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Abbreviations 47 

ACT: Artemisinin based Combination Therapy 48 

AUC: Area Under the Curve 49 

AzaA: Azadirachtin A 50 

AzaB: Azadirachtin B 51 

AzaD: Azadirachtin D 52 

AzaI: Azadirachtin I 53 

CD1: Cluster of Differentiation 1 54 

CDCl3: Deuterated Chloroform 55 

CI95: Confidence Interval at the 95% confidence level 56 

Cmax: Maximum serum concentration of a drug 57 

P. berghei CTRPp.GFP: Plasmodium berghei strain expressing Green Flourescent Protein 58 

controlled by the Circumsporozoite- and TRAP-  related  protein promoter  59 

DMEM: Dulbecco’s Modified Eagle’s Medium 60 

DMSO: Dimethyl Sulphoxide 61 

ESI-MS: Electrospray Ionization Tandem Mass Spectroscopy 62 

ESS: Early Sporogonic Stages 63 

EtOAc: Ethyl Acetate 64 

G6PD: Glucose-6-phosphate dehydrogenase 65 

GC-MS: Gas Chromatography- Mass Spectroscopy 66 

HEPES: (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) 67 

HI-FBS: Heat-inactivated Fetal Bovine Serum 68 

HPLC: High Performance Liquid Chromatography 69 

i.p.: Intraperitoneal 70 

IC50: Inhibitory Concentration 50 71 

LLINs: Long Lasting Insecticide-treated bed Nets 72 

MeOH: Methanol 73 

μg/ml: Microgram per Milliitre 74 

μM: Micromolar 75 

MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 76 

NA: NeemAzal® 77 

NMR spectroscopy: Nuclear Magnetic Resonance Spectroscopy 78 

Ppm: parts per million 79 

RBCs: Red Blood Cells 80 

RI detector: Refractive Index Detector 81 

RPMI: Roswell Park Memorial Institute medium 82 

SI: Selectivity Index 83 

Tmax: Time at which maximum plasma concentration of a drug is reached 84 

 85 
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Abstract 86 

Background: NeemAzal® (NA) is a quantified extract from seed kernels of neem, Azadirachta 87 

indica (Meliaceae), with a wide spectrum of biological properties, classically ascribed to its 88 

limonoid content. NA contains several azadirachtins (A to L), azadirachtin A (AzaA) being its 89 

main constituent. AzaA has been shown to inhibit microgamete formation of the rodent malaria 90 

parasite Plasmodium berghei, and NA was found to completely inhibit the transmission of 91 

Plasmodium berghei to Anopheles stephensi mosquitoes when administered to gametocytemic 92 

mice at a corresponding AzaA dose of 50 mg/kg before exposure to mosquitoes. 93 

Purpose: The present study was aimed at i) assessing the pharmacodynamics and duration of 94 

action of NA and AzaA against P. berghei exflagellation in systemic circulation in mice and ii) 95 

elucidating the transmission blocking activity (TBA) of the main NA constituents.   96 

Study design: The NA and AzaA pharmacodynamics on exflagellation were assessed through  97 

ex vivo exflagellation assays, while TBA of NA constituents was evaluated through in vitro 98 

ookinete development assay. 99 

Methods: Pharmacodynamics experiments: Peripheral blood from P. berghei infected BALB/c 100 

mice with circulating mature gametocytes, were treated i.p. with 50 mg/kg and 100 mg/kg pure 101 

AzaA and with NeemAzal® (Trifolio-M GmbH) at the corresponding AzaA concentrations. The 102 

effect  magnitude and duration of action of compounds was estimated by counting exflagellation 103 

centers, formed  by microgametocytes in process of releasing flagellated gametes, at various time 104 

points after treatment in ex vivo exflagellation tests. Ookinete Development Assay: The direct 105 

effects of NeemAzal® and AzaA on ookinete development were measured by fluorescence 106 

microscopy after incubation of gametocytemic blood with various concentrations of test 107 

substances in microplates for 24 hours.  108 



5 

 

Results: The exflagellation tests revealed an half-life of NA anti-plasmodial compounds of up to 109 

7 hours at a NA dose corresponding to 100 mg/kg equivalent dose of AzaA. The ookinete 110 

development assay showed an increased activity of NA against early sporogonic stages 111 

compared to that of AzaA. The IC50 value determined for NA was 6.8 μg/ml (CI95: 5.95 - 7.86), 112 

about half of the AzaA IC50 (12.4 μg/ml; CI95: 11.0 - 14.04).  113 

Conclusion: The stronger activity of NA, when compared to AzaA, could not be explained by an 114 

additive or synergistic effect by other azadirachtins (B, D and I) present in NA. In fact, the 115 

addition of these compounds at 50 μM concentration to AzaA did not evidence any decrease of 116 

the IC50 against early sporogonic stages to that obtained with AzaA alone. It is likely that other 117 

non-limonoid compounds present in NA may contribute to AzaA activity and enhanced 118 

pharmacodynamics against exflagellation both in vitro and in vivo. 119 

Keywords: NeemAzal®, Azadirachtin A, pharmacodynamics, exflagellation, Plasmodium 120 

 121 

 122 

 123 

 124 

 125 

 126 

 127 

 128 

 129 

 130 

 131 



6 

 

1. Introduction 132 

 133 

Malaria is a disease causing more than 200 million estimated clinical cases and at least half 134 

million deaths annually (WHO, 2015). Currently, malaria control is relying on large scale 135 

distribution of long lasting insecticide-treated bed nets (LLINs), aiming at total coverage, and 136 

diagnosis-based prompt treatment of malaria cases by artemisinin based combination therapies 137 

(ACTs). ACT usage has suffered setback of facing parasite resistance along the Thai-Cambodian 138 

border (Noedl et al., 2008) (Wongsrichanalai and Meshnick, 2008), and more recently a delayed 139 

response to ACT in some areas of Greater Mekong subregion has been described (WHO, 2014). 140 

Ever developing resistance engages researchers to identify new leads for drug development 141 

and/or new phytomedicines. At the same time, there is a strong need for the identification of new 142 

transmission-blocking agents, able to interrupt malaria transmission. Gametocytes, the sexual 143 

stages of Plasmodium parasites, are critical for the transmission of the parasite to its vectors. P. 144 

falciparum gametocytes have been shown to be resistant to common antimalarial drugs and are 145 

exceptionally long-lived, thus making clinically cured patients reservoirs of infection (Bousema 146 

