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various biomedical applications. These procedures are simple, ecofriendly and serve as an

alternative to complex chemical methods for preparation of nanomaterials.

Objective: In the present study, phytosynthesis of silver nanoparticles, to examine their
antioxidant potential, toxic effects towards bacterial-, fungal-strains, brine shrimp nauplii and

cancer cells was focused.

Method: Methanolic extract of Euphorbia wallichii roots was used for synthesis of silver
nanoparticles. The synthesis was monitored and confirmed by UV-visible spectroscopy,
Fourier Transform Infra-Red (FTIR) spectrometric analysis, Field Emission Scanning
Electron Microscope (FESEM), Energy Dispersive X-ray (EDX) and X-ray powder
diffraction (XRD).

Results: The synthesized particles were average 63 nm in size. Involvement of phenolic
(46.7+2.41 ng GAE/mg) and flavonoid (11.71 pg QE/mg) compounds as capping agents was
also measured. Nanoparticles showed antioxidant properties in terms of free radical
scavenging potential (59.63+1.0%), reducing power (44.52+1.34 pg AAE/mg) and total
antioxidant capacity (60.48+2.2 ng AAE/mg). The nanoparticles showed potent cytotoxic
effects against brine shrimp nauplii (LDso 66.83 ng/ml), proliferation and cell death of Hella
cells as determined by MTT (LDsy 0.3923 pg/ml) and Tunel assays respectively.
Antimicrobial results revealed that silver nanoparticles were found to be more potent against
pathogenic fungal (maximum active against A. fumigates, MIC 15ug/disc) and bacterial
strains (maximum active against S. aureus, MIC 3.33ug/disc) than the E. wallichii extract

alone.

Conclusion: These results support the advantages of using an eco-friendly and cost-effective

method for synthesis of nanoparticles with antioxidant, cytotoxic and antimicrobial potential.

Keywords: Antimicrobial, Antioxidant, Cytotoxicity, Euphorbia wallichii, silver

nanoparticles,

Running Title: Antioxidant and toxicity potential of silver nanoparticles
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nanoscale level is rapidly growing in the field of science and technology [1]. Various
methods are reported for the synthesis of nanomaterials from plant extracts [2], fungi and
bacteria [3]. These methods are simple and serve as an alternative to complex chemical
methods for the synthesis of nanoparticles. Nanoparticle synthesis of different metals such as
gold, magnesium [4], zinc, copper, or titanium [5] are already reported. Silver nanoparticles
are effective due to their good antiviral or antimicrobial efficacy against eukaryotic
microorganisms [6], fungi [7] and pathogenic bacteria [8]. Silver nanoparticles have an
important role in nanomedicine and nanotechnology. The remarkable advancement in
understanding the organization of nanostructures ensures the dynamic and interesting role of
nanotechnology in the future. Distinctive properties of colloidal silver such as chemical
stability, catalytic conductivity and antimicrobial activities are of particular interest in a
number of fields [9]. Different properties including smaller size and larger surface area of
nanoparticles have enhanced their importance in various fields. These particles possess
antimicrobial properties which might provide a solution to the increasing trend of antibiotic
resistance exhibited by pathogenic bacterial strains and might prove to be remarkably
valuable in biomedical field. Nanoparticles have been reported as active against various
diseases. Silver nanoparticles are extensively being utilized in the different areas such as
medical, bio-sensing, photonics, electronics, and potential optical receptors for biolabeling
[10]. Plant extracts and purified bioactive phytochemicals serve as green reactants for the
synthesis of silver nanoparticles [11]. There are numerous approaches for nanoparticle
synthesis and these methodologies pose larger problems like toxicity and cost. Hence, use of

plants for synthesis of nanoparticles provides ecofriendly and cost-effective option. Camellia
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also reported to be used in the synthesis of silver nanoparticles [13].

