Materials Science & Engineering C 112 (2020) 110889

Contents lists available at ScienceDirect

MATERIALS
SCIENCE &
ENGINEERING

Materials Science & Engineering C

journal homepage: www.elsevier.com/locate/msec

updates

Synthesis of bio-mediated silver nanoparticles from Silybum marianum and @ W)
their biological and clinical activities ek o

Muzamil Shah?, Sabir Nawaz”, Hasnain Jan”, Noor Uddin®, Ashaq Ali’, Sumaira Anjum®,
Nathalie Giglioli-Guivarc'h"¢, Christophe Hano®", Bilal Haider Abbasi®"&"*

# Department of Biotechnology, Quaid-i-Azam University, Islamabad 45320, Pakistan

Y Department of Microbiology, Quaid-i-Azam University, Islamabad 45320, Pakistan

© Department of Chemistry, Quaid-i-Azam University, Islamabad 45320, Pakistan

4 Key State Laboratory of Virology, Wuhan Institute of Virology, Chinese Academy of Sciences, 430072 Wuhan, China

€ Department of Biotechnology, Kinnaird College for Women, Lahore 54000, Pakistan

fEA2106 Biomolécules et Biotechnologies Végétales, Université de Tours, 37000 Tours, France

& COSM'ACTIFS, Bioactifs et Cosmétiques, CNRS GDR3711, 45067 Orléans CEDEX 2, France

h Laboratoire de Biologie des Ligneux et des Grandes Cultures (LBLGC), INRA USC1328, Université d'Orléans, 45067 Orléans CEDEX 2, France

ARTICLE INFO ABSTRACT

The purpose of current study was green synthesis of silver nanoparticles (AgNPs) from seeds and wild Silybum
plants in comparison with their respective extracts followed by characterization and biological potency. The
biologically synthesized AgNPs were subjected to characterization using techniques like XRD, FTIR, TEM, HPLC
and SPE. Highly crystalline and stable NPs were obtained using Silybum wild plant (NP1) and seeds (NP3) with
size range between 18.12 and 13.20 nm respectively. The synthesized NPs and their respective extracts revealed
a vast range of biological applications showing antibacterial, antioxidant, anti-inflammatory, cytotoxic and anti-
aging potencies. The highest antioxidant activity (478.23 += 1.9 uM, 176.91 * 1.3 uM, 83.5 * 1.6% UgAAE/
mg, 156.32 + 0.6 ugAAE/mg) for ABTS, FRAP, FRSA, TRP respectively was shown by seed extract (NP4)
followed by highest value of (117.35 = 0.9 pgAAE/mg) for TAC by wild extract (NP2). The highest antifungal
activity (13 mm = 0.76) against Candida albicans was shown by NP3 while antibacterial activity of (6 mm
against Klebsiella pneumonia) was shown by NP3 and NP4. The highest anti-inflammatory activity (38.56 + 1.29
against COX1) was shown by NP2. Similarly, the high value of (48.89 =+ 1.34 against Pentosidine-Like AGEs)
was shown by NP4. Also, the high anti-diabetic activity (38.74 * 1.09 against a-amylase) was shown by NP4.
The extracts and the synthesized NPs have shown activity against hepato-cellular carcinoma (HepG2) human
cells. The HPLC analysis revealed that the highest value of silymarin component (silybin B 2289 mg/g DW) was
found for NP4. Silydianin is responsible for capping. Among the green synthesized AgNPs and the extracts used,
the effect of NP4 was most promising for further use.
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1. Introduction like chemical reduction have been used for synthesis of AgNPs [12]. For

the synthesis of metallic NPs, various approaches have been used,

The word “nano” is derived from Greek, meaning extremely small or
dwarf [1]. Nanotechnology is one of the emerged areas of science and
technology that has changed the field of life sciences [2]. Nanoparticles
can be defined as the materials having one dimension in nanometer
range (1-100 nm) [3]. Nanotechnology has found its way in different
areas like cosmetics [4], health care [5], food and feed [6], biomedical
research [7], drug delivery [8], gene delivery [9], and environment
[10]. Similarly, the nanotechnology has benefitted electronics, photo-
chemistry and energy sciences [11]. Various physiochemical techniques

among which the greener route is considered ecofriendly method [13].
AgNPs synthesis by chemical reduction (sodium borohydride, ethylene
glycol, hydrazine hydrate, etc) involves the absorption of chemicals on
NPs surface, thus raising toxicity [14].

In order to formulate the NPs, biological route has received much
more attention as compared to rest of the contemporary techniques
(both physical and chemical) due to several important attributes like
safety, environmental friendly protocols with non-toxic by products,
gentle reaction condition requirements and the use of natural capping
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and reducing agents. The NPs thus produced through biological ap-
proach are comparatively stable and safer with much more diversity in
terms of size and shape. Most abundantly used biological route for NPs
synthesis is the use of plant extracts for formulation of ecofriendly NPs
which cuts out the use of noxious chemicals with toxic effects. Plant
mediated NPs synthesis results in formulation of NPs having definite
shape and size. Currently, researchers are also working on the use of
aqueous medium containing hydrolytic reagents for possible capping
and stabilization of materials in nano-dimension.

Silver is known for having an inhibitory effect to many micro-
organisms and bacterial strains present in industrial and medical pro-
cesses [15]. Silver products are familiar to have strong bactericidal and
inhibitory effects, and wide spectrum antimicrobial properties [16],
and these are practiced for centuries to care and prevent different dis-
eases and infections [17]. AgNPs are used for anti-inflammatory, anti-
fungal, antiplatelet and antiviral activity [18]. The AgNPs are less toxic
to human cells compare silver ions [19]. In medicines, AgNPs and silver
has various applications including creams and skin ointments con-
taining silver to prevent open wounds and burns infection [20], im-
plants and medical devices prepared with silver-embedded polymer
[21]. Also the silver-impregnated fabrics are used in textile industry in
sport equipment [22]. The antimicrobial covering and purification of
drinking water based on materials surface coated with silver remove
99% pathogens [23]. Silver NPs were used with mPEGylated luteolin
for selective visual detection of Hg?" in water sample [24].

The anti-inflammatory activity of plant extract is usually assessed by
measuring % of COX-2 (cyclooxygenase 2), COX-1 (cyclooxygenase 1),
15-LOX (15-lipoxygenase) and sPLA2 (secretory phospholipase A2).
The endogenous enzymes, Cyclooxygenases (COXs) helps in main-
taining tissue homeostasis of gastrointestinal tract, platelets, kidney and
various types of cancers [25]. In inflammation process the COXs are the
main players and key target for NSAIDs (non-steroidal anti-in-
flammatory drugs) development. COX-2 produces prostaglandin E2, the
endogenous pain producing molecule, whereas COX-1 is the house
keeping enzyme. The molecular mechanism of some anti-inflammatory
drugs inhibits both COX-1 and COX-2 enzymes. So, the drugs which
inhibit COX-2 and COX-1 enzymes cause adverse side effects like gas-
trointestinal bleeding and/or renal dysfunction. Thus, the researchers
are seeking for better alternative that can inhibit expression of COX-2
only for drug development and discovery [26]. The current review on
nutraceutical uses, pharmacological activities and chemistry of Silybum
in liver diseases reported that silymarin, exhibited both im-
munomodulatory and anti-inflammatory potentials by deterring NF-xB
pathway [27]. During inflammation process the compounds of plants
inhibit these enzymes by acting as natural inhibitors [28].

