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Abstract: Terminalia ferdinandiana (Kakadu plum) is an Australian native plant that has recently
gained the attention of researchers due to its highly antioxidant compounds that have substantial
health benefits. To raise the value, in this study, it is used for the first time to synthesize ZnO
nanoparticles for anti-lung cancer and anti-inflammatory activities. The formation of KKD-ZnO-NPs
(ZnO particles obtained from Kakadu plum) were confirmed using a UV-Visible spectrophotometer.
Fourier transform infrared (FTIR) spectroscopy analysis confirmed the functional groups that are
responsible for the stabilization and capping of KKD-ZnO-NPs. The flower shape of the synthesized
KKD-ZnO-NPs was confirmed by field emission-scanning electron microscopy (FE-SEM) and field
emission-transmission electron microscopy (FE-TEM) analyses. The crystallites were highly pure
and had an average size of 21.89 nm as measured by X-ray diffraction (XRD). The dynamic light
scattering (DLS) revealed size range of polydisperse KKD-ZnO-NPs was 676.65 £ 47.23 nm with
a PDI of 0.41 + 0.0634. Furthermore, the potential cytotoxicity was investigated in vitro against
human lung cancer cell lines (A549) and Raw 264.7 Murine macrophages cells as normal cells to
ensure safety purposes using MTT assay. Thus, KKD-ZnO-NPs showed prominent cytotoxicity
against human lung adenocarcinoma (A549) at 10 pg/mL and increased reactive oxygen species
(ROS) production as well, which could promote toxicity to cancer cells. Moreover, upregulation
of p53 and downregulation of bcl2 gene expression as apoptosis regulators were confirmed via RT-
PCR. In addition, KKD-ZnO-NPs possess a similar capacity of reduction in proinflammatory-nitric
oxide (NO) production when compared to the L-NMMA as inflammation’s inhibitor, indicating
anti-inflammatory potential. Incorporation of Kakadu plum extract as reducing and stabilizing agents
enabled the green synthesis of flower-shaped KKD-ZnO-NPs that could be an initiative development
of effective cancer therapy drug.

Keywords: anti-lung cancer; anti-inflammatory; green synthesis; Kakadu plum; zinc oxide nanoparticles

1. Introduction

Inflammation is an organism'’s defense mechanism against infectious environmental
risk factors. It is also involved in the pathogenesis of a variety of human diseases, including
the development and progression of cancer [1]. Cancer has become the leading cause of
death in humans; among the various cancers, lung cancer has the highest prevalence and
the top of the deadliest cancer with an estimated 1.76 million mortality and 2.20 million new

Appl. Sci. 2022, 12, 3081. https:/ /doi.org/10.3390/app12063081

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app12063081
https://doi.org/10.3390/app12063081
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0001-9872-8240
https://orcid.org/0000-0002-8427-7140
https://orcid.org/0000-0002-1334-3876
https://orcid.org/0000-0003-2394-4728
https://orcid.org/0000-0003-0790-2237
https://orcid.org/0000-0002-1603-1384
https://doi.org/10.3390/app12063081
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app12063081?type=check_update&version=2

Appl. Sci. 2022,12, 3081

20f15

cases per year [2,3]. To date, a variety of conventional medications such as chemotherapies,
radiation, and surgery have been used against cancer. These therapies are evidently
effective in the destruction of cancer cells, but they exceed in the occurrence of adverse
effects due to nonselective effects directed at normal cells as well. Due to the highly
advanced nanomedicine, targeted drug delivery, and multi-target inhibitors, conventional
therapies are gradually becoming obsolescent in cancer treatment [4]. Nanomedicine is
a biomedical application of nanotechnology that employs nanoparticles (NPs) to treat
diseases [5,6]. Several metal oxide nanoparticles are being developed to treat cancer.
However, zinc oxide nanoparticles (ZnO-NPs) have markedly demonstrated their ability
in the treatment of various kinds of cancer due to their bioactivity, biodegradability, and
biocompatibility. Furthermore, ZnO-NPs exhibited specific toxicity against cancer cells via
reactive oxygen species production and mitochondrial membrane potential destruction,
resulting in cancer cell apoptosis [7]. In addition, ZnO-NPs have advantageous properties
such as radiation adsorption, higher stability, electrochemical coupling coefficient, and
non-toxic, inexpensive luminescent material that could enhance the performance of drug
synthesis [8].

