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Abstract In this research, we reported an environment friendly approach for the synthesis of gold

nanoparticles (Au NPs) using Mentha Longifolia leaf extract. The formation of the Au NPs was

characterized by UV–visible and FT-IR spectroscopy, XRD, SEM, EDX and TEM analyses.

The UV–Visible spectra of gold nanoparticles showed a surface plasmon resonance peak at

512 nm. The crystalline nature of gold nanoparticles was stablished by XRD diffraction pattern.

TEM revealed the spherical shape with a mean particle size of 36.4 nm. Thereafter, biological per-

formance of those biomolecule functionalized Au NPs was investigated. To survey the anti-human

breast cancer effects of gold nanoparticles, MTT assay was used on the common breast cancer cell

lines i.e., breast adenocarcinoma (MCF7), breast carcinoma (Hs 578Bst), breast infiltrating ductal

cell carcinoma (Hs 319.T), and breast infiltrating lobular carcinoma (UACC-3133). The conversion

was achieved in short reaction time with good to excellent yields in association with outstanding

turnover frequency (TOF). In addition, the nanocomposite catalyst was easily recovered and recy-

cled for 12 successive times without noticeable decrease in catalytic activity. Gold nanoparticles had

high anti-breast cancer activities dose-dependently against MCF7, Hs 578Bst, Hs 319.T, and

UACC-3133 cell lines. The best result of anti-breast cancer effects was seen in the case of the
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UACC-3133 cell line. It looks gold nanoparticles can be used for the treatment of several types of

breast cancers in human.

� 2020 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 (Au NPs) have attracted wide attention

due to their potential applications in catalysis, electrical con-
ductivity, optical properties, etc. (Ranjith and Matijevic,
1998; Liu and Corma, 2018; Hamers, 2017; Hutchison, 2016;
Gao et al., 2019; Wang et al., 2019). These can be readily syn-

thesized and display high chemical as well as thermal stability
(Son and Bao, 2018; Naseri et al., 2018; Zhang et al., 2019).
Although various physical and chemical routes have been

approved for the synthesis of Au NPs, such methods are not
considered environmentally friendly which limited their appli-
cations in food and medical fields (Hu et al., 2017; Sharma

et al., 2015; Shen et al., 2016; Antonyraj et al., 2013). In recent
years, the development of efficient green chemistry methods
for the synthesis of Au NPs has become a major focus of
researchers. One of the methods is the production of Au

NPs using biological system such as microbes, fungi and plant
extracts (Menon et al., 2017; Yazdankhah et al., 2018; Xia
et al., 2013; Anastas and Eghbali, 2010; Anastas and

Kirchhoff, 2002; Clark, 2002; Hutchison, 2008). Plant medi-
ated synthesis of Au NPs are noteworthy due to its simplicity,
rapid rate of synthesis, eco-friendliness and it can potentially

render more biocompatibility with biomolecules (Varma,
2014).

The major advantage of using extracts is that they are the

mild, renewable and non-toxic reducing and stabilizing agents,
eliminating the need for chemical reducing agents such as
sodium borohydride and expensive polymeric capping agents
and stabilizers. (Mohammadinejad et al., 2016; Machado

et al., 2013; Lopez-Tellez et al., 2013; Kumar et al., 2013;
Kharissova et al., 2013; Sharma et al., 2019). In the recent
days, this green metric protocol for the synthesis of noble

metal NPs has been quite popular (Nadagouda et al., 2014;
Sarmah et al., 2019; Vishnukumar et al., 2017; Sun et al.,
2014) and ample studies are going on for the biogenic synthesis

of Au nanoparticles (Choudhary et al., 2017; Vimalraj et al.,
2018; Panichikkal et al., 2019; Khan et al., 2018; Dong et al.,
2015; Annamalai et al., 2013). Au NPs find extensive applica-

tions in diverse fields like biological transmission electron
microscopy, colorimetric DNA sensors based on colloidal
Au and catalysis (Suchomel et al., 2018). One of their thera-
peutic properties is anti-cancer especially anti-breast cancer

properties (Katata-Seru et al., 2018; Sangami and Manu,
2017; Beheshtkhoo et al., 2018).

