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Abstract

This study was designed to prepare silver, zinc and gold nanoparticles (NPs),
AgNPs, ZnNPs and AuNPs, by biosynthesis technique using methanolic ex-
tract of Rhanterium epapposum flowers using AgNO,, Zn (CH,CO,), and
HAuCl,-3H,0O as starting materials. The physical properties of the formed
NPs were characterized by ultraviolet spectroscopy (UV), X-ray diffraction
(XRD), transmission electron microscopy and Fourier transformed infrared
spectroscopy (FTIR). The results revealed that, AgNPs were homogeneous
and spherical in shape, with average diameter 16.3 nm. While, ZnNPs were
approximately triangle and hexagonal shaped, with average diameter 23.5
nm. Most of the synthesized AuNPs were spherical in shape with average
diameter 17.9 nm. The antifungal activity of different concentrations of the
formed AgNPs, ZnNPs and AuNPs was tested against two human pathogens:
Candida albicans and Aspergillus melleus and one plant pathogenic fungus:
Phoma exigua, using agar diffusion assay. The best results recorded by 120
pg/ml AgNPs against the human pathogen: C. albicans where the inhibition
zone was 23.5 mm. Additionally, the cytotoxicity of the tested NPs was eva-
luated against Breast adenocarcinoma (MCEF-7), Hepatocellular carcinoma
(HepG-2) and colorectal carcinoma (HCT 116) human cell lines. The most
toxic was AuNPs where the IC50 against MCF-7, HepG2 and HCT116 was
55.02, 66.44 and 169.87 pg/mL respectively.
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1. Introduction

Nanoparticles are considered as the building blocks of nanotechnology that they
were synthesized in the range of 1 - 100 nm [1] [2]. The synthesis of NPs by bio-
logical methods is rapidly growing for the field of nanotechnology due to its low
toxicity and relatively cheap. Thus, these methods are reported as an economical
valuable and alternative source for the synthesis of metal NPs [3]. Among all
noble metal NPs, silver, zinc and gold had an interest based on their distinctive
properties using different experiments as antibacterial activity [2] [4] [5], anti-
tumor [1] [3], catalytic activity [6] [7] and chemical stability [8] [9] [10].

Incidentally, the researchers concern was attracted by the production possibil-
ity of NPs by biological methods. This was performed by using bacteria, algae,
fungi or plant extracts as an alternative to the chemical and physical methods for
producing NPs [11] [12]. The biosynthesis of NPs, which mediated by microbes,
is not industrially feasible, because it requires the preservation of highly aseptic
conditions and expensive growth media to grow [13]. It was reported that plant
extracts showed numerous advantages, such as availability, safety handling and
viability of metabolites. Moreover, the reaction media for the synthesis of inor-
ganic NPs is more interesting over other microorganisms as well as less hazard
than other organisms [14].

Medicinal plants possess high safety profile as well as high effectiveness, so,
they are useful for human beings in many applicatory uses [15]. They are consi-
dered as an important source of bioactive metabolites which can be used for
treatment of many diseases. In the meantime, some of these plant metabolites
play vital roles as reducing and capping agents in metals NPs biosynthesis [16].
The green method for creating metal NPs is aimed at striving against the safety
of applications of the nanotechnology, especially in medical fields.

Recently, there are several publications interested in application of nanotech-
nology in drug discovery. These reports showed the effect of Musa acuminata
[3], Echinochloa frumentacea [5], Clinacanthus nutans [9], that used for biolog-
ical synthesis of silver, zinc and gold NPs.

As there is no available reviews or publications indicated the production of
metals NPs using the flower of Rhanterium epapposum (family: Asteraceae)
which is considered a rich source of volatile compounds including limonene, li-
nalool, 4-terpineol and a-cadinol [17] [18]. So that, the present study is inter-
ested in production of silver, zinc and gold NPs by green synthesis method using
R. epapposum flower extract.