The plants anti-aging activities are due to their key ability to
minimize free radical damage to skin, with their ability to control en-
zyme activities involved in the process of aging. For instance, their
ability to inhibit collagenase, hyaluronidase, or elastase involved in
extracellular matrix components cleavage, or tyrosinase ability to ac-
tivate SIRT1, a key regulator involved in both regulation of aging
process and oxidative stress response, or inhibition of tyrosinase in-
volves hyperpigmentation (skin aging) [29]. The effective enzymes
inhibitors, pentacyclic triterpenoids are involved in cleavage of extra-
cellular matrix components [30], while the phenolic acids are con-
sidered as possible potent activators of SIRT1 and strong antioxidants
[31].

For biosynthesis of NPs the plants provide a better platform as they
are nontoxic and provide natural capping agents as well. Silybum mar-
ianum consist of silymarin which is a mixture of complex polyphenolic
molecules, including flavonolignans (silybin A, isosilybin A, silybin B,
isosilybin B, isosilychristin, silychristin, silydianin) and a flavonoid
(taxifolin) [32]. AgNPs have been biosynthesized from the leaf extract
of Capsicum annuum and papaya fruit extract and their antimicrobial
studies were reported [33]. The mechanism considered for plant
mediated NPs synthesis is due to phytochemical presence. The
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responsible phytochemicals for ions reduction are terpenoids, flavo-
noids, quinones, carboxylic acids, amides, ketones and aldehydes [34].
Silymarin is nontoxic and can be used as safe herbal product unless
inappropriate administration of therapeutic dosages [35]. The extract
of Silybum marianum is used for AgNPs production through Keto-enol
Tautomerization. The current study is designed to biosynthesize and
characterize AgNPs from seeds (NP3) and wild Silybum (NP1) in com-
parison to their respective extracts (NP4 and NP2 respectively) and
characterization of these silver NPs by XRD, UV-visible spectroscopy,
HPLC and FTIR. Different biological assays like antioxidant, anti-in-
flammatory, anti-aging, and anti-diabetic were also performed. The
HPLC of NPs and extracts are reported for the first time from Silybum.

2. Materials and methods
2.1. Reagents

Silver nitrate (AgNO3) was purchased from Sigma Aldrich Company,
Germany. S. marianum seeds and wild plants were obtained from, Quaid
I Azam University Islamabad, Pakistan.

2.2. Biosynthesis of AgNPs from S. marianum

For the preparation of different extracts from dry seeds and wild
plants, 20 g each were washed with distilled water several times for the
dust removal purpose. The seeds were grinded while wild plants were
cut into small pieces. Distilled water (200 mL) was added keeping ex-
tract to water ratio (w/v) of 1:10 respectively. After boiling for 2 h at
100 °C the extract was shifted to incubator for 24 h at 40 °C. The next
day the extract was filtered and 1 mM AgNO; was added at the ratio of
1:5 (v/v) for seeds and 1:2 (v/v) for wild respectively. The mixture of
plant extract and AgNO; solution was then kept in continuous light for
24 h after which, the absorbance was recorded through UV-Visible
spectrophotometry. The reaction mixtures were kept at room tem-
perature for 72 h and were monitored for complete reduction of all Ag
ions into AgNPs. Once the synthesis of AgNPs was completed, the
mixture was centrifuge in order to obtain AgNPs. For this purpose, the
supernatant after centrifugation was discarded and the pellets (con-
taining AgNPs) were washed thrice with distilled water and air dried.

3. Characterization
3.1. UV-spectroscopy

The purpose of UV-vis spectrophotometry was to observe the op-
tical property of biologically synthesized AgNPs. AgNPs synthesis was
monitored by mixing the plant extract and AgNO3 solution (1 mM) in
different ratios i.e. 1:1, 1:2, 1:10, 1:15 and 1:20 and the results were
analyzed through UV-vis spectrophotometer (HALO DB-20S UV-VIS
Double Beam, Australia) for highest peak and absorbance at zero and
24 h at room temperature between wavelength of 230 and 1100 nm.

The crystallinity and biosynthesis was confirmed using X-Ray
Diffraction (XRD) (Model-D8 Advance, Bruker, Mannheim, Germany).

The size distribution and shape of the green synthesized silver NPs
were determined by TEM. For this characterization 1 mg of silver NPs
were dissolved in 1 mL (50%) ethanol and then sonicate it for 25 min to
mix properly. A drop of 10 pl of each samples was dropped on para-film
and put grid on it for 5-10 min. The next day the samples were ob-
served under TEM (200Kv FEI Tecnai).

Fourier transform infrared (FTIR) spectroscopy (SHIMADZU 8100 M
FTIR, Shimadzu, Kyoto, Japan) was performed (in the range of
500-4000 cm ~ 1) to study the bio-molecules presence as capping agents
on silver NPs surface.
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Table 1

Silymarin detection by HPLC form NP1, NP2, NP3 and NP4. (nd: not detected). Columns with similar alphabets (letters a—e) are not significantly different (p < 0.05).
Phytochemicals NP1 NP2 NP3 NP4

ug/mg DW ug/mg DW ug/mg DW ug/mg DW

Taxifolin 12.76 + 1.12% 22011 + 1.34% 32.81 + 1.59% 371.26 + 1.91¢
Silychristin 156.48 + 1.45% 458.84 + 1.81¢ 190.75 + 1.23% 543.41 = 1.29%
Isosilychristin 131.91 * 1.63% 215.98 + 1.679 154.21 * 1.45% 252.66 + 1.32¢
Silydianin 527.40 + 1.78% 784.41 + 1.45° 598.79 + 1.67% 976.19 + 1.28°
Silybin A 6.41 * 0.57° 784.41 + 1.34° 598.79 + 1.78% 976.19 + 1.37¢
Silybin B 480 + 0.07° 1549.32 + 1.27° 10.98 + 1.21° 2289.22 * 1.46°
Isosilybin A 0.80 + 0.03° 558.05 + 1.61% 3.92 + 1.11° 644.25 + 1.59%
Isosilybin B nd 427.51 + 1.59¢ 0.78 * 0.02¢ 486.46 = 1.94¢
Total silymarin 0.84 * 0.04° 5.64 * 1.47° 1.00 + 0.07° 7.60 = 1.11°

3.2. Solid phase extraction procedure

For quantification and separation of compounds from NPs, solid
phase cartridges (Sep Pak Plus C18 cartridges) were used (Table 1). In
the extraction procedure the Visiprep SPE vacuum manifold (12-port
model) from Supelco (Supelco, Saint-Quentin Fallavier, France) was
used. The previously established protocol was followed for extraction
[36].

