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ABSTRACT

Aqueous dispersed gold nanoparticles (AuNPs) were successfully synthesized by green chemical and biological
synthesis processes using citrus pectin, sodium alginate, chitosan and aqueous extract of fermented fenugreek
powder by gamma radiation. The prepared AuNPs are characterized by UV-vis spectroscopy, Transmission
electronmicroscopy (TEM), Dynamic light scattering (DLS), X-ray diffraction (XRD) and Fourier transform
infrared spectroscopy (FTIR) spectrum indicates the presence of different functional groups present in the
biomolecule capping the nanoparticles. XRD analysis of the gold confirmed the formation of metallic gold
nanoparticles. The results demonstrat that the green biological was superior than green chemical synthesis for the
production of metal nanoparticles (NPs). This is resulted in production of smallest size particles and more effective
as anticancer as follow:

AuNPs green chemical synthesis (Citrus Pectin 1%, metal concentration 1mM, pH 7 and radiation dose 5 kGy, size
TEM (21nm), DLS (31nm), anticancer IC50 EAC=21.5ug/ml and CACO=24.4ug/ml)} and AuNPs green biological
synthesis {(Aqueous extract fermented fenugreek powder, metal concentration 1mM, pH 7, 1000C, size TEM
(12nm), DLS (23nm), anticancer IC50 EAC=4.8ug/ml and CACO= 5.45ug/ml)}. The nucleation and growth
mechanism of gold nanoparticles is also discussed. The size of nanoparticles is influenced by certain parameters
such as the choice of stabilizer, metal concentration, pH during synthesis and absorbed dose. Factorial design was
used to study the effect of several parameters on AuNPs production especially effect of temperature and gamma
radiation was investigated. The incorporated of AuNPs with reducing and stabilizing agents like citrus pectin,
chitosan, sodium alginate and fermented fenugreek powder its increase the antioxidant activity.

Keywords: Natural polymers (chitosan, citrus pectin and sodium alginate), Radiation, Gold nanoparticles ,
Pleurotus ostreatus, fenugreek, anticancer and antioxidant activities.

INTRODUCTION

In recent years, the development of efficient green chemistry methods for the synthesis of metal nanoparticles has
become a major focus of researchers. One of the methods is the production of metal nanoparticles (MNPS) using
biological systems such as microbes, fungi and several plant extracts. Among these organisms, plants seem to be the
best candidates and they are suitable for large scale biosynthesis of metal nanoparticles. Metal nanoparticles
produced by plants are more stable and the rate of synthesis is faster in the case of microorganisms. Moreover, the
metal nanoparticles are more various in shape and size in comparison with those produced by other organisms [1].
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Fenugreek (Trigonella foenumgraecum), is a herb that is commonly found growing in the Mediterranean region of
the world. While the seeds and leaves are primarily used as a culinary spice, it is also used to treat a variety of health
problems in Egypt, Greece, Italy and South Asia. Fenugreek seeds have been found to contain protein, vitamin C,
niacin, potassium, and diosgenin (which is a compound that has properties similar to estrogen). Other active
constituents in fenugreek are alkaloids, lysine and L-tryptophan, as well as steroidal saponins (diosgenin,
yamogenin, tigogenin, and neotigogenin) [1].

Naturally grown plants and various plant species can potentially serve as long asting and environmentally benign
reservoirs relative to microorganisms. Gold NPs are probably the most attractive member of the noble metal
nanoparticles family because of their potential applications in the field of chemical catalysis, nonlinear optics,
surface enhanced Raman scattering, nanoelectronics, gene expression and disease diagnosis[2].

Solid state fermentation (SSF) of an edible plant matrix by filamentous fungi is a biotechnological strategy that may
induce health beneficial naturally occurring antioxidant components including polyphenols during microbial
fermentation [3].

Polymers such as chitosan, alginate...ect. can form various chemical bonds with metals components thus enhancing
the stability of the nanoparticles; It has low toxicity and it is therefore safe for human applications as antimicrobial,
anticancer. Gamma radiation has been proved to be a simple and efficient method for nanoparticles synthesis,
requires an aqueous system, room temperature and ambient pressure [4]. The formation of NPs by radiation can be
attributed to the radiolytic reduction which generally involves radiolysis of aqueous solutions that provides an
efficient method to reduce metal ions.

In the radiolytic method, when aqueous solutions are exposed to gamma rays, they create solvated electrons, which
reduce the metal ions and the metal atoms eventually coalesce to form aggregates [5].

Natural products have shown great promise in mitigating carcinogenesis and associated cellular aberrations, with
substantial numbers of anticancer agents being derived from natural sources [6].

This study aims at the synthesis of gold Nanoparticles (AuNPs) using some natural polymers (Green chemical
process) such as citrus pectin (CP), chitosan (Cs) and alginate (Alg) and fermented plant extract (green biological
process) using aqueous fermented fenugreek (AEFF) by Pleurotus ostreatus.

Materials and Methods

1. Chemicals and materials

Citrus pectin powder (CPP) , Chloroauric acid, chitosan and sodium alginate were obtained from Sigma-Aldrich.
All other chemicals and solvents used were of analytical grade.