& Drakeley, 2011). The propagation of the malaria parasites from the vertebrate to the mosquito 147 

host occurs through the ingestion of gametocytes by female Anopheles mosquitoes during blood 148 

feeding. Immediately after reaching the mosquito midgut, mature male and female gametocytes, 149 

namely micro- and macrogametocytes, undergo dramatic transformations responding to specific 150 

triggers from the midgut environment, including a decrease in temperature (Sinden et al., 1978), 151 

an increase in pH (Billker et al., 1997) (Nijhout and Carter, 1978) and presence of xanthurenic 152 

acid (Billker et al., 1998), (Nijhout, 1979). Within 10-20 minutes of stimulation, rounded up 153 

macrogametes escape the host erythrocytes, and flagellated, motile microgametes form and 154 
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disperse (Sinden et al., 1978). Within 24 hours, female gametes fecundated by male gametes 155 

develop into round zygotes that mature to elongated motile ookinets and move to the outer 156 

midgut surface, completing early sporogonic development. Transmission blocking drug 157 

components can be effective in hindering malaria transmission by reducing gametocyte density 158 

in the human host (gametocytocidal activity) or by disrupting parasite development in the vector 159 

(sporontocidal activity), thus, if widely used, resulting in a reduced number of infective vectors 160 

and as a consequence, decreased incidence of malaria cases.  161 

 162 

The 8-aminoquinoline primaquine is the only marketed drug reported to clear mature 163 

gametocytes within 6 days of exposure in clinical settings (Eziefula et al., 2014). The drug, 164 

however, can cause hemolysis in glucose-6-phosphate dehydrogenase (G6PD)-deficient patients, 165 

and therefore its extensive usage is not recommended. Artemisinin derivatives target developing 166 

gametocytes, most likely by inhibiting heme polymerization and hemoglobin catabolic pathway 167 

(Kiszewski, 2010), and have been recently shown to inhibit male gamete formation (Ruecker et 168 

al., 2014), however their transmission blocking efficacy in the field has not been confirmed. The 169 

identification of novel and safe gametocytocidal/sporontocidal agents is of great public health 170 

relevance, since drugs/phytomedicines with such transmission blocking properties may 171 

contribute significantly to malaria control. Medicinal plants used for the treatment of malaria in 172 

endemic areas have historically been a source for the development of antimalarial medicines; 173 

isolated compounds have been used as drug precursors or drug leads. ACTs were developed 174 

from a secondary metabolite of Artemisia annua, and demonstrate the success of such an 175 

approach.  176 

Azadirachtin A, a polyacylated limonoid, is a major secondary metabolite of the seeds of neem, 177 
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Azadirachta indica (A. Juss.). This molecule has been found to have neurohormone-like and 178 

growth regulatory activities in various insects (Sengottayan, 2013) and to exhibit anti-mitotic 179 

effects on cultured insect cells (Salehzadeh et al., 2003). Azadirachtin A and its analogs have 180 

been demonstrated to interfere with the exflagellation of malaria parasites (Jones et al., 1994), 181 

and to disrupt the assembly of microtubules into axonemes and mitotic spindles during 182 

Plasmodium berghei microgametogenesis (Billker et al., 2002).  183 

NeemAzal® (NA), a rich source of azadirachtin A (AzaA), is a quantified alcoholic extract 184 

obtained from neem seeds, with a reported limonoid concentration of 57.7%, AzaA being its 185 

major constituent (AzaA 34%, azadirachtins B to K 17.7%, salanins 4% and nimbins 2%). We 186 

previously demonstrated that NA completely blocks transmission of the rodent malaria parasite 187 

P. berghei to Anopheles stephensi mosquitoes in vivo, when administered to gametocytaemic 188 

BALB/c mice at a corresponding AzaA dose of 50 mg/kg (Lucantoni et al., 2010). Since AzaA is 189 

the major limonoid of this formulation, it is an obvious candidate for being the key molecule 190 

conferring the transmission blocking property to the quantified extract. Our previous in vivo 191 

transmission blocking studies suggested that NA may have stronger transmission blocking 192 

activity than AzaA alone, but this hypothesis needed further testing. The study reported here fills 193 

this gap by presenting a comparative characterization of the transmission blocking activity of NA 194 

and AzaA against the early sporogonic stages (ESS) of P. berghei. The study also evaluates for 195 

the first time the activity of non-AzaA constituents of NA against the ESS. 196 

 197 

Estimation of the pharmacokinetics of bioactive constituents of a plant extract is a challenging 198 

task due to the complex chemical interactions of the numerous molecules contained in extracts 199 

and the potential generation of multiple metabolites after administration. Given the lack of 200 
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knowledge about the metabolites generated after administration of a particular extract, it is 201 

difficult to engage HPLC- or GC- based analytical techniques for the determination of common 202 

pharmacokinetic parameters (such as Cmax, Tmax and AUC) for any particular metabolite. 203 

Therefore, it is particularly useful to establish biological response-based assays to understand the 204 

pharmacodynamics of whole extracts and their active constituents. In this study, an ex vivo assay, 205 

which exploits a major target process of AzaA against P. berghei, i.e. microgamete formation 206 

inhibition of Plasmodium, was used to estimate the pharmacodynamics of two varying  doses of 207 

NA and AzaA. 208 

Materials and Methods 209 

 210 

 2.1. Animals 211 

Two weeks old, female BALB/c mice weighing 19 ± 3 g were used for the study.  Experimental 212 

mice were reared and maintained in the animal facility of the University of Camerino (Italy). 213 

Experimental animal rearing and handling were in compliance with the Italian Legislative 214 

Decree on the “Use and protection of laboratory animals” (D. Lgs. 116 of 10/27/92) and in full 215 

adherence with the European Directive 2010/63/UE adopted on 22nd September, 2010. 216 

 217 

 2.2. Parasite strains 218 

Two strains of the murine malaria parasite P. berghei, namely ANKA (chloroquine sensitive) 219 

and CTRPp.GFP (chloroquine sensitive, pyrimethamine resistant), were used. The CTRPp.GFP 220 

strain, kindly provided by Prof. R.E. Sinden, is a transgenic line which expresses green 221 

fluorescent protein in zygotes, ookinetes and early oocysts (Vlachou et al., 2004). Parasites were 222 

maintained in the vertebrate host BALB/c mice and the mosquito host An. stephensi through 223 
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acyclic and cyclic passages (Lucantoni et al., 2010). 224 

 225 

2.3. Cell lines 226 

Human endothelial cell line EA.hy926 was cultured in Dulbecco’s Modified Eagle’s Medium 227 

