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A B S T R A C T

There is a continuous rise in the rate of medicine consumption because of the development of drug resistance by
microbial pathogens. In the last one decade, silver nanoparticles (AgNPs) have become a remarkable choice for
the development of new drugs due to their excellent broad-spectrum antimicrobial activity. In the current piece
of work, we have synthesized AgNPs from the root extract of Phoenix dactylifera to test their antimicrobial and
anti-cancer potential. UV–visible spectra showed the surface plasmon resonance peak at 420 nm λmax corre-
sponding to the formation of silver nanoparticles, FTIR spectra further confirmed the involvement of biological
moieties in AgNPs synthesis. Moreover, XRD analysis showed the crystalline nature of AgNPs and predicted the
crystallite size of 15 to 40 nm. Electron microscopy analyses confirmed their spherical shape. In addition, syn-
thesized AgNPs was also found to control the growth of C. albicans and E. coli on solid nutrient medium with 20
and 22mm zone of inhibition, respectively. The 100% potency at 40 μg/ml AgNPs concentration was observed
against E. coli and C. albicans after 4 h and 48 h incubation respectively. Importantly, AgNPs were also found to
decrease the cell viability of MCF7 cell lines in vitro with IC50 values of 29.6 μg/ml and could act as a controlling
agent of human breast cancer. Based on our results, we conclude that biologically synthesized AgNPs exhibited
multifunctional properties and could be used against human cancer and other infectious diseases.

1. Introduction

Biological synthesis of silver nanoparticles (AgNPs) has great po-
tential because of its use in disinfective medicine and device develop-
ment [1,2]. On the basis of research and applications, different types,
shape, size, and crystalline materials of AgNPs has been synthesized
through different physico-chemical methods. However, these physico-
chemical methods are expensive, time and energy consuming and also
generate huge chemical byproducts [3,4]. On the other hand, green
synthesis route of AgNPs is natural, economical and environmentally
safe process [5,6]. Several researchers have lucratively synthesized
AgNPs by using bacterial, fungal and plant enzymes [7,8]. Among
these, plant extract or active compounds are the more promising source

for the AgNPs synthesis than bacterial and chemical methods because of
no risk of bacterial and hazardous chemical contamination and less
energy consumption with greater applicability and simplicity. Cur-
rently, many plant species based bio-constituents are used as an in-
novative eco-friendly and economical utensil to synthesize stable and
potential colloidal AgNPs homogenous solutions with monodisperse
phase. AgNPs have been synthesized from plant leaves of Acalypha in-
dica [9], Ficus benghalensis [10], and mulberry [11], and seed extract of
Macrotyloma uniflorum [12], Jatropha curcas [13], Illicium verum [14]
and Pistacia atlantica [15].The AgNPs have also been synthesized from
plant roots of Trianthema decandra [16] and Ocimum sanctum [17], but
reports are scarce in comparison to those with leaf and seed extract.

Phoenix dactylifera (date palm) is an important crop in arid and
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semiarid regions of the world. It has a main role in the social lives and
economy of gulf countries, including Saudi Arabia, UAE, and Iran. P.
dactylifera plant has root fibers cover stem above the ground. To our
knowledge, the collection of the root fibers from the stem above the
ground does not affect the plant health and considered as a solid waste
and inexpensive material. Upon careful exploration, P. dactylifera
leaves, fruits, seeds and bark contain antimicrobial activity and the
synthesis of silver nanoparticles have been reported in the literature,
but the synthesis from the root fibers are still unexplored [18]. P.
dactylifera fruits, leaves, and seed mediated silver nanoparticles have
been synthesized for antimicrobial activity [19–21] (Table 1). Root fi-
bers extracts have antimicrobial activity and has reported to change the
oxidation state of silver ion from Ag+ to Ag0 and act as a synthesizing
agent for AgNPs without the involvement of reducing chemical agents
in the reaction mixture. AgNPs synthesized from aqueous extracts of
plant root hair, novel properties because of the presence of different
bioactive compounds such as polyphenols, lipids, and fatty acids. The
involvement of these bioactive compounds in synthesis of AgNPs helps
to maintain specific characteristics such as size, distribution, mor-
phology of the materials and their application. Normally nano range
particles show a higher surface area-to volume ratio. The specific sur-
face area is relevant for catalytic activity such as antimicrobial activity
of nanoparticles [9,10]. As the specific surface area of nanoparticles is
increased, their biological effectiveness can also increase on the account
of a rise in surface energy.

Historically, silver is extensively used as a potent therapeutic agent
[22]. Biologically synthesized AgNPs are reported for the antimicrobial
and anticancer activities [23,24]. Recently, there was a surge in the
application of nanomaterials for the development of diagnostic tools
like bio-sensing, bio-imaging, and many others. Nanoparticles appli-
cation in the clinical imaging modalities could affect the biological
factors in the microenvironment and recognizes prior change and
smaller growth stage of tumor or cancer cells [25]. Bio-inorganic ma-
terials have the ability to significantly interact with cells and its com-
plements. It can also easily uptake by the membrane and lead to the
generation of reactive oxygen species, which incite the oxidative stress
[26]. It is well known that synthesized AgNPs induces cell damage
through the loss of cell membrane integrity, oxidative stress and
apoptosis [27]. AgNPs treated MCF-7 cells showed a clear effect on the
alteration in cell shape apparent to morphological variations, for ex-
ample, coiling and cell shrinkage compared to control cells [28,29].
Interestingly, the use of biogenic AgNPs for the diagnosis of cancer
leads to the emission of bright red fluoresce inside the cancerous cell
[30]. Recently, researchers have experimentally confirmed the nontoxic
and biocompatible nature of AgNPs [31].

Candida albicans belongs to the dimorphic fungi and cause 90%
candidacy in mammals and humans [32,33]. It is commonly colonizes
and grow on mucous membrane of the mouth, tongue, and vagina [34].
It also causes systematic fungal infection in immune-compromised pa-
tients suffering from AIDS, cancer and organ transplantation. C. albicans
can grow in the form of a biofilm on the surface of medical devices and
surgical instruments. It is also causing nosocomial infection and ap-
proximate 90% vaginal infection every year [35]. In addition, their long
term infection develops overgrowth and develops resistance to anti-
fungal drugs [36]. Escherichia coli is a major organism of nosocomial
and water borne infection with higher morbidity and mortality rates is
the other organism used in this study [36]. Both organisms adapt
through different mechanisms to develop resistance against multiple
drugs. However, antimicrobial activity of biogenic silver nanoparticles
is common while particles formation and purification is not monitoring
the actual value of the developed AgNPs. Most of these studies used
conventional propensity methods for testing bacterial growth inhibition
such as agar diffusion test to measure bacterial zone of inhibition by
AgNPs and minimal inhibitory concentration (MIC) and minimal bac-
tericidal concentration (MBC). However, only a few researchers used
standardized techniques like diffusion and dilution for determining MIC
of green synthesized nanoparticles. To the best of our knowledge, there
is no concentrate study to evaluate the antimicrobial potency of bio-
genically synthesized AgNPs using standard bacterial growth kinetic
study. Consequently, the aim of the current study was to analysis the
dose dependent activity and potency of newly synthesized AgNPs from
P. dactylifera root hair aqueous extract against E. coli and C. albicans. In
addition, we have also investigated newly synthesized AgNP effect on
human breast cancer cell line MCF7, Peripheral blood mononuclear
cells (PBMCs) and RBC lysis in vitro condition. Further apoptotic po-
tential of AgNPs was confirmed by dual AO/EtBr staining and cell cycle
analysis.

