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 Fast synthesis of M. azedarach derived stable AgNPs at 95°C 

 Cytotoxicity comparison of AgNPs with 5- FU against HeLa cell lines. 

 In vivo cytotoxicity against Dalton’s ascites lymphoma 
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ABSTRACT 

This communication explains the biosynthesis of stable silver nanoparticles (AgNPs) 

from Melia azedarach and its cytotoxicity against in vitro HeLa cells and in vivo Dalton‟s ascites 

Lymphoma (DAL) mice model. The AgNPs synthesis was determined by UV- visible spectrum 

and it was further characterized by Scanning Electron Microscopy (SEM), Dynamic light 

Scattering (DLS) and X-Ray Diffraction (XRD) analysis. Zeta potential analysis revealed stable 

AgNPs with -24.9 mV. UV visible spectrum indicated an absorption peak at 436 nm which 

reflects its specific Surface Plasmon Resonance (SPR). Biosynthesized AgNPs were 

predominantly cubical and spherical with an average particle size of 78 nm approximately as 

observed through SEM and DLS analysis respectively. Cytotoxicity of biosynthesized AgNPs 

against in vitro Human epithelial carcinoma cell line (HeLa) showed a dose-response activity. 

Lethal dose (LD50) value was found to be 300 µg/ mL of AgNPs against HeLa cell line. 

Cytotoxicity against normal continuous cell line human breast lactating, donor 100 (HBL 100) 

was found only in increased concentration of both AgNPs and 5- FU. In addition, in vivo DAL 

mice model showed significant increase in life span, induction of apoptosis was evidenced by 

acridine orange and ethidium bromide (AO and EB) staining.  

Keywords: Melia azedarach, AgNPs, DLS, XRD, HeLa, DAL. 
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1. Introduction 

 Dependence of human life on nanotechnology was emerged naturally from ayurveda, a 

5000-year-old system of Indian medicine. Though the modern science has started exploring the 

term „Nano‟ in 21
st century, ayurvedic medicinal systems used noble metals such as gold, silver 

etc. in nanoform as basmas for various medical applications [1]. Since nanoparticles (NPs) are 

more biocompatible than the conventional therapeutics, they are exploited for drug encapsulation 

and delivery [2]. It has been stressed over the years that size reduction of NPs play an important 

role in improving their bio availability as well as compatibility for therapeutical applications in 

diseases like cancer [3]. Silver nanoparticles (AgNPs) have a great potential in cancer 

management because it selectively involved disruption of the mitochondrial respiratory chain by 

AgNPs leading to production of ROS and interruption of ATP synthesis, which in turn cause 

DNA damage [4, 5].  

With Food and Drug Administration (FDA) approval, AgNPs were known to be effective 

against bacterial and viral mediated diseases and possess a huge potential in treating various 

diseases like retinal neovascularization, cancer, hepatitis B, acquired human immunodeficiency 

(HIV), diabetes, etc in the near future [6]. To date, several methods were employed for the 

synthesis of AgNPs modes ranging from chemical procedures [7], radiation [8], electrochemical 

[9] and photochemical methods [10]. Very recently, biological synthesis of nanoparticles is in 

application for its ecofriendly mode of synthesis with passable biomedical applications [11, 12].  

In pursuit of novel eco-friendly methods, plant possessing thousand of biologically active 

compounds may exploited as key resource for the green synthesis of nanoparticles [13] and serve 

as an alternate to the existing chemical, physical and even microbial methods [14]. Studies 



Page 5 of 34

Acc
ep

te
d 

M
an

us
cr

ip
t

4 

 

conducted by Gardea–Torresdey et al. [12] and Shankar et al. [15] on the synthesis of gold 

nanoparticles by living plants, has described their potential biomedical applications. Very 

recently, it has been reported that plants rich in tannic acid have a great potential to synthesize 

AgNPs which also confers stability to the nanoparticles [16]. The rationale behind the use of 

plants for the synthesis of AgNPs is not only that it is simple, faster and easy but the synthesized 

particles were also stable, reliable and cost effective than other conventional methods [17]. 