2. Preparation of gold nanoparticle
2.1. Green chemical Synthesis of gold nanoparticles (AuNPSs) using gamma radiation

a. By chitosan1%:

1gm chitosan was added to 80ml acetic acid (3%); completed to 100ml by deionized water. The mixture was stirred
at room temperature and placed in dark for overnight to make it homogenous. Gold Chloride 1mM solution was
mixed with chitosan 1% solution 1:1 v/v. The mixture was stirred at room temperature and (exposed to gamma ray
at 0, 20, 40, 60, 80, and 100 kGy . This led to the immediate formation of AuNPs visualized as pink color solution.
Then Au NPs were immediately characterized by UV-Visible spectroscopy.

b. By sodium alginate1% :

1gm of sodium alginate was added to 100ml of de ionized water. The mixture was stirred at room temperature and
placed in dark for overnight to make it homogenous. Gold Chloride 1mM solution was mixed with sodium alginatel
% solution 1:1 v/ v. The mixture was stirred at room temperature and exposed to gamma ray at 0, 10, 15, 20, 25, 30,
35, 40, 45, and 50 kGy. This led to the immediate formation of Au NPs visualized as change of color solution. Then
AuUNPs were immediately characterized by UV-Visible spectroscopy.

c. By citrus pectinl1%:

1gm of citrus pectin was added to 100ml of de ionized water. The mixture was stirred at room temperature and
placed in dark for overnight to make it homogenous. Gold Chloride 1mM solution was mixed with citrus pectin 1 %
solution 1:1 v/v. The mixture was stirred at room temperature and exposed to gamma ray at 0, 1, 5, 15, 20, and 25
kGy. This led to the immediate formation of AuNPs visualized as change of color solution. Then AuNPs were
immediately characterized by UV-Visible spectroscopy.
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2.2. Green bilolgyical synthesis using gamma raradiation.
A. Fermented fenugreek (seed and powder): aqueous Extract of fermented fenuogreek preperd as follow;

Fungal strain; locally isolated fungal strains Pleurotus ostreatus was used in the study obtained from the culture
collection in the Pharmaceutical Microbiology Laboratory Drug Radiation Research Department (NCRRT, Egypt).
A strain was microscopically identified and kept on potato dextrose agar (PDA) at 40C and periodically sub-cultured
to maintain viability.

Fermentation medium (Solid state fermentation) ; Fermentation was carry out in 250ml Erlenmeyer flasks, where
distilled water were added to fenugreek seed or powder (60% moisture content) and autoclaved at 1210C for 20min.
Flasks inculcated by the fungus medium as a 2ml spore suspension (8 x 106 spores/ml) and incubated at 300C
statically in complete darkness for 10days. After ten days, the whole contents of the flasks were soaked in de ionized
water (1g fresh weight/10ml de.H20) and put in a shaker at 200rpm (LAB-Line R Orbit Environ, U.S.A) for 2h and
the centrifuged in cooling centrifuge (Hettich Universal 16 R, Germany) for 10min at 50C. The supernatant was
separate from sediment and used for experiment.

Gold Chloride 1mM solution was mixed with aqueous extract of fenugreek (fermented or unfermented seed and
powder) 1:1 v/v . The mixture was stirred at room temperature and exposed to gamma ray at 0, 5, 10, 15, 20, and 25
kGy. This led to the immediate formation of AuNPs visualized as pink color solution. Then AuNPs were
immediately characterized by UV-Visible

B. Experimental factorial design

Used to compare the effect of heat and radiation on the synthesis of gold nanoparticles by aqueous extract of
fermented fenugreek powder (AEFFP); these factors were chosen as they were considered to have the most
significant effect on the size of nanoparticles. The levels were selected based on knowledge acquired from initial
experimental trials.

Effect of heat; the effects of the three variables in three level form namely: gold concentration (0.5 mM, 1mM and
2mM), pH of reaction mixture (4, 7, and 10) and temperature of reaction mixture (25 °C, 60 °C and 100 °C).

Effect of radiation; the effects of the two variables in three level form namely: gold concentration (0.5 mM, 1mM
and 2 mM) and pH of reaction mixture (4, 7, and 10); all samples were exposed to 20kGy. The main effects of
parameters on gold nanoparticles production were estimated by UV-visible response O.D.

3. Characterization of nanoparticles

The size, morphology and stability of the synthesized AuNPs were characterized using the following techniques.
UV-VIS spectral analysis:

For the preliminary determination of Au NPs, UV visible spectroscopy (T60 UV/Vis spectrometer); at a resolution
of 1nm was performed to measure the Surface Plasmon Resonance (SPR) for the wave length ranging from 200-800
nm.

Transmission Electron Microscopy (TEM)

AUNPs suspension was loaded on carbon coated copper grids and solvent was allowed to evaporate by incubation at
370C for 30min in an incubator. The size and morphology of the AuNPs were estimated by TEM (JEOL electron
microscope JEM-100 CX) operating at 80 kV accelerating voltage.

Dynamic light scattering measurement (DLYS)

Average particle size and size distribution were determined by the dynamic light scattering (DLS).technique (PSS-
NICOMP 380-ZLS, USA); 250ul of suspension were transferred to a disposable low volume cuvette. After
equilibration to a temperature of 25°C for 2 min, five measurements were performed using 12 runs of 10 s each.
Fourier transforms infrared spectroscopy (FTIR)

FTIR spectra of the samples were recorded in KBr pellets using an FTIR spectrophotometer (JASCO FT-IR -3600)
and spectrum was collected at a resolution of 4cm-1 in wave number region of 400 to 4000cm-1 to identify the
possible molecules responsible for the reduction of gold ions and to confirm capped Au NPs.
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X-Ray diffraction (XRD)

XRD study of AuNPs was done to determine the structural characterization of the nanoparticles by using X-ray
diffractometer (Shimadzu apparatus using nickel-filter and Cu-K a target, Shimadzu Scientific Instruments (SSI),
Kyoto, Japan. Founded in 1875) operating with a Cu anode at 40Kv and SomA in the range of 20 value between 20°
and 100° with a speed of 2°/min). The intensity of the diffracted X- rays was measured as a function of the
diffracted angle 20.