Physical and chemical methods have traditionally been used to create NPs. Green
synthesis of NPs is becoming increasingly popular among researchers due to its significant
interest in avoiding toxic chemicals, high costs, and harsh reaction conditions [9,10]. Bac-
teria, fungi, yeast, algae, and plants are among the biological sources used for the green
synthesis of NPs. Plants have been identified as the best biological source for the synthesis
of metal nanoparticles [11-13] due to their secondary metabolites, which can act as a natural
reducing agent as well as a capping agent, and nanoparticles from plant materials are more
stable than nanoparticles from other biological sources [14,15].

Terminalia ferdinandiana, known as Kakadu plum, belongs to the Combretaceae family,
widely spread in northern and western Australia. The Kakadu plum is a yellowish-green
fruit, 2.5 cm long and 1 cm in diameter, used traditionally as a refreshing drink in western
Australia [16]. Phytochemical analysis has revealed that Kakadu plum is a rich source
of vitamin C, flavonoid, and phenolic compounds [17,18]. As it is highly enriched in
these compounds, Kakadu plum has numerous benefits on human health as an anticancer,
antioxidant, liver protector, anti-inflammatory, and antibacterial agent [19-24]. Moreover,
it is already reported that phenolic and flavonoid compounds could participate in Zn ions
reduction and in the capping substance that stabilized ZnO-NPs [25-28].

While there is a great number of in-depth studies researched on cancer activities of
Kakadu plum, the potential medicinal effects of Kakadu plum on lung cancer remain
elusive. Notably, no previous research on the preparation of ZnO-NPs using Kakadu plum
extract has been reported in the literature. Considering the advantages of Kakadu plum
and Zn0O, in this study, we carefully synthesized Kakadu plum-zinc oxide nanoparticles
(KKD-ZnO-NPs) to investigate their cytotoxicity effect using the A549 lung cancer cell lines
and Raw 264.7 as non-cancerous cells. Furthermore, the anticancer activity was assessed
by measuring the level of ROS and gene expression of apoptosis regulators such as p53
(tumor suppressor protein), and bcl2 was observed by RT-PCR. In addition, to determine the
anti-inflammatory effect of KKD-ZnO-NPs on the LPS-induced proinflammatory reaction,
such as nitric oxide (NO), the production level of NO was determined using Griess reagent.

2. Materials and Methods
2.1. Materials and Chemicals

The Kakadu plum sample was provided by KAKADU LIFE (Canning Vale, Australia)
from Northern Territory as dried fruits. The dried Kakadu plum fruits were ground
into moderately fine powder to optimize the extraction process. Zinc nitrate hexahy-
drate (Zn(NO3);-6H0O; >98.0%) (Sigma-Aldrich, Saint Louis, MI, USA), sodium hydroxide
(>98.0%), absolute alcohol was supplied by Samchun Pure Chemical Co. Ltd. (Gyeonggi-do,
South Korea). The lung cancer cell line (A549) and Raw 264.7 murine macrophage cells used
in this study were obtained from the Korean Cell Line Bank (KCLB, South Korea). Roswell
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Park Memorial Institute (RPMI) 1640, Dulbecco’s Modified Eagle Medium (DMEM) culture
medium was purchased from Welgene Inc. (South Korea) with 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin (p/s) (Welgene Inc., Gyeongsan-si, South Korea) was
also used for experiments.

2.2. Preparation of Kakadu Plum Extract

In order to obtain the extracts, reflux was chosen for the extraction method. Initially,
2 g of sample powder was extracted with 40 mL of water. Extraction was performed at
95 degrees for 2 h with three processing times. In every processing time, the mixture was
filtered, collected, and evaporated to remove the solvent using a rotary evaporator. The
prepared extract was stored at 4 °C for further use [24].

