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Abstract The work aimed to prepare silver nanoparticles
(Ag-NPs) from silver nitrate and various concentrations of
the seed extract (Setaria verticillata) by a green synthetic
route. The chemical and physical properties of the resulting
Ag-NPs were investigated by X-ray diffraction (XRD),
transmission electron microscopy (TEM), Fourier trans-
form infrared (FTIR) spectrometry and ultraviolet—visible
(UV-Vis) spectrophotometry. Anticancer activity of Ag-
NPs (5-20 nm) had dose-dependent cytotoxic -effect
against breast cancer (MCF7-FLV) cells. The in vitro
toxicity was studied on adult earthworms (Lumbricina)
resulting in statistically significant (P < 0.05) inhibition.
The prepared NPs were loaded with hydrophilic anticancer
drugs (ACD), doxorubicin (DOX) and daunorubicin
(DNR), for developing a novel drug delivery carrier having
significant adsorption capacity and efficiency to remove the
side effects of the medicines effective for leukemia
chemotherapy.
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Introduction

Nobel metal nanoparticles (NPs) such as silver (Ag), gold
(Au) and platinum (Pt) have attracted significant attention
due to their potential medicinal properties for use as sensor
and for biomedical imaging (Zhang et al. 2017; Zhang
et al. 2016). Among these, Ag-NPs have unique optical,
electrical and biomedical properties, making them suit-
able for biosensing, imaging and catalysis, as medicine and
in nano device fabrication and drug delivery (Ismail et al.
2017; Lee and El-Sayed 2006; Nair and Laurencin 2007,
Upendra et al. 2015). There is a growing demand to
develop eco-friendly methods, which are free from toxic
substances, for the synthesis of NP (Lade and Patil 2017,
Smetana et al. 2005; Yu 2007; Zhang et al. 2009). Various
techniques have been used to prepare Ag-NPs such as
thermal decomposition, chemical reduction, microwave-
assisted synthesis, biological reduction and laser-mediated
synthesis (Navaladian et al. 2007; Krishna et al. 2016;
Tolaymat et al. 2010; Zamiri et al. 2011). Among these,
biosynthesis employs significantly lower quantities of toxic
chemicals and thus provides an attractive alternative for the
synthesis of environmentally benign nanoparticles.
Various research groups have explored the role of seed
extracts from different plants such as Linum usitatissimum
L., Artocarpus heterophyllus lam., Cola nitida, pome-
granate, Elettaria cardamomum, Melia azedarach and
Medicago sativa (Azeez et al. 2017; Lukman et al. 2011;
Kokina et al. 2013; Khan et al. 2011; Jagtap and Bapat
2013) for the biosynthesis of environment-friendly Ag-
NPs. Recently, a green eco-friendly route was employed
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Fig. 1 Molecular structure of
DOX and DNR

Doxorubicin

for the synthesis of stable NPs using the extracts derived
from Setaria verticillata seeds. Setaria verticillata is a
grassy annual plant that belongs to the family of Poaceae.
Historically, it has found different purposes in different
regions such as preparing malt for beer in South Africa,
making porridge in Nambia and as nutritious and palat-
able forage for livestock (Holm et al. 1977).

Since the last decade, nanoparticles-based drug loading has
gained the attraction of researchers due to its potential to
reduce the expected side effect produced by conventional
methods. UV-visible spectroscopy is the most convenient,
economical, accurate and extensively used method to estimate
drug loading. In this study, Ag-NPs with various concentra-
tions of the seed extract (Setaria verticillata) were prepared by
a green synthetic route. The cytotoxicity was evaluated
against MCF7-FLV breast cancer cells, and in vitro anthel-
mintic screening of NPs was performed on adult earthworms
as model due to their physiological and anatomical resem-
blance to human intestinal parasites. In addition, NPs were
used for anticancer drug (ACD), DOX and DNR, loading.
Here, a variety of techniques, including XRD, TEM, FTIR
spectrometry and UV-Vis spectroscopy were used to char-
acterize the biosynthesized Ag-NPs as a function of the con-
centration of Setaria verticillata seed extract.