4. Nitrate reductase assay.

Aqueous extract of fermented fenugreek powder (AEFFP) was considered for the assay of nitrate reductase
according to the method of Harley [7]; 2mL of aqueous extract of fermented fenugreek powder was mixed with
2mL of the assay medium (30mM KNO3 and 5% iso-propanol in 0.1M phosphate buffer of pH 7.5) and incubated
at 25 °C in the dark for 1hours and then 1mL of 50mM sulphanilamide and 1mL of 10mM NEED (N-(1-naphthyl)
ethylene diamine dihydrochloride) solutions were added. The intensity of the developed color was estimated in an
UV-Vis spectrophotometer at 540nm.

5. Antioxidant assay.

Antioxidant activity of AuNPs synthesized by green chemical ( citrus pectin, sodium alginate and chitosan) and
biological methods (fermented fenugreek powder and seed) was determined by 2,2' diphenyl-1- picryl hydrazyl
(DPPH) radical scavenging; the method of Shimada [8] was used to determine the anti-oxidant activity. 4.0ml
AUNPs was added to methanol solution of 10mM DPPH (1.0ml) on individual tubes. The mixture was shaken and
left to stand at room temperature for 30minute. Absorbance of the resulting solution was than measured
spectrophotometrically at 517nm. The inhibitory percentage of DPPH was calculated According to the following
equation:

Scavenging effect (%) = [1- (absorbance sample/absorbance control) ] x100%

6. Anticancer (cytotoxic activity).

Ehrlich Ascites Carcinoma Cells (mouse tumor): Ehrlich Ascites Carcinoma Cells (EAC) was kindly supplied by the
National Cancer Institute (NCI), Cairo University, Egypt, and was maintained by weekly intra-peritoneal
transplantation of 2.5 x 106 /ml cells in female Swiss albino mice.

A line of Ehrlich Ascites Carcinoma (EAC) cells was supplied from National Cancer Institute, Cancer Biology
Department, and maintained by weekly I.P. transplantation of 2.5 x 106 cells / mouse.

Cytotoxicity assay:

Assay of cytotoxic activity of AuNPs synthesized by citrus pectin 1%, sodium alginate 1% , chitosan 1% and
aqueous extract of fermented fenugreek powder and determine the 50% inhibition of cell survival (1C50) for the
best one; under investigation against Ehrlich Ascites Carcinoma cells

Procedure:

Ascites fluid was withdrawn under aseptic conditions (ultraviolet laminar flow system) from the peritoneal cavity of
tumor bearing mice by needle aspiration after 7 days of EAC cells inoculation.

To adjust the number of EAC cells/ml, tumor cells obtained was diluted several times with normal saline. EAC
viable cells were counted by trypan blue exclusion method where, 10ul trypan blue (0.05%) was mixed with 10ul of
the cell suspensions. Within 5minutes, the mixture was spread onto haemocytometer, covered with a cover slip and
then cells were examined under microscope. Dead cells are blue stained but viable cells are not [9].

Cells suspension was adjusted to contain 2.5 x 106 viable cells/ml.

Trypan blue exclusion method [9]
1-In sterile test tubes the following were added:

Tested compound tubes Control tubes
EAC cells 100ul 100ul
RPMI medium 800ul 900ul
Tested compound 100l

(of tested compound)
Or and contain  different
concentrations for I1Csp estimation
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2-Cells were incubated for 1hour at 37 °C under a constant over lay of 5% CO2.

3-EAC viable cells were counted by trypan blue exclusion using haemocytometer as mentioned above.

4-Cell surviving fraction = (T/C)

Where, T represent the number of viable cells in a unit volume and C is the number of total (viable + dead) cells in
the same unit volume.

ICso estimation; The 1Cs is the concentration of an inhibitor where the response (or binding) is reduced by half

ICso assay was performed to determine the cytotoxic property of synthesized AuNPs against EAC and CACO cell
lines.

A line of Ehrlich Ascites Carcinoma (EAC) cells was supplied from National Cancer Institute, Cancer Biology
Department, and maintained by weekly I.P. transplantation of 2.5 x 106 cells / mouse.

A line of human colon adenocarcinoma (CACO) cells was obtained from the American Type Culture Collection
(ATCC, Rockville, MD). The cells ware grown as monolayers in grow on RPMI-1640 medium supplemented with
10% inactivated fetal calf serum and 50ug/ml gentamycin. The cells were maintained at 37 oC in humidified
atmosphere with 5% CO2 and were subculture two more three time a week.

The cells ware grown as monolayer’s in growth RPMI-1640 medium supplemented with 10% inactivated fetal calf
serum and 50ug/ml gentamycin. The monolayers of 10000 cells adhered at the bottom of the walls in a 96-well
microtiter plate incubated for 24h at 370C at 37 oC in a humidified atmosphere with 5% CO2. The monolayers were
then washed with sterile phosphate buffer saline (0.01 M Ph 7.2) and simultaneously the cell were treated with 100ul
from different dilution of tested sample in fresh maintenance medium and incubated at 37oc. A control of untreated
cells was made in the absence of tested sample. Positive control maintaining doxirubicin drug was also tested as
reference drug for comparison. Six wells were used for each concentration of the test sample. Every 24h the
observation under the inverted microscope was made. The Number of the surviving cells was determined by staining
of the cells with crystal violet [10] [11]. followed by cell lysing using 33% glacial acetic acid and read the
absorbance at 590 nm using ELISA reader (sunRise, TECAN, Inc,USA) after well mixing. The absorbance values
from untreated cell were consided as 100% proliferation.

The number of viable cells was determined using ELISA reader as previously mentioned before and the percentage
of viability was calculated as [1- (ODt/ODc] 100 where

ODt is the mean optical density of wells treated with the tested sample and ODt is the mean optical density of
untreated sample. 50% inhibitory concentration (IC50) the concentration required to cause toxic effect in 50% of
intact cell was estimated from graphic plots.