2. Material and methods

2.1. Chemicals and reagents

Analytical grade silver nitrate (AgNO3) was purchased from the La
Pine scientific company (Chicago USA). Culture media, peptone broth
and nutrient broth were obtained from Scharlau Chemie S.A.
(Barcelona, Spain). Human breast cancer cell line MCF7 was procured
from the American Type Culture Collection (ATCC, Rockville,
Maryland, USA). Dulbecco's modified eagle medium (DMEM) was
purchased from the UFC Biotech Company, (KSA) whereas tissue cul-
ture plastic wares were obtained from BD Biosciences (USA). Fetal

Table 1
Table of merit previous and this antimicrobial research works belongs to the synthesis of AgNPs from different plant organs of Phoenix dactylifera

Plant organ Size (nm) Dose (μg/ml) Potency (%) Antimicrobial and anticancer studies against Ref.

Bacteria Fungi Cell line

Fruits 25–60 30 100 B. cereus
S. epidermidis
K. pneumoniae
E. coli

ND ND [19]

Fruit pit 40 25 83 K. pneumonia
A. baumannii

R. solani ND [20]

Leaves 26.3 64 100 E. coli
K. pneumoniae

ND ND [21]

Root hairs 15–41 20 100 E. coli This study
20 100 C. albicans
29.6 IC50 MCF-7
>100 PBMC
>256 RBC

Notes: Abbreviations: B, Bacillus; AgNPs, silver nanoparticles; K, Klebsiella; E, Escherichia, A, Acinetobacter; R, Rhizoctonia; S, Staphylococcus; OD, optical density; C,
Candida; MCF-7, Michigan Cancer Foundation-7; HEPES, 4‑(2‑hydroxyethyl)‑1‑piperazineethanesulfonic acid; SEM, scanning electron microscopy; TEM, transmission
electron microscopy; EDX, energy dispersive X-ray; FTIR, Fourier transform infra-red.
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bovine serum, 2‑propanol, penicillin, streptomycin and 3‑[4,5‑di-
methylthiazol‑2‑yl]‑2,5‑diphenyl tetrazoliumbromide were purchased
from Sigma Chemical Co. (St. Louis, MO, USA).

2.2. Phoenix dactylifera root fiber collection and extract preparation

Tribal Phoenix dactylifera root fibers were collected from the young
plant of orchard of King Abdulaziz University Campus Jeddah, KSA.
The root fibers were removed by knife and washed three times with
distilled water and two times with 70% ethanol. Washed fibers were
dried at 80 °C in oven (JSOF-100H, JS Research Inc. Korea) and grind
into a fine powder using 80mm mesh size grinder (FOSS cyclotec 1093,
Sweden). The amount of 1 g powdered was transferred in 250ml flask
containing 100ml deionized water and boiled at 100 °C for 30min.
Cooled and decanted plant root broth solution was passed through
0.25 μm syringe filter to remove particulate materials and stored at 4 °C
for further characterization.

2.3. Green synthesis of silver nanoparticles

In this study, the biogenic silver nanoparticles were synthesized by
bottom up approach and fallow the slightly modified method of pre-
vious studies [37]. In a 250ml volumetric flask, 95ml of 0.1mM
aqueous solution of silver nitrate was prepared and 5ml root fibers
extract was added to monitor the reduction of Ag+ ions into Ag0. After
30min, the color of solution mixture was changed from light yellow to
yellowish brown, reddish brown, and finally to colloidal brown. These
color changes were monitored by UV–visible spectrophotometer (UV-
1800, Shimadzu, Japan). This reaction was performed separately in
three sets at various concentrations of both silver nitrate solution and
root fiber extract. To avoid photo-activation of AgNO3, the reaction was
carried out in the dark at room temperature. Suitable controls were
maintained throughout the condition of experiments. Complete reduc-
tion of Ag+ ions was confirmed by the change from colorless to brown
color. Colloidal solution was kept at room temperature for 24 h to
complete reduction. The colloidal mixture of AgNPs was sealed in glass
vials and stored properly at 4 °C for characterization.

2.3.1. Purification of biogenic AgNPs and release kinetics
The dactylifera root hair extract was used for the synthesis of AgNPs.

The synthesized nanomaterials were washed four times by double dis-
tilled water and redispersed method was used to remove the unused
silver ions. Further synthesized materials were transferred into HEPES
buffer and put into the dialysis bag. The materials containing bag was
re-suspended in 10ml of HEPES buffer (20mM, pH 7.4) amended with
sucrose solution to reach a density of 2.5 g/ml. A 10ml of a linear
gradient of sucrose (0.25–1.0M) density was layered on the nano-
particle suspension and subjected to centrifugation (10,000 rpm at 5 °C
for 2 h) and were collected for further characterization. The con-
centration of nanoparticle in solution was determined by ICP-AES
(Shimadzu, Japan).

Biogenic AgNPs synthesized materials were filled in a dialysis bag
(12 kDa, cutoff). These bags were suspended in a buffer solution
(HEPES, 50ml, pH 7.4) for overnight and analyzed the release rate and
order of kinetics of AgNPs in liquid medium. The concentration of re-
leasing ions was measured by ICP-AES (Shimadzu, Japan). Concisely,
1 ml solution of AgNPs was mixed with 9ml of concentrated nitric acid
and 3ml of sulfuric acid for the digestion that converts it into atomic
form. Furthermore, the reaction mixture was processed at 100 °C on a
hot plate for 2 h for complete salvation. Prepared sample was analyzed
in the presence of air/acetylene flame with flow rate 0.9 to 1.2 L/min
and atomize temperature 1200 °C. The silver ion released in % was
calculated by using an equation

= ⎡
⎣

⎤
⎦

×Wt
Wc

%released of silver ion 100
(1)

Here, Wt is the released ions in the buffer solution and Wc is the
total silver content in the dialysis bag at that time.

2.3.2. Characterization of AgNPs
2.3.2.1. UV–visible spectroscopy. Bio-reduction of silver ion from the
prepared colloidal mixture of AgNPs was analyzed by the UV–vis
absorption spectra as a function of time and temperature. About 3ml
of brown reaction mixture was used to periodically monitor the
complete bioreduction of Ag+ in aqueous solution. UV–vis spectra
were recorded at 10, 20, 40, 50, 60, 45 and 60min and till 48 h and
separately reaction setup was placed at 10, 20, 30, 40, 50, 100 and
200 °C temperature to achieve optimum efficiency of AgNPs synthesis.

2.3.2.2. FTIR spectroscopy. Synthesized nanomaterial was also
analyzed by Fourier transform Infra-red (IRAffinity-1, Shimadzu,
Japan) spectra. Samples of AgNPs were prepared with KBr crystal as
a beam splitter to determine the involvement of biological moieties in
particle synthesis. In order to remove undesirable plant materials and
silver, the sample was centrifuged at 10,000 rpm for 10min and the
resulting pellets was dried at 80 °C and grounded with KBr crystal. The
FTIR spectra of AgNO3, aqueous date seed extract, and AgNPs were
recorded as a KBr pellet at a resolution of 4 cm−1 in the wave number
region of 400–4000 cm−1.

2.3.2.3. X-ray diffraction (XRD). Crystal analysis was done by X-ray
diffraction patterns of fine AgNPs. XRD was carried out using X-pert, X-
ray powder diffractometer (Philips PW1398) with Cu-Kα radiations
(l = 0.15406 nm) in 2θ range from 20 to 80°.

