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Abstract

Introduction
The present work demonstrates the synthesis of Ag nanoparticles (Ag NPs) by aqueous extract of
Thymus capitatus as green reductant and capping agent without any toxic reagent. 
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Material and methods
Physicochemical characteristics of the said nanocomposite were elucidated by field emission
scanning electron microscopy (FE-SEM), fourier-transform infrared spectroscopy (FTIR), and UV-Vis
Spectroscopy. 
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Results
The biogenic Ag NPs are uniformly globular. The Ag NPs has been explored biologically in the
anticancer and antioxidant assays. In the cellular and molecular part of the recent study, the treated
cells with Ag NPs were assessed by MTT assay for 48h about the cytotoxicity and anti-human lung
adenocarcinoma properties on normal (HUVEC) and lung adenocarcinoma cell lines i.e. lung welldifferentiated bronchogenic adenocarcinoma (HLC-1), lung moderately differentiated
adenocarcinoma (LC-2/ad), and lung poorly differentiated adenocarcinoma (PC-14). The viability of
malignant lung cell line reduced dose-dependently in the presence of Ag NPs. The IC50 of Ag NPs
were 209, 185, and 106 µg/mL against HLC-1, LC-2/ad, and PC-14 cell lines, respectively. In the
antioxidant test, the IC50 of Ag NPs and BHT against DPPH free radicals were 86 and 76 µg/mL,
respectively. 
Conclusions
After clinical study, Ag NPs containing Thymus capitatus leaf aqueous extract may be used to
formulate a new chemotherapeutic drug or supplement to treat the several types of human lung
adenocarcinoma. 
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Fabrication of Ag nanoparticles mediated by plant extract and determination of the antihuman lung cancer effects

Abstract. The present work demonstrates the synthesis of Ag nanoparticles (Ag NPs) by aqueous extract of
Thymus capitatus as green reductant and capping agent without any toxic reagent. Physicochemical characteristics
of the said nanocomposite were elucidated by field emission scanning electron microscopy (FE-SEM), fouriertransform infrared spectroscopy (FTIR), and UV-Vis Spectroscopy. The biogenic Ag NPs are uniformly globular.
The Ag NPs has been explored biologically in the anticancer and antioxidant assays. In the cellular and molecular
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part of the recent study, the treated cells with Ag NPs were assessed by MTT assay for 48h about the cytotoxicity
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and anti-human lung adenocarcinoma properties on normal (HUVEC) and lung adenocarcinoma cell lines i.e.
lung well-differentiated bronchogenic adenocarcinoma (HLC-1), lung moderately differentiated adenocarcinoma
(LC-2/ad), and lung poorly differentiated adenocarcinoma (PC-14). The viability of malignant lung cell line
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reduced dose-dependently in the presence of Ag NPs. The IC50 of Ag NPs were 209, 185, and 106 µg/mL against
HLC-1, LC-2/ad, and PC-14 cell lines, respectively. In the antioxidant test, the IC50 of Ag NPs and BHT against
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DPPH free radicals were 86 and 76 µg/mL, respectively. After clinical study, Ag NPs containing Thymus
capitatus leaf aqueous extract may be used to formulate a new chemotherapeutic drug or supplement to treat the
several types of human lung adenocarcinoma.

Keywords: Thymus capitatus; Ag nanoparticles; Antioxidant; Anti-human lung cancer; Cytotoxicity.