RESULTS AND DISCUSSION

1.Characterization of gold nanoparticles
1.2. UV-Visible spectroscopy analysis

Green chemical Synthesis of gold nanoparticles (AuNPs) using gamma radiation
The appearance of change in color (Figure 1) and a strong absorption band at 550nm (Figure 2) is the indication of
formation of gold nanoparticles. It is well known that gold nanoparticles exhibit pink to violet color in water; these
colors arise due to phenomenon of surface plasmon excitations in the metal nanoparticles.
Optical properties of AuNPs were determined by the excitation of Plasmon resonances; Amax of AuNPs was found
to be 550nm.The peak with very sharp and highest intensity which means there is more yield of gold nanoparticles
and size distribution of the gold nanoparticles is narrow [12].

Table 1 shows the optical density (O.D) of AuNPs at Amax 550nm. With unirradiated reduction method, gold
nanoparticles were generated with low O.D than irradiated reduction method. The advantage of gamma irradiation
method for the synthesis of metallic nanoparticles lies in the fact that desired highly reducing radicals and free
electron can be generated without formation of any byproduct.

The combined effect of both radiolytic reduction and presence of plant extract prevent of aggregates formation by
""capping".

The free electron and primary radicals and scandary radical molecules produced in water upon gamma irradiation
are e-aq, OHe, He, H> and H,O,. The OH and H radicals are capable to abstract hydrogen from the polymer
producing an polymer secondary radical;

Under the stated experimental conditions the reduction of Au3+ ions takes place by electron transfer from hydrated
electrons and polymer radicals.
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We have employed polymers as a reducing agent to Au3+ ion and a stabilizer for AUNPs. We suggest the following
provisional mechanism for gamma ray, which is consistent with similar studies on the irradiation reduction of metal
nanoparticles in other solutions [13][14][15] [16].

(Egs. (1) (6) wher RCOH = polymer structure

AuCl H:0 Auv + 3Cr (1)
H:0 Gamma ra}'h e4 TOH'+ H'+ H: +H:0 (2)
Au™ +3 &7y Reduction . Au- (3
RC-OH + OH» Secondaryra dical RC-0+ + H:0 (4)
3R-CO- + Au™ H:0 n RC-OH + Au- (3)
nRC-OH + Au- Stability Au+ (RC-OH)n (6)

Figure2 and table 1 illustrated that, generation of AuNPs depend on types of polymer and dose of radiation; where
citrus pectin AuNPs show high optical density (1.94) at 5kGy, chitosan AuNPs show high optical density (1.3) at
40kGy and sodium alginate AuNPs show high optical density (1.1) at 45kGy; the O.D of AuNPs synthesized by
pectin is higher than chitosan and alginate; this may be atributted to formation of degraded unit of citrus pectin that
providing the best growth of Au NPs with high stability. That prevent aggregation and agglomeration of synthesized

gold nanoparticles.
.

1 = pectin at 5 kGy, 2 = AuNPs pectin at 5 kGy, 3 = chitosan at 40 kGy, 4 = AuNPs
chitosan at 40 kGy, 5 = alginate at 45 kGy and 6 = AuNPs alginate at 45 kGy

Fig.1 image of gold nanoparticles synthesized by citrus pectin at (5kGy), chitosan at (40kGy) and alginate at (45kGy).
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Fig.2 UV- visible; gold nanoparticles synthesized by citrus pectin at (5kGy), chitosan at (40kGy) and alginate at (45kGy)

Table 1 optical density (O.D) of AuNPs synthesized by citrus pectin, chitosan and alginate at different doses of gamma radiation at A max

550nm
Radl?lt(lco;;)doses Au NPs chitosan Radl?l'ilgr;)doses Au EePcsticrl]trus Radl?lt(lgr;)doses Au NPs alginate

0 0.152 0 0.8 0 0.77
10 0.352 1 1.7 10 0.64
20 0.948 5 1.94 15 0.88
40 1.03 10 1.60 20 0.77
60 0.8643 15 1.01 25 0.874
80 0.422 20 1.03 30 0.99
100 0.367 25 0.9 35 0.412
40 0.662

45 111

50 0.87

Biological Synthesis of gold nanoparticles (AuNPs) using gamma radiation.

The fermentation of fenugreek by Pleurotus stratus (Figure 3) and gamma irradiation play an important role in the
biological synthesis of gold nanoparticles. After mixing of gold chloride 1mM solution with aqueous extract of
fenugreek (fermented or unfermented seed and powder) then exposed to gamma ray at 0, 5, 10, 15, 20, and 25kGy.
Aqueous extract of fermented fenugreek powder was generated the gold nanoparticles at 20kGy with high O.D and
sharp absorption band at range from 500 to 600nm than other (fermented seed, unfermented powder and
unfermented seed) (Figure 5) this may be attributed to production of byproducts due to fermentation (amino acid,
protein, polyphenols and other fenugreek powder contents) that providing the best growth of AuNPs with high
stability. The content of Aqueous extract of fermentedfenugreekk powder prevent aggregation and agglomeration of
synthesized AUNPs.

The appearance of change in colour (Figure 4) indicate formation of gold nanoparticles; where gold nanoparticles
exhibit pink to violet color in aqueous solution. Gamma radiation synergism synthesis of gold nanoparticles lies in
the fact that desired highly reducing radicals can be generated; the reduction of Au®* ions takes place by free
electron and radicals Egs. (1) to (6).