2.3.2.4. Electron microscopy and energy dispersive X-ray. Biogenic AgNPs
were characterized using field emission scanning electron microscopy
(FEI, Quanta FEG 450). Samples of the AgNPs were attached to the grid
using carbon or copper tape and sputtered with gold by means of
sputter coater (Quorum Q150R ES, Quorum Technologies Ltd. Ashford.
Kent. England). The voltage was set at 5 kV and 10 kV. The elemental
information of the attached sample was observed by energy dispersive
X-ray (EDAX) (Amtek GmbH, Wiesbaden, Germany). In addition to this,
size and shape of the nanoparticles were also confirmed by transmission
electron microscopy (TEM) (JEOL JEM-1011, Japan).

2.3.2.5. Nanophox spectra analysis for particle size. The reduction of
silver ions A+ in to A0 elemental particle form in the reaction mixture
was monitored by UV–Visible spectrum. The reaction mixture was
evaluated with the help of the Nanophox particle size analyzer [38]. A
1ml amount of sample diluted with double distilled water and takes
overnight and analyzed the distribution and stability of the sample. A
yellowish stable brown color was observed in the presence of
nanomaterials. A 3ml reaction mixture was takes in the cuvette and
optimized reading rate of silver ion at a different wavelength. Particle
size and size distribution analysis of suspensions was done by Photon
Cross-Correlation Spectroscopy (PCCS) (Sympatec GmbH, Germany).
Samples (2 ml) were put into cuvette placed in thermostat bath filled
with clean water (filtered by 022 μm filter). It has to be orthogonal to
the incoming laser beam with 632.8 nm wavelength.

2.4. Antimicrobial activity

2.4.1. Zone inhibition assay
Antimicrobial activity of synthesized AgNPs was performed against

E. coli and C. albicans strains. These microbial cultures were collected
from the medical center of King Abdulaziz University. The fungi and
bacterial strains were inoculated in 2% peptone broth and 1.4% nu-
trient broth, respectively, and placed overnight at 35 °C in an incubator
to obtain a fresh culture. Growth inhibition assays were performed in
both liquid and solid agar plate medium by the diffusion method,
modified from Bauer et al. [39]. A 100 μl amount of fresh culture from
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each microbial strain were inoculated into 10ml of sterile nutrient and
peptone broth separately and incubate and standardize the culture ac-
cording to McFarland standards (106 CFUml−1). (According to the
McFarland standard, fix the correlation between optical density reading
and colony forming unit (CFU). McFarland standard are used as a re-
ference to monitor the bacterial count in the suspensions during stan-
dardize microbial testing. It made from the specified concentration of
barium chloride and sulfuric acid.) These fresh cultures of bacteria and
fungi (100 μl) were spread on nutrient agar and Czapk media plates for
optimum growth, respectively. All of the plates absorbed the culture
and 8mm size bore was made at different locations and then sealed
with sterile molten agar to prevent the inside leakage of testing mate-
rials and standard drug. On each plate well, 100 μl suspensions of
AgNPs and root extract as a negative control, were loaded and in-
cubated overnight at 37 °C. Fluconazole and amoxicillin were used as a
positive control in case of fungal and bacterial strains respectively.

2.4.2. Growth kinetic and interfacial interaction study
The biogenic AgNPs interfacial and interfacial interaction to the cell

surface was approved by growth kinetic study. E. coli and C. albicans
survival rate was measured in the presence or absence of different dose
of green-synthesized AgNPs. For this investigation bacterial and fungal
cells E. coli and C. albicans were grown in nutrient broth and peptone
broth containing flask, respectively. Further these flasks were incubated
overnight on a shaker incubator at 35 °C and 125 rpm. Freshly prepared
100 μl cultures were transferred into sterilized 100ml nutrient broth
and peptone broth containing flasks. After 1 h of inoculation (ap-
proximately initial stage of log phase), different amount of AgNPs doses
(0, 5, 10, 20, 40, 80 and 100 μg/ml) was amended in actively growing
organisms of E. coli and C. albicans culture containing flasks. Further
these, treated culture was withdrawing (3ml) every hour and optical
density was recorded at 600 nm by UV–visible spectrophotometer
(Shimadzu, UV1800-240V, Kyoto, Japan). All these experiments were
carried out in triplicates.

2.4.3. Potency of biosynthesized AgNPs
The efficiency of green synthesized AgNPs on growth inhibition of

E. coli and C. albicans were investigated. During incubation with AgNPs
at the end of every hour, (1 ml culture) sample was withdrawn from
each culture tube and transferred to a sterile test tube. A series of serial
dilution prepared up to 5-fold with sterile saline water for the spread
plate count method on sterile nutrient agar and potato dextrose agar
plates. From each dilution three plates were prepared and incubated for
overnight at 35 °C. The next day colonies on some plates were counted
by using colony counter (Colony Count V, Gerber Instruments AG,
Effretikon, Switzerland). The effect of AgNPs on the growth of micro-
organisms was compared with control and the potency of AgNPs was
observed by using below mentioned Eq. (2).

= − ×Potency of AgNPs (%) [(cfu/ml) (cfu/ml) ]
(cfu/ml)

100control treated

control (2)

2.4.4. Effect of AgNPs on surface cell surface morphology
The organisms E. coli and C. albicans cell surface morphology was

demonstrated by field emission scanning electron microscopy with
EDAX (FEI, Quanta FEG 450). For this purpose the AgNPs treated and
positive control samples 1ml cultures were withdrawn and taken in
eppendorfs and centrifuged at 5000 rpm for 10min to find the cells in
the form of pellets. The cells containing pellets were washed three times
with phosphate saline buffer. Further, washed cells of E. coli and C.
albicans was fixed with the 2.5% glutaraldehyde solution and incubated
for overnight at 4 °C. Furthermore, 100 μl of fixed sample was washed
three times with sterilized distilled water and centrifuged 1000 rpm,
cell pellets were mixed with 100ml Milli Q water and spread on a glass
slide. These glass slides were taken in 1% tannic acids for 10min and
washed two times with 50% and 70% ethanol. After fixation glass slides

were splattered with gold coating by sputter coater (Quorum Q150R ES,
Quorum Technologies Ltd. Ashford, Kent, England) and analyzed in
FESEM.

2.4.5. In vitro erythrocyte lysis test
An in vitro RBC lysis test was performed in order to study the

toxicity of synthesized AgNPs, by assessing the hemoglobin released as
a result of membrane leakage or disruption caused by exposure to dif-
ferent doses of the nanoparticles. Briefly, fresh blood from a healthy
rabbit was collected in an anticoagulant solution (EDTA) followed by
centrifugation at 1200g (10min, 4 °C) and the buffy coat and plasma
were discarded. Washed erythrocytes were diluted with isotonic buffer
(20mM PBS) to prepare 50% hematocrit. The extent of hemolysis was
analyzed by incubating the RBC suspension with varying concentra-
tions of the synthesized AgNPs (37 °C, 1 h). The incubated solutions
were centrifuged at 1500g for 10min and the supernatant was collected
and λmax was read at 576 nm in the UV–visible spectrometer to find out
released hemoglobin. The percentage hemolysis was calculated by the
below-mentioned equation Eq. (3) [40]:

⎜ ⎟= ⎛
⎝

− ⎞
⎠

×Abs Abs
Abs

Hemolysis (%) { } 100T C

100% (3)

where AbsT is the absorbance of the supernatant from samples in-
cubated with different AgNPs concentrations, AbsC is the absorbance of
the supernatant from controls (normal saline), and Abs100% is the ab-
sorbance of the supernatant of controls exposed to 1% Triton® X-100,
that causes complete lysis of RBCs.

