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ABSTRACT 

The green synthesis of AgNPs using ultrasonic-assisted hydroacetonic Guaiacum officinale L. leaf extract 

(GoLE), which contains phytochemicals, can play a substantial role in bio-reduction, capping, and 

stabilization of the nanoparticles. The colour change was observed from light yellow to brown indicating the 

synthesis of Guaiacum officinale leaf extract silver nanoparticles (GoLE-AgNPs). The absorption maxima (λmax) 

of AgNPs at 411 nm were confirmed by UV-vis spectroscopy. FTIR data revealed the functional groups 

involved in the reduction and capping of AgNPs. Powder XRD and SAED images confirmed crystallinity. 

HR-TEM images showed spherical, ⁓18-25 nm sized nanoparticles and EDS spotted the strong peak of silver 

at 3 KeV. DLS spectra results the surface zeta potential of stable nanoparticles at -37.3 mV, +35.4 nm particle 

size in hydrodynamic solution. Polyphenolic content of GoLE-AgNPs was demonstrated by TPC and TFC. 

Dose-dependent radical scavenging activity of AgNPs was performed by the DPPH method. GoLE-AgNPs 

were treated with human bone marrow neuroblastoma (SH-SY5Y) cancer cells at 12.5-200 μg/mL 

concentration. The effective cell viability of 24.05 ± 0.029% was observed using an MTT assay. GoLE-AgNPs 

induced 66.13% of apoptosis in cancer cells. Present research results revealed the better antioxidant and 

anticancer activity of AgNPs.  
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1. Introduction 

The characteristic materials in the range of 1–100 nm known as nanoparticles differ noticeably 

from those of the same material in bulk. These variations in the physicochemical and biological 

properties and surface-to-volume ratio of nanoparticles bring up a wide range of research 

opportunities and potential applications [1]. Ultrasonic-assisted extraction (UAE) method and 
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hydroacetonic solvent facilitated the rapid and effective extraction technique using ultrasound to 

generate fast movement of solvents, resulting in high acceleration of extraction and higher mass 

transfer speed [2]. The physical and chemical synthesis of nanoparticles was toxic to the environment, 

technically challenging, and more expensive. Hence, the eco-friendly, easy-to-synthesize, and less 

expensive green synthesis method utilizes plant extracts for the synthesis of metal nanoparticles [3]. 

Silver nanoparticles are more important than other metal nanoparticles because of their diverse 

applications in antimicrobial, anti-inflammatory, antioxidant, and anticancer drugs in biomedical 

research [4-7]. 

Guaiacum officinale L., well known as Lignum vitae (family: Zygophyllaceae). Leaf, bark, and 

flower of Guaiacum officinale are rich sources of saponins such as guaiazulene or guaiac were widely 

used for antibacterial, antiseptic, and anti-inflammatory [8], antirheumatic and antioxidant [9], anti-

tumor and epithelizing properties [10]. 

Furthermore, the toxic impact of conventional treatment creates radiation, chemotherapeutics, 

and drug-resistance properties generating an immediate need for the advancement of unconventional 

treatment for cancer. Additionally, the most esoteric and deadly form of pediatric cancer that 

develops in the neurological system of young children and offspring and a solid carcinogenic tumor 

that starts to grow in the nerve cells outside the brain is known as human bone marrow 

neuroblastoma [11]. 

The literature study recommends the existence of rich medicinal properties and previously, the 

synthesis of nanoparticles from Guaiacum officinale plants was not reported. Hence, the present 

investigation was designed for the green synthesis of AgNPs from ultrasound-assisted hydroacetonic 

leaf extract, characterized the synthesized GoLE-AgNPs, and focused on the potential invitro 

evaluation of antioxidant and anticancer efficacy of AgNPs against human bone marrow 

neuroblastoma cancer (SH-SY5Y) cell lines. 

 

2. Materials and Methods 

2.1. Materials 

Milli-Q water was used for the preparation of solutions, 70% Acetone, Folin-Ciocalteu reagent, 

Aluminum chloride (AlCl3), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Silver Nitrate (AgNO3), 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), Dimethyl sulfoxide (DMSO) and 

other reagents, chemicals and stains were obtained from distinguished companies.   