Owing to better pharmacological responses, drugs obtained from plants constitute
25% of worldwide prescribed drugs [14]. Euphorbia genus is among the six largest genera of
flowering plants, comprising 2160 species. Euphorbia consists mainly of perennial herbs, but
also shrubs and trees [15]. Some species of the Euphorbia genus have been used in traditional
medicines to treat tumors, cancers, migraine, gonorrhea, skin diseases, warts and intestinal
parasites for hundreds of years. It has also been used for liver ailments, anti-inflammatory
agent [16], and in the treatment of psoriasis [17]. Recently, different studies reported the use
of plants of Euphorbia genus for synthesis of silver nanoparticles such as aqueous extract of
Euphorbia prostrate leaves was used for the synthesis of silver nanoparticles and explored
for their leishmanicidal activity [18]. Another study reported the larvicidal effect of the silver
nanoparticle produced from leaf extract of Euphorbia hirta against cotton boll worm
(helicoverpa armigera) [19].

Plants of this particular genus are used to cure rheumatism and bronchitis. E.
wallichii roots have been used in Tibetan folk medicine for the treatment of edema and skin
diseases such as cutaneous anthrax and furuncle [20]. It also showed significant cytotoxicity
and phytotoxicity [21]. In the present study, silver nanoparticles were formed by reducing
silver 1ons using E. wallichii extract as a reductant. Prepared nanoparticles were evaluated for
antioxidant, cytotoxic and antimicrobial activity against various pathogenic bacterial and

fungal strains.
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Hela cell line was purchased from American Type Culture Collection (ATCC,
Rockville, MD, USA). Dulbecco's modified Eagle's medium (DMEM), Fetal-bovine serum
(FBS) were purchased from Gibco (Carlsbad, CA, USA). 3-(4, 5-dimethyl-thiazol-2-yl)-2, 5-
diphenyl tetrazolium bromide (MTT), penicillin and streptomycin were purchased from
sigma Aldrich. All other chemicals and reagents were obtained from Sigma Aldrich until and

unless mentioned.

2.2. Collection and extraction

E. wallichii plants were collected from Nathia galli, Khyber Pakhtunkhwa, Pakistan
during June, 2012. The plant was identified by Prof. Dr Rizwana A. Qureshi, Department of
plant sciences, Quaid-i-Azam University Islamabad, Pakistan. A voucher specimen
(Specimen No. 125755) was previously submitted to the herbarium of medicinal plants of
Quaid-i-Azam University, Islamabad. Roots were utilized for preparation of nanoparticles.
Shade-dried plant material (0.5 kg) was macerated in methanol (2 liter) for three days. This
process was repeated three times. Thereafter, the collected methanolic extract after each
process was combined and filtered using filter paper (Whatman No. 1). The filtrate was then
concentrated using a rotary evaporator (R-200 Buchi, Switzerland). Extracts were further
dried in a vacuum oven at 40°C (Vacucell, Einrichtungen GmbH). Finally, crude methanolic

extract of E. wallichii plant was used for the synthesis of nanoparticles.

2.3. Synthesis of nanoparticles
Nanoparticles were synthesized from methanolic extract E. wallichii (EW). Silver

nitrate (AgNO;) was used as the source of the metal for EW nanoparticles (EWAgNPs).
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changed. The nanoparticles were then separated by centrifuging (Ependorf Centrifuge 804)
the solution at 5000 rpm for 3 min. The obtained nanoparticles were washed with deionized
water and centrifuged again. The EWAgNPs were dried in a vacuum chamber (Vacucell) for

24 hours at 35°C and then proceeded for characterization and biological evaluation.

2.4. Characterization of silver nanoparticles

The synthesized EWAgNPs were characterized by UV/Vis PDA spectrophotometric
(Agilent 8453, Germany) analysis in the range of 300-620 nm. The shape and size were
determined by using a field emission scanning electron microscope (FESEM) (JEOL JSM-
6701F USA), while Fourier Transform Infra-Red (FT-IR) spectrometric analysis was carried
out to check the presence of possible functional groups. The FT-IR spectra were recorded in
the wavenumber frequency range of 4000-600cm™ with a speed of 16 scans per spectrum
using the bench-top Spectrum™ 65 FT-IR spectrometer equipped with the universal diamond
ATR (Attenuated Total Reflectance) accessory (PerkinElmer Inc., USA). All the
measurements were recorded in transmittance (%T) mode at room temperature. Energy
dispersive X-ray (EDX, Oxford Aztec) was used to determine the elemental composition
nanoparticles. XRD measurements were determined using Bruker D8 Advance brand*-2*

configuration (generator-detector) X-ray tube copper S¥41.54A and LYNXEYEPDS detector.

