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Abstract: Background and Objectives: The current study focuses on an eco-friendly and cost-effective
method of Ephedra procera C. A. Mey. mediated green synthesis of silver nanoparticles as potential
cytotoxic, antimicrobial and anti-oxidant agents. Materials and Methods: Plant aqueous extracts were
screened for Total Phenolic (TPC), Total Flavonoid contents (TFC), Total Antioxidant Capacity (TAC)
and 2,2-diphenyl-1-picrylhydrazyl(DPPH) free radical scavenging potentials. Total reducing power
estimated by potassium ferricyanide colorimetric assay. The biosynthesized E. procera nanoparticles
(EpNPs) were characterized by UV-spectroscopy, Fourier-transform infrared spectroscopy (FTIR),
X-ray diffraction and Scanning electron microscopy. EpNPs were evaluated for their antimicrobial,
bio-compatibility and cytotoxic potentials. Results: Initial phytocheimcal analysis of plant aqueous
extract revealed TFC of 20.7 ± 0.21 µg/mg extract and TPC of 117.01 ± 0.78 µg/mg extract.
TAC, DPPH free radical scavenging and reducing power were 73.8 ± 0.32 µg/mg extract, 71.8 ± 0.73%
and 105.4 ± 0.65 µg/mg extract respectively. The synthesized EpNPs were observed to possess
high cytotoxicity against HepG2 cancer cell lines with IC50 (61.3 µg/mL) as compared aqueous
extract with IC50 of (247 µg/mL). EpNPs were found to be biocompatible and have less effect on
human erythrocytes. EpNPs exhibited significant antioxidant potentials and exhibited considerable
activity against Escherichia coli and Bacillus subtilis with Minimum Inhibitory Concentration (MICs) of
11.12 µg/mL and 11.33 µg/mL respectively. Fungal species Aspergillus niger and Aspergillus flavus were
found susceptible to EpNPs. Conclusions: Results of the current study revealed that EpNPs exhibited
considerable antibacterial, antifungal and cytotoxic potentials. Aqueous extract possesses significant
anti-radical properties and thus can be useful in free radicals induced degenerative disorders.
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1. Introduction

Nature sanctified the anthropoid with variety of medications to cure numerous maladies [1,2].
Most of the human populace is still consuming plant-based prescriptions [3–5]. In the developing
countries, it is assessed that about 95% of rural and 70% of urban births are assisted with the use
of traditional medicines as pre- and post-maternity cares [6]. Nanotechnology is an emerging feat
in sciences that involves processing of materials at nanoscale (1–100 nm) in a controlled manner so
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that their unique properties can be utilized in different myriad applications [7,8]. Plants provide an
exciting interface for the synthesis of nanoparticles but must be looked under the lens of “No Net Loss”.
The exploration of medicinal plants for synthesis purposes needs to be counter balanced with the
cultivation of the same plants [9]. Nobel metal nanoparticles have gained popularity because of their
distinctive features [10,11]. A recent application of medicinal plants involves green synthesis of metal
nanoparticles using plant extracts as reducing agents [12–14]. The synthesis of nanoparticles with the
help of plant extracts offers an inclusive array of advantages over other biological synthesis as a plant
extract does not require the maintenance of bacterial, fungal and algal cultures [15,16]. Sastry and his
coworkers are pioneers in synthesis of nanoparticle by using plant extracts [17,18]. This eco-friendly
method is more biocompatible that have capability at larger synthesis [19]. Approaches of nanoparticle
production through various physical and chemical ways have their own shortcomings as they produce
massive environmental pollutions and lethal side effects. Consequently, there is a prerequisite for
“green chemistry” that certifies hygienic, non-toxic, and eco-friendly methods [19,20]. The cumulative
ultimatum for functionalized nanoparticles has fortified new developing bio-routes. Synthesis of
nanoparticles by using plant extracts as reducing, capping and oxidizing agents has received distinct
consideration among others [21]. Hence, medicinal plants having well-known therapeutic prominence
are extensively used for the shape and size controlled synthesis of silver nanoparticles [22–24].
Among other metals, silver nanoparticles (AgNPs) have received substantial focus due to their better
stability, excellent catalytic potential and good electrical conductivity. Silver more effectively react with
sulfur of the proteins present in biological membranes and phosphorus present in DNA. The benefits
of using plants for the production of nanoparticles include their accessibility, care in handling,
and existence of an inconsistency of metabolites that may assistance in reducing silver. The size of
nanoparticles is effected by varying key factors such as temperature, pH, substrate concentration,
and time of exposure to the substrate [25].

Plant extracts contain secondary metabolites such as phenols, flavonoids, and terpenoids which
are implicated in bio-reduction of metal into NPs [13,26]. In detail, in regards to the underlying
mechanism of bio-reduction of silver, it was assumed that first Ag+ ions are attached on the surface
of proteins present in extract through electrostatic interactions and then reduced by them, leading to
alterations in their secondary structure and the formation of silver nuclei. Afterward silver nuclei
propagate by the further reduction of silver ions and their accumulation [27]. Ephedra major subsp.
procera (C. A. Mey.) Bornm (Synonym: Ephedra procera) belongs to family Ephedraceae that has
only genus Ephedra, which consists of about 45 species of perennials and shrubs [28]. The genus
Ephedra is a source of different medicinal phytochemicals [29]. Medicinally important compounds
such as flavano-flavonol ephedrannin, Ephedroxane, Cyclopropyl-A amino acids, Flavones, Flavanols,
Bisflavanolsuch and carboxylic acids have been isolated from different parts of Ephedra species [29–31].
The genus Ephedra consists of species which show antibacterial potential [32,33]. To the best of our
knowledge, this is the first research work on E. procera aqueous extract mediated optimized green
synthesis of AgNPs and evaluation of their antimicrobial, Bio-compatibility and anticancer potential.

2. Materials and Methods

2.1. Drugs and Chemicals

Dipotassium hydrogen phosphate, potassium dihydrogen phosphate, ferric chloride, trichloroacetic
acid, ammonium molybdate, potassium ferricyanide, sulphuric acid, aluminium chloride, gallic acid,
quercetin, ascorbic acid, potassium acetate, were obtained from Merck, Darmstadt, Germany, The Tween-20
was bought from (Merck), DPPH, Folin-Ciocalteu reagent (FCR) and were bought from (Sigma-Aldrich,
St. Louis, MO, USA) while phosphate buffer saline (PBS), nutrient agar, Sabouraud dextrose (SDA),
trypton soy broth (TSB), sterile normal saline solution (0.9%), sea salt, 0.5% triton x-100, cefixime were
obtained from Sigma (Sigma-Aldrich, St. Louis, MO, USA) and amphotericin-B form Caisson.
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2.2. Cultures and Cell Lines

Fungal strains including A. flavus (FCBP 0064), A. fumigatus (FCBP 66), A. niger (FCBP 0198) and
Mucor specie (FCBP 0300) were obtained from fungal culture bank of Pakistan. The bacterial strains
used for antibacterial assay were (K. pneumoniae ATCC-1705), (S. aureus ATCC-6538), (P. aeruginosa
ATCC-9721), (S. epidermidis ATCC-12228), (E. coli ATCC-25922) and (B. subtilis ATCC-6633). HepG2
cancer cell lines (RBRC-RCB1648) were used to determine the anticancer potential and fresh human
blood used for haemolytic activity was obtained from volunteered lab fellow and used after
his permission.

2.3. Collection of Plant Sample

Fresh aerial parts of E. procera was collected in April 2016 from kawas village of District Ziarat,
Balochistan, Pakistan. Plant was identified by Professor Dr. Zabta Khan Shinwari and herbarium sheet
under voucher No. 349 was deposited at Department of Biotechnology, Quaid-i-Azam University
Islamabad, Pakistan.

Extract Preparation

Plant was shade dried and ground into fine powder. Powder (10 g) was boiled in 200 mL of
autoclaved distilled H2O for 10 min. After boiling, it was cooled down, filtered, stored at 4 ◦C in
refrigerator and further used for phytochemical analysis and nanoparticles synthesis [34,35].

