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Abstract Eco friendly and green synthetic approach for the synthesis of metallic nanoparticles

gained much importance in the recent era. In the present study, an environmental friendly and plant

mediated synthetic approach was used for the synthesis of gold coated iron (Fe@Au) nanoparticles

using extract solution of olive oil, licorice root (Glycyrrhiza glabra) and coconut oil (OLC). These

extracts were acted as a reducing agent during the formation of core–shell nanoparticles that pro-

vides long-time stability, lower toxicity and higher permeability to specific target cells. In order to

achieve the small sized, regular spherical shaped, and homogeneous nanoparticles optimum condi-

tions were ensured. In fact, the use of microwave irradiation was offered higher reaction rate and

better product. The Fe@AuNPs have been characterized by UV–Visible spectroscopy, Energy dis-

persive X-ray spectroscopy (EDX), X-ray diffraction (XRD), High resolution Transmission elec-

tron microscope (HR-TEM), Fourier Transform Infrared Spectroscopy (FT-IR), high-

performance liquid chromatography (HPLC), High angle annular dark-field scanning transmission

electron microscopy (HAADF-STEM), Particle-Size Distribution (PSD), and Magnetic hysteresis

loops. The synthesized gold coated iron nanoparticles showed significant antioxidant potential with

maximum inhibition rates, the biosynthesized nanoparticles were also found effective against Heli-

cobacter pylori (H. pylori) and ulcer.
� 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

Nanoscience appeared in 1990 (Al-Radadi, 2018), a science
concerned with the investigation of the possibilities of modify-
ing the material at the nano-scale in order to generate new

materials or sophisticated gadgets to serve human needs in a
variety of disciplines. The size of nanoparticles spans from 1
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to 100 nm, with 1 nm equaling 10-9 m (Ionescu, 2016; Khan
et al., 2019a; Sathiyanarayanan et al., 2017; Thakkar et al.,
2010), There are two approaches for creating nanomaterials

in nanomaterials technology: bottom-up and top-down (Al-
Radadi, 2019; Chen & Liu, 2018; Fathi-Achachelouei et al.,
2019; Rudramurthy & Swamy, 2018; Serhan et al., 2019)

nanoparticles offers a wide range of uses in cancer treatment
without needing surgery, such as medication administration
and release, as well as in maintaining blood sugar levels low,

and in biotechnology. (Ghormade et al., 2011; Lombardo
et al., 2019; Martin, 2019), chemistry (Alam et al., 2016;
Martı́nez-Prieto & Chaudret (2018)), electronics (Li et al.,
2018; Tavakoli et al., 2018), agriculture (Kumar et al.,

2019a) and so on. These are not the only uses for NPs; there
are others, such as smart materials and biosensors (Wang
et al., 2018; Chen et al., 2019b). The use of chemicals and

organic solvents as reducing and capping agents in the synthe-
sis of metallic NPs is an effective and successful yet but haz-
ardous procedure (Singera et al., 2019), As a result, plant-

mediated synthesis is favored over chemical approaches since
researchers have chose a process that is safe, ecologically
friendly, and has no side effects, which is the Green synthesis

of nanoparticles and its main applications in diverse industries
(Sharma and Tripathi, 2021; Anjana et al., 2019; Khan et al.,
2019b). Plant extracts of various varieties can also be
employed, including plant components such as leaves, stems,

roots, flowers, fruit, and vegetable and fruit waste. (Al-
Radadi & Adam, 2020; Menazea et al., 2021; Kumar et al.,
2021; Al-Radadi, 2021a) due to its unique and novel catalytic

properties (Ahmed et al., 2016; Khan et al., 2017; Narayan
et al., 2019; Rao & Paria, 2015). The characteristics of the met-
als utilized in the creation of nanoparticles altered dramatically

at the nanoscale, and hence their relevance is recognized in bio-
logical and electrical applications. (Abdullah et al., 2022; Devi
et al., 2019; Karthik et al., 2016; Paciotti et al., 2004; Rizvi &

Saleh, 2018). Au-NPs are far different from bulk gold in phys-
ical and chemical properties (Nafisi & Maibach, 2017; Vijayan
et al., 2018; Zhu et al., 2019). Gold nanoparticles are one of the
most prevalent nanometals, and they have received a lot of

attention from scientists in recent years due to their wide range
of possible uses in the medical field (Hosny & Fawzy, 2021;
Chen et al., 2021; Muniyappan et al., 2021; Qin et al., 2018).

Iron nanoparticles are active, and rapidly oxidized to form free
iron ions and widely used in medical applications (Obaidat
et al., 2014; Rudakov et al., 2019; Rümenapp et al., 2012).

Magnetic nanoparticles made of magnetite (Fe3O4) or maghe-
mite (y-Fe2O3) have received much research due to their vast
biological uses. Each medical application necessitates materials
with distinct magnetic properties, magnetic properties, and

particle shape. Obviously, all materials utilized in these appli-
cations must be non-toxic. Many different biological ligands
have been functionalized into superparamagnetic iron oxide

nanoparticles for interaction with human cancer cells.
(Hien Pham et al., 2008; Hassan & Mahmood, 2019). Mag-
netic particles have characteristics that are not seen in other

materials that has been utilized in medical applications.
Among metal nanoparticles, hybrid or bimetallic NPs have
attractive magnetic and core shell features, which improve

their biological potential. (Zaleska-Medynska et al., 2016;
Faisal Shah et al., 2021). When the FeAAu core–shell
nanoparticles are smaller than 128 nm in size, they become
superparamagnetic, preventing self-agglomeration, and their
magnetic behavior can only be confirmed when they are
exposed to magnetic flux. (Ban et al., 2005; Padma et al.,
2014; Zare et al., 217); Mohammadi et al., 2021; Gawande

et al., 2015).
Helicobacter pylori (H. pylori), The World Health Organi-

zation has categorised a spiral-shaped Gram-negative bacteria

as a class I carcinogen and identified it as the causal agent for
peptic ulcers, duodenal ulcers, gastritis, mucosa-associated
lymphoid tissue lymphomas, and gastric cancer. A link

between H. pylori infection and functional dyspepsia (FD)
has also been shown in a subgroup of affected patients.
(Chen et al., 2019a; Koletzko et al., 2019; Aminde et al.,
2019; Melese et al., 2019). H. pylori is a human-specific patho-

gen with a strong preference for the mucosa of the stomach.
Around half of the world’s population is infected with this bac-
terium (Leja et al., 2016; Wang et al., 2019; Zamani et al.,

2018; Verma et al., 2016; Onifade & Bakare, 2019; Ofori
et al., 2019; Isaeva & Isaeva, 2020). H. pylori may colonies
and attach to the stomach epithelium by breaking down urea

and producing cell-toxic ammonia. The subsequent pH
increase neutralizes stomach acidity, allowing the bacteria to
safely pass the mucus layer to the epithelial surface.