Breast cancer is the main cancer between all women in all of

the world. It is caused in the breast tissue and after a while dis-
tributed to all of the body through metastasis (Bray et al.,
2018). The metastatic carcinoma, inflammatory carcinoma of

the breast, infiltrating lobular carcinoma of breast, infiltrating
ductal cell carcinoma, breast carcinoma, and breast adenocar-
cinoma are five main types of breast cancer (Bray et al., 2018;
Boyd et al., 2007). The main symptoms of breast cancer are

lump in a breast, red scaly patch of skin, fluid coming from
the nipple, a newly inverted nipple, dimpling of the skin, and
change in breast shape (Bray et al., 2018; Boyd et al., 2007;
Siu, 2016). For the treatment of breast cancer, surgery, radia-

tion therapy, chemotherapy, targeted therapy, immunother-
apy, and EGFR-targeted therapy are used (Jahanzeb, 2008).
The main anti-breast cancer chemotherapeutic drugs are

included cyclophosphamide, doxorubicin, taxane, docetaxel,
methotrexate, trastuzumab, pertuzumab, and fluorouracil
(Bray et al., 2018; Jahanzeb, 2008). According to the high side

effects of chemotherapeutic drugs such as nausea, fatigue, hair
loss, vomiting, diarrhea, weight loss, and mouth sores, the for-
mulation of modern chemotherapeutic drugs is necessary
(Moschini et al., 2016). Recently, scientists have understood

that metallic nanoparticles especially gold nanoparticles have
excellent anticancer properties (Hemmati et al., 2019).

The Mentha Longifolia plant have been used as a crucial

anti-hypertensive drug and anti-tussive, expectorant in tradi-
tional chinese medicine (Namvar et al., 2014; Kaneko et al.,
1981). The main constituents of this plant include polyphenols,

alkaloids, organic acids, terpenoids, carbohydates and etc.
(Badfar-Chaleshtori et al., 2012). Now, based on the research
on the biosynthesis of metal NPs (Bhat et al., 2005;
Shahriary et al., 2018; Jalalvand et al., 2019; Abay et al.,

2017; Wu et al., 2019), we report herein the green synthesis
of Au NPs using Mentha Longifolia leaf extract for the first
time. The as synthesized Au NPs were characterized with ana-

lytical techniques like UV–visible Spectroscopy, Fourier
Transformed Infrared Spectroscopy (FT-IR), Scanning Elec-
tron Microscopy (SEM), Transmission Electron Microscopy

(TEM), Energy Dispersive X-ray spectroscopy (EDX) and
Powder X-ray diffraction (XRD). Next, we decided to investi-
gate the anti-breast cancer potentials of gold nanoparticles for-

mulated by Mentha Longifolia leaf against breast
adenocarcinoma, breast carcinoma, breast infiltrating ductal
cell carcinoma, and breast infiltrating lobular carcinoma cell
lines.

2. Experimental

2.1. Materials and apparatus

All the reagents were purchased from Aldrich and Merck and

were used without any purification. The crystalline structures
of the samples were evaluated by X-ray diffraction (XRD)
analysis on a Bruker D8 Advance diffractometer with CuKa
radiation at 40 kV and 20 mA. Fourier transform infrared
(FT-IR) spectra were recorded using KBr pellet with a Perkin
Elmer 65 spectrometer in the range of 400–4000 cm�1. TEM

images at the accelerating voltage of 80 KV were taken with
a Zeiss -EM10C. Morphology and particle dispersion was
investigated by field emission scanning electron microscopy
(FESEM) (Cam scan MV2300). The chemical composition of

the prepared nanostructures was measured by EDS (Energy
Dispersive X-ray Spectroscopy) performed in SEM. The

http://creativecommons.org/licenses/by-nc-nd/4.0/
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UV–Vis absorbance spectra were recorded using double beam
UV–Visible spectrophotometer (PG Instrument, T80 + ),
equipped with 10 mm quartz cuvettes.