The study was designed to investigate the ability of the methanolic extract of
R. epapposum flowers to biosynthesized AgNPs, ZnNPs and AuNPs without us-

ing any harmful reducing or capping agents. Then, the features of the formed
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NPs were characterized by UV-Vis spectroscopy, XRD analysis, FTIR analysis
and TEM. Further, the antifungal activity of the formed NPs was tested against
C. albicans, P. exigua and A. melleus. In addition, their cytotoxicity on three
cancer cell lines: Breast adenocarcinoma (MCEF-7), Hepatocellular carcinoma
(HepG-2) and colorectal carcinoma (HCT 116) human cell lines was also inves-

tigated.

2. Materials and Methods

Collection of R. epapposum flowers and preparation of their methanolic

extract:

Flowers of R. epapposum were collected from Al-Wadeen, Ahad Rafidah go-
vernorate, Assir region, Saudi Arabia at October 2019. Then, the collected flow-
ers were cleaned, washed by dist. H,O and dried in the oven at 50°C for 24 h in-
side paper envelops. After drying, the flowers were powdered using an electric
mill.

About 50 g flower powder was extracted in 250 ml 70% methanol for 1 h in
water bath at 40°C. Then the mixture left for 48 h in the dark for complete ex-
traction. The extraction mixture was filtered using Whatman filter paper num-
ber 1, then the aliquot was dried by a rotary evaporator at 50°C to gain a semiso-
lid material which completely dried to solid powder in the oven for 24 h at 40°C.

Biosynthesis of AgNPs, ZnNPs and AuNPs:

Silver nitrate (AgNO,) and Gold (III) chloride trihydrate (HAuCl,-3H,0)
purchased from (Sigma Aldrich, UK), while, Zinc Acetate; Zn (CH,CO,), and
Methanol were purchased from (AnalaR grade: BDH Chemicals, England).

The tested NPs; AgNPs, ZnNPs and AuNPs were biosynthesized using the

previously prepared flower extraction according to the method of [3] [19].

Firstly, an aqueous flower extract was prepared by dissolving 2 g from previously
prepared flower solid powder in 200 ml dist. H,O using magnetic stirrer. Then,
the solutions of starting materials with conc. 1 molar were prepared in 100 ml
dist. H,O separately using the following weights (g) AgNO;; 1.7, Zn (CH,CO,),;
2 and HAuCl,-3H,0; 3.3. After that, 25 mL of aqueous flower extract was added
dropwise with continuous magnetic stirring at room temperature until appear-
ing of diagnostic colors for each metal NPs. Brown red color in the case of
AgNPs, while in the cases of ZnNPs and AuNPs the detected colors were yello-
wish milky and dark pink respectively. This color change of the solutions is in-
dicator for conversion of the metal particles from the large scale into nano scale.
After that, each metallic NPs were settled by centrifugation at 10,500 rpm for 15
min. The NPs were subjected to the washing process with distilled water three
times before drying them at 90°C for 24 h for obtaining powdered NPs.

Characterization of AgNPs, ZnNPs and AuNPs:

The absorbance of the resulted NPs was measured at UV range of 300 - 800
nm by UV-Visible spectrophotometer (Cary 8454 UV-Vis Diode Array System,
United State). Also, the XRD of the biosynthesized NPs were analyzed on glass
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substrate by using X-ray diffractometer Shimadzu X-ray (Cu ka) Diffract meter
XRD-6000 (1 = 1.5406 A) operated at 30 kV and 25 with a step of 0.02° in the
Bragg angles 26 at a scanning rate of 20 min™' at 30" to 80°. The functional
groups of the samples were investigated in the 400 - 4000 cm™" range with a
Thermo Nicolet 6700 Fourier transform infrared (FTIR) spectrometer (Thermo
Scientific, Waltham, MA, USA). While the particle size and morphology of the
tested NPs were observed by using Transmission Electron Microscopy JEOL
TEM (Model 100 CXII) electron microscope.

Antifungal activity of NPs using agar diffusion assay:

Antifungal activity of the formed AgNPs, ZnNPs and AuNPs was screened

against three pathogenic fungi; C. albicans, P. exigua and A. melleus. The tested
pathogens were kindly provided by the Microbiology Research Laboratory, Bi-
ology Department, King Khalid University.

