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Abstract

Objectives: To evaluate the therapeutic potential of phy-
tofabricated silver nanoparticle reduced by bark extract of 
Saraca asoca for Acute Myeloid Leukemia (AML).

Methods: The efficacy of silver nanoformulation was 
tested in vivo secondary model of AML in comparison to 
chemotherapeutic drug doxorubicin and the cytotoxic and 
genotoxic potential of the nanoparticle in vitro in leukemic 
cells in comparison to normal lymphocytes.

Results: Both these approaches proved that AgNPs were 
selectively cytotoxic towards leukemic lymphocyte cells 
through oxidative damage, which were comparable to the 
standard chemotherapeutic drug.

Conclusions: This finding opens a new avenue for the 
biomedical application of environmentally sustainable green 
phyto-fabricated AgNPs in chemoprevention of AML.
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Introduction

Acute Myeloid Leukemia (AML) is one of the most complex 
types of leukemia, which needs new and advanced mode of 
treatment. The impaired production of myeloid blood cells or 
pancytopenia of AML leads to the reduction of erythrocytes, 
lymphocytes and platelets. AML occurs due to exposure to 
agents like smoking, certain chemicals like alkylating agents, 
platinum and benzene, certain blood diseases, genetic disor-
ders, exposure to radiations etc. 

In contrast to the conventional treatment like chemotherapy, 
radiotherapy and stem cell transplantation, plant phytochemi-
cals can be used as nontoxic chemopreventive agent to provide 
long-term therapeutic effect [1-5]. 

Several reports are now available on the anticancer activ-
ity of the silver nanoparticles synthesized by green chemistry 
method. According to Prabhu et al. [6] green-synthesized Ag-
NPs by methanolic extract of Vitex negundo L. showed 50% in-
hibition of cell viability of Human Colon Cancer Cell Lines (HCT 
15). The cytotoxic properties of biologically synthesized silver 
nanoparticles from Acalypha indica was observed in human 
breast tumor cells, MDA-MB-231 [7,8]. AgNPs from Androgra-
phis echioides inhibited the growth of human breast adenocar-
cinoma cells [9]. Additionally, biofunctionalized green-synthe-
sized AgNPs exhibited potential cytotoxic activity against HT29 
human colon adenocarcinoma cells [10]. AgNPs bioformulated 
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by using Premna serratifolia leave extract displayed significant 
anticancer activity on liver cancer of Swiss albino mice [11]. 
Sre et al. [12] reported the cytotoxic activity of phytochemi-
cally synthesized AgNPs from Erythrina indica on MCF-7 (breast 
cancer) cells and HepG2 (hepatocellular carcinoma) cells. An-
other group of scientists reported the AgNPs, synthesized using 
the latex of Euphorbia nivulia, exhibited potentially cytotoxic 
effects in a dose-dependent manner against human lung car-
cinoma (A549) cells (Sukumar et al. 2013) [13]. Annona squa-
mosa seed extract displayed good anticancer activities against 
human hepatoma and breast cancer cells both in vitro and in 
vivo  [14,15] The anticancer efficacy of Allium sativum (garlic) 
exerted the protective effect against gastrointestinal cancers 
[16] and administration of garlic enhanced the efficacy of natu-
ral killer cells in patients with advanced digestive system can-
cer [17]; Curcumin, a polyphenol (diferuloylmethane) derived 
from the rhizome of turmeric (Curcuma longa Linn), is a strong 
anticancer agent showed its multiple actions on mutagenesis, 
cell cycle progression, apoptosis, oncogene expression, and 
metastasis [18]. According to the study of Dhillon et al. [19], 
curcumin showed positive results in pancreatic bladder cancer 
patients too. So it is quite evident that the silver nanoparticles 
capped with phytocomponents with medicinal value have a 
great prospect of utilization as a new line of treatment in acute 
myeloid leukemia. A few reports are available on anti-leukemic 
activity of silver nanoparticles in acute myeloid leukemia cells 
[20,21,22]. 