 

2.2. Collection and Authentication 

Fresh green leaves of Guaiacum officinale L. were collected from Railway quarters, near the Gadag 

Railway station; 15°26'01.3"N 75°38'32.2"E; Vidya Nagar, Kalasapur, Gadag-Betageri; GPS co-

ordinates of the plant: 15.43389, 75.64232; Plus Code: CJMR+FWM Gadag-Betageri, Karnataka, India-

582101; Altitude: 654 m/2,146 ft. The collected specimen was critically inspected for morphological 

characteristics along with the concerned literature. For future reference, a prepared herbarium was 

kept in the P. G. Department of Botany lab, Karnataka Science College, Dharwad, Karnataka, India-

580001 (accession number: Bot/KSCD/28-06-2022/19608). 

 

2.3. Preparation of Plant Extract and Synthesis of GoLE-AgNPs 

Collected leaves of Guaiacum officinale were washed with tap water and then Milli-Q water to 

remove all impurities and shade-dried for a week. Thoroughly pulverized to form fine powder. UAE 
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was performed using Athena Multifunctional Ultrasonicator Cleaner bath model (ATS-10L), 

Ultrasonic power of 240 W, heating power of 500 W, and frequency of 40 KHz applying direct 

sonication method developed by Liu et al., [12], Pandhari and Taranath [13], and standardized as per 

the requirements. 50 grams of pulverized leaf powder with 400 mL of 70% acetone (1:8 w/w) in a 1 L 

autoclavable bottle stoppered with air condenser, 75 min of extraction maceration and 100% 

sonication power with 60 ℃ temperature was maintained. Kept for cooling at room temperature for 

3 hrs., vacuum filtered twice with Whatman filter paper (No. 1) (Whatman PLC, Maidstone, UK). The 

filtered extract was air-dried into pellets. The total percentage yield of UAE extract was calculated 

using the Eq. (1): 

             

 % Yield =
Weight of the leaf extract

Weight of the plant material
 × 100           (1) 

 

Five grams of hydroacetonic leaf extract was diluted with 50 mL of milli-Q water and used for 

green synthesis of AgNPs. To reduce silver ions, 10 mL diluted aqueous leaf extract was mixed with 

20 mL of 1mM aqueous AgNO3, incubated overnight at 25 ℃, and adjusted to pH 8 by adding 1 N 

NaOH solution and stirred for 10 min. 

 

2.4. Characterization of GoLE-AgNPs 

Synthesized AgNPs were diluted with Milli-Q water in 1:5 ratio and absorption spectra were 

recorded using a double-beam JASCO UV-VIS NIR V670 spectrophotometer with 300-800 nm 

wavelength range. The purification of AgNPs was performed using REMI Cooling Centrifuge C24 

BL (5000 rpm, 15 min) and washed with Milli-Q water thrice, the supernatant was discarded, and the 

concentrated slurry (containing AgNPs) was collected and dried at 40 ℃ and preserved for 

characterization. KBr pellets were prepared with purified AgNPs for the analysis of FTIR 

spectroscopy using Thermo-Fischer Scientific Nicolet 6700 equipment with 400-4000 cm-1 scanning 

range and a resolution of 4 cm-1 was used to determine the phytochemicals involved in the reduction, 

capping, and stabilization of GoLE-AgNPs. The crystallinity of AgNPs was measured using RIGAKU 

Smartlab SE X-ray diffractometer equipped with Cu Kβ radiation (λ = 1.3923 Å) with 40 kV, 30 mA 

power, 2θ range of 5⁓90° and scanning rate was 10.00°/min. The size and shape of the GoLE-AgNPs 

were determined by HR-TEM (Thermo-Fisher TALOS F200 G2) combined with SAED and EDS was 

performed to check the crystalline orientation and elemental composition of AgNPs. The surface 

charge, hydrodynamic size and polydispersity index (PDI) of GoLE-AgNPs were examined by 

Dynamic light scattering (DLS) analysis using the HORIBA SZ-100 instrument. 