2.5. Determination of phenolic and flavonoid content: The involvement of phenolic and

flavonoids in synthesized EWAgNPs and present EW were investigated as following:

2.5.1. Phenolic content

Phenolic content in extract was determined using Folin-Ciocalteu reagent method as
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mixture was incubated at room temperature for 30 min. In the negative control, dimethyl
sulfooxide (DMSO) was used instead of the sample. Absorbance was measured at 765 nm
using the microplate reader (ELX 800, Biotek USA). Calibration curve of gallic acid standard
was prepared. Then phenolic content involved in synthesized nanoparticle and in crude
extract were measured from the standard curve equation and content was expressed as pug

gallic acid equivalents (GAE).

2.5.2. Flavonoid content

Total flavonoid content was determined using the Aluminium chloride colorimetric
method as described previously [25]. Aliquots of each sample solution (20 pL, 4 mg/mL
DMSO) were mixed with 10 pL of aluminum chloride (10% w/v in H,O) and 10 pL of
potassium acetate (I M) solutions. Consequently, distilled water was added to get a final
volume of 200 uL. After 30 min of incubation (Incubator IC83 Yomato, Japan), absorbance
was measured by using microplate reader (Bioteck, USA) at 415nm. Quercetin, a plant
flavonoid was used as standard. Flavonoid content in plant crude extract and participated in
nanoparticle synthesis were measured form calibration curve of standard. While, flavonoid

contents were established in pg quercetin equivalent (QE).

2.6. Antioxidant assays. Antioxidant capacities of EWAgNPs were determined using

different assays which are described below:

2.6.1. DPPH free radical scavenging assay
Antioxidant potential of EWAgNPs against o, a-diphenyl-B-picrylhydrazyl (DPPH)

was determined usine the method described bv Clarke et al with some modification [241. The
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assays. After that the mixture was incubated at room temperature for 30 min, a change in
color from violet to yellow was observed owing to the anti-oxidation potential of the sample.
Here, ascorbic acid was used as a reference standard. The absorbance of the reaction mixture
was measured on the microplate reader at 517 nm. The scavenging activity was calculated
using the following equation:

% Scavenging activity = OD of control — OD of test sample / OD of control x100

OD = optical density (absorbance)

2.6.2. Total antioxidant capacity

The Phosphomolybdenum method described by Banerjee and Narendhirakann was
used for measuring the total antioxidant capacity [26]. The reaction mixture was produced by
the addition of reagent solution [ammonium molybdate (4 mM), sodium phosphate (28 mM)
and sulfuric acid (0.6 M)] and 100 ul of sample solution. This reaction mixture was incubated
for 90 min at 95°C. After incubation, the mixture was cooled and absorbance was recorded at
695 nm. Ascorbic acid was used as the standard. Antioxidant potential of EWAgNPs and
methanolic extract was expressed as pg ascorbic acid equivalent per mg of EWAgNPs or
extract (ug AAE/mg).
2.6.3. Reducing power assay

The reducing power of samples, EWAgNPs, was determined using the method
described by Lue et al [27]. The reaction mixture was contained 100 ul of sample, 250 ul of
phosphate buffer and 250 pl of potassium ferricyanide. The reaction mixture was then

incubated for 30 min at 50°C, after which 250 pl of trichloroacetic acid was added. It was
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2.7. Toxicity determination

Toxicity of both EW and EWAgNPs were evaluated through MTT, TUNNEL and
Brine shrimp assays as described bellow
2.7.1. Culture of Hella cells

Hella cells were obtained from the Korean Cell Line Bank (KCLB), Republic of
Korea. The cells were grown in DMEM medium containing 10% heat-inactivated fetal
bovine serum, streptomycin (50 ug/mL), and penicillin (50 unit/mL). HeLa cells were grown
on glass cover slips in 24-well culture plates at density of 2.5x10* cells for tunnel assay or
1.5x10° per well in 96-well plate for MTT assay and incubated in CO, incubator (95% O,
5% COy) at 37°C in a humidified atmosphere. Medium was changed after two days. Cells

were allowed to grow in similar conditions to reach 70-75% confluence.

