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Recently, biogenic synthesis of gold nanoparticles (AuNPs) has become a focus area in cancer research owing to
the eco-friendliness and cost effectiveness of the synthetic method. In this study, aqueous extract of Garcinia kola
seed (AEGKs) was used for the bio-reduction of Au®* to Au’. The synthesised AEGKs-AuNPs was characterised by
ultraviolet-visible (UV-Vis) spectroscopy, dynamic light scattering (DLS), high-resolution transmission electron
microscopy (HRTEM) and Fourier transform-infrared (FT-IR) spectroscopy. The in vitro antioxidant activity of
the AEGKs and AEGKs-AuNPs was evaluated using 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability and
ferric reducing antioxidant power assays. The AEGKs-AuNPs showed an absorption maximum at 512 nm, and the
HRTEM images revealed mostly, spherical-shaped AuNPs in the size range of 2-17 nm. The FT-IR spectroscopy
revealed that polyphenolic compounds and proteins were predominant, and responsible for the reduction and
capping of the AuNPs. The AEGKs-AuNPs showed concentration dependent antioxidant activities, while dose-
dependent in vitro anti-cancer activity of the AEGKs-AuNPs was demonstrated against lungs, prostrate, human
cervical and human colon cancer cells, using the 3-(4,5-dimethylthiazol-2-yl)— 2,5-diphenyltetrazolium bromide
tetrazolium reduction (MTT) assay. The antioxidant and anti-cancer activities of the AEGKs-AuNPs could be

attributed to the presence of phytochemicals and physicochemical properties of the AuNPs.

1. Introduction

Cancer is a global health burden, with approximately 9.6 million
deaths recorded in 2018 [1,2]. The increasing mortality rate associated
with cancer calls for an urgent attention in the management of this
disease [3]. The use of conventional treatment options, such as surgery,
radiation and chemotherapy are limited by adverse effects including
fatigue, anaemia, alopecia and thrombocytopenia [4,5].

Gold nanoparticles (AuNPs) have attracted great interest in
biomedical applications because of its physicochemical properties such
as tuneable size, shape, surface chemistry and biocompatibility [6]. Gold
nanoparticles are used in bio-imaging, bio-labelling, bio-sensing, drug
delivery, photodynamic therapy, as well as therapeutic agents for cancer

[7-9]. Several approaches including physical, chemical, and biological
methods are used in the synthesis of AuNPs. The physical and chemical
methods of synthesising AuNPs makes use of toxic and hazardous
chemicals, consumes higher energy, expensive and requires complex
techniques [10,11]. The use of toxic chemicals affects biocompatibility
of the AuNPs therefore, limiting its use in biomedical applications [12,
13]. The biological approach on the other hand has greater advantage
because of their dynamic nature which include products from natural
sources, safety, and stability. In addition, this approach is economical
and saves time as it requires a single-step bio-reduction process [14].
Another benefit of using biological synthesis is the ease to control size
and shapes of AuNPs. These properties, enhance the retention and
permeability effect of AuNPs at tumour site [15]. Biological (green)

* Corresponding author at: Department of Biochemistry, Nanomedicine, Medicinal plant and Drug Toxicology Unit, Afe Babalola University, P.M.B 5454, Ado-

Ekiti, Nigeria.

E-mail addresses: anadozieso@abuad.edu.ng, scholanad2019@gmail.com (S.0. Anadozie).

1 ORCID: 0000-0003-4118-4611

https://doi.org/10.1016/j.procbio.2023.02.010

Received 10 January 2021; Received in revised form 14 January 2023; Accepted 11 February 2023

Available online 13 February 2023
1359-5113/© 2023 Elsevier Ltd. All rights reserved.


mailto:anadozieso@abuad.edu.ng
mailto:scholanad2019@gmail.com
www.sciencedirect.com/science/journal/13595113
https://www.elsevier.com/locate/procbio
https://doi.org/10.1016/j.procbio.2023.02.010
https://doi.org/10.1016/j.procbio.2023.02.010
https://doi.org/10.1016/j.procbio.2023.02.010
http://crossmark.crossref.org/dialog/?doi=10.1016/j.procbio.2023.02.010&domain=pdf

S.0. Anadozie et al.

