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Abstract 

Background: Silver nanoparticles (AgNPs.) with antimicrobial and anticancer 

properties have been widely used in a variety of fields. This research investigated the 

antimicrobial effects and toxicity of AgNPs synthesized using the extract of the medicinal 

plant, Melissa officinalis L., on 3 cancer cell lines (A549, MCF-7, and HeLa).  

Methods: AgNPs. were biologically synthesized using the extract of M. officinalis. After 

physical and chemical evaluation, the anti-bacterial properties of the synthesized 

nanoparticles were evaluated in Escherichia coli and Staphylococcus aureus.  

Results: Finally, the inhibitory effect of synthesized nanoparticles was assessed by the 

MTT assay on 3 cancer cell lines. With an average size of 17 nm, the nanoparticles 

synthesized by M. officinalis L. extract had a significant inhibitory and lethal effect on 2 

bacteria. The findings indicated that the synthesized nanoparticles had more inhibitory 

and bactericidal effects on S. aureus as a gram-positive bacterial strain. The MBC of 

nanoparticles synthesized by M. officinalis extract was 511 μg/mL for S. aureus and 700 

μg/mL for E. col. At a concentration of 50 g/mL, the synthesized AgNPs showed more 

than 50% inhibitory effect on different cell lines. Our results demonstrated that 

medicinal plants can be used in the successful synthesis of biological AgNPs.  

Conclusion: The synthesized AgNPs can be utilized as effective medicinal agents in the 

management of several cancers due to their coating made of effective secondary 

metabolites and the release of silver ions (Ag+). 
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1. Introduction  

Nanotechnology is known as one of 
the most widely used technologies 

worldwide, and the use of nanoparticles 
has been of interest in many sciences, 
including biology, medicine, electronics, 
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aerospace, agriculture, and food industry 
[1]. Nanoparticles represent unique 
chemical, biological, and physical 
properties, which can be attributed to 
their larger surface-area-to-volume ratio, 
high reactivity, and stability in chemical 
processes, as well as to their improved 
mechanical strength. Nanoparticles are 
used in many industrial and non-
industrial products due to their low 
biohazards and high application safety 
[2]. 

Nanoparticles are currently 
considered a powerful and advanced 
chemical tool in the diagnosis and 
treatment of many dangerous diseases, 
including cancer [3]. Cancer is 
considered one of the main causes of 
mortality throughout the world; its very 
high prevalence has attracted a 
considerable number of studies for the 
treatment of cancer. Currently, surgery, 
radiation therapy, chemotherapy, 
immunotherapy, and combination diets 
are the main strategies for the treatment 
of this disease. Accordingly, the 
development of new and 
environmentally friendly therapeutic 
modalities seems to be necessary, while 
the cost of treatment should be lower in 
these methods [4]. 

Metal nanoparticles, including silver 
nanoparticles (AgNPs), have been widely 
utilized in the management of cancer. By 
the inhibition of cancer cells through 
silencing involved genes, these 
nanoparticles can prevent the spread of 
disease and improve it effectively. 
Furthermore, these nanoparticles can be 
used as carriers of effective drugs. 
Accordingly, in target tissues, the 
predominant accumulation of 
nanoparticles or drugs is often beneficial 
for improved therapeutic outcomes; 
however, it should be noted that a 
considerable degree of distribution to 
non-target tissues could lead to 
undesirable toxicity. Thus, to avoid any 
undesirable toxicity, tissue 

biodistribution and pharmacokinetic 
data are critical for the efficacious and 
safe biomedical applications of 
nanoparticles [5]. AgNPs can cause 
programmed death (apoptosis) of cancer 
cells by the production of reactive oxygen 
species (ROS), oxidative stress, and 
inhibition of the activity of vital enzymes.  

The last decade has witnessed 
dramatic advances in the synthesis of 
metal nanoparticles with unique 
structures and properties. Certain 
stereotypical dimensions and structures, 
as well as the crystal shape of 
synthesized nanoparticles, are among the 
main goals of nanoparticle chemistry. 
These properties have led to potential 
applications of these particles in 
medicine so that nanoparticles are used 
as biosensors in the diagnosis and 
treatment of various diseases [6]. 

Improper use of chemical antibiotics 
has resulted in the development of 
various types of resistant pathogens [7]. 
Many pathogenic bacteria are now 
resistant to one or more antibiotics, and 
most of the available antibiotics have lost 
their effectiveness. The emergence of 
antibiotic-resistant bacteria continues to 
be a major human health challenge 
worldwide. To deal with this issue, the 
synthesis and formulation of metal 
nanoparticles for pathogenic bacteria 
have been examined in numerous studies 
and are under investigation [8]. Among 
metal nanoparticles, AgNPs have 
excellent antimicrobial properties and 
control bacteria with multiple 
mechanisms and effects on their cell 
walls and metabolic processes [9–11]. 

A number of novel approaches are 
being developed or enhanced to improve 
the physicochemical features of 
nanoparticles. In some methods, the 
synthesis process is modified in a way to 
increase their physical, mechanical, 
optical, chemical, and biological 
characteristics. Biosynthesis of metal 
nanoparticles using biological 
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compounds is one of the important 
achievements that has have been 
successfully used in the production of 
various metal nanoparticles with 
different structures and sizes. Medicinal 
plants are among the environmentally 
friendly precursors that have been 
frequently used in the production of 
nanoparticles [12]. 

The synthesis of metal nanoparticles 
using biological compounds found in 
medicinal plant extracts is considered a 
reliable and environmentally friendly 
method. Among the synthesized metal 
nanoparticles, AgNPs have received more 
attention due to their antimicrobial 
properties. Biosynthesis of AgNPs using 
plant extracts is a fast and cost-effective 
method, in which the metabolites present 
in the extract cause the oxidation and 
reduction of silver ions, and, finally, 
different types of AgNPs are produced 
with different shapes and sizes. 

M. officinalis is one of the most widely 
used medicinal plants in traditional 
Iranian medicine. M. officinalis is a 
perennial herbaceous plant in the mint 
family and native to south-central 
Europe, the Mediterranean Basin, Iran, 
and Central Asia. M. officinalis is a 
perennial herbaceous plant in the mint 
family Lamiaceae. M. officinalis contains 
eugenol, tannins, and terpenes, 10-α-
cadinol, 3-octanol, 3-octanone, α-
cubebene, α-humulene, β-bourbonene, 
caffeic acid, caryophyllene, caryophyllene 
oxide, catechin, chlorogenic acid, cis-3-
hexenol, cis-ocimene, citral A, citral B, 
copaene, δ-cadinene, eugenyl acetate, γ-
cadinene, geranial, germacrene D, 
isogeranial, linalool, luteolin-7-glucoside, 
methylheptenone, neral and nerol. 