2.4. Phytochemical Analysis of the Extract

2.4.1. Total Phenolic Content (TPC)

TPC of E. intermedia aqueous extract was appraised following our previously reported method [36].
Briefly, 1 mL from various concentrations of plant aqueous extract was added to nine ml of double
ionized distilled water. Following this, 1 ml of FCR reagent was added to the mixture and shacked
vigorously. To the mixture, 10 mL of 7% Na2CO3 solution was added followed by mixing. Further, 25 mL
of Distilled water was added to the mixture and absorbance was measured at 750 nm via UV
spectrophotometer. Gallic acid (GA) standard curve was used quantify TPC and was expressed in mg
equivalent of GA.

2.4.2. Total Flavonoid Content (TFC)

In TFC analysis, plant extract (0.3 mL) was mixed with 0.15 mL of 0.5M NaNO2, 3.4 mL of 30 percent
methanol, 015 mL of 0.3M AlCL3.6H2O and mixed. To the mixture, 1 mL of 1 M NaOH solution was added
after 5 min. Absorption was measured at 506 nm via UV spectrophotometer. Rutin standard curve was from
pure rutin solution and TFC were calculated from rutin standard curve and expressed as mg of rutin [37].

2.4.3. Total Antioxidant Capacity

Using phosphomolybdenum method the antioxidant capacity of E. intermedia aqueous extract was
elucidated. In brief, 1 mL of reagents mixture consisting of 0.6 M H2SO4, 4 mM (NH4)6 MO7O24.4H2O
and 28 mM NaPO4 was mixed with 100 µL of plant sample. The resultant mixture was incubated at
90 ◦C for 95 min and absorbance were recorded at 645 nm via UV spectrophotometer. Ascorbic acid
was used as positive control and antioxidant capacity was expressed as µg AAE/mg extract [38].

2.4.4. Total Reducing Power

Reducing power of E. intermedia aqueous extract was determined following our previously reported
method [39]. Briefly, 0.5 mL of phosphate buffer having pH of 6.6 was added to 0.2 mL of plant sample,
1% potassium ferricyanide and incubated at 50 ◦C for 20 min. Subsequently, 0.5 mL of trichloroacetic acid
was added to the mixture and centrifuged at 3000 rpm for 10 min. After centrifugation, the supernatant
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layer was mixed with 5 mL of ferric chloride and 0.1 mL of distilled water. Finally, absorbance was
observed at 700 nm using ascorbic acid as control. Results were expressed in µg AAE/mg of extract.

2.4.5. DPPH Anti-Radicals Assay

The antioxidant potentials of E. intermedia aqueous extract was evaluated following our previously
reported method [40,41]. Briefly, from each concentration of sample solution, 20 µL was added
to 96 well plates (Biotech USA, micro plate reader Elx 800) with subsequent addition of 180 µL of
pre-prepared DPPH solution. The mixture was incubated at 37 ◦C for 1 h in a dark place and absorbance
were recorded at 516 nm. Ascorbic acid was used as positive control and percent scavenging effect was
calculated using formula;

% scavenging effect = 1 − Aborbance of sample/Absorbance of control × 100

2.5. Synthesis and Optimization of Nanoparticles

Different optimization parameters were taken under consideration during synthesis of E. procera
nanoparticles (EpNPs). For AgNO3 salt concentration optimization, synthesis of EpNPs was done at
different concentrations (0.5, 1, 1.5, 2, 2.5, 3 and 10 mM) of AgNO3. Briefly, 100 µL plant extract was
taken in different Eppendorf tubes and 1 mL of each concentration of AgNO3 solution was added to
Eppendorf tubes. For pH optimization, the same protocol was followed using different pH (5, 7, 8 and
9) of plant extracts. Ratio base optimization was done with different (Ext:AgNO3) ratios of (1:1, 1:2, 1:3,
1:5, 1:7, 1:10 v/v) [42]. Temperature based optimization includes synthesis of EpNPs at 30, 37, 50 and
60 ◦C. To find out the optimum reduction time of silver ions, absorbance intensities of reaction mixtures
were measured at different time intervals (0 min–24 h).

Characterization of EpNPs

The UV-spectra was obtained by scanning the samples in the range between 200 and 800 nm.
The functional characterization of biomolecules present in EpNPs was done by Fourier-transform
infrared spectroscopy (FTIR) at frequency range of 4000–500 cm−1. Crystallographic structures of
EpNPs were determined using X-ray diffraction (XRD), with Cu Kα as radiation source (40 kV and
30 mA) and (λ = 1.540 nm) and angular range 10◦ to 80. The size and morphological analysis of EpNPs
was done by high-resolution scanning electron microscopy (SEM) analysis (MIRA3 TESCAN).

2.6. Biological Studies

2.6.1. Antibacterial Studies

EpNPs were evaluated for their antibacterial potential against pathogenic bacterial strains using
agar well diffusion assay [43]. Overnight cultures were used, and turbidity of each inoculum was set
with standard (0.5 McFarland) solution. The refreshed inoculums (100 µL) were swabbed onto Tryptic
soy agar plates. Wells on Tryptic soy agar plates were made with help of sterilized cork borer. EpNPs
(30 µL) and 100 µg/mL DMSO were added to wells and the plates were incubated for 24 h at 37 ◦C.
The clear zones of inhibition were measured with help of vernier caliper. DMSO and cefixime were
used as negative and positive controls, respectively. Bacterial strains ≥10 mm DIZ were evaluated at
lower concentration (1.1 to 100 µg/mL) of EpNPs for their minimum inhibitory concentrations (MICs)
using broth micro dilution method [44]. Bacterial suspension of 50 µL of each strain was added to a
sterile 96-well microplate containing different concentrations of EpNPs. The plates were incubated at
37 ◦C for 24 h. The concentration of EpNPs at which no growth was observed was taken as MIC value.

2.6.2. Antifungal Studies

Disc diffusion method was used for antifungal activity of EpNPs following previously reported
protocol [45,46]. The fungal strains were grown on SDA and turbidity of fungal spores suspended in
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0.02% Tween 20 solution was set according to standard 0.5 McFarland solution. SDA plates were swabbed
with 100 µL of harvested spores. Filter paper discs loaded with 5 µL of EpNPs (100 µg/disc) were placed
on swabbed SDA plates. Discs immersed in DMSO and 5µL of amphotericin B (250 µg/mL) and were
used at negative and positive controls respectively. After incubation at 28 ◦C for 24 h, clear zones of
inhibition were measured with help of Vernier caliper. Experiments were performed in triplicate.

2.6.3. HepG2 Cytotoxicity

Cells Culture

HepG2 cancer cell lines were cultured in DMEM (pH = 7.2) containing 10% Fetal Bovine Serum
(FBS), 100 U/mL of antibiotic Gentamycin, and grown at 37 ◦C in a humidified atmosphere of 5% CO2.
Confluent cells (80–90%) were harvested using trypsin after washing in phosphate-buffered saline [47].

MTT Cell Viability Assay

MTT assay was used to check effects of nanoparticles as well as extract on the cells viability. The assay is
based on conversion of MTT dye by cellular dehydrogenases of viable cells to a blue color crystalline formazan.
Cells were put in 96-wells plates (1 × 104/100 µL of medium/well) and left for 24 h. EpNPs suspension
(100 µL) and extract solutions (7.8, 15.62, 31.25, 62.5 125, 250 and 500 µg/mL) were added to each well and
incubated for 24 h. After incubation, 10 µL of sterilized MTT solution (1 mg/mL in distilled H2O) was
added and plate was incubated again for 4 h at 37 ◦C in humidified CO2 (5%) incubator. Thereafter, 100 µL
of DMSO was added to each well and mixed with the cells thoroughly for the complete dissolution of
formazan crystals. Micro plate Wells containing cells without AgNPs and an extract only were considered
as negative control. The absorbance was monitored at 570 nm using an ELISA micro-plate reader. The cell
viability was expressed as a percentage of the viability of the control cells [48].

2.7. Hemolytic Assay

Hemolytic assay was performed to check the effect of synthesized EpNPs following reported
protocol [49]. Fresh human blood (1 mL) was taken in EDTA tube and centrifuged at 14,000 rpm to
isolate RBCs. Thereafter, the supernatant was discarded, 200 µL from pellet (blood) was transferred to
falcon tube and 9.8 mL of phosphate buffer saline (pH: 7.2) was added to it followed by centrifugation
at 2000 rpm for 10 min. Further, 100 µL of RBCs suspension in PBS was placed in 96-well plate and
followed by addition of 100, 50, 25, 12, and 6 µg/mL EpNPs. Plates were incubated for one h at 35 ◦C.
Triton X-100 (0.5%) was taken as positive control while PBS and water was used as negative control.
Percentage of hemolysis was calculated using formula:

Percent hemolysis = 100 ×
(

Abs o f samples −Abs o f Neg. control
Abs o f Pos. control− Abs o f Neg. control

)
2.8. Statistical Analysis

All experiments were performed in triplicates; Data was presented as mean ± SD of three
independent experimental observations. Origin Pro 8 and GraphPad software were used to present
data graphically and calculate IC50 values.