2.2. Preparation of Mentha Longifolia leaf extract

Fresh Mentha Longifolia leaf were collected from the Xi’an

Medical University of China and washed thoroughly with
double-distilled water. 2.0 g of the Mentha Longifolia leaf
was heated in 100 mL deionized water for 30 min at 80 �C.
The colored mixture was then cooled and filtered through hat-
mann filter paper No. 1 to have the aqueous extract. It was
stored at 4�C in refrigerator for further use (Hemmati et al.,

2019).

2.3. Green synthesis of Au NPs using Mentha Longifolia leaf
extract

In a typical synthesis of Au NPs, 10 mL of the aqueous extract
of Mentha Longifolia leaf was added dropwise to 50 mL of
well-mixed 0.001 M aqueous solution of HAuCl4 with con-

stant stirring at room temperature. After 20 min, the light yel-
low colored mixture changed to wine red, an evidence for the
preparation of Au NPs (Fig. 1). Then the solution containing

nanoparticles was centrifuged at 4000 rpm for 20 min and the
upper transparent layer was decanted off. The residues
obtained were washed for several times with deionized water
and finally dried in an oven at 50�C (Hemmati et al., 2019).

2.4. Measurement of the anti-human breast cancer effects of Au

NPs

In this experiment, the following cell lines have been used for
investigating the anti-human breast cancer effects of the
HAuCl4, Mentha Longifolia leaf, and Au NPs using an MTT

assay:

(1) Breast adenocarcinoma (MCF7) with ATCC NO. HTB-

22TM.
(2) Breast carcinoma (Hs 578Bst) with ATCC NO. HTB-

125TM.
Fig. 1 UV–vis spectrum of green synthesized Au NPs using

aqueous extract of Mentha Longifolia during 20 min. UV–vis

spectrum of extract (a); after 10 min (b) and after 20 min (c).
(3) Breast infiltrating ductal cell carcinoma (Hs 319.T) with

ATCC NO. CRL-7236TM.
(4) Breast infiltrating lobular carcinoma (UACC-3133) with

ATCC NO. CRL-2988TM.

They were then cultured as a monolayer culture in 90%
RPMI-1640 medium and 10% fetal serum and supplemented
with 200 mg/mL streptomycin, 125 mg/mL penicillin, and

8 mg/mL amphotericin B. The culture was then exposed to
0.5 atmospheric carbon dioxide at 37 �C, on which the tests
were performed after at least ten successful passages. MTT

assay a method used to investigate the toxic effects of various
materials on various cell lines, including non-cancer and can-
cer cells. To evaluate the cell toxicity effects of the compounds

used in this research, the cells were transferred from the T25
flask to the 96-well flasks. In each cell of the 96-cell flasks,
7000 cells of cancer and fibroblast cell lines were cultured,
and the volume of each cell was eventually increased to

100 mL. Before the treatment of the cells in the 96-well flak,
the density of cells was increased to 70%, so the 96-well flasks
were incubated for 24 h to obtain the cell density of 7 � 103.

Next, the initial culture medium was discarded, and variable
concentrations (0–1000 mg/mL) of HAuCl4, Mentha Longifolia
leaf, and Au NPs were incubated at 37 �C and 0.5 CO2 for 24,

48, and 72 h. Then, 20 mL MTT was added to each well after a
certain amount of time. Next, 100 mL DMSO solvent was
added to each well. They were then kept at room temperature

for 25 min and read at 490 and 630 nm by a microtitre plate
reader.

The cell lines were treated with the hydroalcoholic extract
(1.25 mg/mL), which inhibited about 20% of the cell growth.