2.7.2. MTT assay

Toxic effect of samples was investigated against cell viability of hella cells by using
MTT assay as described previously [28]. Briefly, hella cells seeded 96-well plate was
exposed with different concentration (0-50uM/ml) of EW and EWAgNPs replacing with
previous medium and incubated for 24 h at 37°C in CO, incubator. Then 10ul of MTT
reagent 1 (0.5 mg/ml) was added in each well and incubated for 4 h until purple formazan
crystals were developed. Followed by addition of 100 pl of MTT reagent 2 (Solubilization
buffer; 10% SDS with 0.01N HCI and DMSO) and overnight incubation in CO, incubator to
dissolve the formazan crystals. Finally, optical absorbance was measured at 570 nm using

microplate reader (Tecan, Maennedorf, Switzerland) and cells without treatment were
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labeling (TUNEL) staining was performed to detect DNA fragmentation using a
commercially available kit (Roche Molecular Biochemicals, Mannheim, Germany) according
to the manufacturer’s instructions. HeLa cells were grown on glass cover slips in 24-well
plate non-treated or treated with EW and EWAgNPs for 24 hours. The cells were washed
with PBS, fixed for 15 min at room temperature with 4% paraformaldehyde. After fixing,
cells were washed in PBS and incubated in a permeabilization solution (0.1% Triton X- 100
in 0.1% sodium citrate) on ice for 2 min. After that cell was washed in PBS and then
incubated with a mixture containing terminal deoxynucleotidyl transferase and the reaction
buffer containing rhodamine-dUTP for 60 min at 37 <C. Finally cells were washed PBS and
mounted using prolong gold antifade reagent containing the nuclear staining 4',6-diamidino -

2-phenylindole,dicloride (DAPI). Images were analysed using fluorescence microscopy.

2.7.4. Brine shrimp lethality assay

The cytotoxic effect of EWAgNPs was determined using the brine shrimp lethality
assay by following the method of Bibi et al [29]. Brine shrimp (Artemia salina) eggs (Ocean
Star Inc., USA) were hatched in sea water (3.8% Sea salt solution). Final concentrations of
the sample solution of 500, 250, 125, 62.5, 31.62 and 15.6 pg/ml were used in this assay. Ten
brine shrimp larvae were counted and transferred to vials (having 2 ml of sea water) using a
pasture pipette. Then 5 pl from each stock of sample was added and volume in the vials was
raised up to 5 ml with sea water to attain the final concentration of 500, 250, 125, 62.5, 31.62
and 15.6 ug/ml. These vials were left to incubate for 24 hours at a temperature of 28°C. The

numbers of surviving and dead shrimps were counted using pasture pipette and magnifying
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2.8.1. Antibacterial assay