Materials and methods
Materials

Silver nitrate was obtained from Sigma-Aldrich. The
MCF7-FLV1000 cell was provided by the Department of
Cancer Biology and Therapeutics, John Curtin School of
Medicine, Australian National University (ANU). Anti-
cancer drugs doxorubicin hydrochloride [DOX, Pharmedic
Laboratories (Pvt.) Ltd] and daunorubicin [DNR, Phar-
medic Laboratories (Pvt.) Ltd] were used for drug loading.
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Setaria verticillata seeds were collected from the Mozang
region in Lahore, Pakistan, and identified at the Depart-
ment of Botany Government College University (GCU)
Lahore, Voucher No. GC.Herb.Bot.2914. Adult earth-
worms (Lumbricina) were collected locally from River
Ravi region Lahore. The identification of Lumbricina was
done according to standard methods (Sims and Gerard
1985). The earthworm’s body was cylindrical in shape and
the posterior end was flattened dorsoventrally. The body
length of the adult earthworm ranged between 100 and
300 mm and the diameter varied between 2 and 6 mm.
External transverse furrows dividing the body into a series
of similar linear compartments were also present on the
earthworm’s body. Figure 1 represents the structure of
anticancer drugs used in the experiment (Doxorubicin
2017; Daunorubicin 2017).

Preparation of plant extract and synthesis of Ag-NPs

Setaria verticillata (SV) seeds were cleaned using distilled
water three times prior to use. 10 g of seeds was dipped in
100 ml of double distilled water for 24 h (h). The aqueous
SV extract was filtered and then kept in the refrigerator for
further experiments (Sharma and Jeevanandam 2013). For
the preparation of Ag-NPs, different concentrations of SV
extract, namely 10 vol% (10 SV), 20 vol% (20 SV), 30 vol%
(30 SV) and 40 vol% (40 SV), were mixed with 1 mM
aqueous AgNOj solution, in which AgNO; was reduced by
the SV extract. The reduction of Ag"™ was confirmed by a
distinct change of color as shown in Fig. 2a.

Particle characterization

UV-visible  spectrophotometer =~ (TECAN infinite
M200PRO) was used to monitor the absorption spectra of
various concentrations of Ag-NPs. The mean crystal size,
phase composition and other structural information of Ag-



Appl Nanosci

Fig. 2 a Setaria verticillata
seeds. b Visual appearance of
vials containing seed extract and
different concentrations of SV
seed extract, from 10 up to 40
vol% (left to right), mixed with
1 mM silver nitrate. ¢ UV—
visible absorption spectra for
seed extract and different
concentrations of extract from
10 vol% (10 SV) up to 40 vol%
(40 SV) in making Ag-NPs

NPs were obtained by XRD using Bruker system (XRD,
D2 Phaser, USA) equipped with Cu Ko radiation of aver-
age wavelength 1.54059 A. The size distribution of Ag-
NPs was characterized by TEM using Hitachi H7100FA
TEM at 100 kV. Energy-dispersive X-ray spectroscopy
(EDX) analysis was also conducted using Hitachi
H7100FA TEM. The functional groups in the resultant
samples were investigated using BRUKER ALPHA Plat-
inum ATR spectrometer.

Neutral red assay

MCF7-FLV1000 cells were routinely seeded in media
(RPMI) supplemented with 10% fetal bovine serum (FBS),
10 mM HEPES and 2 g/L. NaHCOj; at 37 °C with 5% CO,,
with every fourth passage supplemented with 0.5 nM
flavopiridol to maintain drug resistance/selection pressure.
Cells were grown in 96-well plates at ~ 50% confluence
and incubated overnight to establish a monolayer. Cells
were treated with 40SV nanoparticles diluted in media for
48 h (quadruplicate wells per treatment). After treatment,
cells were incubated for 3 h in neutral red (33 pg mL™")
medium, washed twice with PBS and lysed with 75%
methanol:25% acetic acid solution. A microplate reader
was used to measure the absorbance at 540 nm. The via-
bility of the treated cells was represented as the percentage
of the untreated control. The activity of the 40SV
nanoparticles was compared to free Ag present in AgNO;3
and to equivalent amounts of unprocessed plant extract.

