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Gold nanoparticles with tiny sizes and biostability are particularly essential and are employed in a variety
of biomedical applications. Using a reducing agent and a stabilising agent to make gold nanoparticles has
been reported in a number of studies. Gold nanoparticles with a particle size of 25.31 nm were synthe-
sized in this study utilising Hylocereus polyrhizus (Red Pitaya) extract, which functions as a reducing and
stabilising agent. The extract of Red Pitaya is said to be a powerful antioxidant and anti-cancer agent.
Because of its substantial blood biocompatibility and physiological stability, green production of gold
nanoparticles with H. polyrhizus fruit extract is an alternative to chemical synthesis and useful for biolog-
ical and medical applications. The formation and size distribution of gold nanoparticles were confirmed
by HPLC, UV-Vis spectrophotometer, X-ray diffraction (XRD), Dynamic light scattering (DLS), Zeta poten-
tial, Transmission electron microscopy (TEM), Fourier transformed infrared spectroscopy (FTIR), Energy
dispersive X-ray (EDX) and X-ray photoelectron spectroscopy (XPS). The well-analysed NPs were used
in various biological assays, including anti-diabetic, anti-inflammatory, anti-Alzheimer, and antioxidant
(DPPH), and cytotoxic investigations. The NPs also showed a dose-dependent cytotoxic activity against
HCT-116, HepG2 and MCF-7 cell lines, with IC50 of 100 mg/mL for HCT-116 cells, 155 mg/mL for HepG2,
and for MCF-7 cells the value was 165 mg/mL respectively. Finally, the outstanding biocompatibility of
Au-NPs has led to the conclusion that they are a promising choice for various biological applications.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Gold nanoparticles have grown in prominence in recent years
because the increased chemical, physical, biological, and optoelec-
tronic properties of the particles are made possible by the
technique used to synthesize them, known as green synthesis
(Al-Radadi and Adam, 2020). Metal and semiconductor nanoparti-
cles have distinctive size and shape-dependent properties which
are very important in many industries (Kamat, 2002; Ocsoy et al.,
2018). Gold nanoparticles have received great attention in the sci-
entific community because of their unique and powerful Plasmon
resonance peaks in the visible range and because of their potential
to be used in biological studies. They are easy to produce, modify,
and have properties-dependent on size, shape, and dispersion,
therefore metal nanoparticles are popular (Huang, 2006; Khan
et al., 2019). NPs have many applications, and gold nanoparticles
are considered genuine jewels. While applications for labelling,
distribution, heating, and sensing have risen, their significance in
biology and/or life sciences is highlighted by the substantial
increase in their use, simplicity and environmental friendliness,
the use of plant-mediated nanoparticle manufacturing has grown
in popularity (Giljohann et al., 2010).

There are many drawbacks to using conventional nanoparticles
production techniques (chemical and physical) (Kumar and Yadav,
2009), for example, the use of toxic chemicals, long-term process-
ing, high costs, time-consuming processes, and hazardous by-
products (Chang et al., 2021). Green synthesis, on the other hand,
is a preferred method for producing nanoparticles owing to its cost
efficiency, environmental friendliness, biocompatibility, ease of
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use, and speed of synthesis processes (Herlekar et al., 2014;
Simonis and Schilthuizen, 2006). The production of NPs may be
carried out by a wide range of organisms, including cyanobacteria,
fungi, actinomycetes, and bacteria. As a delivery mechanism for
targeted and safer medication distribution, green manufactured
nanoparticles provide a potential alternative to cancer medicines.
Green synthesis has produced many NPs with distinct biological
properties, including Ag, Cu, Au, ZnO, Se, and CuO (Salem et al.,
2020; Waris et al., 2021). The main drawback of using plants for
green synthesis, is the need for high heating conditions, which
raises the cost of nanoparticle manufacturing (Pantidos and
Horsfall, 2014). Plant-mediated NP synthesis is a growing trend
in green chemistry due to its nontoxic, low-cost, and ease of use
(Al-Radadi, 2018; El-Seedi et al., 2019; Manjumeena et al., 2016).
Metal oxide nanoparticles (NPs) have seen increased use in the
chemical, physical, and biological fields during the last decade
(Das and Chatterjee, 2019). With a production rate of 500 tonnes
per year and expected to rise in the future, Au-NPs and Ag-NPs
stand out as the most promising and marketable NPs (Bindhu
and Umadevi, 2014; Al-Radadi (2019)).

A complicated issue, drug resistance affects both developing
and developed national healthcare systems. Antibiotic therapies
have been decimated by the escalation and spread of diseases that
are resistant to several drugs (Aslam et al., 2018). As a result, the
search for novel antimicrobial drug sources has intensified recently
in order to combat pathogenic diseases that are resistant to it.
Medicinal plants and plant-mediated nanomaterials with antimi-
crobial activities have been extensively studied in this respect,
since they cover a broad range of bioactive chemicals with well-
established therapeutic characteristics (Talbot et al., 2006). Addi-
tionally, Au-NPs have been shown to be effective anti-cancer
agents and drug delivery vectors in a variety of cancer cell lines,
both in the lab and in the human body. The most prevalent cancers
in women are breast cancer and colon cancer. Given its broad dis-
tribution, this illness is a major public health concern requiring
more molecular and nanoscale investigation in order to ascertain
its prognosis and therapeutic possibilities (Manivasagan and Oh,
2015). MCF-7 and HepG2 carcinoma cells may now be effectively
treated using plant-derived compounds and nanomaterials pro-
duced by plants (Barai et al., 2018). Due to their chemo preventive
and less harmful properties, these cancer research molecular
weapons are excellent antitumor candidates These drugs are
unable to target a cancer site due to issues such as inadequate sol-
ubility and structural deformation, as well as low bioavailability
(Vandermeer, 2020; Manikandakrishnan et al., 2019). Recent inter-
est in Au-NPs has been spurred by their innovative therapeutic
applications (Vijayan et al., 2018).

Material scientists are now using herbal plants as a stable
source for manufacturing metallic nanoparticles as an alternative
to conventional methods, considering the aforementioned draw-
backs of physical and chemical methods and the use of Au-NPs
as a powerful antimicrobial and anti-cancer agent (Katas et al.,
2018). The bioconversion of gold ions to nanoparticles was per-
formed using medicinally significant Hylocereus polyrhizus aqueous
pulp and seed oil extracts. In Mexico, South America, and North
America, this plant is readily accessible. In tropical and subtropical
areas all over the globe, many dragon fruit species are currently
cultivated as fruit orchards. This unique fruit is becoming more
popular owing to its peculiar flavour and appearance, as well as
its eye-catching colour (Joshi and Prabhakar, 2020; Hua et al.,
2018). You can differentiate one type from another by the colour
of the pulpy peel or the soft fleshy centre, which contains the seed.
The pulpy peel has been shown to have higher antioxidant activity.
Due to its scale-like appearance on the outside, the fruit is known
as dragon fruit (Al-Mekhlafi et al., 2021). Antioxidant-rich oil was
produced from the dragon fruit’s small black seeds, which are
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found throughout the fruit (Ariffin et al., 2009). Additionally, dra-
gon fruit seeds are a good source of dietary fibre, vitamin C, miner-
als, carotenoids, phenolic acids, organic acids (including acetic and
lactic), protein, flavonoid compounds, phosphorus, iron, and Phyto
albumins (a kind of protein) In addition to aiding digestion, the
peel and seeds of the dragon fruit reduce cholesterol levels and
protect against diabetes and colon cancer by neutralising the
harmful effects of heavy metals and other environmental toxins.
It is possible to extract the phytoconstituents from the fruit by
scraping off the skin and seeds or by using a solvent. The fruit is
a good source of betacyanin, vitamins, and lycopene (Utpott
et al., 2020; Rebecca et al., 2010). Low-density lipoprotein (LDL)
or bad cholesterol (LDL) is protected from oxidation or damage
as well as high blood pressure by beta lain, a red pigment present
in the red dragon fruit (Siow andWong et., 2017; Choo et al., 2016).
Anti-hepatitis, burn therapy, anti-microbial, anti-inflammatory,
antioxidant, jaundice, and dyspepsia are just a few of the claimed
applications for the Dragon Fruit (Hylocereus polyrhizus) (Lin
et al., 2021; Wu et al., 2006).