(Fagoonee & Pellicano, 2019; Farhadkhani et al., 2019;
Lakhiar et al., 2018; Etik et al., 2019). Triple therapy consist-
ing of a proton pump inhibitor, clarithromycin and amoxicillin
or metronidazole for the treatment of H. pylori infection

(Murali et al.,2014; Salmanroghani et al., 2018; Collares-
Pelizaro et al., 2017; Benites et al., 2018; Modolo et al.,
2015). The Pan-Drug Resistant PDR, H. pylori remains an

intractable challenge in public health worldwide and this
pathogenicity is mainly due to the presence of a cytotoxin-
associated gene A (CagA) and vacuolating cytotoxin A (VacA)

(El-Shouny et al., 2020). Plant extracts, on the other hand,
include a varied array of secondary metabolites that might
potentially be employed to battle H. pylori infections. State-

of-the-art studies focused on the potential of plant natural
products (available in extracts or as pure compounds) as ther-
apeutic urease inhibitors. (Abou Baker, 2020; Williams, 2011;
Dı́az-Gómez et al., 2013). The current knowledge on alleviat-

ing H. pylori infections through the use of some commonly
known natural products: bench to bedside such as Syzygium
aromaticum, chinese tea, green tea (catechin), matcha tea,

Casearia sylvestris leaf, propolis, bulgarian propolis, curcumin
and nigella (Yee & Koo, 2001; Stoicov & Houghton, 2013;
Boyanova et al., 2003; Yanagawa et al., 2003; Kurauchi

et al., 2019; Dı́az-Gómez et al., 2013; Baltas et al., 2016;
Vetvicka et al., 2016; Muniyappan et al., 2021; Khan et al.,
2019b; Salem et al., 2010; Chahardoli et al., 2018). Plant
extracts with biomedical potential, such as olive oil, licorice

roots, and coconut oil, have piqued the interest of researchers,
owing to their anti-inflammatory, anti-biotic, anti-oxidant,
anti-microbial, anti-bacterial, antiplaque, and antiprotozoal

activity, which can act as an antiulcer agent (Spósito et al.,
2019; Karkanis et al., 2018; Pandey, 2017; Thakur & Raj,
2017; Ghani et al., 2018; Marina et al., 2009; Ngnameko

et al., 2019; Romero et al., 2007; Foscolou et al., 2018;
Wittschier et al, 2009; Wang et al., 2015;
Hajiaghamohammadi et al., 2016; Meng et al., 2019; Dayrit,

2014).
Plant polyphenols and flavonoids such as Olive Oil in

Fig. 2S-a-b-c inhibit VacA, a toxin secreted by the gastric
pathogen H. pylori, therefore the polyphenols and flavonoids
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displayed growth inhibitory effects on H. pylori (Gorzynik-
Debicka et al., 2018; Tombola et al., 2003; El-Shouny
et al., 2020; Modolo et al., 2015). Eradication of H. pylori

remains a global issue due to the alarming increase of treat-
ment resistance. Previous research has shown that H. pylori
resistance to drugs rises. When reporting that there are sev-

eral reasons for the failure of H. pylori eradication, the first
(Major) is bacterial antibiotic resistance, and the second is
that plant extracts were not able to completely kill and

destroy H. pylori, but only hindered its growth. This is
because plant extracts cannot reach the H. pylori that is
located between the walls of the gastric mucosa, and it also
does not rebuild the tissues of the stomach wall damaged by

H. pylori (Fagoonee & Pellicano, 2019). Due to the incresing
difficulties to eradicate H. pylori (Di Pierro et al., 2020;
Haghighi et al., 2019), new and different approcahes have

been proposed, Therefore Aim of the study:
Eco-friendly, Microwave Assisted Green Synthesis of Mag-

netic Fe@Au (Core-Shell) NPs to Enhance Olive oil Efficiency

on Eradication of H. pylori because most of the nanoparticles
that to be introduced to the human body acts as a therapeutic
agent in (Fig. 1), if its size is less than 50 nm (Jeevanandam

et al., 2018; Al-Radadi., 2022).
To evaluate the in vivo anti-H. pylori action of Fe@Au

Core-Shell NPs with Olive oil, licorice roots and coconut oil
(OLC) incorporated in a nanostructured drug delivery system.

It is considered as a future treatment strategy with gastropro-
tective drug delivery systems.

2. Experimental details

2.1. Materials and method

Licorice root was bought from iHerb website, and washed
thoroughly with distilled water. About 2 g sun-dried powder

of root extract was boiled in 50 ml of sterilized water to get
extract. Chloroauric chloride (HAuCl43H2O) was purchased
from Sigma–Aldrich. A stock solution contains (1 � 10�3

M) auric salt and de-ionized water used for this process.
Organic coconut oil was gotten from oil mill. Iron (III)
chloride (FeCl3�6H2O) was also purchased from Sigma–
Aldrich. A stock solution contains (1 � 10�3 M) iron salt

and de-ionized water and olive oil was gotten from farm
in Aljouf.

2.2. Biosynthesis of gold coated iron nanoparticles
(Fe@AuNPs)

To avoid any contamination in the results, before any reaction,

all glassware was cleaned and sterilized. The synthesis consists
of two main steps.

(1) Synthesis of Fe-NPs by adding 3 ml of (0.001 M) aque-
ous solution of FeCl3�6H2O to OLC extract (2 ml of
olive oil stock, 2 ml of licorice extract, and 1 ml of stock
solution of coconut oil), where is natural antioxidants

acted as a reducing agent, the process was assisted by
microwaves (CEM Discover MicrowaveTM) for 60 min
at 50 �C. The color transformation from light yellow

to dark brown indicated the reduction of Fe3+ to Fe0

nanoparticles.
(2) for synthesis of Au-NPs, 5 ml of (1 � 10�3 M) aqueous

HAuCl4�3H2O solution was mixed with natural antioxi-
dants, consist of 2 ml of licorice extract, 2 ml of olive oil
and 1 ml of coconut oil. In addition, magnetic bar was

put in the mixture and microwave radiations were pro-
vided for 60 min at 25 �C. The change in the color of
solution from yellow to red, indicated the reduction pro-
cess of Au3+ to Au0 and formation of the gold nanopar-

ticles. Subsequently, once the gold nanoparticles were
formed, Fe-NPs were added to it for core shell nanopar-
ticles and stabilized the mixture under microwave radia-

tion for 10 min. Thus, the color transformation
confirmed the synthesis of nanoparticles.

2.3. Characterization of Fe@Au nanoparticles

Due to combination of gold coated iron NPs (Fe@AuNPs),
was morphologically characterized by a variety of spectro-

scopic techniques. The absorbance spectra were recorded using
double beam scanning spectrophotometer and quartz cuvettes
(Cary 100 UV–Vis Spectrometer from Agilent) at 350–700 nm.

Fourier Transform Infrared Spectroscopy (FT-IR) (a Nicolet
6700) was performed in the spectral range of 200–4000 cm�1

and was utilized to determine the possible functional groups

of the biomolecules that reside in the plant extract. The X-
ray diffraction (XRD) (Shimadzu XRD-6000), were conducted
to get data about the crystalline nature of nanoparticles. The

internal structure of nanoparticles was examined by using
Transmission electron microscope (TEM). Energy dispersive
X-ray (EDX) (model-JSM-5610 LV) confirms the presence of
gold and iron, demonstrating that the gold coated iron

nanoparticles were formed. High Performance Liquid Chro-
matography (HPLC) analysis was performed to determine
the percentage of natural antioxidants.

2.4. DPPH free radical scavenging assay

Protocol of (Choi et al., 2002) with minor modification was

used to test the antioxidant potential of (OLC) extract and
Fe@AuNPs. DPPH stock was prepared and 1 ml of
(0.1 mM) DPPH methanolic solution was pipette out and

gently mixed with 1 ml of (OLC) extract and Fe@AuNPs hav-
ing varying Conc of (7, 31, 62, 125, 250 ,500 and 1000 lg/ml).
The reaction mixture was incubated in the dark for half an
hour and after incubation was exposed to absorbance at

517 nm against a blank solution. As a control 1 ml of methanol
and 1 ml DPPH mixer was used. However, as a standard con-
trol butylated hydroxyl toluene (BHT) was used. The follow-

ing formula was used to calculate the percent inhibition.

PI ¼ AC�AT

AC
� 100

AC is the absorbance of control while AT is of sample and the

values are calculated according to ascorbic acid reference.