 

2.5. Determination of Antioxidant Activity of GoLE-AgNPs 

2.5.1 Total phenolic content (TPC) and total flavonoid content (TFC) 

The Folin-Ciocalteu assay developed by Bankalagi et al., [14] was adopted to quantify the TPC of 

GoLE-AgNPs. Briefly, to maintain proper concentration, 1 mg of GoLE-AgNPs was dissolved in 

Methanol (1 mg/mL). In a test tube, 1 mL AgNPs was added to 5 mL of Milli-Q water, and 50% Folin-

Ciocalteu reagent (1 mL) was added. After 3 min. 3 mL of saturated 2% Na2CO3 solution was added 

and mixed thoroughly. The mixture was left in the dark for 90 minutes at room temperature. The 

absorbance of the colour generated was measured at 720 nm. A standard curve of known Gallic acid 

equivalent values (12.5-200 μg/ml) taken as reference. TFC of GoLE-AgNPs was determined using an 

AlCl3 colorimetric assay described by Chandra et al., [15] Briefly, 1 mg of GoLE-AgNPs was dissolved 
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in methanol (1mg/mL) separately. 1 mL of 10% AlCl3 solution, 1 mL of 1M NaOH, and 5 mL of Milli-

Q water added to the 0.5 mg of silver nanoparticles and incubated for 30 min. at room temperature. 

Using Milli-Q water (5 mL), a blank was prepared from the same procedure. Absorbance was 

measured at 420 nm wavelength by using UV–Visible spectrophotometer. A standard curve of known 

Quercetin equivalent values (12.5-200 μg/mL) taken as a reference. The XY-linear regression graphs 

were plotted for TPC and TFC values using GraphPad Prism version 8.0.1 software (GraphPad 

Software, Boston, MA, USA).  The experiments were conducted in triplicates and the results were 

reported as mean ± standard deviation (SD). 

 

2.5.1. DPPH Radical-Scavenging Activity 

The green-synthesized GoLE-AgNPs were tested for antioxidant capacity by the DPPH method 

described by Reddy et al., [16] The GoLE-AgNPs with different concentrations (12.5, 25, 50, 100, 200 

μg/mL) were mixed with 3 mL of methanolic solution containing 0.1 mM DPPH radicals. After proper 

agitation, allowed to incubate for 30 minutes in the dark. Absorbance was recorded at 517 nm using 

a UV-Vis Spectrophotometer. Ascorbic acid was used as the standard and experiments were carried 

out in triplicates. The percentage of free-radical scavenging activity was calculated using Eq. (2):  

 

DPPH radical scavenging activity (%) = (
Absorbance of control−Absorbance of sample

Absorbance of control
) × 100      (2) 

 

2.6. Determination of Anticancer Activity of GoLE-AgNPs 

2.6.1. Cell culture conditions and assay controls 

SH-SY5Y cell lines were bought from the National Centre for Cell Sciences (NCCS), Pune, India. 

Cancer cells were preserved in T25 culture flask (#12556009, Biolite-Thermo) containing high glucose 

DMEM (#AL111, HiMedia) and 10% FBS (#RM10432, Himedia). Incubated in the CO2 incubator (Heal 

Force, China) at 37 ℃ temperature humidified atmosphere of 5% CO2 and sub-cultured every 24 

hours. A 96-well plate (Corning, USA) seeded with 200 µl of cell suspension, with 20,000 cells per 

well. After this, the plate spent a full day at 37 ℃ in an incubator with 5% CO2 [13]. SH-SY5Y cells 

were treated with Camptothecin as a positive control. Cells cultured in a medium without 

experimental drug served as negative control and the test group contained cancer cells treated with 

different concentrations of GoLE-AgNPs prepared in DMSO (0.1%).  

 

2.6.2. MTT cell viability assay 

SH-SY5Y cell lines treated with GoLE-AgNPs and a chemotherapeutic drug Camptothecin 

(#C9911, Sigma-Aldrich) were used as standard. After 24 hrs. of incubation, the medium was 

removed, MTT reagent (#4060, HiMedia) (0.5 mg/ml) was added and 100 μl of DMSO (#PHR1309, 

Sigma-Aldrich) dissolved the MTT formazan crystals and absorbance was measured at 570 nm [17]. 

Cell viability percentage was calculated using Eq. (3): 

 

Cell viability (%) = (
Mean absorbance of treated cells

Mean absorbance of untreated cells
) × 100         (3) 

 

The IC50 value was calculated by using a linear regression equation Y=Mx+C.  

