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Abstract Regarding applicative, facile, green chemical research, a bio-inspired approach is being

reported for the synthesis of Au nanoparticles by pectin (PEC) as a natural reducing and stabilizing

agent without using any toxic and harmful reagent under ultrasonic condition. The biosynthesized

Au NPs@PEC were characterized by advanced physicochemical techniques like ultraviolet–visible

(UV–Vis), Fourier Transformed Infrared spectroscopy (FT-IR), Scanning Electron Microscopy

(SEM), Transmission Electron Microscopy (TEM), Energy Dispersive X-ray spectroscopy

(EDX), and X-ray Diffraction (XRD) study. It has been established that pectin-stabilized Au

nanoparticles have a spherical shape with a mean diameter from 5 to 10 nm. In the medicinal part

of the present research, the lung BEAS-2B, WI-38, CCD-19Lu, IMR-90, MRC-5, and HEL 299 cell

viability was determined by trypan blue assay. The caspase activity colorimetric assay kit and

Rhodamine123 fluorescence dye were used to determine the caspase-3 activity and mitochondrial

membrane potential, respectively. Apoptosis and DNA fragmentation were determined by the

TUNEL test. Also, the inflammatory cytokines concentrations were evaluated by the Rat inflamma-

tory cytokine assay kit. Au NPs@PEC-treated cell cutlers decreased significantly (p � 0.01) the

caspase-3 activity, inflammatory cytokines concentrations, and DNA fragmentation, and enhanced

http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2021.103533&domain=pdf
mailto:hugen0517@sina.com
https://doi.org/10.1016/j.arabjc.2021.103533
http://www.sciencedirect.com/science/journal/18785352
https://doi.org/10.1016/j.arabjc.2021.103533
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 D. Wang et al.
the mitochondrial membrane potential and cell viability in the high concentration of Methotrexate-

treated lung BEAS-2B, WI-38, CCD-19Lu, IMR-90, MRC-5, and HEL 299 cells. In the antioxidant

test, the IC50 of Au NPs@PEC nanocomposite and BHT against DPPH free radicals were 203 and

181 mg/mL, respectively. Finally, Au NPs@PEC may be used as a pulmonary protective supplement

to treat acute lung injury.

� 2021 The Authors. 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

Nanotechnology is the field to yield modern systems, tools, and mate-

rials by taking control at the atomic and molecular levels using the fea-

tures that appear on those surfaces (Cheng et al., 2003; Li et al., 2005;

Fukuda et al., 2006; Wang et al., 2010; You et al., 2012). Applications

for nanotechnology in medical diagnostics, food, medicine, biotechnol-

ogy, environment, energy, chemistry, physics, etc, introduce this tech-

nology as an interdisciplinary and cross-sectoral context (Staroverov

et al., 2009; Gholamian et al., 2013). The interdisciplinary nature of

nanoscience and nanotechnology as the field to yield modern systems,

tools, and materials with precision atoms and molecules, will sooner or

later affect the health and medical sector (Liao et al., 2015; Fazaeli

et al., 2010; Konda et al., 2014). Drug use is currently volumetric, so

most cells in the body need medication. In the new method, the drug

is directed directly to specific cells with new injection devices and deliv-

ered to the required location. By this mechanism, small and large dis-

eases can be diagnosed and treated at the beginning of their formation

(Staroverov et al., 2009; Gholamian et al., 2013). The National Nan-

otechnology Project is being implemented in European countries, the

United States and Japan with high priority in various fields. Nanotech-

nology and nanoscience emerging fields can move materials very accu-

rately, to understand and control unprecedented fundamental

components of physical objects. It seems that these developments will

change the way we design and build everything from vaccines to com-

puters. The plan would increase investment in nanotechnology about

twice as much each year as last year. A branch of nanotechnology is

the formulation of new drugs with metallic nanoparticles (Fazaeli

et al., 2010; Konda et al., 2014; Mazaahir et al., 2012; Kiasat et al.,

2013; Celardo et al., 2011; De Jong and Borm, 2008).