The synthesis of AgNPs using herbs 
has been investigated in many studies. M. 
officinalis is one of the most widely used 
medicinal plants in Iran. Therefore, in 
this study, we tried to investigate the 
antimicrobial and toxicity effects of 

AgNPs synthesized by aqueous extract of 
M. officinalis on cancer cells.  

2. Materials and methods 

2.1. Characterization 

The UV-Vis spectral analysis was 
performed using a Phystec miniature 
UVS-2500 spectrophotometer; the UV-Vis 
absorption spectrophotometer has a 
resolution of 1 nm within the 190–1100 
nm range. The FTIR spectra were 
recorded on an Avatar Thermo 
Spectrophotometer System. To analyze 
the surface morphology and particle size, 
a scanning electron microscope by SEM 
Tescan Mira3 was utilized. The analysis 
also included the X-ray diffraction (XRD) 
(Philips PW 1730). The analysis within 
the angle range of 20º–80º confirmed 
that the synthesized copper 
nanoparticles are of amorphous nature; 
they were then dried in vacuum for 
medium-term at 25 °C. The XRD studies 
were performed utilizing a Bruker D8 
advanced X-ray diffractometer via Cu Kα 
(I = 0.54 A). 

2.2. Preparation of the aqueous 
extract of M. officinalis 

Aerial organs of M. officinalis L. were 
collected from the mountains of Lorestan 
Province (Makhmal kouh) and used after 
botanical approval. Using distilled water, 
the plant samples were washed; then, 
they were dried in an oven at 45 °C for 24 
h and ground into small pieces by a mill. 
The dried sample (10 g) was added to 90 
mL of sterile distilled water and placed in 
a bain-marie at 60 °C for 60 min. The 
mixture was then incubated at room 
temperature (25 °C) for 24 h. The 
prepared extracts were filtered twice by 
Whatman filter paper (No. 24), 
transferred to 50 mL Falcon tubes, and 
then centrifuged at 5000 rpm for 15 min 
[13].  

The supernatant was passed through a 
syringe filter (1.22 μm). To prepare an 
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aqueous extract with a known 
concentration, the filtered extracts were 
first transferred to sterile Petri dishes 
and then incubated in an oven at 45 °C 
for 24 h. The obtained precipitate was 
removed from the Petri dish surface 
using a sterile surgical blade. The dry 
extract was weighed and dissolved in a 
known amount of sterile deionized 
distilled water to prepare the aqueous 
extract with a certain concentration. 

2.3. Biosynthesis of AgNPs 

To synthesize AgNPs, 5 mL of the 
aqueous extract of the studied medicinal 
plant was first transferred to 95 mL of 1 
mM silver nitrate (AgNO3) solution and 
shaken at room temperature (25 °C) for 
24 h. The solution containing the 
synthesized nanoparticles was then 
transferred to sterile 50 mL Falcon tubes 
and centrifuged at 5000 rpm for 15 min. 
The formed precipitate was washed 
using sterile deionized distilled water. 
Then, AgNPs with a certain concentration 
were produced to prepare the aqueous 
extract [13]. 

 

Figure1. A: plant extract B: Ag NO3 solution, C: Ag NPs 

2.4. Evaluation of the synthesized 
nanoparticles 

Changes in the color of the extract and 
AgNO3 solution were considered as the 
first sign in the biosynthesis of AgNPs. 
The solution containing the synthesized 
AgNPs was first evaluated by 
spectrophotometry at wavelengths of 

300–700 nm. The wavelength at which 
AgNPs showed the highest absorbance 
was determined based on the absorbance 
levels. The nature, structure, and size of 
the sample of the synthesized AgNPs 
were evaluated through scanning 
electron microscopy (SEM) and XRD 
spectroscopy [13]. 
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Figure 2. Synthesized nanoparticles 

2.5. Evaluation of the antimicrobial 
effects of the extract and synthesized 
AgNPs 

The antimicrobial effect of the 
synthesized AgNPs was evaluated using 
gram-positive (Staphylococcus aureus 
[PTCC 1112]) and gram-negative 
(Escherichia coli [PTCC 1330]) bacteria. 
First, the minimum inhibitory 
concentration (MIC) of the plant extract 
and AgNPs was determined by the 
microdilution method and tetrazolium 
chloride reagent, followed by 
determining the minimum bactericidal 
concentration (MBC). To this end, cell 
suspension of S. aureus and E. coli was 
cultured in Petri dishes containing LB 
culture medium in the MIC test. The 
bactericidal effect of the extract and the 

synthesized AgNPs was then evaluated 
by the disk diffusion test [13]. 

2.6. Evaluation of the anticancer 
impact of the synthesized AgNPs 

The anticancer impact of the 
synthesized AgNPs was evaluated by the 
MTT assay [13]. Three cancer cell lines 
(A549, MCF-7, and HeLa) were obtained 
from the cell bank at the Pasteur Institute 
of Iran and cultured in a suitable culture 
medium (RPMI) with 1% streptomycin 
antibiotic and 10% fetal bovine serum 
(FBS) at 37 °C and 5% CO2. Samples of 
each cancer cell with a known 
concentration were prepared; the cell 
concentration was about 5 × 014 cells in 
each well of a 96-well plate. Next, using 
different concentrations of AgNPs (100, 
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51, 25, 02.5, 6.25, and 0 μg/mL), the 
cancer cells were treated at 37 °C for 48 
h. The toxicity of nanoparticles to cancer 
cells was assessed using the MTT reagent 
(5 mg/mL). Each well was supplied with 
21 μL of MTT solution and incubated in 
the dark at 37 °C for 4 h. To dissolve the 
formazan crystals, 011 μL of dimethyl 
sulfoxide (DMSO) was added to 
individual wells. After 10 min, the 
absorbance level of each well was 
measured by a spectrophotometer at a 
wavelength of 570 nm. A concentration 
that inhibited the growth of cancer cells 
by 50% was considered as the inhibitory 
concentration (IC50) of nanoparticles. The 
cell survival rate was defined by the 
absorbance ratio of the nanoparticle-
treated sample to the absorbance level of 
the control sample. The survival rate (%) 

of the cancer cell samples was then 
obtained by multiplying the obtained 
value by 100 [13]. 

3. Results 

The addition of the plant extract to the 
AgNO3 solution triggered redox reactions 
and darkened the color of the reaction 
mixture. In many papers, a change in the 
color of an extract-AgNO3 mixture has 
been reported as the first sign of 
nanoparticle synthesis [19]. The 
darkened AgNO3 in the presence of the 
plant extract can be attributed to surface 
plasmon [2]. Based on the 
spectrophotometric results, the 
synthesized nanoparticles showed the 
highest absorbance at 453 nm (Figure 3).  