(DMEM) with 2 mM L-glutamine, 100 IU/ml penicillin, 100µg/ml streptomycin, and 228 

supplemented with 10% heat-inactivated fetal bovine serum (HI-FBS) (PAA Laboratories 229 

GmbH, Austria). Cells were cultured in a humidified atmosphere at 37° C, 5% CO2. 230 

 231 

2.4. Chemicals and reagents 232 

NeemAzal® technical grade (NA, Trifolio-M GmbH, Lahnau, Germany) is a commercial 233 

quantified extract from neem (Azadirachta indica A. Juss.) seed kernels. According to the 234 

producer, the major constituent of NA is AzaA (34%) along with azadirachtins B-K (17.7%) and 235 

other non-azadirachtin limonoids (6%). AzaA used in the bioavailability experiments was 236 

purchased from Sigma Aldrich (A7430). AzaA and NA fractions employed for the assessment of 237 

activity against early sporogonic stages in vitro were obtained from NA through 238 

chromatography. The NA chromatography conducted in our lab estimated the AzaA content to 239 

be 50%, which differed from the producer’s specification. Consequently, NA dose (AzaA 240 

equivalent) for further experiments i.e. the in vitro and ex vivo exflagellation experiments and the 241 

in vitro experiments to estimate the direct effect of NA and AzaA on zygote formation and 242 

ookinete maturation, were calculated considering AzaA content as 50%. The corrected NA 243 

dosage for ex vivo pharmacodynamics experiments was recalculated and indicated in the analysis 244 

and graphs. 245 

  246 
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2.5. Isolation and identification of NeemAzal® constituents 247 

NA (1.091g) was subjected to column chromatography over silica gel (70-230 mesh) using a 248 

gradient of eluents of increasing polarity from n-hexane/ethyl acetate (EtOAc) 8:2 to EtOAc and 249 

then to EtOAc/methanol (MeOH) 1:1 to obtain fourteen different fractions (Table 1). These 250 

fractions were analyzed through NMR spectroscopy (Varian Inova 400 MHz) in CDCl3 (Sigma, 251 

USA). The composition of fractions was also analyzed by electrospray ionization tandem mass 252 

spectroscopy (ESI-MS) (LTQ OrbitrapXL Thermo Scientific mass spectrometer). Pure fractions 253 

were identified by comparing their NMR and MS data with those reported in the literature. 254 

Fractions containing mixtures of compounds were further purified through HPLC (Knauer 255 

apparatus) on analytical LUNA Si60 (Phenomenex) columns, refractive index (RI) detector. 256 

Fatty acids and glycerides present in fractions 1-3 were identified by using GC-MS on a TSQ 257 

Quantum GC (Thermo Fischer Scientific) system. 258 

 259 

[Insert Fig. 1] 260 

 261 

2.6. Pharmacodynamics of NeemAzal® and Azadirachtin A using biological response based 262 

assay (exflagellation assay) 263 

Eight days prior to the assay, mice (n = 15) were treated intraperitoneally (i.p.) with 120 mg/kg 264 

phenylhydrazine to stimulate erythropoiesis (Flanagan and Lessler, 1970). Four days later, the 265 

mice were infected i.p. with 107 P. berghei (ANKA strain) infected red blood cells (RBCs). On 266 

the fourth day after infection, mice were screened for the presence of mature microgametocytes 267 

through thin blood smears and microgamete formation was assessed by the exflagellation assay. 268 

Five μL of tail blood per mouse were diluted in 120, 140 or 160 μL (based on the haematocrit of 269 
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each mouse) of exflagellation medium [RPMI  (Sigma, USA), supplemented with 25 mM 270 

HEPES and L-glutamate (0.3 g/ml), 25 mM NaHCO3 and 100 μM xanthurenic acid, pH 8.0]. 271 

Eight μL of diluted blood were transferred to a self-made slide chamber consisting of a 272 

microscope slide mounted with two coverslips spaced 1 cm apart. Another coverslip was placed 273 

on top of the blood drop, covering the edges of the two coverslips to form a chamber. The 274 

chamber was sealed with a 1:2 mixture of Vaseline and Tween 80. The slide was incubated for 275 

20 min at 19±1°C and then read under a light microscope (ZEISS Axio Observer.Z1) at 400× 276 

magnification, equipped with a 10x10 micrometer grid on the eyepiece. Exflagellation centers – 277 

visible as vibrating agglomerations of RBCs around motile microgametes detaching from the 278 

microgametocyte residual cell (see figure 4b for an example)  - were counted against RBC 279 

numbers in grid fields across the diameter of the spread blood drop, reaching 38±2 grid field 280 

counts (approximately 30,000 RBCs).  281 

 282 

Microgametocyte exflagellation was quantified as: 283 

*1000 284 

where, E = Total number of exflagellation centers; R = Mean number of RBCs in each grid field 285 

F = Total number of grid fields counted 286 

 287 

For the ex vivo exflagellation assay, mice demonstrating 7-10 exflagellation centers per 1000 288 

RBCs (preliminarily found to be adequate to obtain sufficient baseline number of exflagellation 289 

centers) were selected for the experiment. The exflagellation assay was carried out using pure 290 

AzaA and NA, treating experimental gametocytemic mice at AzaA concentrations of 50 or 100 291 
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mg/kg body weight. Stock solutions of NA were prepared to a corresponding AzaA 292 

concentration of 50 mg/ml with ethanol. Desired test dosages of NA and AzaA were obtained by 293 

diluting the stock solution in PBS (pH 6.5), Dimethyl sulphoxide (DMSO), Tween80 and ethanol 294 

to obtain a final concentration of 10% DMSO, 7.5% Tween 80, and not more than 20% ethanol. 295 

Each mouse received 200 μL of NA or AzaA solution. Doses of NA were prepared referring to 296 

the supplier’s indication of an AzaA content of 34% in NA.    297 

Chromatographic fractionation of NA conducted at a later stage of the study revealed that the 298 

AzaA content of NA was more than 34%, according to our estimates it was about 50%. 299 

Consequently, the AzaA equivalent dosage of NA used and reported in the results as 50 mg/kg 300 

and 100mg/kg according to our analysis is likely to be about 75 mg/kg and 150 mg/kg 301 

respectively. In all the subsequent bioavailability estimation experiments, NA concentrations 302 

were prepared based on a 50% AzaA content estimate.  303 

The time points included for the estimation of the number of exflagellation centers were: 0, 15, 304 