Melia azedarach Linn (Meliaceae; Neem) is an indigenous plant to Indian subcontinent 

possessing several medicinal properties and has been in use for centuries. Traditionally, the plant 

possess several therapeutic properties such as anti-helminthic [18], anti-fungal [19], anti-malarial 

activity [20], anti-bacterial and anti-oxidant [21] properties. Its leaf extract possess antiviral [22] 

and anti-infertility activities [23]. In a recent study, the cytotoxic activity of M. azedarach was 

reported against human lung adenocarcinoma epithelial cell lines [24]. With these evidences, 

here we investigated the green synthesis of AgNPs using aqueous extract obtained from leaf of 

M. azedarach and its cytotoxicity against in vitro HeLa, HBL 100 cell lines and in vivo DAL cell 

line in mice model.   

2. Materials and methods 

2.1. Preparation of leaf aqueous extract 

 Authenticated M. azedarach L. was collected from the local surroundings of 

Tiruchirappalli with the help of a field botanist of Bharathidasan University, Tiruchirappalli, 

India. Fresh leaves were used for the extraction of the active components. The leaves were shade 

dried for 2 to 3 weeks at room temperature and then powdered. Briefly, 5 g of leaf powder was 

weighed and mixed in 100 mL of millipore water. This mixture was boiled in water bath at 60 °C 
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for 10- 20 min. After cooling to room temperature, the mixture was filtered by using muslin filter 

cloth (0.2 µm) and used for the study. 

2.1.1. Green Synthesis of AgNPs 

 Biological synthesis of AgNPs was carried out following Song et al [25] method. 

Typically, 10 mL of aqueous extract was added to 190 mL of 1 mM aqueous silver nitrate 

solution for the reduction of Ag+ ions. The effects of temperature on the synthesis rate of the 

AgNPs were studied by carrying out the reaction at 30– 95 °C for 10 min. The AgNPs solution, 

thus obtained was purified by repeating the centrifugation thrice at 7,000 rpm for 20 min at 4 °C 

followed by redispersion of the pellet in Milli-Q water. 

2.1.2. Characterization of AgNPs 

 UV–visible spectra were recorded as a function of the reaction time on a UV- 1601 PC 

spectrophotometer (Shimadzu, Japan) operated at a resolution of 1 nm. The purified AgNPs were 

examined for the presence of biomolecules using FTIR analysis. The spectrum obtained from the 

dried sample was recorded on FTIR spectrum RX-1 instrument (Perkin- Elmer), USA in the 

diffuse reflectance mode at a resolution of 4 cm-1 in KBr pellets. Crystalline AgNPs were 

determined by X-ray diffraction analysis. Briefly, the biosynthesized AgNPs were laid onto the 

glass substrates on a Phillips PW 1830 instrument operating at a voltage of 40 kV and a current 

of 30 mA with CuKα radiation. The shape of the freeze dried AgNPs was analyzed by SEM 

(SEM- Hitachi model- S 3000H). The particle size distribution of AgNPs was evaluated using 

dynamic light scattering (DLS) measurements and zeta potential analysis were conducted with a 

Malvern Zetasizer Nanoseries compact scattering spectrometer (Malvern Instruments Ltd, 
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Malvern, UK). The AgNPs were dissolved in physiological saline for zeta potential analysis. 

Data obtained were analyzed using Zetasizer software. 

2.2. In vitro cytotoxicity of biosynthesized AgNPs 

 HeLa and HBL 100 cells were purchased from National Centre for Cell Science (NCCS), 

Pune and maintained in Eagle‟s Minimum essential medium and McCoys 5a medium 

respectively, supplemented with calf serum (10%) and non-essential amino acids. Cells were 

cultured at 37 °C in a humidified atmosphere containing 5 % CO2 in air. Both HeLa and HBL 

100 cells were cultured and seeded into 96 well plates approximately as 1 x 104 cells in each 

plate and incubated for 48 hrs. Both HeLa and HBL 100 cells were treated with a series of 100 

µg/ mL to 1000 µg/ mL concentration of biosynthesized AgNPs along with cell control and 

AgNPs control (drug control). At the same time we have compared both the cells with known 

anticancer agent, 5- Fluoro Uracil (5-FU) in a stock concentration of 100 mM. Series 

concentration 100- 1000 µM/ mM of 5- FU were treated in both cells. These treated plates were 

incubated for 48- 72 hrs for cytotoxic analysis. Then these plates were subjected for MTT assay. 

MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, a yellow tetrazole) was 

prepared in 5 mg/mL concentration. 100 µl of MTT was added in each well and incubated for 4 

hrs. Purple color formazone crystals formed, were then dissolved with 100 µl of Di-methyl 

sulphoxide (DMSO). These crystals were observed at 620 nm in a Multi well ELISA plate 

reader. OD value was subjected to sort out percentage of viability by using the following 

formula,  

 

 

http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Thiazole
http://en.wikipedia.org/wiki/Phenyl
http://en.wikipedia.org/wiki/Tetrazole
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    OD value of experimental samples (AgNPs) 

 Percentage of viability =                 X 100 

                   OD value of experimental control (untreated) 

 

2.3. Investigation of antitumor activity of aqueous and biosynthesized AgNPs 

 DAL cells were obtained under the courtesy of Amala Cancer Research Center, Thrissur, 

Kerala, India. They were maintained by intraperitoneal inoculation of 1x106 cells per mouse 

(Swiss albino male with 30 g body weight) in accordance with the guidelines of animal care by 

the Institutional Animal Ethical Committee (IAEC), Bharathidasan University, India. 

2.3.1. Experimental groups 

 Mice were divided into six groups containing six mice per group (n=6). Group I remained 

neither untreated nor injected with DAL cells and represented as normal. From group II to VI all 

mice were injected with DAL cells (106 cells per mouse) by intra-peritoneal (IP) route and this 

was taken as day zero. Group II served as tumor control and did not receive plant extract or 

AgNPs. After 24 hrs of tumor induction animals in group III received 50 mg per Kg BW of 

aqueous extract of M. azedarach through intraperitoneal administration. Alike, mice from group 

IV to VI received doses of AgNPs containing 300, 500 and 700 µg per Kg BW respectively. At 

the end of the experiment, 2 to 3 mL of sterile PBS was injected into the peritoneal cavity of the 

experimental mice and the ascitic fluid containing the tumor cells were withdrawn. From day 

zero life span of all the experimental groups was observed. The percentage of viable and dead 

cells along with the degree of cytotoxicity was determined by acridine orange staining. 
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2.3.2. Acridine Orange (AO) and Ethidium Bromide (EB) staining 

 Tumor cells collected were washed with phosphate buffered saline PBS (pH- 7.2) and 

stained by adding 1 mL of AO and EB mix (100 mg per mL AO and 100 mg per mL EB in 

PBS). After 2 min incubation, cells were washed twice with PBS (5 min each) and visualized 

under fluorescence microscope (Olympus, Japan) at 400 X magnification with excitation filter 

480 nm. The percentage of apoptotic cells were determined by, 

Calculation:  
 

       Percentage of apoptotic cells =         Total number of apoptotic cells            x100 
    
                                                             Total number of normal and apoptotic cells  

2.4. Statistical analysis 

 The statistical analysis was done among the experimental groups with control and normal 

groups using SPSS software Version 16 (SPSS Inc Chicago, IL, USA). The One-way ANOVA 

was done for expressing experimental significance of the present study. Statistical significance 

was accepted at a level of p < 0.05. 

3. Results and Discussion 

3.1. Confirmation of biosynthesized AgNPs  

Taking advantage of the rich tannic acid content of M. azedarach, which is known to 

mediate the formation of silver nanoparticles [15], the present study was aimed to synthesize the 

same from aqueous extract of M. azedarach leaves and its cytotoxicity was determined against in 

vitro cancer cell lines (HeLa, HBL 100) and in vivo lymphoma mice model. Evaluating the 

synthesis at different temperatures, intensity of yellowish brown color developed was elevated at 
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95 °C, compared to other temperatures such as 30 °C, 60 °C and 90 °C (Fig. 1). This colour 

change determines the synthesis of AgNPs from aqueous extract of M. azedarach [26]. In the 

present study, supporting the color change spectral band peak of corresponding temperatures 