Annexin/PI method was used to determine the apoptosis level
in the treated and control cell lines using a flow cytometry
machine. To perform experiment, the cell lines were treated

with a variable concentrations (0–1000 mg/mL) of HAuCl4,
Mentha Longifolia leaf, and Au NPs for 24 h. Cells were irri-
gated with phosphate-buffered saline (PBS). After centrifuga-

tion, buffer binding was added to the obtained precipitate.
Then, 5 mL Annexin V dye was added and incubated for
15 min at 25 �C. Cells were washed with the binding solution,
following which 10 mL PI dye was added. Finally, cell analysis

was done by a flow cytometry machine according to the below
formula (Jalalvand et al., 2019):

Cell viability ð%Þ ¼ Sample A:

Control A:
� 100
2.5. Statistical analysis

The obtained results were analyzed by SPSS (version 20) soft-

ware using one-way ANOVA, followed by Duncan post-hoc
test (P � 0.01).

3. Results and discussion

3.1. Characterizations of biosynthesized Au NPs

Au NPs formation was monitored visually and by UV–visible
spectroscopy. The instant the Mentha Longifolia leaf extract

was added into the aqueous solution of HAuCl4, color of the
solution started changing from yellow to dark red (Fig. 1,



Fig. 3 FE-SEM image of biosynthesized Au NPs.
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inset). Moreover, the UV spectrum of extract (Fig. 1a) shows
specified signals of phenolics inside the plants as the bands
at kmax 330 nm (band I) due to the transition localized within

the ring of cinnamoyl system; whereas the band around
240 nm (band II) is for absorbance of ring related to the
p ? p* transitions of benzoyl system [51a]. Therefore, these

absorbance bands confirm the presence of phenolics and abil-
ity of plant extract for green synthesis of nanoparticles. The
reaction of Au nanoparticles was completed after 20 min fol-

lowing the formation of nanoparticles monitored by UV–vis
spectroscopy, Fig. 1b,c. The Au NPs showed a characteristic
peak centered at 512 nm indicating the surface plasmon
absorption of nanosized Au particles and formation of

nanoparticles.
For more convenience the FT-IR analysis was carried out

to demonstrate the responsible phytochemicals during the

green synthesized of Au NPs. The FT-IR spectrum of the
crude extract, (Fig. 2a) depicted some peaks at 3402 cm�1,
2872 cm�1, 1679 cm�1 and 1380 cm�1 which represent free

OH in molecule and OH group forming hydrogen bonds, sat-
urated hydrocarbons (Csp3–H), carbonyl group (C = O) and
stretching C = C aromatic ring, respectively. Because of pres-

ence these functional groups inside the structure of antioxidant
polyphenolics, the spectrum can demonstrate the presence of
phenolics in the plant extract and support the results of related
literatures (Nasrollahzadeh and Sajadi, 2015). Furthermore,

FT-IR spectrum of Au NPs is shown in Fig. 2b. The appeared
bands are lattice vibrational modes indicating the functional
groups of biomolecules adsorbed on nanoparticles. The broad

band in 3496 cm�1 is –OH stretching bond of hydroxyl func-
tional group. The band around 1682 cm�1 is generally attribu-
ted to the carbonyl functional group (Yazdankhah et al.,

2018).
The surface morphology of Mentha Longifolia extract-

synthesized Au NPs was analyzed by SEM and TEM. SEM

micrographs of Au NPs showed spherical shapes (Fig. 3).
Moreover, particle size was evaluated by TEM analysis.

Transmission electron microscopy (TEM) has been used to
identify the size and shape of nanoparticles. Typical TEM

images obtained for biosynthesized Au NPs are shown in
Fig. 4. From the images, it is clear that the morphology of gold
nanoparticles is almost spherical. This result is in agreement

with the shape of SPR bands centered at 512 nm of Au NPs
(Choudhary et al., 2017). The histogram describing the size
distribution of particles are shown in (Fig. 4, inset). From
Fig. 2 FT-IR spectra of (a) Mentha Longifolia
the histogram the average particle size measured for the golid
nanoparticles is observed to be 36.4 nm.