synthesis of AuNPs have recently been employed in drug delivery and
cancer therapy because they produce stable and biocompatible AuNPs
[16]. This method requires the use of microorganisms, animal metabo-
lites, enzymes, plants or plant products to reduce inorganic metal ions to
metal nanoparticle (NPs) [17-19]. Though microorganisms and en-
zymes have been exploited for the synthesis of AuNPs [17], plants have
preference because phytochemicals have enhanced stability, do not
require extensive purification, and lack of necessity in growing plants by
employing technical culturing procedures to cultivate microorganisms
[11]. Several medicinal plants have been used in the synthesis of AuNPs.
These include Nyctanthes arbortristis [20], Eucalyptus globulus and Ros-
marinus offficinalis [21], Garcinia mangostana [22], Rosa hybrid [23],
Salvia officinalis [24] and Plumeria alba linn [25]. Biological activities
such as antioxidant and anti-cancer properties of plant synthesised
AuNPs have also been reported by several researchers. These include
Persea americana [26], Xylopia aethiopica [11], Sasa borealis [27], Loni-
cera japonica [28], and Achillea wilhelmssi [29]. There are vast variety of
plants with great biological properties that are yet to be explored for the
synthesis of AuNPs.

Garcinia kola (G. kola), commonly known as bitter kola, is a flowering
plant widely grown in the tropical regions of West and Central Africa
[30]. It belongs to the plant family, Clusiaceae. Several parts of the
G. kola plant (bark, root, leaf, seed and fruit) have been used in tradi-
tional medicine for managing various ailments such as bronchitis, colds,
fever, laryngitis, cough, liver disease and bacterial infections [30-32].
The neuroprotective, hepatoprotective, anti-microbial, anti-in-
flammatory, anti-diabetic, antioxidant and chemo-preventive properties
of G. kola have previously been reported [30,31,33-36]. The plant
contains bioactive compounds such as tannins, flavonoids, alkaloids,
proteins, phenolics and saponins [31]. Other compounds isolated from
the seeds of G. kola includes kolaviron (a bioflavonoid), garcinoic acid,
garcinal, benzophenone and kolanone [30]. Synthesis of metallic NPs
using extracts of G. kola and its biological activities have also been re-
ported [37,38]. To the best of our knowledge, no anti-cancer study has
been reported using G. kola synthesised AuNPs. Therefore, the current
study explored the synthesis of biogenic AuNPs using aqueous seed
extract of G. kola and evaluate its in vitro antioxidant and anti-cancer
properties.

2. Material and methods
2.1. Materials

Healthy, matured seeds of G. kola were purchased from Oja Bisi, Ado
Ekiti, Ekiti State, Nigeria, West Africa. Tetrachloroauric acid
(HAuCl40.3 H30), gallic acid, ascorbic acid, dimethyl sulfoxide (DMSO)
and 5  -fluorouracil (5 “FU) were purchased from Sigma-Aldrich, (St
Louis, USA). 3-(4,5-dimethylthiazol-2-yl)— 2,5-diphenyltetrazolium
bromide (MTT) and cell culture reagents were purchased from Thermo
Fischer Scientific, (Massachusetts, USA) and Biowest (France), respec-
tively. All chemicals used in this study were of analytical grade. The
cancer cell lines; human non-small cell lung adenocarcinoma (A-549),
human prostate cancer cells (PC3), human colorectal adenocarcinoma
cells (HT-29) and human cervical cells (HeLa) used in this study were
purchased from American Type Culture Collection (ATCC; Manassas,
VA, USA).

2.2. Methods

2.2.1. Preparation of the aqueous seed extract of Garcinia kola

Garcinia kola seeds were peeled and washed thoroughly with Milli-Q
water to remove impurities, and then drained of excess water. The seeds
were cut into small pieces and air-dried at room temperature (25 + 2 °C)
in a dust-free environment for 7 days. The dried seeds were ground using
an electric blender and stored in a desiccator at 4 °C until use. Aqueous
seed extract of G. kola was achieved by adding 50 g of the powder into a
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beaker containing 500 mL Milli-Q water and incubated at 40 °C in a
water bath for 24 h. The extract was filtered using Whatman no. 1 filter
paper. The obtained extract was evaporated to dryness using rotary
evaporator, and then lyophilised using a Sentry 2.0 Controller freeze-
dryer (VirTis SP Scientific, UK). The lyophilised sample was stored at
4 °C until use.