The yeast strain; C. albicans was activated in yeast agar (YA) medium at 27°C
for 48 h. The cell suspension (approximately 107 cells ml™) was prepared by col-
lecting the cells from new cultures by swabs and suspended them in 50 ml dis-
tilled water in falcon tube and shaking well. The fungal strains; P. exigua and A.
melleus were sub-cultured using PDA plates and incubated at 27 °C for 5 days.
Fresh hyphae or spore suspensions of both P. exigua and A. melleus about 10’
hyphae or spore ml™" were used.

The antifungal properties of the tested NPs were screened using the agar well
diffusion method [4] [20]. For that purpose, 100 uL from each of the previously
prepared yeast and fungal suspensions were mixed separately with YA and PDA
media before solidification and mix well then poured in Petri plates and let to
solidify. Regular wells of 4 mm were made with a sterile cork borer in each plate.
Serial dilutions (30, 60, 90 and 120 pg/ml) from AgNPs, ZnNPs and AuNPs were
prepared; then the wells filled by 50 yL from each dilution. The plates were in-
cubated at 27°C, then the inhibition in the fungal growth was recorded by mea-
suring the appeared inhibition zones after 24 hours for yeast and after 72 hours
for fungal species. The obtained results were compared with, 60 pg/ml of nysta-
tin as a positive control and 60 pL dist. H,O as negative control. To investigate
the antifungal activity of the crude extract of R. epapposum flowers; 60 pg/ml
was tested against the tested fungi according to the used method. Each samples
and controls treatments were repeated five times.

Detection of cytotoxicity of the tested NPs:

Breast adenocarcinoma (MCF-7) Hepatocellular carcinoma (HepG-2) and
colorectal carcinoma (HCT 116) human cell lines were obtained from the
American type culture collection (ATCC). Cells were maintained in RPMI-1640
supplemented with (100 pug/mL); penicillin (100 units/mL) and heat-inactivated
fetal bovine serum (10% v/v) in a humidified, 5% (v/v) CO, atmosphere at 37°C.

Sulforhodamine B Assay (SRB):

The cytotoxicity of the NPs was evaluated against (MCF-7, HepG2 & HCT
116) human tumor cells using SRB. 90% confluency growing cells were trypsi-
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nized and cultured in a 96 well tissue culture plate (3000 cells/well) for 24 h be-
fore treatment with the tested NPs. Cells exposed to six different concentrations
of each NPs (0.01, 0.1, 1, 10, and 1000 pg) while the untreated cells served as
control. The cells were incubated with the concentrations for 72 h and subse-
quently fixed with TCA (10% w/v) for 1 h at 4 °C. After several washings, cells
were stained by 0.4% w/v SRB solution for 10 min in dark place. Excess stain was
washed with 1% v/v glacial acetic acid. After drying overnight, the SRB-stained
cells were dissolved with Tris-HCI and the color intensity was measured in mi-
croplate reader at 540 nm. The relation between viability percentage of each tu-
mor cell line and NPs concentrations was analyzed to get the IC,, (dose of the
drug which reduces survival to 50%) using Sigma Plot 12.0 software. All the
steps were repeated using the antitumor drug; Doxorubicin as control.
Statistical analysis:

Statistical analysis of the present study was conducted, using the mean, stan-
dard deviation (SD) and analysis of variance (ANOVA) using Microsoft Excel
2016 program and the online free source; Free Statistics Calculators version 4.0.
Statistical significance was acceptable to a level of p < 0.05. Graphs were plotted
using GraphPad Prism software, version 6.00 (GraphPad Software, La Jolla, CA).

3. Results and Discussion

Biosynthesis of AgNPs, ZnNPs and AuNPs:

The biosynthesis reaction started within a few minutes and the color reaction
was observed in which clear AgNO,, Zn (CH,CO,), and HAuCl,-3H,O solutions
were changed into brown red color, yellowish milky color and dark pink respec-

tively. The new colors indicated the formation of the corresponding NPs and
confirm the ability of the methanolic extract of R. epapposum flowers to syn-
thesize the NPs (Photo 1).

Characterization of AgNPs, ZnNPs and AuNPs

The UV-Vis spectra of the formed AgNPs, ZnNPs and AuNPs are shown in
Figure 1. The distinct peaks observed at 423, 375 and 525 nm are distinguished

to surface plasmon resonance of AgNPs, ZnNPs and AuNPs respectively. These
results are compatible to results of other researches [1] [9]. The obtained nano-
particles showed high stability at the recorded peaks.