Drug loading

Firstly, 5 mg of DOX and DNR was dissolved in 100 mL
water and stirred to prepare individual drug solutions. These
solutions were examined between 400 and 600 nm by UV—
visible spectrophotometer for use as control sample (0 min).
After that, 10 mg Ag-NPs was added to each solution with
particle concentration 100 mg L™" and kept in an orbital
shaker at moderate frequency. The adsorption and
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concentration behaviors of DOX and DNR were recorded by
taking 2.5 mL of unbound drug supernatant at various time
intervals (30, 60, 120, 240 and 480 min.) for measuring the
drug loading capacity evaluated by UV—visible absorption at
480 nm.

Loading efficiency

The loading capacity (LC) and loading efficiency (LE) of
drugs (DOX, DNR) were calculated by Egs. (1) (Mash-
hadizadeh and Diva 2012) and (2) (Mashhadizadeh and
Diva 2012; Sabeti et al. 2014), respectively.

Drue. )— (D
LC of drug (%> _ (Drug,)—(Drug;) )
mg (Drug,)
Drue.)— (D
% LE of drug — (2r)=(Druge) a0 )
(Drug;)

(Drug;) is the initial amount (mg) of the drug, (Drug;) the
free drug that remains in the supernatant and (Drug,) the
amount (mg) of carrier (Ag-NPs drug cargo).
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Fig. 3 FTIR spectra of extract and biosynthesized silver nanoparti-
cles with different extract concentrations from 10 vol% (10 SV) up to
40 vol% (40 SV)

g
\/
pisdase cllol ay .
;‘ACST);;.E}]J‘Q mm @ SP rlnger



Appl Nanosci

Fig. 4 TEM images of
biosynthesized silver
nanoparticles (a—d) and their
corresponding size distribution
(e-h) using SV seed extract at
different concentrations of a, e
10 SV; b, £20 SV; ¢, g 30 SV
and d, h 40 SV

Anthelmintic activity

In vitro anthelmintic study of Ag-NPs was evaluated in ten
Petri dishes containing four adult earthworms each and
preserved in phosphate-buffered solution (50 mL). NPs
were used for in vitro trials and each dilution had 6 and
12 pg mL ™ 'separately, while the single dose of levamisole
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HCI 0.55 pg mL™"' acted as a positive control and no
treatment was given to a Petri plate which acted as the
negative control. The in vitro anthelmintic potential of NPs
was determined on the basis of number of dead earthworms
after 3 h of incubation at 37 °C, similar to previous
research (Amin et al. 2009).
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Results and discussion

Figure 2c shows the UV-visible spectra of Ag-NPs syn-
thesized with different concentrations of the seed extract. It
can be observed that a broad absorption peak appeared
between 350 and 550 nm after AgNOs5 solution reacted
with SV. Decreasing the SV concentration from 40 to 10
vol% shifted the absorption to longer wavelengths,
accompanied by a significant decrease in the absorption
intensity. This shift and decrease in absorption intensity are
well reflected in the sharp change in sample color upon
decreasing the SV concentration (Fig. 2a).