The plant Saraca asoca is a rain-forest tree belonging to the 
family Caesalpinaceae. It is native of Asia and South America. 
In India it is distributed throughout central areas of Deccan pla-
teau and Western Ghats of the subcontinent. The bark of Sara-
ca asoca has natural detoxification properties, rich in different 
phyto-compounds that have usages in the treatment of health 
issues like bleeding disorders, menorrhagia, and diarrhea, even 
in control of obesity. In this study we have analyzed the efficacy 
of the phytofabricated silver nanoparticle using the bark extract of 
Saraca asoca as reducing agent against the secondary AML mice 
model both in vivo and in vitro in comparison to common antican-
cer drug doxorubicin.

Materials and methods

Chemicals

Osmium tetroxide, Glutaraldehyde (electron microscopy 
grade), DAPI (4′, 6-Diamidine-2′-phenylindole dihydrochloride), 
DCFDA dye, histopaque, doxorubicin ( purchased from Sigma Al-
drich chemical company, Mumbai, India). Annexin V-FITC Apop-
tosis Detection Kit was purchased from Invitrogen, Thermo 
Fisher Scientific (Mumbai, India).

Animals

Swiss albino male mice (Mus musculus) of the age group of 
six to eight weeks from specified strain were purchased from 
a registered supplier. All the animals were maintained and 
treated as per direction and approval of the Institutional Animal 
Ethics committee, Department of Zoology University Of Kalyani 
(892/Go/Re/S/01/CPCSEA, dated 28.04.2014), (registered to 
Committee for the purpose of control and supervision of experi-
ments on animals (CPCSEA), Ministry of Environment and, For-
est and Climate Change, Animal Welfare Division, Government 
of India,) in stainless steel wire cages (Tarsons, India) under 12 
hour light-dark cycle. Pellet diet (West Bengal Diary and Poultry 
development corp. Ltd., Kalyani Industrial Area, Kalyani, WB In-

dia) was provided and water was supplied ad libitum automati-
cally through the tubing during the study period.

Secondary acute myeloid leukemia (AML) mice model 

The secondary AML mice model was developed following 
the methodology of Saha et al. [23]. To develop the secondary 
AML model liquid benzene (HPLC grade) (MERCK, India) was va-
porized by heating at 16°C and then the vapor was channeled 
into the inhalation chamber (1.3m3). A total of four groups 
(each containing six mice) were taken for the experimental 
(AML group) process. All the groups were exposed to 300 ppm 
benzene (in vapor form) for 6 h/day, 5 days/week for 2 weeks. 
Cumulative exposure= ppm X no of hours X no of days. Tem-
perature and humidity were maintained automatically at 24 ± 
1°C and 55 ± 10% respectively inside the chambers.

Green phyto-fabricated silver nanoparticle 

Green phyto-fabricated silver nanoparticles were synthe-
sized using aqueous bark extract of Saraca asoca as the reducing 
agent [24]. The taxonomic identification of plant material was 
confirmed by Dr G. G. Maity, Professor of Taxonomy, Taxonomy 
and Plant systematic unit, Department of Botany, University Of 
Kalyani. The voucher specimens (Deb.kly-60) was deposited and 
preserved in the Department of Botany. The LD50 of the synthe-
sized silver nanoparticle was 2165mg/kg body weight (Table 1). 
Two selected doses (for in vivo) were 43mg/kg b.w and 86mg/
kg b.w. which were actually the 1/50th and 1/25th fraction of the 
determined LD50 of the green silver nanoparticle. Doses were 
selected as per the guidelines of OECD (2001) [25].

Table 1: LD5 to LD90 values of synthesized silver nanoparticle.

Percentile Probit Dose (mg/kg) Mean ± SEM

5 3.36 720.02 ± 330.51

10 3.72 908.05 ± 358.37

20 4.16 1142.45 ± 398.48

30 4.48 1403.09 ± 412.11

40 4.75 180936 ± 421.15

50 5.00 2165.26 ± 452.17

60 5.25 2673.28 ± 491.44

70 5.52 3113.51 ± 615.91

80 5.84 3768.40 ± 903.93

90 6.28 5322.89± 1647.36

Study of anti-leukemic activity of phyto-fabricated silver 
nanoparticle in secondary AML Mice model 

Experimental Design: The treatments (the synthesized sil-
ver nanoparticle and the standard drug) were given by i.p. in-
jection at every second day upto 30 days. Overall survival was 
registered during the 35th day of the study. The groups were I: 
Control: normal healthy mice without any disease and received 
no treatment; II: AML mice received no treatment; III: AgNPs 
treated AML mice treated with 43mg/kg b.w. of AgNPs; IV: Ag-
NPs treated AML mice treated with 86mg/kg b.w. V: AML mice 
model treated with 2mg/kg b.w. of doxorubicin. 