Nanoparticles are widely used in tissue engineering scaffolds, tar-

geted drug delivery and disease diagnosis (Borm et al., 2006;

Stapleton and Nurkiewicz, 2014; Patra et al., 2018). At present, many

drug delivery systems are made of nanoparticles and different materials

have been used as drug stimulants or enhancers to ameliorate the effec-

tiveness of treatment and the durability and stability as well as the safety

of pulmonary protective drugs (Stapleton and Nurkiewicz, 2014; Patra

et al., 2018; Itani and Al Faraj, 2019). The substances used to release

pulmonary protective drugs are divided into different polymers, mag-

netic, and biomolecules. These materials can also provide surface mod-

ifications such as binding to target antibodies and ligands to make the

nanoparticles act purposefully to increase the effectiveness of the treat-

ment (Itani and Al Faraj, 2019; Trojer et al., 2013; Liu et al., 2014).

In this work we have proposed the ‘green’ approach for synthesis of

stable pectin capped Au nanoparticles (Au NPs@PEC) with desirable

physico-chemical properties (Scheme 1). Due to the non-toxic effects of

pectin to human, it is an interesting and valuable compounds in phar-

maceuticals and biomedical usages. So, we used pectin in research

work as an ecofriendly natural polymer with minimum side effects

and importantly as a natural reducing/stabilizing and solid support

agent for fabrication Au nanoparticles without using any toxic and

harmful reagent under ultrasonic condition. Then, the prepared Au

NPs@PEC were characterized by advanced physicochemical tech-

niques. Also, the in vitro pulmonary protective effects of ultrasonic

green synthesis of Au NPs@PEC on Methotrexate-induced acute lung

injury in lung BEAS-2B, WI-38, CCD-19Lu, IMR-90, MRC-5, and

HEL 299 cell lines were evaluated.
2. Experimental

2.1. Synthesis of Au NPs@PEC

To initiate the reaction 20 mL of a freshly prepared aqueous
solution of HAuCl4 (10 mM) was added to 100 mL of aqueous

pectin (0.1 g) solution under ultrasonic conditions and left for
10 min at 60 �C. Then the pH of the solution was adjusted to
11.0 (NaOH, 3 wt%) and the reaction mixture was kept with

sonication at 60 �C for 60 min. The progress of the reaction
is monitored by the change of light yellow color solution to
wine red, indicating the formation of Au NPs. The prepared

Au NPs@PEC were collected by centrifugation and washed
several times with DI-water.

2.2. Pulmonary protective analyses of Au NPs@PEC

2.2.1. Cell culture

In the recent study, lung BEAS-2B, WI-38, CCD-19Lu, IMR-

90, MRC-5, and HEL 299 cells were used. In the beginning,
100 mg/mL streptomycin (Sigma), 100 IU/mL penicillin
(Sigma), and 10 %fetal bovine serum (FBS, Gibco) supported

in cell cultures and standard case in T-25 cm2 tissue culture
bottles (5% incubated at 37 �C in CO2). It made changes in
the Methotrexate cells morphology, so apoptotic cells made

the cell being treated with diluted Methotrexate with
100 mM water. For HAuCl4�H2O and Au NPs@PEC were dis-
solved first in DMSO and transferred to the cultural environ-
ment with a 0.1% final volume. 18 h after the washing and

plating, they were divided into various groups including I)
Methotrexate: Cell culture with 100 lM Methotrexate; II)
Control: Cell culture medium without Methotrexate,

HAuCl4�H2O and Au NPs@PEC; III) T1: Cell culture with
100 lM Methotrexate and 2 lg of HAuCl4�H2O; IV) T2: Cell
culture with 100 lM Methotrexate and 4 lg of HAuCl4�H2O;

V) T3: Cell culture with 100 lM Methotrexate and 2 lg of Au
NPs@PEC; VI) T4: Cell culture with 100 lM Methotrexate
and 4 lg of Au NPs@PEC (Han et al., 2020).