30, 45, 60, 90, 120, 180, 240, 300 min after treatment with extract (NA) or molecule (AzaA). At 305 

every time-point, a blood drop slide from each experimental mouse was prepared as described, 306 

incubated for 20 min and the exflagellation centers counted. Reduction in exflagellation centers 307 

due to treatment with the standard extract/molecule was calculated at each time-point using the 308 

formula: 309 

 310 

The exflagellation count at the zero time-point refers to the count obtained immediately before 311 

treatment of the mouse with the extract/compound. A maximum of two mice were studied on the 312 
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same experimental day. Reduction in the number of exflagellation centers over time was adopted 313 

to measure the duration of action of NA and AzaA. The time point showing maximum inhibition 314 

(Tmax) corresponded to the time of maximum available concentration of effective metabolites 315 

(Cmax). 316 

An in vitro exflagellation assay was conducted to estimate the exflagellation inhibitory activity 317 

of NA and AzaA at various concentrations, i.e. 50, 25, 12.5, 6.25 and 3.125 μg/ml. Blood from a 318 

gametocytaemic mouse was diluted in exflagellation medium containing the test concentration of 319 

NA or AzaA. The blood was incubated for 20 minutes and exflagellation centers were 320 

enumerated as described above. Exflagellation medium containing DMSO at 0.2% was used as 321 

control. Enumeration of exflagellation centers at each concentration and control was recorded in 322 

triplicates (3 slides counted for each concentration).  323 

 324 

2.7. Ookinete Development assay (ODA) 325 

Experimental BALB/c mice were phenylhydrazine-treated and infected with P. berghei 326 

CTRPp.GFP as described above. On day four post infection, smears were prepared from the 327 

infected mice to screen for number of exflagellation centers as described above. Mice exhibiting 328 

7-10 exflagellation centers per 1000 RBCs were selected for the ODA assay. 329 

Stock solutions of NA and AzaA were prepared at an AzaA concentration of 27.5 mg/ml in 330 

DMSO, and were diluted in ookinete medium, i.e. exflagellation medium supplemented with 331 

20% heat-inactivated fetal bovine serum (Sigma, F9665) and 1000 units/ml of penicillin, 332 

1000μg/ml streptomycin (Sigma, P0781), to obtain 50 μg/ml working concentrations. Test 333 

solutions were plated onto 96-wells microplates (NUNC), in 6 replicated wells each. DMSO was 334 

used as solvent control. Gametocytaemic blood was collected from the selected mice through 335 
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cardiac puncture using heparinized syringes and promptly added to the plates, to a final volume 336 

of 220 μL/well (1:11 dilution). Microplates were then incubated for 40 hours at 19 °C, to allow 337 

for ookinete development to be completed. After incubation, the microplate contents were 338 

thoroughly mixed to disaggregate ookinete clumps and diluted 25 times with exflagellation 339 

medium into new microplates. Early sporogonic stages (ESS, consisting of zygotes and 340 

ookinetes) were counted across the horizontal and vertical diameters of each well under the 341 

fluorescent microscope (ZEISS Axio Observer.Z1) (Fig.2). The number of diameters counted 342 

varied from 20 to 40 from one well to another depending on ookinete abundance in control wells; 343 

counts were carried out on a number of diameters to reach >100 ookinetes per control well. ESS 344 

inhibitory activity by each test substance was calculated using the formula: 345 

  346 

 347 

 348 

Initial testing of NA was done at 50 μg/ml. Similarly, AzaA and fractions were screened at 50 349 

μg/ml concentrations for activity comparison with NA, whereas AzaB, D and I were tested at 50 350 

μM concentrations (which correspond to 33, 33.8 and 30.9 μg/ml, respectively). Extract or 351 

molecules demonstrating >80% inhibitory activity against ESS in at least 3 experiment replicates 352 

were considered for IC50 determination. The stock solutions were serially diluted to obtain 353 

successive dilutions to determine the IC50. NA and AzaA were tested at 3.125, 6.25, 12.5 and 25 354 

μg/ml. The final DMSO concentration in test and control wells was 0.1% to 0.2%. DMSO did 355 

not inhibit ESS at the used concentrations.  356 
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[Insert Fig. 2] 357 

 358 

2.8. Proliferation assay: estimation of cytotoxicity of NA and AzaA 359 

Proliferation assay was performed using EA.hy926 (Human endothelial, non tumorigenic) cell 360 

line to estimate the cytotoxicity of NA and AzaA. The growth inhibitory effect against the cell 361 

line was evaluated through MTT assay (Quassinti et al., 2013). Briefly, the cells were seeded in 362 

96-well plates in 100 μl growth medium (2×104 cells/ml) and incubated for 24 hours. Then, the 363 

cells were exposed to nine two-fold serial dilutions of NA and AzaA, the highest concentration 364 

being 200 μg/ml, and incubated for 72 hours. DMSO (0.1% maximum concentration) was used 365 

as control.  366 

After 72 hours of incubation, 10 μl MTT (5 mg/ml in phosphate buffered saline) per well were 367 

added and the plate was incubated for 4 hours at 37°C. Cell viability was quantified by the ability 368 

of living cells to reduce the yellow dye thiazolyl blue tetrazolium bromide (MTT) to a purple 369 

formazan product. The formazan product was then dissolved in 100 μl DMSO, after aspirating 370 

the medium. Absorbance was measured at 540 nm using a FLUOstar Omega microplate reader 371 

(BMG Labtech, Germany). Cell viability was calculated as the percentage of sample absorbance 372 

compared to control. IC50 represents the concentration of the compound reducing by 50% cell 373 

viability. Selectivity Index (SI) of NA and AzaA was estimated by the formula: 374 

  SI = mammalian cells IC50 / Plasmodium ODA IC50 375 

 376 

2.9. Statistical Analysis 377 

The data were analyzed using Excel (Microsoft Corporation, 2007) and GraphPad Prism 5 378 

(Graphpad Prism Inc.). Student t test was used to compare the significance of the difference 379 
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between the activity of NA and AzaA or between the fractions or molecules and solvent control. 380 

The IC50 values were determined by the four parametric logistic nonlinear regression analysis 381 

using GraphPadPrism software, version 5 (GraphPad Software, S. Diego, C.A., USA). 382 

 383 

3. Results 384 

3.1. Pharmacodynamics of NeemAzal® and Azadirachtin A  385 

Intraperitoneal treatment of mice with NA at an AzaA concentration of 50 mg/kg resulted in a 386 

reduction of about 55% in the number of exflagellation centers 30 minutes post treatment (Fig. 387 