1 INTRODUCTION
Lung is the last part of the respiratory tract that participates in the transferring of respiratory gases such as O2 and
CO2. The normal function of the lung is necessary for the routine activities of the body.1 The main diseases that
affect the normal function of the lung are included cold, flu, and cough, tuberous sclerosis, cystic fibrosis, chronic
obstructive pulmonary disease, allergies, asthma, bronchitis, pulmonary hypertension, tuberculosis, pneumonia,
emphysema, and lung cancer. Among the above diseases, the mortality rate of lung cancer is more.1,2
Lung cancer is the most common cancers in men, also one of the most common cancers in the woman. The
symptoms of the metastasis of lung cancer are symptoms of stroke such as weakness, headaches, seizures, and
blurred vision.1-3 The common signs of lung cancer are weakness, weight loss, hoarseness, fatigue, coughing up
blood, wheezing, cough, shoulder pain, shortness of breath, chest pain, and dysphagia. The history and physical
examination, sputum cytology, bronchoscopy, needle biopsy, thoracentesis, blood tests, molecular testing, and
medical imaging such as chest X-ray, computerized tomography, low-dose helical computerized tomography
scan, magnetic resonance imaging, and positron emission tomography are used for diagnosis of lung cancer.4 The
main risk factors of lung cancer are radiation therapy, smoking, exposure to asbestos fibers, exposure to radon
gas, exposure to diesel exhaust, air pollution, and familial predisposition.3
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For the treatment of lung cancer, surgery, chemotherapy, radiation therapy, targeted therapy, immunotherapy, and
EGFR-targeted therapy are used. The main anti-lung cancer chemotherapeutic drugs are included ceritinib
(Zykadia), alectinib (Alecensa), brigatinib (Alunbrig), and crizotinib (Xalkori).5 According to the high side effects
of chemotherapeutic drugs such as weight loss, mouth sores, vomiting, diarrhea, hair loss, fatigue, and nausea,
the formulation of modern chemotherapeutic drugs is necessary.5 From past to now, scientists have understood
that metallic nanoparticles have excellent anticancer properties.6,7
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Recently, silver nanoparticles synthesized by plants have been formulated due to the antibacterial, anti-parasitic,
antifungal, antiviral, antioxidant, wound healing, anti-inflammatory, and anti-cancer properties.8-16 The results of
many studies have indicated significant antibacterial properties of silver nanoparticles green-synthesized by plants
in the treatment of Staphylococcus, Salmonella, Streptococcus, Pseudomonas, and Bacillus infectious and their
antifungal effects in the treatment of candida diseases.16,17
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Silver nanoparticles have a great interest because of low cost, availability and its known remedial activities.8-11
Among all nanoparticles, silver nanoparticles made fastidious attention because of its wide applications in
chemical, electrical, optical, bioremediation, sensor, and biological field.12,13 Silver nanoparticles synthesized by
plants have been abundantly used in the biomedical sciences for the treatment of many diseases. Due to the low
cost and high availability of the medicinal plants, the green synthesis of silver nanoparticles by medicinal plants
significantly have increased.14-16 Every year, the notable applications of silver nanoparticles green-synthesized
are being gained and this trend is continuing.14,15
The silver nanoparticles have excellent potentials in the treatment of several cancers.6,7,17 In this regard, in the
research of Zangeneh and Zangeneh (2019) showed that metallic nanoparticles synthesized using Camellia
sinensis leaf aqueous extract had excellent anti-acute myeloid leukemia in the in vivo and in vitro conditions. In
the previous study, metallic nanoparticles significantly removed the acute myeloid leukemia cell lines i.e., Murine
C1498, 32D-FLT3-ITD, and Human HL-60/vcr and regulated the biochemical and hematological parameters in
the animals.6 Also, Hemmati et al. (2019) introduced a chemotherapeutic drug formulated by metallic
nanoparticles containing Thymus vulgaris leaf aqueous extract for the treatment of acute myeloid leukemia.7 In
the study of Peng et al. (2009) was reported that metallic nanoparticles as useful metallic nanoparticles in
medicine, can be used for the diagnosis of several types of lung cancers.16
Recently, scientists have used the anticancer effects of medicinal plants in several traditional medicines for
synthesizing the silver nanoparticles containing natural compounds. So far, the anticancer effects of Tinospora
cordifolia, Sophora subprostrata, Euphoria hirta, Barleria prionitis, Lubinus perennis, Maytenus boaria,

Cephaelis acuminate, Phyllanthus niruri, Solanum seaforthianum, Boswellia serrate, Lavendula officinalis, and
Cephalotaxus harringtonia drupacea have been proved.19,20
In the recent research, we decided to investigate the anti-human lung cancer effects of silver nanoparticles
formulated by Thymus capitatus against well-differentiated bronchogenic adenocarcinoma, moderately
differentiated adenocarcinoma of the lung, and poorly differentiated adenocarcinoma of the lung cell lines.