2.2.2. Cell viability

Trypan blue was administrated to evaluate the cell viability.
Vital Dye, is observed by penetrating dead cells in the Blue

lobes in the Neubauer Lamela. 96 wells with a 6 � 104 cell/
mL density were coated on the cultural plate for 12 h, next,
they were cultured with different I-VI treatments and incu-
bated at 5% CO2 at 37 �C for 48 h. After cell trypsinization,

200 lL cell suspension was suspended by Neubauer Lamela
120–180 s after mixing with 0.5% 50 lL of Trippan blue.
The cell viability of samples was determined by following the

formula (Han et al., 2020).
Cell viability: Non-colored cells number/Total cells number

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Scheme 1 Synthesis of Au NPs@PEC under ultrasound conditions.
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2.2.3. Cell death index

To determine the cell death index in several treatments of I-VI,

the staining of TUNEL was used Eight random wells were
chosen to gain TUNEL positive cells with an Olympus
AX-70 fluorescence microscope. The cell death index ratio to
apoptotic cells to total cells is equal (Han et al., 2020).

2.2.4. Inflammatory cytokines secretion

The pro-inflammatory cytokines concentrations including IL-

1b, IL-6, and TNFa were determined using Rat V-Plex Kit.

2.2.5. Mitochondrial membrane potential (MMP)

For half an hour various groups were exposed to 20 mg / mL

rhodamine-123. Then, the cells were washed by PBS. Conse-
quently, 1000 lL triton X-100 was transferred to wells and
held for 2 h at 4 �C. The solutions were taken into microtubes
to be centrifuged for 20 min at 16000 rpm. Finally, cells fluo-

rescent absorbing was done by a fluorescent microplate reader
(490 nm excitation and 518 nm emissions) (Han et al., 2020).

2.2.6. Caspase-3 activity

To plate the cells, the well cell culture plate with the
PRMI1640 medium was applied. After 18 h, PBS was used
to wash the plates. Then, several groups of I-VI were trans-

ferred to the cells. Trypsin was applied to separate the cells
from the flask. To remove the supernatant, various samples
were centrifuged for 20 min. Then the centrifuging was per-

formed by adding lysate buffer and consequently, they were
transferred to the well cell culture plate. Later, 5 lL N-acety
l-Asp-Glu-Val-Asp-p-nitroanilineDEVD-pNA was transferred
to the well cell culture plate and incubated for 2 h in 37 �C.
Biotek (USA) Spectrophotometer was used to record the
release of pNA related to the caspase-3 effect (Han et al.,
2020).

2.3. Analysis of antioxidant properties of Au NPs@PEC by
DPPH

The free radical scavenging test was first performed by Blois in

1958, and after some modification by numerous studies in its
current form. DPPH method is one of the most widely used
methods for estimating antioxidant content. DPPH is a stable

radical that reacts with hydrogen atom compounds. This test is
based on the inhibition of DPPH, which causes the decoloriza-
tion of DPPH solution by adding radical species or antioxi-

dants. DPPH changes color from purple to yellow by taking
an electron from the antioxidant compound. The free radicals
in DPPH are adsorbed at 517 nm, which follows Beer Lam-
bert’s law, and decreased absorption is linearly related to the

amount of antioxidants; the higher the amount of antioxi-
dants, the more DPPH is consumed and the more purple turns
yellow (Han et al., 2020).

In a recent study, the degree of inhibition of DPPH radicals
was evaluated by, Cronstein (2005). For this purpose, solu-
tions with different samples of the Au NPs@PEC nanocom-

posite of variable concentrations (0–1000 mg/mL) as well as
synthetic antioxidant BHT in methanol solvent were prepared.
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The test method was that one ml of DPPH methanolic solution
(at a concentration of 1 mM) was added to 4 mL of the extract
and the resulting mixture was stirred vigorously. The test tubes

were placed in a dark place for 60 min. After this period, the
absorbance was read at 517 nm. Finally, the DPPH radicals’
inhibition percentage of the Au NPs@PEC nanocomposite

was calculated by the below formula (Han et al., 2020):

Inhibition %ð Þ ¼ SampleA:

ControlA:
� 100

IC50 factor was used to evaluate better the antioxidant

activity, which indicates the concentration of the Au
NPs@PEC nanocomposite that can reduce the concentration
of free radical DPPH. The initial is 50% of the initial value,

and the lower the amount, the greater the antioxidant activity
(Han et al., 2020).

