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Abstract

In this manuscript, a simple new method for the green synthesis of platinum nanoparticles (Pt NPs)
utilizing F. carica Fig extract as reducing agent for antimicrobial activities was reported.
Simultaneously, the microstructural and morphological features of the synthesized Pt NPs were
thoroughly investigated. In particular, the attained Pt NPs exhibited spherical shape with diameter range
of 5-30 nm and root mean square of 9.48 nm using Transmission Electron Microscopy (TEM) and
Atomic Force Microscopy (AFM), respectively. Additionally, the final product (Pt NPs) was screened
as antifungal and antibacterial agent against Candida and Aspergillus species as well as Gram-positive
Staphyllococcus aureus and Gram-negative Acinetobacter species, respectively. Accordingly, the
synthesized NPs demonstrated inhibition zones of 36 and 28 mm against fungal and bacterial species,
respectively. The presented Pt NPs play an active role in both antifungal and antibacterial activities
which indicates the presence of a well-regulated nano-materials system for biomedical application.

Keywords: antibacterial, antifungal, F. carica extract, Green synthesis, Pt NPs.

Introduction

Metal and metal oxide NPs are of obvious
interest among researchers because of their
distinctive features including easy separation, low
toxicity, and significant surface-to-volume ratio2.
Metal and metal oxide NPs have shown a wide-range
of applications such as solar cells, sensors,
thermoelectric, catalysis...etc.®’. In the field of
nanotechnology, nanomedicine in particular, metal
and metal oxide have revealed promising properties
as antimicrobial agents & °.

Pt NPs have revealed considerably superior role
in humans compared to cisplatin, which is a cancer
medication®!!, Pt NPs attracted a significant
attention owing to their outstanding performance as
antimicrobial agent !2; This could be attributed to a
number of reasons; for instance, because of their
relatively small size, considerable surface area,

biocompatibility as well as low toxicity. The
aforementioned features permit the Pt NPs to
penetrate bacteria and fungi living-cell membranes
which in turn result in an anticipated influence of
intracellular mechanisms'?%,  The considerable
activity of Pt NPs is also attributed to relatively
excessive cellular uptake, yet in vivo reduction alters
the pharmacological features and subsequently drug
efficiency. The potential benefit of Pt NPs is the
comparatively low reactivity which results in lower
loss of the active drug as well as reduces the
undesired reactions!®'’. Moreover, due to the
increase of environmental concerns initiated through
the chemical and physical approaches, efforts are
being conducted in order to develop NPs synthesis
techniques using natural resources. In this attempt,
several techniques were conducted in order to
synthesize a well-oriented Pt NPs for the sole
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purpose of inhibiting the bacterial/fungal growth &
2L The green synthesis approaches involving the
utilization of enzymes, plants extracts, as well as
microorganisms play a vital role in the
environmentally friendly Pt NPS formation?> 24,

Therefore, this study aims to demonstrate the
synthesis of Pt NPs utilizing F. carica (common

Materials and Methods

Experimental Procedures
1. Plant collection and extraction

Dried carica Figs were acquired from a local
market in Baghdad, Irag. The collected fruit was
washed thoroughly and 20 gm of the fruit were
ground and blended alongside 100 ml of distilled-
deionized water (DDW). The solution was later
heated to 100 °C in a closed flask and subsequently
cooled down to room temperature (RT) for one hour
% Finally, the mixture was filtered using
chromatography paper (Whatman No.1) then
incubated at RT for additional use.
2. Synthesis of Pt NPs

The experimental procedure of Pt NPs synthesis
consists of specific amount 0.5, 1, and 2 mM of
Chloroplantinic acid (H2PtCls. 6H,0) as precursor
under a stirring rate of 600 rpm for 20 minutes at 30
°C. Afterwards, the Fig extract was added to the
mixture with molar ratio of 1:9 in 10 mL DDW under
stirring rate of 400 rpm for 3 hours at 50 °C.
Subsequently, the resultant mixture was centrifuged
for 30 minutes at 4000 rpm; and the residue was
washed with multi-cycle centrifugation procedure.
Hereinafter, the precipitate was dried at 75°C in an
oven for 8 hours. Finally, the Pt NPs samples were
denoted as Pt NPs-1, Pt NPs-2, and Pt NPs-3 for 0.5,
1, and 2 mM, respectively.
3. Characterization

The microstructural features of the prepared
NPs were studied via Shimadzu X-ray
Diffractometer (XRD-6000) with wavelength of
1541 A° and Cu-Ka radiation. In the meanwhile,
compact char surface was investigated using Fourier

Results and discussion

1. Structural analysis of Pt NPs

Figure 1 a illustrates the X-ray diffractions analysis
of the synthesized Pt NPs. Three pronounced peaks,
shown in Fig. 1 a, were acquired at around 26 =
38.7°, 45.2°, and 67.9° which corresponds to the
lattice reflections of the (111), (200), and (220)
planes for 2mM, 1mM, and 0.5mM, respectively.