The study was approved by Research Ethics Committee, Department of Biotechnology, Quaid-i-Azam
University Islamabad, Pakistan, Dated 10-3-2016 via reference no: DREC/BIO/20160502/02.

3. Results

3.1. Phytochemical Analysis

The preliminary phytochemical screening of aqueous extract of aerial parts of E. procera confirms
the presence of phenols and Flavonoids. As shown in Table 1, total flavonoids of 20.7 ± 0.21 µg/mg
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extract and total phenols 117.01 ± 0.78 µg/mg extract were observed. The estimated total antioxidant
activity was 73.8 ± 0.32 µg/mg extract, DPPH free radical scavenging of 71.8 ± 0.73 and reducing power
of 105.4 ± 0.65 µg/mg extract.

Table 1. Phytochemical analysis of E. procera.

S. No Phytochemicals µg/mg Extract Correlation

1. Total Flavonoids 1 20.7 ± 0.21
y = 0.0058x + 0.0538

R2 = 0.9925

2. Total Phenolic content 2 117.01 ± 0.78
y = 0.0427x + 0.1448

R2 = 0.9826

3. Antioxidant capacity 3 73.8 ± 0.32
y = 0.0021x + 0.099

R2 = 0.9802

4. Total reducing power 3 105.4 ± 0.65
y = 0.0236x + 0.0996

R2 = 0.9661

5. Free radical scavenging 3 71.8 ± 0.73
y = 0.3111x − 0.2215

R2 = 0.9805

All the values given are means of ± standard error of three separate experiments. Data presented as the mean ±
standard deviation. 1 Quercetin equivalent, 2 Gallic acid equivalent, 3 Ascorbic acid equivalent.

3.2. Characterization of EpNPs

3.2.1. Uv-Visible Spectroscopy

The color of the reaction mixture was changed which confirmed the synthesis of EpNPs. Figure 1A
shows the UV-visible spectra of EpNPs at different concentration of AgNO3 salt. Maximum absorbance
was recorded at 458 nm for 10 mM of AgNO3 Table 2. In pH optimization, as the pH of extract was
increased, the color of reaction mixture changed from light-yellow to dark-brown which confirms the
synthesis of EpNPs as shown in Figure 1B. The Uv-spectra shows that maximum surface plasmonance
of 444 nm at alkaline pH 9 (Table 2). Figure 1C shows the UV spectra of EpNPs. Maximum surface
plasmonance of 436 nm was observed at 1:5 (v/v) in Table 2. The increase in absorbance intensity
correlates to excessive synthesis of NPs due to the reduction of silver ions. Figure 1D shows the
UV-spectra of EpNPs at different temperatures. The recorded absorbance intensities of reaction mixture
increased with increase in temperature which show high quantity production of EpNPs as shown in
Table 2 [50]. During time optimization, it was observed that the absorbance increased with time which
indicated the production of EpNPs, as shown in Figure 1E. Whereas, Figure 1F indicates the various
images taken during the experimental process for optimization.

Table 2. UV-Absorbance peaks at different optimization parameters.

Concentration Based Reaction pH Based Reaction Temperature Based Ratio Based

Conc. of
AgNO3
(mM)

Peaks
pH of

Reaction
Mixture

Peaks
Temperature of

Reaction
Mixture

Peaks Ratio of Extract
and AgNO3 (v/v) Peaks

0.5 661 5 442 30 ◦C 427 1:1 400
1 420 7 435 37 ◦C 431 1:2 Np

1.5 438 8 436 50 ◦C 436 1:3 Np
2 442 9 444 60 ◦C 436 1:5 436

2.5 449 1:7 434
3 455

1:10 43610 458

Np: No peak, mM: Millimolar, Ext: Extract, nm: Nanometer.
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Figure 1. Optimization of E. procera nanoparticles (EpNPs) using different parameters: (A) Concentration
of AgNO3, (B) pH, (C) Ratio of AgNO3 and Plant extract, (D) Temperature, (E) Time intervals and (F)
Optimization images.

3.2.2. Fourier-Transform Infrared Spectroscopy

The FTIR analysis of EpNPs was done to determine the biomolecules which are involved in a
capping, reduction and stabilization of EpNPs. Figure 2 shows the FTIR spectra of aqueous extract and
EpPNs. The wide band in the range of 3000–3400 cm−1 represents ammonia and hydroxyl groups in
protein molecules [51]. A broad peak at 3290 cm−1 shows OH stretching due to alcoholic group [52].
Peaks at 2190 and 2040cm−1 are arise form to CC or CN triple bond, respectively [53]. The peak at
1624 cm−1 represent the presence of carbonyl (C–O) group [54].
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Figure 2. Fourier-transform infrared spectroscopy (FTIR) spectra of biosynthesized E. procera
nanoparticles (EpNPs). A comparison of plant extract and EPNPs has been shown.

3.3. X-rays Differaction Analysis

EpNPs were evaluated by X-ray diffraction for their crystalline nature. The diffraction pattern
indicated four main peaks at 2θ values of 38.01, 43.99, 64.42 and 77.48 corresponding to 111, 200,
220 and 311 crystallographic planes of face-centered cubic silver respectively as shown in Figure 3.
Scherrer’s equation was used to calculate the mean particle size of silver nanoparticles: (D = Kλ/β
cosθ). Where D represents the size of EpNPs, K is the Scherrer constant (values ranges from 0.9 to 1),
λ represents the wavelength of the X-ray source (1.540) used in XRD, β is the FWHM (full width at half
maximum of the diffraction peak), and θ is the Bragg angle. The average crystallite size of the EpNPs
was 17.2 nm, derived from the full width at half maximum of peak corresponding to the (111) plane.

Figure 3. X-ray diffraction (XRD) spectra of EpNPs

3.4. SEM Analysis of EpNPs

Figure 4A–C shows the SEM results of synthesized EpNPs. The micrograph indicates that
particles are of spherical shapes. Most of the NPs were aggregated as clusters, and only few of them
were distributed. Figure 5a,b shows the size distribution of EpNPs. The histogram obtained reveals
mono-dispersed nature of EpNPs particles. The average diameter statistically calculated is in promising
similarity (20.4 nm) when compared with manually obtained calculations. The same length and width
of the particles distribution further clarifies the spherical morphology of obtained sample.
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Figure 4. (A–C) Scanning electron microscopy (SEM) of EpNPs synthesized from aqueous extract of
Ephedra procera plant. (A) Image taken at 500 nm, (B) Image taken at 1 µm, (C) Image taken at 2µm.
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Figure 5. (a) Histogram showing average length distribution (b) and average width distribution.

3.5. Anti-Microbial Studies

EpNPs showed high activity against E. coli and B. subtilis with MIC of 11.33µg/mL and 11.12µg/mL,
respectively. EpNPs showed moderate activity against P. aeruginosa while the S. epidermidis and
S. aureus strains were found resistant. EpNPs showed considerable antifungal activity against
A. flavus and A. niger while moderate activity against Mucor spp. (Tables 3 and 4). EpNPs showed
antifungal activity against A. flavus, A. niger and Mucor spp. with DIZ of 14.2 ± 1.42, 15.8 ± 1.72 and
11 ± 0.78 mm respectively.

Table 3. Antibacterial activities of EpNPs.

Antibacterial Activity of EpNPs

Bacterial Strains DIZ (mm) EpNPs MICs µg/mL DIZ (mm) CF

B. subtilis (ATCC-6633) 15.2 ± 1.12 *** 11.33 20 ± 1.33
P. aeruginosa (ATCC-9721) 11 ± 1.30 ns 100 13 ± 1.23
E. coli (ATCC-25922) 19.2 ± 1.22 *** 11.12 28 ± 1.07
S. epidermidis (ATCC-12228) – – 13 ± 0.91
K. pneumoniae (ATCC-1705) 14.2 ± 1.74 ns 33.3 18 ± 1.12
S. aureus (ATCC-6538) – – 15 ± 0.77

EpNPs: Ephedra procera nanoparticles, DIZ: Diameter of Inhibitory zone, CF: Cefixime, –: No activity in antibacterial
assay or not active (zone < 10 mm). Values significantly different in comparison to standard drug Cefixime;
*** p < 0.001, ns: values not significantly different as compared to standard drug.