Fermented fenugreek seed
by Plewrotes ostreatues

Fermented fenugreek powder
by Plewroties ostreaties

Fig.3 fermentation of fenugreek seed and powder by Pleurotus ostreatus
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Fermented powder FPs fermented

Her at O kGy

Fig.4 image of gold nanoparticles synthesized by aqueous extract of fermented fenugreek using Pleurotus ostreatus at 20kGy
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WA avel e gt
Fig.5 UV- visible; gold nanoparticles synthesized by aquoeus extract of fermented fenugreek and unfermented (seed and powder ) using
Pleurotus ostreatus at 20 kGy

Experimental factorial design .

After carrying out 28 experiments in case of heat and 9 experiments in case of gamma irradiation effect (20kGy),
reflecting different combinations of the variables (Table 2 and 3), the results revealed that run number 7 (pH 7, conc.
1 mM and 100°C) give the highest AuNPs O. D 2 (Figure 6) than others in case of heat effect and run number 5 (pH
7, conc. 1mM, 25°C and 20kGy) give the highest AuNPs optical density (O. D) 1.5 (Figure 7) than others in case
gamma radiation effect.

Figure 6 and 7 illustrated that, Peak area and O. D spectrum obtained from the reaction carried out at pH 7 is
considerably higher than those obtained at other pHs (4 and 10), indicating its higher nanoparticle productivity; this
is attributed to AuNPs tend to precipitation in alkaline pH values [17]. On the other hand acidic pH conditions
causes a low negative value of the zeta potential so the gold tend to aggregate and precipitate [18].

The results (Figure 6 and 7) clearly indicated that 1mM concentration of Au3+ ions was most appropriate for the
maximum synthesis of AUNPs. The reason for the decrease optical density with increasing AuCI3 concentration may
also be because AuCI3 forms a coat on growing particles [19][15][20] and low concentration of gold chloride lead to
amount of gold ion converted to metallic nanoparicles is low. The 100 °C was most appropriate for the maximum
synthesis of AuNPs (Figure 6 and 7); this is indicated to Au+ ions converted to Auo by increase temperature.

Figure 6, 7 and 8 illustrateds that temperature most effective than gamma irradiation for synthesis of gold
nanoparticles, lies in the fact that high heating temperatures can significantly accelerate the nucleation and crystal
growth of AuNPs. Therefore, the variation in the AuNPs obtained by different temperature using the same
stabilizing and reducing agent, is believed to be due to their different perceptions of the temperature. This also may
due to the thermal properties of gold, which make it easy to turn into a Nano by mode the heat.

Figure 9 illustrated that biological synthesis its superior to chemical synthesis for production of gold nanoparticles.
The peak optical density (O. D) of AuNPs synthesized by aqueous extract of fermented fenugreek powder using
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Pleurotus stratus (2nm) its higher than optical density of AuNPs synthesized by citrus pectin (1.9); this is attributed
to presence of byproducts by fermentation process (amigo acid, protein, enzymes, fibers, ....) that act as reducing
agents and stabilizer. Prevent aggregation and agglomeration of synthesized metallic nanoparticles.

Table 2. Experimental factorial design experiments response in case of temperature effect

Factor 1 Factor 2 Factor 3 | Response 1
Run pH Conc. mM | Temp. °C 0O.D nm

1 10 0.5 60 0.9
2 7 2 100 1.08
3 10 2 100 0.8
4 4 1 60 0.5
5 10 2 60 0.7
6 10 1 100 15
7 7 1 100 2

8 7 0.5 25 0.5
9 7 1 60 1.85
10 4 2 25 0.5
11 7 2 60 0.6
12 10 1 25 0.4
13 10 1 60 0.67
14 4 0.5 60 0.74
15 4 2 60 0.65
16 7 0.5 60 0.76
17 4 1 100 17
18 10 0.5 100 0.8
19 10 2 25 0.43
20 10 0.5 25 0.48
21 4 2 100 0.68
22 4 1 25 0.52
23 4 0.5 25 0.49
24 7 2 25 0.73
25 7 1 25 1.7
26 7 0.5 100 1.34
27 4 0.5 100 0.86

Table 3. Experimental factorial design experiments response in case of gamma radiation effect

Factor 1 | Factor 2 Response 1
Run A:pH B:Conc. | O.D. Gold (20 kGy)
1 4 0.5 0.9
2 4 2 0.84
3 10 0.5 0.73
4 10 1 1.10
5 7 1 15
6 4 1 1.12
7 7 0.5 1.35
8 7 2 1.22
9 10 2 0.68
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Fig.6 UV- visible; gold nanoparticles synthesized by aqueous extract of fermented fenugreek powder using Pleurotus ostreatus (highest
0.D experimental factorial design) in case of heat effect
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Fig.7 UV- visible; gold nanoparticles synthesized by aqueous extract of fermented fenugreek powder using Pleurotus ostreatus (highest
0O.D experimental factorial design) in case of gamma radiation effect 20kGy

AnNPs at conc.lmh, pH 7 . L0 C and O Gy
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Fig.8 UV- visible; gold nanoparticles synthesized by aqueous extract of fermented fenugreek powder using Pleurotus ostreatus (highest
O.D experimental factorial design) in case of heat and gamma radiation 20kGy effect
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Fig.9 UV- visible; compare between gold nanoparticles synthesized by aqueous extract of fermented fenugreek powder using Pleurotus
ostreatus and AuNPs synthesized by citrus pectin

