On the basis of results produced in present study, the production of azadirachtin 

content could be further studied through manipulation of physical parameters like 

change of pH of media, change of incubation temperature, effect of UV light on 

cells suspensions etc.  

 Azadirachtin enhancement studies in cells suspension cultures through 

incorporation of some precursors in combination with biotic and abiotic elicitors.  

 In present study shake flask method was used. Azadirachtin contents should be 

further enhanced through using statistically optimized method (laboratory scale 

bioreactor).  

 The exact pathway of azadirachtin biosynthesis is still not discovered. This 

pathway should be discovered. This will be helpful in enhancing the production of 

azadirachtin contents.  

 The system should be optimized for bioproduction of azadirachtin on industrial 

scale using large-scale bioreactor.  

 The bioactivity of neem cells extracts against insects needs further evaluation in the 

field.        
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