2 EXPERIMENTAL
2.1 Material
Antimycotic antibiotic solution, decamplmaneh fetal bovine serum, Dulbecco's Modified Eagle Medium
(DMED), carbazole reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 4-(Dimethylamino)benzaldehyde,
phosphate buffer solution (PBS), borax-sulphuric acid mixture, Ehrlich solution, hydrolysate, and dimethyl
sulfoxide (DMSO), all were achieved from Sigma-Aldrich company of USA.
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2.2 Synthesis of AgNPs
Fresh leaves of Thymus capitatus were collected, washed several times with distilled water to eliminate the dirt
particles present on the leaves. The cleared leaves were dried in the oven at 60 °C for 12 h to remove the remaining
moisture, and then ground into powder. The Thymus capitatus leaf aqueous extract was prepared by adding 20 g
of dried leaves powder in 500 mL of boiling distilled water for 5 min. Then the mixture was centrifuged at 5000
rpm for 15 min in a Jouan-type centrifuge, and the supernatant was filtered in flasks to obtain a cell aqueous
extract and stored at 4°Cin refrigerator for further use.[6,7]
The green synthesis of the silver nanoparticles was initiated with a reaction mixture of 100 mL of silver salt
(AgNO3) in the concentration of 1 × 10−3 M and 200 mL of aqueous extract solution of Thymus capitatus leaf (20
µg/mL) in the proportion 1:10 in a conical flask.
The reaction mixture was kept under magnetic stirring for 12 h at room temperature. At the end of the reaction
time, the black colored colloidal solution of Ag was formed. The mixture was centrifuged at 10000 rpm for 15
min. The precipitate was triplet washed with water and centrifuged subsequently.[6,7]
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For analyzing silver nanoparticles, the common techniques of organic chemistry, i.e. FT-IR and UV-Vis.
spectroscopy, and FE-SEM were used.
The biomolecules involved in the reduction of silver nanoparticles were detected by the FT-IR spectrophotometer
(Shimadzu IR affinity.1). Silver nanoparticles were primarily confirmed using UV-Vis spectroscopy at a scan
range from 200-800 nm wavelength (Jasco V670 Spectrophotometer).
The morphological features of silver nanoparticles in terms of surface, shape and sizes were exactly analyzed by
common morphological testes i.e., FE-SEM (Fe-SEM ZEISS EVO18) microscopic techniques.
2.3 Assessment of the antioxidant potential of AgNPs by DPPH
At the beginning of the study, 100 mL of methanol (50 %) was added to the 39.4 g of DPPH. Also, several
concentrations of AgNPs i.e., 0-1000 µg/mL were considered. The above DPPH was added to the various
concentrations of AgNPs and all samples were transfer to an incubator at the temperature of 37 °C. After 30 min
incubating, the absorbances were measured at 517 nm. In this study, methanol (50 %) and butylated
hydroxytoluene (BHT) were negative and positive controls, respectively. Acceding to the following formula, the
antioxidant properties of AgNPs were determined:21,22
Sample A.
Inhibition (%) =
𝑥100
Control A.
2.4 Measurement of cell toxicity of AgNPs
In this experiment, the following cell lines have been used for investing the cytotoxicity and anti-human lung
cancer effects of the AgNPs using an MTT assay:

1) Normal cell line: HUVEC.
2) Well-differentiated bronchogenic adenocarcinoma cell line: HLC-1.
3) Moderately differentiated adenocarcinoma of the lung cell line: LC-2/ad.
4) Poorly differentiated adenocarcinoma of the lung cell line: PC-14.
For culturing the above cells, penicillin, streptomycin, and Dulbecco’s modified Eagle’s medium (DMEM) were
used. The distribution of cells were 10,000 cells/well in 96-well plates. Then, all samples were transferred to a
humidified incubator with 5% CO2 at the temperature of 37 °C. After 24 h incubating, all cells were treated with
several concentrations of AgNPs, then incubated for 24 h. AgNPs were sterilized using the radiation of UV for 2
h. Finally, 5 mg/mL of MTT was added to all wells and all samples were transfer to an incubator at the temperature
of 37 °C for 4 h. The percentage of cell viability of samples was measured at the absorbance of 570 nm and
according to the following formula:23
Sample A.
Cell viability (%) =
𝑥100
𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐴.
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2.5 Statistical analysis
The obtained results were fed into SPSS-22 software and analyzed by one-way ANOVA, followed by Duncan
post-hoc test (p≤0.01).
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3 RESULTS AND DISCUSSION
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The unique physical and chemical properties of metallic nanoparticles have attracted the attention of the scientific
community due to their high plasmonic properties, heat transfer, chemical stability and antibacterial effects. Using
metallic is nothing new; it dates back to Hippocrates, who used it as an antibacterial to control wounds [24-27].
Today, metallic nanoparticles are used in many commercial products, including soap, food, plastics, catheters,
textiles, and bandages. However, their mechanism of action is still unknown. Many factors (shape, size, surface
chemistry, morphology, density, charge, and purity) affect the biological activity of metallic nanoparticles [26-29].
Another important feature of metallic nanoparticles is their role in treating cancer. Au nanoparticles are a
promising tool as an anti-cancer factor in evaluation and diagnosis [28-30]. They have so benefits with strong
properties against various cancer cell lines. Their better ability and penetration to detect Au nanoparticles in the
body make them a more effective tool in treating low-risk cancers compared to standard treatments [24-27]. The
unique effects of Au nanoparticles, such as their high surface-to-volume ratio, easy synthesis, and optical
properties, make them suitable for treating cancer. Au nanoparticles can also be conjugated to several molecules,
including RNA and DNA, to target several cells and polymers or antibodies [25-29]. These important factors are
important for increasing the half-life for circulating in vivo, which is very important in drug and gene delivery
applications [26-28].
According to the above explanations, we tried to prepare and formulate metallic nanoparticles in aqueous medium
using Thymus capitatus leaf aqueous extract as a modern chemotherapeutic drug for the treatment of several types
of human lung cancer including well-differentiated bronchogenic adenocarcinoma, moderately differentiated
adenocarcinoma of the lung, and poorly differentiated adenocarcinoma of the lung.

3.1 UV-visible spectroscopy of metallic nanoparticles synthesized using Thymus capitatus
UV-Vis spectroscopic analysis showed the presence of an absorption peak at 421 nm which confirmed the
formation of the silver nanoparticles (Figure 1).
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Figure 1. UV-Vis image of AgNPs.

3.2 FT-IR analysis of silver nanoparticles synthesized using Thymus capitatus
In FT-IR test, the antioxidant and secondary compounds are determined based on several peaks in special
wavelengths. The IR spectra investigated for the silver nanoparticles revealed the absorption peaks at (I) 3287
cm-1 (OH group of alcohols and phenols); (II) 1623 cm-1 (C-O group of carboxylic acid group); (III) 1383 cm-1
(C=O stretching of carboxylic acid group); (IV) 1038 cm-1 (C-OH vibrations of the protein/polysaccharide).6,7,14,15
In the recent study, the analysis of the IR spectra of the silver nanoparticles revealed the peaks at 3479, 1611,
1341, 1093, and 531 cm-1 related to the OH, C-O, C=O, C-OH, and Au-O respectively (Figure 2).
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Figure 2. FT-IR pattern of AgNPs.

3.3 FE-SEM analysis of silver nanoparticles synthesized using Thymus capitatus
FE-SEM analysis is one of the common chemistry tests for determining the morphology and size of several
materials such as metallic nanoparticles. In the present study, the FE-SEM image of silver nanoparticles
synthesized using Thymus capitatus leaf aqueous extract is shown in Figure 3. The silver nanoparticles appeared
as an agglomerated structure. The hydroxyl groups present in Thymus capitatus could be responsible for
agglomeration.31 Also, FE-SEM images indicated the range size of 11-28 nm and the shape of spherical for silver
nanoparticles. Many similar observations are noted by Zhaleh et al. (2019),20 Zangneh et al. (2019),6 Hemmati et
al. (2019),7 and Shahriari et al. (2019).19

t

rin

Figure 3. FE-SEM image of AgNPs.