Figure 2 represented the XRD pattern of the tested NPs. In each pattern, four
distinct diffraction peaks are observed. In the case of AgNPs the peaks are ob-
served at 260 equal 38.16°, 44.42°, 64.41°, and 77.49°. While, the detected peaks of
AuNP were at 26 equal 38.08°, 44.2°, 64.49°, and 77.60°. These four peaks are
indicating that the AgNPs and AuNPs phase exist in the form of face centered
spherical structure. Peaks of ZnNPs were observed at 26 equal 31.95°, 34.23°,
36.29°, 47.56°, 56.67°, 62.91°, 66.28°, 67.95°, 69.03°, 72.59°, and 77.09° corres-
ponding to the 100, 002, 101, 102, 110, 103, 200, 112 and 201 planes. Thus, the
X-ray diffraction study clearly demonstrates the crystalline nature of the bio-
synthesized AgNPs, ZnNPs and AuNPs. These results are agreed some earlier
researches [1] [4] [21].
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Photo 1. Biosynthesis of AgNPs, ZnNPs and AuNPs using R. epapposum flower extract
(a). Reaction with 1 mM of: AgNO; (b), Zn (CH,CO,), (¢) and HAuCl,-3H,0 (d).
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Figure 1. UV-Vis spectrum analysis of the formed AgNPs, ZnNPs and AuNPs.
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Figure 2. XRD of the green synthesized AgNPs, ZnNPs and AuNPs.

To study the morphology of the biosynthesized AgNPs, ZnNPs and AuNPs,
the TEM analysis was carried out. The micrographs revealed that AgNPs were
homogeneous and spherical in shape, with a size range from 3 - 17 nm with av-
erage diameter 16.3 £ 3 nm. Shape of ZnNPs was approximately triangle and
hexagonal, in which their size ranged from 9 - 30.3 nm and the average diameter
was 23.5 + 10 nm (Photo 2). Most of the AuNPs were spherical in shape and
their size ranged from 3 - 19 nm with average diameter 17.9 + 3 nm.

The FT-IR spectra of AgNPs, ZnNPs and AuNPs are shown in Figure 3. The
absorption bands at 3405 to 3438 cm™’, 2919 to 2935 cm ™' and 2850 to 2877 cm™
are assigned to O-H stretching mode of alcohols/phenols and N-H vibration of
amines. The medium band at 1622 to 1630 cm™ is corresponded to conjugation
effects of C=0 stretching of carbonyl groups. The strong band 1064 to 1081 cm™
is corresponded to aliphatic amines. While the bands at 925 to 553 cm™ were
corresponded to stretching of haloalkanes [10].
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Photo 2. TEM images of the green synthesized AgNPs, ZnNPs and AuNPs.
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Figure 3. FT-IR spectra of the green synthesized AgNPs, ZnNPs and AuNPs.

Antifungal activity of AgNPs, ZnNPs and AuNPs:

The antifungal activity of the biosynthesized AgNPs, ZnNPs and AuNPs have
been investigated against C. albicans, P. exigua and A. melleus using the agar
well diffusion method. It was noticed that the biosynthesized AgNPs, ZnNPs and

AuNPs and the antibiotic (positive control) exhibited an antifungal activity

against the tested pathogenic fungi. While the flower plant extract has a negligi-
ble effect against the pathogenic yeast and fungal species (Table 1 and Photo 3).
All the biosynthesized AgNPs, ZnNPs and AuNPs showed a significant antifun-
gal activity against the tested fungi where the effect increased proportionally
with increasing the concentration. AuNPs showed least activity for all the or-
ganisms.

Cytotoxicity of AgNPs, ZnNPs and AuNPs:

The cytotoxic activity of the formed AgNPs, ZnNPs and AuNPs mediated by

the methanolic extract of R. epapposum was evaluated against MCF-7, HepG-2
and HCT 116 human cancer cell lines using SRB assay. The best cytotoxic effect
was recorded by AgNPs where the IC,; values were 0.55 + 0.01, 0.98 + 0.08 and
1.66 *+ 0.18 (ug/mL) against MCF-7, HepG2 and HCT 116 respectively. While,
the lowest cytotoxic effect against these cancer cell lines was exhibited by
AuNPs. On the other hand, mild cytotoxic activity was investigated by the crude
extract of R epapposum flowers and ZnNPs (Table 2 and Figure 4).
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Table 1. Antifungal activities of the formed NPs against the used pathogenic fungi.