2.3. Secondary metabolite screening of aqueous seed extract of Garcinia
kola (AEGKs)

The presence of secondary metabolites in the AEGKs was screened
using various methods as follows:

2.3.1. Flavonoids (Alkaline reagent test)

To 1 mL of AEGKs, 1 mL of 2% sodium hydroxide (NaOH) solution
was added and mixed thoroughly until the colour turned yellow. A few
drops of 1% hydrochloric acid (HCl) was added to the reaction mixture
to obtain the final reaction colour [39].

2.3.2. Polyphenols (Ferric chloride (FeCls) test)
To 1 mL AEGKs, 3 drops 5% FeCls was added, and the mixture was
observed for a colour change [40].

2.3.3. Anthocyanidins
To 1 mL AEGKs, 1 mL 10% HCI was added and mixed gradually till a
change in colour was observed [41].

2.3.4. Hydrolysable tannins
To 2 mL AEGKs, 1 mL potassium hydroxide was added, and the
mixture was observed for a colour change [41].

2.3.5. Fats and oils

Fifty (50) ul AEGKs was dropped onto a filter paper Whatman no. 1
and allowed to dry for the presence of a ring stain, which indicates the
presence of fats and oils [42].

2.3.6. Carbohydrates

To 1 mL AEGKs, 1 mL Fehling solution (equal volume of Fehling’s A
and Fehling’s B reagents) was added to the test tube and boiled for 10
min to test the presence of carbohydrates [42].

2.3.7. Cardiac glycosides

To 1 mL AEGKs, 1 mL glacial acetic acid containing 2 drops 2% FeCl3
solution was added. The mixture was transferred into another test tube
and a few drops of concentrated sulphuric acid (H2SO4) was added and a
colour change observed [41].

2.3.8. Alkaloids (Wagner’s test)

To 2 mL of AEGKs, 1 mL 1% HCI was added and heated for about 20
min. A few drops of Wagner’s reagent was added to the mixture to test
the presence of alkaloids [40].

2.3.9. Saponin (Froth formation test)

To a test tube containing 2 mL AEGKs solution, 500 pl olive oil was
added and mixed properly for 2 min for the formation of a stable froth to
confirm the presence of saponin [40].

2.3.10. Anthraquinones

To 1 mL AEGKs, 500 pl 10% HCIl was added and boiled for 4 min. The
mixture was left at room temperature to cool. To the mixture, 500 ul
chloroform and 500 ul 10% ammonia was added and vigorously shaken
for the presence of anthraquinones [41].

2.3.11. Terpenoids
To 1 mL AEGKs, 1 mL chloroform was added and then evaporate to
dryness by heating up to 100 °C in a water bath. Concentrated HySO4
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(500 pl) was added to the test tube and heated for another 2 min to test
the presence of terpenoids [39].

2.3.12. Xanthoproteic test

To 2mL AEGKs, 1 mL concentrated nitric acid was added and boil for
5 min. The solution was left to cool and 40% NaOH was added. The
change in colour of the reaction mixture confirms the presence of xan-
thoproteic amino acids [41].

2.4. Biogenic synthesis of gold nanoparticles and their characterisation

2.4.1. Biogenic synthesis of gold nanoparticles

Aqueous extract of G. kola seeds gold nanoparticles (AEGKs-AuNPs)
was performed by mixing varying concentrations of AEGKs (3.125 —
12.5 mg/mL) to 1 mM HAuCl40.3 H»O0 in a fixed volume ratio (1:4 v/v
%) and temperature (25 and 50 °C). The 3.125 mg/mL concentration of
AEGKs produced the most stabled AuNPs at 50 °C within 15 min and was
used for subsequent synthesis. In brief, 40 mL of 3.125 mg/mL AEGKs
was added to a beaker containing 160 mL of 1 mM HAuCl40.3 HyO and
the reaction was allowed to proceed at 50 °C. The reaction mixture was
observed for a colour change within the first 10 min. The heat was
turned off and the solution stirred for another 5 min until a stable colour
was observed. The synthesised AEGKs-AuNPs was washed with Milli-Q
water twice to remove excess Au>" solution and uncapped phytochem-
icals by means of centrifugation at 10000 x g for 20 min. The AEGKs-
AuNP pellet was re-suspended in Milli-Q water and stored at 4 °C till
required.