We’re here to see whether the Au-NPs produced by Hylocereus
polyrhizus is active against the HepG2, MCF-7, and HCT-116 cell
lines, and can it be a viable cancer therapy option for the treatment
of breast and colon cancer, respectively. The synthesized NPs were
characterized by FTIR, XPS, TEM, XRD, DLS, Zeta potential, and UV.
The anti-inflammatory, anti-Alzheimer, anti-diabetic, and antioxi-
dant efficacy of the nanoparticles was also examined (Slepička
et al., 2020; Al-Radadi, 2020; Faisal et al., 2021).
2. Materials and methods

2.1. Fruit collection and extraction

Disease-free and healthy fruits of Hylocereus polyrhizus were
purchased from a local market. To eliminate impurities and dust
spores, the collected fruits were rinsed thoroughly using distilled
water. The cleaned fruits were peeled and 4.5 g of fruit pulp were
blended with 50 mL of distilled water and boiled at 60 �C for
15 min. To remove all residuals, the prepared extract was first
twice filtered with nylon paper and then thrice filtered using
Whatt-man filter paper No. 1. The liquid was allowed to cool after
filtering before being combined with 10 mL of dragon fruit seed oil
(D.pulp _seed oil). For additional tests, the produced extract was
retained and refrigerated at 4 �C.

2.2. Biosynthesis of Au-NPs

Established protocol of (Elia et al., 2014), with slight modifica-
tions was followed for green synthesis of Au-NPs. Before and after
mixing aqueous extract with precursor salt, UV and pH were
observed. In short, 50 mL of extract and 10 mL of dragon fruit seed
oil were combined with tetra chloroauric acid salt HAuCl4�3H2O
and kept for 4 h at room temperature. The mixture was centrifuged
(HERMLE Z326 K) at 10,000 rpm to complete the reaction. The pel-
let was isolated and rinsed three times with sterile water before
being put on autoclaved Petri dish and dried in an

oven at 50 �C. To eliminate contaminants, the dry substance
was crushed into powder in a sterile pestle. For further physical
characterization and biological applications, the resultant powder
NPs were preserved in a sealed glass vial, tagged, and kept refrig-
erated (Unal et al., 2020).

2.3. Characterization of biosynthesized Au-NPs

Morphological, structural and vibrational properties of biosyn-
thesized Au-NPs were examined using multiple analysis tech-
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niques including HPLC, XPS, XRD, DLS, Zeta potential, FTIR, UV and
TEM. Phytochemicals and related functional groups on Au-NPs
were determined by FTIR spectroscopy (400–4000 cm�1). XRD
was used to define the crystal-like nature, phase recognition and
pureness of Au-NPs (Model-D8 Advance, Germany). Morphological
characteristics of NPs were calculated using electron microscopy
(TEM). Surface stability and NP size of Au-NPs were explored via
(DLS).

2.4. Anti-diabetic assay

A well-established protocol of (Guo et al., 2020) were used for
the investigation of antidiabetic potential of biosynthesized
nanoparticles. 15 mL of Phosphate buffer saline solution, 25 mL of
a-amylase, 10 mL of sample solution and 40 mL of starch were added
to 96-wells plate followed by incubation for 30 min at 50 �C. After
incubation 20 Âml of HCL and 90 Âml of iodine were added to each
well. Acarbose an antidiabetic drug was used as a positive control
while DMSO were used as a negative control. Absorbance were
recorded at 540 nm. The percent inhibition was calculated by the
following formula

% Enzyme Inhibition ¼ 1� Absorbance of sample
Absorbance of control

� �� �
� 100
2.5. Anti-inflammatory assay

Cyclooxygenase (COX) are enzymes that forms prostaglandin
which induce inflammation, pain, and fever. In this assay biosyn-
thesized gold nanoparticles were investigated to inhibit COX-1
and COX-2 enzymes to reduce inflammation. COX-1 and COX-2
(Ovine kit 701,050 France) were utilized to determine the anti-
inflammatory capability of the biosynthesized Au-NPs. 10 mM
ibuprofen were used as a positive control. Different concentration
of nanoparticles including 50, 100, 200, and 400 lg/mL were used
in the assay inhibition were calculated following the manufacturer
instructions. Absorbance were recorded at 590 nm to check N,N,N/,
N/-tetramethyl-p-phenylene diamine in a 96-well microplate.

2.6. Anti-Alzheimer assay

Acetylcholinesterase (AChE) and Butyrylcholinesterase (BChE)
are the two enzymes that has to bet targeted and inhibited by
the anti-Alzheimer drug in the treatment of Alzheimer disease.
The potential of biosynthesized nanoparticles to inhibit AChE
(Sigma ‘‘101292679”) and BChE (Sigma ‘‘101303874”) was deter-
mined by using was investigated using Elman’s technique.
Nanoparticle concentrations of 25 mg/mL to 400 mg/mL were pre-
Table 1
Concentrations of Phenolic, flavonoids, carotenoids, Organic acids and glycosides (mg/g) in

Red Dragon Pulp Phenolic
Myricetin Sinapic
36.55 15.12

Retention time 3.2 11.1
Red Dragon Pulp Flavonoids

Rutin Apigenin
39.22 19.14

Retention time 5.4 7.02
Red Dragon Pulp Carotenoids

b-carotene Lycopene
10.25 19.41

Retention time 7.9 10.21
Red Dragon Pulp Organic acid

Succinic acid Fumaric acid
9.56 4.15

Retention time 10.01 10.5
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pared in PBS. The enzymes concentration was 0.03U/mL AChE and
0.01U/mL BChE and stored at 8�Celsius. Methanolic Galantamine
hydrobromide (Sigma; GI660) was used as a positive control, while
reaction without any NPs were used as a negative control. 5-thio-
2-nitrobenzoate and its complexed with DTNB was formed as a
result of hydrolysing ATchI to AChE and BTchI to BChE which
results in the formation of yellow colour. The coloured transformed
solution was expose to absorbance at 412 nm. The following for-
mulas were used to calculate percent enzyme inhibition.

V ¼ DAbs=Dt

Enzyme activity ð%Þ ¼ V=V maximum� 100

Enzyme inhibition ð%Þ ¼ 100� Enzyme activity ð%Þ
2.7. Antioxidant assay (DPPH)

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical was used
to determine the antioxidant action of Au-NPs. The reaction mix-
ture contained 200 lg/mL concentrations, and the assay was per-
formed thrice. For 30 min at 37 �C, 180 mL of DPPH solution
(4.80 mg/50 mL methanol) was combined with a specific amount
of 20 mL of test sample from each dose on a 96-well plate. Ascorbic
acid was utilized as a positive regulator. Absorbance was measured
at 515 nm.

%FRSA ¼ ð1� Abs=AbcÞ � 100
2.8. Cytotoxicity against HCT-116, HepG2 and MCF-7 cell lines

MCF-7, HCT-116, HepG2, and MCF-7 cells were grown in DMEM
with 10% FCS, 100 U/mL penicillin, 2 mM L-glutamine, 100 g/L
streptomycin, and 1 mM Na-pyruvate in an ambient atmosphere
with 5% humified CO2. The cells were collected for 1 min at room
temperature with 0.5 mM trypsin/EDTA. The cytotoxic potential
of extracts/nanoparticles was examined in vitro using the tetra-
zolium dye MTT (3-4, 5-dimethylthiazol-2-yl) 2, 5-
diphenyltetrazolium bromide. A purple, solid material called for-
mazan is formed when MTT is decreased in healthy cells. This sub-
stance may be detected spectrophotometrically. In a 96-well plate,
pre-seeded cells (>90% viability; 10,000 cells per well) were treated
with test substances ranging from 2 to 500 g/mL for 24 h. After
that, 10 mL of MTT dye (5 mg/mL) was added to each well and
incubated for three hours. To dissolve the insoluble formazan, we
employed a 10% acidified sodium dodecyl sulphate solution
(SDS). After that, the cells were left to incubate for the duration
of the night. A microplate reader read the plate readout at
Red Dragon Pulp.