Five bacterial strains, two gram-positive (Micrococcus Iluteus ATCC 10240,
Staphylococcus aureus ATCC 6538) and three gram-negative (Bordetella bronchiseptica
ATCC 4617, Escherichia coli ATCC 15224, Salmonella typhimurium ATCC 14028) were
used in this assay. Bactericidal activity of synthesized nanoparticles was determined by using
the disc diffusion method as described by Kandile et al [8]. Bacterial cultures were refreshed
in nutrient broth for 24 hours at 30°C. Nutrient agar medium was used for the growth of
bacterial strains. All chemicals used in the current study were of commercial grade and
purchased from BDH (England) and Merck (Germany). Filter paper discs of 6 mm in size
were prepared from Whatman no. 1 filter paper. Media, filter paper discs along with other
apparatus required in this assay were sterilized using autoclave and the whole experiment was
carried out in a microbiological safety cabinet. Solidified plates of nutrient agar were labeled
and respective bacterial strains were inoculated. Cefixime-USP was used as the standard
antibacterial drug and DMSO was used as negative control. For antibacterial activity, 5 ul of
stock solution of sample (6mg/ml) was used per disc to load 30 pug of sample. These discs
were placed on respective places on a petri plate. The petri plates were incubated for 24 hours
at 37°C. Zones of inhibition (mm) around the disc were measured after that the samples
having > 10 mm zone of inhibition were tested at lower concentrations by using standard
three-fold micro broth dilution method [30]. A stock solution of samples and standard was
serially diluted in 96-well microtiter plate with nutrient broth to obtain a concentration

ranging from 10 pg/mL to 0.334 pg/mL. Inoculum was added so as to give inoculum size of
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2.8.2. Antifungal assay

Fungicidal activity of synthesized nanoparticles was measured by observing the
growth response of five fungal strains (4spergillus fumigatus FCBP 66, Fusarium solani
FCBP 0291, Mucor species FCBP 0300, Aspergillus niger FCBP 0198, Aspergillus flavus
FCBP 0064). Sabraud dextrose agar was used for maintenance of fungal cultures. A slightly
modified method of Kandile et al [8] was followed for measuring the fungicidal capacities of
EWAgNPs. Discs of 6 mm were prepared from Whatman no.l filter paper and the
experiment performed in triplicate and carried out in a microbiological safety cabinet. The
sample solution was absorbed on discs and placed on the respective, labeled, solidified SDA
plates. DMSO was used as negative control and terbinafine hydrochloride > 98% (Sigma-
aldrich, USA) was used as the standard antifungal drug. An amount of 30 pg for both
EWAgNPs and EW were used per disc for antifungal activity by loading 5 ul of stock
solution (6 mg/ml). Plates were incubated for 24 to 48 hours at 28°C. Antifungal capacities of
the samples were observed by measuring the inhibition zones in mm around the discs.
Extracts producing an inhibition zone > 10 mm in diameter were screened to determine
minimum inhibitory concentrations (MICs) at lower concentrations ranging from 15 to 1.857
ug/disc by standard disc diffusion method. MIC was calculated as the lowest concentration of

the extract around which a visible zone of growth inhibition was formed [30].

Statistical analysis
All the experiments were performed in triplicate, and results are expressed as mean +

standard deviation. Further, one-way analysis of variance (GraphPad Prism, version 5.01 for
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3. Results and Discussion
3.1. Synthesis and characterization of silver nanoparticles

The present study was conducted for the green synthesis of silver nanoparticles
(EWAgNPs) from the methanolic extract of Euphorbia wallichii (EW). The formation of
nanoparticles was observed from the colorimetric change in the reaction solution from
greenish to brownish color upon addition of 1% EW solution in 10 mM AgNO; solution at a
1:1 concentration. The change in color of the reaction mixture was due to the collective
oscillations of free electrons in reduced EWAgNPs [31]. UV-visible spectrophotometric
analysis of nanoparticles showed a maximum absorbance peak at 415 nm in correspondence
with the surface plasmon resonance of EWAgNPs (Fig. 1-A). A maximum absorbance peak
around 430 nm is the distinctive property of silver nanoparticles [12].

The morphology and composition of EWAgNPs was carried out by FESEM and
EDX analysis, respectively. Different sizes of spherical nanoparticles were observed which is
because of aggregation of phyto-chemicals while preparing the samples for FESEM analysis.
Fig. (1-B) shows the scanning electron micrograph of the EWAgNPs where the particle size
was found to be on average 63 nm. While, primary composition for the presence of silver was
examined with EDX determination (Fig. 1-C).