Inhibition zones (mean + SD) mm

30 uyg/ml 60 pg/ml 90 pg/ml 120 uyg/ml  Extract® Nystatin®

Candida albicans
AgNPs 153+0.53 17.0+050 20.0+1.2 23.5+0.67
ZnNPs 155+042 175+082 195+0.5 21.2+£0.46 32+£05 15.6+0.62
AuNPs 13.2+£0.38 15.2+0.34 18.2+£0.9 19.8 £0.82
ANOVA
F-value: 40.469 21.146 5.180 39.275
P-value: 0.000** 0.000** 0.024* 0.000**
Phoma exigua
AgNPs 14.0£0.52 152 +04 17.0 £ 0.58 19.3 £0.32
ZnNPs 16.0 £0.23 185+0.54  20+0.49 22.0+048 122+092 195+0.2
AuNPs 11.0 £1.20 13.2+0.72 154 £ 0.6 18.2£0.25
ANOVA
F-value: 53.87 110.77 87.347 145.080
P-value: 0.000** 0.000** 0.000** 0.000**
Aspergillus melleus
AgNPs 12.5+£0.25 14.5+0.24 175+ 0.6 19.7 £0.33
ZnNPs 13.6 £0.59 132+039 150+£084 17.5+£0.76 0.00+£0.00 16.7+0.3
AuNPs 63+0.92 84+054 10.0+0.24 14.3*0.26
ANOVA
F-value: 184.84 829.54 194.75 146.66
P-value: 0.000** 0.000** 0.000** 0.000**

*Concentration used is 60 pg/ml. SD: Standard Deviation. *: Significant at P < 0.05; **: Highly significant at
P <0.05.

Table 2. Cytotoxicity of the methanolic extract of R. epapposum and Ag NPs, Zn NPs
and Au NPs against three cancer cell lines.

ICs, (ug/mL) + SD

MCF-7 HepG2 HCT 116
Organic extract 2424 +1.46 29.61 +£2.09 2411+ 1.56
AgNPs 0.55 £ 0.01 0.98 +0.08 1.66 + 0.18
ZnNPs 12.23 £0.92 0.70 +£0.01 26.28 +2.86
AuNPs 55.02 £ 1.31 66.44 + 1.40 169.87 + 1.53
ANOVA
F-value: 2338.79 3056.95 9147.13
P-value: 0.000** 0.000** 0.000**

SD: Standard Deviation. **: Highly significant at P < 0.05.
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Photo 3. The antifungal activity of the biosynthesized NPs against C. albicans
(a), P. exigua (b) and A. melleus (c) at different concentrations; T1: 30 pg/ml,
T2: 60 pg/ml, T3: 90 pug/ml, T4: 120 ug/ml, T5: 60 pg/ml R. epapposum flower
extract, C -: -ve control and C+: +ve control (nystatin).
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Figure 4. Cytotoxicity of the AgNPs, ZnNPs and AuNPs against MCF-7, HepG-2 and HCT 116 human cell lines. Doxorubicin

served as control.
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4. Conclusion

The silver, zinc and gold NPs were successfully prepared biologically using the
alcoholic extract of R. epapposum flowers and the starting materials: AgNO;, Zn
(CH,CO,), and HAuCl,-3H,O. Then, the morphology and particle size of the
formed NPs were established by UV spectroscopy, XRD, TEM and FT-IR. The
tested NPs represented an antifungal activity with different degrees against C.
albicans, P. exigua and A. melleus. Moreover, the formed NPs showed cytotoxic
effects against three cancer cell lines (MCF-7, HepG-2 and HCT 116) where
AgNPs exhibited the best results. According to these results, it was concluded
that, the tested AgNPs, ZnNPs and AuNPs might be used as antitumor mate-

rials, but this still needs further studies.
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