Survivability Assay: The study was conducted for a period of 
total 35 days. Kaplan-Meier (1958) [26] analysis was performed 
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to determine the in vivo survival distributions and using the log-
rank method the survival curves comparisons and hypothesis 
was tested. Differences between groups were considered statis-
tically significant at P<0.05.

Cytotoxicity and genotoxicity of the phyto-fabricated silver 
nanoparticle

Cell sample preparation: Lymphocytes were isolated from 
the bone marrow of the secondary AML mice using Histopaque 
1077 (Sigma–Aldrich, St. Louis, MO, USA) following the method-
ology of Thorsby [27] with modifications. The isolated leukemic 
lymphocytes were incubated with different concentrations of 
the green silver nanoparticle (10µg/ml, 20µg/ml, 40µg/ml and 
80µg/ml) and standard drug doxorubicin (at a concentration of 
1 μM) in RPMI-1640 media for 3 hour at 37oC. Normal lympho-
cyte cells treated with highest concentration nanoparticle was 
the control system.

Cell viability assay: Cell viability was checked by Trypan 
blue exclusion method described by Tennant [28]. 0.4% solu-
tion of Trypan blue in buffered isotonic salt solution, pH 7.2 to 
7.3 (i.e., phosphate-buffered saline) was added to 1 ml of cell 
suspension (106cells/ml). Cell viability should be at least 95% 
for healthy log-phase. The percent of viable cells was calculated 
using the formula: % of viable cells = [1.00 – (Number of blue 
cells ÷ Number of total cells)] × 100

Determination of nitric oxide (NO): Nitric oxide basically 
generates from sodium nitroprusside and it is measured by the 
Griess reaction [29]. Nitric oxide was generated by chemical re-
action of sodium nitroprusside. The incubation time was five 
hours so that the part of the generated nitric oxide was scav-
enged. The amount of the left over nitric oxide was calculated. 
The absorbance of the chromophore was then measured at 546 
nm. Percentage of scavenging activity = (O.D. of control / O.D. 
of test) × 100

ROS generation– DCFDA assay: The generation of ROS was 
detected by 2, 7-dichlorofluorescein di-acetate (DCFH-DA) fluo-
rescence. The cell suspension containing approximately 106 
cells per tube was taken for the flow cytometric analysis. The 
generation of ROS was detected following the methodology of 
Roy et al. [30]. The samples were untreated stained cells, silver 
nanoparticle treated cells, positive control cells (treated with 
hydrogen peroxide) as well as blank tubes containing buffer 
only. DCF was excited by the 488 nm laser and detected at 535 
nm (typically FL1). Ideally 10,000 cells were analyzed per experi-
mental condition. 

Mean fluorescent intensity change between control and 
treated samples was also determined.

Determination of Mitochondrial Membrane Potential: 
Change in the mitochondrial transmembrane potential was de-
termined following the methodology of Dash et al. [31] by flow 
cytometry at the single-cell layer. The control and treated cells 
were stained with the dye DiOC6 by incubating for 15 min at 
37ºC in complete dark in phosphate buffer saline. Loss of DiOC6 
fluorescence indicates the disruption of the mitochondrial in-
ner transmembrane potential. The fluorescence was detected 
at excitation wavelength of 488nm and emission wavelength 
of 530nm. The fluorescence intensity was measured on a FACS 
Calibur (Becton Dickinson), and data were analyzed using WIN-
MDI 2.9 software, representing the mean fluorescence inten-
sity.

DAPI: Analysis of nuclear membrane integrity of both control 
and treated cells were performed by DAPI (4', 6-diamidino-2-
phenylindole) following the methodology of Mollick et al. [32]. 
Cells were exposed to 300 nM DAPI stain solution. Cells were 
imaged under fluorescence microscope at 340 nm.