3). The peak value of inhibitory activity (67%; CI95:50 - 84) was observed 45 minutes after 388 

treatment. The impact then gradually declined to 20% residual inhibitory activity 3.5 hours after 389 

NA treatment. 390 

Treatment of mice with NA at an AzaA equivalent concentration of 100 mg/kg reduced the 391 

exflagellation counts by about 70% as soon as 15 minutes after treatment (Fig. 3). This dose 392 

produced nearly complete inhibition of exflagellation from 30 minutes up to 180 minutes post 393 

treatment. A reduction of more than 50 % was still observed 7 hours after NA treatment at this 394 

dose. The measurement of ex vivo inhibition of microgamete formation over time can be adopted 395 

to relate the effect of NA on P. berghei exflagellation in the mouse with the presence of an 396 

effective and available concentration of the active constituents in systemic circulation. The 397 

response curve of 50 mg/kg revealed that the active components of NA were present in the 398 

plasma at a bioactive concentration as early as 30 minutes post-treatment (Fig. 3). The effective 399 

concentration of NA reached a maximum (Cmax) 45 minutes after treatment. Subsequently, the 400 

effective dose of the active component(s) dissipated abruptly. A quantifiable inhibitory effect on 401 

exflagellation was measurable only for about two hours post-treatment. On the other hand, the 402 
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response curve from mice treated with 100 mg/kg of NA showed the presence of an effective 403 

concentration of active constituents in the plasma within 15 minutes of treatment. Evidently, at 404 

this dose, the active components of NA were present at a concentration capable to produce 405 

complete suppression of exflagellation, and their maximal effective plasma concentration was 406 

sustained for at least 4 hours post NA administration.  407 

[Insert Fig. 3] 408 

AzaA at 100 mg/kg dosage displayed a much lower inhibitory activity on the formation of 409 

exflagellation centers than NA (Fig. 4). A maximum inhibitory value of about 64% (CI95: 50- 410 

78), corresponding to AzaA (or its metabolized form) Cmax, was recorded 60 minutes post-411 

treatment, but immediately after the activity rapidly decreased. At a dosage of 50 mg/kg, no 412 

appreciable impact on exflagellation was observed at any time point (Fig. 4).  413 

[Insert Fig.4] 414 

Microscope observation of blood slide preparations from NA and AzaA treated mice revealed 415 

not only an impact on the number of exflagellation centers but also on their size and shape (Fig. 416 

5). Samples prepared at time point zero (control) revealed conspicuous, compact, rosette-like 417 

exflagellation centers, formed by 15 or more red blood cells sticking to the exflagellating 418 

microgametocytes (Fig.5a). Preparations at consecutive time points  post treatment (30, 45 and 419 

60 minutes) showed that the arrangement of the centers was altered to poorly formed and 420 

dispersed exflagellation centers, constituted usually by less than 10 red blood cells attached to 421 

the microgametocyte residual cells (Fig. 5b). 422 

 423 

[Insert Fig. 5] 424 

3.2. In vitro inhibition of exflagellation by NeemAzal® and Azadirachtin A 425 



19 

 

Both NA and AzaA, tested at concentrations ranging from 6.25 to 50 μg AzaA/ml in the in vitro 426 

exflagellation assay showed a dose dependent inhibitory effect (Fig. 6). At 12.5 μg/ml, NA 427 

exerted a significantly higher inhibition (90%) than AzaA (76%) (p=0.007). NA still suppressed 428 

exflagellation by about 67% (p=0.05) at 6.25 μg/ml, whereas AzaA exhibited inconsistent 429 

inhibition ranging from 0.7% to 53.2% at this dosage, indicating that the minimum concentration 430 

required to achieve a consistent inhibition for NA was 6.25 μg/ml and 12.5 μg/ml for AzaA.   431 

[Insert Fig. 6] 432 

3.3. Characterization of NeemAzal® fractions and isolation of pure compounds 433 

Silica gel column chromatography of NA yielded about 40 fractions that, on the basis of their 434 

TLC behavior, were pooled together to obtain 14 fractions (Table 1).  435 

Fractions 1-3 (13.1 mg, 1.1%) were composed of fatty acids and glycerides; fractions 4-5 (19.6, 436 

1.8 % of total extract) were a mixture of steroids, which were not further investigated.  437 

NMR and MS analysis revealed that fraction 6 was a mixture of azadirachtins A and B and its 438 

HPLC purification (Si60 column, hexane-EtOAc 1:1 eluent, flow 0,7 mL/min) afforded these 439 

two limonoids in pure state in the following amounts: azadirachtin A: 53 mg, 4.8% of total 440 

extract; azadirachtin B: 33 mg, 3.0% of total extract. Fractions 7-9 (eluted with solvents from 441 

hexane:EtOAc 4.5:5.5 to hexane:EtOAc 3.5:6.5) were combined and purified by HPLC (Si60 442 

column, hexane-EtOAc 45:55 eluent, flow 0,7 mL/min) affording azadirachtin A (495 mg, 45.2 443 

% of the total extract), azadirachtin B (54.0 mg, 5.0 % of the total extract), Azadirachtin D (27.5 444 

mg, 2.5% of the total extract) and Aza I (22.0 mg, 2.0 % of the total extract) in the pure form. 445 

The chemical structures of these compounds are reported in Figure 1. 446 

NMR analysis indicated that the following column chromatography fractions 10-14 (235 mg, 447 

21.5 % of the total extract) did not contain limonids. Given also their inactivity, these fractions 448 
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were not further purified and characterized.  449 

 450 

3.4   Activity of NeemAzal® and its constituents on ESS development 451 

Ten of the fourteen fractions obtained from column chromatography were analyzed for activity 452 

on ESS development. MS and NMR indicated that Fractions 1-3 contained only fatty acids 453 

and/or glycerides. These fractions were analyzed by GC/MS and they proved to contain oleic, 454 

palmitic, and linoleic acids and their di- and triglycerides. These primary metabolites, ubiquitous 455 

constituents of living cells, including human cells, are unlikely to exert a direct effect on ESS 456 

development and therefore we decided to exclude fractions 1-3 from ESS tests. Fractions 6 to 9 457 

exhibited consistent suppression of ESS above 85% at 50 μg/ml (Table 2). In particular, fraction 458 