2.3. Green Synthesis of KKD-ZnO-NPs

Kakadu plum-zinc oxide nanoparticles (KKD-ZnO-NPs) were synthesized using
co-precipitation with minor modifications [12]. Initially, 1 mL of Kakadu plum extract
(40 mg/mL, w/v) was mixed with 100 mL of distilled water under stirring, and 0.1 mM
(10 mL) of Zn(NO3)2-6H,0 solution was added to the mixed solution and was heated up to
70 °C. NaOH 0.2 M (15 mL) was added dropwise to the mixture, and the solution was kept
over the hot plate for at least 2 h with a continuous stirrer at 500 rpm. The color changes of
the solution to milky white indicate the formation of KKD-ZnO-NPs. After the completed
precipitation of nanoparticles, the suspension was centrifuged for 15 mins at 5000 rpm.
The KKD-ZnO-NPs were washed twice and purified by centrifugation. Furthermore, we
kept it in a 60 °C dryer for 4 h for a complete formation of Zn(OH), to ZnO-NPs as a white
KKD-ZnO-NPs powder.

2.4. Characterization of KKD-ZnO-NPs

The KKD-ZnO-NPs were first examined using ultraviolet-Visible (UV-Vis) spectroscopy
in the 200-700 nm range on an Ultraspec™ 2100 pro with a 10 mm path length quartz cu-
vette (2100 Pro, Amersham Biosciences Corp., Piscataway, NJ, USA). The FTIR spectra were
obtained using a PerkinElmer Spectrum 100 spectrometer (PerkinElmer Inc., Waltham, MA,
USA). KKD-ZnO-NPs powders were scanned in the range 4000-450 cm ™! at a resolution of
4 cm ™! on KBr pellets. The size distribution and zeta potential of KKD-ZnO-NPs in water
data were determined on particle size analyzer ELS-Z2 series (Otsuka Electronics Cp. Ltd.,
Osaka, Japan) at 25 °C. A JEM-2100F was used to capture the images of field emission-
transmission electron microscopy (FE-TEM) (JEOL, Akishima, Tokyo, Japan). A few drops
of sample were placed on a carbon grid and dried at 60 °C. To obtain topographical and ele-
mental mapping we used a field emission-scanning electron microscopy (FE-SEM) by LEO
SUPRA 55, GENESIS 200 (Carl Zeiss, Jena, Germany); gun: thermal field emission type;
resolution: 1.0 nm @ 15kV 1.7 nm @ 1 kV 4.0 nm @ 0.1 kV; magnification: 12X to 900,000x).
The XRD analyzer was performed on an energy-dispersive X-ray spectrophotometer (D8
Advance, Hannover, Germany), operated at 40 kV, 40 mA, with a CuK« radiation of 1.54 A,
over the 20 range of 10-80° at 6 min with a sampling interval of 0.02 in room temperature.
The crystal size diameter could be calculated using the Scherrer equation:

0.9A

- 3 cosO )

In this equation, D denotes the crystalline size in nanometers (nm), A is the X-ray
wavelength of CuK« radiation in nm, the full width at half maximum (FWHM) is in
radians, and 0 is the half of the Bragg angle in radians.

2.5. Cell Culture

Human lung carcinoma (A549) was developed in 89% RPMI 1640 growth media with
10% FBS and 1% penicillin-streptomycin. Generally, murine macrophage (RAW 264.7) cells
were refined in DMEM with 10% FBS and 1% penicillin-streptomycin. Two cell lines were
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incubated at 5% CO, atmosphere in a 37 °C humidified incubator and were permitted to
adhere and grow for 24 h prior to treatment with different samples.

2.6. In Vitro Cytotoxicity of Kakadu Plum Extract and KKD-Zn-NPs

The cytotoxicity of the Kakadu extract and Kakadu-ZnO-NPs were analyzed on A549
and RAW 264.7 cell lines using MTT solution. Only A549 cells were used to test the
cytotoxicity of cisplatin (10 ug/mL), and the results were compared to KKD-ZnO-NPs after
24 h. Cell viability test was proceeded as previously discussed [12]. First, cancer cells and
normal cells were plated at a selective density of 1 x 10* cells/well in a 96-well plate. Then
Cells were medicated with several concentrations (0, 2.5, 5, 10, 20 pg/mL) and incubated for
24 h. After 24 h, cells were treated with 20 uL of 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl
tetrazolium bromide solution (MTT; 5 mg/mL, in PBS; Life Technologies, Eugene, OR,
USA) for 3—4 h at 37 °C. Moreover, for viable cells, purple-colored formazan is formed by
adding MTT reagents. In each well, 100 uL of DMSO was added for dissolving the insoluble
formazan agents. The results were obtained using an Enzyme-Linked Immunosorbent
Assay (ELISA) reader at 570 nm (Bio-Tek, Instruments, Inc., Winooski, VT, USA).