Table 4. Antifungal potentials of EpNPs.

Antifungal Activity

Fungal Strains DIZ (mm) EpNPs DIZ (mm) Amp

Fumigatus 13 ± 2.03 *** 22± 1.00
Flavus 14.2 ± 1.42 *** 23 ± 0.89
Niger 15.8 ± 1.72 ** 20 ± 1.09

Mucor spp. 11 ± 0.78 *** 22 ± 0.67

EpNPs: Ephedra procera nanoparticles, DIZ: Diameter of Inhibitory zone, Amp: Amphotericin B. Values significantly
different in comparison to standard drug Amp; *** p < 0.001, ** p < 0.01.

3.6. Cytotoxicity Against HepG2 Cells

Dose dependent cytotoxic effects were observed for both EpNPs and E. procera aqueous extract as
shown in Figure 6. Median inhibitory concentrations (IC50) were 61.3 and 247 µg/mL for EpNPs and
extract respectively.
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Figure 6. Anticancer activity of EpNPs and Ephedra procera extract. Values significantly different in
comparison to positive control; *** p < 0.001, ** p < 0.01 and ns: values not significantly different as
compared to standard drug.

3.7. Hemplytic Studies on EpNPs

Figure 7 shows the percent hemolysis of different concentrations of EpNPs. It was observed
that percent hemolysis of RBCs increases with increase of EpNPs concentration. Lowest and highest
hemolysis of 3.1% and 55% were recorded at 6 and 100 µg/mL EpNPs respectively.

Figure 7. Hemolytic activity of EpNPs against human erythrocytes.

4. Discussion

Green synthesis is a recently emerging approach at the interface of medicinal plants and
nanotechnology using plant extracts as reducing agents [12,13]. In the current study, we used aqueous
extract E. procera for synthesis of silver nanoparticles and resulting EpNPs were evaluated for biological
applications. Plant aqueous extract were initially evaluated for TPC, TFC, antimicrobial and antioxidant
potentials [55]. Certain flavonoids and phenolic compounds are involved in scavenging of free radicals
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and lipid peroxidation inhibition. According to Makarov and co-workers, certain flavonoids and other
biomolecules are involve as bio-reductants during synthesis of metal nanoparticles [56].

UV-Vis spectroscopy is an important characterization tool for the formation, stability and size of
nanoparticles in aqueous suspensions. Reaction mixture containing AgNPs give characteristic UV
peak in the range of 420–480 nm [42]. Maximum absorbance was recorded at 458 nm for 10 mM of
AgNO3. It is already reported that higher concentration of AgNO3 give the maximum absorbance [50].
In optimization of NPs, pH also has a very crucial role, defining its morphology, size and biological
potentials [57]. It was observed that synthesis of EpNPs increased with an increase in pH of extract.
This might be due to the ionization of phenolic compounds in the extract [58]. It is reported that acidic
pH results in formation of larger size particles while alkaline pH result smaller size particles [59].
Our results are supported by the previous work, whereby NPs tend to aggregate at lower pH [60].
Extract and AgNO3 ratio and temperature also very vital in the synthesis of NPs with desired biological
properties. Our results suggest that the rate of NPs synthesis at room temperature can be enhanced
by increasing temperature of the reaction mixture. While, on the other hand, the particles tend to be
poly-dispersed at high temperature [61]. To find the optimum time for synthesis of AgNPs, UV analysis
was done after different time interval. Initially the absorbance was increased, but after 24 h absorbance
did not increased which confirm that all the AgNO3 salt present in the reaction mixture has been
reduced by plant extract [57].

The FTIR analysis showed that the plant extract contains phytochemicals such proteins,
alcohols, and carboxylic acids which are involve in reduction and capping. Extract of E. procera
is already reported to contain certain phytochemical such as proteins, flavano-flavonol ephedrannin,
Ephedroxane, Cyclopropyl-a-amino acids, Flavones, Flavanols, Bisflavanolsuch and carboxylic
acids [62]. These phytochemicals are involved in AgNO3 and attach on the surface of silver nanoparticles.
The X-ray diffraction analysis shows the average crystallite size of the EpNPs was 17.2 nm, derived
from the full width at half maximum of peak corresponding to the (111) plane. Scanning electron
microscopy was done to determine the size and morphology of synthesized EpNPs. The SEM results
shows that EpNPs are mono-dispersed with averages diameter statistically calculated is 20.4 nm.

Antibiotics resistance is a global issue, and there is a dire need to find more useful alternatives [55]
and scientists are struggling to find novel phytochemicals to fill this gap. Silver in its chemical
form is reported to have antibacterial potentials [63]. The green synthesized AgNPs are reported
to have high antibacterial potential against different pathogenic strains and could be used as an
alternative to antibiotics [64]. In our study, we observed that EpNPs showed high activity against
E. coli and B. subtilis. Marslin and colleagues have also reported that green synthesized AgNPs
show good activity against E. coli [57]. Cleome viscosa L. AgNPs are reported to have dose defendant
antibacterial activity [65]. Literature shows that the exact mechanism of AgNPs is not well known.
According to reports, [66] AgNPs make pits in the cell wall of bacteria which contributed AgNPs
for their antibacterial potential. It is reported that cell membrane of bacterial is negatively charge
while AgNPs are positively charged. Thus, assembled on the membrane, this results in structural
conformation of membrane and increases permeability across the membrane, which ultimately causes
cell death [67]. Another study reported that AgNPs damage the genetic material of bacterial and
inhabit transcription and translation [68].

The synthesized AgNPs showed good antifungal activity against test fungal strains. High and low
antifungal activities were observed against A. niger and Mucor spp. receptivity. It is already reported
in literature that green synthesized AgNPs possess high antifungal potential [69]. It is also reported
by Medda and co-workers that AgNPs show high antifungal activity against Aspergillus spp. [70].
The antifungal activity of AgNPs is dependent on the size of AgNPs [71]. It is also that Ag+ changes
these conformation and function of those proteins which are involved in cell cellular respiration [72].

Primary liver cancer (PLC) is the sixth most frequent cancer worldwide and it results second
most common cause of cancer death [73]. Liver cancer causes about 700,000 deaths annually [74].
Treatment methods for liver cancer involve interventional therapy, radiofrequency ablation, surgery,
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microwave ablation, chemotherapy, radiation therapy, targeted therapy and liver transplantation [73].
Nano-biotechnolgy is an emerging field which covers a wide range of applications. The green
synthesized AgNPs are reported to have anticancer potential against liver cancer and in the near
future, it will find a way toward cancer therapeutics [75]. In our study, we observed dose dependent
cytotoxic activity for both EpNPs and E. procera aqueous extract against liver cancer cell lines. The exact
mechanism of AgNPs for the cytotoxic potential is not well known, but some reports state that AgNPs
inhabit cell cycle by disrupting certain genes which are involved in the cell cycle regulation and
also induces DNA damage and apoptosis in cancer cells [76]. One study reported that the cytotoxic
effect of AgNPs is due to interaction of silver and certain functional groups present in intra-cellular
proteins help in DNA replication [77]. It is also hypothesized that AgNPs have the ability to generate
reactive oxygen species, which could result in DNA damage and lead to death of cancerous cells [54].
The release of silver ions from the colloidal nanoparticles can lead to the cytotoxicity against cancer
cells. The release of silver ions is reported to be high in the acidic environments of tumor. One of the
studies indicated that in an acidic environment, the release of silver ions can become doubled and thus
resulted in selective killing of cancer cells [19].

The synthesized EpNPs were evaluated for their hemo-computability against human erythrocytes.
It was observed that hemolysis increased when the concentration of EpNPs increased. In the study,
EpNPs were found to be safe at a concentration of 6 µg/mL according to ASTM E2524-08 standard [78].
The intensity of hemolysis is proportional of the size of NPs [78].