Chlorogenic Querecetin Hibiscus acid
9.25 17.45 32.14
12.4 13.9 15

Naringin Kampherol –
44.12 22.71 –
9.1 10.4 –

Zexanthin a-carotene Lutein
11.06 0.39 0.34
15.00 12.2 13.5

Ascorbic acid – –
16.08 – –
11.0 – –



Fig. 1. Analysis of HPLC chromatograms of (A)Phenolic, (B)flavonoids, (C)carotenoids, (D)Organic acids, (E)water-soluble vitamins, (F)fat-soluble vitamins of Red Dragon Pulp
and Separation charts (G) Essential Amino Acids, (H)Non-Essential Amino Acids.
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Table 2
Concentrations of amino (mg/100 g) in Red Dragon Pulp.

Amino acids

Red Dragon Pulp L-Valine L-Methionine L-Isoleucine L-Threonine
10.33 13.05 5.46 5.13

Retention time 24.8 31.9 27.7 19.2
Red Dragon Pulp L-Lysine L-Leucine Aspartic acid L-Phenyl alanine

12.08 8.04 8.37 11.49
Retention time 58.7 51.3 12.6 42.3
Red Dragon Pulp Alanine Glycine Glutamic acid Arginine

9.91 18.63 22.19 6.32
Retention time 42.2 40.1 28.9 20.6
Red Dragon Pulp Cysteine Histidine Tyrosine Proline

11.42 5.12 5.89 10.06
Retention time 59.7 50.2 58.5 47.6
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570 nm (Platos R 496, AMP). DMSO was used as a check against the
NPs. Percent viability was calculated using this formula rather than
the NTC sample.

% Viability ¼ Absorbance of sample� Absorbance of samle control
Absorbance of NTC� Absorbance of media

� 100
Table 4
Fatty Acid content (%) in Red Dragon Pulp.

Fatty acids

Red Dragon Pulp Lauric Capric Caprylic
5.46 0.38 0.67

Retention time 26.1 24.9 22.3
Red Dragon Pulp Heptadecanoic Palmitic Pentadecanoic

3.26 16.59 2.82
Retention time 31.7 30.2 27.9
Red Dragon Pulp Linolenic Linoleic Oleic

0.19 2.37 30.94
Retention time 40.04 37.2 35.7
Red Dragon Pulp Myristic Lignoceric Behenic

9.21 0.23 1.54
Retention time 26.8 43.1 42.3
Red Dragon Pulp Arachidic Stearic –

7.28 17.48 –
Retention time 39.4 33.8 –
3. Results

3.1. Analytical study of Red Dragon Pulp

HPLC analysis revealed the compounds in Dragon Pulp and
these including Phenolic, flavonoids, carotenoids, and organic acids
were found in differing quantities inside, as indicated in Table 1, as
well as in Fig. 1 A- D. Myricetin and hibiscus acid are the most
abundant phenolic components in Red Dragon Pulp. Quercetin,
Sinapic, and Chlorogenic acid, Rutin, Apigenin, Naringin, and
Kaempferol were also found in the Red Dragon Pulp. Analysis
revealed that Naringin was the most common flavonoid found in
the Red Dragon Pulp. Concentration of (19.14 mg/g) was found to
be the lowest for Apigenin. Carotenoids were also found in the
Red Dragon Pulp and its five varieties were named accordingly.
Lycopene was the most prevalent carotenoid, followed by b-
carotene, zeaxanthin, and a-carotene, with lower amounts. L-
methionine, L-leucine, and L-valine were all found in the Red Dra-
gon Pulp in high amounts. In Table 2, the levels of the amino acids
in the Red Dragon Pulp differed among the various extracts. Aspar-
tic acid and Glycine Methionine were found in significant concen-
trations in the Red Dragon Pulp, while Isoleucine, Threonine, and
Tyrosine were in low concentrations. as in Fig. 1 G,H. GSH and
ascorbic acid make up the aqueous phase of antioxidants of the
Red Dragon Pulp (ASC) 25.15 ± 1.71 mmol-g-1 DW and 39.07 ± 1.
25 mmol-g-1 DW are detected in these quantities. These results
varied from 4.15 mg/g to 16.08 mg/g for the organic acids found
in the Red Dragon Pulp. Red Dragon Pulp had the highest amount
of ascorbic acid, at 16.08 mg/g. With succinic and fumaric acid,
the series concludes. The Red Dragon Pulp also includes various
types of vitamins, which may be seen in Table 3 and illustrated
Table 3
Concentrations of vitamins (mg/g) in Red Dragon Pulp.

Vitamins

Red Dragon Pulp Vitamin C Vitam
2.84 1.08

Retention time 4.4 6.28
Red Dragon Pulp Vitamin E Vitam

2.87 0.35
Retention time 5.35 6.12
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in Fig. 1 E,F. Among analyzed vitamins, nicotinic acid, vitamins k,
then vitamins A, vitamins E, vitamin C, vitamin B6, and vitamin
D were all had a greater quantity of cobalamin than the other
vitamins.

Fatty acids were discovered in various quantities in the Red
Dragon Pulp. Typically, the peels have an average fatty acid content
of around 0.19 mg/100 g to about 30.94 mg/100 g. In this research,
we focused on fatty acids ranging from 100-fold to 1,000-fold of
the baseline level, from which baseline fatty acids had been
derived (7.28 percent to 30.94 percent). Oleic acid was detected
in large quantity of (30.94%) as shown in Table 4, Fig. 2 A-F.

In many essential processes of the human body and creation of
high nutritional value, the mineral elements are heavily engaged.
Red Dragon Pulp tested in the mineral analysis shown in Table 5
reveals that it is rich in many minerals like calcium, potassium,
magnesium, and phosphorus. One of the most critical ingredients
was the very high Potassium concentration of (415.9 mg/100 g).
It’s possible that the primary advantage of dietary potassium is
to help keep your blood pressure in check. Additionally, potassium
is beneficial in the prevention of stroke and coronary heart disease.
Following calcium, these sample’s content of Calcium
(142.6 mg/100 g) is more. A broad range of studies has shown that
in B6 Niacin Cobalamine
0.95 3.51
7.51 8.02

in D Vitamin K Vitamin A
3.49 2.91
6.54 7.2



Fig. 2. (A) The chemical chart from Red Dragon pulp HPLC showing the separation of fatty acids and Mass Fragmentation of the separated Compounds (B)Oleic, (C)Stearic, (D)
Palmitic, (E)Myristic, (F)Arachidic.

Table 5
Concentrations of minerals (mg/g) in Red Dragon Pulp.

K Na Ca Cb

Red Dragon Pulp 415.9 3.7 142.6 ND
Mg Fe P B
16.4 0.8 57.5 ND
S Mn Zn Se
42.8 0.41 0.62 ND
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calcium is an effective way to prevent or cure osteoporosis. Addi-
tionally, there were some minerals such as Copper, Boron, and
Selenium which were found in the pulp, but their amounts are
not specified. (See Table 6)
2841
Analysis of phenolic and flavonoid concentration in functional
meals may be helpful in determining bioactivity and health bene-
fits. The DPPH free radical scavenging ability of the pulp extracts
was evaluated using the reducing power DPPH radicals (mg/ml).



Table 6
Proximate composition (g/100 g or mg/g dry weight) of Red Dragon Pulp.

Proximate Composition

Red Dragon Pulp Total Proteinsg/100 g Ash g/100 g Total Lipids mg/g Moisture g/100 g Total Carbohydrates g/100 g
10.2 12.4 22.9 8.41 35.0

Table 7
Concentrations of sugar (mg/100 g) in Red Dragon Pulp.

sugar

Red Dragon Pulp mannose Arabinos fructose Xylose
15.06 5.49 14.31 5.18

Retention time 6.2 5.3 4.7 3.7
Red Dragon Pulp Lactose Sucrose glucose galactose

11.99 6.97 9.75 6.14
Retention time 9.5 8.8 7.9 7
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In the examination of Red Dragon Pulp of fruit, the findings indi-
cated that the total moisture content was 8.41 g/100 g, protein
content was 10.2 g/100 g, ash content was 12.4 g/100 g, and carbo-
hydrate content was 35.0 g/100 g. These findings indicated that,
among all the several Red Dragon Pulps studied, the one that had
the greatest of vital nutritional elements required for human activ-
ities was protein. Contrary to its lipid content, the amount of low-
level lipids per gram is much lower. The 8.15% portion of the pulp
has both insoluble fiber, and fiber that has been identified and
acknowledged as an essential component of human diets (22.3
percent). According to Table 7, the primary sugars found in the
pulp were mannose and fructose with amounts of 15.06 mg/g
and 14.31 mg/g, respectively. Fructose is considered harmless, with
fewer calories than other sugars.