2.4.6. Anticancer activity of AgNPs
To evaluate the anticancer potential activity of AgNPs, both breast

cancer cell lines (MCF-7 cells) and peripheral blood mononuclear cells
(PBMCs) were employed as a control. MCF-7 and PBMCs were kindly
provided by the King Fahd Medical Research Center, King Abdulaziz
University, Saudi Arabia. The cells were cultured in DMEM supple-
mented with 10% FBS at 37 °C under a humidified atmosphere con-
taining 5% carbon dioxide. After attainment of 70% confluency, the
cells were trypsinized with a buffered saline solution containing 0.25%
trypsin and 0.03% EDTA. Subsequently, the cells were plated to the
culture plate as desired and allowed to attach for 24 h.

2.4.6.1. MTT assay. To assess cell viability of the treated cells MTT
assay was performed. MTT (Thiazolyl Blue Tetrazolium Bromide), is a
yellow dye which gets converted into formazan, by the activity of the
mitochondrial dehydrogenase enzyme. Briefly, 104 cells per well were
seeded in 96 well plate and allowed to adhere overnight for both cells.
Next morning, the medium was aspirated and the cells were incubated
at 37 °C for 24 h with varying concentration of AgNPs and for 4 h with
MTT dye (5mg/ml in PBS). The reaction mixture was aspirated and the
resulting formazan crystals were dissolved by adding 200 μl of DMSO.
After 10min, absorbance was read at 490 nm on a Genetix580
microplate reader (USA). Untreated sets served as control which was
performed simultaneously under identical conditions. Finally, OD
values of culture were converted into a percentage viability by using
the following Eq. (4) [41,42]:

= ⎡
⎣⎢

⎤
⎦⎥

×
OD
OD

Cell viability (%) 100Sample

Control (4)

2.4.6.2. Apoptosis assay by acridine orange/ethidium bromide
staining. MCF-7 cells were treated with 15 and 30 μg/ml AgNPs for
variable time periods. An aliquot (100 μl) of treated cells
(~1.25×106/ml) was incubated with 1 μl of acridine orange/
ethidium bromide (one part each of 100 μg/ml acridine orange and
100 μg/ml ethidium bromide in PBS) just prior to microscopy. A 10 μl
aliquot of the gently mixed suspension was placed on microscope slides,
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covered with glass slips, and examined under a Zeiss microscope
connected to a digital imaging system. Acridine orange is a vital dye
that stains both live and dead cells, whereas ethidium bromide stain
only those cells that have lost their membrane integrity. Live cells stain
uniformly green and can be distinguished from apoptotic cells as they
exhibit yellow to orange coloration depending on the degree of loss of
membrane integrity due to co-staining with ethidium bromide [43].

2.4.7. Cell cycle analysis
The cell cycle analysis was performed following published protocol

with slight modification [44]. Briefly, MCF-7 cells (60% confluency)
were treated with synthesized AgNPs for 24 h at varying concentrations
of 15 and 30 μg/ml. After the treatment, cells were processed and in-
cubated in 0.5ml of saponin/propidium iodide (PI) solution (0.3% sa-
ponin [w/v], 25 μg/ml PI [w/v], 0.1mM EDTA, and 10 μg/ml RNase
[w/v] in PBS) at 4 °C for 24 h in the dark. Cell distribution was eval-
uated using Cell Quest software in a FACS Calibur (Becton Dickinson,
USA) at the central instrumentation facility of Jawaharlal Nehru Uni-
versity, New Delhi, India for 10,000 events per sample after appropriate
gating to determine the percentage of cells in each phase of the cell
cycle.

3. Results

3.1. Characterization of nanomaterials

3.1.1. UV–vis spectra analysis of green synthesized nanoparticles
Biogenic synthesis of AgNPs was carried out by the reduction of Ag+

to Ag0 in AgNO3 solution through the aqueous root hair extract at op-
timum temperature. In the reaction mixture just after 30min, devel-
opment of light to dark brown color appears which is an indicative of
the reduction of silver ion in elemental form and was confirmed by
maximum absorption peak observed between 418 and 420 nm (Fig. 1a).
We have also investigated the effect of time and temperature on the
AgNPs (Fig. 2) productivity and production efficiency. For this purpose,
we optimized the concentration of AgNO3, volume of date root extract
1% and time of incubation at optimum temperature at 50 °C. The
UV–Visible spectra were recorded from date root hair extract at dif-
ferent reaction times from 10min to 48 h (Fig. 1b). We found that the
formation of AgNPs started after 10min of incubation and reaction was
successfully completed within 48 h further stability check after 30 days.
The spectrum indicates the presence of a strong SPR curve between 415
and 425 nm with peak centered at 420 nm (Fig. 1a). Moreover, UV–vis
spectra indicate an increase in the absorbance intensity of the reaction
mixture with time (Fig. 1b), however, after 48 h no further increase in
SPR was observed. These observations indicate that an increased

number of AgNPs was synthesized in the mixture with time and after
48 h no further increase in formation of nanomaterials occurred, which
indicates the completion of reaction in the solution and the solution was
found to be stable up to 30 days. To study the effect of temperature, we
synthesized AgNPs at various temperature; 10, 20, 30, 40, 50, 100 and
200 °C. The UV–vis spectra results indicated that AgNPs synthesis using
date root hair extract was increased at elevated temperature on a si-
milar wavelength at 420 nm (Fig. 1).

3.1.2. Purification and release kinetics of biogenic AgNPs
Purification of biogenic silver nanoparticles was carried out by a

density gradient method and centrifugal forces. An optimum reaction
mixture gave the maximum yield up to 79% of silver nanoparticles
when reaction mixture was prepared with 1% plant extract with
0.1 molar AgNO3 solution and incubated at 50 °C temperature for 48 h
(Fig. 2). A similar amount of silver nanomaterial was recovered by at
−8 to −20 °C thawing temperatures in the 1 L polycarbonate bottle
and appeared as black layer. At low temperature reaction mixture
contains particles freezing and became denser than the medium and
settled down at the bottom and distinctly visible in the form of the black
layer. The suspension was then centrifuged at 10,000g for 2 h and the
particles were resuspended in ultrapure water. For the release kinetics
of biogenic AgNPs, a dialysis bag was filled and sank into the buffer
solution where ions were released into the medium through the dialysis

Fig. 1. UV–visible image indicate the synthesis of
silver nanomaterials from plant extract (1%) and
0.1 molar silver nitrate solution peak appears at
420 nm (a) time dependent study of synthesis
AgNPs, in reaction mixture, particles synthesis start
just after 10min and reaction complete after 48 h
and particle stable up to 30 days at room tempera-
ture and (b) particle formation at variable tempera-
ture.
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Fig. 2. During biogenic AgNPs preparation, maximum yield of 79% was opti-
mized at 1% plant root extract with 0.1 molar AgNO3 solution mixture after
48 h incubation at 50 °C temperature.
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membrane. This released ion in to the medium was analyzed by atomic
absorption spectrophotometer. Initially, the formation of particles in
solution is lost and the low concentration of silver was released in the
early stages of the experiments. A continuous release of silver ion and
particles from the dialysis begs in to the medium were observed until
the reaction finished at 48 h (Fig. 3). The rate of dissolution of silver
followed the first order kinetics with r2 > 0.97. The AgNPs release into
the medium are expressed as cumulative drug released % versus time
(h). At the end of the experiment maximum 86% of the AgNPs were
released in the medium. The rapid release of silver ion is correlated
with the particle size and its surface area. Due to the high diffusability
of small-sized nanoparticles, they rapidly released than large size na-
noparticles.