confirmed the maximum synthesis at 95 °C (Fig. 2). Our results were in accordance with earlier 

results of Shaligram et al. [27] emphasizing Surface Plasmon Resonance (SPR) peak of metal 

nanoparticles. The formation of AgNPs [28, 29] was mediated by the active principles present in 

aqueous extract of M. azedarach. There are evidences which states that tannic acid hydrolyses 

into glucose and gallic acid under mild acidic or basic conditions and in turn gallic acid formed 

rapidly reduces silver nitrate into AgNPs [30]. Strictly pursuing Sivaraman et al. [16] the results 

suggested in the present study for biosynthesis of AgNPs could have occurred in a similar 

fashion. 

AgNPs characterization and its associated molecules 

Fig. 3. showed the FTIR spectra of aqueous extract of air-dried leaves of M. azedarach 

and purified AgNPs of various temperatures. The FTIR peaks determined the bonds in relevance 

to alcoholic O-H stretching (3433 cm-1), aldehyde C-H stretching (2830 cm-1), amine N-H 

stretching (3409 cm-1) and bending (1631 cm-1), primary amines (665 cm-1) and germinal methyl 

bending (1353 cm-1). The band at 1631 cm-1 suggested the presence of amide group, raised by 

the carbonyl stretch of proteins. These results indicated that the carbonyl group of proteins 

adsorbed strongly to metals, indicating that proteins could have also formed a layer along with 

the bio-organics, securing nanoparticles. This implicit and proved that the polyphenolics like 

tannic acid conferred the free energy to reduce the silver ions to AgNPs.  These results were 

similar to the reports of Dubey et al. [31]  
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XRD patterns of nanoparticles exhibit several size dependent features leading to peak 

position, heights and widths. In the present study sharp peaks were observed other than silver 

region (Fig. 4). These might have resulted from the bio-organic compounds in the M. azedarach. 

The obtained results were supported by the results stated by Shankar et al. [15]. The number of 

Braggs reflections obtained in the current study (200), (111), (311) corresponds to the diffraction 

facets of silver and indexed for the presence of crystalline silver nanoparticles. These 

interpretations were also similar to the results of Dubey et al. [31] 

The SEM images showed the presence of cubes and spherical structures of AgNPs (Fig. 

5a). These results were in accordance with results of Kalimuthu et al. [32]. DLS analysis showed 

the size distribution of particles with maximum intensity at 78 nm (Fig. 5b). Our findings were 

similar to the report of Haefeli et al. [33]. In practice, dispersion is stable if the zeta potential is 

higher than 30 mV or lower than -30 mV. The zeta potential of the particles, however, strongly 

depends on the pH and the electrolyte concentration of the dispersion [34]. Supporting the above 

statement AgNPs dispersed in physiological saline was highly stable with zeta potential value – 

24.9 mV (Fig. 5c).  

 
3.2. In vitro cytotoxicity of biosynthesized AgNPs 

Despite the widespread use of synthetic AgNPs, there are only a few studies to determine 

the cytotoxic effects of biologically synthesized AgNPs, particularly in the context of apoptosis. 

MTT assay was used to assess the effect of AgNPs on proliferation of HeLa cells and normal 

HBL100 cells. This is the first study to evaluate M. azedarach derived AgNPs cytotoxicity 

against cancer cell lines. Thus we hypothesize that cell killing could be the possible mechanism 

induced by the cytotoxic effect of biosynthesized AgNPs. 
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The dose dependent cytotoxicity was observed in AgNPs treated HeLa cells and the 

increase in concentration of AgNPs showed increased cytotoxicity in HeLa cells. Fifty percent of 

cell death which determines the LD50 value of biosynthesized AgNPs against HeLa cells holds at 

300 µg/ mL concentration (Fig. 6a). Similar report of cytotoxicity was discussed by Sriram et al. 