2.4.2. Characterisation of synthesised gold nanoparticles

The UV-Vis absorption measurement of the AEGKs-AuNPs was per-
formed using NanoDrop 2000c spectrophotometer (Thermo Fischer
Scientific, USA) [43], to determine the surface plasmon resonance (SPR)
in a wavelength range of 300-800 nm. The hydrodynamic diameter and
zeta potential measurements were performed using Zetasizer™ Nano ZS
particle size analyser (Malvern Instruments Ltd, Worcestershire, UK) to
determine the size, polydispersity index and surface charge of the AuNPs
[44]. The core size and morphology of the AEGKs-AuNPs were obtained
by HRTEM (JEOL. JEM-2100 LaB6, USA) at an accelerating voltage of
200 kV, while the crystalline nature of the AuNPs was determined using
selected area electron diffraction (SAED) analysis. The HRTEM micro-
graphs images were analysed using Image J Software Package (version
1.51). The FT-IR spectroscopic analysis was performed using the
Perkin-Elmer spectrum one FT-IR spectrophotometer (Massachusetts,
MA, USA) at a frequency of 4000-400 cm™L, to determine the atomic
vibrations in the organic coating and the functional groups on the sur-
face of the AEGKs and AEGKs-AuNPs [45].

2.5. In vitro antioxidant activities of the AEGKs and AEGKs-AuNPs

2.5.1. Invitro antioxidants by 2,2-diphenyl-1-picrylhydrazyl radical
scavenging assay

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging ability
of AEGKs and AEGKs-AuNPs was performed using modified method
described by Adewale et al. [46]. Briefly, aliquots (3 pl) of various
concentrations of AEGKs-AuNPs, AEGKs and quercetin (standard) (0.2 —
1 mg/mL) in Milli-Q water was added to 222 ul DPPH solution (0.1 mM
in methanol). The reaction mixture for each sample was incubated at
37 °C in the dark for 30 min, and absorbance taken against methanol
blank at 517 nm using a PowerWave HT microplate reader (Bio-Tek®
Instruments, Inc., USA). The percentage inhibition of the DPPH radical
scavenging activity was calculated as:

Absconuol B Absles&

x 100
Abscomml

% inhibition =

Where Acontrol = absorbance of DPPH solution.
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Table 1

Qualitative phytochemical screening of AEGKs.
Phytochemicals AEGKs
Flavonoids ++
Polyphenols ++
Anthocyanidins -
Hydrolysable tannins -
Fats and oils ++
Carbohydrates ++
Cardiac glycosides ++
Alkaloids ++
Saponins ++
Anthraquinones +
Terpenoids ++
xanthoproteic amino acid ++

Note: Presence of bioactive metabolites based on colour
intensity. + + = present; + = moderately present; - = not
detected.

Atest = absorbance of sample (AEGKs, AEGKs-AuNPs and standard)
+ DPPH solution.

The concentration that inhibits 50% (ICs) of the scavenging activity
of AEGKs and AEGKs-AuNPs was calculated from a linear regression
analysis of concentration against % inhibition [46].

2.5.2. Ferric reducing antioxidant power

The ferric reducing antioxidant power (FRAP) of AEGKs and AEGKs-
AuNPs was determined by the method of Benzie and Strain [47]. Briefly,
10 pl of various concentrations of AEGKs-AuNPs, AEGKs and ascorbic
acid (0.2 - 1 mg/mL) in Milli-Q water was added to 300 ul freshly
prepared FRAP reagent and incubated for 30 min at room temperature.
Absorbance of the samples were read at 593 nm against reagent blank
using a PowerWave HT microplate reader (Bio-Tek® Instruments, Inc.,
USA). Results were expressed as umole ascorbic acid equivalent/litre
(AAE/L).

2.6. Anticancer activity

2.6.1. Cell culture

The PC3, A549, HT-29 and Hela cells were cultured in Roswell Park
Memorial Institute (RPMI) 1640, Dulbecco’s Modified Eagle’s Medium
(DMEM) and DMEM-Ham’s F12 media, respectively. All cell culture
media were supplemented with 10% heat in-activated Foetal bovine
serum (FBS) and 1% Penicillin-Streptomycin solution. The cells were
grown under humidified condition with 5% CO at 37 °C.