2.7. Reactive Oxygen Species (ROS) Generation Assay

We detected the reactive oxygen species (ROS) intensity by 2’,7’-dichlorodihydro-
fluorescein diacetate (DCFH-DA) on Human lung carcinoma (A549). We seeded the cells at
a specific density of 1 x 10* per well to allow attachment in 96-well cell culture plates and
kept them in the incubator overnight for 100% growth confluency. Next, A549 cells were
treated with different concentrations of cisplatin (10 pg/mL), KKD-Ext, and KKD-ZnO-
NPs (0, 2.5, 5, and 10 pg/mL) for 24 h. After 24 h treatment periods, the cell was stained
with 100 puL. of DCFH-DA (10 uM) solution into each well and incubated for 30 min in
dark condition. Then old media were discarded, and cells were washed twice with PBS
(100puL/well). A multi-model plate reader (spectrofluorometer) was used for determination
of the fluorescence intensity of ROS generation at an excitation wavelength of 485nm and
an emission wavelength of 528 nm. The increase in ROS was probed by DCFH-DA reagent.

2.8. Reverse Transcription Polymerase Chain Reaction (RI-PCR)

Total RNA from A549 cells was isolated with QIAzol lysis reagent (QIAGEN, German-
town, MD, USA), and the reverse transcription reaction was performed by using 1 ug of
RNA in 20 puL of reaction buffer of amfiRivert reverse transcription reagents (GenDepot,
Barker, TX, USA) as described by the manufacturer’s instruction. The obtained cDNA was
amplified with the following primers: bcl2, forward 5-GAA GGG CAG CCG TTA GGA
AA-3' and reverse 5-GCG CCC AAT ACG ACC AAA TC-3'; p53, forward 5'-TCT TGG
GCC TGT GTT ATC TCC-3’ and reverse 5-CGC CCA TGC AGG AAC TGT TA-3'; GAPDH,
forward 5-CAA GGT CAT CCA TGA CAA CTT TG-3' and reverse 5'-GTC CAC CAC
CCT GTT GCT GTA G-3'. The reaction was cycled 35 times, for 30 s at 95 °C, 30 s at 60 °C,
and 50 s at 72 °C. Using 1% agarose gels, the amplified RT-PCR products were analyzed,
visualized by Safe-Pinky DNA Gel Staining (GenDepot, Barker, TX, USA), and captured
under ultraviolet light.

2.9. Measurement of Nitrite Levels

The measurement of nitric oxide (NO) level was described previously [29]. RAW
264.7 cells (1 x 10* cells/well) were plated into 24-well culture plates and kept in the
incubator at 37 °C in a humidified condition containing 5% CO, for 24 h. Then cells
were pretreated with various concentrations of KKD-Ext and KKD-ZnO-NPs samples for
1 h. After treatment, 1 pg/mL lipopolysaccharide (LPS) was added as a stimulator (to
induce and cause inflammation) in the presence of samples and kept incubated for 1 day.
Griess reagent was used to determine the nitrite levels in the cell medium. In summary, an
equivalent volume of Griess reagent was combined with 100 pL of stimulated supernatant.
The resulting absorbance at 540 nm was measured against the standard curve generated
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with sodium nitrite using a microplate reader (Bio-Tek, Instruments, Inc., Winooski, VT,
USA). In this experiment, L-NMMA was used as a standard inhibitor (positive control)
at a concentration of 50 uM. Every assay was performed three times, and the data were
expressed as NO production (%).

3. Results and Discussion
3.1. UV-Visible Spectroscopy

The co-precipitation method was used to create KKD-ZnO-NPs, and after completely
adding NaOH, the resulting mixture gradually turned milky in color. The resulting KKD-
ZnO-NPs were tested using a UV-Visible spectrophotometer after purification and drying
at 60 °C for 4 h.

