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ABSTRACT

In the present study, Pelargonium sidoides (PS) extract was used in the green synthesis of AuNPs
that was characterized by UV-Vis, TEM, SAED, EDS, XRD, FTIR, and DLS. UV-Vis showed a surface
plasmon resonance (SPR) at Amax of 532 nm while TEM shows that the particles are predominantly
spherical and monodispersed. DLS measurement indicated the particle size and the zeta potential
to be 27.20 nm and -24.0 mV respectively. The in vitro stability of the hybrid particles in different
solutions and buffers (pH 7 and 9) confirmed that the particles are stable over a given period. The
method employed is simple, environmentally friendly, and inexpensive. Our studies suggest that
the Pelargonium sidoides-gold nanoparticles (PS-AulNPs) may be safely used in biomedical
applications such as drug delivery.
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1. INTRODUCTION

Nowadays, gold nanoparticles (AuNPs) have found
interesting biomedical applications such as in drug
delivery, cancer treatment, photothermal and
photodynamic therapy [1]. This is due to their
interesting physical characteristics such as surface
plasmon resonance which can be used for a variety of
applications by tuning the size, shape, and
morphology [2-3]. To produce AuNPs, physical and
chemical methods were popular until sophisticated
instrumentation, cost of analysis [4] and the
hazardous chemicals employed became a concern,
especially when the nanoparticles (NPs) are targeted
for biomedical applications [5].

* Correspoding author, tel: +27 — 658 - 586 - 907

Consequently, the green synthesis methods which
applies the principles of green chemistry became
better alternatives. Here, harsh chemicals are totally
avoided [6]. Among the biological resources, plants
are the most abundant, readily available, non-toxic,
inexpensive, and the chemicals employed are usually
environmentally friendly [7]. Plants are rich sources of
phytochemicals that possess reducing as well as
capping abilities [3]. Recently, renewed attention has
been given to the Metal Nanoparticles (MNPs) like gold
and silver because of many unique features of these
materials [7-8]. Thus, AuNPs with interesting
biological applications have been synthesized using
aqueous solutions of Leucosidea sericea, Hypoxis


mailto:oa.akeemlaja@gmail.com
http://www.nijotech.com/
http://dx.doi.org/10.4314/njt.v39i3.1

PHYSICOCHEMICAL PROPERTIES AND /N VITRO STABILITY STUDIES OF GREEN SYNTHESIZED GOLD NANOPARTICLES USING PELARGONIUM SipoiDES, UM Badeggi, et al

hemerocallidea, Galenia  Africana,  Chamaecostus
cuspidatus, escin, waste fruits, and citrus extracts [2,
4, 6, 9-11]. Apart from whole plants, extracts of
different parts of plants such as flowers, leaves and
seeds, leaves, stem bark, and roots [8, 12, 13] have
been employed in the green synthesis of MNPs with
promising biological activities. On the other
hand, Pelargonium sidoides (PS) is an important
medicinal plant that is native to Southern Africa.
Among other parts of PS, the roots have been
extensively used in the treatment of ailments such as
common cold and cough, dysmenorrhea,
gastrointestinal and respiratory disorders, hepatic
disorders and diarrhea [14]. These claims were
validated by modern research results whereby the
roots of PS showed potent antiviral, antifungal,
antibacterial [15], antioxidant [16], and antimicrobial
[17] properties. Phytochemical screening of the roots
revealed that it contained polyphenols, terpenoids,
proanthocyanins, and flavonoids [18-19]. These
phytoconstituents may serve as reducing and/or
stabilizing agents in the synthesis of NPs.

Therefore, in the present study, the Iyophilized PS root
was used in the biosynthesis of gold nanoparticles.
The particles were characterized using different
microscopic analyses, and the /n vitro stability was
examined. To the best of our knowledge, this is the
first report on the synthesis, characterization, and /n
vitro stability evaluation of AuNPs using PS root
extract.

2. MATERIALS AND METHODS

2.1 Materials

Dried Pelargonium sidoides roots were purchased from
local herb seller in Bellville, South Africa. Polystyrene
96-well microtitre plates were obtained from Greiner
bio-one GmbH (Frickenhausen, Germany). Sodium
tetrachloroaurate (III) dihydrate and Sodium Chloride
(NaCl) were procured from Sigma-Aldrich (Cape Town,
South Africa). N-Acetyl-L-cysteine (CYS), glycine
(GLY), and Phosphate buffered saline (PBS) were
purchased from Lonza (Cape Town, South Africa).
Bovine serum albumin (BSA) was purchased from
Miles Laboratories (Pittsburgh, PA, USA). Deionized
water was used throughout.

2.2 Preparation of P. sodoides

The dried plant material was chopped into smaller
pieces and further blended affording the powdered
form. To obtain the aqueous extract, 10.0 g of the
dried material was added to 100.0 mL of boiled
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deionized water [11]. After cooling, the decoction was
centrifuged for 1 h at 4000 rpm using an Allegra® X-
12R centrifuge (Beckman Coulter, Cape Town, South
Africa). Then, the supernatant was filtered through
0.45 um filters and freeze-dried using Free Zone 2.5 L
freeze-dryer (Labconco, Kansas City, MO, USA).