Analysis of apoptotic and necrotic cells: Alexa Fluor® 488 an-
nexin V and Propidium Iodide (Invitrogen) assay was performed 
according to the manufacturers protocol to quantify the num-
ber of apoptotic and necrotic cells. After staining with Alexa 
FluorR 488 annexin V and PI the apoptotic cells show green fluo-
rescence, dead cells show red and green fluorescence, and live 
cells show little or no fluorescence. The cells were washed in 
cold Phosphate-Buffered Saline (PBS). Finally 5 μl Alexa FluorR 
488 annexin V and 1 μl 100 μg/ml of PI working solution was 
added to each 100 μl of cell suspension. The stained cells were 
analyzed by flow cytometry at excitation wavelength of 488 nm; 
the fluorescence was measured at the emission wavelength of 
530 nm and 575 nm (or equivalent).

Comet Assay: Analysis of the extent of DNA damage was as-
sessed by comet assay following the methodology of Sing NP 
(1988) [33]. Following unwinding, the DNA is electrophoresed 
and stained with a fluorescent dye. DNA migration was ana-
lyzed by fluorescence microscopy (excitation filter 515-560 nm 
and barrier filter of 590 nm) attached with a CCD camera. The 
images were analyzed by the by Komet version 5.5 auto image 
analysis software. Quantitative and qualitative analysis of DNA 
damage was determined by measuring the length of DNA mi-
gration and the percentage of migrated DNA in the cells to cal-
culate the tail length.

DNA fragmentation assay: DNA was extracted from both the 
leukemic lymphocyte cells and control cells following the proto-
col suggested by Paul et al. [34]. After the treatment the cells 
were lysed and DNA was extracted with a mixture of phenol, 
chloroform, and isoamyl alcohol (25:24:1) and electrophoreti-
cally separated on a 2% agarose gel containing 1 μg/ml ethid-
ium bromide and visualized under ultraviolet transillumination.

Study of cellular uptake and accumulation by TEM: A modi-
fied cytotoxicity test with AML cells treated with green AgNPs 
was carried out by TEM imaging following the methodology of 
AshaRani et al. [35] for the qualitative assessment. Embedded 
samples were fixed with 2% glutaraldehyde and then post fixed 
with 2% osmium tetroxide. Ultrathin sections were cut with 
glass knives and examined in a Zeiss EM910 transmission elec-
tron microscope at an acceleration voltage of 80 kV.

Results

Survivability Assay

Figure 1(A) represents the percent survivability differences 
among the different groups of mice. It was evident that at the 
end of 35 days of study period the survivability of the second-
ary AML mice was significantly increased (p≤0.05) in both the 
groups i.e. the group treated with 43mg/kg b.w and 86mg/
kg b.w. of the bio-fabricated silver nanoparticles. The control 
group of mice was without any effect with 100% survivability 
whereas the diseased group showed only 17% of survivabil-
ity. Mice treated with AgNPs at dose of 43mg/kg b.w. revealed 
increase in percent survivability by 33% whereas at dose of 
86mg/kg b.w. the percent survivability was increased by 50% in 
comparison to that of untreated diseased group. Mice treated 
with standard drug at a dose of 2mg/kg b.w. showed maximum 
i.e. 83% of survivability (Figure 1).
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Figure 1: Percent survivability differences among different 
groups of animals. B Survival of mice exposed to benzene and 
treated with AgNPs and Doxorubicin. The data are presented in a 
Kaplan Meier format showing the cumulative survival of mice at 
different time (weeks) points.

Cytotoxicity and genotoxicity of the phyto-fabricated silver 
nanoparticles in leukemic lymphocytes

Cell viability test by Trypan blue exclusion method: The cell 
viability of the leukemic lymphocyte cells (Figure 2E) treated 
with different concentrations (10µg/ml, 20µg/ml, 40µg/ml and 
80µg/ml) of the phyto-fabricated silver nanoparticle was de-
termined and compared with the viability of cells treated with 
standard drug doxorubicin (at a concentration of 1 µM). The vi-
ability of leukemic lymphocyte cells was reduced by 89.14% at 
maximum concentration of the green silver nanoparticle. The 
percent of viability reduced by 91.23% in doxorubicin treated 
leukemic lymphocytes. So there was significant (p<0.05) de-
crease of percent viability of leukemic lymphocytes, when 
treated with different concentration of phyto-fabricated silver 
nanoparticle in a dose dependent manner. 