2.6.2. Cell viability assay

The effect of AEGKs-AuNPs on A549, PC3, HT-29 and HelLa was
evaluated using MTT assay, as described by Mosmann [48], with minor
modifications in seeding density and incubation time. The A549 and PC3
cells were seeded at 1 x 10* cells/100 ul/well, while HT-29 and HeLa
cells were seeded at 1.5 x 10* cells/100 ul/well in a 96-well plate. The
cells were treated with 6.25-100 pg/mL AEGKs-AuNPs and 100 pg/mL
57-FU (positive control), respectively for 24 h [49]. The vehicle control
(VC) used was 0.1% DMSO final well concentration. The purple for-
mazan crystal was quantified by measuring absorbance at 570 nm and
630 nm (reference wavelength) using the PowerWave HT micro-plate
reader (Bio-Tek® Instruments, Inc., USA) against media blank
(without cells). The cell viability was calculated and expressed as per-
centage of treated cells against the VC. All tests were performed in
triplicate of 3 individual experiments.

2.7. Statistical analysis

All results were expressed as mean + standard deviation (SD), n = 3.
One-way analysis of variance (ANOVA) was used for data analysis on
GraphPad Prism 6.07, 2015. The significant difference between groups
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Fig. 1. Effect of concentration on the ultraviolet-visible absorption of
AEGKs-AuNPs.

were determined using Tukey’s post hoc multiple comparison test. The
statistical significance was considered at p < 0.05 in all cases.

3. Results and discussion

3.1. Qualitative phytochemical screening of aqueous seed extract of
Garcinia kola

Secondary metabolites screening of AEGKs showed the presence of
flavonoids, polyphenols, fats and oils, carbohydrates, cardiac glycosides,
alkaloids, saponins, terpenoids, and xanthoproteic amino acid as indi-
cated in Table 1. Anthraquinone was moderately present while antho-
cyanidins and hydrolysable tannins were not detected. Although,
previous study by Ukaoma et al. [31] reported the presence of tannins in
ethanolic extract of G. kola seeds. The absence of tannins reported in this
study could be because of the extraction method used. Secondary me-
tabolites such as polyphenols, flavonoids and proteins are responsible
for the reduction of gold salt to AuNPs [50]. These compounds were
present in the secondary metabolites screening of AEGKs of this study
(Table 1), and therefore, could be responsible for the reduction of
AEGKs-AuNPs.

3.2. Biogenic synthesis and characterisation of gold nanoparticle
3.2.1. Biogenic synthesis of AEGKs-AuNPs

3.2.1.1. Effect of AEGKs concentration on the synthesis of AEGKs-AuNPs.

The effect of various concentrations (3.125-12.5 mg/mL) of AEGKs for
the synthesis of AEGKs-AuNPs was demonstrated by a single-step addi-
tion of AEGKs to 1 mM HAuCl40.3 H5O in a fixed volume ratio (1:4 v/v
%). The varying concentrations of the AEGKs used in the present study
produced different absorption peaks as demonstrated on the UV-Vis
measurement of the synthesised AEGKs-AuNPs (Fig. 1). The AEGKs at
3.125 mg/mL produced a purple colour solution within 15 min, indi-
cating the formation of AEGKs-AuNPs. The sharp intense absorption
peak as observed in the present study could be relative to the excitation
of the surface plasmon of the AuNPs [24]. The broad absorption peaks of
the AEGKs-AuNPs obtained at 1.56, 6.25 and 12.5 mg/mL AEGKs sug-
gest that the concentrations of the plant extract produced larger AuNPs
which may agglomerate. The findings of this study is in agreement with
the previous reported studies where higher concentration of biogenic
AuNPs resulted in NPs agglomeration [51,52]. Since the concentration
of AEGKs at 3.125 mg/mL gave the most stabled AEGKs-AuNPs it was
adopted for larger scale synthesis, characterisation, and other bioassays.

3.2.1.2. Effect of temperature on the AEGKs-AuNPs formation.
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Fig. 2. Effect of temperature on the ultraviolet-visible absorption of
AEGKs-AuNPs.

Temperature is crucial in the biogenic synthesis of AuNPs because of its
effect in the production of rapid and small-sized AuNPs. Optimisation of
temperature (25 and 50 °C) for the synthesis of AEGKs-AuNPs was
performed in the present study. At 25 °C, a moderate reaction rate was
observed for the synthesised AuNPs. The produced AuNPs was unstable
and showed a broad absorption peak on the UV-Vis measurement
(Fig. 2). A maximum reaction was observed at 50 °C with the appear-
ance of a purple colour. In addition, a sharp absorption peak was pro-
duced (Fig. 2), suggesting a stable and small-sized AEGKs-AuNPs. A
study by Ghosh et al. [53] support our findings that higher temperature
enhances the rate of reaction during the synthesis of AuNPs, and also
produces rapid and small-sized AuNPs.