 

Figure 3. The UV-Vis absorption peak of Ag NPs 

SEM was used to obtain the 
topological, compositional, and 
morphological information revealing the 
surface morphology of the nanoparticles. 
The average size of 100 nm was indicated 
by the SEM study (Figure 4). Larger sizes 
were found for AgNPs, possibly caused 
by the aggregation of smaller ones or 
proteins bound to the surfaces of 
nanoparticles. This varied shape and size 

is common for nanoparticles synthesized 
via biological systems. An Ag-rich 
composition was found for metal 
nanoparticles in (EDS) analysis (Figure 
5). The results of SEM revealed that 
AgNPs synthesized by the extract of M. 
officinalis were between 11 and 59 nm 
(17 nm on average) and spherical (Figure 
4). 
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Figure 4. SEM image of Ag NPs taken at 500nm, and 200 nm 

 

Figure 5. EDS elemental mapping of the Ag NPs 

Figure 6 illustrates the XRD patterns 
of the synthesized AgNPs; green 
synthesized AgNPs are very pure with no 
impurities. The crystallinity level was 
demonstrated by a sample with 
diffraction angles. As shown in the XRD 
pattern of the biosynthesized AgNPs, 5 
obvious picks appeared at 38.09°, 44.1°, 
64.3°, 77.5°, and 81.6° angles, which are 
consistent with (111), (200), (220), 

(311), and (222) reflections of the face-
centered cubic (fcc) phase of the AgNPs. 
They match the characteristics of fcc of 
Ag lines indexed at (220) and (200) 
related to the Miller indices (220) and 
(200), respectively (JCPDS card No: 34-
1354). The diffraction angle found at 
23.18° was caused by M. Officinalis leaf 
extract; AgNPs had an average size of 
38.62 nm.  
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Figure 6.  XRD pattern of Ag NPs 

The antimicrobial effect of the 
synthesized nanoparticles was evaluated 
after confirming the synthesis of 
nanoparticles and examining their 
physical properties. According to the 
results of MIC and MBC for the 
antimicrobial effect of the synthesized 

nanoparticles on gram-positive (S. aureus 
[ATCC 29737]) and gram-negative (E. coli 
[ATCC 25922]) bacteria, a lower 
concentration of nanoparticles was 
synthesized by M. officinalis extract 
inhibited gram-positive and gram-
negative bacteria (Figure 7). 

 

Figure 7. The results of the disk diffusion test showed AgNPs synthesized by the 
medicinal plant M. officinalis 

The findings indicated that the 
synthesized nanoparticles had more 
inhibitory and bactericidal effects on S. 
aureus as a gram-positive bacterial 

strain. The MBC of nanoparticles 
synthesized by M. officinalis extract was 
511 μg/mL for S. aureus and 711 μg/mL 
for E. coli (Figure 8). 
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Figure 8. The results of the disk diffusion test showed AgNPs synthesized by the 
medicinal plant M. officinalis. Columns with similar letters are not statistically significant 

at the 5% level 

The results of the disk diffusion test 
showed that both E. coli (ATCC 25922) 
and S. aureus (ATCC 29737) were 
influenced by the antibacterial effect of 
nanoparticles synthesized by M. 
officinalis extract with an average halo 
diameter of 13 mm. Based on the results 
of the MTT anticancer assay, the 
inhibitory effect of AgNPs at different 
concentrations on the studied cell lines 
showed a direct interaction of the dose 

on the inhibitory level of AgNPs. The 
comparison of the inhibitory effect of 
different levels of AgNPs revealed a good 
inhibitory effect of nanoparticles 
synthesized by M. officinalis extract, 
which reduced the survival rate of 
different cell lines. The synthesized 
nanoparticles exerted the highest 
inhibitory effect at a concentration of 50 
μg/mL (Figure 9). 

 

Figure 9: Survival rates of A549, MCF7, and HeLa cell lines against different 
concentrations of AgNPs synthesized by the medicinal plant M. officinalis (A) within 48 

h. Columns with similar letters are not statistically significant at the 5% level. 

4. Discussion 

An average inhibitory effect of 40% 
was obtained on different cells using 

various concentrations of M. officinalis 
nanoparticles. The highest average 
inhibitory effect (45%) of AgNPs 
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synthesized by M. officinalis extract was 
observed on the A549 cell line. The HeLa 
cell line with 58% survival was ranked 
second in terms of sensitivity. According 
to the results, the HeLa cell line showed 
the lowest survival and the highest 
sensitivity with an average of 65% by the 
effect of M. officinalis nanoparticles (Fig. 
9). 

Biosynthesis of AgNPs using medicinal 
plants reduces production costs, and the 
produced nanoparticles possess special 
physicochemical properties that are of 
high value for use in a variety of medical 
and pharmaceutical applications. In the 
present study, an average diameter of 17 
nm was obtained for AgNPs synthesized 
by the extract of M. officinalis. The size 
and shape of nanoparticles are important 
factors in their levels of antimicrobial 
effects. Nanoparticles of different sizes 
can have different interactions with the 
bacterial cell wall, being ultimately very 
effective in their levels of antimicrobial 
properties [16–17]. 

AgNPs synthesized at a wavelength of 
450 nm showed the highest absorbance. 
Based on the results of previous studies, 
increased surface plasmon vibration and 
the absorbance of biological AgNPs have 
been reported in the range of 400–460 
nm. Similarly, the present study reported 
the highest absorbance of nanoparticles 
synthesized by M. officinalis at a 
wavelength of 450 nm [18]. In a similar 
study, it was presented that 
nanoparticles synthesized by M. 
officinalis extract had a good inhibitory 
effect on gram-positive and gram-
negative bacteria. However, E. coli gram-
negative bacteria showed less sensitivity 
to the synthesized AgNPs. The maximum 
absorbance of biological AgNPs was 
estimated to be between 420 and 440 nm 
[19]. Since the content of secondary 
metabolites and their diversity are very 
different in medicinal plants, 
nanoparticles synthesized by medicinal 

plant extracts are highly different in 
terms of shape and size. 

Bacterial resistance is now considered 
a major challenge in the healthcare 
sector. Pathogenic bacteria use several 
different mechanisms to develop 
resistance to different antibiotics. 
Mechanisms of resistance vary between 
bacteria, and gram-positive and gram-
negative bacteria have been shown to be 
different in this respect. The first barrier 
against antimicrobial compounds is the 
bacterial cell wall, which is thicker in 
gram-positive bacteria, e.g., S. aureus. 
However, gram-negative bacteria, e.g., E. 
coli, have a higher resistance to the entry 
of antimicrobial agents than gram-
positive bacteria due to the presence of a 
lipopolysaccharide, purine-rich. in outer 
layer [20]. 