1.2. Transmission Electron Microscopy (TEM).

TEM images of AuNPs synthesized by citrus pectin at 5kGy and aqueous extract of fermented fenugreek powder
using Pleurotus ostreatus at 100 °C Figure 10 and 11 respectively. The mean size of AuNPs citrus pectin 21nm and
AUNPs aqueous extract of fermented fenugreek powder 12nm. Figure 4a and b illustrated that size of AuNPs
synthesized by biological method is smallest than that synthesized by chemical method, this is attributed to presence
of byproducts during fermentation (amino acid, protein, enzymes, fibers, ....) that act as reducing agents and
stabilizer.
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Fig. 10 TEM Micrograph of AuNPs synthesized by citrus pectin at 5kGy
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Fig.11 TEM Micrograph of AuNPs synthesized by aqueous extract of fermented fenugreek powder using Pleurotus ostreatus at 100°C

1. 3. Dynamic light scattering (DLS).
The particle size of the synthesized AuNPs determined using DLS technique. DLS size range of AuNPs citrus pectin

and AuNPs aqueous extract of fermented fenugreek powder were found to be 31.6nm and 23nm, (Figure 12 and
13), respectively. DLS size ranges of AUNPs was found to be greater than TEM size. This might be due to the fact
that DLS measures hydrodynamic diameter of nanoparticles, where the amphiphilic nanoparticles were surrounded
by water molecules [21]; may be attributed to be the cause of large size of capped formulation.

Peak mean diam. = 31.6 nm

e

Fig. 12 DLS graph of AuNPs synthesized by citrus pectin at 5SkGy
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Peak mean diam. = 23 nm

Fig. 13 DLS graph of AuNPs synthesized by aqueous extract of fermented fenugreek powder using Pleurotus ostreatus at 100°C

1.4. Fourier Transform Infrared Spectroscopy (FTIR).

Figure 14 and 15 show the FTIR spectra of AuNPs citrus pectin and AusNPs aqueous extract of fermented
fenugreek, respectively.

Fig. 14 shows the FT-IR spectra of citrus pectin and Au NPs prepared from citrus pectin, aiming to investigate the
possible interaction between the citrus pectin molecules and Au NPs in the solution.

The FT-IR spectrum (Fig. 14) shows strong and wide stretching peak at approximately 3470 cm—1 can is ascribed to
the OH stretching vibration. The absorption band at 1636 cm—1 can be attributed to the asymmetrical COO—
stretching vibration and that at 1426 cm™? to the symmetrical COO~ stretching vibration [22].

The free COOH group, indicating the reduction of Au®* to AuNPs [23] [24] in case of citrus pectin AuNPs is
slightly increase intensity with slightly shifts of the FT-IR spectrum peaks, meaning that the combination between
Au nanoparticles and citrus pectin molecules is through affinity or electrostatic interaction. Therefore, the functional
groups present in the citrus pectin molecules play a dual role of both reducing agent and stabilizing agent in
synthesizing as well as protecting the as formed AuNPs. The AuNPs are subsequently capped and stabilized by
citrus pectin because of its oxygen rich. Meanwhile, the hydroxyl groups in the polymeric chains and networks will
also promote the stabilization of the AUNPs.

FTIR measurements were carried out to identify the possible biomolecules present in aqueous extract of fermented
fenugreek powder which are responsible for the reduction and capping of Au NPs. The spectrum (Fig. 15) shows
bands at 1715, 1641, 1350, 1234, 1077, 989 and 837 cm™. The IR band due to C=0 stretch is observed at 1715 cm-
1[25]. The very strong absorption band at 1641 cm™ is identified as the amide | and arises due to the carbonyl
stretching vibrations in the amide linkages of the proteins [26]. The band located at 1350 cm-1 is due to the C—N
stretching or the O—H bending vibrations [27]. The absorption band at 1234 cm™ is assigned as amide 111 band of
proteins present in the aqueous extract of fermented fenugreek powder [27]. The C-OH vibration of proteins is
observed at 1077cm™. The absorption band at 989 cm-1 is due to the C-O—-C vibrations of proteins / polysaccharides
present in the aqueous extract of fermented fenugreek powder. It is well known that proteins can bind to Au NPs
through free carboxylate group [28].

The presence of bands at 1641, 1234 and 1077 cm indicates that Au NPs are possibly bound to proteins through
carboxylate group. The phytochemical analysis of the fenugreek has been reported to show the presence of proteins,
vitamins, flavonoids, terpenoids, carotenoids, cumarins, lignin, saponin and plant sterol [29]. The carboxylate group
present in proteins can act as surfactant to attach on the surface of AuNPs and it stabilizes AuNPs through
electrostatic stabilization. Thus it is found that aqueous extract of fermented fenugreek powder has the ability to
perform dual functions of reduction and stabilization of Au NPs. in case of fenugreek AuNPs is slightly increase
intensity with slightly shifted of the FT-IR spectrum peaks, meaning that the combination between AuNPs and
fenugreek molecules is through affinity or electrostatic interaction.
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Fig. 14 FTIR spectra of AuNPs synthesized by citrus pectin
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Fig. 15 FTIR spectra of AuNPs synthesized by by aqueous extract of fermented fenugreek powder using
Pleurotus ostreatus

1.5. X-Ray Diffraction (XRD)

The crystal structure of AuNPs was further characterized by XRD analysis. The XRD patterns for the synthesized
AUNPs by citrus pectin at 5kGy and aqueous extract of fermented fenugreek powder using Pleurotus ostreatus at
1000C are reproduced in the Figurel6 and 17 respectively. The X-ray diffraction (XRD) spectrum (Figure 16 and
17) of the gold nanoparticles showed four main characteristic Bragg diffraction peaks positioned at 26 values of
38.2298°, 44.4052°, 64.7315° and77.703° degrees for gold nanoparticles. All these reflections corresponded to (111),
(200), (220) and (311) facets of the face centeredcubic (fcc) structure. These diffraction peaks were consistent with
the standard database files of gold (JCPDS cardno. 04-0784), suggesting that the synthesized nanoparticles were of
pure crystalline nature.
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Fig.16 XRD pattern for the synthesized AuNPs by citrus pectin at 5kGy
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Fig.17 XRD pattern the AuNPs synthesized by aqueous extract of fermented fenugreek powder using Pleurotus ostreatus at 100 °C

2. Nitrate Reductase activity.

Hence, the role of reductase in the fungal aqueous extract was investigated by nitrate reductase assay. aqueous
extract of fermented fenugreek powder produced nanoparticles were stabilized by the proteins and reducing agents
secreted by the fungus. Our study indicated that Pleurotus ostreatus didn’t secrete extracellular NADH-dependent
nitrate reductase enzyme. That indicate other reducing factors may be responsible for the nanoparticles synthesis
such as proteins, amino acid and fenugreek powder contents.