3.2.2. Characterisation AEGKs-AuNPs

3.2.2.1. UV-Vis spectroscopy of AEGKs-AuNPs. The UV-Vis analysis of
AEGKs-AuNPs showed a broad optical absorption maximum at 530 nm
(Fig. 3A). This falls within the SPR of AuNPs (500-600 nm) and thus
confirms the formation of AuNPs [50]. The synthesis occurred using Au
solution, and AEGKs as the reducing and stabilizing agent in the absence
of toxic chemical agents. The phytochemicals in the AEGKs which is
suspected to be mainly polyphenolic compounds and proteins as shown
in Table 1 could be responsible for the reduction of Au®>* to Au®. Similar
findings has been reported for Catharanthus roseus and Carica papaya,
Achillea wilhelmsii and Lonicera japonica that the inherent phytochemi-
cals were suggested to be responsible for the reduction and stabilisation
of the AuNPs formed [28,29,54].

3.2.2.2. Dynamic light scattering and zeta potential measurement. Dy-
namic light scattering and zeta potential measurements were performed
to determine the size distribution, polydispersity index (PDI) and surface
charge of the AEGKs-AuNPs in aqueous medium. The AEGKs-AuNPs had
a hydrodynamic diameter of 32.27 + 0.12 nm (Fig. 3B) and a PDI of
0.296. Nanoparticles with a PDI value above 0.7 have a broad particle
size distribution and are unstable in solution [55]. The PDI of
AEGKs-AuNPs showed uniformity of the AuNPs and how well they are
dispersed in the aqueous medium. It could also be that the sizes of the
AEGKs-AuNPs are in close range. These findings were further confirmed
by the result of the HRTEM (Fig. 4A).

Zeta potential (ZP) measures the surface potential and possible
interaction of the AuNPs within the cells. In the present study, the ZP of
AEGKs-AuNPs was — 30.9 + 0.42 mV (Fig. 3C), the high anionic ZP
value results in an increased light scattering which can be linked to the
small size of the AuNPs [56]. The negative (-) ZP value might be due to
the presence of phytochemicals with a carboxylic functional groups on
the surface of the AuNPs [57], and provides strong repulsion forces
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Fig. 3. Ultraviolet-visible absorption spectrum of AEGKs-AuNPs (A), size distribution (B) and zeta potential of AEGKs-AuNPs (C).

between the AuNPs thereby preventing NPs agglomeration in solution
[15,58].

3.2.3. High resolution transmission microscopy of AEGKs-AuNPs

The size distribution, morphology, and crystallinity of the AuNPs are
shown in Fig. 4A-C. The AEGKs produced mostly spherical-shaped
AuNPs, with a core size ranging between 2 and 17 nm. The particle
size in HRTEM differ from that of DLS because DLS measures NPs size
alongside the surface layer surrounding the particle in medium, while
the HRTEM measures only the metal core size [55]. The arrow in Fig. 4B
indicates the presence of phytochemicals in the AEGKs around the gold
core.

The crystalline nature of AEGKs-AuNPs was confirmed by the SAED
ring pattern (Fig. 4C), with five bright circular rings corresponding to
the Bragg’s reflection lattice planes (111), (200), (220), (311) and (222)
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scattering of face-centred cubic (fcc) of Au (JCPDS no. 04-0784) [59,
60]. Similar fcc AuNPs patterns has been reported for B. javanica Blume
leaves extract synthesized AuNPs [61].

3.2.4. Fourier transmission-infrared spectroscopy

The FT-IR spectra analysis revealed the functional groups in the
AEGKs that are involved in the bio-reduction of Au®" to Au’. The
characteristic absorption bands of the different functional groups pre-
sent in AEGKs and AEGKs-AuNPs are shown in Table 2, Supplementary
1. Some of the absorption peaks displayed similarity for both AEGKs and
AEGKs-AuNPs, suggesting the presence of the same functional groups,
and phytochemical involved in the reduction and capping of the AuNPs.