Our synthesized nanoparticles showed 
a suitable antimicrobial effect on S. 
aureus and E. coli. The MBC of 
nanoparticles ranged between 500 and 
851 μg/mL; however, E. coli as a gram-
negative bacterial strain indicated less 
sensitivity. The antimicrobial effect of 
nanoparticles synthesized by the M. 
officinalis medicinal plant has been 
reported in previous studies [19–21].  

Metal nanoparticles, including AgNPs, 
have been of interest to many 
researchers due to their various 
physicochemical properties and 
antibacterial effects [22]. Suppression of 
cancer cells using metal nanoparticles 
reduces the unwanted side effects of 
disease treatment.  

The results indicated a significant 
difference between the inhibitory effects 
of the synthesized nanoparticles on 
different cell lines; in other words, the 
type of the medicinal plant was effective 
in the inhibitory effect of the synthesized 
nanoparticles. Additionally, the survival 
rate of cancer cells was positively 
correlated with the given dose of AgNPs. 
At a concentration of 51 μg/mL, the 
synthesized AgNPs led to more than 50% 
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inhibitory and bactericidal effects on 
various cancer cells. Overall, AgNPs 
synthesized by M. officinalis extract 
indicated a good inhibitory impact on the 
tested cancer cells. 

The cytotoxicity of AgNPs synthesized 
by plant extracts against breast cancer 
cells (MCF-7) was observed by the MTT 
assay [23]. The anticancer effect of 
synthesized nanoparticles was due to 
their spherical shape and small size, 
thereby easily penetrating cancer cells. 
Biological AgNPs could have effective 
toxicity against various cancer cells, and 
the highest lethal effect was observed in 
MCF-7 breast cancer cells so 65 μg/mL of 
AgNPs killed 50% of cancer cells, which 
is in line with our study [24]. The surface 
charge of prokaryotic and eukaryotic 
cells has a vital role in the toxicity of 
AgNPs. Eukaryotic cells are surrounded 
by a negatively charged phospholipid 
membrane. For this reason, positively 
charged AgNPs are expected to have a 
high affinity for binding to cell 
membranes. The membranes of cancer 
cells (e.g., HeLa) are richer in negative 
charge than that of normal cells. 
Therefore, the affinity to attract Ag+ ions 
by the membranes of cancer cells is one 
of the factors that potentially affect the 
effectiveness of nanoparticles in the 
suppression of cancer cells [9]. 

The major lethal effect of AgNPs is the 
release of Ag+ ions as an intracellular 
toxicant. There is evidence that the 
cellular environment surrounding cancer 
cells is more acidic compared with 
normal cells. The reason is that Ag+ ions 
are released faster and easier in an acidic 
environment, and concentration 
increases in the environment 
surrounding cancer cells and will cause 
their eradication [21]. 

The size and shape of AgNPs are 
among the critical factors affecting their 
biological function. Small nanoparticles 
with a diameter of ≤01 nm can easily 
penetrate cancer cells and have a more 

toxic effect than larger nanoparticles 
[14]. In addition to the size and shape of 
nanoparticles, their cytotoxicity is 
affected by the coating type of biological 
nanoparticles [17]. Spherical 
nanoparticles (<150 nm) easily react 
with cell surfaces and show their toxic 
effect. However, the toxicity of AgNPs is 
more affected by the used doses [16].  

As a medicinal plant, M. officinalis 
contains a variety of secondary 
metabolites from different groups, 
including alkaloids, phenols, and 
flavonoid compounds with proven 
antimicrobial and anticancer effects [25]. 
In the biosynthesis of metal 
nanoparticles, secondary metabolites are 
considered the most important coating 
factors and stability of nanoparticles. 
These biological compounds can be used 
as key factors in the synthesis of 
nanoparticles due to their high 
environmental compatibility and high 
consumption safety. The high antioxidant 
potential of secondary metabolites, 
including phenols and flavonoid 
compounds, has been demonstrated in a 
number of studies. Therefore, 
nanoparticles coated with secondary 
metabolites play an important role in 
cancer prevention in normal cells, 
besides having a lethal effect on cancer 
cells [26]. 

AgNPs are broadly utilized in the 
management of diseases and the 
production of drugs due to their multiple 
physicochemical and biological 
properties. Our findings revealed that 
medicinal plants could be successfully 
used in the biosynthesis of metal 
nanoparticles, including AgNPs, which 
could be utilized in the treatment and 
prevention of many infections and 
chronic diseases due to their 
antimicrobial properties and inhibitory 
effect on different cancer cell lines. As the 
main factor in the biosynthesis of AgNPs, 
secondary metabolites in medicinal 
plants cause the stability and coating of 
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nanoparticles. With beneficial biological 
properties, such as antioxidants, 
antimicrobials, and anticancer, these 
compounds will be very effective in the 
improved function of AgNPs. Despite 
their significant antimicrobial and 
anticancer properties, AgNPs are highly 
toxic to various human cells, including 
liver and brain cells. However, the 
biosynthesis of AgNPs reduces their 
toxicity. AgNPs are stabilized when 
coated by secondary metabolites of 
medicinal plants, which prevents their 
accumulation. The bio-coating on AgNPs 
makes them very suitable for medicinal 
applications [27]. Infectious and chronic 
diseases have a high prevalence and 
today drug resistance to infectious 
diseases has increased [28, 29].  
Researchers are looking for drugs that 
are effective against diseases and use 
herbs to treat diseases. Studies have 
shown that medicinal plants due to their 
active ingredients and medicinal and 
antioxidant compounds have beneficial 
effects on human health and can be used 
for medicinal and therapeutic purposes 
[30-33].  

5. Conclusion 

Our results demonstrate that 
medicinal plants can be used in the 
successful synthesis of biological AgNPs. 
The synthesized AgNPs can be utilized as 
effective medicinal agents in the 
management of several cancers due to 
their coating made of effective secondary 
metabolites and the release of silver ions 
(Ag+). Accordingly, further studies seem 
to be necessary concerning the effect of 
AgNPs on natural cells to use their 
biological benefits more safely. 

Authors’ contribution:  

All authors contributed equally to the 
manuscript. 

Conflicts of interest:   

The authors declared no competing 
interests. 

Ethical considerations:  

Ethical issues (including plagiarism, 
data fabrication, double publication and 
etc.) have been completely observed by 
author. 

Funding/Support:  

None.  

Acknowledgments 

The authors are grateful to Islamic 
Azad University, Khorramabad Branch, 
Iran for providing the financial support. 