FT-IR is widely used for recognition as well as accurate and rapid identification of
functional groups [32]. A limited portion of this range from 4000 to 625 cm™ (2.5-16 pum) is
useful for organic compounds [33]. FT-IR spectroscopic analysis was made in order to
identify the functional groups or possible biomolecules involved in synthesis of the

EWAgNPs from the EW extract. In FT-IR analysis, crude extract stretches were observed at
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and the finger print region of polyphenols [34]. The bands appeared at 3271.0 cm '
corresponding to -OH stretching vibrations, and at 2919.4 cm™' for CH stretching of aromatic
compounds of phenol groups. The peak at 1448.0 cm ' corresponds to the O—H bend of
polyphenols. The weaker band at 1205.1 cm ' which corresponds to COC stretch was
observed. In the EWAgNPs, peaks were changed from 2929.3 to 2919.4 cm ', 1698.5 to
1711.7 em™', 1448.01 to 1452.6 cm ', 1205.1 to 1174.9 cm ™', and 1032.8 to 1043.1 cm .
Shifting in the IR bands suggests the coordination of silver ions and the synthesis of
nanoparticles with the extract [22, 35]. Shift in FT-IR peaks 1448.01 to 1452.6 cm ' and
1032.8 to 1043.1 cm ' with reduced band intensity suggesting the binding of silver ion to the
alcohol groups and these shifting confirm the reduction of silver ions accompanied by the
oxidation of these groups in the synthesis. While it can be inferred from the shifting of bands
in EWAgNPs that carboxylate groups and hydroxyl were involved in the synthesis. Haq et al
reported the presence of various phytochemicals like tannins, alkaloids, terpenoids,
glycosides and flavonoids in the EW extract [15]. Ristig et al reported the band shifting from
coordination compounds of Schiff ligand to individual Schiff ligand -from 1492 to 1490 cm™'
and 1456 to 1453 cm ' respectively-indicating its potential to coordinate with the metals [36].
In FT-IR spectroscopy, nanoparticles show the absence as well as the shifting of peaks
comparative to ligands. Shankar et al reported the reducing potential of terpenoids for metal
ions by oxidation of aldehyde groups to carboxylic acids [37]. Aromatic compounds such as
phenol compounds in E. wallichii extract may be involved in capping and stabilizing the
EWAgNPs. Reducing potential of phenolic compounds for metal ions have been reported

[38].
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77. 46" are in agreement with the face centered cubic (fcc) structure of Ag (JCPDS
Card No. -04-0783) and those are indexed to (111), (200), (220) and (311)
crystallographic planes, respectively [39]. The well-defined intense and sharp peak in
XRD pattern of synthesized silver nanoparticles confirms excellent crystalline nature
of it. The peaks assigned as ‘*’ indicates the crystallization of different bio-organic
components present in the systems while preparing the silver nanoparticles [40, 41].
XRD pattern of EWAgNPs is as shown in fig. (3).
3.2. Determination of phenolic and flavonoids content

Bound phenolic compounds and bound flavonoids in nanoparticles and in the extract
were also measured. The total phenolic content of synthesized EWAgNPs was found to be
46.7+2.41 pg GAE/mg as compared to the EW phenolic content of 149.5+ 4.76 ug GAE/mg;
while bound flavonoid content in nanoparticles was 11.71 ug QE/mg and 52.92 nug QE/mg
was observed in EW (Fig. 4). Haq et al had reported 19.08 % phenolic and 0.26 % flavonoid
content in EW [15]. Owing to the presence of aromatic rings, phenolic compounds and
flavonoids are nucleophilic in nature, which is responsible for the chelating potential of these
compounds [38]. It is also evident from the above results that other compounds which are
neither phenolic nor flavonoids compounds are also involved actively in nanoparticle
formation with metals, as indicated by the lower content of phenolic compounds and
flavonoids measured in content determination.
2.3. Antioxidant activity assessment

Nanoparticles showed enhanced antioxidant activity in comparison to the extract
alone in DPPH % scavenging, total antioxidant capacity and reducing power assays. The

DPPH % scavenging results showed the effective free radical inhibition potential of
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[15]. EWAgNPs and EW were assessed for reducing activity. This showed that EWAgNPs
have higher reducing power comparative to the extract. Nanoparticles and crude extract
showed reducing activity as 44.52+1.34 and 36.80+1.41 ug AAE/mg respectively (Fig. 5).
Similar observations were made by Depankar and Murugan with silver nanoparticles using
the extract of [resine herbstii [44]. An increase in total antioxidant capacities were observed
in nanoparticles as 60.48+2.2 and in EW as 38.59+ 1.0 ug AAE/mg (Fig. 5).