2.5. Analysis of cytotoxicity of Fe@AuNPs with extract

A 20% of FBS (WELGEN Inc.), 20 mg/ml of bFGF, 100 units/
ml of penicillin and 100 lg/ml of streptomycin supplemented
with M199 medium was used to grow the human umbilical



Fig. 1 A schematic of the OLC-Fe@AuNPs.
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vein endothelial cells at 37�and 5% of CO2. MTT assay was
used to check the effect of (OLC) extract, and OLC-
Fe@AuNPs on the viability of HUVECs. The basics of the

MTT assay is the conversion of MTT (4,5-dimethylthiazol-2-
yl) (2,5-diphenyl tetrazolium bromide) to insoluble MTT for-
mazan. It happens by dehydrogenase which cleaved the tetra-
zolium ring in surviving cells. The process was performed in
24-well culture plates, after overnight incubation the M199
medium was supplemented with 1% of FBS and varying Conc
of OLC extract and OLC-Fe@AuNPs solution followed by

incubation for 24 h at 37� in humidified 5% carbon dioxide
supplemented environment. Next, 5 mg/ml aqueous solution
of MTT were added to each well and 0.3 ml additive DMSO
was added to dissolve the MTT formazan quickly. The exper-
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iment repeated three times and the treated samples were
exposed to absorbance at 570 nm to measure the cell viability
(Rodrı́guez-León et al., 2019).

Cell viability Percentage ð%Þ ¼ Sample Absorbance

Control absorbance
� 100
2.6. Anti-ulcer (ulcer-preventive) activity study

To check the anti-ulcer activity of OLC-Fe@AuNPs, (OLC)
extract, PBS, (Clarithromycin + Amoxicillin + Omeprazole)
and ethanol, a total of 7 groups of Wister rats were enrolled

in the study. PBS (10 ml�kg�1) was administered orally to
Group 1 for time period of 11 days and label it as control
group. Group 2 were administered with PBS (10 ml�kg�1) for

10 days and on the 11th day, absolute ethanol (5 ml�kg�1) weas
administered and labeled as ulcer control. Group 3 and 4 were
respectively administered with 250 and 500 mg�kg�1 of OLC-

Fe@AuNPs, while group 5 with triple regimen consisting of
Clarithromycin 500 mg + Amoxicillin 1 g + 20 mg of
Omeprazole for 10 days. Group 6 and 7 were respectively

administered with 250 and 500 mg�kg�1 of (OLC) extract.
After 1 complete day of fast, OLC-Fe@AuNPs or drug was
administered at respective doses. After half an hour group 2–
7 animals were administered with ethanol (5 ml�kg�1) for

induction of ulcer. All the animals were served with an aes-
thetic ether and scarified. Pylorus ligation method was used
to measure gastric volumes. Under dissecting microscope each

stomach was examined for gastric erosion. Gastric mucosal
ulcer was measured by plane glass square length � width
(10 � 10 mm) and the ulcerate area (UA) was calculated.

The % of protection (P%) availed to the animals through var-
ious treatments was calculated using the formula:

P% ¼ ðUA ulcer control�UA treatmentÞ
UA ulcer control

� 100

Small piece of stomach was fixed in paraffin wax after mea-
suring the ulcerate area. Using standard technique, 5 mm thick

sections were cut in a microtome and kept on a glass slide and
the tissues were stained with Hematoxylin-Eosin (H&E) stain
and viewed under microscope. As previously mentioned in

HPLC and Antioxidants, that the phytochemical studies of
the extract of (OLC) proved the existence of flavonoids and
phenolics, amino acids, fatty acids, peptides and vitamins.

3. Results and discussion

3.1. High performance liquid chromatography (HPLC)

Licorice root extract was used in combination with olive oil

and coconut oil (OLC), the hydroxyl and alcoholic groups of

OLC helped in reducing the Au3þ and Fe3þ ions, the OLC
extract stabilizes the nanoparticles and helped in formation

of bond between oxygen, iron and gold in biosynthesis of
nanoparticles, in addition it has been used as an environmen-
tally benign polymer. The three plant extracts (OLC) was con-

sidered a strong antibiotic for bacteria because they are rich in
natural antioxidants such as amino acids, phenols, flavonoids,
fatty acids and minerals such as (Fe, Ca, Na, K, Zn, S, Mg, P

and Si) and vitamins such as (E, A, K and D), a-Tocopherol
(E) and Retinol, these all acted as an anti-inflammatory agents,
that restored damaged tissues to vitality and accelerates the
healing of ulcers, and we found that one of the best plant
extracts is the virgin olive oil: it is a powerful antibiotic for

bacteria, it is considered to strengthen the immune system,
protects the body from diseases and infections, prevents the
oxidation of fats, prevents the formation of free radicals that

cause cancerous tumors, increases gastric secretions and thus
facilitates the process of absorption of natural antioxidants,
and works to regulate the level of sugar in the blood, it slows

the digestive process in the stomach, thereby helping to slow
the increase in sugar level, it also contains natural antioxidants
and a high amount of polyphenolic and flavonoids, it has more
than forty compounds, as shown in Table 1 and Fig. 1S. Olive

oil is also rich in saturated fatty acids, shown in Table 2, Figs. 2
and 3, such as palmitic acid, stearic acid and myristic acid, as
well as unsaturated fatty acids. In addition, olive oil is very

rich in phenols Fig. 2S (a-c) such as oleuropein, and also rich
in three powerful natural antioxidants that are hydroxytyrosol,
the vanillic acid, the verbascoside, and also contains a number

of unsaturated fatty acids such as oleic acid, linoleic acid. The
presence of green chlorophyll pigment (pheophytin) Fig. 3S,
sterols and squalene Fig. 3S, it has also peptides. Olive oil is

considered an antibiotic because it contains a high amount
of triglycerides Fig. 3S, containing Retinol which restores
damaged tissues. But olive oil lacks amino acids Table 3 and
Fig. 4S that helps stabilize synthesized nanoparticles, and to

improve the quality of olive oil and increase its efficiency as
a plant extract, therefore we combined it with licorice root
extract because it is rich in natural antioxidants such as car-

boxylic acids, and amino acids Table 3 and Fig. 4S, including
glycerrhizin Fig. 5S, which has anti-ulcer activity, and its
derivatives include carbenoxolone Fig. 5S, which has an effec-

tive affect in the treatment of ulcers of the stomach, duodenum
and small intestine, anti-inflammatory, rich in phenols, flavo-
noids and steroids Fig. 6S, containing minerals, rich in aro-

matic compounds, and rich in proteins. Because of the
damage and side effects already mentioned, due to high blood
sugar level and fluid retention in the body Table.4, we added a
small amount of it (2 ml) and combined it with coconut oil

because it is rich in lauric acid and containing vitamin a-
Tocopherol (E). It is a fatty acid Table.2 and is considered a
strong antiparasitic, and strengthens the body’s immunity by

protecting it from many diseases, stimulator of beneficial bac-
teria, rich in vitamin E, which restores the vitality of damaged
tissues and contains several vitamins including vitamin A as

anti-inflammatory and stomach ulcer preventor and acceler-
ates the healing of ulcers.

We carried out HPLC analysis of plant extracts to deter-
mine the percentage of natural antioxidants Table. 4 such as

phenols, flavonoids, amino acids, fatty acids, vitamins and
minerals. In Table. 5 proximate composition and energetic
value of olive oil, coconut oil and licorice root has been men-

tioned. In Table.6 different sugars are listed. The studied
amino acids are Glutamic acid, Valine, Alanine, Proline,
Phenylalanine, Serine, Threonine, Glycine, Isoleucine,

Methionine, Tyrosine, Leucine, Arginine, Lysine, Aspartic
acid, Histidine and Cysteine. In OLC extract the oleic acids
were found in between 35 and 67% and thus it is categorized

the highest fatty acid present in the OLC extract, while Lauric,
Linoleic, Myristic acid etc were found in trace amounts. Green
synthesis of magnetic bimetallic nanoparticle (Core-Shell NPs)
from iron ion solution and gold ion solution with plant



Table 1 OLC Compounds Concentration (mg/g).