No release level: The degree of release of NO is one of the 
important parameters to analyze the anticancer potentiality of 
any compound. In the present study we found that at higher 
concentration (80µg/ml) the phyto-fabricated silver nanoparti-
cles were able to significantly (p<0.05) increase the Reactive Ni-
trogen Species (RNS) through NO level by 63.4% in the leukemic 
lymphocyte cells as compared to the control and the value was 
close to the level of NO (68.7%) in the leukemic lymphocytes 
treated with the standard drug doxorubicin (Figure 2D). In case 
of leukemic cells if there is elevated level of NO then it can be 
assumed that it may be due to severe oxidative injury, which 
in turn helps in killing the leukemic cells. It is a well known fact 
that NO reacts with superoxide to form peroxynitrite (ONOO_), 
which is more toxic and has microbicidal and tumoricidal effect. 
No significant increase in the level of NO was found in the nor-
mal cells that were treated with highest concentration of phyto-
fabricated silver nanoparticles.

ROS generation– DCFDA assay: The generation of ROS was 
measured in the leukemic lymphocyte cells treated with AgNPs 
with help of a cell permeable fluorescent dye (2´7´-dichloro flu-
orescein diacetate DCF-DA) and the outcomes were analyzed in 
FACS (BD BIOSCIENCE). In the present study, during the analysis 
we found that the intracellular concentration of ROS (Figure 2A) 
was significantly (p<0.05) higher in the leukemic lymphocytes 
treated with the highest concentration (80µg/ml) of the phyto-
fabricated silver nanoparticles when compared to the control. 
Figure 2C represents the fold change variation in generation of 
ROS in different set of cells. In phyto-fabricated silver nanoparti-
cle treated cells the ROS was elevated by 53.7% (2.26 fold com-
pared to control) and in doxorubicin treated cells the ROS was 
elevated by 66.76% (2.81 fold compared to control).

Alteration in mitochondrial membrane potential (MMP)

In this study the mitochondrial membrane potential (MMP) 
was measured to determine the cytotoxic effect of the phyto-
fabricated silver nanoparticles in the leukemic lymphocyte cell 
population. When the cell is dead or apoptotic the mitochon-
drial membrane integrity is diminished but in case of live cells 
the integrity remains intact. In this study, the MMP of the leuke-
mic lymphocytes treated with AgNPs was found to be depleted 
significantly in comparison to the control lymphocytes; similar 
depletion was also found in the doxorubicin treated leukemic 
lymphocyte cells. The decrease in the percentage of MMP was 
found to occur in a dose dependent manner i.e. at highest con-
centration of phyto-fabricated AgNPs the decrease in MMP was 
maximum i.e. 72.7% which is significantly (P <0.05) higher in 
comparison to the control. Depletion of MMP as fold change is 
represented in Figure 2B. 

Figure 2: A. Generation of ROS.A. a. control cells with high-
est conc. Of AgNP; (b) leukemic lymphocytes treated with AgNPs 
(40µg/ml); (c) leukemic lymphocytes treated with AgNP (80µg/
ml); (d) leukemic lymphocytes treated with standard drug doxo-
rubicin (1µM); B. Fold change in depletion of mitochondrial mem-
brane potential C. Fold change of ROS generation in different set 
of leukemic lymphocytes. D. NO level in the leukemic lymphocytes 
in nanoparticle and standard drug treated groups as compared to 
the control E. The reduction in percent of viable cells in leukemic 
lymphocytes.
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Fluorescence study by DAPI staining: With other cytotoxic 
effects as discussed above, chromatin condensation, cell bleb-
bing, was also investigated by DAPI staining. Imaging of cells 
after staining with DAPI revealed chromatin condensation and 
fragmentation in leukemic lymphocytes treated with the high-
est concentration (80µg/ml) of synthesized silver nanoparticle 
(Figure 3A). Similar change in the nuclear material was also 
observed in leukemic cells treated with the standard chemo-
therapeutic drug doxorubicin (Figure 3). But control cells that 
is normal lymphocytes treated with highest concentration of 
phyto-fabricated silver nanoparticle showed no typical charac-
teristics of apoptosis such as nuclear condensation or cell bleb-
bing (Figure 3A.a). 