3.2. Biosynthesis of Au-NPs

Hylocereus polyrhizus commonly known as ‘‘Dragon fruit”
belongs to cactus family that is native to Columbia, Mexico and
America. Several type of dragon fruit specie are cultivated as a fruit
crop in many tropical and subtropical areas worldwide. The phyto-
constituents found in seed oil like betacyanin, vitamins, carote-
noids, phenolic, organic acids and lycopene act as a capping and
reducing agent. When the reaction is carried out between (H.
polyrhizus + Respective salts), the color of the solution changes
from dark red to dark gray, which confirmed the biosynthesis of
Au-NPs. The reaction mixture was centrifuged and stored for phys-
iochemical characterization.

3.3. UV spectroscopy

This analysis was performed to observe the production of Au-
NPs. Fig. 3 show the UV-visible spectra of Au-NPs, exhibiting
absorption peaks at 540 nm, characteristic of metallic nanoscale
gold. The capping of Au-NPs by bioactive elements in the dragon
pulp and seed oil extract may explain the change in absorbance
from normal at kmax = 540 nm (of SPR Au (0)). All these figures
depict the spectral data of spectral plasmon resonance vibrations.

3.3.1. The effect of extract volume
A series of reactions was carried out with dragon Pulp_Seed oil

extract volumes varying from 1 to 5 mL and a constant amount of
5 mL10-3 M HAuCl43H2O as shown in Fig. 3A. The reaction was car-
ried out at room temperature for around 4 h and the color change
was observed. UV-visible spectra were taken after 4 h of reactions,
and the strength of the SPR peak grew and became sharper as the
D. Pulp_Seed oil extract volume increased from 1 mL to 5 mL. As a
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result of the optimization research, the amount of extract had a
substantial impact on the synthesis of AuNPs@D.pulp_seed oil. This
study suggests that extract volume of 5 mL is optimal for nanopar-
ticle formation.

3.3.2. The effect of HAuCl43H2O volume
By synthesizing Au-NPs using different volumes of (1–5 mL) 10-

3 M HAuCl43H2O and a constant 5 mL of extract at room tempera-
ture for 4 h, the optimal volume of HAuCl43H2O was discovered.
The UV-vis spectra of 1 mL HAuCl43H2O solution exhibited a low
intense peak about 548 nm, which moved to 540 nm with
increased intensity when the volume was increased to 5 mL as
shown in Fig. 3B.

3.3.3. The effect of pH
By performing the reactions at different pH values ranging from

2, 4, 6, and 8, the influence of pH on the synthesis of AuNPs@D.
pulp_seed oil was examined as shown in Fig. 3C. UV was used to
monitor the reactions, and the SPR peak at 540 nm confirmed
the synthesis of Au-NPs.

Fig. 3C illustrates the UV-visible spectra of AuNPs@D.pulp_seed
oil creation, with different pH variables explored. The most favor-
able pH for D.pulp_seed oil is pH 6 (normal) after 4 h at absorbance
of 540 nm, which gives a strength absorbance peak direct to the
surface plasmon resonance (SPR Au(0)). Investigating TEM pictures
of produced AuNPs@D.pulp_seed oil backs up with the theory that
gold nanoparticles are spherical in form, highly dispersed, and non-
aggregated, as can be seen in Fig. 4(B). When the pH is raised to 8,
the peak intensity increases, but the peak in the UV-vis spectra
shift to the right (red shifted kmax = 577) as shown in Fig. 3C.

3.3.4. The effect of temperature
A batch of operations was performed at 15 �C, 25 �C, and 35 �C

temperature using 5 mL extract and 5 mL 10-3 M HAuCl43H2O,
where the produced Au-NPs reactions were monitored using UV
spectra as seen in Fig. 3D. SPR peaks were visible in the UV centred
at kmax = 540 nm nm. The strength of absorption peaks grew stron-
ger as time passed from 15 �C to 25 �C, then weakened as time pro-
gressed from 25 �C to 35 �C.

3.3.5. The effect of time
At room temperature, a series of procedures were performed

using 5 mL extract and 5 mL 10-3 M HAuCl4�3H2O for up to 4 h
at 30-minute intervals, UV spectra were used to monitor the reac-
tions of the Au-NPs that were generated. In the UV, SPR peaks were
detected at kmax = 540 nm. As the reaction time increased, the
intensity of the absorption peaks grew stronger, sharper, and



Fig. 3. UV-visible absorption spectra of AuNPs@D.pulp_seed oil synthesized (A) with different volume of (1–5) ml D.pulp_seed oil extract with 5 mL 1x10-3 M HAuCl4 stock
solutions after 4 h, (B) with different volume of (1–5) ml 1x10-3 M HAuCl4 stock solution with 5 mL D.pulp_seed oil extract after 4 h, (C) as a function effect of different (2–8)
pH of 5 mL 1x10-3 M HAuCl4 stock solution and 5 mL of D.pulp_seed oil extract after 4 h, (D) as a function of 5 mL 1x10-3 M HAuCl4 stock solution and 5 mL of D.pulp_seed oil
extract with different temperature (15,25 and 35) �C after 4 h, (E) as a function of 5 mL 1x10-3 M HAuCl4 stock solution and 5 mL of D.pulp_seed oil extract with different time
of (30–240) minute of addition at 25 �C.
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higher, and as time passed, Fig. 3E indicating the best production of
Au-NPs at 4 h of reaction time.
3.4. FTIR analysis

FTIR spectra of D.pulp_seed oil and Au-NPs demonstrated that
several types of antioxidants were existent in the produced
nanoparticles as shown in Fig. 4A. FTIR study was used to inspect
the extract and the produced AuNPs@D.pulp_seed oil with a speci-
fic goal of identifying present biomolecules in the reduction of the
gold ions, such as C = O (which are attributed to carbonyl) and O-H
(which are attributed to hydroxyl group). The spectrum shows the
2843
characteristic absorption bands at 3390cm�1 broad peak corre-
sponds to the O-H stretch, peak associated with the hydroxyl func-
tional groups of and phenol and alcohol substances found in
dragon seed oil extract. The peak at 1765–1650cm�1, which link
to C = O absorption band of aliphatic esters and peak at 1385–
1025cm�1 correspond to C-O and confirmed the presence of ester
bonds in a compound. The band observed in region 3000–2775,
1464–725 cm�1 recognized to C-H and indicated that long chain
aliphatic ester compounds were present. After the encapsulation
of nanoparticles, there was a slight shift and variation in intensity
was observed in the peaks that clearly indicated the phytochemi-
cals involved in the reduction and stabilization.



Fig. 4. (A) Typical FTIR analysis of AuNPs@D.pulp_seed oil and respective extract, (B) TEM micrograph of AuNPs@D.pulp_seed oil, (C) EDX spectrum of synthesized AuNPs@D.
pulp_seed oil.
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3.5. Tem and EDX analysis:

TEM image of Au-NPs is revealed in Fig. 4B. It can be observed
that gold nanoparticles are spherical in shape, highly dispersed
and non-aggregated with a size distribution from 8.65 to
36.2 nm, effective diameters were measured in 24.9 nm. The
obtained gold nanoparticles were verified to contain the gold
according to EDX studies. Fig. 4C shows the EDX spectrum of bio-
mediated nanoparticles, which confirmed the presence of gold.

3.6. XRD analysis

XRD analysis was used to assess the crystalline state of the gold
nanoparticles that were produced. Fig. 5A shows the usual XRD
pattern of Au-NPs capped with dragon fruit pulp seed oil extract,
demonstrating the crystalline nature of produced Au-NPs. Four
unique diffractions peak at 38.29�, 44.22�, 64.77�, and 77.71� are
indexed as FCC metallic gold planes (111), (200), (220), and
(311). The additional peak of 23.5� in Fig. 5A is due to the extract’s
amorphous form. The Debye-Sheerer equation D = Kk/b cos h was
used to compute the average size of AuNPs@D.pulp_seed oil.