The presence of functional groups such as O-H, N-H, C=0 and C=C
indicates that the phytochemicals responsible for the reduction and
capping of the AuNPs are compounds containing flavonoids, alkaloids
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Fig. 4. High-resolution transmission electron microscopy of AuNPs at 50 nm (A) and 10 nm (B) scale bars. Selected area electron diffraction pattern indicating the

lattice planes of the AuNPs (C), and size distribution of AEGKs-AuNPs (D).

Table 2

Fourier transmission infrared spectroscopic analysis of AEGKs and AEGKs-
AuNPs showing shift in absorption position and functional groups responsible
for the reduction and capping of AuNPs.

AEGKs AEGKs-AuNPs Shift in Functional groups

absorption absorption bands position (cm-!)  present in samples

bands (em-1)

(cm-Y)

3311.46 3332.15 +20.69 -OH (phenol); N-H
stretching amine

2893.17 2785.18 -107.99

ND 2278.83 H-C=0; C-H stretch
aldehydes

2170.48 2169.93 -0.55 C=C stretch

1964.98 1876.05 -0.51 C=C

1635.13 1637.25 +2.12 C=O0 anhydrides

1492.83 1492.36 -0.47 -C=C- stretch alkenes

1394.29 1371.38 -22.91 -C=C- stretch alkynes

1051.90 1031.78 -20.12 C-H methyl rock
alkanes

923.28 865.10 -58.18 C-O stretch

699.81 ND C-H bending

Shift in absorption band were calculated by subtracting the peak position in
AEGKs-AuNPs from the peak position in AEGKs.

AEGKs - aqueous seed extract of Garcinia kola; AuNPs - gold nanoparticles; ND -
not detected.

and terpenoids [50]. The N-H and C-H groups suggests the presence of
protein on the surface of the AuNPs, which is responsible for the capping
of the NPs, and prevents agglomeration [15]. A shift in absorption peaks
of the AEGKs-AuNPs and AEGKs from 3332.15 to 3311.46 cm™?, and
from 1637.25 to 1635.13 cm™! suggests that O-H (polyphenolic com-
pounds) and N-H (proteins) are the main functional groups responsible
for the reduction of Au®" to AuNPs. The findings of the present study
agrees with a study by Dzimitrowicz et al. [62] where a shift in ab-
sorption peak was noted in AuNPs synthesised from Lamiaceae plants
when compared with the plant extract.
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Fig. 5. 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity of aqueous
seed extract of G. kola (AEGKs) and the corresponding gold nanoparticles
(AEGKs-AuNPs).

3.3. In vitro antioxidant and reducing properties assays

3.3.1. Antioxidant activity and reducing power of AEGKs and AEGKs-
AuNPs

The antioxidant activities and reducing power of both AEGKs and
AEGKs-AuNPs were investigated using DPPH and FRAP assays.

3.3.1.1. 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity. The
G. kola has been reported to possess good antioxidant properties [30].
Since antioxidants are responsible for the reduction of AuNPs [63], this
study therefore evaluated the antioxidant capacity of AEGKs and its
synthesised AEGKs-AuNPs. The DPPH free radical scavenging activity of
the samples showed a dose-dependent response (Fig. 5). No significant
difference (p > 0.05) was noted in the radical scavenging activity of
AEGKs-AuNPs when compared to the AEGKs, except at 1 mg/mL, where
a significant (p < 0.05) difference in the radical scavenging activity was
seen. This suggests that the antioxidant activity of the AEGKs-AuNPs was
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1.04 Ascorbic acid

AEGKs

E3 AEGKs-AuNPs

Absorbance at 593 nm

Concentration mg/mL

Fig. 6. Ferric reducing antioxidant power (FRAP) of aqueous seed extract of
G. kola (AEGKs) and corresponding gold nanoparticles (AEGKs-AuNPs).

retained after the synthesis. It further validates the FT-IR spectra anal-
ysis (Table 2), where the same functional groups were seen in both
AEGKs and AEGK-AuNPs, therefore, suggesting the presence of similar
phytochemicals. Similar findings was reported in the study by Nakkala
et al. [64], where Piper longum fruit extract and its synthesised AuNPs
showed good DPPH radical scavenging activity. The positive control
(Quercetin) had higher scavenging potency with an ICsy value of
0.18 mg/mL, while AEGKs and AEGKs-AuNPs had ICsg values of 0.51
and 0.52 mg/mL, respectively.