2.3 Synthesis of the PS-AuNPs and their
Characterization

2.3.1 Synthesis of PS-AulNPs

The freeze-dried material (0.04 g) was dissolved in 2
mL deionized water. 1 mL of the solution was added
to 50 mL of gold salt solution (1.0 % wt) that has been
heated to about 90 °C on a magnetic stirrer. Within 1
min, a color change from brown to ruby red was
observed. The heat was removed and the stirring was
continued for another 10 minutes and then allowed to
cool to room temperature before UV-Vis and DLS
measurements were taken [7].

2.3.2 Characterization of PS-AuNPs

UV-VIS spectroscopy analyses were performed with a
Nicolette Evolution 100 Spectrometer (Thermo
Electron, UK) to determine the optical properties. The
zeta potential and hydrodynamic size values of the PS-
AuNPs were measured using a Zetasizer (Malvern
Instruments Ltd., Malvern, UK) at 25 -C and a 90-
angle. The FTIR analysis was done using the Perkin
Elmer spectrophotometer (Waltham, MA, USA). The
HRTEM images were obtained using FEI Tecnai G2 20
field-emission gun (FEG) HRTEM operated in bright
field mode at an accelerating voltage of 200 kV. The
elemental composition of the AuNPs was identified
using EDX liquid nitrogen cooled Lithium doped Silicon
detector. The crystalline structures of the sample were
determined by X-ray diffraction (XRD; X-ray diffraction
Model Bruker AXS D8 advance) with radiation at
AkCukal = 1.5406 A. The image analysis software
Image] 1.50b version 1.8.0_60
(http://imagej.nih.gov/ij) and Origin pro 2019 64 bits
were used to analyze the TEM and XRD images.

2.3.4 Stability Evaluation of PS-AuNPs

To measure the effect of different media (e.g., 1%
NaCl, 0.5% CYS, GLY, and BSA) on the stability of the
biosynthesized AuNPs, 200 pL of the AuNPs solutions
were mixed with 100 pL of the buffer solutions or
media in a 96-well microtitre plate. The stability of the
AuNPs was monitored by measuring the UV-Vis
spectrum (between 450 and 700 nm) of the samples
at 0, 12, 24, and 48 hrs [11].
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3. RESULTS AND DISCUSSION

3.1 UV-Visible spectroscopy of PS-AuNPs
UV-Visible spectroscopy is a technique that is widely
used to measure the absorption of nanomaterials.
Because different nanomaterials have distinct
absorption peaks, the technique is used to confirm the
formation of nanoparticles. Figure 1 shows the typical
UV-Vis spectrum of PS-AuNPs. A strong absorption can
be observed at 532 nm which is the characteristic
region for gold nanoparticles. This type of absorption
is also known as surface plasmon resonance (SPR).
The SPR originates from the oscillation of the
conduction of electrons as it interacts with
electromagnetic radiation. Similar SPR for gold
nanoparticles has been reported previously [2, 11].
The fact that the absorption is sharp and narrow
affirmed the successful fabrication of monodispersed
PS-AuNPs

3.2 X-ray Diffraction (XRD) and selected area
electron diffraction (SAED) Analysis

Figure 2A shows the XRD pattern of PS-AuNPs. The
XRD analysis of the as-synthesized PS-AuNPs were
carried out to examine the crystallinity of the particles.
PS-AuNPs displayed five distinct diffraction peaks in
the 26 range of 30°-90° that was indexed to the
planes (111), (200), (220), (311), and (222) of the
face-centred cubic (FCC) gold particles. These peaks
were positioned at 38.2°, 44.4°, 64.6°, 77.5°, and

predominant peaks at (111) indicating the presence of
crystallite particles [10]. This fact was further
corroborated by the bright rings displayed by SAED
(Figure 2B).

3.3 Transmission Electron Microscopy (TEM)
and Energy Dispersive X-Ray Spectroscopy
(EDS) Analysis

The TEM results, histogram from particle count, and

the EDS of PS-AuNPs was displayed in figure 3. The

average particle diameter as calculated from 3A

indicated that the majority of the seeds are in the 15

nm size, mostly spherical. It also depicts well-

dispersed particles. Few triangles and hexagons were
however observed as clearly shown in Figure 3B.
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Figure 1: UV-Vis spectra of the biosynthesized PS-
AulNPs

81.7° (Figure 2A). The XRD analysis showed
e | . A
' PE-AUNPs
1000 ‘
,S'-:‘ B0
]
§ = I|I 200
C | -
= oM | ’ﬁ|'- 4
W | I 11
500 4 it l'!hl‘. |
11. -I T ':2"
L, | ced
o Wy ‘1'-" LA
"|'II|,

ER B -

e

2 theta (degree)

Figure 2: XRD patterns (A) and SAED (B) of PS-AulNPs
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This is a characteristic of gold nanoparticles from
plant extracts which further validates the successful
fabrication of the gold nanoparticles. Another
evidence of the formation is the elemental
composition analysis (Figure 3D). Clusters of gold
atoms were observed in the spectrum at about 9-11
keV. This confirms that the nanomaterial we
synthesized is that of gold. Similar TEM and EDS for
AuNPs has been reported previously [11].