3.1.3. X-ray diffraction pattern
X-ray diffraction (XRD) pattern of the dried biogenic AgNPs have

showed crystalline structure. The distinct XRD peaks at 2θ values of 28°,
33°, 47°, 68° and 77° (Fig. 4) can be attributed to the reflections from
lattice planes 110, 111, 211, 222 and 311 sets which perfectly matched

with cubic shape and the crystalline structure of silver (JCPDS file no.
04-0787). The unassigned peak at AgNPs spectrum showed the in-
volvement of biological moieties of date root hair extract. Analyzed
data shown particle size was observed 25.1 nm in mean diameter. In
general, specific phase width of materials is directly proportional to the
mean of material crystallite size. In our results broader peaks is the
indicative of the involvement of date root hair extract in crystal nuclei
growth and particle formation.

3.1.4. FTIR spectroscopy
The FTIR spectra of biogenic AgNPs derived from the date palm root

extract after reaction with AgNO3 and date root extract control without
AgNO3 are shown in Fig. 5a & b. Spectral analysis indicates marginal
shift in the peak position of spectra as shown figure. This similarity in
the spectra clearly depicts that date root extract is performing a dual
role in the solution mixture, i.e. as a reducing and capping agent to the
AgNPs. Plant root extract based AgNPs on infra-red region revealed
different absorption bands between 804 and 3896 cm−1. In case of
AgNPs, a shift in the absorbance peak with decreased band intensity
was observed at 3896 cm−1. This indicates the binding of Ag with NeH
and or OeH group of the date seed extract. The absorbance peak of
AgNPs spectra at 1395 to 1658 cm−1 indicates CeH stretching vibra-
tions of alkene whereas the peak at 1129 cm−1 represents the CeH in-
plane bending of alkenes, alcohols, carboxylic acids, esters, and ethers.
Involvement of bio-molecules in core particle matter was also in-
vestigated by Yin et al. [45]. The spectral peak at 1693 cm−1 in our
study is predominant and indicate the involvement of amide-I bond
(eC]O) of proteins as a capping agent and stabilization of AgNPs.

3.1.5. SEM, EDX, TEM and particle size distribution analysis of AgNPs
FESEM was used to analyze the surface morphology and size of

biogenic AgNPs. This analysis predicts the formation and morphology
of biogenically synthesized AgNPs. Using this tool, the size of biogenic
AgNPs was observed ranging from 21.65 to 41.05 nm, which are mainly
in uniform spherical shape (Fig. 6i). Moreover, silver metal distribution
in our biogenic AgNPs was confirmed by energy dispersive X-ray
(Fig. 6ii). The data obtained at a particular point, during material
sample analysis which showed the involvement of silver in particle
formation, whereas non-metallic residue peak also confirmed the in-
volvement of biological moieties as a stabilizing agent which from plant
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Fig. 3. Release kinetics of silver nanomaterials packed in 12 kDa cutoff dialysis
bag immersed in HEPES buffer solution.

Fig. 4. The XRD graph pattern of biogenic nanomaterials synthesized from the plant extract, showing a different peak at 2Ø degree with 110°, 111°, 211°, 222° and
the 311° and unknown peak of biological materials, which indicate the synthesized material is crystalline and belong to the spherical particles of silver nanomaterial.
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extracts (Fig. 6iii). The image scaling also confirmed the shape and size
of biogenic AgNPs by transmission electron microscopy (TEM) where
we observed the average AgNPs size of ~27 nm, TEM images also
showed the aggregation of particles (Fig. 6iii) and distinguished sphe-
rical shaped nanoparticles (Fig. 6ii & iii). Particle size distribution in
aqueous suspension was analyzed by NANOPHOX particle size analysis

(Sympatec GmbH). It is a relatively new technique with Photon cross-
correlation spectroscopy for the measurement of particle size, stability
and distribution in opaque solution. It was applied here because it is
recommended for highly diluted samples and based on special scat-
tering geometry and the cross-correlation of the scattered light allows
reliable separation of single and multiple scattered fractions. Particle
size and their distributions in the reaction mixture were analyzed by
Photon Cross-Correlation Spectroscopy (PCCS) NANOPHOX (Sympatec
GmbH, Germany). Mean particle diameter (×50=25. 01), particle size
distribution (q3Ig= 5.74), Sauter mean diameter (SMD=27. 28 nm),
volume mean diameter (VMD=41.05), specific surface area
(Sv= 219. 93m2/cm3) and particle density were found in colloidal
suspension (Fig. 6iv) and summarize detail in Table 2

3.2. Antimicrobial activity

3.2.1. Zone inhibition assay
The synthesized AgNPs was tested against E. coli and C. albicans

strains in order to examine the effect of green synthesized nanomaterial
on microbial growth control in liquid and solid agar media. Further
observed the microbial growth inhibition zone formation against C.
albicans and E. coli strains, respectively (Fig. 7). The respective highest
diameters of zone inhibition for both organisms were 20 and 22mm at
concentration 80 μg/well AgNPs, against C. albicans and E. coli, re-
spectively. The zone of inhibition formation was due to the exposure of
AgNPs by diffusion of silver ion in the media.

Fig. 5. FTIR image of biogenic silver nanomaterials in-
dicated by pink line and the blue line graph indicates the
biological materials extract from the plant root. The pink
line graph indicates the involvement biological materials in
the nanomaterial. (For interpretation of the references to
color in this figure legend, the reader is referred to the web
version of this article.)

Fig. 6. Biogenic AgNPs (i) scanning electron microscopic image (ii) energy dispersive X-ray showing the involvement of silver in synthesis (iii) electron microscopic
image at 50 nm scale and (iv) particle size distribution peak also indicating the particle between 15 and 41 nm in the range.

Table 2
Biogenic silver nanoparticles characteristics have obtained in this study.

Biogenic AgNPs belongings Features

Synthesis method Biological/bottom up approach
Stabilizing/capping agent Aqueous extract of root hair of Phoenix

dactylifera
Preparation period Rapid (1 h)
Nanoparticle size 15–40 nm
UV–Vis (λmax) 420 nm
Mean particle diameter (X50) 25.01
Particle size distribution (q3Ig) 5.74
Sauter mean diameter (SMD) 27. 28 nm
Volume mean diameter (VMD) 41.05
Specific surface area (Sv) 219. 93m2/cm3

Stability 3 months
Phase Colloidal suspension
Biocompatible Positive
Anticancer (IC50) 29.6 μg/ml (MCF-7)
Antibacterial (ZI) 22mm (E. coli)
Antifungal (ZI) 20mm (C. albicans)
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3.2.2. Growth kinetic, potency and interfacial interaction study
To get a further understanding of antimicrobial action and micro-

organism interaction with nanomaterial, microorganism treated with
nanomaterial at various concentrations (0, 5, 10, 20 and 40 μg/ml
AgNPs) and measures the growth kinetic with microbial growth. The
influence of AgNPs concentration on the cell viability was judged by
comparing scanning electron microscopy images of control and AgNPs
treated cultures. Significant growth inhibition was observed when E.
coli and C. albicans strains were treated with 20 μg/ml of AgNPs and
incubates for 2 and 48 h (Fig. 8a & b). We also checked the potency of
AgNPs against both organisms and found 100% microbicidal at 40 μg/
ml. Untreated culture (control) and treated culture was analyzed by
SEM. The results depicted in figure (Fig. 9a vs. b and c vs. d) Indicate
the clumping/aggregation of bacterial and fungal cells compared with
control. This is a clear indication of viable fungi and bacteria cells in
SEM images (Fig. 9a and c). However, images of these organisms
treated with AgNPs revealed the non-viability of both bacterial and
fungal cells through rupturing of membranes or blebs in case of fungal
strains and the complete disintegration of cell walls in case of E. coli.
The presence of elemental silver in the membrane structure of both
pathogenic bacteria and fungi was confirmed by EDAX analysis (Fig. 9b
and d). These observations confirmed the incorporation of AgNPs into
the membranes of microbes and generation of free radicals with
membrane lipid which enhances autolysis of cells. Hence, the perme-
ability of membrane changes which may cause the membrane de-
gradation of E. coli. Furthermore, nanomaterials treated culture growth
activity checked by culture spread plate method on nutrient agar plate
and find the increasing dose AgNPs enhances the bactericidal activity
and incubated plate with decreasing number of colony (Fig. 10).