3.7. DLS analysis

Using Malvern Zeta Sizer, zeta potential and particle size distri-
bution were studied, as shown in Fig. 5B. Zeta potential |f| is a stan-
2844
dard approximation of the surface load that determines the
particles’ colloidal stability. Suspensions featuring |f| �18.4 mV
are normally graded as stable colloids. The calculation also
improves the stable dispersion potential of biogenic Au-NPs at
pH 7 in distilled water as shown in Fig. 5C. The hydrodynamic
diameter of the gold nanoparticles prepared using dragon fruit
pulp was calculated via DLS technique. DLS analysis is fast and easy
techniques. DLS upshot showed that particle size was 36.2 nm.
3.8. X-ray photon spectroscopy

Further to identify the presence of atomic gold and biomole-
cules around the nanoparticle XPS analysis was performed. Fig. 6
depicts the determined XPS spectra of core levels of the gold
i.e.4f5/2 and 4f7/2 at 87.3 and 85.6 BE. Carbon, Nitrogen and Oxy-
gen was presented in Fig. 6B, 6C and 6D respectively. 281.5 BE
medium peak was observed and that was due to presence of
biomolecular C 1 s (hydrocarbons). A medium peak was observed
at 287.2 for BE which lead it to emit electron from C = O and C-
OH. A high-flying peak observed at 284.8 and decomposed electron
emission of carbonyl carbon. Nitrogen from biomolecules was
observed in the triple peak at 396.5, 398.6, and 400.5 BE. Lastly,
three O 1 s peaks at 528, 531 NS 533 BE ascribed to the aromatic
hydrocarbons in the biomolecules.



Fig. 5. (A) X-Ray diffraction analysis, (B) DLS zeta size representation, (C) Zeta potential measurements of AuNPs@D.pulp_seed oil.
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3.9. Anti-diabetic activity Assay:

Alpha amylase enzyme converts carbohydrates to glucose and
thus play an important role in the blood glucose level. Different
concentrations of Au-NPs (50 to 200 mg/mL) were used in the assay.
Results showed significant inhibition of 40.07 ± 0.65, 22.02 ± 0.15,
11.34 ± 0.11 at 200, 100, and 50 mg/mL respectively as shown in the
Table 8 and Fig. 7.
3.10. Anti-inflammatory assay

In Anti-inflammatory assay maximum 50.51 ± 1.32% inhibition
was showed by Au-NPs at a concentration of 400 mg/mL against
COX-1 while 58.74 ± 0.76% COX-2 inhibition was showed by Au-
NPs at same concentration. However, the activity was dose depen-
dent the inhibition increased by the increase of NPs concentration
as shown in Table 9 and Fig. 8.
3.11. Anti-Alzheimer assay

In Anti-Alzheimer assay AChE and butrylcholine aryltransferase
(BChE) were evaluated at various concentrations of NPs Interest-
ingly, both esterases’ inhibitory reaction was depending on the
amount of esterase enzyme present. Au-NPs showed significant
results at 400 mg/mL with inhibition of 69.11 ± 1.12% against AChE
2845
and 64.78 ± 0.71% against BChE. The inhibition activity was found
dose dependent as shown in Table 10 and Fig. 9.
3.12. Antioxidant DPPH assay

The antioxidant activity at different concentrations of 100, 200,
300, 400, and 500 mg/mL of extract and AuNPs@D.pulp_seed oil
was examined by DPPH scavenging assay. In Fig. 10, it is found that
the DPPH-scavenging activity increases with the increase in the
concentration of D.pulp_seed oil and Au-NPs due inhibition of
the interaction with free radical. The D.pulp_seed oil extract and
Au-NPs showed a dose-dependent activity and the DPPH scaveng-
ing effect was 13 % of D.pulp_seed oil extract and 3% of AuNPs@D.
pulp_seed oil at a concentration of 100 mg/mL and then reached to
the 29 % and 9% of D.pulp_seed oil extract and Au-NPs respectively
at 500 mg/mL. The activity of the D.pulp_seed oil extract showed
much better activity than the Au-NPs. The antioxidant activities
of the compounds, present in the extract may depend on structural
features, such as the number of phenolic hydroxyl or methoxyl
groups and flavones hydroxyl.
3.13. Anti-proliferative assay against HCT-116, HepG2 and MCF-7 Cell:

The vitality of Au-NPs was tested on the MCF-7 breast cancer
cell line, HepG2 and the HCT-116 cell line, and it was revealed that



Fig. 6. XPS analysis showing (A) AuNPs@D.pulp_seed oil, (B) C1s, (C) N1s and (D) O1s.
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both AuNPs@D.pulp_seed oil and the corresponding extract treat-
ment lowered cell viability. The efficiency and toxicity of D.pulp_-
seed oil extract derived NPs in MCF-7, HepG2 and HCT-116 cells
were investigated. Due to its unique morphological features, Au-
NPs demonstrated a greater inhibition of 92.89%, 80.29%, and
74.83% against fresh HCT-116, HepG2, and MCF-7 cell lines at
500 mg/mL, similar to antimicrobial activities as shown in Figs. 11–
13. MCF-7 had an IC50 of 165 mg/mL, while HCT-116 had an IC50 of
100 mg/mL and HepG2 has an IC50 of 155 mg/mL. Doxorubicin was
utilized as a positive control as shown in Table 11.
Table 8
Antidiabetic Assay of Biosynthesized Au-NPs.

Conc. of NPs (mg/mL) % inhibition of a-amylase

Au-NPs Acarbose (100 mg) DMSO

200 40.07 ± 0.65 50.10 ± 0.13 0
100 22.02 ± 0.15
50 11.34 ± 0.11
4. Discussion

In the preset study gold nanoparticles were synthesized by
using D.pulp_seed oil as a capping and reducing agent. The synthe-
sized nanoparticles were characterized by advanced spectroscopic
techniques and were evaluated for its biomedical applications.
HPLC analysis revealed the compounds in Dragon Pulp and these
including Phenolic, flavonoids, carotenoids, and organic acids were
found in differing quantities inside. Despite being high in pheno-
lics, the Red Dragon Pulp may nevertheless provide a beneficial
contribution to human health owing to its wide range of phenolic
chemicals and their use in the treatment of many diseases. Flavo-
noids and phenolic have been proven itself to provide many
healthy advantages, and that including anticancer, anti-
inflammatory, anti-diabetes properties, non-toxic, antimicrobial,
and antifungal properties (Küp et al., 2020). One study found that
lycopene has a preventive effect in many illnesses, such as cancer,
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cardiovascular, and neurological disorders. Hence, lycopene was
the most prevalent carotenoid, followed by b-carotene, zexanthin,
and a-carotene, with lower amounts. L-methionine, L-leucine, and
L-valine were all found in the Red Dragon Pulp in high amounts. In
small amounts or medium levels of amino acids also existed. It has
risen in nutritional value, which contributes to the amino acid con-
tent of the Red Dragon Pulp (Al-Radadi, 2019; Wu et al., 2006;
Perween et al., 2018). Oleic acid was detected in large quantity of
(30.94%) as shown in Table 4, Fig. 2. where it is known that oleic
acid helps to reduce cardiovascular disease and especially choles-
terol. While limiting saturated fat consumption may be favorable,
increasing oleic acid intake can decrease saturated fat intake fol-
lowed by Stearic acid (17.48%) and finally palmitic acid (16.59 per-
cent) (Fidrianny et al., 2017). In the pulp, phenolics with
antioxidant potential were present in large amounts, and their
absorption into the extrudates enhanced antioxidant capacity in
comparison to controls (Abdullah et al., 2022).

Dragon fruits can be used for nutrition, as well as contain cer-
tain therapeutic products such as fibers, vitamin C, minerals, caro-



Fig. 7. Anti-diabetic potential of AuNPs@D.pulp_seed oil.

Table 9
Anti-Inflammatory Potential of the AuNPs@D.pulp_seed oil.