In the analysis we found that there was significant (p<0.05) 
increase in both apoptosis and necrosis in the leukemic lympho-
cyte cell population after the treatment with synthesized phyto-
fabricated silver nanoparticles (Figure 3B). Result was similar in 
case of doxorubicin treated leukemic lymphocyte cell popula-
tion. A significant increase in the number of necrotic cells was 
observed at the highest concentration of phyto-fabricated silver 
nanoparticle. Experimental findings also revealed the percent-
age of leukemic lymphocytes at different phages of cell death 
viz. live cells, early apoptotic, late apoptotic and necrosis af-
ter treatment with phyto-fabricated AgNPs and standard drug 
doxorubicin (Figure 3C). The significant increase in apoptosis 
and necrosis of the leukemic lymphocytes is assumed to be 
contributed by oxidative stress by the phyto-fabricated AgNPs 
which is in agreement with the other lines of investigations.

Figure 3: Tests of cytotoxicity by staining with DAPI. A. a. Control 
cells after treatment with phyto-fabricated AgNPs; (b, c) leukemic 
lymphocytes after treatment with phyto-fabricated AgNPs and 
doxorubicin respectively; B. Assessment of apoptosis and necro-
sis (a) Control cell (with AgNPs); (b) after treatment with AgNPs 
(80µg/ml); (c) leukemic lymphocytes treated with standard che-
motherapeutic drug doxorubicin. C. Comparison among the per-
centage of leukemic lymphocytes at different phages of cell death 
viz. live cells, early apoptotic, late apoptotic and necrosis.

Estimation of DNA damage by Comet and DNA fragmenta-
tion Assay

After the treatment with the phyto-fabricated the leukemic 
lymphocytes were observed for damaged DNA by comet assay. 
The quantification of the damaged DNA was determined by 
comparing the tail length of the comet between the leukemic 
lymphocyte cells treated with green silver nanoparticle with 
the control cell population (Figure 4A). A significant (p<0.05) in-
crease in DNA damage was observed in both phyto-fabricated 
silver nanoparticle (at a concentration of 80µg/ml) and doxo-
rubicin treated leukemic lymphocytes (Figure 4B). In the green 
AgNPs treated AML cells the value of tail length of DNA was ap-
proximately 11 fold higher whereas in doxorubicin treated cells 
it was 14 fold higher than the value of comet obtained in the 
control cells (normal lymphocytes treated with phyto-fabricat-
ed AgNPs) (Figure 4C). 

Figure 4: Length of comet tail A. (a) control cells (without Ag-
NPs); (b,c) leukemic lymphocytes treated with phyto-fabricated 
silver nanoparticle and standard drug doxorubicin respectively B. 
Fragmentation of DNA. a. Control cells; b, c, treatment as before 
respectively C. Tail length analyzed by Comet assay.

Study of uptake and structural alterations of AML cells by 
TEM: AML cells incubated with phytofabricated AgNPs (80µg/
ml) were evaluated for structural alterations and phytofabri-
cated AgNPs accumulation. AML cells incubated with green 
AgNPs were characterized by different degrees of deformities 
like damaged cell membrane, extensive vacuolation and ve-
sicular degeneration. Features like loss of nuclear organization 
with ruptured plasma membrane and shrinkage of the proto-
plast (Figure 5a) were observed in sets of AML cells that were 
exposed to green AgNPs. Localization of nanoparticles was ob-
served in the vesicles (Figure 5e) of the cells. Extensive vacuole 
formation (Figure 5d) and lysosomes with partly degraded con-
tent (Figure 5c) were also observed.
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Figure 5: Uptake and structural organization of AML cells (a) 
treated AML with loss of nuclear organization, ruptured plasma 
membrane and degraded protoplast; (b) AML cells with pseudo-
podia; (c) lysosome with partly degraded content; (d) extensive 
vacuolation in the cell; (e) localization of nanoparticles inside the 
vesicles.