Where, Y = 50, M and C values were derived from the viability graph. 
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2.6.3. Annexin V FITC/PI Apoptotic study 

SH-SY5Y cells were cultured in a 6-well plate at a density of 0.5x106 cells/2 ml. subjected to IC50 

concentrations of GoLE-AgNPs and Camptothecin. After 24 hrs. of incubation, the medium was 

removed and cells were rinsed with PBS and added to 200μl of trypsin-EDTA (#TCL099, HiMedia) 

solution, incubated for 3-4 minutes at 37 °C. Culture medium (2 ml) was added, and cell lines were 

harvested into 12×75 mm polystyrene tubes and centrifuged at 300 x g at 25 ℃ for 5 minutes. Cells 

were rinsed in PBS twice [16] and 5μl of Annexin V FITC (#51-65874X, BD-Biosciences) was added, 

gently vortexed, and incubated in the dark for 15 minutes at room temperature. Each tube was gently 

vortexed after adding 400μl of 1X binding buffer and 5μl of PI (#51-66211E, BD-Biosciences). Using 

the fluorescence-activated cell sorting (FACS) method, cells were analyzed as described by Koopman 

et al., [18].  

 

3. Results and Discussion 

3.1. Total Yield of UAE Crude Extract 

15 g of hydroacetonic crude extract was produced from 50 g of Guaiacum officinale L. leaf powder 

using an ultrasonic-assisted extraction method. The resulting total percentage of yield was 31.66 w/w. 

 

3.2. Characterization of Silver Nanoparticles 

The formation of silver nanoparticles was observed by colour change from light yellow to brown 

and the excitation of surface plasmonic resonance (SPR) vibrations of synthesized silver nanoparticles 

at pH 8 indicating the sharp UV-vis absorption maxima (λmax) at 411 nm (Figure 1) [19]. 

 

 
Fig. 1. UV-vis spectrum of GoLE-AgNPs (A) Leaf extract (B) 1mM 

AgNO3 (C) Reaction mixture 

 

FTIR analysis of GoLE-AgNPs was performed to confirm the phytochemicals reduction and 

stability of AgNPs. Figure 2 showed the absorbance peak at 3571.57 and 3446.31 cm-1 corresponds to 

the O-H stretching of free alcohol and phenolic compounds serving in the stabilization of AgNPs [20], 

due to the presence of protein residues the absorbance peak at 1638.92 cm-1 represents the C=C 

medium stretching of cyclic alkenes. The medium stretching absorbance at 1384.27 and 1071.47 cm-1 
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spectrum corresponds to the C-H stretch of phenols, aldehydes, and alkanes which accelerates the 

reduction of Ag ions [21,22]. It is evident that the phytochemicals present in the leaf extract act as 

reducing agents and enhance the AgNPs stability during the synthesis [23]. 

 

 
Fig. 2. FTIR spectral analysis of GoLE-AgNPs 

 

The powder X- ray diffractogram of GoLE-AgNPs (Figure 3) showed the miller indices at (111), 

(200), (220), (311) and (222) which corresponds to Bragg’s peaks (2θ angle) at 38.16°, 44.48°, 64.51°, 

77.39° and 81.46° which confirms the formation of elemental silver with face centered cubic (FCC) 

crystalline phase indexed with ICDD Card No. 03-065-2871 and 01-073-6859. Several unassigned 

peaks which might be due to the crystallization phase of bio-organics that are present on the external 

surface of the synthesized AgNPs [24]. The average crystalline size of GoLE-AgNPs was calculated 

using Debye-Scherrer equation, D = Kλ/βcos θ where ‘D’ is the diameter of the nanoparticle, the 

Scherrer constant K = 0.94 is the shape factor, ‘λ’ is the wavelength of diffracted X-rays; ‘β’ represents 

the full width at half maximum (FWHM) of the peaks and ‘θ’ is the Bragg’s angle, the average size of 

synthesized AgNPs was found to be 29.85 nm [25]. 
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Fig. 3. Powder XRD spectra of GoLE-AgNPs 

 

HR-TEM images (Figure 4A, 4B and 4C) confirm the size of the GoLE-AgNPs, ranging from 18-