Enzymes NPs 25 mg/mL 50 mg/mL 100 mg/mL 200 mg/mL 400 mg/mL

COX-1 Au-NPs 8.11 ± 0.21 15.32 ± 0.64 29.39 ± 0.12 36.19 ± 1.09 50.51 ± 1.32
COX-2 Au-NPs 13.31 ± 0.16 19.14 ± 0.13 31.48 ± 0.87 31.67 ± 1.12 58.74 ± 0.76

Fig. 8. Anti-inflammatory potential of AuNPs@D.pulp_seed oil.

N.S. Al-Radadi Saudi Journal of Biological Sciences 29 (2022) 2836–2855

2847



Table 10
In vitro AChE and BChE inhibition of the AuNPs@D.pulp_seed oil.

Enzymes NPs 25 mg/mL 50 mg/mL 100 mg/mL 200 mg/mL 400 mg/mL

AChE Au-NPs 22.81 ± 0.31 28.12 ± 0.54 40.19 ± 0.42 55.19 ± 1.09 69.11 ± 1.12
BChE Au-NPs 23.11 ± 0.16 33.34 ± 0.13 41.88 ± 0.17 51.17 ± 1.32 64.78 ± 0.71

Fig. 9. Anti-Alzheimer potential of AuNPs@D.pulp_seed oil.
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tenoids, phenolic, organic acids, protein, flavonoid, phosphorus,
iron and phytoalbumins are antioxidant proteins that are highly
prized and is well known for their clinical applications, like antimi-
crobial, anti-inflammatory, antioxidant, jaundice and dyspepsia
(Annamalai et al., 2013). UV-visible spectra of AuNPs@D.pulp_seed
oil, exhibiting absorption peaks at kmax = 540 nm, characteristic of
metallic nanoscale gold, which is consistent with previous obser-
vations (Lee et al., 2011). The spherical and polydisperse character
of the AuNPs@D.pulp_seed oil appears to be established by the one
wide SPR peak in the spectra (Al-Radadi and Al-Youbi, 2018a).
AuNPs@D.pulp_seed oil synthesized with various reaction parame-
ters such as extract volume, metal ion volume at 1x10-3 M
(HAuCl4�3H2O), pH, and time intervals (Khan et al., 2018; Al-
Radadi, 2022). This study suggests that extract volume of 5 mL is
optimal for nanoparticle formation, which agrees with the UV-
visible absorption study (Kumar et al., 2018). UV-visible and TEM
analyses were used to evaluate the synthesized Au-NPs (Wali
et al., 2017). production of AuNPs@D.pulp_seed oil, with the peak
strength rising as the pH climbed from 2 to 6 (Singh et al., 2018;
Ramírez Castro et al., 2018). Peaks of SPR were detected in the
UV at kmax = 540 nm, when the pH was raised to 8, the peak inten-
sity increases, but the peak in the UV-vis spectra shift to the right
(Blue shifted kmax = 577 and become very broad) (Fig. 3C). (Nadaf
and Kanase, 2019; Aguilar Pérez et al., 2018). FTIR study was used
to inspect the extract and the produced Au-NPs with a specific goal
of identifying present biomolecules in the reduction of the gold
ions, such as C = O (which are attributed to carbonyl) and O-H
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(which are attributed to hydroxyl group) (Santhoshkumar et al.,
2017). The peak at 1765–1650cm�1, which link to C = O absorption
band of aliphatic esters and peak at 1385–1025cm�1 correspond to
C-O and confirmed the presence of ester bonds in a compound
(Chaudhuri and Malodia, 2017; Ahmed et al., 2016). Dragon fruit
mainly contain betanin, lycopene, and betacyanin. These composi-
tions contain several functional groups that possibly mediate

reduction ontoAu3þto Au0 (Syafinar et al., 2015). Gold NPs were
designed by the reduction of the respective HAuCl4 salt ions (Al-
Radadi and Al-Youbi, 2018b). XRD analysis was used to assess
the crystalline state of the gold nanoparticles that were produced.
The additional peak of 23.5� is due to the extract’s amorphous form
(Khoshnamvand et al., 2020). The band resulting from (111) was
sufficiently strong compared to the rest of the planes, indicating
that synthesized AuNPs@D.pulp_seed oil are crystalline and that
(111) is the primary orientation (Ahmeda, 2020; Khatami et al.,
2018). Zeta potential is the standard approximation of the surface
polarity that determines the particles’ colloidal stability (Al-
Radadi, 2021a). DLS analysis is fast and easy techniques. DLS
upshot showed that particle size was 36.2 nm. The peak intensity
was estimated to be 100 percent (Lee et al., 2015). XPS spectra of
core levels of the gold i.e.4f5/2 and 4f7/2 at 87.3 and 85.6 BE
(Arunachalam, 2015; Naraginti and Li, 2017). Nitrogen from bio-
molecules was observed in the triple peak at 396.5, 398.6, and
400.5 BE that can be attributed to the amide nitrogen in the protein
(Sportelli et al., 2018; Ali Khan et al., 2021). This clearly indicated
that atomic gold was present in nanoparticles and it’s capped by



Fig. 10. (A) Total flavonoid of D.pulp_seed oil extract and AuNPs@D.pulp_seed oil at various concentrations (mg/mL), (B) Total phenolic of extract and AuNPs@D.pulp_seed oil
at various concentrations (mg/mL), (C) DPPH scavenging activity of extract and AuNPs@D.pulp_seed oil at various concentrations (mg/mL).
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the biomolecules in the dragon seed extract (Wu et al., 2015).
Results of antidiabetic assay showed significant inhibition of 40.0
7 ± 0.65, 22.02 ± 0.15, 11.34 ± 0.11 at 200, 100, and 50 mg/mL
respectively. Alpha amylase enzyme converts carbohydrates to
glucose and thus play an important role in the blood glucose level
(Kiran et al., 2021; Behzad et al., 2021; Sathishkumar et al., 2018;
2849
Velidandi et al., 2020; Aboyewa et al., 2021). In Anti-inflammatory
assay maximum 50.51 ± 1.32% inhibition was showed by Au-NPs at
a concentration of 400 mg/mL against COX-1 while 58.74 ± 0.76%
COX-2 inhibition was showed by Au-NPs at same concentration.
White blood cells and the substances they produce have a role in
inflammation, which is the body’s defence against infection from



Fig. 11. Cell viability % at different concentrations of AuNPs@D.pulp_seed oil.

Fig. 12. Inhibitory activity % at different concentrations of AuNPs@D.pulp_seed oil.
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outside pathogens, such as bacteria and viruses (Ahn et al., 2018;
Paiva-Santos et al., 2021). But sometimes the inflammation gets
worsen and effect your body in the form of pain or fever. Au-NPs
showed significant inhibition percentage by reducing the inflam-
mation and quenching of COX-1 and COX-2 (Sati et al., 2020;
Devasvaran and Lim, 2021; Hosseinikhah et al., 2021; Chen et al.,
2017). Over 80% of all dementia cases are the outcome of Alzhei-
mer’s disease. Characterized by a progressive regression of cogni-
tive capacities such as memory, space function, and visuality,
personality, and vocabulary, the condition has a peculiar character-
istic called cognitive degradation (Youssif et al., 2019). One person
gets Alzheimer’s disease every 65 s in the United States alone. 76
Cholinesterase inhibitors are now accessible for the treatment of
any degree of Alzheimer’s disease (Bilal et al., 2020). Various syn-
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thetic and natural compounds have been published for the purpose
of efficient inhibition of cholinesterase enzymes (Kassem et al.,
2020). The enzymes function by processing the neurotransmitter
acetylcholine into choline and acetic acid at synapses and neuro-
muscular junctions. AD development can be linked to lower levels
of acetylcholine. AuNPs@D.pulp_seed oil showed significant results
at 400 mg/mL with inhibition of 69.11 ± 1.12% against AChE and 64.
78 ± 0.71% against BChE in anti-Alzheimer assay. As a result of
environmental stress, reactive oxygen species (ROS) are produced,
which damage membrane lipids, proteins, DNA, and plant cells,
causing alterations in plant metabolic pathways (Sergiev et al.,
2019). Plants produce a range of metabolic chemicals in response
to phenolics, such as flavonoids, terpenoids, and oxidative stress,
which activate plant defence mechanisms and are primarily



Fig. 13. Effect of synthesized AuNPs@D.pulp_seed oil on morphological assessment of HCT-116, HepG2 and MCF-7 cells.
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involved in the production of flavonoids, terpenoids, and oxidative
stress (Mohamed and Akladious, 2017; Rehman et al., 2017).
Numerous studies have confirmed the positive link between phe-
nolic component concentration and antioxidant capacity of fruits,
as well as the reduction of HAuCl4 to AuNPs@D.pulp_seed oil.
Antioxidants serve an important function in preventing free radical
damage to cells, which is hazardous to human health. Recently, the
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intake of natural materials, such as fruits with antioxidant activity,
has grown (Francis et al., 2018). The key variables involved in
pathogenicity are reactive oxygen species and other free radicals
produced during diverse biological activities. As you may be aware,
antioxidant substances are defined as any chemical that prevents
or reduces oxidative damage to cells.DPPH isatest fordetermining
antioxidant characteristics of any substance ability to decrease free



Table 11
Anti-proliferative potential of synthesized AuNPs@D.pulp_seed oil against HCT-116, HepG2 and MCF-7 cell lines.