Figure 1 shows the UV-Visible absorption spectrum of KKD-ZnO-NPs. At 362 nm, the
maximum absorbance peak, also known as the maximum surface plasmon resonance (SPR)
peak, corresponds to the surface plasmon of oscillating electron of KKD-Zn-NPs, resulting
in strong light extinction. The absorbance peak of ZnO nanoparticles is reported to be
between 310 and 365 nm in wavelength [30]. On the other contrary, the SPR peak was not
present in the absorbance spectra of Kakadu plum extract. As many reported that Kakadu
plum extract contains a high amount of polyphenolic derivates, such as flavonoids and
phenolic acids [31,32], the polyphenol peak contained in Kakadu plum extract was expected
to be observed around 280-320 nm [33]. The polyphenol compound acts as a reducing
agent, donating electrons to metal ions and converting them to NPs. These NPs occur in a
high-surface-energy state and strive to aggregate with one another in order to convert to
their low-surface-energy conformations. As a result, the existence of more reducing and
stabilizing agents inhibits nanoparticle aggregation and enables the production of smaller
NPs [34].
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Figure 1. Visible spectra of KKD-ZnO-NPs with Kakadu plum extract.

3.2. FTIR Analysis

FTIR analysis assisted in identifying functional groups present in plant extracts that
contribute to the mechanism of bonding with Zn-O NPs. Figure 2 shows the FTIR spectra
of KKD-Zn-NPs, which were acquired in the range 400-4000 cm ! using the KBr method.
The broad peak at 3289.80 cm ™! resulted from the O-H stretching of Kakadu plum ad-
sorbed phenolic compounds on the surface of KKD-ZnO-NPs. Due to the complexation
of functional groups present in Kakadu plum and the surface of KKD-ZnO-NPs, some
transmitted peaks that appeared at 2910 and 1710 cm ! of KKD-ZnO-NPs exhibited shifts
to lower wavenumber. Because of the asymmetric and symmetric stretching of C-H and
C=0 (ketones) bonds, these peaks were associated with the presence of aromatic com-
pounds. Transmission peaks observed at 1320 cm ™! were proposed to be contributed by the
stretching of C-O bonds of carbonyl groups and/or C-O of alcoholic groups and glycosidic
linkages of the phytochemical constituents of Kakadu plum. Finally, there was a strong
transmission peak that appeared around 500 cm ! is correlated to Zn-O [35-39].
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Figure 2. FTIR spectrum of KKD-ZnO-NPs (red) and Kakadu plum extract (black).

3.3. Particle Size Distribution Analysis

The dynamic light scattering (DLS) method was used to analyze the particle size
distribution of KKD-ZnO-NPs. According to DLS analysis, the hydrodynamic Z-average
of KKD-ZnO-NPs was 676.65 + 47.23 nm with a PDI of 0.41 £ 0.0634 (Figure 3). In
the following discussion, the obtained hydrodynamic size was in accordance with the
particle size range observed by FE-TEM (500-1000 nm). A zeta analyzer was used to
test the nanoparticle’s stability; the KKD-ZnO-NPs zeta potential observed was around
—23.75 £+ 0.2 mV, confirming the nanoparticle’s stability. The low PDI value indicated that
nano composition was polydisperse with multiple size populations, which was confirmed
by FE-TEM and FE-SEM.

Intensity Distribution

— 100

Peak size: 676.65+47.23 nm ol
PDI: 0.41+0.0634 #7

. 175

! { so

. 1 25

Differential Intensity (%)
Cumulative Intensity (%)

0 == 0
520 530 544 565 595 641 707 804 948 1,159
Diameter (nm)

Figure 3. Dynamic light scattering (DLS) indicating size distribution of KKD-ZnO-NPs.

3.4. FE-TEM and FE-SEM Analysis

FE-TEM was used to examine the structure of the KKD-ZnO-NPs. As shown in
Figure 4A-C, KKD-ZnO-NPs exhibited flower shapes with sizes ranging from 500 to
1000 nm. The formation of these nanoflowers was believed to be caused by the aggregation
of smaller polygonal ZnO-NPs, resulting in ZnO nanoflowers with 4-6 broad arrow petal-
like structures. The element mapping results revealed the distribution of zinc and oxygen
in the nanoflowers, which were represented as red and green dots, respectively (Figure 4D).
The hexagonal rings of electron spots in KKD-ZnO-NPs SAED patterns correspond to
each facet of the sample’s lattice planes, indicating the KKD-ZnO-NPs highly crystalline
structure (Figure 4E) [40,41]. The EDX spectra revealed the highest optical peaks measured
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1 uM

with 83.82% weight of zinc and 16.15% weight of oxygen, making it 100%, confirming the
purity of KKD-ZnO-NPs (Figure 4F).