3.3.1.2. Ferric reducing antioxidant power. The FRAP properties of the
samples increased in a concentration dependent manner (Fig. 6).
Ascorbic acid was significantly (p < 0.05) higher in the FRAP activity
than AEGKs and AEGKs-AuNPs, except for 0.2, 0.6 and 0.8 mg/mL
AEGKs, where no significant difference (p > 0.05) was observed in the
FRAP activity when compared to the ascorbic acid, therefore, it can be
suggested that AEGKs has good antioxidant activity. A significant
(p < 0.05) difference in the FRAP activity was noted in the 1 mg/mL
AEGKs-AuNPs when compared to AEGKs. The findings of this study,
therefore, suggest the involvement of phytochemicals in the reduction
and capping of the AEGKs-AuNPs.
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3.4. Anti-cancer activity of AEGKs-AuNPs

The anti-cancer potency of AEGKs-AuNPs was demonstrated on
cancer (A549, PC3, Hela and HT-29) cells after 24 h treatment. As
revealed in Fig. 7, the AEGKs-AuNPs was cytotoxic to all cell lines used
in this study and reduced their viability in a concentration dependent
manner. The Hela cells were the most susceptible to the effects of the
AuNPs from the lower concentration (6.25 pg/mL), followed by A549
and HT-29 cells (12.5 ug/mL). Significant effect of the AuNPs on PC3
cells occurred at higher concentrations (< 50 pg/mL). At 100 ug/mL,
both AEGKs-AuNPs and standard anti-cancer drug (5'-FU) were com-
parable in terms of susceptibility to cell lines tested. Previous study by
Olatunde et al. [65] reported that the essential oils from G. kola seeds
were effective against A549 and HeLa cells at 8.3 mg/mL with cell
viability of 98.0% and 94.7%, respectively. However, in our study, it
was noted that the cell viability of AEGKs-AuNPs, at 6.25 and
100 pg/mL, against A549 were 91.2% and 9.7%, respectively, and
67.1% and 19.3%, respectively for HeLa cells. It could be noted based on
these two studies that AEGKs-AuNPs possess more cytotoxic effect than
the essential oils. This may be attributed to the physicochemical prop-
erties (size, shape, and surface chemistry) of the delivery system
(AuNPs), as well as the stability of the AuNPs [29,66]. The ICs( values of
AEGKs-AuNPs for the four cancer cell lines are demonstrated in Table 3.
The highest inhibitory activity of AEGKs-AuNPs was observed in HeLa
cells with an ICsy value of 10.72pg /mL, indicating that the
AEGKs-AuNPs were more cytotoxic against HeLa cells, followed by
A549, HT-29 and PC3. The high sensitivity and cytotoxicity of
AEGKs-AuNPs against these four cancer cell lines therefore suggests the
possible role of the AEGKs-AuNPs in cancer therapy.

Table 3
Summary of ICs values calculated for treated A549, PC3, HeLa and HT-29 cells.
Treatments A549 cells PC3 cells Hela cells HT-29 cells
(ICs0)
AEGKs- 24.62 69.05 10.72 41.85
AuNPs + 0.41 pg + 0.01 pg +0.22 ug + 0.08 ug
/mL /mL /mL /mL

AEGKs - aqueous seed extract of Garcinia kola; AuNPs - gold nanoparticles
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Fig. 7. Anti-cancer activity of AEGKs-AuNPs against different cancer cells.; A549 (A), PC3(B), HeLa(C), HT-29 (D) were treated with increasing concentrations of

AEGKs-AuNPs for 24 h, cell viability was assessed using MTT assay.
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4. Conclusion

The present study reports the one-pot synthesis of AuNPs using
aqueous seed extract of G. kola, and its biological activities. Garcinia kola
was selected based on its previously reported medicinal properties. The
AEGKs served as reducing and capping agents in the synthesis of AuNPs.
The FT-IR results showed that polyphenolic compounds such as flavo-
noids, polyphenol and terpenoids were responsible for the reduction of
AuNPs. The antioxidant activity of the AEGKs-AuNPs suggests that
phytochemicals could be involved in the synthesis of the AuNPs, and
therefore, responsible for their enhanced anti-cancer activities. The
cytotoxicity of the AEGKs-AuNPs on different cancer cells can be
attributed to the physicochemical properties of the AuNPs which in-
cludes nano-size, morphology, and surface chemistry. Further studies
are underway to evaluate the cellular uptake and mechanism of cell
death using the AEGKs-AuNPs.
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