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Abstract

Silver nanoparticles are used in the medical and engineering fields and are still of interest to
scientists, possibly due to their small size compared to their efficiency. Previous research has
demonstrated the efficacy of silver nanoparticles in inhibiting microbes as they are used as reducing
agents. Silver nanoparticles are manufactured in a variety of chemical or physical ways that may have
environmental hazards due to their potential toxicity, or they are manufactured in biological,
environmentally friendly and non-toxic ways.

In this review, we first present the properties of nanoparticles and their synthesis methods and then
discuss their role as inhibitors of bacteria, fungi, viruses and algae.

Keywords: Silver nanoparticles; Biomedical applications; Efficiency of antibiotics; Nanotechnology.

Introduction

Nanotechnology is the use of matter on an atomic, molecular, and supramolecular
scale for industrial purposes. The use of nanoparticles and nanomaterials has developed
rapidly in different fields recently due to their possessing improved properties that
depend on size and shape, and from these fields their use in health care is also involved
in the cosmetics, medicine, health, energy and environmental industries. the size of
nanoparticles used in these fields ranges should be from 1 to 100 nanometers [1-3]. Due
to the development of many microbial strains and their resistance to antibiotics, metallic
nanoparticles have been used to contain anti-bacterial properties due to the large surface
area compared to the size[2].
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The World Health Organization considered that resistance of microbes of
bacteria, fungi and viruses to antibiotics is a serious problem, and there are efforts to
develop new antibacterial and antiviral drugs. Silver is a disinfectant and sterilizer that
has the ability to fuse with disulphide bonds of the glycoprotein or protein of microbes.
Silver nanoparticles , silver ions can alter the 3- dimensional formation of proteins
through interaction with disulphide bonds and prevent the practical processes of the
microorganism [4-6].The reaction between nanoscience and biology line is recognized
as Nano biotechnology, while the linkedzonefamousas nanomedicine, where is used
with nanostructured materials to diagnose and treat diseases[7,8].Silver nitrate
nanoparticles prepared with the addition of plant extracts were used to treat bacteria
resistant to  multiple antibiotics, including:  Streptococcus  pyogens,
Pseudomonasaeruginosa, Bacillus subtilis, Escherichia coli and Staphylococcus
aureus [9]. Previous studies indicated that AgNPs had kindly antifungal and
antimicrobial effects (10-12). Other researcher are reported the growth inhibition of the
AgNPs on Trichophyton mentagrophytes and Candida albicans[12]. In addition the
AgNPs had inhibitory effects on the growth of T. mentagrophytes, C. albicans, C.
tropicalis, and C. glabrata[13].

There are some difficulties including treating viruses with conventional
medicines, the building of reservoirs in cellular sites such as the blood-brain
barrier[14],the use of RNA interference (RNAI) technology a public molecular process
for the therapy of more infectious diseases. The failure of RNA to cross the cell
membrane, lead to the great molecular weight and anionic charge[15], fast kidney
permission, absorption by phagocytes, and toxicity cause to catalyzed immune
response[16], utilizing of treatments containing nanomaterials have the capacity to be
wheel through cell membranes[17].Previous research has shown that anti-algae
effectiveness was bigger at low pH. AgNPs were studied to mark the function of
nanoparticleslinked with Microcystis aeruginosa and the influence of silver ions on
algaecidal toxicity[18].

This review will provide a summary of nanotechnology and the latest related
literature describing the application of nanotechnology to treat harmful bacteria, fungi,
viruses and algae and the mechanism of action of nanomaterials on the living cell and
microbial cell.