3.4 Antioxidant properties of silver nanoparticles synthesized using Thymus capitatus
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In the present experiment, the antioxidant effects of the silver nanoparticles synthesized using Thymus capitatus
leaf aqueous extract were evaluated by DPPH assay revealed concentration-dependent effects i.e., an increase in
the concentration of the silver nanoparticles leads to an increase in antioxidant activities. In the concentrations
of studied, the best result was seen in the high concentration or 1000 µg/mL (Figure 4). Comparative analysis of
the individual antioxidant assays showed significant variations in the exertion of radical scavenging effects. In
contrast, standard (butylated hydroxytoluene) demonstrated higher antioxidant effects compared to the silver
nanoparticles.
The IC50 of butylated hydroxytoluene and AgNPs were 76 and 86 µg/mL, respectively (Table 1).
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Fig. 4. The antioxidant properties of AgNPs and BHT against DPPH.

Table 1. The IC50 of AgNPs and BHT in antioxidant test.
IC50 against DPPH

AgNPs (µg/mL)
86

BHT (µg/mL)
76

Usually, many free radicals such as Reactive oxygen species (ROS) are produced in the procedure of
mitochondrial respiration which is responsible for oxidative stress in the human body. This oxidative stress
damages human body DNA and develops several oxidative diseases like nephrotoxicity, hepatotoxicity, and
hematotoxicity. The oxidative stress can be efficiently reduced with the help of antioxidant materials such as
metallic nanoparticles.32 The synthesized silver nanoparticles exhibit higher antioxidant activity for the formation
of free radicals into the living system.32 The silver nanoparticles have redox properties and play a significant role
in deactivating free radicals in the living system.33 In recent years, researchers evaluated plants and bio mediated
synthesized nanoparticles for antioxidant activity. The reason behind the antioxidant activity of green or
biosynthesized nanoparticles could be due to the presence of metabolites compounds such as phenolic
compounds, flavonoids, carbohydrates, and other sugar substances.34-36 Also, many researchers reported phenolic
and flavonoids attached to the nanoparticles exhibited the antioxidant activity. Previously has been indicated that
Thymus capitatus is rich in antioxidant compounds.20 Several studies were carried out in the nanotechnology field

using various medicinal plants, but still, no report is available on silver nanoparticles synthesized using Thymus
capitatus leaf aqueous extract.
3.5 Cytotoxicity and anti-human lung cancer potentials of silver nanoparticles synthesized using Thymus
capitatus
In the present experiment, the treated cells with several concentrations of the present AgNPs were examined by
MTT test for 48h regarding the cytotoxicity properties on normal (HUVEC) and human lung cancer cell lines i.e.,
well-differentiated bronchogenic adenocarcinoma (HLC-1), moderately differentiated adenocarcinoma of the
lung (LC-2/ad), and poorly differentiated adenocarcinoma of the lung (PC-14) (Figures 5,6; Table 2).
The absorbance rate was determined at 570 nm, which indicated extraordinary viability on normal cell line
(HUVEC) even up to 1000μg/mL for AgNPs.
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In the case of human lung cancer cell lines, the viability of them reduced dose-dependently in the presence of
AgNPs. The anticancer of silver nanoparticles was found to be highly dependent on a range of factors related to
their physical characteristics, such as surface coating, shape, and size. About the size, it has been reported that
silver 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.37 As can be observed in Figure 3 of our study, silver nanoparticles
had uniform spherical morphology in the range size of 11-28 nm. The size of silver nanoparticles at lower than
50 nm is very suitable for the killing of tumor cell lines in vivo and in vitro.37 About the anticancer properties of
silver nanoparticles, they have used for the treatment of several cancers including human lung cancer, mammary
carcinoma, uterus cancer, lung epithelial cancer, Lewis lung carcinoma, colon cancer, and human glioma.18
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Fig. 5. The anti-human lung cancer properties of AgNPs against HLC-1 (A), LC-2/ad (B), and PC-14 (C) cell
lines.
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Fig. 6. The cytotoxicity effects of AgNPs against Normal (HUVEC) cell line.