3.3. Hemolysis assay

The most important facet of any drug is that it should be bio-
compatible in nature i.e. it should be non-toxic toward healthy cells. In
order to check the biocompatible nature of our synthesized AgNPs, we
performed RBC lysis test. The pre-incubation of our synthesized NPs
with RBCs showed very little toxicity and caused limited lysis of cells.
As shown in Fig. 11a, 18.6% (P≤ 0.001) hemolysis of cells was ob-
served at high dose 256 μg/ml of AgNPs which is very less in compare

to the Triton X100, thus suggesting its biocompatibility. However, with
increasing concentration, the cell viability was found to be pro-
portionally decreased.

3.4. Cytotoxicity assays

Peripheral blood mononuclear cells (PBMCs) were employed to
confirm the biocompatibility of materials. Biogenic AgNPs did not show
any cytotoxic effects on PBMCs even at 5 times higher dose of the MIC
concentration (~100 μg/ml). However, a further increase in the dose
causes cell death shown in Fig. 11b. The MTT results established a
concentration-dependent cytotoxicity of AgNPs, after their exposure to
MCF-7 cells, Fig. 11c. The cell viability was found to be decreased with
increasing concentration of AgNPs in time-dependent manner. The re-
duction of MTT decreases with an increase in the concentration of
AgNPs, IC50 was found to be around the 29.6 μg/ml (Fig. 12).

3.4.1. Dual AO/EtBr staining to detect apoptosis
The apoptotic potential of AgNPs was further established by dual

AO/EtBr staining. The control group demonstrated green fluorescence
only. However, following the treatment of AgNPs early-stage apoptotic
cells were marked by a crescent-shaped or granular yellow-green acri-
dine orange nuclear staining. Late-stage apoptotic cells were marked
with focused and lopsidedly localized orange nuclear ethidium bromide
staining. On the other hand, necrotic cells increased in volume and
showed uneven, orange-red fluorescence at their periphery (Fig. 13).

3.4.2. Cell cycle analysis
After establishing the cytotoxic potential of AgNPs on MCF-7 cells,

we evaluated their potential to modulate the cell cycle progression.
Upon the treatment of MCF-7 cells with 15 μg/ml AgNPs for 24 h,
around 48.90% of cells were observed in G1 phase and 18.01% in G2/M
phases of cell cycle. While at a higher dose of 30 μg/ml AgNPs, 41.60%
(P≥ 0.01) and 16.58% (P≥ 0.001) cells were found to be in G1 and
G2/M phases as compared to control untreated cells that are found to
be around 56.76% and 21.7% in G1 and G2/M phases of cell cycle
respectively (Fig. 14). The increase in cell population in the said phases
was at the expense of S-phase cell population. The data suggest that cell
growth inhibition by AgNPs may be accompanied by induction of cell

Fig. 7. Biogenic AgNPs antimicrobial activities
against C. albicans and E. coli depicted in the form of
zone inhibition on a solid agar plate. Maximum zone
of inhibition against C. albicans and E. coli were 20
and 22mm, respectively. The graph is showing the
zone of inhibition patterns with increasing loaded
concentration of AgNPs in well.
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cycle arrest with a reduced number of proliferating cells in S-phase.

4. Discussion

4.1. UV–vis spectra analysis of green synthesized nanoparticles

Biogenic synthesis of AgNPs was carried out by the reduction of Ag+

to Ag0 in AgNO3 solution through the aqueous plant root extract at
variable time and temperature. After 48 h, development of light to dark
brown color indicated the reduction of silver ion in elemental form
which was confirmed by maximum absorption peak between 418 and
420 nm (Fig. 1a). The color appeared in the solution was due to the
formation of AgNPs which exhibited surface plasmon resonance (SPR)
[46]. Thus, change in color and λmax with prominent peak at 420 nm
correspond to AgNPs formation. Optical absorption spectrum of AgNPs
indicated by SPR revealed a band pattern (Fig. 1a) that could be linked
to size, shape, and particle aggregation as well as their distribution.

Moreover, the shift in band patterns indicates that the electron move-
ment of silver nanomaterials in the reaction mixture was very high and
could be observed by the closeness between the conduction band and
valence band. The collective oscillation of electron movement on AgNPs
surface may give rise to a band of SPR absorption in the visible region.
Our UV–vis SPR results are in agreements with recent studies on or-
ganic coated green synthesized silver nanomaterials [47]. We have also
investigated the effect of temperature and time on the AgNPs synthesis
(Fig. 1a & b) productivity and production efficiency. For this purpose,
we optimized the concentration of AgNO3, volume of date root extract
and time at 48 h of incubation at optimum 50 °C temperature. The
UV–Vis spectra were recorded from date root hair extract at different
reaction times (Fig. 1a & b). We found that the formation of AgNPs
started after 10min of incubation and reaction was successfully com-
pleted within 48 h. The spectrum indicates the presence of a strong SPR
curve between 410 and 430 nm with peak centered at 420 nm (Fig. 1a).
This peak is a characteristic of colloidal brown, silver [48]. Our results
are in accordance with earlier reports by Ahmad et al. [49] and Sharma
et al. [47], who observed that incubation of green materials with
AgNO3 solution result in the synthesis of AgNPs with λmax of 436 nm.
Moreover, UV–vis spectra indicate an increase in the absorbance in-
tensity of the reaction mixture with time (Fig. 1b) and after 48 h no
further increase in SPR was observed after 30 days similar SPR was
observed of the sample. These observations indicate that an increased
number of AgNPs was synthesized in the mixture with time and after
48 h no further increase in formation of nanomaterials occurred, which
indicates the completion of reaction in the solution. To study the effect
of temperature, we synthesized AgNPs at various temperature; 10, 20,
30, 40, 50, 100 and 200 °C. Our UV–vis spectra results indicated that
the synthesis of AgNPs using plant root hair extract was increased at
elevated temperature of 200 °C (Fig. 1b). Our findings are in accordance
with Khan et al. [50] who also observed the temperature dependence
on the formation of AgNPs using P. glutinosa extract. Similar to our
study, they also obtained higher production of AgNPs at higher tem-
perature. However, when the temperature was increased to above 40 °C
there was a shift in SPR peak toward longer wavelength which indicates
an increase in particle size [50]. This was also confirmed by the results
obtained from the NANOPHOX particle size analyzer which observed
the synthesis of AgNPs at varying temperature and increase in size with
temperature. From this observation, it was confirmed that AgNPs syn-
thesized from date root hair extract was temperature dependent and
optimum temperature of 50 to 100 °C for the formation of ~27 nm
particles. Likewise, at 55 °C temperature and very short time period
(10min) silver nanoparticles were synthesized from the fruit extract of
date palm by Farhadi et al. [19].