The FTIR spectra of the Ag-NPs synthesized at the
various SV concentrations was obtained to identify the
functional groups present (Fig. 3). This is critical as
functional groups not only interact with metal salts, but
also play an important role in the nanoparticle synthesis
(Babu and Gunasekaran 2009; Bar et al. 2009). The
absorbance peak located at 3272 cm™' corresponds to
amine N-H (Velmurugan, et al. 2011) and alcoholic O-H
stretching vibrational modes. The peaks at 1622 and
1559 cm™' suggest the presence of aromatic —C=C
stretching vibrations, which are usually typical for the
amide band of polypeptides. The absorption bands at 1385,
1042 and 615 cm™" show the stretching vibration of the
amide, alkene group and most probably the C—O group of
polyols, (Ramamurthy et al. 2013) respectively. Notably,
the peaks at 3272, 1559, 1385, 1042 and 615 cm~! of the
seed extract are shifted in the biosynthesized Ag-NPs. In
particular, the peak at 3272 cm™" of the SV seed exudate
shifted to higher wavelength indicating surface binding to
Ag-NPs, while the 1622 cm™' peak shifted to lower
wavelength (1577 cm ™) indicating reduction of AgNOj; to
Ag-NPs (Ramar et al. 2015). Figure 4a—d shows the rep-
resentative TEM images of four Ag-NPs batches synthe-
sized with different seed extract concentrations. The size
and shape of the particle are influenced by the seed extract
concentration. The size of the NPs decreased with increase
in the seed extract concentration. At 10 vol% of the extract,
the formation of large NPs of 35 nm was observed. At 40
vol%, smaller NPs of 20 nm were formed. The average
particle sizes (dtgn) analyzed from count size distribution
were 40, 38, 27 and 22 nm, respectively, for samples
synthesized at 10-40 SV (Fig. 4). At the same time, the
geometric standard variation also ranged from ~ 40 nm at
10 vol% to ~ 22 nm at 40 vol%.

EDX analysis was conducted to probe the composition
of biosynthesized Ag-NPs. The three characteristic Ag
peaks can be observed at approximately 3, 22 and 25 keV
(Fig. 5). A spectrum at 3 keV is the typical energy value
for metallic silver nano crystallites (Magudapathy et al.
2001). In addition, the spectral signatures of carbon and

sulfur were also observed, indicating that extracellular bio-
moieties were adsorbed on the surface or in the vicinity of
metal nanoparticles. The Cu and Al signals come from the
grid and instrument, respectively.

Figure 6 shows the XRD pattern of the Ag-NP powders.
A number of Bragg diffraction peaks, indexed as (111),
(200), (220) and (311) with corresponding 260 values of
38°,44°, 64° and 76° confirm the crystallinity and the face-
centered cubic Ag structure (JCPDS 04-0783) (Priyad-
harshini et al. 2014). The average crystal size obtained
from the Scherrer equation (dyxrp) was 13.7, 9, 10.9 and
10.3 nm from 10 to 40 SV, respectively.

Figure 7a, b represents the absorption spectra of
hydrophilic anticancer drug (DOX and DNR) supernatants
collected at various time intervals (0—480 min), and the
highest peak intensity of drugs at zero time (¢t = 0) was for
the control sample (free from Ag—NO;). Absorbance of
anticancer drugs decreases with the passage of time due to
adsorption of drug on the surface of Ag-NP. The maximum
amount of drug is adsorbed after 480 min. Figure 8a
illustrates the relevant absorption of drugs. There is a rapid
decrease in the first 30 min due to availability of large
surface area, high adsorption capacity and fast adsorption
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Fig. 5 EDX of Ag-NPs prepared with SV seed extract
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Fig. 6 XRD patterns of extract and biosynthesized Ag-NPs with
different concentrations of seed extract from 10 vol% up to 40 vol%
(40 SV)
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Fig. 7 Absorption spectra of a DOX and b DNR for various contact time ranges from 0 to 480 min

rate of ACD on Ag-NP. The possible mechanisms involved
are as follows: (a) The electrostatic interaction of nega-
tively charged bio-moieties on the surface of Ag-NP can
easily attract the positively charged ACD molecules
adsorbed onto the surface of NPs (Lin and Xing 2008a, b).

(b) There is hydrogen bonding due to a variety of oxy-
gen-containing functional groups present in phytosynthe-
sized Ag-NPs such as —C=0, —COOH and —OH. These
functional groups make Ag-NPs more suitable for the
adsorption of comparatively low molecular weight com-
pounds (Lin and Xing 2008a, 2008b), because the

hydrogen bonding between ACD and Ag-NP may occur in
four ways: (1) -COOH of Ag-NPs and —-OH of ACD; (2) —
COOH of Ag-NPs and —-NH, of ACD; (3) —OH of Ag-NPs
and —OH of drugs; and (4) —OH of Ag-NPs and -NH, of
ACD (Depan et al. 2011).