3.3. HPLC analysis

In HPLC vials the samples were loaded and then quantified using
Varian high performance liquid chromatography system equipped with
Meta chem Degaist degasser, Varian Prostar 230 pump, Varian Prostar
335 Photodiode Array Detector (PAD) and Varian Prostar 410 auto-
sampler, driven by Galaxie version 1.9.3.2 software (Varian, Le Plessis-
Robinson, France). The isolated compounds standards for HPLC i.e.
taxifolin, silychristin, isosilychristin, silydianin, silybin A, silybin B,
isosilybin A, isosilybin B were obtained from Sigma Aldrich. The se-
paration technique used was adapted from [37,38]. A particle size of
5 um was prepared by guard column Alltech, 10 X 4.1 mm, Hypersil
PEP 300 C18, 250 x 4.6 mm was used for separation at 35 °C. At a
wavelength of 320 nm and 520 nm the compounds were detected. The
mobile phase has two HPLC grade solvents i.e. A = HCOOH/H,0,
pH = 2.1, B = CH30H. The mobile phase composition vary throughout
1 h per run, with nonlinear gradient 8% B (36 min), 100% B
(30-35 min), 33% B (28 min), 30% B (17 min), 12% B (11 min), and 8%
B (0 min) at flow rate of 1 mL/min. A 10 min re-equilibration time
among individual run was used. HPLC analysis shows that overall high
content of silymarin was observed in NP4 followed by NP2, NP3 and
NP1 respectively. Quantification was done to rely on reliable reference
standards and an assessment of retention time. The samples were run
thrice. The results were recorded as pg/mg DW of samples.

3.4. Biological assays

3.4.1. Antidiabetic and antioxidant activities

Briefly, dry powder of each sample (0.1 g) was homogenized with
methanol (0.5 mL), and the mixture was sonicated (30 min) using the
sonicator (VWR International, Fontenay-sous-Bois, France; inner di-
mension: 300 mm X 240 mm X 200 mm) and vortexed (5 min). The
process was repeated thrice to well homogenize the samples. The
samples were centrifuged at 12,000 rpm for 15 min, and the super-
natant was separated and for further analysis stored at 4 °C.

3.4.2. a-Glucosidase inhibition

To purify and immobilize a-glucosidase the Rat intestinal acetone
powder (Sigma, Saint Quentin Falavier, France) and CNBr-activated
sepharose 4B (Sigma, Saint Quentin Falavier, France) were used re-
spectively according to previous protocol [39]. By employing chromo-
genic method for the determination of immobilized enzymatic activity,

the polyethylene filter (0.45 pm) with end-capped column was used as
described previously. 1 pl intestinal fluid containing 4-nitrophenyl-a-D-
glucopyranoside (5 mM, 4NPG; Sigma, Saint Quentin Falavier, France)
was used to perform this assay. After 30 min incubation time 1 M so-
dium carbonate was added and the reaction stopped by column filtra-
tion. To determine the enzymatic activity against blank solution the
absorbance was taken at 405 nm. The difference in values of absor-
bance in the presence and absence of samples was expressed as % in-
hibition.

3.4.3. a-Amylase inhibition

The a-amylase activity of test samples was determined by using well
established protocol described previously [40] and the a-amylase from
porcine pancreas was obtained from Sigma Aldrich. Briefly, to prepare
enzyme at 1 p/mL concentration the phosphate buffer (0.1 M; pH 6.8)
was used and 4-nitrophenyl-a-D-maltopentaoside (5 mM, 4NPM;
Sigma) was continuously mixed with it. The reaction mixture was
provided an incubation time of 30 min in the presence and absence of
samples at room temperature. The reaction stopped with 1 M sodium
carbonate solution and at 405 nm the absorbance was taken using Sy-
nergy II reader (BioTek Instruments, Colmar, France) for determination
of enzymatic activity against blank solution. The difference in values of
absorbance in the presence and absence of samples was expressed as %
inhibition.

3.4.4. ABTS antioxidant assay

For ABTS (2,2-azinobis-3-ethylbenzthiazoline-6-sulphonic acid)
assay the method described by Velioglu et al. [48] was employed. For
preparation of ABTS solution, 7 mM ABTS salt was mixed with equal
proportion of potassium per sulphate 2.45 mM and the mixture was
then kept for 16 h in dark. The absorbance of solution was recorded at
734 nm and, it was adjusted to 0.7 prior to mixing with extracts and
extracts mediated AgNPs. Again the mixture was put at room tem-
perature (25 * 1 °C) for 15 min in dark and at 734 nm the absorbance
was recorded with the help of microplate reader (Bio Tek ELX800 Ab-
sorbance Microplate Reader, BioTek Instruments, Colmar, France). The
antioxidant activity was expressed in TEAC and performed in tripli-
cates.

3.4.5. FRAP (ferric reducing antioxidant power) assay

Strain and Benzie method [42] was followed to perform this assay.
Briefly, FRAP solution 190 pL [containing 2,4,6-Tri (2-pyridyl)-s-tria-
zine (TPTZ; 10 mM); ferric chloride hexahydrate (FeCL3.6H,0) 20 mM,
acetate buffer (300 mM) of pH 3.6; ratio 10:1:1 (v/v/v) was mixed
10 pL samples. The reaction mixture was put at room temperature for
15 min. The absorbance was recorded at 630 nm using microplate
reader (BioTek ELX800 Absorbance Microplate Reader, BioTek Instru-
ments, Colmar, France). The activity was demonstrated as TEAC and
the activity was performed in triplicates.
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3.4.6. DPPH activity

The free radical scavenging activity, DPPH (2,2-diphenyl-1-pi-
crylhydrazyl) of each sample using Abbasi et al. protocol [43] was
performed. To each well of the microplate the sample (20 uL) was
added, followed by addition of 180 pL DPPH reagent solution and then
kept for 60 min at room temperature in the dark. Final concentrations
of Ascorbic acid (05, 10, 20 and 40 pg/mL) and DMSO (20 pL) with
DPPH (180 pL) were taken as negative control. At 517 nm the absor-
bance of solution was recorded using microplate reader (BioTek
ELX800 Absorbance Microplate Reader, BioTek Instruments, Colmar,
France). To calculate activity of DPPH, the following formula was used:

%scavenging = 100 x (1 — AE/AD) (@9

where AD = DPPH solution absorbance without addition of any ma-
terial, and AE = the absorbance of mixture with sample addition at
517 nm.

3.4.7. Total antioxidant capacity (TAC)

The phosphomolybdenum based assay was used to carry out sam-
ples assessment of total antioxidant capacity [44]. DMSO amounting
100 pL (negative control) and test sample amounting 4 mg/mL (dis-
solved in DMSO) were added separately to reagent (900 uL) containing
sodium phosphate, ammonium molybdate and sulphuric acid having
28 mM, 4 mM, and 0.6 mM concentrations respectively. To complete
the reaction the mixture was incubated at 95 °C for 90 min in water
bath. The absorbance of test solutions and standard after cooling was
recorded at 695 nm by spectrophotometer (8354 Agilent Technologies,
Waldbronn, Germany). DMSO was used as blank reading. The experi-
ment was done in triplicate. The antioxidant activity measured corre-
sponds to ascorbic acid dry weight (ug/mg) equal to antioxidant ca-
pacity (ug AAE/mg DW).