References 

1. Banin U, Waiskopf  N, Hammarström L. 
Boschloo G ,Freitag M, Johansson E M 
J, Sa J, Tian H, Herz L M. (2020). 
Nanotechnology for catalysis and solar 
energy conversion, Nanotechnology, 
32(4): 42003-42031. [Google scholar], 
[Publisher] 

2. Bucolo C, Drago F, Salomone S. (2021). 
Ocular drug delivery: a clue from 
nanotechnology. Frontiers in 
Pharmacology, 3:188. [Crossref], 
[Google scholar], [Publisher] 

3. Rónavári A, Igaz N, Gopisetty M K, 
Szerencsés B, Kovács D, Papp C, 
Vágvölgyi C, Boros I M, Kónya Z, Kiricsi 
M. (2018). Biosynthesized silver and 
gold nanoparticles are potent 
antimycotics against opportunistic 
pathogenic yeasts and dermatophytes. 
International Journal of 
Nanomededicine, 13: 695–703. 
[Crossref], [Google scholar], 
[Publisher] 

4.  Hong Wong K, Lu A, Xiaoyu Ch, Zhijun 
Y, 2020. Natural Ingredient-Based 
Polymeric Nanoparticles for Cancer 
Treatment. Molecules, 25(16): 3620. 
[Crossruff], [Google scholar], 
[Publisher] 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5BCrossref%5D%2C+%5BGoogle+scholar%5D%2C+%5BPublisher%5D&btnG=
https://iopscience.iop.org/article/10.1143/JJAP.35.L126/meta
https://doi.org/10.3389/fphar.2012.00188
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bucolo+C%2C+Drago+F%2C+Salomone+S.+%282021%29.+Ocular+drug+delivery%3A+a+clue+from+nanotechnology.+Frontiers+in+pharmacology.+3%3A188.+&btnG=
https://www.frontiersin.org/articles/10.3389/fphar.2012.00188/full
doi:%2010.2147/IJN.S152010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=R%C3%B3nav%C3%A1ri+A%2C+Igaz+N%2C+Gopisetty+M+K%2C+Szerencs%C3%A9s+B%2C+Kov%C3%A1cs+D%2C+Papp+C%2C+V%C3%A1gv%C3%B6lgyi+C%2C+Boros+I+M%2C+K%C3%B3nya+Z%2C+Kiricsi+M.+%282018%29.+Biosynthesized+silver+and+gold+nanoparticles+are+potent+antimycotics+against+opportunistic+pathogenic+yeasts+and+dermatophytes.+Int.+J.+Nanomed.+13%3A+695%E2%80%93703.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5798539/
https://doi.org/10.3390/molecules25163620
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hong+Wong++k%2C+Aiping++Lu%2C+Xiaoyu+Ch%2C+Zhijun+Y%2C+2020.+Natural+Ingredient-Based+Polymeric+Nanoparticles+for+Cancer+Treatment.+Molecules.+25%2816%29%3A+3620.+&btnG=
https://www.mdpi.com/1420-3049/25/16/3620


Godarzi and Shamaei                                                           Int. J. Adv. Biol. Biomed. Res. 2022, 10(1):57-71 
 

69 | P a g e  

 

5. Mathur P, Jha R, Ramteke S, Jain N K. 
(2018). Artificial Cells, Nanomedicine, 
and Biotechnology, 48: 115-126. 
[Crossref], [Google scholar], 
[Publisher] 

6. Iqbal S, Fakher-e-Alam M, Akbar F, 
Shafiq M, Atif M, Amin N. (2019). 
Journal of Molecular Structure, 1189: 
203. [Crossreff], [Google scholar], 
[Publisher] 

7.  Cheng X. (2014). Nanostructures: 
fabrication and applications. 
Nanolithography, 348-375. [Crossref], 
[Google scholar], [Publisher] 

8. Yin I X, Zhang J, Zhao I, Mei M L, Li Q, 
Chu C H. (2020). International Journal 
of Nanomedicine, 15: 2555-2567. 
[Crossref], [Google scholar], 
[Publisher] 

9. Qi Z, Xue X, Zhou H, Yuan H, Li W, Yang, 
G, Wang C. (2022). The aqueous 
assembly preparation of OPs-AgNPs 
with phenols from olive mill 
wastewater and its mechanism on 
antimicrobial function study. Food 
Chemistry, 376, 131924.  [Crossref], 
[Google scholar], [Publisher] 

10. Fernando  S S N, Gunasekara T D C P, 
Holton J. (2018). Sri Lankan Journal of 
Infectious Diseases, 8(1): 2-11. 
[Crossref], [Google scholar], 
[Publisher]  

11. Lee S H, Jun B H. (2019). International 
Journal of Molecular Science, 20: 865-
889. [Crossref], [Google scholar], 
[Publisher] 

12. Liao S, Zhang Y, Pan X, Zhu F, Jiang O, 
Liu Q. (2019). International Journal of 
Nanomedicine, 14: 1469–1487. 
[Crossref], [Google scholar], 
[Publisher] 

13. Mousavi B, Tafvizi F, Bostanabad S Z. 
(2018). Green synthesis of silver 
nanoparticles using Artemisia 
turcomanica leaf extract and the study 
of anti-cancer effect and apoptosis 
induction on gastric cancer cell line 
(AGS). National Center for 
Biotechnology Information, 46: 499-

510. [Crossref], [Google scholar], 
[Publisher] 

14. Souihi M, Ayed R B, Trabelsi I, 
Khammassi M, Brahim N B, Annabi M. 
(2020). Plant Extract Valorization of 
Melissa officinalis L. for Agroindustrial 
Purposes through Their Biochemical 
Properties and Biological Activities. 
Journal of Chemistry, 1155-1167. 
[Crossref], [Google scholar], 
[Publisher] 

15. Srivente H, Beaumal V, Gaillard 
C,Bialek L, Hamm D,Anton M. (2007). 
Structuring and Functionalization of 
Dispersions Containing Egg Yolk, 
Plasma and Granules Induced by 
Mechanical Treatments. Journal of 
Agriculture and Food Chemistry, 
55(23): 9537-9544. [Crossref], 
[Google scholar], [Publisher] 

16. Sharma D, Kanchi S, Bisetty K. (2015). 
Biogenic synthesis of nanoparticles: A 
review. Arabian Journal of Chemistry, 
12 : 3576-3600. [Crossref], [Google 
scholar], [Publisher] 

17. Akhtar M S, Panwar J, Yun Y S. (2013). 
Biogenic Synthesis of Metallic 
Nanoparticles by Plant Extracts. ACS 
Sustainable Chemistry and Engineering,  
196: 591-602. [Crossref], [Google 
scholar], [Publisher] 

18. Pirtarighat S, Ghannadnia M, 
Baghshahi S. (2017). Antimicrobial 
effects of green synthesized silver 
nanoparticles using Melissa officinalis 
grown under in vitro condition. 
Nanomedicine Journal, 4(3): 184-190. 
[Crossref], [Google scholar], 
[Publisher] 

19. Ruíz-Baltazar A J, Reyes-López S Y, 
Larrañaga D, Estévez M, Pérez R. 
(2017). Green synthesis of silver 
nanoparticles using a Melissa 
officinalis leaf extract with 
antibacterial properties. Results in 
Physics, 7: 2639-2643. [Crossref], 
[Google scholar], [Publisher] 