Phenolic

Concentration in Olive oil Tyrosol Caffeic acid Oleuropein Protocatechulic

11.04 12.1 39.56 9.55

Retention time 10.5 8.0 14.02 13.5

Flavonoids

Concentration in Olive oil Luteolin Rutin Kampherol Querestein

15.7 30.12 19.27 9.77

Retention time 13.2 5.4 10.3 15.02

Phenolic

Concentration in Coconut oil Coumaric Caffeic acid Syringic Vanillic acid Gallic

8.14 4.01 9.16 29.56 18.12

Retention time 5.0 8.2 9.3 11.6 12.5

Flavonoids

Concentration in Coconut oil Luteolin Rutin Isoquerestin

25.14 15.02 7.44

Retention time 13.2 5.39 8.01

Phenolic

Concentration in licorice root Sinapic Ellagic Protocatechulic Ferulic

25.14 18.09 9.12 7.04

Retention time 11.02 6.2 13.5 7.5

Flavonoids

Concentration in licorice root Luteolin Rutin Kampherol

50.15 27.1 12.5

Retention time 13.1 5.4 10.3

Glycosides

Concentration in licorice root linamarin pinoresinol laricinesol

50.12 18.30 4.22

Retention time 6.8 9.5 6.8

Organic acids

Concentration in licorice root Succinic acid Ascorbic acid Fumaric acid Gallic acid

13.41 10.87 2.17 4.56

Retention time 9.1 11.0 10.7 4.21

Triterpenes

Concentration in licorice root Glycyrrhizin

81.737

Retention time 8.112
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extracts olive oil, licorice root and coconut oil, with the help of
microwave oven without polymer or organic solvent in the

medium interaction. Microwave-assisted synthesis of NPs is
electromagnetic and showing spectrum with frequency of
(300) MHz to (300) GHz (TEM Discover MicrowaveTM), it

depends on electromagnetic radiation that relies on heating
the solution directly with high efficiency and proves the disso-
lution of the reactants and the formation and growth of a

rapid and homogeneous nucleus in Fe@AuNPs, which
improves reaction conditions, green synthesis of NPs occur
in one step, fast and short time to reduce the chance of side
reactions, giving pure NPs, and producing high degree of dis-

persion of surface morphology, and stabilizing nanoparticles
by prevent the aggregation as shown in Fig. 7. The surface area
was large and produced small sized nanoparticles, finally, in an

environmental friendly and safe manner that does not result in
the generation of toxic or harmful waste. In medical sector
gold nanoparticles drawn a significant consideration due to

its potential biomedical applications. Fe@AuNPs were biosyn-
thesized in the current study using OLC as a capping and
reducing agent assisted by microwave radiation. Furthermore,
factors such as metallic salt concentration and microwave radi-

ation that affecting the synthesis of NPs were also studied.
Synthesis of nanoparticles were confirmed by the color trans-
formation to dark reddish brown and it was monitored by

UV Spectroscopy (El-Naggar et al., 2016; Al-Radadi, 2021b).

3.2. Factors affecting the synthesis of AuNPs

3.2.1. Volume of extract and volume of Au metal

The biosynthesis of gold nanoparticles was confirmed by UV–
Vis absorption spectroscopy. Fig. 4A, is the UV spectra of

microwave assisted and OLC mediated gold nanoparticles.
Olive oil was taken in quantities of 0.5, 1, 1.5 and 2 ml.
whereas, licorice root extract and coconut oil was taken in

quantities of 2 ml and 1 ml. A gradual increase in the absor-
bance intensity was observed by increasing the OLC Conc.
from 0.5 ml to 2 ml, maximum peaks were observed at 2 ml,

some minor peaks were also observed that corresponds to
the presence of trace biomolecules in the extract. In the case



Table 2 Composition in fatty acids (saturated and unsaturated) for olive oil, coconut oil and licorice root.

Fatty acid Caprylic (C8) Capric (C10) Lauric (C12) Myristic (C14)

Olive oil content (%) 0.0 0.0 0.13 0.0

Coconut oil content (%) 6.54 9.21 46.75 16.96

Licorice root content (%) 0.0 0.0 0.21 4.08

Retention time(min) 22.3 24.9 26.1 26.8

Fatty acid Pentadecanoic (C15) Palmitic (C16) Palmitoleic (C16:1) Heptadecanoic (C17)

Olive oil content (%) 0.0 14.25 0.0 2.26

Coconut oil content (%) 0.47 9.61 0.0 0.34

Licorice root content (%) 1.89 25.36 0.27 2.26

Retention time(min) 27.9 30.2 30.9 31.7

Fatty acid Stearic (C18) Oleic (C18:1) Linoleic (C18:2) Linolenic (C18:3)

Olive oil content (%) 1.61 66.69 16.34 0.56

Coconut oil content (%) 1.29 7.62 0.0 0.0

Licorice root content (%) 7.63 35.72 10.83 3.24

Retention time(min) 33.8 35.7 37.2 40.04

Fatty acid Arachidic (C20) Arachidonic (C20:1) Behenic (C22) Lignoceric (C24)

Olive oil content (%) 0.0 0.0 0.05 0.04

Coconut oil content (%) 0.23 0.0 0.0 0.0

Licorice root content (%) 8.16 0.35 0.0 0.0

Retention time(min) 39.4 39.8 42.3 43.1

0 : undetected.
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of HAuCl4 concentration, in Fig. 4B it was taken in different
quantities of 1, 2, 3, 4 and 5 ml, where the results showed

increasing in the intensity of absorbance with increasing in vol-
ume, the highest absorption was observed at maximum wave-
length of 540 nm at 5 ml of extract. The color change from

yellow to red was the primary indication of the biosynthesis
of Au-NPs with ideal SPR peaks, at low volumes the broad-
ened peak was observed which confirm the presence of large

sized Au-NPs (Al-Radadi, 2022).

3.2.2. The effect of time on AuNPs

In Fig. 4C, the gold nanoparticles gave a characteristic peak at

540 nm which confirmed its synthesis again and proved the
OLC extracts are good capping and reducing agents. However
when the time exposure of microwave radiation increased from

60 to 70 min, sharpness of peak was observed which indicated
the stability and maximum size of the nanoparticles.

3.2.3. The effect of pH on AuNPs stability

The UV–visible spectra of gold nanoparticles displayed in
Fig. 4D with different pH factors investigated, it was found
that the most preferable pH for extract (OLC) was pH = 6

at kmax = 540 nm, which gave sharper and higher absorbance
peak and confirmed by TEM images indicating that at this pH
value the gold nanoparticles were more homogeneous shape
with smaller size (Al-Radadi & Al-Youbi, 2018a), In contrast

to pH values below 6, the particles size was found large due
to agglomeration.

3.2.4. The effect of temperature on AuNPs

Temperature is one of the important parameters in the synthe-
sis of nanoparticles. Different peaks were observed at (15, 20,
25 and 30 �C). A narrow UV band at 540 nm was observed at
temperature of 25�, while the absorbance intensity became
weaken at 30 �C as shown in Fig. 4E. The increase in temper-

ature above than 25�resulted in aggregation of nanoparticles
and thus the peaks became weaken. The best synthesis of
nanoparticles was observed at 25�.

3.3. Factors affecting on the synthesis of FeNPs

3.3.1. Volume of extract and volume of Fe metal

Fig. 5A shows the UV–visible absorption spectrum of iron
nanoparticles at a spectral range of 150–650 nm (Pattanayak

& Nayak, 2013). In addition, the absorption spectra of the syn-
thesized Fe0 nanoparticles it varies with the amount of iron
from 1 to 5 ml. Where several absorption peaks were observed
at 220 nm at 1 ml, 225 nm at 2 ml, 250 nm at 3,4 and 5 ml due

to the excitation of surface plasmon vibrations in the FeNPs
solution. The highest absorption was observed at 3 ml and is
the indication of the small Fe nanoparticles (Carroll et al.,

2010; Hosseynizadeh Khezri et al., 2012).
The extract was prepared as previously presented with gold

in terms of quantities taken from licorice root extract, olive oil

and coconut oil. The UV–visible absorption spectrum of
(OLC) extract in Fig. 5B showed suitable (SPR) to synthesize
the iron nanoparticles via high UV spectra at 5 ml..