3.4.8. Total reducing power (TRP)

Potassium ferricyanide assay was used to calculate the reducing
power of test samples [45]. Ferricyanide amounting 400 pL (1%) was
taken in phosphate buffer 0.2 mol/L (pH 6.6) to which test sample
(4 mg/mL dissolved in DMSO) amounting 100 puL was added. The
mixture was then incubated for 20 min at 50 °C. After incubation tri-
chloroacetic acid (10%) amounting 400 pL was added to all the test
samples. The mixture was then centrifuged at 3000 rpm for 10 min at
room temperature. Supernatant amounting 500 pL was collected to
which 0.1% FeCl; amounting 100 pL and distilled water 500 pL was
added. The optical density was recorded at 700 nm using microplate
reader (Platos R, 496. AMP, AMEDA Labordiagnostik GmbH, Graz,
Austria). Ascorbic acid and DMSO were taken as positive and negative
control respectively. Reducing power of samples corresponds to dry
weight of ascorbic acid (ug/mg) equivalent antioxidant ability (ug
AAE/mg DW).

3.5. Anti-aging

3.5.1. Collagenase assay

For this assay the collagenase clostridium histolyticum (Sigma
Aldrich) was used and the activity was determined with the help of
spectrophotometer by using substrate N-[3-(2-furyl)acryloyl]-Leu-Gly-
Pro-Ala (FALGPA; Sigma Aldrich) according to Wittenauer et al. (2015)
[46]. The FALGPA absorbance decrease was followed for 20 min at
335 nm using microplate reader (BioTek ELX800; BioTek Instruments,
Colmar, France). The measurements were used in triplicates and the
activity was shown as % inhibition relative to control (adding same
volume of extraction solvent) for each extract.

3.5.2. Elastase assay

Porcine pancreatic elastase (Sigma Aldrich) was used to perform
Elastase assay by using substrate N-Succ-Ala-Ala-Ala-p-nitroanilide
(AAAVPN; Sigma Aldrich) and spectrophotometer for activity
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determination and following release of p-nitroaniline at 410 nm using
microplate reader (BioTek ELX800; BioTek Instruments) following
Wittenauer et al. (2015) method [46]. The measurements were made in
triplicates and anti-elastase activity was shown in % inhibition relative
to control (adding same volume of extraction solvent) for each extract.

3.5.3. Hyaluronidase assay

Using the protocol of Kolakul et al. (2017) the Hyaluronidase assay
was performed using hyaluronic acid solution (0.03% (w/v) and 1.5
hyaluronidase units (Sigma Aldrich) as substrate [47]. With acid al-
bumin solution (0.03% (w/v) BSA, the precipitation of hyaluronic acid
(undigested form) occurred. At 600 nm the absorbance was measured
using microplate reader (BioTek ELX800; BioTek Instruments, Colmar,
France). The measurements were made in triplicates and hyaluronidase
inhibitory effect was shown in % inhibition relative to control (adding
same volume of extraction solvent) for each extract.

3.5.4. Tyrosinase assay

To determine tyrosinase assay Chai et al. (2018) method was used
[48]. Briefly, L-DOPA (5 mM; Sigma Aldrich) was utilized as dipheno-
lase substrate and then mixed in sodium phosphate buffer (50 mM,
pH 6.8) with 10 pL of each sample. To make a final volume of 200 uL, a
solution mushroom tyrosine (0.2 mg/mL; Sigma Aldrich) was added.
For replacing the extract an equal amount of solvent extraction (Con-
trol) was regularly carried out. At 475 nm the absorbance of the reac-
tion was traced using microplate reader (BioTek ELX800; BioTek In-
struments). The measurements were made in triplicates and tyrosinase
inhibitory effect was shown in % inhibition relative to control (adding
same volume of extraction solvent) for each extract.

3.5.5. Vesperlysine and pentosidine-like AGEs activity

Following the protocol of Siriamornpun and Kaewseejan (2015)
[49] the inhibitory ability of AGE formation was measured. Each
sample was mixed with 20 mg/mL BSA solution (Sigma Aldrich) pre-
pared in phosphate buffer (0.1 M; pH 7.4), glucose solution (0.5 M;
Sigma Aldrich) prepared in phosphate buffer and 1 mL phosphate
buffer (0.1 M; pH 7.4) containing sodium azide 0.02% (w/v). the mix-
ture was incubated for five days at 37 °C in dark and the fluorescent
AGE amount formed was measured using fluorescence (VersaFluor
fluorometr; Bio-Rad, Marnes-la-Coquette, France) set with 410 nm
emission and 330 nm excitation wavelength respectively. The anti-
AGEs percentage formation was shown in % inhibition relative to
control (adding same volume of extraction solvent) for each extract.

3.5.6. SIRT-1 assay

Using SIRT1 Assay Kit (Sigma Aldrich), the activity was determined
following the instructions of manufacturer and fluorescent spectro-
meter (Biorad VersaFlour, Marnes-la-Coquette, France) set at 430 nm
emission and 340 nm excitation wavelength respectively. The SIRT1
activity was shown in % relative to control (adding same volume of
extraction solvent) for each extract.

3.6. Anti-inflammatory activities

3.6.1. COX-1 and COX-2

To check the inhibitory activities of the samples against COX-1 and
COX-2 using COX-1 (Ovine) and COX-2 (human) assay kit (701,050,
Cayman Chem. Co, Interchim, Montlucon, France) was used following
the manufacturer instructions. The positive control was taken ibuprofen
(10 uM) and arachidonic acid (1.1 mM concentration) as a substrate.
Using kit the components of COXs peroxidase were measured. At
590 nm the Synergy II reader (BioTek Instruments, Colmar, France) for
5 min in 96-well microplate was used to check oxidized N,N,N’,N’-tet-
ramethyl-p-phenylenediamine.
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3.6.2. Inhibitory activity against 15-LOX

The assay kit (760700, Cayman Chem. Co., Interchim, Montl¢uon,
France) was used according to manufacturer instructions to check in-
hibitory activity of test samples against 15-LOX. The positive control
inhibitor was taken as nordihydroguaiaretic acid (NDGA; 100 uM)
while arachidonic acid (10 pM) was taken as substrate. During li-
pooxygenation reaction the hydroperoxides concentration produced
was measured by kit using filtered soy 15-lipooxygenase standard in
Tris-HCl buffer (10 mM) at pH 7.4. For measurement in 96-well mi-
croplate the Synergy II reader (BioTek Instruments, Colmar, France)
was used at 940 nm. After incubation of enzyme and inhibitor for
5 min, the absorbance was noticed followed by substrate addition and
15 min incubation and then followed by chromogen addition and 5 min
incubation.