Table 2. The IC50 of AgNPs in the anti-human lung cancer test.
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IC50 against HUVEC
IC50 against HLC-1
IC50 against LC-2/ad
IC50 against PC-14

AgNPs (µg/mL)
209
185
106

Probably the anti-human lung cancer properties of silver nonparties against well-differentiated bronchogenic
adenocarcinoma (HLC-1), moderately differentiated adenocarcinoma of the lung (LC-2/ad), and poorly
differentiated adenocarcinoma of the lung (PC-14) are related to their antioxidant activities. The previous
researches have revealed that antioxidant compounds such as medicinal plants and silver nanoparticles as single
electron donors can stabilize and scavenge the free radicals, which in conditions of oxidative stress may begin
angiogenesis or carcinogenesis.38,39 High levels of free radicals are observed in various cancerous cells and several
accumulating evidence suggests that free radicals function as key signaling molecules stimulate different growthrelated responses that finally begin tumorigenesis and angiogenesis.38-40 In detail, Free radical-induced
development of cancer involves malignant transformation due to DNA mutations and changed gene expression
through epigenetic mechanisms which in turn causes the uncontrolled proliferation of cancerous cells.39,40 Many
researchers reported a remarkable role of antioxidant compounds such as medicinal plants and silver
nanoparticles in growth inhibition of prostate, ovary, breast, endometrial and lung, and colon cancer cells with
removing free radicals.41,42

4 CONCLUSIONS
In the present study, Thymus capitatus leaf collected was applied for biosynthesizing silver nanoparticles as a
safe and suitable material. After silver nanoparticles synthesizing, they were characterized by FE-SEM, UV Vis.,
and FT-IR. The above analyses revealed that silver nanoparticles were synthesized as the best possible form. In
the FT-IR test, the presence of many antioxidant compounds with related bonds caused the excellent condition
for reducing of silver in the silver nanoparticles, so that the antioxidant properties of silver nanoparticles was
the better than the BHT as a positive control. Silver nanoparticles showed significant anti-human lung activities
against well-differentiated bronchogenic adenocarcinoma (HLC-1), moderately differentiated adenocarcinoma of
the lung (LC-2/ad), and poorly differentiated adenocarcinoma of the lung (PC-14) cell lines. It looks these
nanoparticles may be administrated as a chemotherapeutic drug for the treatment of several types of lung cancers
especially well-differentiated bronchogenic adenocarcinoma, moderately differentiated adenocarcinoma of the
lung, and poorly differentiated adenocarcinoma of the lung.

Conflict of interest

Funding (Name of fund, subsidy number)

t

The authors declare that they have no conflict of interest.

REFERENCES

ep

rin

Medical Science Research Project of Hebei Province:
1: (Study on the mechanism of KLF16 promoting the occurrence and development of lung cancer)
Funding No.: 20210982
2: (Analysis of the effect of aerobic exercise prescription on interstitial lung disease based on cardiopulmonary
exercise test) Funding No.: 20210741.