4.2. Purification and release kinetics

Purification of biogenic nanomaterials is an important step and most
of the studies lack this part due to insufficient knowledge. Biologically
synthesized nanomaterials contained unused biological moieties and
silver nitrate solution in colloidal suspension. In this study silver na-
nomaterials purified by density gradient, centrifugal force and deep
freeze thawing methods and approx 79% yield was observed from the
1% plant extract after 48 h incubation at 50 °C. The AgNPs yield de-
creases sharply when more plant extract was added in the reaction
mixture (Fig. 2). Similarly, some studies have also reported the pur-
ification of AgNPs by variable deep freeze temperature and density
gradient methods [38,51]. Hahn et al. [52] reported the release kinetics
of dissolution of the nanoparticle as anisotropic and described by
pseudo-first-order exponential equation.

The dissolve silver ion is responsible for the decontamination of the
microbial agent in an aqueous system, but it is necessary to understand
the release kinetics of ions from the particles in the surrounding
medium. In most of the cases, small particles release ions and easily
disperse and precipitate due to the interaction with other particles.
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Fig. 8. Antimicrobial effect of biogenic AgNPs in broth media (a) E. coli growth
pattern in the absence (control) and presence of different dose of AgNPs for 2 h
incubation at 35 °C (b) C. albicans growth pattern in the absence (control) and
the presence of different doses of AgNPs amended in growing media with 4 days
incubation at 35 °C.
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When the released Ag ion and its concentration reached at the certain
limit and solution gets equilibrium through the cooperative oxidation
by the involvement of protons and dissolved available oxygen.
However, released ions can rejoin and form aggregates of existing na-
noparticles. In this study within 48 h, the concentrations of Ag ions
increased exponentially up to 86%. An earlier study on the release ki-
netics of Ag ions reported that the release reaction follows first-order
kinetics [53].

4.3. FTIR spectroscopy

The FTIR spectra of AgNPs derived from plant extract after reaction

with AgNO3 (Fig. 4a) and date root extract (Fig. 4b) control without
AgNO3 are shown in Fig. 4. Spectral analysis indicates a marginal shift
in the peak position of spectra a, and b (Fig. 4). These findings are in
line with other studies where the spectral peak was observed between
3199 and 3314 cm−1 and correspond to NeH, and OeH stretching
vibrations of 1°, and 2° amines, amides, alcohol, and H–bonded phe-
nols. This similarity in the spectra clearly indicates that plant extract is
performing a dual role in the solution mixture, i.e. as a reducing and
capping agent to the AgNPs. Our findings of the FTIR spectra analyses
are in accordance with those of Khan et al. [50] and Basu et al. [54]
who reported similar trends in the FTIR spectra of the synthesized
AgNPs through green material extract. Date palm root hair extracts

Fig. 9. Antimicrobial activities of biogenic AgNPs confirmed by scanning electron microscopy (SEM) and microbicidal role confirmed by energy dispersive X-ray
analysis, (a) untreated AgNPs C. albicans served as a control (b) 20 μg/ml AgNPs treated in liquid media C. albicans after overnight growth clearly showing blebs in
cell and prevent the growth multiplication (c) untreated E. coli served as control and (d) 20 μg/ml AgNPs amended in nutrient broth after 4 h of incubation, clearly
shown the distorted cell.

Fig. 10. Antimicrobial image of plates, E. coli cultured on silver nanomaterials containing nutrient agar plate (a) without silver nanoparticles (control) which showed
a lawn of E. coli on the plate surface (b) plate containing 10 μg/ml AgNPs in the media showing numbers of discrete colonies of bacteria on plates and concentration
reveal its minimum inhibitory concentration (MIC) and (c) plate amended with 20 μg/ml AgNPs number of colonies lesser than b plate and (d) plate with 40 μg/ml
AgNPs, no growth of bacteria found after overnight incubation which represented a minimum bactericidal concentration (MBC).
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based AgNPs on infra-red region revealed different absorption bands at
3896, 3828, 3453, 2998, 2803,2658, 2486, 2211, 1744, 1481, 1392,
1289, 1188, 1023, 904, 804 cm−1 (Fig. 4). In case of AgNPs, a shift in

the absorbance peak with variable band intensity was observed at dif-
ferent points (Fig. 4). This indicates the binding and capping of Ag with
biological functional groups like NeH and OeH group from the plant
extract. These findings are in line with other studies where the spectral
peak was observed between 2998 and 3453 cm−1 and corresponding to
NeH, and OeH stretching vibrations of 1° and 2° amines, amides, al-
cohol, and H–bonded phenols [55]. The absorbance peak of AgNPs
spectra at 1395 to 1658 cm−1 indicates CeH stretching vibrations of
alkene [55] whereas the peak at 1129 cm−1 represents the CeH in-
plane bending of alkenes, alcohols, carboxylic acids, esters, and ethers
[56]. Involvement of bio-molecules in core particle matter was also
investigated by Ankamwar et al. [57]. In their study, spectra revealed a
band at 2211 cm−1 and were assigned to the NeH stretching band in
the free amino groups of silver nanoparticles. The spectral peak at
1593 cm−1 in our study is predominant and indicates the involvement
of the amide bond (eC]O) of proteins as a capping agent and stabi-
lization of AgNPs. Moreover, the peak present at 804 cm−1 with the
AgNPs spectrum in addition to other peaks in date seed extract spec-
trum indicates the banding of AgNPs with oxygen from eOH groups in
date seed compounds. This finding was justified by the reduction of
Ag+ and stabilizing the nanomaterial by the biological functional group
earlier reported by Pacioni et al. [58].

4.4. X-ray diffraction pattern

XRD pattern analysis of the biogenic AgNPs confirmed the crystal-
line nature of synthesized materials. A number of peaks appeared on 2
theta angle during sample analysis at the variable wavelength. These
reflections have a good correlation with Bragg's reflections. Moreover,
the peaks present at 29.60° near 31.9° show the presence of Ag2O [59].
The unassigned peak at AgNPs spectrum showed the involvement of
biological moieties of date root extract in material synthesis. Analyzed
data file number PDF#04-0787 and crystallite size was observed at
21.5 nm in particle formation. In general, specific phase width of ma-
terials is directly proportional to the mean of material crystallite size.
The broader peaks are indicative of the smaller crystallite size [60,61].
In our results broader peaks indicate the involvement of date plant root
hair extract in crystal nuclei growth and particle formation. This result
is also in good agreement with the XRD patterns were observed by
Becheri et al. [62].

4.5. Field emission scanning electron microscopy (FESEM) and transmission
electron microscopy (TEM) analysis

FESEM was used to analyze the surface morphology of biogenic
AgNPs. Using this technique, we observed the size of biogenic AgNPs

Fig. 11. Biogenic silver nanomaterials anticancer activity against breast cancer cell line MFC-7 (a) untreated cells (b) cell morphology at 15 μg/ml treatment (c) cell
morphology at 30 μg/ml treatment showing a little bit distorted shape.

Fig. 12. Effect of varying concentration of AgNPs on RBCs leakage (a). Effect of
AgNPs on the viability of cells, PBMCs (normal cells) after treatment in a dose
dependent manner after 24 h (b). MCF-7 cells viability was determined by using
MTT assay (c), data represented here mean ± standard deviation of three
identical experimental data.
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ranging from 15 to 41 nm, mainly in uniform spherical shape (Fig. 6a).
Moreover, silver metal distribution in our biogenic AgNPs was con-
firmed by energy dispersive X-ray. The data obtained at a particular
point of gold-coated sample showed the silver involvement in particle
formation, whereas non-metallic residue confirmed the involvement of
biological moieties from date plant extract (Fig. 6b). We also confirmed
the shape and size of biogenic AgNPs by TEM, where we observed the
average AgNPs size of ~27 nm. TEM images also showed the aggrega-
tion of particles (Fig. 6a) and distinguished spherical shaped nano-
particles (Fig. 6a, b). The size of the synthesized AgNPs by us is in line
with Bar et al. who also reported 50 nm size of AgNPs from the seed
extract of Jatropha curcas [13].