3.6.3. Inhibitory activity against secretory phospholipase A2 (sPLA2)

An essay kit (10004883, Cayman Chem. Co, Interchim, Montlcuon,
France) was used according to the manufacturer instructions for the
inhibitory ability of the test samples against sSPLA2. The positive control
inhibitor was taken thiotheramide-PC (100 uM) while diheptanoyl-PC
(1.44 mM) was taken as substrate. Free thiols were released by the
breakdown of diheptanoyl thio-PC ester which is measured in 96-well
microplate at 420 nm using Synergy II reader (BioTek Instruments,
Colmar, France) using DTNB (5-5’-dithio-bis-(2-nitrobenzoic acid). The
percent inhibition was calculated using formula:

%Inhibition = [(IA—Inhibitor)/IA] x 100 2)

3.7. Statistical analysis

The experiments were performed in triplicate and for statistical
analysis XL-stat_ 2018 (Addinsoft, Paris, France) was used.

3.8. Cytotoxicity screening

3.8.1. Cell culture

In DMEM the hepatocellular carcinoma cells (ATCC HB-8065) were
cultured which contain 2 mM 1-glutamine, Fetal calf serum 10% (FCS),
100 U/mL penicillin, 1 mM Na-puruvate, and streptomycin (100 pg/
mL) in a humidified 5% CO, atmosphere at 37 °C. The harvesting of
cells was done at room temperature (25 = 1) with 0.5 mM trypsin/
EDTA for 1 min.

3.8.2. Sulforhodamine B (SRB) assay

For cytotoxicity screening the extracts were dissolved in DMSO and
NPs were suspended in deionized water. In 96-well plate the HepG2
cells (> 90% confluency) were seeded at density of 12,000 cells/well
and were the allowed to adhere at 37 °C at 24 h. Then the cells were
treated for 24 h with NPs/Extracts (200 pug/mL). For fixing the cells pre-
chilled 50% Trichloroacetic acid (TCA) were used and incubated for 1 h
at 4 °C, followed by thrice rinsing with deionized water. The air dried
plates having cells were then stained with SRB dye 0.01% followed by
incubation at room temperature (25 = 1) for 30 min and washing with
acetic acid (1%) for unbound dye removal. DMSO 1% and Non-treated
Cells (NTC) were taken as controls. The background optical density was
represented by Blanks which consist of media and samples controls
only. Equipped with digital camera the Olympus CK2 light microscope
was used for photographs. Each sample was run in triplicates and the
experiment was repeated twice. For solubilizing SRB dye 100 pL Tris
(10 mM; pH 8) was added to each well for 5 min at room temperature.
Using Microplate reader (Platos R 496, AMP) the absorbance values
were measured at wavelength of 565 nm. For calculating the percen-
tage viability relative to untreated samples the following formula was

used:
V]ab]hty (%) = Abs (565)sample — Abs (565)Extract/NPcontrol
Abs (565)NTC — Abs (565)Blank

X 100whereas  Abs
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(565) ntc and Abs (565) sample Tepresent optical density of NTC and
treated samples respectively. Abs (565) piank and Abs (565) nrc are
representative of background measured OD for media and extracts/NPs
samples only.

3.9. Antibacterial and antifungal activities

The antibacterial and antifungal efficacies of NP3, NP1, NP4 and
NP2 were evaluated against four different multi-drug resistant (MDR)
pathogenic bacteria (Klebsiella pneumonia ATCC 70063, Staphylococcus
aureus ATCC 43300, Escherichia coli 25922, Enterobacter intermedius
NCTC 12125 and one pathogenic strain of fungi (Candida albicans ATCC
10231), by performing well diffusion method. 15 mg of each NP3, NP1,
NP4 and NP2 were dissolved separately in 1 mL of sterile deionized
water. 15 mg/mL Ciprofloxacin powder and 10 mg/mL Amphotericin B
were used as positive control for Bacteria and Fungi respectively.
AgNO; salt 0.02 M was used as negative control. Overnight growth
suspension of 0.5 MacFarland turbidity standard was used for bacterial
and fungal lawn formation. Petri plates containing media were swabbed
with bacterial and fungal strains, wells were loaded with desired ex-
tracts and were kept at 37 °C in incubator. After 24 h incubation, zone
of inhibition was measured in millimetre by Vernier caliper. The ac-
tivity was repeated three times and values were recorded.

4. Results and discussion
4.1. UV-spectroscopy

The addition of silver nitrate solution (1 mM) to the seed extract
(1:5) respectively resulted in change in color from transparent to yel-
lowish brown, which is an indication of AgNPs synthesis. Not much
change in color was observed after 24 h and aggregates were observed
settling down after 24 h and hence, at this time period, the absorbance
was recorded using UV-vis spectroscopy. The surface Plasmon re-
sonance (SPR) of AgNPs produced peak near 448 nm (Fig. 1). The ab-
sorbance peak was recorded near 448 nm indicating AgNO3 reduction
into AgNPs. Similarly, AgNO3; was added to the wild Silybum extract
(1:2) respectively and color changes were noticed which shows the
synthesis of AgNPs. The absorbance peak was recorded at 430 nm in-
dicating AgNO3 reduction into silver NPs. The change in color of the
solution is due to excitation of surface Plasmon vibrations with AgNPs.
Our results are similar to the previous reports [50]. The solution mix-
tures were kept for 72 h to monitor the complete reduction of Ag ions
into AgNPs. No change in color or absorbance was observed after 72 h,
which indicate the complete reduction of all Ag ions into AgNPs.

4.2. FTIR

Several phytochemicals are involved in the capping and stabiliza-
tion of biosynthesized NPs. FTIR is a powerful tool to analyze the
functional groups that are involved in capping NPs. The FTIR spectra of
NP3 showed various peaks at 3287.7 ecm™!, 29228 cm”Y,
2852.9cm ™', 1742.6 cm ™', 1653.1 cm ™', 1537.3 cm ™, 1456.1 cm !,
1045.0 cm ™! and 518.3 cm ™! whereas the peaks for NP1 were ob-
served at 3286.1 cm™ ', 2922.7 cm ™', 1561.1 ecm™’, 1387.3 cm ™},
1036.7 cm ™}, 666.5 cm ™! and 521.1 cm ™! (Fig. 2). The broad peaks
obtained in the range of 3287.7 cm™' and 3286.1 cm™' represents
O—H stretching vibrations of alcoholic phytochemicals. Peaks observed
at 2922.8 cm ™! and 2922.7 cm ™! represents stretching in C—H bonds
of aromatic compounds [51]. The peaks ranging between 1742.6 cm ™!
and 1653.1 cm ™! represents C=0 linkages in aldehydes whereas the
peak at 1456.1 cm ™~ ! shows C—H stretching in alkenes [52]. Peaks may
be attributed to N—O asymmetric stretching vibrations [53]. The peak
at 1387.3 cm ™! is due to -C-O-like phenol groups [54] while peaks at
1045.0 cm ! and 1036.7 cm ™! represents C—O stretching vibrations
[55]. Our results are in similarity with the previous report [56].
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Fig. 1. UV-spectroscopy of NP1 and NP3

4.3. X-ray diffraction analysis

XRD analysis was carried out for Seed and Wild mediated Ag-NPs to
confirm its crystalline nature. The seed mediated Ag-NPs suggested
crystalline nature as the peaks were observed according to JCPDS File
no. 04-0784. The peaks at the range of 20-70° correspond to (98),
(101), (111), (200) and (220) as shown in Fig. 3(A). Comparison to
others wild mediated Ag-NPs carries three intense peaks which gives
surety to crystalline nature. The peaks were confirmed by JCPDS File
no. 04-0784, which corresponds to (111), (200) and (220) as shown in
Fig. 3 (B). Using Scherrer equation the size of NP1 and NP3 was
18.12 nm and 13.20 nm respectively. Our results are in harmony with
previous studies [57,58].