Pr

[1] N.A. Alsharairi, Nutrient. 2019, 11, 725.
[2] L.G. Collins, C. Haines, R. Perkel, R.E. Enck, Am Fam Physician. 2007, 75, 56–63.
[3] S.S. Hecht, Int J Cancer. 2012, 131, 2724–2732
[4] R. Taylor, F. Najafi, A. Dobson, Int J Epidemiol. 2007, 36, 1048–1059.
[5] M.J. Thun, L.M. Hannan, L.L. Adams-Campbell, PLoS Med. 2008, 5, e185.
[6] A. Zangeneh, M.M. Zangeneh, Appl Organometal Chem. 2019, 33, e5290. DOI:10.1002/aoc.5290.
[7] S. Hemmati, Z. Joshani, A. Zangeneh, M.M. Zangeneh, Appl Organometal Chem. 2019, 33, e5267.
DOI:10.1002/aoc.5267.
[8] R. W. Raut, N. S. Kolekar, J. R. Lakkakula, V. D. Mendhulkar, S. B. Kashid, Nano‐Micro Lett. 2010, 2, 106.
[9] R. S. Varma, Curr Opin Chem Eng. 2012, 1, 123.
[10] K. D. Arunachalam, S. K. Annamalai, S. Hari, Int J Nanomedicine. 2003, 8, 1307-1315.
[11] L. Sintubin, W. D. Windt, J. Dick, J. Mast, D. van der Ha, W. Verstraete, N. Boon, Appl Microbiol
Biotechnol. 2009, 6, 741-749.
[12] V. Ball, Front. Bioeng Biotechnol. 2018, 6, 109.
[13] (a) M.M. Zangeneh, Appl Organometal Chem. 2019, 33, e5295. DOI:10.1002/aoc.5295. (b) G. Mohammadi,
M.M. Zangeneh, A. Zangeneh, Z.M. Siavosh Haghighi, Appl Organometal Chem. 2019, 33, e5136.
DOI:10.1002/aoc.5136. (c) M. M. Zangeneh, S. Bovandi, S. Gharehyakheh, A. Zangeneh, P. Irani, Appl
Organometal Chem. 2019, 33, e4961. (d) M. Hamelian, M.M. Zangeneh, A. Shahmohammadi, K. Varmira, H.
Veisi, Appl Organometal Chem. 2019, 33, e5278. DOI:10.1002/aoc.5278. (e) M. M. Zangeneh, Z. Joshani, A.
Zangeneh, E. Miri, Appl Organometal Chem. 2019, 33, e5016. (f) A. Zangeneh, M. M. Zangeneh, R. Moradi.
Appl Organometal Chem. 2019, 33, e5247. DOI:10.1002/aoc.5247. (g) M. M. Zangeneh, A. Zangeneh, E.
Pirabbasi, R. Moradi, M. Almasi. Appl Organometal Chem. 2019, 33, e5246. DOI: 10.1002/aoc.5246. (h) B.
Mahdavi, S. Paydarfard, M. M. Zangeneh, S. Goorani, N. Seydi, A. Zangeneh. Appl Organometal Chem. 2019,

33, e5248. DOI:10.1002/aoc.5248. (i) A. R. Jalalvand, M. Zhaleh, S. Goorani, M. M. Zangeneh, N. Seydi, A.
Zangeneh, R. Moradi, J Photochem Photobiol B. 2019, 192, 103–112. (j) R. Tahvilian, M. M. Zangeneh, H.
Falahi, K. Sadrjavadi, A. R. Jalalvand, A. Zangeneh, Appl Organometal Chem. 2019, 33, e5234. DOI:
10.1002/aoc.5234.
[14] M. Riaza, M. Zia-Ul-Haqb, H. Z. E. Jaafarc, Rev Bras Farmacogn, 2013, 23, 948-959.
[15] A. Soni, R. Krishnamurthy, Indian J Plant Sci. 2013, 2, 117-125.
[16] G. Peng, U. Tisch, O. Adams, M. Hakim, N. Shehada, Y.Y. Broza, S. Billan, R. Abdah-Bortnyak, A. Kuten,
H. Haick, Nat Nanotechnol. 2009, 4, 669-673.
[17] P. Singh, S. Pandit, V. R. S. S. Mokkapati, A. Garg, V. Ravikumar, I. Mijakovic, Int J Mol Sci. 2018, 19,
1979.
[18] M.M. Zangeneh, S. Saneei, A. Zangeneh, R. Toushmalani, A. Haddadi, M. Almasi, A. Amiri‐Paryan, Appl
Organometal Chem. 2019, 33, e5216. DOI: 10.1002/aoc.5216.
[19] M. Shahriari, S. Hemmati, A. Zangeneh, M.M. Zangeneh, Appl Organometal Chem. 2019, 33, e5189. DOI:
10.1002/aoc.5189.
[20] M. Zhaleh, A. Zangeneh, S. Goorani, N. Seydi, M.M. Zangeneh, R. Tahvilian, E. Pirabbasi, Appl Organometal Chem.
2019, 33, e5015.