The properties of silver nanoparticles as antibiotic and their function

as inhibitor of microorganisms

Silver metal was used in the past and widely used as jewelry and tableware, in
addition to its use as an antimicrobial to prevent microbial contamination. Silver has
been used as a natural biocide for coating milk bottles by the Phoenicians, and silver is
considered to be against a large number of microorganisms such as bacteria, fungi and
viruses. water silver nitrate was used in 1884 as eye drops for newborns to prevent the
transmission of Neisseria gonorrhea from mothers that Infected with this bacteria .
Silver nitrate is less toxic to animal cells. It was also used in the World War to treat
soldiers "wounds to prevent contamination with microbes [19]. The properties of silver
nanoparticles as anti-biotic rely on size and environmental situations (size, pH, ionic
strength)and capping factors.
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The positive charge on silver ions is the vital site for silver's effectiveness as an
antibiotic, as silver must be in an ionized state and upon contact with moisture it
releases ions[20]. Complexes are formed between the silver ions and the nucleosides of
nucleic acids, and silver is added where the ions are slowly released or silver is used in
its ionized form[21,22] Previous studies demonstrated the electronic interaction
between the negative charge of nanoparticles and the negative charge of bacterial
cells[23], and these studies have suggested that nanoparticles can be considered an anti-
bacterial[24,25]. When the nanoparticles accumulate, they will penetrate into the cell
membrane and then into the cells and this leads to the breakdown of the cell wall and
cellular membranes where they connect to the thiols group of cell enzymes that role in
generation energy then lead to suppression this enzymes, When silver ions enter the
cell, they interfere with the bases of pyrimidine and purine and thus change and
denature in a molecule, then the microbial cell lysis, Where the nanoparticles bind with
the phosphothyrosine of the bacterial peptide and thus affect the transmission of signals
and then inhibit the growth of microorganisms[26].Several experiments were
conducted on laboratory mice to study the effect of silver nanoparticles on immunity,
where they examined the effect of localized silver nanoparticles on the induction of
apoptosis of inflammatory cells and the role of silver nanoparticles in the inhibition of
inflammatory cytokines by measuring mRNA expression and protein expression of IL-
12 and TNF-a, which was suppressed. The expression of these inflammatory cytokines
is significantly via silver nanoparticles[27].

Synthesis of silver nanoparticles

The knowing of the silver nanomaterials making processes is significant due to
an overall achievement and field of utilize perspective. The major trouble in making
the silver nanoparticles is the control of their physical features like obtaining uniform
particle size distribution, similar shape, morphology, nanoparticle coating or stabilizing
factor, chemical composition or type and crystal structure. The processes can be
categorized that they follow public patterns and the differences like reactants and the
reaction conditions. Top-down versus bottom-up, green versus no green, and traditional
versus nontraditional synthesis methods have been notified. The traditional synthesis
methods contain the use of citrate, borohydride, two-phase systems (water-
organic),organic reducers like cyclodextrin, and micelles and/or polymer in the making
process. The untraditionalprocessesconsist laser ablation, radio catalysis, vacuum
evaporation of metal, irradiation, photolithography, electrodeposition and the electro
condensation[28].

Top-down and bottom-up are the two synthesis patterns of metallic nanoparticles
involving chemical, physical, and biological means. The common fabrication of the
nanoparticles includes chemical and physical processes. The top-down patternutilizes
macroscopic initial structures, which can be externally controlled in the processing of
nanostructures. The nanoparticles made by mechanical mashing of bulk metals and
moreover of colloidal protecting factors are some examples of the top-down method.
The bottom-up patterns consist the miniaturization of materials compounds with further
self-assembly process. The lowering of metals, electrochemical processes, and
decomposition are the examples of the bottom-up processes. Moreover, the making
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patterns can be classified as either green or non-green. Green synthetic systems utilize
environmentally friendly factors sugars, plant extracts, bacteria and fungi to form and
set Nano silver[28](figurel).

Methods of silver NPs synthesis
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Figure 1:Variousprocesses of silver nanoparticles and its advantages and its
shortcomings [29].

The role of nanotechnology in the treatment of bacterial infections
Excessive and incorrect use of antibiotics leads to an increase in the resistance of
microbes to those antibiotics, as they were previously sensitive to these antibiotics.
Therefore, multiple resistance strains appeared.In recent times, studies have shown the
ability of bacteria to possess the characteristic of antibiotic resistance, and this is
evidence of the development of the bacteria to multiple mechanisms that gave it the
characteristic of resistance. It may be natural, such as its possession of an outer
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membrane and its function as a barrier that reduces the passage of antibiotics into the
inside of the bacterial cell or acquired resulting from a change in the genes or the
acquisition of genes Resistant, bacteria become resistant to it[30].Substitutional
curative factors such as silver nanoparticles are suggested as a favorite factor to aid
administer and block the biofilm formation of various bacterial species. Where a
research study showed that making silver nanoparticles (AgNPs) by utilizing Myrtus
communis leaf extract as anti-biofilm formation factor, utilizing a tube process they
have determined the minimum inhibitory concentrations (MIC) value of AgNPs against
planktonic growth of P. aeruginosa thus inhibiting the growth of these bacteria by
inhibiting biofilm formation[31,32].