5. Conclusions

Approaches of nanoparticle production through various physical and chemical ways have their
own shortcomings as they produce massive environmental pollutions and lethal side effects. Therefore,
the current trend of research encourages researchers all across the world to go for green synthesis of
nanoparticles which is an easy, cost-effective, eco-friendly, well-controlled and non-toxic approach.
Green synthesized EpNPs (17.2 nm) were found to possess high antibacterial activity against Bacillus
subtilis and Escherichia coli among tested bacterial strains. Aspergillus niger fungal strain was found to
be more sustainable against EpNPs. It was observed that synthesized EpNPs were bio-compatible and
have relatively less harmful effects on human erythrocytes. It was also found that EpNPs have high
cytotoxic activity against human liver cell lines (HepG2). Further studies are required for potential
applications of EpNPs in various diseases.

Author Contributions: M.Q.N. carried out experimental work, data collection, evaluation, literature search and
manuscript preparation. A.T.K., M.A., M.S. and M.A. facilitated in execution of experiments, data analysis and
manuscript write up. Z.K.S. supervised research work, helped in study design and drafted the final version of the
manuscript. All authors read and approved the final manuscript for publication.

Funding: This research has received no specific grant from any funding agency in the public, commercial, or
not-for-profit sectors.

Acknowledgments: MoSAEL Lab, Department of Biotechnology, Quaid-i-Azam University, Islamabad is highly
acknowledged for providing laboratory facilities to conduct experimental work.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

TPC: Total Phenolic contents, EpNPs: Ephedra procera nanoparticles, TFC: Total Flavonoid contents, MICs: Minimum
Inhibitory Concentration, FTIR: Fourier-transform infrared spectroscopy, SEM: Scanning electron microscope, DIZ:
Diameter of Inhibitory zone, HepG2: Hepatoma G2 cell line, MTT: 3-(4,5-Dimethylthiazol-2-Yl)-2,5-Diphenyltetrazolium
Bromide, ATCC: American type culture collection, XRD: X-ray diffraction, SDA: Sabouraud Dextrose agar, FBS: Fetal
Bovine Serum.



Medicina 2019, 55, 369 14 of 17

References

1. Ayaz, M.; Junaid, M.; Ullah, F.; Subhan, F.; Sadiq, A.; Ali, G.; Ovais, M.; Shahid, M.; Ahmad, A.; Wadood, A.;
et al. Anti-Alzheimer’s Studies on beta-Sitosterol Isolated from Polygonum hydropiper L. Front. Pharmacol.
2017, 8, 697. [CrossRef]

2. Ayaz, M.; Sadiq, A.; Junaid, M.; Ullah, F.; Ovais, M.; Ullah, I.; Ahmed, J.; Shahid, M. Flavonoids as prospective
neuroprotectants and their therapeutic propensity in aging associated neurological disorders. Front. Aging
Neurosci. 2019. [CrossRef]

3. Ayaz, M.; Subhan, F.; Sadiq, A.; Ullah, F.; Ahmed, J.; Sewell, R. Cellular efflux transporters and the potential
role of natural products in combating efflux mediated drug resistance. Front. Biosci. 2017, 22, 732–756.
[CrossRef]

4. Ayaz, M.; Sadiq, A.; Junaid, M.; Ullah, F.; Subhan, F.; Ahmed, J. Neuroprotective and anti-aging potentials of
essential oils from aromatic and medicinal plants. Front. Aging Neurosci. 2017, 9, 168. [CrossRef] [PubMed]

5. Ayaz, M.; Junaid, M.; Ullah, F.; Sadiq, A.; Shahid, M.; Ahmad, W.; Ullah, I.; Ahmad, A.; Syed, N.-i.-H.
GC-MS Analysis and gastroprotective evaluations of crude extracts, isolated saponins, and essential oil from
Polygonum hydropiper L. Front. Chem. 2017, 5, 58. [CrossRef] [PubMed]

6. IUCN. Flora of Ziarat: Ethnobotany and Medicinal Importance. International Union for Conservation
of Nature IUCN. Available online: https://www.iucn.org/sites/dev/files/import/downloads/pk_medicinal_
plants_ziarat.pdf (accessed on 27 May 2017).

7. Falsini, S.; Bardi, U.; Abou-Hassan, A.; Ristori, S. Sustainable strategies for large-scale nanotechnology
manufacturing in the biomedical field. Green Chem. 2018, 20, 3897–3907. [CrossRef]

8. Vance, M.E.; Kuiken, T.; Vejerano, E.P.; McGinnis, S.P.; Hochella Jr, M.F.; Rejeski, D.; Hull, M.S. Nanotechnology
in the real world: Redeveloping the nanomaterial consumer products inventory. Beilstein J. Nanotechnol.
2015, 6, 1769–1780. [CrossRef]

9. Maron, M.; Brownlie, S.; Bull, J.W.; Evans, M.C.; von Hase, A.; Quétier, F.; Watson, J.E.; Gordon, A. The many
meanings of no net loss in environmental policy. Nat. Sustain. 2018, 1, 19. [CrossRef]

10. Nakkala, J.R.; Mata, R.; Sadras, S.R. Green synthesized nano silver: Synthesis, physicochemical profiling,
antibacterial, anticancer activities and biological in vivo toxicity. J. Colloid Interface Sci. 2017, 499, 33–45.
[CrossRef]

11. Ovais, M.; Khalil, A.; Ayaz, M.; Ahmad, I.; Nethi, S.; Mukherjee, S. Biosynthesis of metal nanoparticles via
microbial enzymes: A mechanistic approach. Int. J. Mol. Sci. 2018, 19, 4100. [CrossRef]

12. Ovais, M.; Ahmad, I.; Khalil, A.T.; Mukherjee, S.; Javed, R.; Ayaz, M.; Raza, A.; Shinwari, Z.K. Wound
healing applications of biogenic colloidal silver and gold nanoparticles: Recent trends and future prospects.
Appl. Microbiol. Biotechnol. 2018, 102, 4305–4318. [CrossRef] [PubMed]

13. Ovais, M.; Khalil, A.T.; Islam, N.U.; Ahmad, I.; Ayaz, M.; Saravanan, M.; Shinwari, Z.K.; Mukherjee, S. Role
of plant phytochemicals and microbial enzymes in biosynthesis of metallic nanoparticles. Appl. Microbiol.
Biotechnol. 2018, 102, 6799–6814. [CrossRef] [PubMed]

14. Kasithevar, M.; Saravanan, M.; Prakash, P.; Kumar, H.; Ovais, M.; Barabadi, H.; Shinwari, Z.K. Green
synthesis of silver nanoparticles using Alysicarpus monilifer leaf extract and its antibacterial activity against
MRSA and CoNS isolates in HIV patients. J. Interdiscip. Nanomed. 2017, 2, 131–141. [CrossRef]

15. Ovais, M.; Khalil, A.T.; Raza, A.; Islam, N.U.; Ayaz, M.; Saravanan, M.; Ali, M.; Ahmad, I.; Shahid, M.;
Shinwari, Z.K. Multifunctional theranostic applications of biocompatible green-synthesized colloidal
nanoparticles. Appl. Microbiol. Biotechnol. 2018, 102, 4393–4408. [CrossRef] [PubMed]

16. Khalil, A.T.; Ayaz, M.; Ovais, M.; Wadood, A.; Ali, M.; Shinwari, Z.K.; Maaza, M. In vitro cholinesterase
enzymes inhibitory potential and in silico molecular docking studies of biogenic metal oxides nanoparticles.
Inorganic Nano Metal Chem. 2018, 48, 441–448. [CrossRef]

17. Shankar, S.S.; Ahmad, A.; Pasricha, R.; Sastry, M. Bioreduction of chloroaurate ions by geranium leaves and
its endophytic fungus yields gold nanoparticles of different shapes. J. Mater. Chem. 2003, 13, 1822–1826.
[CrossRef]