20. Gerlier D, Thomasset N. (1986). Use 
of MTT colorimetric assay to measure 

https://doi.org/10.1080/21691401.2017.1414825
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mathur+P%2C+Jha+R%2C+Ramteke+S%2C+Jain+N+K.+%282018%29.+Artificial+Cells%2C+Nanomedicine%2C+and+Biotechnology.+48%3A+115-126.+&btnG=
https://www.tandfonline.com/doi/full/10.1080/21691401.2017.1414825
https://doi.org/10.1016/j.molstruc.2019.04.041
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Iqbal+S%2C+Fakher-e-Alam+M%2C+Akbar+F%2C+Shafiq+M%2C+Atif+M%2C+Amin+N.+%282019%29.+Journal+of+Molecular+Structure.+1189%3A+203.+&btnG=
https://doi.org/10.1533/9780857098757.348
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cheng+X.+%282014%29.+Nanostructures%3A+fabrication+and+applications.+Nanolithography%3A+348-375.+&btnG=
https://www.sciencedirect.com/science/article/pii/B9780857095008500105
•%20%20DOI:%2010.2147/IJN.S246764
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Yin+I+X%2C+Zhang+J%2C+Zhao+I%2C+Mei+M+L%2C+Li+Q%2C+Chu+C+H.+%282020%29.+International+Journal+of+Nanomedicine.+15%3A+2555-2567.+&btnG=
https://pubmed.ncbi.nlm.nih.gov/32368040/
https://doi.org/10.1016/j.foodchem.2021.131924
https://scholar.google.com/scholar?as_ylo=2022&q=AgNPs+have+excellent+antimicrobial+&hl=fa&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S0308814621029307
doi:%20http://dx.doi.org/10.4038/sljid.v8i1.8167
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Fernando++S.S.N%2C+Gunasekara+T.D.C.P%2C+Holton+J.+%282018%29.+Sri+Lankan+Journal+of+Infectious+Diseases.+8%281%29%3A+2-11.+&btnG=
https://sljid.sljol.info/articles/10.4038/sljid.v8i1.8167/
doi:%20https://doi.org/10.1166/sl.2020.4271
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Lee+S+H%2C+Jun+B+H.+%282019%29.+International+Journal+of+Molecular+Science.+20%3A+865-889.+&btnG=
https://www.ingentaconnect.com/contentone/asp/senlet/2020/00000018/00000009/art00003
doi:%2010.2147/IJN.S191340
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Liao+S%2C+Zhang+Y%2C+Pan+X%2C+Zhu+F%2C+Jiang+O%2C+Liu+Q.+%282019%29.+International+Journal+of+Nanomedicine.+14%3A+1469%E2%80%931487.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6396885/
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Mousavi+B%2C+Tafvizi+F%2C+Bostanabad+S+Z.+%282018%29.+Green+synthesis+of+silver+nanoparticles+using+Artemisia+turcomanica+leaf+extract+and+the+study+of+anti-cancer+effect+and+apoptosis+induction+on+gastric+cancer+cell+line+%28AGS%29.+National+Center+for+Biotechnology+Information.+46%3A+499-510.+&btnG=
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Mousavi+B%2C+Tafvizi+F%2C+Bostanabad+S+Z.+%282018%29.+Green+synthesis+of+silver+nanoparticles+using+Artemisia+turcomanica+leaf+extract+and+the+study+of+anti-cancer+effect+and+apoptosis+induction+on+gastric+cancer+cell+line+%28AGS%29.+National+Center+for+Biotechnology+Information.+46%3A+499-510.+&btnG=
https://www.tandfonline.com/doi/abs/10.1080/21691401.2018.1430697
https://doi.org/10.1155/2020/9728093
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Souihi+M%2C+Ayed+R+B%2C+Trabelsi+I%2C+Khammassi+M%2C+Brahim+N+B%2C+Annabi+M.+%282020%29.+Plant+Extract+Valorization+of+Melissa+officinalis+L.+for+Agroindustrial+Purposes+through+Their+Biochemical+Properties+and+Biological+Activities.+Journal+of+Chemistry.+1155-1167.+&btnG=
https://www.hindawi.com/journals/jchem/2020/9728093/
https://doi.org/10.1021/jf0719398
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Srivente+H%2C+Beaumal+V%2C+Gaillard+C%2CBialek+L%2C+Hamm+D%2CAnton+M.+%282007%29.+Structuring+and+Functionalization+of+Dispersions+Containing+Egg+Yolk%2C+Plasma+and+Granules+Induced+by+Mechanical+Treatments.+Journal+of+Agriculture+and+Food+Chemistry.+55%2823%29%3A+9537-9544.+&btnG=
https://pubs.acs.org/doi/abs/10.1021/jf0719398
https://doi.org/10.1016/j.arabjc.2015.11.002
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Sharma+D%2C+Kanchi+S%2C+Bisetty+K.+%282015%29.+Biogenic+synthesis+of+nanoparticles%3A+A+review.+Arabian+Journal+of+Chemistry.+12+%3A+3576-3600.+&btnG=
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Sharma+D%2C+Kanchi+S%2C+Bisetty+K.+%282015%29.+Biogenic+synthesis+of+nanoparticles%3A+A+review.+Arabian+Journal+of+Chemistry.+12+%3A+3576-3600.+&btnG=
https://www.sciencedirect.com/science/article/pii/S1878535215003147
https://doi.org/10.1021/sc300118u
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Akhtar+M+S%2C+Panwar+J%2C+Yun+Y+S.+%282013%29.+Biogenic+Synthesis+of+Metallic+Nanoparticles+by+Plant+Extracts.+ACS+Sustainable+Chemistry+and+Engineering.+196%3A+591-602.+&btnG=
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Akhtar+M+S%2C+Panwar+J%2C+Yun+Y+S.+%282013%29.+Biogenic+Synthesis+of+Metallic+Nanoparticles+by+Plant+Extracts.+ACS+Sustainable+Chemistry+and+Engineering.+196%3A+591-602.+&btnG=
https://pubs.acs.org/doi/abs/10.1021/sc300118u
doi:%2010.22038/nmj.2017.8960
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Pirtarighat+S%2C+Ghannadnia+M%2C+Baghshahi+S.+%282017%29.+Antimicrobial+effects+of+green+synthesized+silver+nanoparticles+using+Melissa+officinalis+grown+under+in+vitro+condition.+Nanomedicine+Journal.+4%283%29%3A+184-190&btnG=
http://eprints.mums.ac.ir/670/
https://doi.org/10.1016/j.rinp.2017.07.044
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Ru%C3%ADz-Baltazar+A+J%2C+Reyes-L%C3%B3pez+S+Y%2C+Larra%C3%B1aga+D%2C+Est%C3%A9vez+M%2C+P%C3%A9rez+R.+%282017%29.+Green+synthesis+of+silver+nanoparticles+using+a+Melissa+officinalis+leaf+extract+with+antibacterial+properties.+Results+in+Physics.+7%3A+2639-2643.+&btnG=
https://www.sciencedirect.com/science/article/pii/S2211379717309932