3. Results and discussion

3.1. Structural characterization of Au NPs@PEC

AuNPs capped by pectin macromolecules were fabricated by a
‘green’ approach via chemical reduction of Au3+ cations under
ultrasonic conditions (Scheme 1). The polysaccharide pectin is

acted as a reducing and stabilizing agent in this work. The
hemiacetal hydroxy groups in the pectin macromolecule
therein not only facilitate the bio-reduction of the Au3+ ions,

but also forms a protective shell over the tiny NPs to prevent
their agglomeration, corrosion and auto-oxidation in air.
Physicochemical characteristics of the as-synthesized Au

NPs@PEC nanocomposite were determined via UV–Vis,
FT-IR spectroscopy, FE-SEM, TEM, EDX and XRD analy-
sis. In addition to the visible detection by color change, the for-

mation of Au NPs could also be monitored spectroscopically
by the UV–Vis technique. Fig. 1 displays the typical surface
plasmon resonance (SPR) excitation peak of Au NPs, being
observed at around 545 nm. This is also a representation of

the bathochromic shift derived from the reduction of Au3+

to Au0.
Fig. 2 displays the FT-IR spectra of Pectin and Au

NPs@PEC. In the FT-IR spectra of pectin (Fig. 2a) the broad
peak appeared at 3444 cm�1 corresponds to the overlapped
stretching vibrations of OH groups. The alcoholic CAO

stretching and OAH bending peaks are observed at
1077 cm�1 and 1658 cm�1 respectively. Fig. 2b represents the
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Fig. 1 UV–visible absorption spectra of Au NPs@PEC.
corresponding peaks of Au NPs@PEC. The broad peak that
appeared at 3445 cm�1 corresponds to the overlapped stretch-
ing vibrations of OH groups. The alcoholic CAO stretching

and OAH bending peaks are observed at 1066 cm�1 and
1635 cm�1, respectively. This is attributed to the strong com-
plexation of Au NPs with the pectin and OH functions.

Shape, size and structural morphology of the as-synthesized
Au NPs@PEC nanocomposite were investigated by FE-SEM
and TEM analysis. Fig. 3 displays the FE-SEM image with

pseudo-spherical shaped particles. A homogeneous layer of
the pectin polymers over the surface can be seen on close
observation. This makes the particles fluffy. Due to high sur-
face energy, the particles have high tendency to agglomerate

forming lump like appearances. This is somewhat can be
noticed in Fig. 3. High concentration during sample prepara-
tion in manual may be another reason. Some more detailed

structural features are obtained from TEM images (Fig. 4).
They are absolutely spherical and well separated from each
other. The particle sizes are homogeneously distributed with

an average particle diameter of 10–15 nm. The bio-inspired
synthesis is greatly responsible for the size and shape the selec-
tive generation of NPs.

The synthesis of Au NPs mediated by pectin and its corre-
sponding composition was validated from EDX analysis, as
depicted in Fig. 5. The profile shows a major and distinct sig-
nal of Au appeared at 2.2 keV. However, some small and weak

peaks of C and O as constitutional elements are also observed.
They can be corresponded to the pectin, being associated with
the Au NPs surfaces.

Finally, the phase structure and crystallinity of the Au
NPs@PEC nanocomposite were ascertained from XRD anal-
ysis. The profile exhibits a single phase and highly crystalline

material. It also indicates the sample of great purity with
insignificant contaminations. Fig. 6 represents the well-
distinguished four sharp diffraction peaks at 2h values of

38.2, 44.4, 64.6 and 77.6 respectively which correspond to
the (111), (200), (220) and (311) planes of the face centered
cubic (fcc) Au crystal (JCPDS No.65-2870).