Previous studies showed that silver nanoparticles have high anti-bacterial
activity[33].A study showed that the silver nanoparticles were prepared using green
synthesis, It has a clear inhibitory effect on Esherichia coli and Proteus mirabilis
bacteria[34],The reason for the resistance of E.coli and P. mirabilis bacteria to
antibiotics may be due to mutations, and thus the bacteria acquiring resistance to
antibiotics or as a result of loss Penicillin Binding Proteins or slow in the permeability
of antibiotics or because of the effect on DNA gyrase enzyme , or the ability of bacteria
to produce Beta lactamase enzymes[35-37].Gram-positive bacteria are little sensitive
to Ag+ than gram-negative bacteria, the reason for this may be due to the components
of the Gram-positive bacterial cell wall from the peptidoglycan layer, which is more
dense than the Gram-negative bacterial layer of peptidoglycan, and thus the Gram-
positive bacterial cell wall is more dense and since the peptidoglycan has a negative
charge and the silver ions have a positive charge, they may stick Silver ions with
peptidoglycan are more attached to peptidoglycan's Gram-positive bacteria than the
Gram-negative bacterial[38].

Based on their results, some studies have stated that the use of silver nanoparticles
and their accumulation on the bacterial cell wall leads to inhibition of protein formation
and thus to the instability and loss of the ATP molecule[39].Figure 2 shown the silver
nanoparticles stick to the bacterial cell wall and later penetrate it, this leads to a change
in the structure of the cell membrane, increased permeability of the membrane, and thus
cell death[40]. If free radicals is formed, this is prompted membrane harm, NSPs can
emit silver ions and connect with the thiol groups of many pivotal enzymes and
phosphorus-containing bases[37], consequentlyblockseveral works in cells, such as
stop cell division and replication of DNA [41]. also, NSPs may regulate signal
transduction by altering the phosphotyrosine that relating with bacterial peptides of the
antibacterial mechanism[42].

Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative
Commons Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

111


https://extranet.issn.org/resource/issn/2312-8135
https://extranet.issn.org/resource/issn/1992-0652
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

% Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020 1
Online ISSN: 2312-8135, Print ISSN: 1992-0652

Change the structure of the Bacterium cell Modulate signal
cell membrane and increase membrane transduction
cell permeability

<
/ / Damage DNA thus prevent cell

Nanosilver particles Ribosome division and DNA replication

Figure 2: Action of Nano silver particles on bacterial cell [43].

The role of nanotechnology in the treatment of fungi infections

The high dispersal of fungal contagion, the rising in its impedance to drugs, the
limited availability of drugs used to treat fungi with minimal side effects, and an
increase in morbidity and mortality rates among people, especially in people who are
immunocompromised and those with serious diseases[44-49].

AgNps influenced various cellular goals conclusive for drug impedance and
pathogenicity in the fungal cells, new cellular targets of AgNps which include fatty
acids like oleic acid (figure 3), vital for hyphal morphogenesis of Candida[50].Silver
nanoparticles is a powerful antifungal with a wide spectrum of fungi inclusive
Aspergillus, Candida and Saccharomyces[51].
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Figure 3: Mechanism of AgNps against Candida cells.(Abbreviations: AgNps, silver
nanoparticles; ROS, reactive oxygen species).

The role of nanotechnology in the treatment of viral infections

Viral contagion leads to negative effects not only on health, but also on social and
economic development[52], as well as the development of viruses and their resistance
to drugs impedes the elimination of viral contagion[53], especially in people with
HIV[54-57], influenza virus[58],respiratory syncytial virus[59], herpes simplex virus
type 1[60], and monkeypox virus[61] , and thus high mortality rates in addition to
additional costs for medicines, and this constitutes a burden on public health
systems[62].Ag0 (atomic) and Ag (ionic) it is released , whilst silver salts release Ag
only this lead to NSPs have higher drug effective against viruses efficiency than silver
ions[63].

The anti-HIV action of Nano silver particles is located on the suppression of the
primary phases of the HIV-1 cycle.47 NSPs can linked to glycoprotein (gp)120, thus
block cluster of differentiation (CD) 4-dependent committing, incorporation, and
infection. The role of NPs is an effective virucidal factor to prevent HIV-1 cell-free
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and cell-related infection[64].NSPs could be investigated to be a broad-spectrum factor
versus a types of viruses and are not lead to evolving impedance. the tannic acid
changed AgNPs have the capacity to stop HSV-2 infection by direct suppression of
virus connection, permeation and next-infection prevalence(figure 4), and considered
a good candidates for effective anti-HSV-2 at lower concentrations and creation of an
anti-inflammatory response[65].