3.DPPH Free Radical Scavenging Activity% .

Table 4 and 5 shows the difference in antioxidant activities after and before AuNPs formation by green chemical
and biological methods respectively. The study indicates an increase of antioxidant activities after AUNPs synthesis;
This may be due to reduction of Au®* ions into Auo metals that has scavenging activity.

The antioxidant of stabilizing and reducing agent are increased after gold nanoparticles synthesis; this confirm the
gold nanoparticles has antioxidant activity and act as synergistic. AuNPs had good radical scavenging
capabilities[30].

In this study the antioxidant activities decreased with radiation dose of increased; this attributed to exhaustion of
antioxidant by generated free radical during exposed of aqueous solution to gamma rays Equ. (1) (2).

The result confirm incorporation of AuNPs with natural polymers and aqueous extract of fenugreek improve its the
scavenging activity.

Table 4 Scavenging activity of natural polymer (pectin, alginate and chitosan) and gold nanoparticles using DPPH for assay

Radiation dose Pectin Au N_Ps Radiation dose chitosan Al_J NPs Radiation dose Alginate Au_NPs
(kGy) Pectin (kGy) chitosan (kGy) Alginate
0 60.32 65.18 0 55.02 70.23 0 50.12 55.45
1 55.43 60.03 10 40.23 60.43 10 60.54 65.43
5 50.61 60.13 20 35.34 55.31 15 55.25 58.65
10 45.48 55.61 40 33.54 40.07 20 45.41 50.32
15 45.89 45.23 60 25.32 35.51 25 40.31 48.12
20 30.13 40.81 80 20.21 25.72 30 30.74 35.59
25 25.52 35.16 100 18.80 20.12 35 30.49 37.05
40 25.31 30.37
45 20.32 25.16
50 20.13 23.79

Table 5 Scavenging activity of unfermented, fermented fenugreek (seed and powder) and AuNPs aqueous extract of fermented
fenugreek powder using DPPH for assay

Radiation Dose (kGy) | Seed | Fermented seed | Powder | Fermented powder | Au NPs Fermented powder
35.10 40.35 45.12 50.67 55.12
5 31.43 35.16 41.45 46.89 51.54
10 25.87 31.67 35.21 40.52 44.76
15 21.79 25.81 28.34 36.45 40.65
20 17.12 20.43 25.56 27.90 32.78
25 10.12 15.23 20.12 23.05 25.80
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4. Anticancer (cytotoxic activity).

The preliminary tumor cytotoxic activities of AuNPs synthesized by citrus pectin, sodium alginate, chitosan and
aqueous extract of fermented fenugreek powder were evaluated against EAC cells at 1concentrations using trypan
blue 0.5% assay.

Table (6) summarize the cytotoxicity data of citrus pectin, sodium alginate, chitosan and aqueous extract of
fermented fenugreek powder alone and after gold nanoparticles synthesis against EAC cells after | hour of
incubation. The data were expressed as surviving percent. The results showed that EAC cells proliferation was
significantly inhibited by AuNPs synthesized by citrus pectin and fermented fenugreek powder at 5kGy and 1000c
respectivelly than others.

ICso assay was performed to determine the cytotoxic property of AuNPs synthesized by citrus pectin and fermented
fenugreek powder at 5kGy and 100°C respectivelly against EAC and CACO cell lines.

Treatment of cancer cells with AuNPs at increasing concentrations (1.56 -50ug/ml; Table 7 and 8) showed
cytotoxicity against EAC with 50% inhibition of cell survival (ICso) at concentration of 4.8 pug/ml (Figure 18)and
21.4ug/ml (Figure 19) for citrus pectin and fermented fenugreek powder at 5kGy and 100°C respectivelly .

The in vitro cytotoxicity of the AuNPs was evaluated against CACO cell line at different concentrations (1.56 -
50ug/ml; Table 9 and 10); the result showed that CACO cells proliferation was significantly inhibited by AuNPs
with the 1C50 value 5.46 pg/ml Figure 20) and 24.4 pg/ml (Figure 21) for citrus pectin and fermented fenugreek
powder at 5kGy and 100 °Crespectivelly.

In vitro cytotoxicity tests of the AuUNPs citrus pectin and AuNPs fermented fenugreek it was observed that fermented
fenugreek AuNPs more effective than AuNPs citrus pectin; this strongly indicated that incorporation of AuNPs
modified the chemical nature of the AuNPs and cause change the interaction with other molecules such as proteins
and others . The capping may prohibit the direct reaction of the cell surface and reduced the cytotoxic effect; AUNPs
fermented fenugreek is more free than AuNPs citrus pectin so become very reactive, and cytotoxic to cancer cell.

Comparison of the reducing and stabilizing agents revealed that citrus pectin and fermented fenugreek produced
more pronounced response and sensitivity to the Cytotoxicity. The cell viability results indicate that gold
nanoparticles are toxic to the EAC and CACO cells. The incorporation of surface functionalities via citrus pectin
and fermented fenugreek renders these nanoparticles highly biocompatible. The cell survival at different
concentrations of gold nanoparticles stabilized with different capping agents showed variation with the increase in
the concentration of the nanoparticles.