2.4. Determination of toxic effects

We treated cancer cells with and without extract, nanoparticles and evaluated the cell
viability/toxicity using MTT assay. The results showed that treatment with both samples
studied affect the viability of hella cells by reducing their proliferation. Dose and time
dependant effects of EW and EWAgNPs are shown in fig. (6). Dose (Fig. 6-A) and time (Fig.
6-B) dependant decreased proliferation indicates the anticancer potential of prepared
nanoparticle.

Whether extract or nanoparticels induce geno-toxic effects, we assayed HeLa cells
treated with extract or nanoarticles using the Tunnel assay. Assay detects apoptosis-induced
DNA fragmentation. The presence of TUNEL-positive cells with fragmented DNA in their
nuclei was indicated by a red fluorescence signal, exhibiting DNA strand breaks, and
apoptosis induction (Fig. 7). The DAPI-stained nuclei appeared blue and merge image show
overlaying of DAPI and Tunnel images (Fig. 7). In control cells, no nuclei of red-stained
were detected due to the absence of apoptotic cells. However, the number of nuclei stained by
the TUNEL reagents was higher in cells treated with nanoparticled treatment as compared to

extract (Fig. 7). It is exhibiting the a greater level of apoptosis ultimately higher cytotoxic
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assay was performed to evaluate the cytotoxicity of EWAgNPs and EW at the final
concentration of 500, 250, 125, 62.5, 31.62 and 15.6 pg/ml. The LDs, values of the
EWAgNPs and EW extract were found to be 66.83 and 134.94 ug/ml respectively (Table 1).
The lower LDsy value of EWAgNPs suggesting the cytotoxic nature of nanoparticles when
compared with EW extract. According to result the significant increase in the cytotoxicity of
EWAgNPs reveals the involvement of toxic constituents of EW extract in silver nanoparticle
synthesis. Enhanced dose dependent cytotoxicity may be correlated to another report in
which higher concentrations of green synthesized nanoparticles of Melia azedarach had
significant cytotoxic effects against cancer cell lines (Hela, HBL 100) [44]. The cytotoxic
effect of nanoparticles on shrimps’ larvae can be linked with anticancer potential and thus,
nanoparticles could be an alternative source of anticancer drugs [45]. At present, much
attention is being given to metallic nanoparticles and their anticancer activity. Various studies
reported that cells experience different effects in in vivo and in vitro conditions. Cancer cells
have different pathophysiology than normal cells and these are widely used for the toxicity
testing of the nanoparticles. Silver nanoparticles are available in different coatings, each
having different degrees of cytotoxicity. Furthermore, the toxicological results obtained from
such experiment might be conflicting comparative to normal cells. Keeping in view of the
distinct biokinetic features of silver nanoparticles, it is essential to address toxicity-related
problems of these particles in suitable experimental in vivo models with respect to liver,
kidney, lungs along with related effects on central nervous system disorders and endocrine
functions [46].

3.5. Antimicrobial activity assessment
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silver nanoparticles are used as antimicrobial agents [48]. The antimicrobial activities of
synthesized EWAgNPs and EW were investigated against various bacterial and fungal
species using the disc diffusion method. Zones of inhibition (mm) around each disc of EW,
EWAgNPs and control are represented in Table 2. Silver nanoparticles were observed to have
more bactericidal activity against gram positive comparative to gram negative bacterial
strains. These particles cause alteration in the cell permeability that led to cell death.
Moreover, shape and size determine the critical role in the pharmacological activity of the
nanoparticle. Usually, smaller sized nanoparticles are more active [49].