6, containing mainly AzaA and AzaB, exhibited 88% reduction of ESS. Fractions 7 and 8, which 459 

contained almost pure AzaA (>95%), revealed 95% and 93% suppression, respectively. Fraction 460 

9, containing AzaA along with minor amounts of AzaD and AzaI, suppressed ESS development 461 

by 94%. Fraction 10-13 did not display appreciable activity.  462 

 463 

Fraction 7, which contained 95% AzaA (Fr7) and NA exhibited comparable suppression of ESS 464 

at the highest test concentration. When the doses (AzaA equivalents) were reduced, Fr7 465 

evidenced significantly weaker activity than NA on ESS. 466 

[Insert Fig. 7] 467 

At an AzaA concentration of 50 μg/ml, both NA and Fr7 inhibited ESS development by > 90%. 468 

At 25 μg/ml, NA and Fr7 reduced ESS development by about 91% and 89%, respectively (Fig. 469 

7). The impact on ESS development was still pronounced in wells containing 12.5 μg/ml of NA 470 

(89% inhibition), but in those treated with Fr7 a lower inhibition (35%) was observed (p = 471 
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0.047). The difference in response between the two products was even more evident at 6.25 472 

μg/ml: at this dosage, NA caused a 40% reduction of ESS, whereas Fr7 at the same concentration 473 

revealed no inhibition (3% reduction; p = 0.001).  474 

[Insert Fig. 8] 475 

The IC50 of NA against ESS was estimated to be 6.8 μg/ml (CI95: 5.95- 7.86) whereas for Fr7 it 476 

was 12.4μg/ml (CI95: 11.0- 14.04) (Fig. 8). The activity of NA and AzaA against human 477 

endothelial cells (EA.hy 926) showed an IC50 value of 45.29 μg/ml (CI95: 40.8- 50.2) and 56.9 478 

μg/ml (CI95: 33.8- 64.3) for NA and AzaA, respectively. This indicates a selectivity index of 9.0 479 

for NA and of 4.6 for AzaA. 480 

To investigate whether the higher activity against ESS of NA compared to Aza A was 481 

attributable to the presence of other components in the quantified extract, pure azadirachtins A, 482 

B, D, and I, obtained from HPLC purifications, were then tested in ODA, alone and in 483 

combination with Aza A.  484 

At a concentration of 50 μM, AzaA exhibited a mean reduction of 83.6 % in ESS development, 485 

whereas AzaB, AzaD and AzaI, demonstrated a substantially lower inhibitory activity against 486 

ESS development. The average inhibition values obtained for these limonoids were 17%, 7.4% 487 

and 21%, respectively.  488 

To investigate a possible potentiating effect of the other azadirachtins on the activity of AzaA, 489 

azadirachtin B, D and I were tested at 50 μM in combination with AzaA at IC50 concentration i.e. 490 

12.55 μg/ml (17.36 μM). Inhibition values obtained with the combinations did not indicate any 491 

synergistic or additive effects (Fig. 9). 492 

[Insert Fig. 9] 493 

 494 
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4. Discussion 495 

In the present study, the pharmacodynamics of a quantified extract obtained from A. indica 496 

(NeemAzal®, NA) on P. berghei exflagellation in mice and the inhibitory activity against P. 497 

berghei early sporogonic stages were compared with those of its main component, Azadirachtin 498 

A (AzaA). The duration of action of NA in inhibiting exflagellation centers appeared to be 499 

greater than that of AzaA. Furthermore, NA exhibited a higher in vitro inhibitory activity against 500 

ESS compared to AzaA. Other components of NA, i.e. azadirachtins B, D and I were shown to 501 

be much less active than AzaA and they did not appear to confer any synergistic or potentiating 502 

effect to AzaA against ESS. This observation is striking in view of the close structural similarity 503 

among these limonoids. Although a detailed structure-activity relationship study has not yet been 504 

carried out, a comparison of the structures reported in Figure 1 evidences that these compounds 505 

differ mainly at the pattern of substitution around the “western” six-membered ring. The integrity 506 

of this moiety seems therefore to play an important role in the biological activity of the molecule.   507 

 508 

To acquire information on the pharmacodynamics of NA and AzaA, we compared their 509 

biological response in ex vivo and in vitro exflagellation assays. The ex vivo results show that, at 510 

the same AzaA concentration, NA has an enhanced effect as well as prolonged duration of action 511 

compared to AzaA. These observations are in agreement with, the in vitro dose-response results 512 

showing that NA has a greater potency than AzaA. The overall enhanced inhibitory activity on 513 

exflagellation by NA might be explained by the contribution of components other than AzaA 514 

present in the quantified extract NA.  515 

Possibly, the non-AzaA azadirachtins and/or other constituents of NA might be protecting AzaA 516 

from metabolic degradation, thus improving its in vivo effect and sustained exflagellation 517 
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inhibitory action over time. NA and AzaA were administered to the mice through the i.p. route, 518 

i.e. the same used in our previous work (Lucantoni et al. 2010). In mice, the absorption route of a 519 

drug administered i.p. is similar to that of orally administered drugs, with the injected 520 

constituents being absorbed into the mesenteric vessels which drain into the portal vein and pass 521 

through the liver (Turner et al., 2011, Lukas et al., 1971). Therefore, i.p.-injected NA would be 522 

subjected to hepatic metabolism before entering the systemic circulation. During this passage 523 

through the liver, the structurally similar Aza B, D, I and other limonoids of NA could be 524 

protecting AzaA from degradation, for example by competing with AzaA for binding to the 525 

cytochrome p450 enzymes. Gedunin, another limonoid isolated from neem fruit, is metabolized 526 

by cytochrome p450 enzyme. A gedunin dose of 50 mg/kg for four days caused a 44% P. 527 

berghei parasitaemia reduction in CD-1 mice, but when administered with 25 mg/kg cytochrome 528 

p450 inhibitor dillapiol, an improved parasitemia reduction of 75% was observed (Omar et al., 529 

2003). The ex vivo assay described here proved to be a valid approach to understand the time-530 

dependent P. berghei exflagellation inhibiting  dynamics of Neem Azal and its active 531 

constituents.  532 

 533 

The interpretation of the in vivo efficacy experiments, however, was hampered by the fact that 534 

the supplier’s estimate of AzaA content in NA was 34%, whereas according to our analysis 535 

conducted at a later stage of the study, the AzaA content was in fact about 50%. Initial ex vivo 536 

exflagellation assays were carried out based on the expected AzaA concentration of 34% in NA. 537 