Sum Spectrum

Weight (%) | Atomic (%)
16.18

ZnKal OKal

83.82
100

T T T T T T
1 2 3 4 $ & 7 8 9 10
Ful Scale 2568 cts Cursor: 0.000 keV|

Figure 4. FE-TEM images of KKD-ZnO-NPs showing the structure of particles (A-C), elemental
distribution (D), zinc (red) and oxygen (green), selected area electron diffraction (SAED) (E), energy-
dispersive X-ray spectroscopy (EDX) spectrum (F).

The FE-SEM analysis confirmed that the KKD-ZnO-NPs exhibited a flower-shaped
morphology, which is consistent with the FE-TEM data (Figure 5A,B). These findings
showed similarly shaped ZnO-NPs are prepared using plant extract and bacteria, as re-
ported earlier [42,43]. A sharp peak signal of both metals in the EDX spectra indicated the
presence of Zn and O, reveals the presence of metal oxide nanoparticles, and verifying the
absence of aggregation, agreed with other references [44,45].

10 12 14 16 1= 20

Map
Hement/AL. No. Mass Mass Norm. Atom abs. error [%]
[%] %] [%]  (3sigma)
o 823.15 25,63 58.48 8.67
n 30 67.18 74.37 4152 5.58
90.33 100.00 100.00

Figure 5. FE-SEM images of KKD-ZnO-NPs exhibited a flower shape in (A,B), elemental distribution
(C,D), zinc (yellow) and oxygen (blue), and EDX quantitative analysis (E).
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3.5. X-ray Diffraction (XRD)

The formation of biosynthesized KKD-ZnO-NPs was confirmed by X-ray diffraction
measurements (Figure 6). The diffraction peaks appeared at 20 value of 31.830°, 34,451°,
36.316°, 47.578°, 56.634°, 62.945°, and 68.023° corresponding to (100), (002), (101), (102),
(110), (103), and (112) crystal planes, respectively. The most intense peak at 36.316° belongs
to the (101) orientation, and its position reflects the hexagonal wurtzite structure in the
sample [46].

XRD

800
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500
400+
300+
200
100

0 T T T T T
10 20 30 40 50 60 70 80

20 (degree)

Intensity (a.u)
{100 (002)
(101)

(110)

g‘m

(103)
(112)

Figure 6. XRD pattern of KKD-ZnO-NPs.

The Scherrer equation was used to calculate the average crystallite diameter of KKD-
ZnO-NPs by taking the crystallite sizes of the three most intense peaks, namely (100), (002),
and (101) in accordance with literature and JCPDS data [47-49], as shown in Table 1.

Table 1. XRD analysis of the crystalline size of KKD-ZnO-NPs.

. Position of D Spacin FWHM . Average

Lattice Plane Peak (20) Vahfe (Aog) Value (20) Size (nm) (nm)g

100 31.830 2.80915 0.4905 16.85

002 34.451 2.60116 0.2747 30.30

101 36.316 2.47176 0.4513 18.54

102 47.578 1.90966 1.025 8.48 21.89

110 56.634 1.6239 0.7457 12.11

103 62.945 1.47543 0.9419 9.88

112 68.023 1.3771 0.8438 11.37

3.6. Cytotoxicity Effect of Kakadu Plum Extract and KKD-ZnO-NPs

According to our findings, we observed the cytotoxicity level of the Kakadu plum
extract and KKD-ZnO-NPs on murine macrophage (RAW 264.7) cells and A549 lung
cancer cells were medicated several concentrations (0, 2.5, 5, 10, 20 pg/mL) for 24 h. In
the cytotoxicity experiment, we used MTT solution for measuring the cell toxic level.
Evaluation of the cytotoxicity in cancer-free RAW 264.7 cells was determined as safety of
samples. It was observed that cell viability of RAW 264.7 cells was showed low toxicity
with Kakadu plum extract and KKD-ZnO-NPs at 20 ug/mL after 24 h (Figure 7A).
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Figure 7. In vitro, cell cytotoxicity evaluation for Kakadu plum extract and KKD-ZnO-NPs (A) on
murine macrophage (RAW 264.7), (B) on human lung carcinoma (A549) cells compared to positive
control (cisplatin). Graph shows mean + SD values of four replicates. ** p < 0.01; *** p < 0.001
indicates significant differences from control groups.