3.3.2. The effect of time on FeNPs

The time factor was studied during preparing iron nanoparti-
cles, where the results in Fig. 5C showed that the best time it

took to prepare iron nanoparticles in the microwave was
60 min, where a change in color was observed from yellow
to brown, indicated the formation of small Fe nanoparticles.
It was also observed that the reactivity of FeNPs was high,

which confirms the small size of the Fe0 nanoparticles, because



Fig. 2 Mass spectrum of the main fatty acid compounds in the Olive oil, Coconut oil and Licorice root.
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it is linked to their particle size: smaller sizes lead to higher
reactivities (Machado et al., 2014). Hence, the nanoparticles
was prevented from agglomerating.

3.3.3. The effect of pH on FeNPs stability

The pH was determined by using digital pH meter. The pH of
the reduced Fe nanoparticle solution found to be 6. The pH

factor of the Fe nanoparticles was studied as shown in
Fig. 5D, by adding hydrochloric acid or sodium hydroxide
to obtain the best results. It was observed that the natural

pH = 6 is the preferable and standard pH for synthesis of
FeNPs.

3.3.4. The effect of temperature on FeNPs

A narrow UV band at 250 nm was observed at temperature of
50�, while the absorbance intensity became weaken at 70 �C as
shown in Fig. 5E. The increase in temperature above than 50�
resulted in the aggregation of nanoparticles, and thus the
peaks became weaken. The best synthesis of nanoparticles

was observed at 50�. At 70 �C the SPR peak decreased.

3.4. The UV–Vis spectrum of Fe@AuNPs synthesized using
microwave radiation

The Fe@AuNPs was first characterized by UV–Vis Spec-
troscopy as shown in Fig. 6 It is observed that FeNPs showed
a prominent absorption peak at kmax = 279 nm, whereas

AuNPs displayed an characteristic peak at kmax = 565 nm A
red shift was also observed in the peak for Fe@AuNPs as
shown in Fig. 6. The bathochromic shift indicated the large

sized OLC mediated nanoparticles (Bandyopadhyay et al.,
2014)



Fig. 3 Mass Fragmentation and Chemical structure of the main fatty acid compounds in the Olive oil, Coconut oil and Licorice root.
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3.5. Transmission electron microscopic analysis (TEM) and
HR-TEM of Fe@AuNPs

This special type of microscopy was used to determine the
shape and size of core–shell iron and gold nanoparticles. The
TEM image illustrated and confirmed that the core–shell iron
and gold nanoparticles were spherical in shape, homogeneous,

not aggregated and small in size (Al-Radadi, 2021b). The size
of the nanoparticles was 2.9, 3.4, 5.7 and 10 nm as shown in
Fig. 7, and the HR-TEM micrograph of spherical Fe@AuNPs



Table 3 Concentration of amino acids (mg/100 g) essential and non-essential present with in Olive oil, coconut oil and Licorice root

extract.

Coconut oil Olive oil Licorice root RT (min.) Amino acids

Essential Amino Acids (EAA) (mg/100 g)

0 0 9.66 19.2 L-Threonine

0 0 10.25 24.8 L-Valine

0 0 5.69 27.7 L-IsoLeucine

0 0 12.78 31.9 L-Methionine

0 0 5.26 42.3 L-Phenyl alanine

0 0 2.8 51.3 L-Leucine

0 0 7.23 58.7 L-Lysine

Non-Essential Amino Acids (NAA) (mg/100 g)

0 0 9.24 12.8 Aspartic acid

0 0 4.98 20.6 Arginine

0 0 10.45 28.9 Glutamic acid

0 0 8.82 40.1 Glycine

0 0 5.24 42.2 Alanine

0 0 6.21 47.6 Proline

0 0 – 58.5 Tyrosine

0 0 7.19 52.4 Serine

0 0 3.76 50.2 Histidine

0 0 8.07 59.7 Cysteine

Table 4 Antioxidant activity, total phenolic content and total flavonoids content of olive oil, coconut oil and licorice root.

Antioxidant total phenolic total flavonoids DPPH ABTS

(mg/g) (mg/g) (mg/ml) (mg/ml)

Olive oil 27.4 ± 1.92 9.2 ± 1.48 301.2 ± 34.8 458.4 ± 38.2

Coconut oil 3.25 ± 0.31 5.42 ± 0.64 405.0 ± 30.1 549.3 ± 40.5

Licorice root 15.26 ± 0.72 25.14 ± 1.98 86.9 ± 23.7 63.4 ± 9.3

Table 5 Proximate composition and Energetic value of coconut oil and olive oil.

Proximate

composition

Ash Moisture Total Proteins Total

Lipids

Total

Carbohydrates

Total

Cholesterol

Triglycerides

(g/100 mg dry

weight)

(g/100 mg dry

weight)

(g/mg dry

weight)

(mg/g) (g/mg dry

weight)

(mg/gm) (mg/gm)

Olive oil content 0.35 4.51 0.19 ± 0.05 989.4 ± 5.7 0.0 0.19 ± 0.05 2.41 ± 0.23

Coconut oil

content

0.14 7.2 1.04 ± 0.42 958.2 ± 7.4 0.0 0.52 ± 0.14 0.91 ± 0.15

Licorice root

content

17.22 16.4 21.42 ± 0.94 87.1 ± 9.5 24.51 ± 31.3 – –
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is shown in Fig. 8A. The HAADF-STEM images of the
Fe@Au nanoparticles and the elemental mapping images is

shown in the Fig. 8B that clearly demonstrates the Fe core
and Au shell in a bright and dark contrast, which can be fur-
ther verified by corresponding energy dispersive x-ray spec-

troscopy (EDX) in Fig. 11B (Wu et al., 2009). By the
analysis of size distribution histogram the size of the nanopar-
ticles was determined and shown in Fig. 8C (Chung & Shih,

2014).
3.6. X-ray diffraction (XRD) of Fe@AuNPs

The X-ray diffraction (XRD) pattern in Fig. 9 illustrated the
OLC mediated nanoparticles are crystalline in nature (Al-
Radadi & Al-Youbi, 2018b) and showed characteristic peaks

at scattering angles of (2h) values of 38.13�, 44.23�, 64.71�,
and 77.49�, which was indexed to (111), (200), (220), (311)
(Singh et al., 2013). In addition, the (XRD) of iron nanoparti-



Table 6 Sugars composition for olive oil, coconut oil and licorice root (mg/100 g).

Sugars Sucrose glucose Xylose Arabinose mannose

Olive oil 0.0 0.0 0.0 0.0 0.0

Coconut oil 0.0 0.0 0.0 0.0 0.0

Licorice root 149.6 57.2 0.0 0.0 0.0

Retention time(min) 8.8 7.9 3.5 5.3 6.2

Sugars galactose Lactose Rhamnose fructose

Olive oil 0.0 0.0 0.0 0.0

Coconut oil 0.0 0.0 0.0 0.0

Licorice root content 1.3 0.0 0.0 4.1

Retention time (min) 7 9.5 10.5 4.7
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cle showed characteristic peaks at scattering angles (2h) values
of 43.7�, 62.5�, which was indexed to (110), (200). Also, the

(XRD) of Fe@AuNPs, due to overlap of diffraction peaks
the iron peaks are under the gold at 2h = 54.37�, 58.12�,
70.31, and 78.13� as shown above (Zhang et al., 2006;

Kvitek et al., 2019). The average crystallite size according to

Debye–Scherrer equation D ¼ kk
bcosh was calculated and found

to be 5.5 nm.