As a result of chromatographic purification of NA, however, it was realized that in the NA batch 538 

used for this study AzaA was present at a higher concentration, while the relative content of 539 

other azadirachtins (B, D, I) appeared to be lower than declared. Nevertheless, even after 540 
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adjusting for the higher concentration of AzaA in NA, the extract still showed a relatively higher 541 

inhibitory activity against microgametogenesis and extended duration of action in mice in 542 

comparison with the purified limonoid. 543 

 544 

 A relatively increased activity of NA compared to AzaA was also observed in the in vitro 545 

ookinete development assay (ODA), measuring impact on early sporogonic stages spanning from 546 

gamete formation to ookinete maturation. NA induced about 40% inhibition at an AzaA 547 

concentration of 6.25 μg/ml, whereas AzaA achieved a similar inhibition at 12.5 μg/ml. The 548 

differences in the in vitro exflagellation and ESS inhibitory activity cannot be explained by the 549 

hypothesis of protection from metabolic degradation. Rather, a positive interaction between NA 550 

constituents, which result in improved activity against the different parasite stages (Lucantoni et 551 

al., 2010), might be hypothesized. 552 

Higher activity of whole extracts compared to isolated compounds has been repeatedly reported 553 

(Deharo and Ginsburg, 2011). In recent experiments conducted with EtOAc fractions of neem 554 

fruit extracts we found that gedunin and azadirone, the main responsible constituents for activity 555 

against P. falciparum (Chianese et al., 2010) in vitro but present in very low amounts, must 556 

interact synergistically with each other or with other components of the same phase. Artemisia 557 

annua extracts have also been shown to possess 6-18 times lower IC50 values against P. 558 

falciparum in vitro than artemisinin, at a comparable artemisinin concentration (Wright et al., 559 

2010). 560 

 561 

To acquire information about possible interactions among the NA constituents, the product was 562 

chromatographed and the obtained constituents were screened in vitro in the ODA. As expected, 563 
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the fractionation yielded AzaA as the major constituent of NA, with azadirachtins B, D and I 564 

obtained in smaller amounts. The lack of positive interactions between AzaA and other 565 

azadirachtins against ESS, leaves open the possibility that non-azadirachtin constituents of NA 566 

might act synergistically with AzaA to confer NA its increased in vitro activity on P. berghei 567 

ESS. 568 

 569 

Azadirachtin is known to act on microtubules, including disruption of the organization of mitotic 570 

spindles and cytoplasmic microtubule distribution during Plasmodium microgametogenesis 571 

(Jones et al., 1994; Billker et al., 2002), as well as to cause severe depletion of actin levels in the 572 

wing-discs of Drosophila (Aritakula et al., 2007). On exposure to AzaA or NA, exflagellation 573 

centers are reduced in size due to decreased adherence of surrounding erythrocytes into 574 

“rosettes”. Microscopic observation of these rosettes in AzaA- or NA-treated gametocytemic 575 

blood indicated that the treatment may be interfering with the attachment of RBCs to the micro-576 

gametocyte residual body during the extrusion process of flagellated microgametes. These 577 

observations suggest that, in addition to the known impact on microtubule assembly and 578 

organization, NA and AzaA might interfere with the expression and/or function of adhesive 579 

proteins during microgametogenesis. The current study supports our previous research works 580 

(Lucantoni et al., 2010) in suggesting that NA is more effective than AzaA. Additionally, we 581 

recently showed that NA completely inhibits the growth of P. falciparum field isolates in An. 582 

coluzzii mosquitoes at a dose of 70 ppm in direct membrane feeding assays (Yerbanga et al., 583 

2014).  584 

  585 

AzaA and NA have an appreciable selectivity index, with oral LD50 > 5000 mg/kg obtained in 586 
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acute toxicity studies in rats (Niemann and Hilbig, 2000) (Raizada et al., 2001). Additionally, 587 

NA showed LD50 > 3365 mg/kg acute toxicity in mice (Niemann and Hilbig, 2000), and 588 

azadirachtin technical was shown to have an LD50 > 1500 mg/kg in subchronic oral toxicity 589 

experiments in albino rats over 90 days of administration (Raizada et al., 2001). These data 590 

strongly suggest that the therapeutic index [TI, the ratio of the highest exposure to the drug 591 

which results in no toxicity to the exposure that produces the desired effect (Muller and Milton, 592 

2012)] of NA as a transmission blocking phytomedicine would probably be even higher than its 593 

selectivity index of 9.0 which we determined in vitro using human endothelial EA.hy 926 cells. 594 

For a single transmission blocking dose of 100 mg/kg NA, a dose able to suppress 595 

microgametogenesis for about seven hours in mice, we would obtain a preliminary TI ≥ 30. 596 

Based on the slower specific metabolic rate (the metabolic rate per unit mass) of humans than 597 

mice, the actual transmission-blocking duration could be even longer in humans (Sharma and 598 

McNeil, 2009). After careful dose scaling and safety studies in humans, a potential transmission 599 

blocking phytomedicine based on such a dosage could be developed for resource-limited 600 

endemic settings to reduce malaria transmission. There is a current upsurge in utilizing plant 601 

extract based libraries for the discovery of new lead molecules for drug development. However, 602 

druggability of molecules of plant origin is intricate due to their structural complexity, molecular 603 

flexibility, number of stereogenic centers and other limitations which present restrains to the 604 

development of ‘drug-like’ analogs (Katiyar et al., 2012), including unfeasible total syntheses 605 

(Veitch et al., 2007), thus indicating that the natural source is in many cases the only viable 606 

option (Nature News, 2007). Therefore, NA should be viewed as an economic as well as 607 

effective choice for the development of a standardized transmission blocking phytomedicine. In 608 

this regard, our study also suggests that standardization of the AzaA content, and not of the total 609 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Katiyar%20C%5Bauth%5D
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azadiracthins or the total limonoid content, would be opportune.  610 
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 736 

Figure legends 737 

Figure 1: The chemical structures of Azadirachtins A, B, D, I. The structural differences are 738 

highlighted in red. 739 

Figure 2: Green fluorescent early sporogonic stages of Plasmodium berghei ANKA CTRPp.GFP 740 

strain; on the left hand elongated ookinetes and on the right hand spherical zygotes.  In the 741 

ookinete development assay > 95% of zygotes complete ookinete formation within 24 hours and 742 

strongly express green fluorescent protein at least up to 40 hours of incubation. 743 