Sample Conc.
(lg/ml)

HCT-116
Cell viability %
Inhibitory activity % IC50

HepG2
Cell viability %
Inhibitory activity % IC50

MCF-7
Cell viability %
Inhibitory activity % IC50

Stand. Sample Stand. Sample Stand. Sample

500 9.60 7.11
92.89 100

lg/ml

17.48 19.71
80.29

155
lg/ml

14.26 25.17
74.83

165
lg/ml

250 17.28 28.12
71.88

29.45 37.82
62.18

17.64 43.69
56.31

125 31.36 41.32
58.68

45.69 52
48

20.82 58.16
41.84

62.5 44.45 65
35

55.95 75
25

41.96 80.44
19.56

31. 5 58.64 80
20

71.33 86
14

49.40 92.21
7.79

15.6 64.40 86
14

75.50 93.40
6.6

54.12 96.44
3.56

3.9 69.34 91.61
8.39

78.92 98.81
1.19

60.21 99.10
0.9

0 100 100
0

100 100
0

100 100
0
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radicals. The DPPH radical is purple in hue, but as it is diminished,
it turns yellow, and absorption is lost. It assesses antioxidant activ-
ity and free radical scavenging. DPPH is a stable free radical with a
nitrogen core that takes electrons or hydrogen atoms from antiox-
idant materials. DPPH is a well-known method for assessing
antioxidant activity due to its ability to decrease free radicals.
When the DPPH is reduced, the colour changes to yellow, this is
because of the anti-oxidative compounds that provide hydrogen
to DPPH (Zayadi et al., 2019; Chahardoli et al., 2018). Qualitative
phytochemical analysis of D.pulp_seed essential oil was conducted
and the tests revealed that D.pulp_seed essential oil has contained
214 mg/mL of flavonoids and 147 mg/mL of phenolic compounds in
00 mg/mL, which was the highest used concentration of D.pulp_-
seed essential oil. The total flavonoids and phenolic compounds
in Au-NPs were 209 mg/mL and 142 mg/mL, respectively, as shown
in Fig. 10. DPPH-scavenging activity was increased with the
increase in the concentration of D.pulp_seed oil and Au-NPs due
to inhibition of free radicals (Veerakumar et al., 2014). The D.
pulp_seed oil and Au-NPs have shown a dose-dependent activity
and the observed DPPH scavenging effect was 13 % for D.pulp_seed
oil and 3% for AuNPs@D.pulp_seed oil at a concentration of 100 mg/
mL. The scavenging activity was raised up to 29 % and 9% for D.
pulp_seed oil and AuNPs@D.pulp_seed oil respectively at 500 mg/
mL. The synthesized Au-NPs have also shown a good capacity of
scavenging the DPPH free radicals (Vijayan et al., 2018). The most
prevalent malignancy among women is breast cancer. Because of
its broad impact, this illness is a major public health concern that
requires additional molecular and nanotechnology research to
establish prognosis and therapy possibilities (Selim and Hendi,
2012). Plant-derived compounds and nanomaterials have lately
been praised as a promising and practical alternative for treating
MCF-7 and other cancer cells (Barai et al., 2018). These anticancer
compounds are less toxic and chemo-preventive, making them a
hotspot for cancer research. However, they are restricted in their
ability to target a cancer site due to issues such as inadequate sol-
ubility, structural deformation, and bioavailability
(Manikandakrishnan et al., 2019). Because of their sophisticated
medicinal uses, AuNPs@D.pulp_seed oil has sparked a lot of atten-
tion recently (Oueslati et al., 2020). In Anticancer assay MCF-7 had
an IC50 of 165 mg/mL, while HCT-116 had an IC50 of 100 mg/mL and
HepG2 has an IC50 of 155 mg/mL. Doxorubicin was utilized as a pos-
itive control (Heim andMitelman, 2015). Most evidence for in vitro
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activity, on the other hand, is based on nature and the availability
of compounds in plant extracts that may be utilised as effective
capping agents (Badeggi et al., 2020). Overall, our results provide
solid evidence to back up previous research (Parveen and Rao,
2015; Balasubramanian et al., 2020. According to anticancer activ-
ity testing findings, biogenic AuNPs@D.pulp_seed oil exhibit potent
anticancer effects on colon cancer cells (Al-Radadi, 2021b;
Suganthy et al., 2018). The total absorption, elimination, and
anti-tumour activities of the test materials are influenced by phys-
ical characteristics, surface chemistry, and dosage dependency.
Metallic NPs produce DNA damage, which causes malignant cells
to die, according to some sources, although the exact mechanism
of NPs cytotoxicity remains unknown. The functional group inter-
action of cellular proteins with NPs, which leads to DNA damage,
was also described as a method of Ag and Au NPs cytotoxicity
(Al-Radadi, 2021b; Han et al., 2018; Botcha and Prattipati, 2020).
Our research also found that Au-NPs may cause oxidative stress
by generating reactive oxygen species (ROS), and ROS can cause
DNA damage and cancer cell death (Baghbani-Arani et al., 2017).

In general, gold nanoparticles have the potency to be used in the
biomedical activities. However in vivo studies must be designed to
know about the exact cytotoxicity of the bio inspired AuNPs@D.
pulp_seed oil.
5. Conclusion

Gold nanoparticles were successfully synthesised utilising D.
pulp_seed oil extract as the initial reducing and stabilising agent
in this study. HPLC, UV, XRD, FTIR, TEM, EDX, DLS, Zeta potential,
and XPS investigations have all been used to analyse and charac-
terize the water-soluble gold nanoparticles. Gold nanoparticles
may be synthesised and stabilised by using chemical reduction
process. Preventing diabetes and colon cancer with D.pulp_seed
oil is only one of the many benefits of using this supplement.
Antioxidant, anti-diabetic, anti-inflammator, anti-Alzheimer and
anti-cancer effects are all found in D.pulp_seed oil. D.pulp_seed
oil extract mediated gold nanoparticles have shown remarkable
results in research on anti-diabetic, anti-inflammatory, anti-
Alzheimer, and anti-cancer properties. HCT-116, HepG2 and
MCF-7 cell lines were all killed by the cytotoxic effects of the
NPs and extracts. This study’s findings on gold nanoparticles pro-
duced from D.pulp_seed oil extract shown that they may be used
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as a vectors in biomedical applications such as medication admin-
istration, gene delivery, or as biosensors where they will come into
contact with blood.
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of gold and silver nanoparticles preparation. Materials. 13 (1). https://doi.org/
10.3390/ma13010001.

Suganthy, N., Ramkumar, V.S., Pugazhendhi, A., Benelli, G., Archunan, G., 2018.
Biogenic synthesis of gold nanoparticles from Terminalia arjuna bark extract:
assessment of safety aspects and neuroprotective potential via antioxidant,
anticholinesterase, and antiamyloidogenic effects. Environ. Sci. Poll. Res.
25,10418-33.

Syafinar, R., Gomesh, N., Irwanto, M., Fareq, M., Irwan, Y., 2015. FT-IR and UV-VIS
spectroscopy photochemical analysis of dragon fruit. ARPN J. Eng. Appl. Sci. 10,
6354–6358.