3.7. Fourier transform infrared spectroscopy (FTIR) of
Fe@AuNPs

FT-IR analysis were conducted to know about the possible
involvement of OLC extract functional groups in the synthesis
and reduction of iron and gold nanoparticles, the FT-IR spec-

tra of NPs were compared against spectra of extract. Multiple
characteristic peaks were observed for extract between 400 and

cm�14000 cm�1 as in shown in Fig. 10. The bands shown at

3712.5 cm�1 was due to the stretching and vibrations of alco-

hol (OAH) bonds, the peaks at 3472 cm�1 indicates the exis-

tence of primary amino bond, 3267 cm�1 indicates to
aromatic carbon ring, and the (CAH) aliphatic group at

2921.8 cm�1 supports that fatty acids in olive oil and coconut
oil are long-chain carboxylic acids. The strong peak at 1733

cm�1 corresponds to carbonyl group (C‚O) bond stretching,
disappearance and vibration of flavonoids and polyphenols
present in the OLC extract. Due to the coordination and

reduction of bio-molecules with Au, a small shift was observed
towards lesser wave numbers for the above described peaks
(Kumaret al., 2021; Ahmad et al., 2015). The peak at 1025

cm�1 indicates the existence of (CAN), similar characteristic
peaks of FeNPs with extract were also observed. Also, similar

peaks at 3587, 3148, and 1337 cm�1 appeared in the FT-IR
spectra of Fe@AuNPs with extract and thus indicating the
presence of similar functional groups in the capping of iron

nanoparticles.

3.8. Energy dispersive X-ray spectroscopy (EDX) of
Fe@AuNPs

Elemental composition of the nanoparticles was estimated by
EDX, confirms the presence of gold nanoparticles were pro-

duced by reduction of the Au3þ ions, in addition, presence of

iron nanoparticles by reduction of the Fe3þ ions. The EDX
image showed the core–shell structure, the Au is distributed
around the whole Fe core, as manifested by the line scanning

image in which only Au appears in the external edges, while
Fe show up in the middle, as shown in Fig. 11B, Au ligands
are stronger than those of Fe, indicating the higher content

of Au in the nanoparticles, where the atomic ratio of Au
against Fe is roughly 70:30. EDX spectrum Fig. 11A shows
the presence of additional carbon, oxygen, calcium and potas-

sium (Ban et al., 2005).

3.9. Magnetic hysteresis loops of Fe@AuNPs

Fig. 12 Illustrated the prepared Fe@AuNPs has magnetic

characteristic due to the presence of iron nanoparticles. The
magnetic nanoparticles were designed to target affected tissue
by applying an magnetic field (Liu et al., 2020), the magnetic

properties were confirmed and studied by measuring hysteresis
loops at 25 �C. As in Fig. 12A the magnetization vs the applied
magnetic field curve, the Fe@AuNPs showed characteristic

superparamagnetic behavior and high saturation fields around
36.25 amu/g (Pana et al., 2007). At room and ordinary temper-
atures, the Fe@Au core–shell nanoparticles are ferromagnetic

in nature (Ban et al., 2005). Taking into consideration that fer-
romagnetic minerals tend to produce narrow loops (Mooney,
2002), and the results showed that Fe@AuNPs are the nar-
rower loop compared to other minerals (Ovejero et al.,

2015). The image of the magnetic nanoparticles is shown in
Fig. 12B.

3.10. Biological activity

3.10.1. Antioxidant activity of Fe@AuNPs with extract

It is revealed from different studies that phenolic compounds
in the (OLC) extract acts as an antioxidant and reducer of
FeCl3�6H2O and HAuCl4 to Fe@AuNPs. Free radicals usually
damage the cells and tissues therefore the role of antioxidant is

very important. Recently natural plant as a source of antioxi-
dants was widely used to determine the antioxidant potential
of nanoparticles usually DPPH was used (Vijaya Kumar

et al., 2018). Upon reduction of DPPH the color of iron trans-
form into brown, and the color of gold changes to red. The
color transformation is due to production of H+ ions

(Adawiyah et al., 2019). In Fig. 13A, it was found that the
DPPH scavenging activity increases with the increase of the
concentration of (OLC) and Fe@AuNPs, due to inhibition



Fig. 4 (A) UV–visible spectrum of AuNPs synthesized using various volumes [(1 ml Coconut oil + 2 ml Licorice root) + (0.5–2.0 ml

Olive oil)] with 5 ml 1 � 10�3 M HAuCl4 solution after 60 min. (B) UV–visible spectrum of AuNPs produced via various volumes (1–5) ml

1 � 10�3 M HAuCl4 solution with 5 ml extract after 60 min. (C) UV–visible spectrum of AuNPs as a task of 5 ml 1 � 10�3 M HAuCl4
solution and 5 ml of extract after 60 min of addition. (D) UV–Vis spectra as a purpose of effect of different (2–8) pH of 5 ml 1 � 10�3 M

HAuCl4 solution and 5 ml of extract after 60 min. (E)UV–visible spectrum of AuNPs as a task of 5 ml 1 � 10�3 M HAuCl4 solution and

5 ml of extract after 60 min. as a function of temperature (15–30 �C).
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of the interaction with free radicals. Antioxidant activities of
the compounds, present in the extract may depend on struc-

tural features, such as the number of phenolic or methoxy
groups and flavones hydroxyl. The synthesized Fe@AuNPs
showed scavenging of DPPH free radicals (Francis et al.,

2018; Vijayan et al., 2018; Abdoli et al., 2021).
Owing its capability to cape free radicals, DPPH antioxi-

dant assay is widely used technique DPPH when encounters
antioxidants, it retrieved the hydrogen ions A purple color is
produce as a result and can be detected at 517 nm
(Shunmugam, et al., 2021). DPPH is more stabilized when it

gets more hydrogen ions and upon proper reduction its initial
purple color changes from purple to yellow and thus DPPH
gets stabilized DPPH free radical scavenging effect of (OLC)

and Fe@AuNPs with extract in varying Cons of (0, 1, 3, 7,
15, 31, 62, 125, 250, 500, and 1000 lg/ml) indicated impressive
prevention similar to BHT. The IC50 of (OLC), BHT, and
Fe@AuNPs with extract was found 404, 370, and 248 lg/ml,



Fig. 5 (A) UV–visible spectrum of FeNPs produced via various volumes (1 ml Coconut oil + 2 ml Licorice root) + (0.5–2.0 ml Olive

oil) with 3 ml 1 � 10�3 FeCl3�6H2O solution after 60 min. (B)UV–visible spectrum of FeNPs produced via various volumes (1–5) ml

1 � 10�3 M FeCl3�6H2O solution with 5 ml extract after 60 min. (C) UV–visible spectrum of FeNPs as a task of 3 ml 1 � 10�3 M

FeCl3�6H2O solution and 5 ml of extract after 60 min. (D) FeNPs UV–Vis spectra as a purpose of effect of different (2,4,6 and 8) pH of

3 ml 1 � 10�3 FeCl3�6H2O solution and 5 ml of extract after 60 min. (E) UV–visible spectrum of FeNPs as a task of 3 ml 1 � 10�3

FeCl3�6H2O solution and 5 ml of extract. as a function of temperature (30–70 �C).
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respectively (kumar et al., 2021; Al-Radadi, 2021a) as shown in
Fig. 13A. In correspondence to our studies, previous studies

have reported potential antioxidant activities by using metallic
nanoparticles.
3.10.2. Cytotoxicity survey of Fe@AuNPs with extract

Test cells (HUVEC) were treated with varying Cons of (OLC)
and OLC-Fe@AuNPs extract and cytotoxicity were deter-
mined by MTT assay. After incubation of 48 h the activity



Fig. 6 UV–visible spectrum of Fe@AuNPs with (OLC) extract after 10 min.

Fig. 7 Transmission electron microscopy (TEM) micrograph of

iron coated with gold nanoparticle.
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were detected at absorbance rate of 570 nm, which showed
extra ordinary compatibility even at highest concentration of

1000 lg/ml of (OLC) and Fe@AuNPs as shown in Fig. 13B.
previously studies has reported that combination of biological
compounds with metals in nanoparticles reduce its cytotoxicity

(Kandasamy et al., 2021, Mohammadi et al., 2021).