Figs) extract as a reducing agent. The structural,
morphological, and optical properties of the attained
product are demonstrated in detail. Furthermore, the
synthesized Pt NPs are assessed for antifungal
activity using Candida and Aspergillus species
alongside the antibacterial activity against Gram-
positive Staphyllococcus aureus and Gram-negative
Acinetobacter species.

Transform Infrared Spectroscopy (FTIR, Thermo
Nicolet Nexus) ranging from 400 to 4000 cm™.
Furthermore, the optical investigation of the obtained
Pt NPs was performed via Shimadzu UV-1800 UV-
Vis spectrophotometer. Atomic Force Microscopy
(SPM AA3000-AFM) and TECNAI F-30 TEM were
used for the morphological and nanoparticle size
investigations.
4. Antimicrobial Activities

The antifungal and antibacterial activities of Pt
NPs were evaluated using the well-known agar well
diffusion method?. Herein, the antifungal activity
was screened against Candida and Aspergillus
species, whereas, the antibacterial activity was
monitored against Gram-positive Staphylococcus
aureus and Gram-negative Acinetobacter species. In
a typical procedure, the agar petri dish was
thoroughly swabbed with sterile cotton swap
technique in which 30 ml of 24 hours Sabouraud'’s
dextrose and blood agar were used for each fungal
and bacterial species. Continuously, wells were
made in the pre-solidified agar plates via 5 mm cork
bor-er. Variety of Pt NPs concentrations 37.5, 75,
150, 300, 600 and 1200 pg/ml were employed in
order to estimate the synthesized NPs antifungal
activities. Concurrently, the antibacterial activity
was performed using Pt NPs with concentrations of
50,100,200, 300, 400 and 500 pg/ml. Finally, the
antimicrobial activity, in general, was recorded after
incubation time of 24 hours. It is worth mentioning
that DDW was utilized as negative control while
standard antibiotics was employed as positive
control.

This observation confirms the crystal structure
formation of Pt NPs (JCPDS-No: 38-0486) 2728, The
intensity of the XRD peak was noticed to be slightly
increased as a function of the utilized concentration
and more intensity at concentration ImM. Crystallite
size was calculated in accordance with Debye-
Scherrer’s formula?, the corresponding outcomes
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are demonstrated in Fig. 1 b. It is an established fact
that the FWHM can be used as a crystal quality
indicator according to Debye-Scherrer’s model;
thereby higher crystal quality exhibits low FWHM?°,
Hence, as illustrated in Fig. 1 b, it is evident that the
crystal quality of the acquired Pt NPs for the
prepared samples reached the highest value at around
1 mM molar. Fig. 1 c, illustrates the FTIR spectrum
obtained for Pt NPs clearly shows O-H stretching
bond at 3440.21 ¢m™1, while other characteristic
peaks at 2899.73 and 2330.29 which correspond to

both € —H and C =N stretching vibrations,
respectively. Moreover, the occurrence of
characteristic peaks at 2067 and 2042 ¢m™! are
attributed to the Pt-Pt bond stretching which agrees
well with the literature®. The Pt amine vibration was
noticed at 1645.04 ¢cm™! and peaks at 1061 and
143753 ¢cm™! are due to theC—0 and C=C
stretching, respectively. Finally, characteristic peak
at around 800.51 c¢m™! are designated to the surface
atoms complexation process®® %2,
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Figure 1.(a) XRD patterns of Pt NPs, (b) FWHM and crystallite size of Pt NPs, and (¢) FT-IR
spectrum of 1 mM Pt NPs.

2. Optical analysis of Pt NPs

Fig.2 a illustrates the UV-Vis spectra of the
presented Pt NPs at different concentrations, by which
a cut-off phenomenon was noticed at around 350 m.
The latter was originated from the direct transition of
the Pt NPS, with respect to the employed
concentrations. Simultaneously, the optical band gaps

were calculated via Tauc relation, the Tauc relation is
used to extract the optical band gap (Eg) of the sample
based on its mathematical relation with absorption
coefficient (@) and hv is a photon energy, as
represented in the equation below®

(ahv)? = A(hv — Ey),
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as elucidated in Fig. 2 b. The evaluated optical band
gaps exhibited almost similar values in which it is
verified that the utilized molar concentrations have
relatively low effect on the optical properties of the
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synthesized NPs. The obtained findings are in good
agreement with the crystallite size obtained through
XRD analysis.
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Figure 2. (a) Optical absorption and (b) optical band gap of the synthesized PT NPs.

3. Morphological Analysis of Pt NPs

The AFM two- and three-dimensional
illustrations with scanning area of 2um are depicted
in Fig. 3 a. It is evident that the synthesized NPs are
vertically aligned with spherical shape. Additionally,
the average RMS and surface roughness exhibited
values of 9.48 and 8.28 nm, respectively, while the
average diameter was found to be 49.46 nm. The
former suggests the occurrence of rough surface that
in turn leads to high electrochemical performance3.