25 nm in diameter with an average size of ⁓21.5 nm and spherical-shaped, smooth edges with less 

agglomeration. The SAED pattern (Figure 4D) of synthesized silver nanoparticles showed a circular 

diffraction pattern along with bright spots indexed based on the fcc structure of silver. Five bright 

rings compared to the (111), (200), (220), (311) and (222) lattice planes of fcc silver, which confirmed 

that the synthesized silver nanoparticles had maintained a regular lattice pattern with good 

crystallinity and the results were good agreement with XRD data [26]. EDS profile (Figure 4E) 

confirms the presence of elemental silver at 3 keV and the presence of carbon and oxygen elements 

in the range of 0.1-0.5 keV because the plant extracts act as capping materials on the nanoparticles’ 

surfaces which are bound to silver nanoparticles surfaces during extraction process [27]. 
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Fig. 4. HR-TEM images of GoLE-AgNPs (A-C) ranging from 18-25 nm along with (E) 

SAED pattern and (F) EDS spectrum of GoLE-AgNPs 

 

The surface zeta potential of GoLE-AgNPs was found to be -37.3 mV (Figure 5A) indicating the 

stable anions on the nanoparticles surface which has a strong repulsive force, hence it restricted the 

aggregation of nanoparticles and enhanced the stability of synthesized nanoparticles. Figure 5B 

depicts the hydrodynamic size (Z-average size) of synthesized AgNPs was +35.4 nm and the AgNPs 

were typically distributed in aqueous medium and the measure of the width of the AgNPs size 

distribution known as polydispersity index (PDI) was found to be 0.600 [28]. The PDI value of AgNPs 

was less than 1 indicating the monodisperse distribution [29]. 
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Fig. 5. (A) Zeta potential of GoLE-AgNPs: -37.3 mV, indicating stability. (B) Hydrodynamic 

size: 35.4 nm, PDI: 0.600, indicating monodisperse distribution 

 

3.3. Antioxidant Activity 

3.3.1 TPC and TFC of GoLE-AgNPs   

The total polyphenolic content of GoLE-AgNPs synthesized from hydroacetonic leaf extract was 

calculated using the gallic acid equivalent (GAE) for TPC and quercetin equivalent (QE) for TFC. The 

TPC of GoLE-AgNPs was found to be 109.95 ± 0.311 mg GAE/100 mL at 200 µg/mL concentration 

with a significant R2 value of 0.9652 (Figure 6A). The TFC of GoLE-AgNPs was found to be 34.236 ± 

0.101 μg QE/mL at 200 µg/ml concentration with a significant R2 value of 0.9918 (Figure 6B). 

Polyphenolics like phenolics and flavonoids chiefly act as antioxidants, capping and reducing agents 

that stabilize the synthesized AgNPs [30]. 

 

 

 

 

 

 

 

A B 
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Fig. 6. (A) Total phenolic content and (B) Total flavonoid content of GoLE-AgNPs 

 

3.3.2 DPPH radical scavenging capacity 

The GoLE-AgNPs showed an effective antioxidant capacity because the phytochemicals capped 

on the surface of synthesized AgNPs act as effective antioxidant agents [31]. In a dose-dependent 

manner, GoLE-AgNPs at higher concentrations exhibited an effective percentage of inhibition of 97.39 

± 0.009 and standard ascorbic acid inhibited 93.74 ± 0.067% at 200 µg/mL concentration. The IC50 value 

of GoLE-AgNPs was 46.55 μg/ml and the standard was 35.39 μg/ml (Figure 7) (Table 1). 

 

 
Fig. 7. DPPH radical scavenging activity of GoLE-AgNPs compared with 

standard ascorbic acid 
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Table 1 

DPPH radical scavenging capacity of GoLE-AgNPs with IC50 concentration 

Concentration (μg/ml) Percentage inhibition (%) 

Ascorbic acid GoLE-AgNPs 

12.5 37.53 ± 0.026 26.75 ± 0.009 

25 48.30 ± 0.057 40.35 ± 0.009 

50 59.52 ± 0.073 64.12 ± 0.007 

100 69.09 ± 0.018 74.56 ± 0.014 

200 93.74 ± 0.067 97.39 ± 0.009  
IC50      35.39 46.55 

   Data expressed as mean ± standard deviation (n = 3) 

 

3.4. Anticancer Activity    

3.4.1 Cell viability of GoLE-AgNPs against SH-SY5Y cells      

      The anticancer activity of GoLE-AgNPs against cancer cell lines was investigated using MTT 

cell viability assay at 12.5-200 μg/ml concentrations. The results showed that cell viability decreased 

with increasing concentration of GoLE-AgNPs after 24 hours of treatment. The cell viability showed 