Talbot, G.H., Bradley, J., Edwards, J.E., Gilbert, D., Scheld, M., Bartlett, J.G., 2006. Bad
bugs need drugs: an update on the development pipeline from the
Antimicrobial Availability Task Force of the Infectious Diseases Society of
America. Clin. Infect. Dis. 42 (5), 657–668.

Unal, I.S., Demirbas, A., Onal, I., Ildiz, N., Ocsoy, I., 2020. One step preparation of
stable gold nanoparticle using red cabbage extracts under UV light and its
catalytic activity. J. Photochem. Photobiol., B 204, 111800. https://doi.org/
10.1016/j.jphotobiol.2020.111800.

Utpott, M., Ramos de Araujo, R., Galarza Vargas, C., Nunes Paiva, A.R., Tischer, B., de
Oliveira, Rios A, et al., 2020. Characterization and application of red pitaya
(Hylocereus polyrhizus) peel powder as a fat replacer in ice cream. Journal of
Food Processing and Preservation. 44 (5). https://doi.org/10.1111/jfpp.14420.

Vandermeer, C., 2020 Promising natural extracts for use in active food packaging:
ResearchSpace@ Auckland.

Veerakumar, K., Govindarajan, M., Rajeswary, M., Muthukumaran, U., 2014. Low-
cost and eco-friendly green synthesis of silver nanoparticles using Feronia
elephantum (Rutaceae) against Culex quinquefasciatus, Anopheles stephensi,
and Aedes aegypti (Diptera: Culicidae). Parasitol. Res. 113 (5), 1775–1785.

Velidandi, A., Pabbathi, N.P.P., Dahariya, S., Baadhe, R.R., 2020. Catalytic and eco-
toxicity investigations of bio-fabricated monometallic nanoparticles along with
their anti-bacterial, anti-inflammatory, anti-diabetic, anti-oxidative and anti-
cancer potentials. Colloid Interface Sci. Commun. 38, 100302. https://doi.org/
10.1016/j.colcom.2020.100302.

Vijayan, R., Joseph, S., Mathew, B., 2018. Indigofera tinctoria leaf extract mediated
green synthesis of silver and gold nanoparticles and assessment of their

http://refhub.elsevier.com/S1319-562X(22)00001-8/h0220
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0220
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0220
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0225
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0225
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0225
https://doi.org/10.1111/jfbc.v44.710.1111/jfbc.13260
https://doi.org/10.1111/jfbc.v44.710.1111/jfbc.13260
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0235
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0235
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0240
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0240
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0240
https://doi.org/10.1155/2020/8147080
https://doi.org/10.1155/2020/8147080
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0250
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0250
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0250
https://doi.org/10.1016/j.cis.2019.102017
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0260
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0260
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0260
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0260
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0265
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0265
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0265
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0265
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0275
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0275
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0275
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0280
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0280
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0280
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0285
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0285
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0285
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0285
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0285
https://doi.org/10.1039/c1jm11592h
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0295
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0295
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0295
https://doi.org/10.1155/2021/6546170
https://doi.org/10.1155/2021/6546170
https://doi.org/10.1016/j.jddst.2019.101345
https://doi.org/10.1016/j.jddst.2019.101345
https://doi.org/10.3390/md13116818
https://doi.org/10.3390/md13116818
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0310
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0310
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0310
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0310
https://doi.org/10.1016/j.pestbp.2017.04.001
https://doi.org/10.1016/j.pestbp.2017.04.001
https://doi.org/10.1016/j.arabjc.2016.09.020
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0315
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0315
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0315
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0315
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0320
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0320
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0320
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0320
https://doi.org/10.1016/j.arabjc.2018.09.003
https://doi.org/10.1016/j.arabjc.2018.09.003
https://doi.org/10.1016/j.ijpharm.2021.120311
https://doi.org/10.1016/j.ijpharm.2021.120311
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0335
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0335
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0340
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0340
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0345
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0345
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0350
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0350
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0350
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0355
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0355
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0355
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0360
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0360
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0360
https://doi.org/10.3390/nano10102082
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0370
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0370
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0370
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0375
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0375
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0375
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0375
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0380
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0380
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0380
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0385
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0385
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0390
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0390
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0390
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0400
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0400
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0400
https://doi.org/10.3390/ma13010001
https://doi.org/10.3390/ma13010001
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0410
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0410
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0410
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0415
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0415
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0415
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0415
https://doi.org/10.1016/j.jphotobiol.2020.111800
https://doi.org/10.1016/j.jphotobiol.2020.111800
https://doi.org/10.1111/jfpp.14420
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0430
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0430
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0430
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0430
https://doi.org/10.1016/j.colcom.2020.100302
https://doi.org/10.1016/j.colcom.2020.100302


N.S. Al-Radadi Saudi Journal of Biological Sciences 29 (2022) 2836–2855
anticancer, antimicrobial, antioxidant and catalytic properties. Artif. Cells
Nanomed. Biotechnol. 46 (4), 861–871. https://doi.org/10.1080/
21691401.2017.1345930.

Wali, M., Sajjad, A., Sumaira, S., Muhammad, N., Safia, H., Muhammad, J., 2017.
Green synthesis of gold nanoparticles and their characterizations using plant
extract of Papaver somniferum. Nano Sci Nano Technol. 11, 118.

Waris, A., Din, M., Ali, A., Ali, M., Afridi, S., Baset, A., Ullah Khan, A., 2021. A
comprehensive review of green synthesis of copper oxide nanoparticles and
their diverse biomedical applications. IInorganic Chemistry Communications.
123, 108369. https://doi.org/10.1016/j.inoche.2020.108369.

Wu, M., Feng, Q., Sun, X., Wang, H., Gielen, G., Wu, W., 2015. Rice (Oryza sativa L)
plantation affects the stability of biochar in paddy soil. Sci. Rep. 5, 1–10.

Wu, L.-C., Hsu, H.-W., Chen, Y.-C., Chiu, C.-C., Lin, Y.-I., Ho, J.-A., 2006. Antioxidant
and antiproliferative activities of red pitaya. Food Chem. 95 (2), 319–327.

Youssif, K.A., Haggag, E.G., Elshamy, A.M., Rabeh, M.A., Gabr, N.M., Seleem, A., Salem,
M.A., Hussein, A.S., Krischke, M., Mueller, M.J., Abdelmohsen, U.R., Mukherjee,
A., 2019. Anti-Alzheimer potential, metabolomic profiling and molecular
2855
docking of green synthesized silver nanoparticles of Lampranthus coccineus
and Malephora lutea aqueous extracts. PLoS ONE 14 (11), e0223781. https://doi.
org/10.1371/journal.pone.0223781.

Zayadi, R.A., Abu Bakar, F., Ahmad, M.K., 2019. Elucidation of synergistic effect of
eucalyptus globulus honey and Zingiber officinale in the synthesis of colloidal
biogenic gold nanoparticles with antioxidant and catalytic properties.
Sustainable Chem. Pharm. 13, 100156. https://doi.org/10.1016/j.
scp.2019.100156.

Further Reading

Sarfraz, N., Khan, I., 2021. Plasmonic Gold Nanoparticles (AuNPs): Properties,
Synthesis and their Advanced Energy, Environmental and Biomedical
Applications. Chem. – Asian J. 16 (7), 720–742. https://doi.org/10.1002/
asia.202001202.

https://doi.org/10.1080/21691401.2017.1345930
https://doi.org/10.1080/21691401.2017.1345930
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0445
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0445
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0445
https://doi.org/10.1016/j.inoche.2020.108369
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0455
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0455
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0460
http://refhub.elsevier.com/S1319-562X(22)00001-8/h0460
https://doi.org/10.1371/journal.pone.0223781
https://doi.org/10.1371/journal.pone.0223781
https://doi.org/10.1016/j.scp.2019.100156
https://doi.org/10.1016/j.scp.2019.100156
https://doi.org/10.1002/asia.202001202
https://doi.org/10.1002/asia.202001202

	Biogenic proficient synthesis of (Au-NPs) via aqueous extract of RedDragon Pulp and seed oil: Characterization, antioxidant, cytotoxicproperties, anti-diabetic anti-inflammatory, anti-Alzheimer and theiranti-proliferative potential against cancer cell lines
	1. Introduction
	2. Materials and methods
	3. Results
	4. Discussion
	5. Conclusion
	Declaration of Competing Interest
	References