3.10.3. Antimicrobial activity

Antimicrobial activities of the (OLC) extract and Fe@AuNPs

and control was evaluated against bacteria and fungi. Conven-
tional paper disk diffusion method was used to determine the
inhibition zones and MIC values. As a positive controls Nor-

floxacin, and Nystatin were used. The results were represented
in Tables 7 and 8. The OLC extract showed IZ near to Nor-
floxacin, and Nystatin, while, Fe@AuNPs showed potential

zones of inhibition against test organisms as compared to drug
of reference. OLC extract exhibited moderate to potent anti-
bacterial activities with inhibition zone (IZ) ranged between
22 and 30 mm for Bacillus subtilis and Escherichia coli com-
pared with that of norfloxacin that have IZ ranged between
24 and 27 mm. Moreover, Fe@AuNPs showed potent IZ

between 28 and 29 mm for Bacillus subtilis and Salmonella
typhi. For fungi the (OLC) extract was presented antifungal
activity with inhibition zone (IZ) ranging between 18 and

19 mm for Fusarium oxysporum, Aspergillus flavus and Penicil-
lium citrinum. In comparison to nystatin as a therapeutic anti-
fungal agent (17–20 mm). Moreover, Fe@AuNPs showed IZ
great results more than the standard drug between 21 and

22 mm for Aspergillus niger and Fusarium oxysporum. The
minimal inhibition concentration (MIC) for (OLC) extract
with antibacterial potential was ranged between 3.9 mg/mL

and 15.62 mg/mL against Salmonella typhi and Bacillus subtilis
respectively. From the other hand Fe@AuNPs showed
promising MIC which ranged between 0.03 mg/mL and

6.56 mg/mL against Salmonella typhi and Bacillus subtilis,
respectively. In case of antifungal activity MIC for (OLC)
extract the results were ranged between 15.62 mg/mL and
62.5 mg/mL toward Aspergillus niger and Fusarium oxysporum,

respectively. At the same time Fe@AuNPs showing 6.56 mg/
mL and 13.5 mg/mL against Candida albicans and Aspergillus
niger, respectively. This result was the highest than the nystatin

(standard drug) which recorded MIC against Candida albicans
and Aspergillus niger as 7.81 mg/mL and 20.5 mg/mL, respec-
tively. As previously mentioned in HPLC and antioxidants

that the (OLC) extract contained large amounts of natural,
phenolic, flavonoids, vitamins, fatty acids, amino acids, pep-
tides and minerals. The presence of multiple phenolic and fla-

vonoids have shown many health-promoting benefits such as
anticancer, anti-inflammatory, anti-ulcer, antibacterial and
antifungal (Al-Radadi, 2021a; Wang et al., 2015) and that is
consider the main reason and interpretation for the antimicro-

bial activity for (OLC) extract. Against multiple microorgan-
isms the antibacterial potential of OLC were evaluated
(Sarwar et al., 2020). Burkholderia cepacia and Klebsiella pneu-

monia is inhibited by Myricetin, while flavonoids kaempferol
and myricetin are also have the potential to cure gastric ulcers.
anti-Helicobacter pylori activity is also possessed by these com-

pounds and thus used as a potent agent in therapeutics (Sharifi
et al., 2019). Echinacin-permethyl ether and apigenin-5,4-
dimethyl ether are the derivatives of echinacin and apigenin-

7-O-glucoside per methylate which is formed by their methyla-



Fig. 8 (A) HR-TEM image of spherical Fe@AuNPs, (B) HAADF-STEM images of the Fe@AuNPs and the elemental mapping images

and (C) Size distributions of Fe@AuNPs.

Fig. 9 X-ray diffraction (XRD) patterns of green synthesized iron, gold, and Core-Shell Iron@Gold Nanoparticles.
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Fig. 10 FT-IR spectra of olive oil and coconut oil and Glycyrrhiza root extract, FeNPs with aqueous extract and Fe@AuNPs with

aqueous extract.

Fig. 11 (A) Energy-dispersive X-ray spectroscopy (EDX) spec-

trum of Fe@AuNPs with aqueous extract and (B) Line scanning

profiles of Fe@AuNPs.

Fig. 12 (A) Magnetic hysteresis loops of Fe@AuNPs, (B) Image

of the magnetic nanoparticles.
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tion. The above compounds were evaluated for its antifungal
activity against conidia’s germination of Alternaria tenuis-
sima Wiltshire, that cause pigeon pea leaf blight disease

(Cajanuscajan) and these compounds were also used to control
the pigeon pea Alternaria blight disease (Akintelu et al., 2021).
The hydroxyl groups pattern of flavonoids is
(myricetin > luteolin > quercetin > kaempferol) more hydro-

xyl groups lead to potent antibacterial activity against antibi-
otic resistant bacteria. The extract of (OLC) is changing the
extracellular surface tension and thus leads to the lysis of bac-

terial cell membrane. Additionally, lipophilic flavonoids could
also interrupt microbial membranes. Mechanism of antibacte-
rial and antifungal activity of aqueous and organic extracts of

the (OLC) extract and Fe@AuNPs possibly due to their ability
to form a complex with bacterial cell walls and extracellular
soluble proteins and that is lead to damage of microbial mem-
branes then causing killing microbial cells. Some of the organic

complexes of Au (I & III) and Fe (II & III) ions are antibacte-
rial in nature. Fe@AuNPs are antifungal, but with conflicting
results on their antibacterial activity (Inbaraj et al., 2020;

Sathiyanarayanan et al., 2017). Results are shown in Fig. 14.

3.10.4. Anti-ulcer (ulcer-preventive) activity of Fe@AuNPs

with (OLC) extract

3.10.4.1. Chemicals and reference drug: analytical grade chem-

icals were used in the current study. The triple regimen consist-
ing of (Clarithromycin + Amoxicillin + Omeprazole)
(reference drug) inhibit acid production by inhibiting the



Fig. 13 (A) Antioxidant potential of Fe@AuNPs with extract, (OLC), and BHT (Butylated hydroxyltoluene) and (B)Percent viability

measured on human umbilical vein endothelial cells after treatment with present Fe@AuNPs with extract, (OLC), HAuCl4 and FeCl3.

Table 7 Antibacterial activity of (OLC) extract and Fe@AuNPs.

Bacterial test strains Mean diameter of inhibition zone (mm)/minimum inhibitory concentration (MIC) (mg/ml).

(OLC) extract Fe@AuNPs Norfloxacin (standard)

Inhibition zone MIC Inhibition zone MIC Inhibition zone MIC

Bacillus subtilis

(ATCC 6633)

22 ± 0.22 15.62 ± 0.05 28 ± 0.32 6.56 ± 0.26 24 ± 0.56 3.9 ± 0.12

Staphylococcus aureus

(ATCC 29213)

24 ± 0.01 31.25 ± 0.45 29 ± 0.51 3.9 ± 0.55 23 ± 0.5 2.5 ± 0.35

Escherichia coli

(ATCC 25922)

30 ± 0.32 7.51 ± 0.77 32 ± 0.01 1.95 ± 0.46 27 ± 0.98 1.57 ± 0.69

Pseudomonas aeruginosa (ATCC 27853) 25 ± 0.45 15.62 ± 0.02 28 ± 0.12 2.5 ± 0.87 25 ± 0.87 3.9 ± 0.47

Salmonella typhi

(ATCC 6539)

27 ± 0.34 3.9 ± 0.08 29 ± 0.52 0.03 ± 0.14 23 ± 0.16 1.57 ± 0.25
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enzymes in stomach wall and thus allowing the stomach to
heal quickly.

3.10.4.2. Plant material and extract preparation. 2 g of licorice
root is boiled in de-ionized water and 2 ml was taken from it,

2 ml of stock of olive oil and 1 ml of stock of coconut oil.
Extract was taken and dissolved in 10 ml of PBS, 1% tween
80 was also used to make the extract properly dissolved in

extract.

3.10.4.3. Animals. 91 Wistar rats (180–200 g) and male albino

mice (20–25 g) was purchased and kept in ideal environment



Table 8 Antifungal activity of (OLC) extract and Fe@AuNPs.