4.6. Antimicrobial activity

The synthesized AgNPs were tested against bacterial and fungal

strains in order to examine the effect of green synthesized nanomaterial
on microbial growth inhibition. Applied concentration of nanomaterials
produced dark color on the sides of the wells (Fig. 7). This could
probably be due to the higher concentration of the applied AgNPs
which may disappear after optimized dilutions. The respective dia-
meters of inhibition zones for both organisms were 20 and 22mm. The
inhibition zone observed in the case of E. coli was much larger than
reported by Kahrilas et al. [63]. The difference in growth inhibition
zone in our study and reported literature could be explained by varia-
tion in concentrations of the exposed AgNPs or due to higher diffusion
of nanomaterials in the nutrient media. For further understanding of
this interaction, a growth kinetic study was performed using various
concentrations (0, 5, 10, 20, 40, 80 and 100 μg/ml) of AgNPs suspen-
sion on the microbial growth. The influence of AgNP concentration on
the cell viability was judged by comparing SEM images of control and
AgNPs treated cultures. Significant growth inhibition of both bacteria

Fig. 13. AgNPs induced apoptosis in MCF-7 cells as revealed by AO-EtBr assay: Normal cells show circular nucleus uniformly distributed in the center of the cell.
Untreated experimental group. (a); cells treated with 15 μg/ml (b) and 30 μg/ml (c) showed yellow-green fluorescence corresponding to acridine orange (AO)
staining and concentrated orange nuclear ethidium bromide staining. (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)

Fig. 14. Effect of AgNPs on cell cycle progression of MCF-7 cells. Cells were treated for 24 h and processed and analyzed by flow cytometry. The percentage of cell
cycle distribution data of cells are shown as mean ± SE of triplicate samples for three independent experiments (*P≤ 0.001; #P≤ 0.05).
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and fungi strains was observed when cultures were treated for 8 h with
20 μg/ml of AgNPs. 100% potency of 40 μg/ml of AgNPs was observed
against both organisms after overnight growth (Fig. 8). Our results are
in accordance with Sun et al. [59] who have reported the inhibition in
the growth of E. coli by AgNPs synthesized from tea leaf extract. They
further explained that AgNPs could attach to the bacterial cell wall or
releases free radicals that can inhibit the growth of bacteria. AgNPs in
our study was shown to damage the cell membranes of E. coli and C.
albicans; the formation of pits or grooves in the membranes of later
organisms and destruction of whole cells in case of former microbe
(Fig. 9b & d). The presence of elemental silver in the membrane
structure of both pathogenic bacteria and fungi was confirmed by EDAX
analysis (Fig. 9a & b). These observations confirmed the incorporation
of AgNPs into the membranes of microbes. Our observations are in
accordance with those of Amro et al. [64] where they explained that the
metal depletion from microbial cells may cause the formation of pits or
grooves in the outer membrane. These pits are formed by the regular
release of lipopolysaccharides molecules and membrane proteins.
Hence, the permeability of membrane changes which may cause the
membrane degradation of E. coli. The antifungal activity of our syn-
thesized AgNPs is also significantly collinear with earlier reports
[65,66].

4.7. Biocompatibility and cytotoxicity assay

4.7.1. Hemolysis assay
Nanotechnology based drugs have a high potential to the treatment

and diagnosis of cancer and infection related diseases [67]. Most of the
therapeutic nanoparticles are administrated through oral and in-
travenous system after that they directly interact with blood component
which generates a number of responses. In this context, we have also
analyzed the exposure of AgNPs on red blood cells. The pre-incubation
of our synthesized NPs with RBCs showed very little toxicity and causes
limited lysis of cells. Synthesized nanomaterial causes hemolysis of cells
at a very high concentration (256 μg/ml), thus suggesting its bio-
compatibility (Fig. 11). In previous studies, amorphous nanomaterials
like silica, tricalcium phosphate and hydroxyapatite nanoparticles have
been employed in RBC lysis and proved inclined hemolysis rate with
increasing concentration > 5% at 1000 μg/ml [68,69]. While in case
of silver nanoparticles a very low hemolytic activity has been reported
as compared to AgNO3 [70]. Several factors like a silver ion release,
increased surface and smaller size of nanoparticles could be the reason
behind the low rate of RBC lysis [71,72].

4.7.2. Cytotoxicity assay
In this study, MTT assay of biogenic AgNPs showed that the sig-

nificant cytotoxicity against the MCF-7 cell line. The cell viability was
found to be decreased with an increase in the concentration of AgNPs in
time-dependent manner. The reduction of MTT decreases with an in-
crease in the concentration of AgNPs, IC50 was found to be around
29.6 μg/ml. These results are well-coordinated with previous study
where AgNPs were synthesized from the Pleurotus ostreatus extract.
They also observed a dose-dependent inhibition of cell proliferation and
achieved up to 5% inhibition of cell growth at 80 μg/ml AgNPs con-
centration [47]. Moreover, our results also agree with an earlier study
on green Cannonball leaves synthesized AgNPs cytotoxicity against
MCF7 cells [73]. Similarly, M. pulegium extract mediated biogenic silver
nanoparticles was also reported in previous studies as an anticancer
agent, when employed against HeLa and MCF-7 cancer cells [74].

Apoptosis is a biochemical event inside the cell which leads to the
programmed cell death. It is a control process which elicits in certain
stress condition to regulate the turnover of organelles and proteins
within cells. Sometimes it is able to degrade cytoplasmic content like
unfolded proteins and cell organelles. In this study, AgNPs induce
apoptosis in MCF-7 cells was determined by the dual staining by acri-
dine orange and ethidium bromide. The control group demonstrated

green fluorescence only while AgNPs treated in early-stage apoptotic
cells becomes yellow-green and late-stage becomes orange due to ne-
crosis which depends on treating concentration. In a recent study,
biogenic silver nanoparticles synthesized from the leaf extract of
Adenium obesum showed similar dose dependent apoptosis [75]. Some
studies also reported cell death mechanism when treated with nano-
materials [76,77]. Furthermore, we also analyzed the cell cycle of
AgNPs treated MCF-7 cell and modulated cell progression. In this study,
AgNPs treated cell cycle was found to be arrested in S-phase and sig-
nificantly reduces the cell proliferation. Likewise, cell progression was
found to be arrested in sub-G1 and S-phase and unable to enter M phase
when MCF-7 cells were treated with metallic nanoparticles [78].

5. Conclusion

In the present piece of work, we have successfully synthesized silver
nanomaterial from the root hair extract of Phoenix dactylifera and de-
monstrated their application against medically important pathogens
and cancer cell line. In nanoparticles preparation biological plant root
extract act as a silver ion reducing, capping and establishing agent. In
this study, adopted a nanoparticles synthesis method was very easy,
rapid and environmentally friendly without any involvement of energy
consuming steps. Furthermore, synthesized materials were applied for
biological activities like anticancer against breast cancer cell line (MCF-
7) and antimicrobial against E. coli and C. albicans. Overall, we con-
clude these biogenic nanomaterials are biocompatible and an effective
therapeutic agent against bacterial, fungal infections and cancer treat-
ment. This biogenic AgNPs could also serve as a boon for the treatment
of cancer especially breast cancer.
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