4.4. Transmission electron microscopy

The surface morphology and size distribution of green synthesized
AgNPs were confirmed through TEM analysis. Granular like mor-
phology was observed for both NP1 and NP3. In case of both NP1 and
NP3, small rounded or spherical shaped morphology with regular

shapes were noticed. The particles are highly monodispersed. Our re-
sults are similar to previous studies [59,60]. Considering TEM preci-
sion, we consider that the sizes of these AgNPs are in close proximity to
the calculated size following XRD analysis using Debye Scherrer
equation. The average size of NP1 is approximately 22 nm while the
average size of NP3 is 19 nm (Fig. 4).

4.5. Zeta size and zeta potential analysis

The dynamic size and surface potential of the as-synthesized NPs
were acquired with DLS. Before analysis, the samples were highly dis-
persed in water with ultrasonication with the objective to maintain the
polydispersity index (PDI) below than 0.5 that is highly needed during
analysis. As shown in the Fig. 5, three peaks in NP1 and two peaks in
the NP3 with low and high intensity were observed. However, the peaks
with high intensity around 140 nm in both samples validate the uni-
formly distributed NPs as observed in TEM analysis. Similarly, the small
peaks around 10 nm and 20 nm also indicate the size of NPs, However,
based on the peak with high intensity display the large size of NPs es-
teemed from DLS, that is not unusual. It is generally believed, that size
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Fig. 2. FTIR analysis of NP1 and NP3 respectively.



M. Shah, et al.

Countsis
bl

200 |

. 1
,, N

{1
e I b Lo | A /|
nﬁ%’#ﬁ*ﬁ%ﬁﬁ’ﬁ‘w‘h\ o *flh’r»\ bl ';",'dﬂ‘.nhﬁ L.-f 'r:“':'ﬁ"'i- \""ﬂ'-'\”v\'-‘fff‘"f W
I [ [
2 x

T I
40 50 0 70

1 X i

°
I

Position [2Theta)

Materials Science & Engineering C 112 (2020) 110889

Countsis

W

| . gtk | i ] B . /\ f
oWV 4,,.,}*\'.‘!v.'\,f'ﬁ’,‘,u".*r-'./"»'«‘-w VA At o] Wt
| [
2 0 © 50 80 n
Posttion [ZTheta)

Fig. 3. XRD analysis of NP1 (A) and NP3 (B).

determined based on DLS is usually higher than the respective size
calculated from SEM/TEM, because DLS measure the hydrodynamic
size (size and surface water molecule). In addition, the agglomeration
or poor dispersion significantly increase the average value and thus
generally contradict the SEM/TEM results. Further, the surface poten-
tial was also determined under the same conditions. As shown in the
Fig. 5, expectedly, the sharp peaks at the negative potential of —10 mV
and —17 mV were observed for NP1 and NP3 respectively. The nega-
tive potential on the surface of metal oxide NPs is usual especially when
using the plant extract. During the calcination process, the functionality
like OH and OOH retain the on the surface of NPs which warrant the
negative zeta potential to the overall material. In addition, the negative
potential with single peaks not only suggests the uniform distribution of
surface charge but also validate the stability of the material in aqueous
medium.

4.6. HPLC and SPE analysis

Solid phase extraction is used for component separation, isolation
and/or adsorption from liquid phase (sample) to stationary phase
(sorbent or resin). It is same like digital chromatography. For the past
20 years SPE is considered as the most dynamic method for rapid and
selective preparation of sample before analytical chromatography. For
numerous samples the most extensive technique SPE is used [61]. There
are many advantages of SPE technique like high enhancement factor,
easy operation, effective matrix interference, fast separation phase,
minimum solvents consumption, cost effective and maximum recovery
[62].

Recently the nanoscale metal oxides are more attractive to re-
searchers compare to conventional adsorbents, given their rapid ab-
sorption kinetics and high surface area. Less reports have confirmed
that NPs were high adsorbent materials and used in SPE extraction
procedure [63].

HPLC includes quantification of silymarin compounds from NP1

L] £ 'e i
Tecnai 200 kV 50000 x

100 nm

100 nm

Fig. 4. Displays TEM images of NP1 (A) and NP3 (B).
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Fig. 5. Shows zeta size and potential of NP1 (A) and NP3 (B) respectively.

(Wild Silybum NPs), NP2 (Wild extract), NP3 (Seed NPs), NP4 (Seed
extract) previously described by Drouet et al. [64] and compared with
commercial AgNPs. It was observed that NP1, NP2, NP3 and NP4
showed silymarin in a specific amount (silychristin, isosilychristin, si-
lydianin, silybin A, silybin B, isosilybin A, isosilybin B, and taxifolin)
which indicates that these secondary metabolites might be responsible
capping agents. Due to high number of “OH” group and increased value
of Silydianin in both NP1 and NP3, it is believed as the best capping
agent. The flavonoids and phenols act as reducing and stabilizing agents
for NPs synthesis, these components are responsible for reducing Ag
ions to AgNPs [65]. Silychristin, silydianin and to a less extend iso-
silychristin are the main “capping” phytochemicals for both NPs sam-
ples (NP1 and NP3). Only isosilybin B is below the LOQ for NP1 (but
trace of this compound is detected). For plant materials NP4 is richer as
compared to NP2 sample. NP4 (“seed”, i.e. fruit) contents are in the
range of our previously described contents for Silybum ecotypes from
Pakistan [66]. The results indicate that active reducing agent in NP1,
NP2, NP3 and NP4 was silymarin, which results in metal ions reduction
into metal NPs. There are several reports available in literature on si-
lymarin as stabilizing and reducing agent in callus extract [67,68].