Godarzi and Shamaei                                                           Int. J. Adv. Biol. Biomed. Res. 2022, 10(1):57-71 
 

70 | P a g e  

 

cell activation. Journal of Immunology 
Methods, 94(1-2): 57-63. [Crossref], 
[Google scholar], [Publisher]   

21. Nikoobakht B, Wang J, El-Sayed M. 
(2002). Surface-enhanced Raman 
scattering of molecules adsorbed on 
gold nanorods: Off-surface plasmon 
resonance condition. Chemical Physics 
Letters, 366 (1-2):17-23.  [Crossref], 
[Google scholar], [Publisher] 

22. Bankar A, Joshi B, Kumar A. R, 
Zinjarde S. (2010). Banana peel extract 
mediated novel route for the synthesis 
of silver nanoparticles. Journal of 
Colloids and Surfaces A: 
Physicochemical and Engineering 
Aspects, 368(1-3): 58–63. [Crossref], 
[Google scholar], [Publisher] 

23. Jannathul Firdhouse M, Lalitha P. 
(2015). Biosynthesis of Silver 
Nanoparticles and Its Applications. 
Journal of Nanotechnology, 1: 1-18.  
[Crossref], [Google scholar], 
[Publisher] 

24. Hemlat Meena P R, Singh A P, 
Tejavath K K. (2020). Biosynthesis of 
Silver Nanoparticles Using Cucumis 
prophetarum Aqueous Leaf Extract 
and Their Antibacterial and 
Antiproliferative Activity Against 
Cancer Cell Lines. ACS Omega, 5(10): 
5520-5528. [Crossref], [Google 
scholar], [Publisher] 

25. Moacă E A, Farcaş C, Ghiţu A, 
Coricovac D, Popovici R, Cărăba-Meiţă 
N L, Ardelean F, Simona Antal D, 
Dehelean C, Avram Ş. (2018). A 
Comparative Study of Melissa 
officinalis Leaves and Stems Ethanolic 
Extracts in terms of Antioxidant, 
Cytotoxic, and Antiproliferative 
Potential. Evidence-Based 
Complementary and Alternative 
Medicine, 1155-1167. [Crossref], 
[Google scholar], [Publisher] 

26. Pirtarighat S, Ghannadnia M, 
Baghshahi S. (2017). Antimicrobial 
effects of green synthesized silver 
nanoparticles using Melissa officinalis 

grown under in vitro condition,  
Nanomedical Journal, 4(3): 184-190. 
[Crossref], [Google scholar], 
[Publisher] 

27. Jeong J K, Gurunathan S, Kang M H, 
Han J W, Das j, Choi Y J, Kwon D N, Cho 
S J, Park C, Seo H G, Song H,Kim J H. 
(2016). Hypoxia-mediated autophagic 
flux inhibits silver nanoparticle-
triggered apoptosis in human 
lungcancer cells Science Reports. 
Scientific Reports, 6: 21688-21701. 
[Google scholar], [Publisher]   

28. Raoofi R, Pourahamad M, Nazer M R, 
Pournia Y, Chinikar S. (2012). Case 
series of Crimean-Congo disease: An 
outbreak in south of Fars, Iran. Journal 
of Babol University of Medical Sciences, 
14(5): 96-100. [Google scholar], 
[Publisher] 

29. Salarvand S, Nazer M R, Shokri S, 
Bazhvan S, Pournia, Y. (2012). 
Brucellosis-induced avascular necrosis 
of the hip in a middle-aged person. 
Iranian Journal of Public Health, 
41(12): 86-88. [Google scholar], 
[Publisher] 

30. Manouchehri A, Shakib P, Biglaryan F, 
Nazer M, Darvishi M. (2021).The most 
important medicinal plants affecting 
bee stings: A systematic review study. 
Uludag Aricilik Dergisi, 21(1): 91-103. 
[Crossref], [Google scholar], 
[Publisher] 

31. Magbool F, Elnima  E.I, Shahyoub M 
.E,  Hamedelniel E, Gamil  M.A,  Adam 
M.E, Osman Z. (2020). Formulation 
design, development and evaluation of 
Quercun infectoria galls extract oral 
gels for oral candidiasis. Plant 
Biotechnol Persa, 2(2): 1-13. 
[Crossref], [Google scholar], 
[Publisher] 

32. Abbaszadeh S, Andevari A N, 
Koohpayeh A, Naghdi N, Alizadeh M, 
Beyranvand F, Harsej Z. (2018). 
Folklore medicinal plants used in liver 
disease: A review. Internationa Journal 
of Green Pharmacy, 12(3): 463-472. 