On the other hand, it was observed that KKD-ZnO-NPs decreased A549 cell viability
in a dose-dependent manner. Additionally, cytotoxicity determination was performed for
KKD-ZnO-NPs compared to positive control such as commercial cisplatin, which is used
as an anticancer drug. Results observed in Figure 7B, at the concentration of 10 ug/mL,
KKD-ZnO-NPs had much higher toxicity than cisplatin. This study’s cytotoxicity results are
consistent with a previous report that observed Mangifera indica leaves mediated ZnO-NPs,
which could enhance the anticancer activity [50]. Moreover, there were several pieces
of literature that reported the anticancer activity of ZnO nanoparticles [4,9,51,52]. ZnO
nanoparticles have the ability to dissolve Zn ions in the extracellular region by themselves,
which in turn leads to increased intracellular Zn?* levels. ZnO-NPs are able to penetrate
easily through the cell membrane to damage the mitochondrial and specific DNA sequences
so that the medication significantly represses the growth of the tumor with the specific
target location and specific cytotoxicity. Past examination detailed the anticancer impact of
ZnO-NPs in cancer cells [53,54]. Not only as reducing and stabilizing agents, but Kakadu
plum extract could also enhance the anticancer effect on human lung cancer cell line (A549).
Hence, the current investigation suggests that at a limit dosage (10 ng/mL), KKD-ZnO-NPs
are effective as a cancer therapy drug with minimum toxicity.
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3.7. In Vitro ROS Induced by KKD-ZnO-NPs

Intracellular ROS level was determined by the DCFH-DA reagent with cisplatin,
Kakadu plum extract, and KKD-ZnO-NPs on A549 cells. Zinc oxide nanoparticles (ZnO-
NPs) are important reputed materials for anticancer activity due to reactive oxygen species
(ROS) generation [55]. However, KKD-ZnO nanoparticles have not been reported on
anticancer activity. In our study, we focused on the preparation of KKD-ZnO-NPs and
their application in human lung carcinoma (A549). For evaluation of intracellular ROS
production, cells were medicated with cisplatin, Kakadu plum extract, and KKD-ZnO-
NPs for 24 h with different concentrations. The DCFH-DA reagent was used to test the
expansion of ROS levels. As displayed in Figure 8, KKD-ZnO-NPs created a higher ROS
level compared to Kakadu extract at 10 ng/mL. Additionally, ZnO nanoparticles initiate
oxidative stress in cancer cells, one of the top mechanisms that have the ideal capability
on cytotoxicity examination [56-58]. Generally, the cell cytotoxicity was observable due to
insoluble criteria of ZnO nanoparticles to free Zn?* (higher concentration). The properties
of ZnO-NPs can induce ROS at the body surface, resulting in cell death when the ROS ratio
exceeds the antioxidant level of the cell [59]. These findings suggest that KKD-ZnO-NPs
might be a potential anticancer drug treating lung cancer.
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OKKD-ZnO-NPs
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Figure 8. In A549 cells, the ability of KKD-Ext, and KKD-ZnO-NPs to generate intercellular reactive
oxygen species (ROS) was compared to a positive control (cisplatin). Graph shows mean + SD values
of three replicates. ** p < 0.05; *** p < 0.001 indicates significant differences from control groups.

3.8. Effect of KKD-ZnO-NPs on Gene Expression of Apoptosis Regulator

The production of ROS by cells is essential for redox signaling, while p53 (tumor
suppressor protein) is a redox active transcription factor. ROS can activate p53 and mediates
apoptosis on cancer cells [60,61]. p53 regulates the expression of several microRNA species,
including miR-34, which is known to target the pro-survival bcl2 gene. bcl2 regulated
pathway is one of the apoptosis pathways that is activated by stress conditions such as
cytokine deprivation or DNA damage [62].