Schematic representation «— tannic acid
of a tannic-acid modified AgNP

13 nm 33 nm 46 nm tannic acid
Viral spike:
/ 10-25 nm

T

Virus receptor(s) Host cell membrane

Figure 4 : Connection between tannic acid changed AgNPs or tannic acid and HSV-2
virion.

Silver nanoparticles have mostly perfect features, as they have a great surface
from which these ions can be freed. Lab trials have shown that they are active opposite
to specific kinds of corona virus family. Researchers are presently examining whether
this applies to the creator of the disease COVID-19 and are looking into the utilize of
surface coverings with silver nanoparticles in hospitals and public sites. The pandemic
of COVID-19 is circulating incorrect due to the loss of active antiviral means. Silver
nanoparticles (AgNP) have been studied to have antiviral features and are assumed to
prevent SARS-CoV-2. A number of studies have estimated the antiviral influence of
AgNPs .It was observed that particles of diameter around 10 nm were influence in
preventing extracellular SARS-CoV-2 at concentrations ranging between 1 and 10 ppm
while cytotoxic effect was observed at concentrations of 20 ppm and above. Luciferase-
based pseudo virus entry assay revealed that AgNPs potently inhibited viral entry step
via disrupting viral integrity. These studies suggest that AgNPs are very strong
microbicides against to SARS-CoV-2 but should be utilized with warning lead to their
cytotoxic effects and their powerful to disrupt environmental ecosystems when
incorrectly organized[66].
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The role of nanotechnology in the treatment of algae

Algae are anextremelyvarious group of mostly photosynthetic microorganisms.
Watery ecosystems are the generality well-known algae environment. algae also
colonize terrestrial habitats with extreme environments. this terrestrial species are
known as aerophytes algae [67,68].Through many physiological and biochemical
methods aerial algae produce chemical components that corrode building substrates and
give them to infiltrate further into thematerial[69-71]. Apatococcus lobatus is one
species of aerial algae are an significant biological agentleading to biodegradation of
facade buildings. silver nanoparticles (AgNP) manufactured with specifications
participating to the effecting and toxicity especially that it has a spherical shape and has
a small size on the most repeatedly, which includes green algae in aerial biofilms, that
considered as biodegradation factor. alters in the chloroplasts shape and the
photosynthetic activity of the cells under AgNP submission. This leading to loss in the
photosynthetic activity of cells and suppression of aerial algae growth[72](figure 5).
The AgNP leaded a remarkable lower in the photosynthetic activity of the aerophytes
algal cells. It is extremely possible that this suppression was concerned to a altering the
maximum quantum produce for first photochemistry and electron transport activity[73].

In order for drugs established on silver nanoparticles to be used in the therapy of
diseases, clinical tests and more future research must be conducted and what are the
best physical and chemical methods for manufacturing silver particles, and do
microorganisms show resistance to the treatment used in silver nanoparticles and is
there a cellular or genetic toxicity. Nevertheless, research conducted so far has
suggested that silver nanoparticles can be designed to have antimicrobial activity,
stability and decrease stress side effects.
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Figure 5:Morphological alters in chloroplast of Apatococcus lobatus after addition
AgNP(A-B)Controlcellswithaproperlyformedchloroplast;(C-
G)followingstagesofchloroplastdeclination; (H-1)defunct cells without
chloroplast[71].

Conflict of Interests.
There are non-conflicts of interest .

References

[1] Korbekandi H, Iravani S. Silver nanoparticles, the delivery of nanoparticles. In:
Hashim Abbass A., editor, ISBN: 978-953- 51-0615-9, InTech; 2012.

[2] Khalil KA, Fouad H, Elsarnagawy T, Almajhdi FN. Preparation and
characterization of electrospun PLGA/silver composite nanofibers for biomedical
applications. Int J.Electrochem Sci 2013;8:3483-93.

[3] Kaviya SSJ, Viswanathan B. Green synthesis of silver nanoparticles using
Polyalthia longifolia leaf extract along with D-sorbitol. J Nanotech 2011:1-5.