3.2. Pulmonary protective activities of Au NPs@PEC

Methotrexate is an anti-metabolite and structurally analog of
folic acid. It is believed that its effect is based on changes in

the use of folic acid in the body. It has been used successfully
in treating blood malignancies since 1948, in treating psoriasis
since about 1960, then in treating rheumatoid arthritis, and

finally in treating chronic juvenile arthritis about ten years
ago (Bannwarth et al., 1994; Herfarth et al., 2012; Cronstein,
2005; American Rheumatoid Arthritis Guidelines, 2002;
Weinblatt, 2013). The mechanism of action of the methotrex-

ate is not fully understood. It was initially thought that this
drug; as a cytotoxic element with a mechanism similar to the
potential effect on purine and pyrimidine synthesis, could

affect malignant immune responses (Herfarth et al., 2012;
Marks and Edwards, 2012). In 1980; the effect of the
methotrexate as an inhibitor of the proliferation of activated

lymphocytes and other cells that cause tissue damage in
rheumatoid arthritis, that is, it was mentioned with a similar
role in cancers (Cronstein, 2005; American Rheumatoid

Arthritis Guidelines, 2002; Weinblatt, 2013; Marks and
Edwards, 2012; Donahue et al., 2019). Due to serum antibod-



Fig. 2 FT-IR analysis of pectin (a) and Au NPs@PEC (b).

Fig. 4 TEM image of Au NPs@PEC nanocomposite.

Fig. 3 FE-SEM image of Au NPs@PEC nanocomposite.
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ies as a rheumatoid factor in these patients; various studies
have been performed on the effect of the methotrexate on
IgM-RF in the serum of patients with different results

(Marks and Edwards, 2012; Donahue et al., 2019; Herfarth,
2016; Tsang-A-Sjoe and Bultink, 2015). Although none of
the studies have been able to determine how methotrexate

works to reduce secretion or non-response to interleukin; how-
ever, various studies suggest that at least one of the mecha-
nisms by which methotrexate prevents inflammation in
rheumatoid arthritis is modulating the production of cytokines
in the joint membrane (Herfarth, 2016; Mol et al., 2008). Low-
dose methotrexate increases adenosine release; a potent inhibi-

tor of neutrophil accumulation at the site of inflammation
(Tsang-A-Sjoe and Bultink, 2015; Mol et al., 2008;
Gromnica-Ihle and Krüger, 2010).

Methotrexate is used orally, intravenously, intramuscu-

larly, and subcutaneously. Sixty percent of oral methotrexate



Fig. 5 EDX spectrum of Au NPs@PEC nanocomposite.

Fig. 6 X-ray diffraction study of Au NPs@PEC.
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is probably absorbed from the proximal part of the jejunum in
direct proportion to dose and plasma concentration (Herfarth,

2016; Tsang-A-Sjoe and Bultink, 2015; Mol et al., 2008;
Gromnica-Ihle and Krüger, 2010). The half-life of the
methotrexate is approximately two hours, with half of the drug

bound to the plasma protein being replaced by salicylates, and
an increase in plasma free methotrexate is seen following the
use of drugs that have a strong tendency to bind to protein,
Methotrexate is metabolized to 7-hydroxymethotrexate

(Donahue et al., 2019; Herfarth, 2016; Tsang-A-Sjoe and
Bultink, 2015; Mol et al., 2008; Gromnica-Ihle and Krüger,
2010). 80% of methotrexate is excreted unchanged in the urine

within 4–28 h and the dose should be reduced in patients with
kidney problems. The effect of the methotrexate appears 3–



Fig. 7 The cell viability of different treatments after 48 h. I: Methotrexate, II: Control, III: Methotrexate and 2 lg HAuCl4, IV:

Methotrexate and 4 lg HAuCl4, V: Methotrexate and 2 lg Au NPs@PEC, VI: Methotrexate and 4 lg Au NPs@PEC. A: BEAS-2B, B:

WI-38, C: CCD-19Lu, D: IMR-90, E: MRC-5, F: HEL 299.
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6 weeks after treatment, its importance in treating juvenile
rheumatoid arthritis is the clear effect of the drug at com-
pletely lower doses, which, especially if consumed for a long

time, can cause poisoning and side effects (Mol et al., 2008;
Gromnica-Ihle and Krüger, 2010; Scheinfeld, 2006).