Figure 8b depicts the efficiency of DOX and DNR after
480 min. DOX showed relatively low absorption (45%) as
compared to DNR (77.5%). However, DOX presented high
loading efficiency and loading capacity of 55% (550 mg
g ! and 27.5% (275 mg g~') relative to DNR, 22.5%
(225 mg g~ ") and 11.25% (112.5 mg g~ ") (Teo et al. 2017).

Fig. 8. a Relan\.fe absorption, (a) 0 (b) 300
b 10ad1ng CapaCIty and 100 4 1 == Dox (Relative Absorption) % I 600 4
¢ Comparison of LC and LE for =a=Dnr (Ralative Absorption) % L 250
DOX and DNR 90 4 500 -__________.__-f-"’"
L 90 — - 200
80 o 400 4
- 15
70 4 300 4 =
—a— Dox (Loading Efficiency) mg/g
60 - L\ L 80 200 - =a= Dnr (Loading Efficiency) mg/g - 100
N \. [ o
100 o
S
40 4 0
70 0 4

Time (min.)

(c)

T T T T T
100 200 300 400 500

Time (min.)

o -

600

500 <

400 +

300

200

100

0

Ll cllol .
sty oty €) Springer

Doxorubicin

Bl | oading Efficiency (mg/g)
Il Loading Capacity (mg/g)

Daunorubicin



Appl Nanosci

(a) 14
1.2

== NPs

1.0 1
0.8
0.6
0.4
0.2

0.0

o 1.5 15 150 1500

Ag-NPs (uM)

(b) 1.4 p——

1.2 | == 1eNO;
1.0 1
0.8
0.6
0.4 |

Cell Viability

0.2
0.0

(] 0.004 0‘0 0. 4
Ag-NPs (uM) P

P
1.2 === NPs

1.0
0.8

0.6
0.4
0.2
0.0

o 1 10 100
Ag-NPs (uM)

Cell Viability

1000

Fig. 9 Effect of Ag-NPs, AgNO; and plant extract on cell viability of
MCF7-FLV breast cancer cells measured by neutral red uptake assay.
a Cells were treated with Ag-NPs at various concentrations
(0-1500 uM) of Ag-NPs. b Comparative analysis of equimolar
concentrations of Ag present as either Ag-NPs or AgNO; against
breast cancer cells. ¢ Effect of equivalent amounts of plant extract
present as Ag-NPs or plant extract on MCF7-FLV cells (0-1000 pM
plant extract equivalents). The results are expressed as the
mean = SD of one experiment, representative of two separate
experiments

Table 1 Comparative analysis of plant-derived Ag-NPs on cancer cells

The DOX- and DNR-loaded Ag-NPs showed efficient
and remarkable loading efficiency (55, 22.5)% and capac-
ity (27.5, 11.25)%, respectively

In the current study, the cytotoxicity of 40 SV-Ag-NPs
was also evaluated on MCF7-FLV breast cancer cells
in vitro by the neutral red method. The synthesized Ag-NPs
of size 5-20 nm had a dose-dependent cytotoxic effect.
Figure 9a—c represents three different experiments. Vari-
ous concentrations of colloidal nanoparticle were treated
against MCF7-FLV, showing IC5y at 136 pM Ag-NPs as in
Fig. 9a (Satapathy et al. 2013). Figure 9b represents the
comparative analysis of molar-equivalent Ag as either Ag-
NPs- or AgNOgs-indicated toxicity in a concentration-de-
pendent manner. Cell viability is reduced by 50% when
treated with AgNO; and 35% with Ag-NPs at the con-
centration of 4 uM silver nanoparticles, indicating that
unpackaged Ag is more cytotoxic than the nanoparticles.
NaNO; at the same concentrations did not show any
cytotoxicity (data not shown). The relative cytotoxic effect
of Ag-NPs and equivalent amounts of plant extract on
MCF7-FLV cells (0-1000 uM) was examined. The plant
extract did not cause any significant growth inhibition in
the cells, but SV-Ag-NPs had ICs, at 18 pg mL™" and cell
viability was reduced by 90% at 100 ug mL~" Ag-NPs.