[35] and Safaepour et al. [36]. The cytotoxic effect was compared with the standard anticancer 

drug 5- FU against HeLa cells (Fig. 6b) and their LC50 value was observed with 600 µg/ 100 

mM. Similarly cytotoxicity of chemically synthesized AgNPs was reported against HeLa cells by 

Miura and Shinohara [37]. Effect of biosynthesized AgNPs and 5- FU on growth of normal cell 

line (HBL 100) did not exhibit significant cytotoxicity at their lower concentration and its 

increases with its increased concentration, at 750 µg/ mL and 1000 µg/ 100 mM respectively 

(Fig. 6c & d). A large number of in vitro studies indicate that AgNPs are toxic to the mammalian 

cells [38]. Interestingly, some studies have shown that AgNPs has the potential to intervene 

genes associated with cell cycle progression, also induce DNA damage and apoptosis in cancer 

cells [39]. Indeed, our results provide conclusive evidence for cytotoxic effect of AgNPs on 

cancer cell lines rather than normal cell lines.   

 In vivo cytotoxicity of biosynthesized AgNPs 

 In addition to these results, in vivo study of biosynthesized AgNPs revealed an increased 

life span in a dose dependent manner, compared to the induced and other experimental groups 

(Fig. 7). To investigate, the mode of cell death either by apoptosis or from necrotic cell death, 

AO and EB staining was employed. In Fig. 8, green fluorescence emission was observed in 

untreated tumor cells (Gp2) due to the permeablization of AO, a cytoplasmic stain which 

specifically stains the live cells. AgNPs treated DAL cells exhibited reddish orange fluorescence 
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due to their loss in membrane integrity [40]. In addition, nuclear condensation, membrane 

blebbing, apoptotic bodies and cytoplasmic vacuoles were observed in DAL cells treated with 

700 µg/ kg BW AgNPs than the other experimental groups. Thus percentage of apoptotic cells 

was statistically significant in AgNPs treated DAL cells and increased proportionately with its 

varying concentration. Comparatively less percentage of apoptotic cells were noticed in aqueous 

extract treated DAL tumor cells.  

4. Conclusion  

To conclude, the present study documented the first ever synthesis, characterization and 

cytotoxicity of biosynthesized AgNPs from M. azedarach against in vitro and in vivo models. 

Collectively, our data suggests that AgNPs possess superior cytotoxic activity compared to the 

M. azedarach aqueous extract. With little uncovered mechanism in the current study, there is a 

wide scope for detailed investigation in the future for the application of AgNPs in cancer 

therapy. 
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Figure Legends 

Fig. 1: Color intensity of biosynthesized AgNPs at varying temperatures. 

Fig. 2: UV spectral peak of AgNPs synthesized at different temperatures. 

Fig. 3: Overlapped image of FTIR band peaks showing the oxidized biomolecules in the AgNPs 

synthesis. 1- FTIR peaks of aqueous plant extract; 2- Intense of FTIR band shift at 30 °C; 3- 

Intense of FTIR band shift at 60 °C; 4- Intense of FTIR band shift at 90 °C; 5- Intense of FTIR 

band shift at 95 °C; 

Fig. 4: XRD pattern of AgNPs exhibiting the facets of crystalline Silver.  

Fig. 5a: Topographical results of AgNPs confirming the cubical and spherical shaped particles 

from SEM analysis. 
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Fig. 5b: Size distribution of AgNPs with maximum intensity at 78 nm.  

Fig. 5c Stable AgNPs with – 24.9 mV in Zeta potential analysis. 

Fig. 6a: MTT assay results confirming the in vitro cytotoxicity of AgNPs against HeLa cell lines; 

DC- Drug control (AgNPs control) and CC- cell control. 

Fig 6b: Cytotoxicity effect of 5- FU against HeLa cells; CC- cell control 

Fig 6c: Effect of AgNPs on normal cell line (HBL 100) growth; CC- cell control. 

Fig 6d: Effect of 5-FU on normal cell line (HBL 100) growth; DC- Drug control (AgNPs 

control) and CC- cell control. 

Fig. 7: Graphical representation of life span depicting significant increase in AgNPs treated 

group than the control group; Gp- Group. 

Fig. 8 Histogram representation of the percentage of apoptotic cells. Results are represented as a 

mean with bars showing mean ± SD; Gp- Group. 
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Fig. 4
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Fig. 5a
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Fig. 5b
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Fig. 5c
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Fig. 6a
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Fig. 6b
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Fig 6d
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Fig. 7
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