However, the study on treating rheumatic diseases in chil-

dren with methotrexate is promising. But the toxic side effects
of the drug are potentially significant and should be considered
(Mol et al., 2008; Scheinfeld, 2006). Complications such as

mouth ulcers are relieved by taking one milligram a day of
folic acid. Gastrointestinal intolerance is not common in chil-
dren and in case of severe nausea, the injectable type can be
used (Scheinfeld, 2006; Rajagopalan et al., 2002). Clinically,

bone marrow suppression is more common in people who have
had folic acid deficiency since the beginning of treatment, and
of course in these cases the warning is to reduce or stop the
drug. Potentially important side effects of the drug are liver

complications, which are less common in children than adults
due to lower risk factors such as alcohol consumption, and can
be prevented by using the appropriate dose and if the patient is

constantly monitored (Rajagopalan et al., 2002; Goodsell,
1999; Wessels et al., 2008; Böhm, 2004). Because methotrexate
is an immunosuppressive element, the risk of developing infec-

tions in children should be considered. Although the possibil-
ity of viral and bacterial infections has been reported, there is
no documented evidence of even pneumocystis carinii seen in
adults in children (Goodsell, 1999; Wessels et al., 2008;

Böhm, 2004; Brody et al., 1993). Previous studies have shown



Fig. 8 The cytokine concentration (IL6 and TNFa) of different treatments after 48 h.I: Methotrexate, II: Control, III: Methotrexate and

2 lg HAuCl4, IV: Methotrexate and 4 lg HAuCl4, V: Methotrexate and 2 lg Au NPs@PEC, VI: Methotrexate and 4 lg Au NPs@PEC.

A: BEAS-2B, B: WI-38, C: CCD-19Lu, D: IMR-90, E: MRC-5, F: HEL 299.
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that the risk of developing blood disorders after taking drugs

that are effective in rheumatoid arthritis, including methotrex-
ate, is negligible (Böhm, 2004; Brody et al., 1993; Meyer et al.,
1950). Complications such as pneumonitis, which has been
reported in adults as 0.6–0.3% in children, have recently been

reported. Complications such as oligospermia and alopecia are
rare. There is a possibility of kidney complications that are
increased with salicylates. Central nervous system complica-

tions do not appear to be problematic with anti-rheumatic
doses (Böhm, 2004; Brody et al., 1993; Meyer et al., 1950;
Matera et al., 2018).

Methotrexate is consumed as a chemical drug and has
many side effects (Bannwarth et al., 1994; Herfarth et al.,
2012; Cronstein, 2005; American Rheumatoid Arthritis

Guidelines, 2002; Weinblatt, 2013). This drug may influence
the lower respiratory tract (Including lung, secondary bronchi,

primary bronchi, and trachea) and upper respiratory system
(including larynx, pharynx, and nasal cavity); its metabolites
may be adverse to the excretion and digestive system
(Cronstein, 2005; American Rheumatoid Arthritis

Guidelines, 2002; Weinblatt, 2013; Marks and Edwards,
2012; Donahue et al., 2019; Herfarth, 2016). The breakdown
pathway of Methotrexate passes by the kidneys and liver,

and subsequently, the side effects potential is high in the recent
organs (Cronstein, 2005; American Rheumatoid Arthritis
Guidelines, 2002; Weinblatt, 2013; Marks and Edwards,

2012; Donahue et al., 2019; Herfarth, 2016; Tsang-A-Sjoe
and Bultink, 2015). In a study, the Methotrexate effects on
the brain (hippocampus and cerebral cortex) and lung are indi-

cated. They mentioned the high consumption of Methotrexate



Fig. 9 The cytokine concentration (IL1a and IL1b) of different treatments after 48 h.I: Methotrexate, II: Control, III: Methotrexate and

2 lg HAuCl4, IV: Methotrexate and 4 lg HAuCl4, V: Methotrexate and 2 lg Au NPs@PEC, VI: Methotrexate and 4 lg Au NPs@PEC.

A: BEAS-2B, B: WI-38, C: CCD-19Lu, D: IMR-90, E: MRC-5, F: HEL 299.
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caused pulmonary and neuronal damages (Weinblatt, 2013;
Marks and Edwards, 2012; Donahue et al., 2019; Herfarth,

2016; Tsang-A-Sjoe and Bultink, 2015; Mol et al., 2008).
Methotrexate directly affects lower and upper respiratory sys-
tems and raises the reactive oxygen species (ROS) by decreas-

ing the antioxidant activity level in plasma. So, it needs to
assess the Methotrexate toxic effects in lower and upper respi-
ratory system cells and investigate the compounds which may

reduce these toxic effects (Gromnica-Ihle and Krüger, 2010;
Scheinfeld, 2006; Rajagopalan et al., 2002; Goodsell, 1999).