The RT-PCR (Figure 9) showed upregulation of p53 and downregulation of bcl2 gene
expression in a dose-dependent manner by KKD-ZnO-NPs compared to Kakadu plum
extract only. This phenomenon may be due to the activation of mitochondrial-mediated
apoptosis, which is characterized by the downregulation of bcl2, followed by an increase in
Bax, allowing cytochrome C release into the cytosol, and finally, the caspase 9/3 signaling
cascade [63,64]. However, quantitative analysis and further investigation of the molecular
mechanisms are needed to clarify the cellular pathways.
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Figure 9. RNA expression of apoptosis pathway genes after treatment of KKD-Ext and KKD-Zn-NPs
on A549 cells (24 h).

3.9. Effect of KKD-ZnO-NPs on NO Production in LPS-Activated RAW 264.7 Cells

Macrophages generate nitric oxide (NO) as a primary mediator during inflammation
reactions. It is made from the amino acid arginine by the enzyme inducible nitric oxide
synthase (iNOS) [29]. NO production is required for a variety of physiological tasks, such
as a neurotransmitter and influencing blood flow and synaptic plasticity. In contrast, over-
expression of NO production in macrophages can able to abolish and induce dysfunction
along with normal cells [65]. NO is a major mediator that is important in the progression of
inflammation. As a result, a medication that suppresses NO formation is also recognized
as a therapeutic agent for inflammation and cancer management.

The inhibitory effect of Kakadu plum extract and KKD-ZnO-NPs on LPS-stimulated
NO production in RAW264.7 cells were measured using the Griess reagents. At the con-
centration of 10 pg/mL, Kakadu plum extract and KKD-ZnO-NPs were able to suppress
the NO production in LPS-stimulated RAW 264.7 cells by 29.28% and 41.46%, respectively,
against the LPS-treated group (Figure 10). The standard NO inhibitor, L-NMMA, which
was used as a positive control in this work, greatly decreased NO production level. There-
fore, KKD-ZnO-NPs can decrease the release of NO level, indicating its anti-inflammatory

potential.
120 - O Control
oLps
B KKD Ext
OKKD-ZnO-NPs
OL-NMMA

ek

NO Production (% of LPS)

Control LPS 2.5 5 10 20
Concentration (ug/mL)

LPS (1ug/ml)

Figure 10. Effects of Kakadu plum extract (KKD-Ext) and KKD-ZnO-NPs on NO production. Control
(non-treated cells). LPS (1 pug/mL)-treated RAW cells (to induce NO production and cause inflam-
mation). Graph shows mean =+ SD values of three replicates. *** p < 0.001 as compared to the group
treated with LPS alone.
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4. Conclusions

Incorporation of Kakadu plum extract as reducing and stabilizing agents enabled the
green synthesis of flower-shaped KKD-ZnO-NPs. The UV-Vis, FTIR, XRD, DLS, TEM, and
SEM structural and optical analysis confirmed the formation of efficient KKD-ZnO-NPs.
In vitro cytotoxicity testing revealed that KKD-ZnO-NPs had anticancer efficacy on human
lung cancer cell lines (A549) as well as the production of ROS. On human lung carcinoma
cells, KKD-ZnO-NPs induced higher ROS levels than Kakadu plum extract only. Moreover,
KKD-ZnO-NPs upregulated p53 and suppressed bcl2 gene expression as regulators of
cancer cell apoptosis. On the other hand, chronic or recurrent acute inflammation caused
by infectious agents or other sources has the potential to promote tumor formation, growth,
emergence, and malignant transformation. Furthermore, cancer and inflammatory tissues
offer a number of vascular mediators, including NO, and their most notable physiological
effect is increased vascular permeability. Moreover, our results showed that KKD-ZnO-NPs
possess a similar capacity of reducing NO production compared to the L-NMMA as positive
control. Based on the enhanced permeability and retention (EPR) effect of macromolecular
drugs, enhanced vascular permeability of tumor and inflammatory tissue is the key to
future drug development of highly specific targeting of the desired tumors or inflammatory
lesions. However, further biological studies are needed to characterize the molecular
mechanisms of KKD-ZnO-NPs and to clarify the cellular pathways involved. This approach
may be an effective cancer treatment that breaks the link between inflammation and cancer.
Taken together, our findings suggest that KKD-ZnO-NPs at limited dosage (10 ug/mL)
could be a promising candidate for the development of a pharmaceutically effective cancer
therapy drug with minimum toxicity.
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