Pr

ep

rin

t

[21] S.J. Hosseinimehr, A. Mahmoudzadeh, A. Ahmadi, S. A. Ashrafi, N. Shafaghati, N. Hedayati, Cancer
Biother Radiopharm. 2011, 26, 325–329.
[22] P. Tveden-Nyborg, T.K. Bergmann, J. Lykkesfeldt, Basic Clin Pharmacol Toxicol 2018;123:233-35
[23] V. Arulmozhi, K. Pandian, S. Mirunalini, Colloids Surf B Biointerfaces. 2013, 110, 313–320.
[24] C. Pereira, A. M. Pereira, C. Fernandes, M. Rocha, R. Mendes, M. P. Fernández-García, A. Guedes, P. B.
Tavares, J. M. Grenèche, J. P. Araújo, C. Freire, Chem Mater, 2012, 24, 1496–1504.
[25] S. P. Deshmukh, S. M. Patil, S. B. Mullani, S. D. Delekar, Mat Sci Eng C, 2019, 97, 954-965.
[26] A. A. Shah, F. Hasan, A. Hameed, S. Ahmed, Biotech Adv, 2008, 26, 246-265.
[27] A. E. D. M. van der Heijden, Chem Eng J. 2018, 350, 939-948.
[28] S. Jin, C. Wu, Z. zhong Ye, Y. Ying, Sen Act B Chem, 2019, 283, 18-34.
[29] R. Kumar, A. Umar, G. Kumar, H. S. Nalwa, Ceramics Inter, 2017, 43, 3940-3961.
[30] S. Mehwish, A. Islam, I. Ullah, A. Wakeel, M. Qasim, M. AliKhan, A. Ahmad, N. Ullah, Biocat Agri Biotech,
2019, 19, 101117.
[31] J. Ramyadevi, K. Jeyasubramanian, A. Marikani, G. Rajakumar, A. A. Rahuman, Mater lett. 2012, 71, 114116.
[32] D. D. Gultekin, A. A. Gungor, H. Onem, A. Babagil, H. Nadaroglu, J Turk Chem Soc A: Chem. 2016, 3,
623-36.
[33] D. Rehana, D. Mahendiran, R. S. Kumar, A. K. Rahiman, Biomed Pharmacother. 2017, 89, 1067-1077.
[34] M. Del Mar Delgado-Povedano, V. S. De Medina, J. Bautista, F. Priego-Capote, M. D. De Castro MD, J
Function Foods. 2016, 24, 403-19.
[35] S. C. Jeong, S. R. Koyyalamudi, Y. T. Jeong, C. H. Song, G. Pang, J Med Food. 2012, 1, 58-65.
[36] R. Sankar, R. Maheswari, S. Karthik, K. S. Shivashangari, V. Ravikumar, Mat Sci Eng C. 2014, 44, 234239.
[37] F. Namvar, H.S. Rahman, R. Mohamad, J. Baharara, M. Mahdavi, E. Amini, M.S. Chartrand, S.K. Yeap. Int
J Nanomedicine. 2014, 19, 2479-88.
[38] L. Katata-Seru, T. Moremedi, O.S. Aremu, I. Bahadur, J Mol Liq. 2018, 256, 296-304.
[39] S. Sangami, B. Manu, Environ Technol Innov. 2017, 8, 150-163.
[40] N. Beheshtkhoo, M.A.J. Kouhbanani, A. Savardashtaki, A.M. Amani, S. Taghizadeh, Appl Phys A. 2018,
124, 363-369.
[41] I.A. Radini, N. Hasan, M.A. Malik, Z. Khan, J Photochem Photobiol B. 2018, 183, 154-163.
[42] G. Oganesvan, A. Galstyan, V. Mnatsakanyan, R. Paronikyan, Y.Z. Ter-Zakharyan, Chem Nat. 1991, 27,
247-247.

Powered by TCPDF (www.tcpdf.org)