Various reports have revealed which Methotrexate declines
the anti-inflammatory cytokines such as IL10, IL13, IL4, IL5,
and IL3 and raises the pro-inflammatory cytokines such as
IL1b, IL1a, TNFa, and IL6.

The Methotrexate cytotoxicity effects significantly decrease
cell proliferation and raise cell death in lower and upper respi-
ratory system cells (Rajagopalan et al., 2002; Goodsell, 1999;

Wessels et al., 2008; Böhm, 2004; Brody et al., 1993; Meyer
et al., 1950). A research demonstrated that Methotrexate by
cell proliferation inhibition, caspase-3 and caspase-9 activa-

tion, and apoptosis increasing, induced cell death (Goodsell,
1999; Böhm, 2004). The results of the recent study agreed with
the above findings and indicated that Methotrexate at high
concentrations (100 lM) significantly (p � 0.01) decreased

the cell viability and raised the caspase-3 activity and inflam-



Fig. 10 The caspase 3 absorption of different treatments after 48 h.I: Methotrexate, II: Control, III: Methotrexate and 2 lg HAuCl4, IV:

Methotrexate and 4 lg HAuCl4, V: Methotrexate and 2 lg Au NPs@PEC, VI: Methotrexate and 4 lg Au NPs@PEC. A: BEAS-2B, B:

WI-38, C: CCD-19Lu, D: IMR-90, E: MRC-5, F: HEL 299.
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matory cytokines concentrations. Treating the cells with both

doses of Au NPs@PEC raised the cell viability and cell prolif-
eration levels due to the cell cytotoxicity lowering (Figs. 7–10).

The previous studies reported that Methotrexate yielded
several free radicals such as ROS in the body (Meyer et al.,

1950; Matera et al., 2018). Free radicals by degrading the
DNA molecules led to apoptosis and cellular degradation in
the cells (Goodsell, 1999; Wessels et al., 2008; Böhm, 2004;

Brody et al., 1993). ROS damages the DNA directly and
enhances the apoptosis in lower and upper respiratory systems
cells by producing the free radicals (Böhm, 2004; Meyer et al.,

1950; Matera et al., 2018). In the recent research, the apoptosis
experiment revealed that Methotrexate led to DNA fragmenta-
tion and increased the apoptosis in lung BEAS-2B, WI-38,

CCD-19Lu, IMR-90, MRC-5, and HEL 299 cells. More exper-
iments indicated that Methotrexate led to cell apoptosis by

lowering the mitochondrial membrane potential. Our results
revealed that Au NPs@PEC significantly (p � 0.01) raised
the mitochondrial membrane potential and decreased the
DNA fragmentation rate in lung BEAS-2B, WI-38, CCD-

19Lu, IMR-90, MRC-5, and HEL 299 cells treated with
Methotrexate (Figs. 11, 12).

3.3. Antioxidant properties of Au NPs@PEC nanocomposite

In this study, we assessed the antioxidant properties of Au
NPs@PEC nanocomposite by using the DPPH test as a com-

mon free radical. Free radicals are atoms, molecules, or ions
with unpaired electrons and are therefore very active, unstable,
and highly reactive. Free radicals are formed by breaking a



Fig. 11 The apoptosis index of different treatments after 48 h.I: Methotrexate, II: Control, III: Methotrexate and 2 lg HAuCl4, IV:

Methotrexate and 4 lg HAuCl4, V: Methotrexate and 2 lg Au NPs@PEC, VI: Methotrexate and 4 lg Au NPs@PEC. A: BEAS-2B, B:

WI-38, C: CCD-19Lu, D: IMR-90, E: MRC-5, F: HEL 299.
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bond of a stable molecule. Free radicals collide with other
molecules to achieve stability and can separate electrons from

them, as a result, they form a chain of more unstable mole-
cules. A free radical can have a positive, negative or neutral
charge (Mao et al., 2016; Namvar et al., 2014; Sankar et al.,