18. Shankar, S.S.; Ahmad, A.; Sastry, M. Geranium leaf assisted biosynthesis of silver nanoparticles. Biotechnol.
Progress 2003, 19, 1627–1631. [CrossRef]

http://dx.doi.org/10.3389/fphar.2017.00697
http://dx.doi.org/10.3389/fnagi.2019.00155
http://dx.doi.org/10.2741/4513
http://dx.doi.org/10.3389/fnagi.2017.00168
http://www.ncbi.nlm.nih.gov/pubmed/28611658
http://dx.doi.org/10.3389/fchem.2017.00058
http://www.ncbi.nlm.nih.gov/pubmed/28824906
https://www.iucn.org/sites/dev/files/import/downloads/pk_medicinal_plants_ziarat.pdf
https://www.iucn.org/sites/dev/files/import/downloads/pk_medicinal_plants_ziarat.pdf
http://dx.doi.org/10.1039/C8GC01248B
http://dx.doi.org/10.3762/bjnano.6.181
http://dx.doi.org/10.1038/s41893-017-0007-7
http://dx.doi.org/10.1016/j.jcis.2017.03.090
http://dx.doi.org/10.3390/ijms19124100
http://dx.doi.org/10.1007/s00253-018-8939-z
http://www.ncbi.nlm.nih.gov/pubmed/29589095
http://dx.doi.org/10.1007/s00253-018-9146-7
http://www.ncbi.nlm.nih.gov/pubmed/29882162
http://dx.doi.org/10.1002/jin2.26
http://dx.doi.org/10.1007/s00253-018-8928-2
http://www.ncbi.nlm.nih.gov/pubmed/29594356
http://dx.doi.org/10.1080/24701556.2019.1569686
http://dx.doi.org/10.1039/b303808b
http://dx.doi.org/10.1021/bp034070w


Medicina 2019, 55, 369 15 of 17

19. Ovais, M.; Khalil, A.T.; Raza, A.; Khan, M.A.; Ahmad, I.; Islam, N.U.; Saravanan, M.; Ubaid, M.F.; Ali, M.;
Shinwari, Z.K. Green synthesis of silver nanoparticles via plant extracts: Beginning a new era in cancer
theranostics. Nanomedicine 2016, 12, 3157–3177. [CrossRef]

20. Hassan, D.; Khalil, A.T.; Solangi, A.R.; El-Mallul, A.; Shinwari, Z.K.; Maaza, M. Physiochemical properties and
novel biological applications of Callistemon viminalis-mediated α-Cr2O3 nanoparticles. Appl. Organomet.
Chem. 2019. [CrossRef]

21. Basavaraja, S.; Balaji, S.; Lagashetty, A.; Rajasab, A.; Venkataraman, A. Extracellular biosynthesis of silver
nanoparticles using the fungus Fusarium semitectum. Mater. Res. Bull. 2008, 43, 1164–1170. [CrossRef]

22. Zhan, G.; Huang, J.; Du, M.; Abdul-Rauf, I.; Ma, Y.; Li, Q. Green synthesis of Au–Pd bimetallic nanoparticles:
Single-step bioreduction method with plant extract. Mater. Lett. 2011, 65, 2989–2991. [CrossRef]

23. Kumar, V.G.; Gokavarapu, S.D.; Rajeswari, A.; Dhas, T.S.; Karthick, V.; Kapadia, Z.; Shrestha, T.; Barathy, I.;
Roy, A.; Sinha, S. Facile green synthesis of gold nanoparticles using leaf extract of antidiabetic potent Cassia
auriculata. Coll. Surf. B Biointerfaces 2011, 87, 159–163. [CrossRef] [PubMed]

24. Smitha, S.; Philip, D.; Gopchandran, K. Green synthesis of gold nanoparticles using Cinnamomum zeylanicum
leaf broth. Spectrochimica Acta Part A Mol. Biomol. Spectrosc. 2009, 74, 735–739. [CrossRef] [PubMed]

25. Gericke, M.; Pinches, A. Microbial production of gold nanoparticles. Gold Bull. 2006, 39, 22–28. [CrossRef]
26. Ovais, M.; Zia, N.; Khalil, A.T.; Ayaz, M.; Khalil, A.; Ahmad, I. Nanoantibiotics: Recent Developments and

Future Prospects. Front. Clin. Drug Res. Anti Infect. 2018, 5, 30–54.
27. Li, S.; Shen, Y.; Xie, A.; Yu, X.; Qiu, L.; Zhang, L.; Zhang, Q. Green synthesis of silver nanoparticles using

Capsicum annuum L. extract. Green Chem. 2007, 9, 852–858. [CrossRef]
28. Dehkordi, N.V.; Kachouie, M.A.; Pirbalouti, A.G.; Malekpoor, F.; Rabei, M. Total phenolic content, antioxidant and

antibacterial activities of the extract of Ephedra procera fisch. et mey. Acta Poloniae Pharmaceutica 2015, 72, 341.
29. Abourashed, E.A.; El-Alfy, A.T.; Khan, I.A.; Walker, L. Ephedra in perspective—A current review.

Phytother. Res. 2003, 17, 703–712. [CrossRef]
30. Hikino, H.; Takahashi, M.; Konno, C. Structure of ephedrannin A, a hypotensive principle of Ephedra roots.

Tetrahedron Lett. 1982, 23, 673–676. [CrossRef]
31. Hikino, H.; Ogata, K.; Konno, C.; Sato, S. Hypotensive actions of ephedradines, macrocyclic spermine

alkaloids of Ephedra roots. Planta Medica 1983, 48, 290–293. [CrossRef]
32. Dashtdar, M.; Dashtdar, M.R.; Dashtdar, B. In-Vitro, Anti-Bacterial Activities of Aqueous Extracts of Acacia

catechu (LF) Willd, Castanea sativa, Ephedra sinica stapf and shilajita mumiyo Against Gram Positive and Gram
Negative Bacteria. J. Pharmacopunct. 2013, 16, 15. [CrossRef] [PubMed]

33. Khan, A.; Jan, G.; Khan, A.; Gul Jan, F.; Bahadur, A.; Danish, M. In Vitro antioxidant and antimicrobial
activities of ephedra gerardiana (root and stem) crude extract and fractions. Evid. Based Complement.
Altern. Med. 2017, 2017. [CrossRef] [PubMed]

34. Ayaz, M.; Junaid, M.; Ullah, F.; Sadiq, A.; Ovais, M.; Ahmad, W.; Zeb, A. Chemical profiling, antimicrobial and
insecticidal evaluations of Polygonum hydropiper L. BMC Complement. Altern. Med. 2016, 16, 502. [CrossRef]
[PubMed]

35. Ovais, M.; Ayaz, M.; Khalil, A.T.; Shah, S.A.; Jan, M.S.; Raza, A.; Shahid, M.; Shinwari, Z.K. HPLC-DAD
finger printing, antioxidant, cholinesterase, andα -glucosidase inhibitory potentials of a novel plantOlax
nana. BMC Complement. Altern. Med. 2017, 18, 1. [CrossRef]

36. Ayaz, M.; Junaid, M.; Ahmed, J.; Ullah, F.; Sadiq, A.; Ahmad, S.; Imran, M. Phenolic contents, antioxidant
and anticholinesterase potentials of crude extract, subsequent fractions and crude saponins from Polygonum
hydropiper L. BMC Complement. Altern. Med. 2014, 14, 145. [CrossRef] [PubMed]

37. Ullah, F.; Ayaz, M.; Sadiq, A.; Hussain, A.; Ahmad, S.; Imran, M.; Zeb, A. Phenolic, flavonoid contents,
anticholinesterase and antioxidant evaluation of Iris germanica var; florentina. Nat. Prod. Res. 2016, 30, 1440–1444.
[CrossRef]

38. Zohra, T.; Ovais, M.; Khalil, A.T.; Qasim, M.; Ayaz, M.; Shinwari, Z.K.; Ahmad, S.; Zahoor, M. Bio-guided
profiling and HPLC-DAD finger printing of Atriplex lasiantha Boiss. BMC Complement. Altern. Med.
2019, 19, 4. [CrossRef]

39. Zohra, T.; Ovais, M.; Khalil, A.T.; Qasim, M.; Ayaz, M.; Shinwari, Z.K. Extraction optimization, total
phenolic, flavonoid contents, HPLC-DAD analysis and diverse pharmacological evaluations of Dysphania
ambrosioides (L.) Mosyakin & Clemants. Nat. Prod. Res. 2019, 33, 136–142. [CrossRef]

http://dx.doi.org/10.2217/nnm-2016-0279
http://dx.doi.org/10.1002/aoc.5041
http://dx.doi.org/10.1016/j.materresbull.2007.06.020
http://dx.doi.org/10.1016/j.matlet.2011.06.079
http://dx.doi.org/10.1016/j.colsurfb.2011.05.016
http://www.ncbi.nlm.nih.gov/pubmed/21640563
http://dx.doi.org/10.1016/j.saa.2009.08.007
http://www.ncbi.nlm.nih.gov/pubmed/19744880
http://dx.doi.org/10.1007/BF03215529
http://dx.doi.org/10.1039/b615357g
http://dx.doi.org/10.1002/ptr.1337
http://dx.doi.org/10.1016/S0040-4039(00)86919-1
http://dx.doi.org/10.1055/s-2007-969936
http://dx.doi.org/10.3831/KPI.2013.16.014
http://www.ncbi.nlm.nih.gov/pubmed/25780663
http://dx.doi.org/10.1155/2017/4040254
http://www.ncbi.nlm.nih.gov/pubmed/28491106
http://dx.doi.org/10.1186/s12906-016-1491-4
http://www.ncbi.nlm.nih.gov/pubmed/27919287
http://dx.doi.org/10.1186/s12906-017-2057-9
http://dx.doi.org/10.1186/1472-6882-14-145
http://www.ncbi.nlm.nih.gov/pubmed/24884823
http://dx.doi.org/10.1080/14786419.2015.1057585
http://dx.doi.org/10.1186/s12906-018-2416-1
http://dx.doi.org/10.1080/14786419.2018.1437428