Ag-NPs synthesized with Coleus amboinicus extracts
induced toxicity at 30 and 50 pg mL™' respectively, to
EAC cell lines indicating concentration-dependent cyto-
toxicity (Subramanian and Suja 2012). Ag-NPs (9-32 nm)
had dose-dependent toxic effects on prostate cancer (PC-3)
cells, ~ 50% of cells died at 5-10 pg mL~'and 1C50
was > 10 pg mL™'(Firdhouse and Lalitha 2013; He et al.
2016). The size and dose of Ag-NP involved in the test
played important roles on their toxicity (Carlson 2008;
Soderstjerna 2014). Small size nanoparticles of Setaria
verticillata, Potentilla fulgens, G. neo-japonicum and

Plant-derived Ag-NPs Cell line IC50 pg mL™! 1C50 pM Size Refs.

Setaria verticillata MCF7-FLV 18 136 5-20 Current work

Potentilla fulgens MCF-7 491 10-15 Mittal et al. (2015)

Potentilla fulgens U-87 8.23 10-15 Mittal et al. (2015)

Coleus amboinicus EAC 30 25.83 Subramanian and Suja (2012)

G. neo-japonicum MDA-MB-231 6 5-8 John (2013)

Dimocarpus longan PC-3 10 9-32 Firdhouse and Lalitha (2013),
He et al. (2016)

Starch HCT116 150 142 Satapathy et al. (2013)

Artemisia princeps A549 cells 18 20 Gurunathan et al. (2015)

Artemisia princeps L132 50 20 Gurunathan al. (2015)

Origanum vulgare A549 100 136 Sankar et al. (2013)

Gelidiella sp. Hep-2 31.25 40-50 Devi et al. (2012)
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Table 2 Mortality percentage of Ag-NPs against adult earth worms

Plant derived Ag-NPs Concentration % Mortality (1 h) % Mortality (2 h) % Mortality (3 h) P value
10 SV 6 pg mL~! 0 0 0

10 SV 12 pg mL™! 0 25 25

20 SV 6 pg mL™! 0 25 25

20 SV 12 pg mL™! 25 25 25

30 SV 6 pg mL™! 25 50 50 P < 0.05
30 SV 12 ug mL™! 50 100 100

40 SV 6 pg mL™! 50 100 100

40 SV 12 ug mL™! 50 100 100

+ve C 0.55 pg mL~" HCI 50 100 100

—ve C Phosphate buffer 0 0 0

Dimocarpus longan show more toxicity than large
nanoparticles in Table 1.

The in vitro anthelmintic potential of biosynthesized
Ag-NPs was studied in adult earthworms (Lumbricina).
This resulted in a statistically significant effect (P < 0.05)
in Table 2. The 40 SV sample shows 50% mortality of
earthworms after 1 h and 100% mortality after 2-3 h. The
30SV samples are more effective at 12 ug mL™" concen-
tration compared to 6 ug mL~", while both 10 SV and 20
SV samples show 25% mortality of earthworms after
2-3 h. However, this work reveals the cytotoxic effect of
NP against the soil organism, Lumbricina, and recom-
mends that proper disposal of the NPs to the environment
needs to be planned (Samrot et al. 2017).

Conclusion

In this work, we presented a green method for the
biosynthesis of Ag-NPs using seed extract. The physio-
chemical properties of the resulting silver NPs were char-
acterized as a function of the SV seed extract
concentration. Increasing the SV concentrations signifi-
cantly reduced the NP size. It was found that its toxicity
strongly depended on the concentration of SV seed extract.
Their toxicity was evaluated using MCF7-FLV cell lines
and adult Lumbricina. It was observed that the cytotoxicity
of silver nanoparticles increased with increase in the seed
extract concentration. The DOX- and DNR-loaded Ag-NPs
showed efficient and remarkable loading efficiency (80,
50)% and capacity (40, 25)%, respectively, dependent on
electrostatic interaction, surface morphology, H-bonding
and ion exchange interaction between ADC and Ag-NPs.
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