3.4 FTIR Spectra of PS-AuNPs

Figure 4 represents the FTIR spectra of PS extract
and PS-AuNPs. The strong band at 3,204 cm™
corresponded to the O—H stretch vibration of phenols
and alcohols which was shifted to 3,222 cm™ in PS-
AuNPs. Similarly, the band at 1,609 cm that was
initially assignable to PS became 1,605 cm™ for PS-
AuNPs. This can be ascribed to —C=C- stretching of
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carbonyl amide I. Proteins, peptides or amino acid
groups are usually thought to be involved in the
reduction and stabilizing process when this band is
identified in AuNPs. The peaks at 1,346 cm and
1,338 cm! in both PS extracts and PS-AuNPs
corresponded to the O—H bending of phenols. This
further confirms the O-H stretch earlier mentioned.
Interestingly, a new peak appears at 1203 cm™ which
was not observed in PS. Therefore, in addition to the
change from 1040 to 1033 cm™, the peaks are
assignable to the C-O stretching of alkyl aryl ether.
The presence of these functional groups confirmed
other researchers claim that the root of PS may
contain proanthocyanins, polyphenols, terpenoids,
and flavonoids [18-19] and they might be involved in
the bioreduction and subsequent stabilization of PS-
AuNPs.
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Figure 3: TEM images (A, B), histogram (C) and EDS (D) of PS-AuNPs
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Figure 4. FTIR spectrum of PS and PS-AulNPs

3.5 Dynamic Light Scattering (DLS)
measurement of PS-AuNPs

DLS is a well-established technique that is used to
measure the hydrodynamic size and surface charge of
nanomaterials. The average size of PS-AuNPs was
27.20 nm whereas the zeta potential was -24.0 mV.
Zeta potential (ZP) is related to the surface charge of
nanoparticles and so particles with ZP less than -30
mV are considered strongly anionic [7]. The
polydisperity index (PDI) of our AuNPs was 0.261, a
low index which is an indication of high homogeneity
of the particles. The zeta potential value of -24.0 mv
(Table 1) shows that large negative ions existed on the
surface of our particles. It further implies that a strong
repulsive force is present in the assembly of ions
thereby enhancing stability. The higher the negative
value of ZP, the better the stability. Accordingly, highly
stable particles have fewer chances of aggregation
and this is a crucial requirement for the particles to
maintain their properties [14]. This will then qualify
them for biomedical applications.

3.7 In vitro stability evaluation

Since the potential application of the synthesized PS-
AuNPs is biomedical, the in vitro stability of PS-AuNPs
was evaluated using 0.5% BSA, GLY, CYS, 1% NaCl,

and buffers (pH 7 and 9) as shown in Figure 6. These
were studied alongside the undiluted particles and the
absorbance was monitored by UV-Vis
spectrophotometer. First Reading was immediately the
media and buffer were added (0 hr) in a 96-well plate.
The second was after 12 hrs incubation at room
temperature (12 hrs), the third and fourth
measurements were taken after 24 and 48 hrs
incubation respectively at 37°C. The spectral studies
showed that PS mediated gold nanoparticles are intact
for these periods. Between 0 and 12 hrs, there was
hardly any blue or red shift. The surface plasmon
resonance in all the physiological medium remained
about the same regions except for a shift from the
particle by approximately 0.5 nm at 48 hrs. Overall,
these slight shifts are considered acceptable and
therefore the nanoparticles are stable at all the
physiological solutions tested. Furthermore, it can be
observed that the biological solutions were selected to
mimic the conditions in the human system to get the
picture of the behavior of our particles when the study
would be graduated into the /n vivo stage. By this, pH
7 would have been enough but we went further to pH
9 for additional information. From Figure 6, it is
evident that even at such high pH value, the particles
were still properly dispersed, avoiding agglomeration.

Table 1: Particle size and zeta potential of PS-AulNPs

Sample Hydrodynamic size (nm)

Zeta potential (mV)

Polydisperity index

PS-AuNPs 27.20

-24.0 0.261
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Figure 6: In vitro stability measurements by UV-Vis at different time interval

This further confirms the results of zeta potential,
thereby validating the suitability of our hybrid particles
for biomedical applications.

4. CONCLUSION

The aqueous extract of freeze-dried PS root was used
to synthesize PS-AuNPs through a green route for the
first time. PS-AuNPs were characterized and displayed
high stability by DLS measurement and at
physiological conditions /n vitro. Thus, the method is
simple, fast, inexpensive, eco-friendly, and validates
the potential biomedical applications of the
biocompatible nanomaterial synthesized in this study.
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