Medicina 2019, 55, 369 16 of 17

40. Sadiq, A.; Zeb, A.; Ullah, F.; Ahmad, S.; Ayaz, M.; Rashid, U.; Muhammad, N. Chemical Characterization,
Analgesic, Antioxidant, and Anticholinesterase Potentials of Essential Oils From Isodon rugosus Wall. ex.
Benth. Front. Pharmacol. 2018, 9, 623. [CrossRef]

41. Ali, M.; Muhammad, S.; Shah, M.R.; Khan, A.; Rashid, U.; Farooq, U.; Ullah, F.; Sadiq, A.; Ayaz, M.;
Ali, M. Neurologically potent molecules from Crataegus oxyacantha; isolation, anticholinesterase inhibition,
and molecular docking. Front. Pharmacol. 2017, 8, 327. [CrossRef]

42. Anjum, S.; Abbasi, B.H. Biomimetic synthesis of antimicrobial silver nanoparticles using in vitro-propagated
plantlets of a medicinally important endangered species: Phlomis bracteosa. Int. J. Nanomed. 2016, 11, 1663.

43. Valgas, C.; Souza, S.M.d.; Smânia, E.F.; Smânia Jr, A. Screening methods to determine antibacterial activity of
natural products. Braz. J. Microbiol. 2007, 38, 369–380. [CrossRef]

44. Tabassum, S.; Ahmed, M.; Mirza, B.; Naeem, M.; Zia, M.; Shanwari, Z.K.; Khan, G.M. Appraisal of
phytochemical and in vitro biological attributes of an unexplored folklore: Rhus Punjabensis Stewart.
BMC Complement. Altern. Med. 2017, 17, 146. [CrossRef]

45. Ayaz, M.; Subhan, F.; Ahmed, J.; Khan, A.-u.; Ullah, F.; Sadiq, A.; Syed, N.-I.-H.; Ullah, I.; Hussain, S.
Citalopram And Venlafaxine Differentially Augments Antimicrobial Properties Of Antibiotics. Acta Poloniae
Pharmaceutica ñ Drug Research 2015, 72, 1269–1278.

46. Ayaz, M.; Subhan, F.; Ahmed, J.; Khan, A.-u.; Ullah, F.; Ullah, I.; Ali, G.; Hussain, S. Sertraline enhances the
activity of antimicrobial agents against pathogens of clinical relevance. J. Biol. Res. Thessaloniki 2015, 22, 4.
[CrossRef] [PubMed]

47. Ayaz, M.; Junaid, M.; Ullah, F.; Sadiq, A.; Subhan, F.; Khan, M.A.; Ahmad, W.; Ali, G.; Imran, M.;
Ahmad, S. Molecularly characterized solvent extracts and saponins from Polygonum hydropiper L. show high
anti-angiogenic, anti-tumor, brine shrimp and fibroblast NIH/3T3 cell line cytotoxicity. Front. Pharmacol.
2016, 7, 74. [CrossRef]

48. Ahmad, S.; Ullah, F.; Ayaz, M.; Zeb, A.; Ullah, F.; Sadiq, A. Antitumor and anti-angiogenic potentials of
isolated crude saponins and various fractions of Rumex hastatus D. Don. Biol. Res. 2016, 49, 18. [CrossRef]

49. Khalil, A.T.; Ovais, M.; Ullah, I.; Ali, M.; Shinwari, Z.K.; Maaza, M. Physical properties, biological applications
and biocompatibility studies on biosynthesized single phase cobalt oxide (Co 3 O 4) nanoparticles via
Sageretia thea (Osbeck.). Arab. J. Chem. 2017. [CrossRef]

50. Oluwaniyi, O.O.; Adegoke, H.I.; Adesuji, E.T.; Alabi, A.B.; Bodede, S.O.; Labulo, A.H.; Oseghale, C.O.
Biosynthesis of silver nanoparticles using aqueous leaf extract of Thevetia peruviana Juss and its antimicrobial
activities. Appl. Nanosci. 2016, 6, 903–912. [CrossRef]

51. Baharara, J.; Namvar, F.; Ramezani, T.; Mousavi, M.; Mohamad, R. Silver nanoparticles biosynthesized
using Achillea biebersteinii flower extract: Apoptosis induction in MCF-7 cells via caspase activation and
regulation of Bax and Bcl-2 gene expression. Molecules 2015, 20, 2693–2706. [CrossRef]

52. Elangovan, K.; Elumalai, D.; Anupriya, S.; Shenbhagaraman, R.; Kaleena, P.; Murugesan, K. Phyto mediated
biogenic synthesis of silver nanoparticles using leaf extract of Andrographis echioides and its bio-efficacy
on anticancer and antibacterial activities. J. Photochem. Photobiol. B Biol. 2015, 151, 118–124. [CrossRef]
[PubMed]

53. Firdhouse, M.J.; Lalitha, P. Biosynthesis of silver nanoparticles using the extract of Alternanthera
sessilis—antiproliferative effect against prostate cancer cells. Cancer Nanotechnol. 2013, 4, 137–143. [CrossRef]
[PubMed]

54. Salehi, S.; Shandiz, S.A.S.; Ghanbar, F.; Darvish, M.R.; Ardestani, M.S.; Mirzaie, A.; Jafari, M. Phytosynthesis
of silver nanoparticles using Artemisia marschalliana Sprengel aerial part extract and assessment of their
antioxidant, anticancer, and antibacterial properties. Int. J. Nanomed. 2016, 11, 1835.

55. Ayaz, M.; Ullah, F.; Sadiq, A.; Ullah, F.; Ovais, M.; Ahmed, J.; Devkota, H.P. Synergistic interactions of
phytochemicals with antimicrobial agents: Potential strategy to counteract drug resistance. Chem. Biol.
Interact. 2019, 308, 294–303. [CrossRef] [PubMed]

56. Makarov, V.; Love, A.; Sinitsyna, O.; Makarova, S.; Yaminsky, I.; Taliansky, M.; Kalinina, N. “Green” nanotechnologies:
Synthesis of metal nanoparticles using plants. Acta Nat. (aнглоязычнaя версия) 2014, 6, 35–44. [CrossRef]

57. Marslin, G.; Selvakesavan, R.K.; Franklin, G.; Sarmento, B.; Dias, A.C. Antimicrobial activity of cream incorporated
with silver nanoparticles biosynthesized from Withania somnifera. Int. J. Nanomed. 2015, 10, 5955.