[4] Sadeghi B, Gholamhoseinpoor F. A study on the stability and green synthesis of
silver nanoparticles using Ziziphora tenuior (Zt) extract at room temperature.
Spectrochim Acta Part A: Mol Biomol Spectrosc 2015;134:310-5.

[5] Jia X, Ma X, Wei D, Dong J, Qian W. Direct formation of silver nanoparticles in
cuttlebone derived organic matrix for catalytic applications. Colloids Surf A,
Physicochem Eng Aspects 2008;30:234-40.

[6] Rai M, Yadav A, Gade A. Silver nanoparticles as a new generation of
antimicrobials. Biotechnol Adv 2009;27:76-83.

Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative
Commons Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

116


https://extranet.issn.org/resource/issn/2312-8135
https://extranet.issn.org/resource/issn/1992-0652
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

24 Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
5 Online ISSN: 2312-8135, Print ISSN: 1992-0652

[7] Scheller FW, Bier FF and Pfeiffer D. Biosensoren: grundlagen und anwendungen.
TM-Tech Mess 1995; 62: 213-219.

[8] Niemeyer CM and Mirkin CA. Nanobiotechnology: concepts, applications and
perspectives, vol. 1. Weinheim: John Wiley & Sons, 2004.

[9] Gopinatha V, Ali MD, Priyadarshini S, MeeraPriyadharsshini N, Thajuddinb N,
Velusamy P. Biosynthesis of silver nanoparticles from Tribulus terrestris and its
antimicrobialactivity: a novel biological approach. Colloid Surf B: Biointerface
2012;96:69-74.

[10] Wasif A, Laga S. Use of nano silver as an antimicrobial agent for cotton. AUTEX
Res J. 2009;9(1):5-13. [Google Scholar]

[11] Petica A, Gavriliu S, Lungu M, Buruntea N, Panzaru C. Colloidal silver solutions
with antimicrobial properties. Mat Sci Eng B. 2008;152(1):22-27. doi:
10.1016/j.mseb.2008.06.021. [CrossRef] [Google Scholar]

[12] Atef AH, Mogda KM, HH M. Biosynthesis of silver nanoparticles (AgNps) (a
model of metals) by Candida albicans and its antifungal activity on Some fungal
pathogens (Trichophyton mentagrophytes and Candida albicans) New York Sci
J. 2013;6(3):27-43. [Google Scholar]

[13] Kim KJ, Sung WS, Moon SK, Choi JS, Kim JG, Lee DG. Antifungal effect of
silver nanoparticles on dermatophytes.J Microbiol Biotechnol. 2008;
18(8):1482-1484. [PubMed] [Google Scholar]

[14] De Oliveira MP, Garcion E, Venisse N, et al. Tissue distribution of indinavir
administered as solid lipid nanocapsule formulation in mdrla (+/+) and mdrla
(—/—) CF-1 mice. Pharm Res.2005; 22: 1898-1905.

[15] Duan L, YanY, Liu J, et al. Target delivery ofsmall interfering RNAs with vitamin
E-couplednanoparticles for treating hepatitis C. Sci Rep,2016; 6: 24867.

[16] Adesina SK and Akala EO. Nanotechnologyapproaches for the delivery of
exogenous siRNAfor HIV therapy. Mol Pharm 2015; 12: 4175-4187.

[17] Chen BM, Su YC, Chang CJ, et al.Measurement of pre-existing 1gG and IgM
antibodies against polyethylene glycol inhealthy individuals. Anal Chem 2016;
88:10661-10666.

[18] TiandiHuang,MinghaoSuiXinYanXuanZhangZhenYuan.Anti-algae efficacy of
silver nanoparticles to Microcystis aeruginosa: Influence of NOM, divalent
cations, and pH. Volume 509, 20 November 2016, Pages 492-503.
https://doi.org/10.1016/j.colsurfa.2016.09.009

[19] Ankanna S, Prasad TNVKYV, Elumalai EK, Savithramma N. Production of
biogenic silver nanoparticles using Boswelliao valifoliolata stem bark. Dig J
Nanomater Biostruct.2010;5:369—72.

[20] Klueh U, Wagner V, Kelly S, Johnson A, Bryers JD. Efficacy of silver-coated
fabric to prevent bacterial colonization and subsequent device-based biofilm
formation. J Biomed Mater Res Part B: Appl Biomater 2000;53:621-31.