Energy Dispersive X-ray Spectroscopy (EDX) confirmed

the existence of Au particles in the specimen (Fig. 5). The pres-
ence of C, N and O elements justifies the phytochemical func-
tionalization over Au NPs.

The X-ray diffraction (XRD) profile of biosynthesized Au
NPs using the Mentha Longifolia leaf extract is depicted in
Fig. 6. It Shows intensive characteristic peaks of metallic Au.
The diffraction

Peaks at 2h 38.12�, 44.52�, 64.52� and 77.12� correspond to
the (111), (200), (220) and (311) Bragg planes of fcc gold lat-
tice, respectively, which are in agreement with the diffraction

standard of Gold (JCPDS80-3697).

3.2. Anti-human breast cancer potentials of gold nanoparticles

In this study, the treated cells with several concentrations of
the present HAuCl4, Mentha Longifolia leaf extract, and Au
NPs were examined by MTT test for 48 h regarding the cyto-

toxicity properties on normal (HUVEC), breast adenocarci-
noma (MCF7), breast carcinoma (Hs 578Bst), breast
leaf extract and (b) biosynthesized Au NPs.



Fig. 4 TEM images of biosynthesized Au NPs.

Fig. 5 EDX spectrum of biosynthesized Au NPs.

Fig. 6 XRD pattern of biosynthesized Au NPs.
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infiltrating ductal cell carcinoma (Hs 319.T), and breast infil-
trating lobular carcinoma (UACC-3133) cell lines (Fig. 7,8;
Table 1). The absorbance rate was determined at 570 nm,

which indicated extraordinary viability on normal cell line
(HUVEC) even up to 1000 lg/mL for HAuCl4, Mentha Longi-
folia leaf extract, and Au NPs.Fig. 8.

In the case of breast adenocarcinoma, breast carcinoma,
breast infiltrating ductal cell carcinoma, and breast infiltrating
lobular carcinoma cell lines, the viability of them reduced

dose-dependently in the presence of HAuCl4, Mentha Longifo-
lia extract, and Au NPs. The IC50 of Mentha Longifolia and
Au NPs against MCF7 cell line were 439 and 274 mg/mL,
respectively; against Hs 578Bst cell line were 464 and 279 mg/
mL, respectively; against Hs 319.T cell line was 418 and
274 mg/mL, respectively; and against UACC-3133 cell line
were 374 and 201 mg/mL, respectively.

The best result of cytotoxicity property of gold nanoparti-
cles against the above cell lines was seen in the case of the
UACC-3133 cell line.

In the previous study, Hemmati et al. (2020) indicated that
gold nanoparticles had significant efficacy on removing the
acute leukemia cell lines without any cytotoxicity effect on

the HUVEC cell line. In the previous study, the IC50 of gold
nanoparticles were less than 200 mg/mL (Hemmati et al.,
2019). In the study of Sun et al (2020), the IC50 of the gold
nanoparticles were near to the 150 mg/mL against Breast can-

cer cell lines. Also they reported that the gold nanoparticles
didn’t have any cytotoxicity against HUVEC cell lines [64a].

The anticancer of gold nanoparticles was found to be highly

dependent on a range of factors related to their physical char-
acteristics, such as surface coating, shape, and size. About the
size, it has been reported that gold nanoparticles with small size

can transfer of cell membrane of tumor cells and remove them.
In the larger size, the above ability significantly is confined
(Hemmati et al., 2019). As can be observed in Figs. 3 and 4

of our study, gold nanoparticles had uniform spherical mor-
phology in range sizes of 30–45 nm. The size of gold nanopar-
ticles in lower than 50 nm is very suitable for the killing of
tumor cell lines in vivo and in vitro (Hemmati et al., 2019).