58. Heydari, R.; Rashidipour, M. Green synthesis of silver nanoparticles using extract of oak fruit hull (Jaft):
Synthesis and in vitro cytotoxic effect on MCF-7 cells. Int. J. Breast Cancer 2015. [CrossRef] [PubMed]

http://dx.doi.org/10.3389/fphar.2018.00623
http://dx.doi.org/10.3389/fphar.2017.00327
http://dx.doi.org/10.1590/S1517-83822007000200034
http://dx.doi.org/10.1186/s12906-017-1659-6
http://dx.doi.org/10.1186/s40709-015-0028-1
http://www.ncbi.nlm.nih.gov/pubmed/26029671
http://dx.doi.org/10.3389/fphar.2016.00074
http://dx.doi.org/10.1186/s40659-016-0079-2
http://dx.doi.org/10.1016/j.arabjc.2017.07.004
http://dx.doi.org/10.1007/s13204-015-0505-8
http://dx.doi.org/10.3390/molecules20022693
http://dx.doi.org/10.1016/j.jphotobiol.2015.05.015
http://www.ncbi.nlm.nih.gov/pubmed/26233711
http://dx.doi.org/10.1007/s12645-013-0045-4
http://www.ncbi.nlm.nih.gov/pubmed/26069509
http://dx.doi.org/10.1016/j.cbi.2019.05.050
http://www.ncbi.nlm.nih.gov/pubmed/31158333
http://dx.doi.org/10.32607/20758251-2014-6-1-35-44
http://dx.doi.org/10.1155/2015/846743
http://www.ncbi.nlm.nih.gov/pubmed/25685560


Medicina 2019, 55, 369 17 of 17

59. Mittal, A.K.; Kaler, A.; Banerjee, U.C. Free radical scavenging and antioxidant activity of silver nanoparticles
synthesized from flower extract of Rhododendron dauricum. Nano Biomed. Eng. 2012, 4, 118–124. [CrossRef]

60. Korbekandi, H.; Iravani, S. Silver nanoparticles. In The Delivery of Nanoparticles; InTech: London, UK, 2012.
61. Eya’ane Meva, F.; Segnou, M.L.; Ebongue, C.O.; Ntoumba, A.A.; Kedi, P.B.E.; Deli, V.; Etoh, M.-A.;

Mpondo, E.M. Spectroscopic synthetic optimizations monitoring of silver nanoparticles formation from
Megaphrynium macrostachyum leaf extract. Revista Brasileira de Farmacognosia 2016, 26, 640–646. [CrossRef]

62. Starratt, A.N.; Caveney, S. Four cyclopropane amino acids from Ephedra. Phytochemistry 1995, 40, 479–481.
[CrossRef]

63. Lok, C.-N.; Ho, C.-M.; Chen, R.; He, Q.-Y.; Yu, W.-Y.; Sun, H.; Tam, P.K.-H.; Chiu, J.-F.; Che, C.-M. Proteomic
analysis of the mode of antibacterial action of silver nanoparticles. J. Proteome Res. 2006, 5, 916–924. [CrossRef]
[PubMed]

64. Huh, A.J.; Kwon, Y.J. “Nanoantibiotics”: a new paradigm for treating infectious diseases using nanomaterials
in the antibiotics resistant era. Journal of controlled release 2011, 156, 128–145. [CrossRef] [PubMed]

65. Lakshmanan, G.; Sathiyaseelan, A.; Kalaichelvan, P.; Murugesan, K. Plant-mediated synthesis of silver
nanoparticles using fruit extract of Cleome viscosa L.: Assessment of their antibacterial and anticancer
activity. Karbala Int. J. Modern Sci. 2017, 4, 61–68.

66. Sondi, I.; Salopek-Sondi, B. Silver nanoparticles as antimicrobial agent: A case study on E. coli as a model for
Gram-negative bacteria. J. Colloid Interface Sci. 2004, 275, 177–182. [CrossRef] [PubMed]

67. Chanda, S. Silver nanoparticles (medicinal plants mediated): A new generation of antimicrobials to combat
microbial pathogens—A review. In Microbial Pathogens and Strategies for Combating Them: Science Technology
and Education; FORMATEX Research Center: Badajoz, Spain, 2014; pp. 1314–1323.

68. Ahmed, S.; Ahmad, M.; Swami, B.L.; Ikram, S. A review on plants extract mediated synthesis of silver
nanoparticles for antimicrobial applications: A green expertise. J. Adv. Res. 2016, 7, 17–28. [CrossRef]
[PubMed]

69. Ravichandran, V.; Vasanthi, S.; Shalini, S.; Shah, S.A.A.; Harish, R. Green synthesis of silver nanoparticles
using Atrocarpus altilis leaf extract and the study of their antimicrobial and antioxidant activity. Mater. Lett.
2016, 180, 264–267. [CrossRef]

70. Medda, S.; Hajra, A.; Dey, U.; Bose, P.; Mondal, N.K. Biosynthesis of silver nanoparticles from Aloe vera leaf
extract and antifungal activity against Rhizopus sp. and Aspergillus sp. Appl. Nanosci. 2015, 5, 875–880.
[CrossRef]

71. Shafaghat, A. Synthesis and characterization of silver nanoparticles by phytosynthesis method and their
biological activity. Synth. React. Inorg. Metal Org. Nano Metal Chem. 2015, 45, 381–387. [CrossRef]

72. Bragg, P.; Rainnie, D. The effect of silver ions on the respiratory chain of Escherichia coli. Can. J. Microbiol.
1974, 20, 883–889. [CrossRef]

73. Valery, P.C.; Laversanne, M.; Clark, P.J.; Petrick, J.L.; McGlynn, K.A.; Bray, F. Projections of primary liver
cancer to 2030 in 30 countries worldwide. Hepatology 2018, 67, 600–611. [CrossRef]

74. Affo, S.; Yu, L.-X.; Schwabe, R.F. The role of cancer-associated fibroblasts and fibrosis in liver cancer. Ann. Rev.
Pathol. Mech. Dis. 2017, 12, 153–186. [CrossRef] [PubMed]

75. Jancy, M.E.; Inbathamizh, L. Green synthesis and characterization of nano silver using leaf extract of Morinda
pubescens. Asian J. Pharm. Clin. Res. 2012, 5, 159–162.

76. Sanpui, P.; Chattopadhyay, A.; Ghosh, S.S. Induction of apoptosis in cancer cells at low silver nanoparticle
concentrations using chitosan nanocarrier. ACS Appl. Mater. Interfaces 2011, 3, 218–228. [CrossRef]

77. Satyavani, K.; Gurudeeban, S.; Ramanathan, T.; Balasubramanian, T. Biomedical potential of silver nanoparticles
synthesized from calli cells of Citrullus colocynthis (L.) Schrad. J. Nanobiotechnol. 2011, 9, 43.

78. Chen, L.Q.; Fang, L.; Ling, J.; Ding, C.Z.; Kang, B.; Huang, C.Z. Nanotoxicity of silver nanoparticles to red
blood cells: Size dependent adsorption, uptake, and hemolytic activity. Chem. Res. Toxicol. 2015, 28, 501–509.
[CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.5101/nbe.v4i3.p118-124
http://dx.doi.org/10.1016/j.bjp.2016.06.002
http://dx.doi.org/10.1016/0031-9422(95)00342-5
http://dx.doi.org/10.1021/pr0504079
http://www.ncbi.nlm.nih.gov/pubmed/16602699
http://dx.doi.org/10.1016/j.jconrel.2011.07.002
http://www.ncbi.nlm.nih.gov/pubmed/21763369
http://dx.doi.org/10.1016/j.jcis.2004.02.012
http://www.ncbi.nlm.nih.gov/pubmed/15158396
http://dx.doi.org/10.1016/j.jare.2015.02.007
http://www.ncbi.nlm.nih.gov/pubmed/26843966
http://dx.doi.org/10.1016/j.matlet.2016.05.172
http://dx.doi.org/10.1007/s13204-014-0387-1
http://dx.doi.org/10.1080/15533174.2013.819900
http://dx.doi.org/10.1139/m74-135
http://dx.doi.org/10.1002/hep.29498
http://dx.doi.org/10.1146/annurev-pathol-052016-100322
http://www.ncbi.nlm.nih.gov/pubmed/27959632
http://dx.doi.org/10.1021/am100840c
http://dx.doi.org/10.1021/tx500479m
http://www.ncbi.nlm.nih.gov/pubmed/25602487
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Drugs and Chemicals 
	Cultures and Cell Lines 
	Collection of Plant Sample 
	Phytochemical Analysis of the Extract 
	Total Phenolic Content (TPC) 
	Total Flavonoid Content (TFC) 
	Total Antioxidant Capacity 
	Total Reducing Power 
	DPPH Anti-Radicals Assay 

	Synthesis and Optimization of Nanoparticles 
	Biological Studies 
	Antibacterial Studies 
	Antifungal Studies 
	HepG2 Cytotoxicity 

	Hemolytic Assay 
	Statistical Analysis 

	Results 
	Phytochemical Analysis 
	Characterization of EpNPs 
	Uv-Visible Spectroscopy 
	Fourier-Transform Infrared Spectroscopy 

	X-rays Differaction Analysis 
	SEM Analysis of EpNPs 
	Anti-Microbial Studies 
	Cytotoxicity Against HepG2 Cells 
	Hemplytic Studies on EpNPs 

	Discussion 
	Conclusions 
	References