2014). During the body’s natural metabolism or under condi-
tions such as smoking, pollution, the entry of unnecessary
chemicals into the body in any way, radiation and stress in

the body produce free radicals. The most important free radi-
cal in the human body is oxygen, damaging DNA and other
molecules. Oxidative stress is the victory of free radicals over
the body’s antioxidant defense and biological attack on the

body (Mao et al., 2016; Namvar et al., 2014; Sankar et al.,
2014; Katata-Seru et al., 2018). Antioxidants are molecules
that can donate an electron to a free radical without destabiliz-
ing themselves. This stabilizes the free radical and makes it less

reactive. The result of oxidative stress in the body is various
degeneration, eye damage, premature aging, muscle problems,
brain damage, heart failure, diabetes, cancer, and overall

weakness of the immune system (Sangami and Manu, 2017;
Beheshtkhoo et al., 2018). Oxygen radicals are continuously
produced in all living organisms and with destructive effects,

lead to cell damage and death. The production of oxidant spe-
cies under physiological conditions has a controlled rate, but
this production increases under oxidative conditions (Radini
et al., 2018). Various studies have shown that metallic

nanoparticles have very significant anti-cancer effects with
omitting the free radicals (Mao et al., 2016; Namvar et al.,



Fig. 12 The Rh123 absorption of different treatments after 48 h.I: Methotrexate, II: Control, III: Methotrexate and 2 lg HAuCl4, IV:

Methotrexate and 4 lg HAuCl4, V: Methotrexate and 2 lg Au NPs@PEC, VI: Methotrexate and 4 lg Au NPs@PEC. A: BEAS-2B, B:

WI-38, C: CCD-19Lu, D: IMR-90, E: MRC-5, F: HEL 299.
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2014; Sankar et al., 2014; Katata-Seru et al., 2018; Sangami

and Manu, 2017).
The scavenging capacity of Au NPs@PEC nanocomposite

and BHT at different concentrations expressed as percentage
inhibition has been indicated in Fig. 13. In the antioxidant test,

the IC50 of Au NPs@PEC nanocomposite and BHT against
DPPH free radicals were 327 and 251 mg/mL, respectively
(Table 1; Fig. 13).

4. Conclusion

In this study, a green chemical approach is being reported for the

synthesis of Au nanoparticles by using pectin (PEC) as a natural

reducing and stabilizing agent without using any toxic and harmful

reagent under ultrasonic condition. The prepared Au NPs@PEC
was characterized by advanced physicochemical techniques like

UV–Vis, FT-IR, SEM, TEM, EDX and XRD analysis. The size

of obtained nanoparticles between 5 and 10 nm with suitable

monodispersity and no aggregation. In the medicinal section, we

understood that a high dose of Methotrexate led to cell death in

lung BEAS-2B, WI-38, CCD-19Lu, IMR-90, MRC-5, and HEL

299 cell lines by the cell inflammation and apoptosis induction.

Au NPs@PEC raised the cell viability in a high dose of

Methotrexate-treated cells. They repressed mitochondrial membrane

disruption, inflammatory cytokines (IL-1b, IL1a, IL-6, and TNF-a)
yield, and caspase 3 absorption. These findings demonstrate that Au

NPs@PEC suppressed Methotrexate-induced apoptosis in lung

BEAS-2B, WI-38, CCD-19Lu, IMR-90, MRC-5, and HEL 299 cell

lines. The Au NPs@PEC nanocomposite showed the best antioxi-

dant activities against DPPH. Finally, Au NPs@PEC may be used

as a pulmonary protective supplement to treat acute lung injury.



Fig. 13 The antioxidant properties of HAuCl4, Au NPs@PEC,

and BHT against DPPH.

Table 1 The IC50 HAuCl4, Au NPs@PEC, and BHT in

antioxidant test.

HAuCl4
(mg/mL)

Au NPs@PEC

(mg/mL)

BHT

(mg/mL)

IC50 against

DPPH

– 203 ± 0a 181 ± 0a
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