There are several reports for the enhanced antimicrobial activities of silver
nanoparticles and in present study synthesized nanoparticles showed enhanced antimicrobial
activity. The EWAgNPs were found to have the highest antibacterial activity against S.
aureus (14.5£0.5 mm, MIC 3.33 pug/ml) and highest antifungal activity against 4. fumigatus
(11.5+1.3 mm, MIC 15 pg/disc). The detailed results are shown in Table 3. Awwad et al have
reported better antibacterial activity of nanoparticles of S. tricobatum extract against Solanum
aureus comparative to other bacterial strains [50]. These findings support our study.
Antifungal activities of silver nanoparticles are also reported [7]. The EWAgNPs were
proved to be more effective antimicrobial agents compared to EW. Nanoparticles are reported
to attach to the cell membranes of microorganisms for penetration. These particles attack
microbial cells by interfering with cell division and the respiratory chain, leading to cell death
[51]. Antimicrobial activity of silver nanoparticles is due to the release of silver ions in cells
[52] and attached bioactive constituents [22]. Liposolubility is the main factor that determines

the antifungal activity of the sample [53]. The lipid membrane around the cell controls
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Conclusion

Natural products especially medicinal plants are potential sources of efficient and
cost effective medicines by utilizing various techniques. In current study, cost-effective as
well as fast biogreen method was used for the synthesis of silver nanoparticles of the
methanolic extract of E.wallichii roots. Particles were varied in shape and size ranged with
average 63 nm. The prepared nanoparticles were characterized by UV/vis spectroscopy, FT-
IR spectroscopy and FESEM, EDX, XRD analysis and subjected to various antioxidant
(DPPH scavenging, reducing power and total antioxidant assays), antimicrobial
(Antibacterial and antifungal assays), cytotoxic assays (Brine shrimp lethality, MTT and
TUNEL assays). Results suggest the significant and enhanced activities of nanoparticles as
compared to crude extract, conferring these moieties as an important candidate for further
potential application in many areas including chemoprevention, antimicrobial and cytotoxic

field.
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Figures

Fig. (1). UV/visible spectra (A), FESAM micrograph (B), EDX spectrum (C), of silver

nanoparticles (EWAgNPs) or extract of E. wallichii (EW) are depicted.

Fig. (2). The FT-IR spectra of synthesized silver nanoparticles (EWAgNPs) and extract of .

wallichii (EW) in the wavenumber frequency range of 4000-600cm™.
Fig. (3). XRD pattern of silver nanoparticles (EWAgNPs)

Fig. (4). Total phenolic (ug GAE/mg sample) and flavonoid content (ug QE/mg sample)
determination in silver nanoparticles (EWAgNPs) and extract of E. wallichii (EW).Values are
presented as mean + Standard deviation from triplicate investigation. Asterisk symbol

represents a significant difference between two groups (EW, EWAgNPs).

Fig. (5). Total antioxidant capacity (ug AAE/mg sample), Reducing power (ug AAE/mg
sample) and % radical scavenging activity (DPPH) determination in Silver (EWAgNPs) and
extract of E. wallichii (EW). Values are presented as mean + Standard deviation from
triplicate investigation. Asterisk symbol denotes a significant difference between two groups

(EW, EWAgNPs).

Fig. (6). Effect of EW and EWAgNPs on the cell viability of breast cancer cells (Hella). To
investigate the dose and time dependant effect cells were treated with (A) 0-5mg/ml for 24 h,
or (B) 5 mg/ml for indicated time periods. Cellular toxicity was investigated through MTT
assay. Untreated cells were used as control by considered 100% viability. Results are

presented as mean of three experiments +=SD.
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Tables

Table 1. Shrimps cytotoxicity assay of silver nanoparticles (EWAgNPs) and extract of E.

wallichii (EW)

Table 2. Antibacterial activityof silver nanoparticles (EWAgNPs) and extract of E.

wallichii(EW)

Table 3. Antifungal activity of silver nanoparticles (EWAgNPs) and extract of E.
wallichii(EW)