 744 

Figure 3: Activity over time curves obtained by plotting percent reduction in number of 745 

exflagellation centers with respect to untreated controls as a function of time elapsed after 746 

treatment. The NA 50 mg/kg and NA 100 mg/kg values cumulate data from 15 and 6 mice, 747 
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respectively. Vertical bars represent 95% confidence intervals. NA= NeemAzal®. Data points 748 

without confidence intervals represent reading recorded from only one mouse for that particular 749 

time point. 750 

 751 

Figure 4: Activity over timecurves of AzaA at 50 mg/kg and 100 mg/kg. The curves cumulate 752 

data obtained from 6 mice each. Vertical bars represent 95% confidence intervals. AzaA= 753 

Azadirachtin A. Data points without confidence intervals represent readings recorded from only 754 

one mouse for that particular time point. 755 

 756 

Figure 5: NA effects on exflagellation center morphology.  757 

a) Exflagellation centers at zero time point of NA treatment (control): the centers are of varying 758 

size but easily recognizable as vibrating aggregations of 15 or more RBCs around exflagellating 759 

microgametocytes.  760 

b) Exflagellation centers 30 minutes after NA (100 mg/kg) treatment:   Exflagellation centers 761 

appear smaller, frequently formed by less than 10 RBSs aggregating loosely around 762 

microgametes extruding from microgametocyte residual cells. The circles and arrows indicate 763 

affected exflagellation centers, which are small and dispersed. 764 

Figure 6: Reduction in the number of exflagellation centers by NA and AzaA at various 765 

concentrations in vitro. The products were added to gametocytaemic mouse blood, and 766 

exflagellation centres counted after 20 minutes of incubation. Mean values of triplicate samples. 767 

Vertical error bars represent 95% confidence intervals, and p values for each concentration are 768 

indicated. 769 

 770 
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Figure 7: Impact of different dosages of NA and Fr7 (95% AzaA) on ESS (Early Sporogonic 771 

Stages: zygotes and ookinetes) in the Ookinete Development Assay (ODA). Mean % inhibitions 772 

from four independent replicate experiments, each consisting of 6 replicate wells. Vertical error 773 

bars represent 95% confidence intervals. NA=NeemAzal®), Fr7 AzaA= fraction 7 containing 774 

95% Azadirachtin A, was obtained from column chromatography of NA.  775 

 776 

Figure 8: IC50 (inhibitory concentration 50) obtained by grouping % Inhibition values from 3 777 

independent replicates, each concentration tested in sextuplicates (wells). NA = NeemAzal®, fr7 778 

AzaA= fraction 7 containing 95% Azadirachtin A, was obtained from column chromatography 779 

of NA 780 

 781 

Figure 9: ESS inhibition by AzaA, B, D, I. and binary combinations thereof. AzaA was tested at 782 

its IC50 value (12.55 μg/ml = 17.36 μM) while Aza B, D and I were tested at 50 μM. In wells 783 

receiving combinations, the same concentration of each compound was tested. Mean values of % 784 

inhibitions were obtained from four independent replicate experiments (6 replicates each).  785 

Vertical error bars represent 95% confidence intervals. 786 
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Figure 1 The chemical structures of Azadirachtins A, B, D, I. The structural differences are 

highlighted in red. 

 

 
 

Figure 2 Green fluorescent early sporogonic stages of Plasmodium berghei ANKA CTRPp.GFP 

strain; on the left hand elongated ookinetes and on the right hand spherical zygotes.  In the 

ookinete development assay > 95% of zygotes complete ookinete formation within 24 hours and 

strongly express green fluorescent protein at least up to 40 hours of incubation.  
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Figure 3 Activity over time curves obtained by plotting percent reduction in number of 

exflagellation centers with respect to untreated controls as a function of time elapsed after 

treatment. The NA 50mg/kg and NA 100mg/kg values cumulate data from 15 and 6 mice, 

respectively. Vertical bars represent 95% confidence intervals. NA= NeemAzal®. Data points 

without confidence intervals represent reading recorded from only one mouse for that particular 

time point. 
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Figure 4 Activity over time curves of AzaA at 50mg/kg and 100 mg/kg. The curves cumulate 

data obtained from 6 mice each. Vertical bars represent 95% confidence intervals. AzaA= 

Azadirachtin A. Data points without confidence intervals represent readings recorded from only 

one mouse for that particular time point. 
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Figure 5. NA effects on exflagellation center morphology.  

a) Exflagellation centers at zero time point of NA treatment (control): the centers are of varying 

size but easily recognizable as vibrating aggregations of 15 or more RBCs around exflagellating 

microgametocytes.  

b) Exflagellation centers 30 minutes after NA (100 mg/kg) treatment: Exflagellation centers 

appear smaller, frequently formed by less than 10 RBSs aggregating loosely around microgametes 

extruding from microgametocyte residual cells. The circles and arrows indicate affected 

exflagellation centers, which are small and dispersed. 

 

 

 

 

 

 

 

(a) (b) 



 
 

Figure 6 Reduction in the number of exflagellation centers by NA and AzaA at various 

concentrations in vitro. The products were added to gametocytaemic mouse blood, and 

exflagellation centres counted after 20 minutes of incubation. Mean values of triplicate samples. 

Vertical error bars represent 95% confidence intervals, and p values for each concentration are 

indicated. 
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Figure 7 Impact of different dosages of NA and Fr7 (95% AzaA) on ESS (Early Sporogonic 

Stages: zygotes and ookinetes) in the Ookinete Development Assay (ODA). Mean % inhibitions 

from four independent replicate experiments, each consisting of 6 replicate wells. Vertical error 

bars represent 95% confidence intervals. NA=NeemAzal®), Fr7 AzaA= fraction 7 containing 

95% Azadirachtin A.  

 

 

 



 
 

 



 
 



 



 

Figure 8 IC50 (inhibitory concentration 50) obtained by grouping % Inhibition values from 3 

independent replicates, each concentration tested in sextuplicates (wells). NA = NeemAzal®, fr7 

AzaA= fraction 7 containing 95% Azadirachtin A, was obtained from column chromatography 

of NA.  

 

 

 

 



 
Figure 9 ESS inhibition by AzaA, B, D, I. and binary combinations thereof. AzaA was tested at 

its IC50 value (12.55 μg/ml = 17.36 μM) while Aza B, D and I were tested at 50 μM. In wells 

receiving combinations, the same concentration of each compound was tested. Mean values of % 

inhibitions were obtained from four independent replicate experiments (6 replicates each).  

Vertical error bars represent 95% confidence intervals. 

 

 