5. Biological activities
5.1. Antioxidant

The shift in the metabolic pathways of plants is due to environ-
mental stress which produces reactive oxygen species (ROS) that da-
mage membrane lipids, plant cells, DNA and proteins [69]. Plants
produce various metabolic compounds like flavonoids, terpenoids and
phenolics to oxidative stress response which act as mechanism of pro-
tection [70,71]. In this paper the antioxidant potential of Silybum
(Seeds, wild plant) based NPs and their extracts were explored by using
three antioxidant assay i.e., DPPH (2,2-diphenyl-1-picrylhydrazyl)
assay (mixt Hydrogen atom transfer (HAT)- and electron transfer (ET)-
based antioxidant assay), FRAP (ferric reducing activity) assay (ET-
based antioxidant activity) and ABTS (2,2-azinobis-3-ethylbenzthiazo-
line-6-sulphonic acid) assay. Due to the mixed ET- and HAT-based an-
tioxidant mechanism, DPPH free radical reducing activity was shown as
% of free radical scavenging activity, whereas the FRAP and ABTS ac-
tivities were indicated as TEAC (trolox C equivalent antioxidant capa-
city, uM). Highest DPPH (83.5 + 1.6% pugAAE/mg) was shown by NP4
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Fig. 6. DPPH, TAC, TRP, ABTS and FRAP of NP1, NP3, NP2 and NP4 respectively.

Table 2
Anti-inflammatory activity of test samples. Columns with similar alphabets (letters a-b) are not significantly different (p < 0.05).
Sample names NP1 NP2 NP3 NP4
COX-1 12.45 + 1.34° 38.56 + 1.29° 14.56 + 0.87° 34.52 + 1.37°
COX-2 11.87 = 1.94° 27.65 + 1.73%® 12,52 = 2.01° 24.26 + 0.73%°
15-LOX 16.12 + 1.67° 3245 + 1.64° 17.85 + 1.62% 3841 + 1.57°
SPLA2 9.54 + 0.95° 25.64 * 1.54%° 10.54 + 1.83" 30.47 * 0.91°
Table 3

Anti-aging activities of four Silybum samples (2 extracts and 2 NPs) shown as %

significantly different (p < 0.05).

activities of control (DMSO). Columns with similar alphabets (letters a-c) are not

Sample name NP1 NP2 NP3 NP4
Vesperlysine-like AGEs 28.74 + 1.17% 41.95 + 1.09° 32.15 + @ 44.46 + 1.12°
Pentosidine-like AGEs 29.52 + 1.78% 47.64 = 1.67° 33.15 + 48.89 + 1.34°
Tyrosinase 8.63 = 0.81" 20.42 + 1.65° 10.45 = 1.01% 24.63 + 1.58°
Elastase 5.23 + 0.73° 11.54 + 1.34" 5.63 = 0.75° 14.52 + 1.12"
Hyaluronidase 7.45 + 0.78° 8.15 + 0.81™ 6.96 = 0.65° 12.03 + 1.09™
Collagenase 5.36 = 0.75° 22.46 + 1.64° 4.54 + 0.72¢ 23.68 + 1.27°
Table 4
Anti-diabetic potential of Silybum extract and NPs. Columns with similar alphabets (letters a-b) are not significantly different (p < 0.05).
Sample name NP1 NP2 NP3 NP4
a-Glucosidase 22.45 + 0.78" 31.75 * 1.67%° 25.41 + 1.37° 32,62 + 1.81%°
a-Amylase 2536 * 1.12° 38.41 * 1.54° 26.78 * 1.43° 38.74 * 1.09°
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Fig. 7. A. Percentage viabilities (Mean =* SD) of
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treated HepG2 cells relative to untreated cells.
Experiment was performed twice with replicates for
each sample.

NTC = non-treated HepG2 cells; sample conc: stock
provided 1% (200 pg/mL stock), SD = standard
deviation. The experiments were performed in tri-
plicates. NP1, NP2, and NP3 showed moderate in-
hibition with viabilities ranging from 52 to 55%.
Whereas, NP4 showed slight cytotoxic effect (percent
viability = 68.5%) respectively. The bars are
mean * standard deviation of the original data. The
significant differences are indicated by different let-
ters between conditions (p < 0.05).

B. Microscopic image of HepG2 cells (treated and
untreated). Cells were treated with dose of NPs (NP1
and NP3) and extracts (NP2 and NP4) for 24 h.
Untreated cells and DMSO were included as controls.
Magnification = 100 X, scale bar = 100 pum.

NP4

followed by NP2 (76.6 =

1.3% pugAAE/mg). The TAC of NP2 was
117.35 + 0.9 (ugAAE/mg) followed by NP4 69.3 + 0.7 ug AAE/mg.
Similarly the TRP was measured where the highest value of
156.3 + 0.9 ug AAE/mg was shown by NP4 followed by the NP2

92.1 * 1.3 ug AAE/mg. The ABTS value of NP4 is highest (478.23 uM)
followed by NP2 (347 uM), NP3 (115.9 pM) and NP1 (91.2 uM), re-
spectively (Fig. 6). Also the FRAP activity showed the same trend where
the NP4 has the highest value of 176.91 uM, followed by NP2 145 uM,
NP3 62.3 uM and NP1 43.58 uM, respectively. The results of anti-
oxidant activities show a correlation with secondary metabolites of
plants. Our results matches with previous reports [72,73].

5.2. Anti-inflammatory activities

Inflammation is the response of immune system to harmful stimuli,
damaged cells, irritants and pathogens. The in vivo and in vitro anti-
inflammatory activities for several flavonoids have been reported.
Various mechanisms are exerted during in vivo anti-inflammatory ac-
tion by these flavonoids like cyclooxygenase inhibition with a differ-
ential action on COX-2 vs. COX-1, Lipoxygenase (eicosanoid generating
enzymes) and phospholipase A2, thereby decreasing prostanoid and
leukotrienes concentrations [74]. To verify the anti-inflammatory ac-
tivity of the test samples various in vitro assays like COX-2, COX-1,
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sPLA2 and 15-LOX were performed. The highest anti-inflammatory of
all the samples was shown by NP2 (38.56 = 1.29) against COX-1,
followed by NP4 (38.41 + 1.57, 34.52 *+ 1.37) against 15-LOX and
COX-1, respectively. The percent inhibition of other different samples is
shown in the Table 2. The previous studies have shown that the en-
hanced anti-inflammatory activity is due to silymarin content in S.
marianum [75,76]. The increased silymarin content production en-
hances the anti-inflammatory activity significantly was also concluded
by Pradhan et al. [77]. The plants phytochemicals are solely responsible
for the inhibition of enzymes that causes body inflammation [78,79].

5.3. Anti-aging activities

Anti-aging activity was determined to check the in vitro abilities of
the test samples; (1) To inhibit hyaluronidase, elastase, AGEs and tyr-
osinase, collagenase (Matrix Metalloproteinase type 1 (MMP1)), and (2)
to activate the activity of SIR-T1. The ability of degrading extracellular
matrix components in dermis was found in collagenase, elastase and
hyaluronidase, thus leading to alterations of skin including resilience
losses, skin tonus and deep wrinkles [80,81]. Age-related diseases and
aging are associated with oxidative stress [82] that leads to the building
of AGEs (advanced glycation end products) [83]. The classical radical
theory of aging has been challenged by several studies [84] and SIRT-1
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Fig. 8. Key: A (Klebsiella pneumonia), B (Staphylococcus aureus), C (Escherichia coli), D (Enterobacter intermedius), E (Candid albicans), Extract A = NPs, Extract

extracts, Positive control = Ciprofloxacin (bacteria), Positive control = amphotericin B (fungi), Negative control = AgNO; salt, MDR strains (resistant to

Antibacterial and antifungal activity of NP1 (wild NPs), NP2 (wild extract), NP3 (seed NPs) and NP4 (seed extract).