Subsequently, the prepared NPs morphological
properties were also studied through TEM analysis,
as displayed in Fig. 3 a. Within the TEM analysis, it
was observed that the attained Pt NPs demonstrated
a particle diameter ranging from 5 to 30nm, whereby
the average diameter was found to be 16 nm. The
upper limit of the particle diameter was found to be
relatively close to the diameter acquired in the AFM
analysis Fig. 3 a.
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Figure 3. (a) TEM image and, (b) 2D and 3D illustration AFM of the synthesized Pt NPs.

4. Antimicrobial Analysis of Pt NPs

The antimicrobial activities of the green synthesized
Pt NPs are demonstrated in Fig. 4 a and b. Generally,
it is established that the fungal and bacterial cells’
size range within micrometer scale; in the
meanwhile, these cells contain pores in the
micrometer scale. Henceforth, NPs with size scale
comparable to the pores possess a unique property in
which a clear passage to the cell membrane might be
attained® 3¢, As shown in Fig. 4 a, Pt NPs exhibited
an increase zone of inhibition with the increment of
the NPs concentrations against both Candida and
Aspergillus fungi species. Pt NPs exhibited higher
inhibition zone against Aspergillus species. than
Candida spp. The stated observation was only

noticed at low NPs concentrations 75 and 150 pg/ml.
However, the inhibition zone in the case of Candida
spp. was noticed to be higher at greater NPs
concentrations. In details, concentration as low as 75
ug/ml revealed inhibition zones of 11.5 and 11mm
in the case of Aspergillus and Candida, respectively.
Inversely, inhibition zones of 28, 31 mm were
monitored against Aspergillus and Candida at NPs
concentration of 600 pg/ml as shown in Fig 5 a and
b, respectively. Table. 1, shows the antifungal
activity using standard antibiotics in which it can be
clearly indicated that proposed nanomaterials system
has an active role against the utilized fungi spp. as
compared to the standard antibiotics.
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Table 1. Zone of inhibition diameters of antifungal in comparison with the Pt NPs and DDW for
Candida Spp. and Aspergillus Spp.

fungal minimum inhibition zone (mm)
KCA NY AMB FCN DDW  platinum NPs
(10 pg)  (100un) (20pg) (10pg) (75 pg)
candida spp. 35 14 114 23 12
Aspergillus spp. 21 17.2 12 0 0 11
KCA: Ketoconazole NY: Nystatin

AMB: Amphotericin-B

Similarly, the Pt NPs antibacterial activity against
two bacteria spp. was tested using Gram-positive S.
aureus and Gram-negative Acinetobacter spp at
different Pt NPs concentrations. The outcomes of this
investigation can be seen in Fig. 4 b. Herein, a
comparable behavior to the antifungal activity was
observed in which a growth in the zone of inhibition
was perceived alongside the NPs concentration
increment. NPs concentration of 100 pg/ml showed
inhibition zones of 11 and 9 mm against Gram-

FCN: Fluconazole

positive S. aureus and Gram-negative Acinetobacter
spp, respectively. Whereas inhibition zones of 28 and
24 pg/ml were detected using NPs concentration of 500
pg/ml for Gram-positive S. aureus and Gram-negative
Acinetobacter spp as in Fig 5 ¢ and d, respectively.
Besides, the acquired antibacterial activity was compared
to those obtained using standard antibiotics, the relevant
results are presented in Table. 2. Hereinafter, the
demonstrated outcomes suggest that the utilized Pt NPs
exhibited an active role in killing/inhibiting both fungi and
bacteria growth.

Table 2. Zone of inhibition diameters of antibacterial in comparison with Pt NPs and DDW for
Staphyllococcus aureus Spp. and Acinetobacter Spp.

bacterial minimum inhibition zone (mm)
isolates CRO AK SAM TS CD CIP ATH DDW Platinum
B0pg) (B0pg) (20pg) (25pg) (@Cpg) (Gpg) (ASpg) NPs (100 pg)
S. aureus 25 18 15 13 0 0 0 0 11
Acinetobacter 0 0 0 0 0 0 0 0 10.8
baumanii
CRO: Ceftriaxone AK: Amikacin SAM: Ampicilin + Sulbactam

TS: Trimethoprim CD: Clindamycin
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Figure 4. Inhibition zones of Pt NPs: (a) fungi and (b) bacteria.
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Figure 5. Images for the zone of inhibition by Pt NPs (a) Candida Spp, (b)Aspergillus Spp, (c) S.
aureus Spp, and (d) Acinetobacter Spp

Conclusion

A simple pathway for the green synthesis of Pt
NPs utilizing F. carica Fig extract was effectively
demonstrated. The attained Pt NPs were
characterized using variety of analytical techniques
in which average particle diameter and RMS values
of 16 and 9.48 nm were acquired using TEM and
AFM techniques, respectively. Furthermore, the
antimicrobial activities were also studied against two
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