About the anticancer properties of gold nanoparticles, they
have used for the treatment of several cancers including human
lung cancer, mammary carcinoma, uterus cancer, lung epithe-

lial cancer, Lewis lung carcinoma, colon cancer, and human
glioma [64b].

Nam et al. (Devi and Bhimba, 2012) designed functional-

ized gold nanoparticles using dendrimers for fight cancer cells.
Similarly, the silver nanoparticles synthesized by brown sea-
weed Ulva show good cytotoxic activity against human laryn-
geal cancer (Hep-2) cell line, human breast cancer (MCF 7) cell

line and human colon cancer (HT 29) cell line and breast can-
cer line MCF-7 (Holt et al., 1994). Recently, Rajeshkumar
et al. (2016) synthesized the silver nanoparticles and reported

their great potential to inhibit the cell viability of liver and lung
cancer cell lines The cytotoxic effect of gold nanoparticles is
the result of active physicochemical interaction of gold atoms

with the functional groups of intracellular proteins, as well as
with the nitrogen bases and phosphate groups in DNA (Blagoi
Yu et al., 1991). In previous report Sriram et al. (2010)

reported that the nanoparticles acquiring anticancer properties
are known for their potential ability to slow down the activities
of abnormally expressed signaling proteins, such as Akt and
Ras, cytokine-based therapies, DNA- or protein based vacci-



Table 1 The IC50 of HAuCl4, Mentha Longifolia, and Au

NPs in the cytotoxicity or breast cancer test.

HAuCl4
(mg/mL)

M. Longifolia

(mg/mL)

Au NPs

(mg/mL)

IC50 against MCF7 – 439 ± 0a 264 ± 0b

IC50 against Hs 578Bst – 459 ± 0a 269 ± 0b

IC50 against Hs 319.T – 418 ± 0a 224 ± 0b

IC50 against UACC-3133 – 374 ± 0a 201 ± 0b

* The different words indicate the significant differences between

examined groups (P � 0.01).

Fig. 7 The anti-breast carcinoma properties of HAuCl4, Mentha Longifolia leaf, and Au NPs against MCF7 (A), Hs 578Bst (B), Hs 319.

T (C), and UACC-3133 (D) cell lines.
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nes against specific tumor markers, and tyrosine kinase inhibi-
tors which exhibit a consistent antitumor effect (Martins et al.,

2010). In the previous studies, it has been indicated that the
gold nanoparticles have low effects on the normal cells and
its mechanism is related to the deform cell membrane of the

cancer cells that allow to be identified by gold nanoparticles.
In this report, the anticancer activity was observed and that
the synthesized gold nanoparticles induce a dose dependent
inhibition activity against breast cancer cells. Some of the

approved chemotherapeutic agents were caused side effect
and high cast. Therefore, there is an important need to develop
alternative medicines against this deadly disease. Synthesized

gold nanoparticles to fulfill the need of new therapeutic treat-
ment were discovered.



Fig. 8 The cytotoxicity properties of HAuCl4, Mentha Longifo-

lia, and Au NPs against normal (HUVEC) cell line.
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4. Conclusion

A plant-mediated, green method of synthesizing gold nanopar-
ticles was successfully performed by employing the leaf extract
ofMentha Longifolia. It was found out that the various biomo-

lecules present in the leaf extract were responsible for the for-
mation and stability of the Au NPs. The size, morphology,
crystalline structure and the stability were characterized by
UV–Vis spectroscopy, FT-IR, SEM, TEM, EDX and XRD

analysis. The biosynthesized nanoparticles had effective anti-
breast cancer effects against breast adenocarcinoma (MCF7),
breast carcinoma (Hs 578Bst), breast infiltrating ductal cell

carcinoma (Hs 319.T), and breast infiltrating lobular carci-
noma (UACC-3133) cell lines without any cytotoxicity activity
against normal cell line i.e., HUVEC. It appears that the gold

nanoparticles synthesized using Mentha Longifolia leaf aque-
ous extract can be used as novel anti-breast cancer drugs in
humans in the near future.
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