(Diameter of zone of inhibition in mm)

Bacterial, fungal strains NP3 NP1 NP4 NP2 Positive control (ciprofloxacin 15 mg/mL, amphotericin B 10 mg/mL) Negative control (AgNO; salt, 0.02 M)
Klebsiella pneumonia 6mm 3mm 6mm 3mm 10 mm No zone
Staphylococcus aureus Smm 2mm 3mm 2mm 15mm No zone
Escherichia coli 3mm 4mm 3mm 2mm 10 mm No zone
Enterobacter intermedius 5mm 5mm 4mm 5mm 10 mm No zone
Candida albicans 13mm 10mm 12mm 10mm 18 mm No zone

(a class III deacetylase) has emerged as longevity key factor that control
effects of oxidative stress antioxidant response stimulation through p53
and FOXOS pathways [85]. SIRT-1 activity stimulation has been re-
ported to be vital in the process of regulation of aging and oxidative
stress control [86,87]. The phytochemicals have been reported to pro-
long life span in Caenorhabditis elegans models, drosophila, and yeast
and to activate SIRT-1 homologs [88,89].

The results of our test samples are shown in Table 3, as % of relative
activities compare to control (consisting in assay and extraction sol-
vent). The highest inhibition activity was shown by NP4
(48.89 = 1.34) and NP2 (47.64 =+ 1.67) against Pentosidine-like
AGEs respectively followed by NP4 (44.46 = 1.12) and NP2
(41.95 = 1.09) against Vesperlysine-like AGEs, respectively. The rest
of the activity is shown in Table 3. Our results match with previous
studies [90,91].

5.4. Anti-diabetic activities

Around the world the major causes of morbidity and mortality is
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diabetes and related complications [92]. To study the anti-diabetic
potential of Silybum extracts and NPs, two enzymatic assays i.e., a-
glucosidase and solubilized a-amylase inhibition, were performed
(shown in % inhibition activity). The highest anti-diabetic activity was
shown by NP4 (38.74%) followed by NP2 (38.42%). Overall the ex-
tracts samples have more anti-diabetic activity as shown in the Table 4.
Our results are in harmony with previous reports [93,94].

5.5. Cytotoxic screening

The cytotoxicity/antiproliferative was evaluated using MTT assay of
the synthesized NPs and extracts (20 mg/mL stock in water) against
HepG2 cell lines. It is clear from the results that cytotoxicity was shown
by all the extracts and NPs towards non-treated HepG2 cells. The non-
treated cells (NTCs) % viability was observed to be 100 *= 5.2% of
viable cells, which dropped to 68.5 *+ 2.0% in NP4 extract presence.
Maximum cytotoxic/antiproliferative effect was seen at 100 pg/mL
dose in the presence of NP2, NP3 and NP1 (524 =+ 1.3%,
548 * 0.9%, and 55.1 * 0.7% of viable cells respectively)
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(Fig. 7A).The lower the sample values, the more the effective are
against liver cancer cells. Our results match with previous reports
[95,96].

5.6. Antibacterial and antifungal activities

NP3, NP1, NP4 and NP2 have significant antibacterial and anti-
fungal activity against several multi-drug resistant human pathogens
like Klebsiella pneumonia, Staphylococcus aureus, Escherichia coli,
Enterobacter intermedius and Candida albicans. Table 6 describes the
antibacterial and antifungal potential of NP3, NP1, NP4 and NP2
against MDR human pathogens. NP3, NP1, NP4 and NP2 gave 6 mm,
3 mm, 6 mm and 3 mm zone of inhibition respectively in plate streaked
with Klebsiella pneumonia. Plate containing Staphylococcus aureus gave
5 mm, 2 mm, 3 mm and 2 mm zone of inhibition against NP3, NP1, NP4
and NP2, respectively. Activity of NP3, NP1, NP4 and NP2 against
Escherichia coli was 3 mm, 4 mm, 3 mm and 2 mm, respectively. NP3,
NP1, NP4 and NP2 were also effective against Enterobacter intermedius
and gave 5 mm, 5 mm, 4 mm and 5 mm of zone inhibition, respectively.
Antifungal activity of NP3, NP1, NP4 and NP2 against Candida albicans
was significantly high in comparison to antibacterial potential and zone
of inhibition were 13 mm, 10 mm, 12 mm and 10 mm determined re-
spectively (Fig. 8). Current antibacterial and antifungal results ex-
hibited that NP3, NP1, NP4 and NP2 have considerable antibacterial
and antifungal efficacy. The activity showed that gram negative bac-
teria were more prone to growth inhibition than gram positive bacteria
and activity was maximum against fungi. It is suggested that anti-
bacterial and antifungal activity may be due to microbial cell mem-
brane perforation or due to the action of reactive oxygen species (ROS),
generated by NP3, NP1, NP4 and NP2 [97]. These NPs can also actively
penetrate the cell membrane through small pores in the microbial cell
membrane and may cause the imbalance of minerals and leakage of
intracellular proteins and enzymes, resulting in cell growth inhibition
and death. [98]. The antimicrobial activity of silver is higher than
copper, mercury, tin, chromium and lead [99]. The silver and its ions
antibacterial mechanism involve the interaction of thiol groups of
proteins molecules present outside or inside the cell membrane and
binds the cell membrane of bacteria which inhibit replication of DNA
molecule, thus affecting the viability of cell [100,101]. The AgNPs
exhibit improve antibacterial activity due high fraction of surface atoms
and high surface area, which lead to incorporate more NPs inside
bacteria and promote its efficacy in a sustain manner [102,103]. Our
results are similar to previous results [104,105]. (See Table 5.)

6. Conclusions

In the current era NPs are the tools for research in almost every field
due to their extensive applications. NPs are most widely applicable in
the field of medical sciences therefore; our research involves manip-
ulation of green synthesized NPs from seeds and wild Silybum marianum
with their respective extracts as cytotoxic against cancer cells, anti-
oxidants, anti-inflammatory, anti-aging, anti-bacterial and anti-diabetic
agents. For the current study the synthesis of silver NPs were selected
due to efficient protocol and bio-compatible nature. The synthesized
NPs and their respective extracts showed potent biological activities.
The highest anti-oxidant activity was shown by NP4 and NP2 respec-
tively. While the highest anti-fungal and antibacterial activities were
shown by NP3 and NP4, respectively. Similarly high value of
Pentosidine-Like AGEs and anti-diabetic was shown by NP4. The ex-
tracts and the green synthesized NPs could be suitable candidates for
various biomedical research and applications.
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