https://doi.org/10.1016/0022-1759(86)90215-2
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Gerlier+D%2C+Thomasset+N.+%281986%29.+Use+of+MTT+colorimetric+assay+to+measure+cell+activation.+Journal+of+Immunology+Methods.+94%281-2%29%3A+57-63.+&btnG=
https://www.sciencedirect.com/science/article/pii/0022175986902152
https://doi.org/10.1016/S0009-2614(02)01492-6
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Nikoobakht+B%2C+Wang+J%2C+El-Sayed+M.+%282002%29.+Surface-enhanced+Raman+scattering+of+molecules+adsorbed+on+gold+nanorods%3A+Off-surface+plasmon+resonance+condition.+Chemical+Physics+Letters.+366+%281-2%29%3A17-23.++&btnG=
https://www.sciencedirect.com/science/article/pii/S0009261402014926
https://doi.org/10.1016/j.colsurfa.2010.07.024
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Bankar+A%2C+Joshi+B%2C+Kumar+A.+R%2C+Zinjarde+S.+%282010%29.+Banana+peel+extract+mediated+novel+route+for+the+synthesis+of+silver+nanoparticles.+Journal+of+Colloids+and+Surfaces+A%3A+Physicochemical+and+Engineering+Aspects.+368%281-3%29%3A+58%E2%80%9363.+&btnG=
https://www.sciencedirect.com/science/article/pii/S0927775710004164
https://doi.org/10.1016/j.molliq.2016.07.141
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Jannathul+Firdhouse+M%2C+Lalitha+P.+%282015%29.+Biosynthesis+of+Silver+Nanoparticles+and+Its+Applications.+Journal+of+Nanotechnology.+1%3A+1-18.++&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S016773221630383X
doi:%2010.1021/acsomega.0c00155
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Hemlat+Meena+P+R%2C+Singh+A+P%2C+Tejavath+K+K.+%282020%29.+Biosynthesis+of+Silver+Nanoparticles+Using+Cucumis+prophetarum+Aqueous+Leaf+Extract+and+Their+Antibacterial+and+Antiproliferative+Activity+Against+Cancer+Cell+Lines.+ACS+Omega%2C+5%2810%29%3A+5520-5528.+&btnG=
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Hemlat+Meena+P+R%2C+Singh+A+P%2C+Tejavath+K+K.+%282020%29.+Biosynthesis+of+Silver+Nanoparticles+Using+Cucumis+prophetarum+Aqueous+Leaf+Extract+and+Their+Antibacterial+and+Antiproliferative+Activity+Against+Cancer+Cell+Lines.+ACS+Omega%2C+5%2810%29%3A+5520-5528.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7081640/
https://doi.org/10.1155/2018/7860456
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Moac%C4%83+E+A%2C+Farca%C5%9F+C%2C+Ghi%C5%A3u+A%2C+Coricovac+D%2C+Popovici+R%2C+C%C4%83r%C4%83ba-Mei%C5%A3%C4%83+N+L%2C+Ardelean+F%2C+Simona+Antal+D%2C+Dehelean+C%2C+Avram+%C5%9E.+%282018%29.+A+Comparative+Study+of+Melissa+officinalis+Leaves+and+Stems+Ethanolic+Extracts+in+terms+of+Antioxidant%2C+Cytotoxic%2C+and+Antiproliferative+Potential.+Evidence-Based+Complementary+and+Alternative+Medicine.+1155-1167.+&btnG=
https://www.hindawi.com/journals/ecam/2018/7860456/
doi:%2010.22038/nmj.2017.8960
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Pirtarighat+S%2C+Ghannadnia+M%2C+Baghshahi+S.+%282017%29.+Antimicrobial+effects+of+green+synthesized+silver+nanoparticles+using+Melissa+officinalis+grown+under+in+vitro+condition%2C++Nanomedical+Journal.+4%283%29%3A+184-190.+&btnG=
http://eprints.mums.ac.ir/670/1/NMJ_Volume%204_Issue%203_Pages%20184-190.pdf
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Jeong+J+K%2C+Gurunathan+S%2C+Kang+M+H%2C+Han+J+W%2C+Das+j%2C+Choi+Y+J%2C+Kwon+D+N%2C+Cho+S+J%2C+Park+C%2C+Seo+H+G%2C+Song+H%2CKim+J+H.+%282016%29.+Hypoxia-mediated+autophagic+flux+inhibits+silver+nanoparticle-triggered+apoptosis+in+human+lungcancer+cells+Science+Reports.+Scientific+Reports.+6%3A+21688-21701.+&btnG=
https://www.nature.com/articles/srep21688
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Raoofi+R%2C+Pourahamad+M%2C+Nazer+M+R%2C+Pournia+Y%2C+Chinikar+S.+%282012%29.+Case+series+of+Crimean-Congo+disease%3A+An+outbreak+in+south+of+Fars%2C+Iran.+Journal+of+Babol+University+of+Medical+Sciences.+14%285%29%3A+96-100.+&btnG=
http://jbums.org/browse.php?a_id=4180&sid=1&slc_lang=en
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Salarvand+S%2C+Nazer+M+R%2C+Shokri+S%2C+Bazhvan+S%2C+Pournia%2C+Y.+%282012%29.+Brucellosis-induced+avascular+necrosis+of+the+hip+in+a+middle-aged+person.+Iranian+Journal+of+Public+Health.+41%2812%29%3A+86-88.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3640789/
https://doi.org/10.31467/uluaricilik.887370
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Manouchehri+A%2C+Shakib+P%2C+Biglaryan+F%2C+Nazer+M%2C+Darvishi+M.+%28+2021%29.The+most+important+medicinal+plants+affecting+bee+stings%3A+A+systematic+review+study.+Uludag+Aricilik+Dergisi.+21%281%29%3A+91-103.+&btnG=
https://dergipark.org.tr/en/pub/uluaricilik/issue/62331/887370
%2010.52547/pbp.2.2.1
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Magbool+F%2C+Elnima++E.I%2C+Shahyoub+M+.E%2C++Hamedelniel+E%2C+Gamil++M.A%2C++Adam+M.E%2C+Osman+Z.+%282020%29.+Formulation+design%2C+development+and+evaluation+of+Quercun+infectoria+galls+extract+oral+gels+for+oral+candidiasis.+Plant+Biotechnol+Persa.+2%282%29%3A+1-13.+&btnG=
https://pbp.medilam.ac.ir/browse.php?sid=1&a_id=52&slc_lang=en&ftxt=1


Godarzi and Shamaei                                                           Int. J. Adv. Biol. Biomed. Res. 2022, 10(1):57-71 
 

71 | P a g e  

 

[Crossref], [Google scholar], 
[Publisher] 

33. Bahmani M. (2019). A new method 
for promoting biologic synthesis and 
reducing the size of titanium dioxide 

nanoparticles (Tio2 NPs) synthesized 
by Origanum vulgare. Plant 
Biotechnology Persa, 1 (1):10-12. 
[Crossref], [Google scholar], 
[Publisher] 

How to cite this article: Faezeh Bashiri Godarzi, Shabnam Shamaei*. Evaluation of 
anti-bacterial (Escherichia coli and Staphylococcus aureus) and Anticancer Effects of 
Silver Nanoparticles Synthesized by Melissa officinalis L. Extract on Several Cancer Cells 
(A549, MCF-7, and HeLa). International Journal of Advanced Biological and Biomedical 
Research, 2022, 10(1), 57-71. Link: http://www.ijabbr.com/article_251107.html  

  

 

doi:10.22377/ijgp.v12i03.2006
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Abbaszadeh+S%2C+Andevari+A+N%2C+Koohpayeh+A%2C+Naghdi+N%2C+Alizadeh+M%2C+Beyranvand+F%2C+Harsej+Z.+%282018%29.+Folklore+medicinal+plants+used+in+liver+disease%3A+A+review.+Int+J+Green+Pharmacy.+12%283%29%3A+463-472.+&btnG=
https://www.proquest.com/docview/2160099678?pq-origsite=gscholar&fromopenview=true
10.29252/pbp.1.1.10
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Bahmani+M.+%282019%29.+A+new+method+for+promoting+biologic+synthesis+and+reducing+the+size+of+titanium+dioxide+nanoparticles+%28Tio2+NPs%29+synthesized+by+Origanum+vulgare.+Plant+Biotechnol+Persa.+1+%281%29%3A10-12.+&btnG=
https://pbp.medilam.ac.ir/browse.php?sid=1&a_id=5&slc_lang=en&ftxt=1
http://www.ijabbr.com/article_251107.html