Discussions

A very few reports are available on the efficacy of green silver 
nanomaterial in treatment of AML cells [20, 21]. We have devel-
oped eco-friendly, phyto-fabricated silver nanoparticles using 
the aqueous bark extract of the plant Saraca asoca following 
the green chemistry method [24]. The average range of particle 
size calculated using Dynamic Light Scattering measurements 
(DLS) was found to be 3-10 nm [24]. AFM analysis showed the 
presence of almost spherical shaped particles within the size 
range of <5 nm. FTIR analysis indicated the involvement of car-
boxyl (-C=O), hydroxyl (-OH) and amine (-NH) functional groups 
of the phytochemicals in capping and stabilizing silver nanopar-
ticles. The capping and/or stabilizing materials are phyto-com-
pounds like 1, 2, 4-triazole and diethyl acetylenedicarboxylate 
with relatively higher abundance (data not shown). The rapid 
electrokinetic behavior of the silver was evaluated using zeta 
potential (approx -23.2 mV) confirmed its stability [24].

The therapeutic efficacy of the synthesized phyto-fabricated 
silver nanoparticle [23,36,37] revealed that the percent surviv-
ability was increased by 50% in comparison to that of untreated 
group of AML mice whereas mice treated with standard drug 
doxorubicin (2mg/kg b.w.) showed 83% survivability (Figure 1A). 
In this study we demonstrated for the first time that phytofabri-
cated silver nanoparticles could effectively increase the survival 
distributions like the standard chemotherapeutic drug in vivo. 
The extent of cytotoxicity and genotoxicity of the phyto-fabri-
cated silver nanoparticle was compared between the normal 
lymphocytes and AML cells in vitro to confirm the target spe-
cific toxicity of the capped nanoparticle as reported by Netcha-
reonsirisuk et al. [38]. We also confirmed the dose dependent 
toxicity of the synthesized phyto-fabricated silver nanoparticle 
in AML cells (Figure 3). Previous evidences were available stat-
ing that exposure to AgNPs at different concentration can cause 
dose-dependent toxicity by inducing oxidative stress and DNA 
damage which ultimately leads to cell death [39].

The result of trypan blue exclusion method also revealed 
(Figure 3A) the dose dependent toxicity of the green AgNPs as 
the reduction in percent of viability of leukemic lymphocytes 
was increased from 50 to 89.14 % at the highest concentra-
tion i.e. at 80µg/ml whereas normal lymphocytes treated at 
a concentration of 80µg/ml showed no significant reduction. 
This finding certainly confirmed the cell specific cytotoxicity of 
the synthesized phytofabricated silver nanoparticle. Many re-
searchers showed evidence that silver nanoparticles can cause 
DNA damage and stimulate oxidative stress to those cells which 
lack in their capacity to repair damaged DNA or other oxidative 
stress [39]. In our study nanosilver with their phyto-chemical 
capping on its surface inhibited the viability of the cells by in-
ducing oxidative stress. The presence of triazole is assumed to 
have induced the cytotoxicity of AgNPs as it has proven anti-
cancerous activity against a wide range of cancerous cells [40]. 
So the potential vulnerability of the AML cells to the cytotoxicity 
of the synthesized green silver nanoparticle can be exploited to 
develop this green AgNPs as a new therapeutic agent in AML 
treatment.

The elevated production of NO in the cell after exposure to 
silver nanoparticle is also crucial in asserting its cytotoxic ability 
because in reaction with superoxide NO usually produces more 
toxic peroxynitrite (ONOO-) which attributes to severe oxidative 
damage leading to cell death [31]. In our study, NO level in the 
leukemic lymphocyte cells was 63.4% which was close to value 
of doxorubicin treated AML cells where the value was 68.7% 
(Figure 2D). No significant increase of NO was found in the con-
trol cells treated with the green AgNPs (data not shown). Thus 
the elevated level of NO in the green AgNPs treated leukemic 
lymphocytes contributed in the severe oxidative injury leading 
to the death of AML cells.