24.05 ± 0.029% in the test group and 49.19 ± 0.022% in the positive control at 200 µg/ml concentration 

(Figure 8). Compared to standard camptothecin, the synthesized GoLE-AgNPs showed effective cell 

viability against SH-SY5Y cancer cell lines because the capping of potential phytoconstituents on the 

surface of nanoparticles enriched the cytotoxicity against the cancer cells [32]. Compared to a 

standard drug (195.26 µg/ml), the synthesized AgNPs showed an effective IC50 concentration of 

130.89 µg/ml (Table 2). Due to the effective anticancer activity of silver nanoparticles crucial 

morphological changes like cell shrinkage and membrane blabbing were observed (Figure 9). 

 

 
Fig. 8. Cell viability of Camptothecin and GoLE-AgNPs against SH-SY5Y 

cells after 24 hours of treatment 
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Table 2 

IC50 concentrations of standard drug and test group in µg/mL 

Cell line Camptothecin  GoLE-AgNPs 

SH-SY5Y 195.26 130.89 

 

 
Fig. 9. Microscopic images of cell viability assay on SH-SY5Y cell lines at 12.5-200 µg/mL 

concentrations (A) SH-SY5Y cells treated with camptothecin, (B) SH-SY5Y cells treated with GoLE-

AgNPs 

 

3.4.2 GoLE-AgNPs induce apoptosis in SH-SY5Y cells 

The synthesized AgNPs derived from Guaiacum officinale leaf extract contains therapeutic drugs 

like phytochemicals which efficiently induce apoptosis in Cancer cells in a dose-dependent manner 

[33]. Subject to IC50 concentrations of Camptothecin and GoLE-AgNPs for 24 hours of treatment 

induce apoptosis in SH-SY5Y cells. The cell populations that were necrotic, non-apoptotic, and 

apoptotic were all controlled by FITC Annexin V/PI staining. Figure 10A-10C and Figure 11 confirm 

the significant induction of necrosis (Annexin V−/PI+) (0%, 0.2% and 0.78%), late apoptosis (Annexin 

V+/PI+) (2.4%, 29.34% and 23%) and early apoptosis (Annexin V+/PI−) (1.23%, 23.49% and 43.13%) in 

SH-SY5Y cells with different treatment groups such as untreated (negative control), camptothecin 

(positive control), and GoBE-AgNPs (test groups) at 12.5-200 µg/mL concentrations. The rate of 

apoptotic cells increased from 3.63% (SH-SY5Y-Untreated) to 52.83% (SH-SY5Y-Camptothecin) and 

66.13% (GoLE-AgNPs). The results validated the efficiency of GoLE-AgNPs, in inducing apoptosis in 

human bone marrow neuroblastoma cancer cells. 
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Fig. 10. FACS Flow cytometry examination by Annexin V FITC/PI expression in SH-SY5Y cells 

(A) Untreated cells of SH-SY5Y, (B) SH-SY5Y cells treated with Camptothecin, (C) SH-SY5Y cells 

treated with GoLE-AgNPs 

 

 
Fig. 11. Graph representing FACS Flow cytometry examination of 

apoptosis in treated SH-SY5Y cells. (UL- Upper left, UR- Upper right, 

LL- Lower left, LR- Lower right) 

 

4. Conclusions 

The invitro antioxidant and anticancer properties of silver nanoparticles synthesized from 

Guaiacum officinale leaf extract were investigated in this research work. The hydroacetonic leaf extract 

of Guaiacum officinale was prepared from an advanced ultrasonicator-assisted extraction method. 

Using GoLE, crystalline, phytochemically capped, small, spherical AgNPs were synthesized and 

analyzed by different characterization techniques. The phytochemicals play an important role in the 

capping, reduction, and stabilization of silver nanoparticles. The green synthesized AgNPs resulted 

in effective antioxidant activity and high cytotoxic to SH-SY5Y cell lines. The GoLE-AgNPs showed 

potential induction of apoptosis in human bone marrow neuroblastoma cancer cells. Current research 

evidence suggests that the green synthesized GoLE-AgNPs might be used as a potential drug for the 

treatment of several cancer therapies along with human bone marrow neuroblastoma cancer. 

 

 

            (A)                           (B)                               (C) 
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