The gold nanoparticles of 21 nm and 12 nm are coated with citrus pectin (AuNPs CP) and fermented fenugreek
powder (AuNPs FFP) respectivelly, taken with a series of increasing concentrations (3.25, 6.25, 12.5, 25, and 50
ug/ml). The AuNPs FFP show high cytotoxicity effect compared to AuNPs CP. This is mainly due to the fact that
fermented fenugreek powder has cytotoxic effect more than citrus pectin so ac as synergism. More over the particle
sizes are difference in AUNPs FFP (12 nm) than AuNps CP (21 nm).

Hence in this study the size dependent cytotoxicity and stabilizing agents are responsible for Cytotoxicity. These
results are consistent with previous investigations [31] which demonstrated that the stabilizing agents has role for
Cytotoxicity; Fenugreek extract has a very selective cytotoxicity against cancer cell lines such as T-cell lymphoma
(TCP), B-cell lymphomas, Thyroid Papillary carcinoma (FRQO) and breast cancer (MCF7). On the other hand, there
was no significant cell cytotoxicity amongst normal cells, including human lymphocytes and meningioma, when
treated with fenugreek [32]. This clearly indicates that fenugreek has selective cytotoxic effects against cancer cells.

Pectin seems to exert antitumor activity on different cell lines and these probably through different effects. These

mechanisms dependon the structure of pectin or on the modified form of pectin that is likely to yield to various
active fragments [33].

Table 6 Survival cell % in Ehrlich ascites carcinoma cell as affected by AuNPs synthesized by citrus pectin, sodium alginate, chitosan
and fermented fenugreek powder using gamma radiation
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R.D R.D R.D.

(kGy) CP | AuNPsCP (kGy) Cs AuNPsC (kGy) Alg | AuNPs Alg | kGy | AEFFP | Au NPs AEFFP
0 90.01 66 0 90.31 72 0 100 100 0 10.01 5
1 55.23 15 10 85.12 60 10 100 100 1 10.13 21
5 50.49 3 20 80.70 60 15 100 100 5 12.62 30
10 65.14 45 40 95.09 50 20 100 100 10 15.34 45
15 68.03 60 60 95.76 55 25 100 100 15 17.76 50
20 70.43 75 80 100.0 90 30 100 100 20 20.03 55
25 80.32 85 100 100.0 95 35 100 100 25 21.32 63

40 100 100
45 100 100
50 100 100

R.D = radiation dose, CP = Citrus pectin, Cs = Chitosan, Alg =Alginate, AEFFP = Aqueous extract fermented fenugreek powder

Cell viabilty %
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Fig.18 Cytotoxicity of AuNPs fermented fenugreek powder (AuNPs FFP) against Ehrlich Ascites Carcinoma (EAC) cells;IC s, (4.8 pg/ml)

Table7. Surviving percent in Ehrlich Ascites Carcinoma (EAC) cells as affected by different concentrations of AuNPs fermented

"

Cell viability %
SRR REEEEERE:

fenugreek powder (AuNPs FFP) after 1 hour incubation

Sample conc. (ug/ml) | Viability %
50 8.0000
25 18.0000
125 30.0000
6.25 41.0000
3.125 65.0000
1.56 74.0000
0 100.0000

EAC Au citrus pectinm

b b
=0 =20

Concentration (auags/mml)

=0

Fig.19 Cytotoxicity of AuNPs citrus pectin at 5 kGy (AuNPs CP) against Ehrlich Ascites Carcinoma (EAC) cells I1Cs, (21.5ug/ml)
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Table 8. Surviving percent in Ehrlich Ascites Carcinoma (EAC) cells as affected by different concentrations of AuNPs citrus pectin
(AuNPs CP) after 1 hour incubation

Sample conc. (ug/ml) | Viability %
50 25.0000
25 45.0000
125 65.0000
6.25 75.0000
3.125 94.8700
1.56 98.0400
0 100.0000
- CACO Au F¥FpP
== 100
= no
; o
3 40
L3S 20
o -+ - -
P " -~ > o = P

Concentration (uag/m=ml)

Fig.20 Cytotoxicity of AuNPs fermented fenugreek powder(AuNPs FFP) against (CACO) cells;ICs (5.46 pg/ml)

Table9. Surviving percent in (CACO) cells as affected by different concentrations of AuNPs fermented fenugreek powder (AuNPs FFP)
after 1 hour incubation

Sample conc. (ug/ml) | Viability %

50 9.71

25 20.95
12,5 31.28
6.25 43.97
3.125 67.85
1.56 78.19

0 100.00

CACO A

-

citrus Pectin

-

-

‘:7@

concentration {(agimxml)

Fig.21 Cytotoxicity of AuNPs citrus pectin at 5 kGy (AuNPs CP) against (CACO) cellsICs, (24.4 pg/ml)
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Table 10. Surviving percent in (CACO) cells as affected by different concentrations of AuNPs citrus pectin (AuNPs CP) after 1 hour

incubation
Sample conc. (ug/ml) | Viability %

50 29.37

25 48.89
125 72.95
6.25 87.16
3.125 94.87
1.56 99.04

0 100.00

CONCLUSION

Aqueous extract of fermented fenugreek by Pleurotus ostreatus reduce gold ions to AuNPs best than natural
polymers and gamma irradiation improve its synthesis, AuNPs can be incorporated with natural polymers such as
citrus pectin, alginate, chitosan and fermented fenugreek powder. AuNPs inhibit the cancer cell with potent effect on
EAC than CACO. Synthesized AuNPs has potential effect as antioxidant.
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