One possible mechanism to induce cell death is by promot-
ing the generation of ROS. Normal cellular growth and its sur-
vival are controlled by maintaining a homeostasis in cellular 
ROS [41]. By estimating the amount of intracellular ROS the vul-
nerability of the cell to oxidative stress can be determined. In 
our study generation of ROS was elevated by 2.26 fold (53.7%) 
after exposure to synthesized silver nanoparticle (Figure 2C) in 
comparison to the control where the production of ROS was 
moderate (23.76%). Excessive amount of ROS attributes to cell 
death by two pathways either apoptosis or necrosis. In our 
study, significant (p<0.05) elevation of ROS in AML cells (Figure 
2A, C) after treatment with AgNPs is due to the cytotoxic effica-
cy of the synthesized green AgNPs. The toxic effect of nanopar-
ticles is due to its small size (<5nm) and power of penetration of 
biological membrane barriers to reach different organs. On the 
other hand surface functionalization by the phyto-components 
increased the chemical reactivity inside the cell leading to ex-
cess generation of ROS [42].

The apoptotic cells can be identified by the loss of mitochon-
drial membrane integrity though in living cells the mitochon-
drial membrane integrity remain unchanged. The percentage of 
MMP decreased significantly (P<0.05) with the increase in the 
concentration of AgNPs. After treatment with phytofabricated 
silver nanoparticle the depletion in MMP was 2.4 fold at 40µg/
ml concentration, 2.95 fold at 80µg/ml concentration and in 
doxorubicin treated cells it was 3.4 fold (Figure 2B). The dissipa-
tion in MMP in the AgNPs exposed AML cells are assumed to be 
disrupted of their mitochondrial membrane. 

The quantification of the percent of apoptosis and necrosis 
also revealed that the phyto-fabricated silver nanoparticles was 
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toxic to the AML cells in a dose dependent manner, at highest 
concentration of green AgNPs the percent of apoptotic cells 
were increase by 1.5 fold in comparison to control (Figure 3C), 
again the percent of necrosis was higher than apoptosis in this 
group of cells. After exposure the increase in ROS and subse-
quent decrease in mitochondrial membrane potential might be 
the reason behind the induction of apoptosis and necrosis in 
the green Ag NPs treated cells. DAPI staining and imaging of 
the AML cells showed condensed and fragmented chromatin as 
well as cell blebbing in AML cells after treatment with nanopar-
ticles, similar result was obtained when AML cells were treated 
with doxorubicin indicating that the synthesized phyto-fabricat-
ed silver nanoparticle was also able to induce death of leukemic 
cells like that of standard chemotherapeutic drug (Figure 3A). 
The disruption in chromatin structure contributes to cell death 
by turning on the apoptotic process [32]. Comet tail length of 
the AML cells treated with AgNPs and doxorubicin in compari-
son with control cells concurrent this observation. The value of 
tail DNA was approx. 11 fold higher than the control whereas in 
doxorubicin treated cells it was approx. 14 fold higher (Figure 
4A). The presence of comet tail was due to the oxidative attack 
causing DNA damage which was attributed by the cytotoxic ef-
fect of the green silver nanoparticle. The damage of the cellular 
architecture was shown by TEM images of the AML cells treated 
with phytofabricated silver nanoparticles. The damage was due 
to morphological alterations, extensive vacuolation, loss of nu-
clear organization, ruptured plasma membrane, partly degrada-
tion of lysosome contents, and shrinkage of the protoplast (Fig-
ure 5) associated with apoptotic/necrotic cell death induced by 
the phytofabricated AgNPs after internalization into the cellular 
vesicles. These findings thus confirmed the uptake of green Ag-
NPs by the AML cells and also the induced cytotoxicity due to 
oxidative damage.

Summary 

we demonstrated that the synthesized phyto-fabricated sil-
ver nanoparticle has a unique selective toxicity profile. Further-
more we found in our study that the phyto-fabrication reduced 
the toxicity of the nanoparticle itself on normal cells and cap-
ping materials imposed the chemopreventive potential on Ag-
NPs in an environmentally sustainable pathway.
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