Fungal test strains Mean diameter of inhibition zone (mm)/ minimum inhibitory concentration (MIC) (mg/ml)

(OLC) extract Fe@AuNPs Nystatin (standard)

Inhibition zone MIC Inhibition zone MIC Inhibition zone MIC

Candida albicans

(ATCC 10231)

14 ± 0.34 31.25 ± 0.16 18 ± 0.56 6.56 ± 0.41 15 ± 0.2 7.81 ± 0.16

Aspergillus niger

(RCMB 002007)

16 ± 0.23 15.62 ± 0.33 21 ± 0.61 13.5 ± 0.85 18 ± 0.2 20.5 ± 0.52

Aspergillus flavus

(ATCC 16883)

19 ± 0.52 41.6 ± 0.26 20 ± 0.71 26.75 ± 0.56 17 ± 0.12 31.25 ± 0.45

Fusarium oxysporum

(RCMB 008002)

18 ± 0.34 62.5 ± 0.75 22 ± 0.45 31.25 ± 0.55 20 ± 0.32 26.4 ± 0.2

Penicillium citrinum

(RCMB 001011)

17 ± 0.16 31.25 ± 0.35 23 ± 0.81 29.75 ± 0.41 20 ± 0.20 31.25 ± 0.15
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with supplement of rodent diet. CPCSEA guidelines were fol-
lowed during experiments and the study was approved by

Institutional animal ethical committee.
Fig. 14 (A) Antibacterial activity of (OLC) extract and Fe@AuNP
3.10.4.4. Acute toxicity study. Seven groups of albino mice’s
(13 in each group) were exposed to acute toxicity study of
OLC extract. All the mice’s were fasted overnight and admin-
s and (B)Antifungal activity of (OLC) extract and Fe@AuNPs.
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istered with the OLC-Fe@AuNPs single dose of Conc. of 250,
500, 2000 and 5000 mg�kg�1. Mice’s were served with PBS as a
control.
Table 9 Anti-ulcer activity of omeprazole, OLC-Fe@AuNPs and (

Treatment D

Control N

Ulcer control 0

Drug control (Clarithromycin + Omeprazole + Amoxicillin) 8

Treatment 1 (OLC) extract 2

Treatment 2 (OLC) extract 5

Treatment 3 (OLC-Fe@AuNPs) 2

Treatment 4 (OLC-Fe@AuNPs) 5

Fig. 15 Anti-ulcer activity of: (A) stomach of an ulcer control rat, (B)

rat treated with 250 mg kg�1 (OLC) extract, (D) stomach of a rat trea

with 250 mg kg�1 OLC-Fe@AuNPs, (F) stomach of a rat treated wit
3.10.4.5. Anti-ulcer (ulcer-preventive) activity study. As stated

in Table 9, treatment of Wister rats with OLC-Fe@AuNPs
protect the stomach mucosal layer from ethanol induced ulcer.
OLC) extract.

ose (mg/kg�1) Ulcer area (mm2) Protection (%)

A 0.00 ± 0.0 NA

891.00 ± 4.05 0.0

211.03 ± 11.60 76.31%

50 Low 596.35 ± 8.07 33.06%

00 High 307.8 ± 6.29 65.45%

50 Low 174.9 ± 12.043 80.37%

00 High 14.6 ± 9.10 98.36%

stomach of a rat treated with the reference drug, (C) stomach of a

ted with 500 mg kg�1 (OLC) extract, (E) stomach of a rat treated

h 500 mg kg�1 OLC-Fe@AuNPs.



Fig. 16 Effects of OLC-Fe@AuNPs, (OLC) extract, olive oil,

licorice root extract and coconut oil on anti-H.pylori.
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OLC-Fe@AuNPs treatment protect the mucosal layer up to
80.37% and 98.36% respectively at 250 and 500 mg�kg�1 doses
as compared to control groups. While the reference drug

(Clarithromycin + omeprazole + amoxicillin) provided ulcer
protection up to 76.31%. Samples without treatment of OLC-
Fe@AuNPs showed complete ulceration Fig. 15A. Rats trea-

ted with reference drug showed protection as shown in
Fig. 15B, 250, 500 mg�kg�1 (OLC) extract Fig. 15C,
Fig. 15D and 250, 500 mg�kg�1 OLC-Fe@AuNPs Fig. 15E,

Fig. 15F. Rats received almost 250 mg�kg�1 of OLC-
Fe@AuNPs and significantly reduced gastric lesion formation
and submucosal edema similar to the reference drug treated
animals but the higher dose of 500 mg�kg�1 was much better,

revealed from histopathological studies (Spósito, et al., 2019).
OLC-Fe@AuNPs have various potential biomedical proper-
ties such as anti-inflammatory and anticancer. OLC-

Fe@AuNPs mediated anti-ulcer activity was reported for the
first time in the current study. The significant anti-ulcerative
properties as shown in Table 9 revealed that OLC-

Fe@AuNPs is gastro protective in nature and it was confirmed
by histopathological studies. As antioxidant activities of the
compounds, present in the extract may depend on structural

features, such as the number of phenolic hydroxyl or methoxy
groups and flavones hydroxyl as in Fig. 13A have been identi-
fied in the OLC-Fe@AuNPs, the anti-ulcer activity is due to
the antioxidant nature of the extract as in Table 10. OLC-

Fe@AuNPs is biocompatible as it is confirmed from sub-
acute studies.

The final part of this study measured direct effects of OLC-

Fe@AuNPs, (OLC) extract, olive oil, licorice root extract and
coconut oil of levels of anti-H. pylori. Results given in Fig. 16
showed that all samples increased production of specific anti-

bodies, supporting the hypothesis that (OLC) extract has
strong anti-inflammatory and anticancer properties. In sam-
ples, OLC-Fe@AuNPs and OLC extract are showing the

strongest affects followed by olive oil and licorice root extract
with a medium difference, while coconut oil was the lowest one
among them (Vetvicka et al., 2016).
Table 10 Changes in the animal behavior after administration of O

Time after administration (h)

Gross activity 2 3

Respiration – –

Writhing – –

Tremors – –

Convulsion – –

Salivation – –

Diarrhea – –

Mortality – –

Hind limb paralysis – –

Sedation – –

Skin irritation – –

Eye irritation – –

CNS Depression – –

+: Indicates that change was observed; –: Indicates that there was no ch
4. Conclusion

It was concluded that using OLC extract as a capping g and

reducing agent is a good choice for the synthesis of the
Fe@AuNPs core–shell nanoparticles. Extracts of olive oil,
licorice root extract and coconut oil have potent antimicrobial

activities. It was also concluded that microwaves, temperature
and pH optimization help to achieve the small sized nanopar-
ticles that to be used in the therapeutics. The biosynthesized

nanoparticles were characterized and confirmed by UV–Visible
spectroscopy, Energy dispersive X-ray spectroscopy (EDX),
X-ray diffraction (XRD), High resolution Transmission elec-

tron microscope (HR-TEM), Fourier Transform Infrared
Spectroscopy (FT-IR) and high-performance liquid chro-
matography (HPLC), High angle annular dark-field scanning
TEM (HAADF-STEM), Particle-Size Distribution (PSD),

Magnetic hysteresis loops. Helicobacter pylori was successfully
eradicated by iron coated gold nanoparticles and iron coated
gold nanoparticles can be used as a therapeutic in stomach

ulcer. The anti H pylori and anti-ulcer potential of
biosynthesized nanoparticles were checked in vivo in animal
LC-Fe@AuNPs 5000 mg kg�1 dose.

5 7 12 24

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

ange.
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model (Wister rats). The antimicrobial properties revealed that
nanoparticles encounter with bacterial cell membrane and
leads to its damage and thus proved itself a good option to

be considered as an antimicrobial. The OLC mediated Fe@Au
nanoparticles were found nontoxic at high concentration but
proper cytotoxic studies are recommended to use nanoparticles

in vivo.
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