[21] Yakabe Y, Sano T, Ushio H, Yasunaga T. Kinetic studies of the interaction
between silver ion and deoxyribonucleic acid. Chem Lett 1980;4:373-6.

[22] Sondi I, Sondi BS. Silver nanoparticles as antimicrobial agent: a case study on E.
coli as a model for gram negative bacteria. J Colloid Interface Sci
2004;275(1):177-82.

Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative
Commons Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

117


https://extranet.issn.org/resource/issn/2312-8135
https://extranet.issn.org/resource/issn/1992-0652
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
https://scholar.google.com/scholar_lookup?journal=AUTEX+Res+J&title=Use+of+nano+silver+as+an+antimicrobial+agent+for+cotton&author=A+Wasif&author=S+Laga&volume=9&issue=1&publication_year=2009&pages=5-13&
https://dx.doi.org/10.1016%2Fj.mseb.2008.06.021
https://scholar.google.com/scholar_lookup?journal=Mat+Sci+Eng+B&title=Colloidal+silver+solutions+with+antimicrobial+properties&author=A+Petica&author=S+Gavriliu&author=M+Lungu&author=N+Buruntea&author=C+Panzaru&volume=152&issue=1&publication_year=2008&pages=22-27&doi=10.1016/j.mseb.2008.06.021&
https://scholar.google.com/scholar_lookup?journal=New+York+Sci+J&title=Biosynthesis+of+silver+nanoparticles+(AgNps)+(a+model+of+metals)+by+Candida+albicans+and+its+antifungal+activity+on+Some+fungal+pathogens+(Trichophyton+mentagrophytes+and+Candida+albicans)&author=AH+Atef+&author=KM+Mogda&author=M+HH&volume=6&issue=3&publication_year=2013&pages=27-43&
https://www.ncbi.nlm.nih.gov/pubmed/18756112
https://scholar.google.com/scholar_lookup?journal=J+Microbiol+Biotechnol&title=Antifungal+effect+of+silver+nanoparticles+on+dermatophytes&author=KJ+Kim&author=WS+Sung&author=SK+Moon&author=JS+Choi&author=JG+Kim&volume=18&issue=8&publication_year=2008&pages=1482-1484&pmid=18756112&
https://www.sciencedirect.com/science/article/abs/pii/S092777571630749X?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S092777571630749X?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S092777571630749X?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S092777571630749X?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S092777571630749X?via%3Dihub#!
https://doi.org/10.1016/j.colsurfa.2016.09.009

24 Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
5 Online ISSN: 2312-8135, Print ISSN: 1992-0652

[23] Cao YW, Jin R, Mirkin CA. DNA-modified core-shell Ag/Au .nanoparticles. J
Am Chem Soc 2001;123:7961-2.

[24] Wright JB, Lam K, Hanson D, Burrell RE. Efficacy of topical silver against fungal
burn wound pathogens. Am J Infect Control 1999;27(4):344-50.

[25] Matthew Eby D, Schaeublin Nicole M, Farrington Karen E, Hussain Saber M,
Johnson GR. Lysozyme catalyzes the formation of antimicrobial silver
nanoparticles. ACS Nano0.2009;3(4):984-94.

[26] Shakeel Ahmed, Mudasir Ahmad, Babu Lal Swami, Saiga Ikram. A review on
plants extract mediated synthesis of silver nanoparticles for antimicrobial
applications: A green expertise. Journal of Advanced Research (2016) 7, 17-28.

[27] Bhol, K. C. & Schechter, P. J. (2005). Topical nanocrystalline silver cream
suppresses inflammatory cytokines and induces apoptosis of inflammatory cells
in a murine model of allergic contact dermatitis. Br J Dermatol, 152, (6), 1235-
1242.

[28] Remziye Giizel and Gilbahar Erdal. Synthesis of Silver Nanoparticles. Open
access peer-reviewed chapter.July 18th 2018. DOI: 10.5772/intechopen.75363

[29]Iravani S, Korbekandi H, Mirmohammadi S, Zolfaghari B (2014) Synthesis
of silver nanoparticles: chemical, physical and biological methods. Research in
pharmaceutical sciences 9: 385.

[30] K .Todar. (2002).Pseudomonas aeruginosa .J. of Bacterial, 22 (6): 330-355

[31] Huda Abbas Mohammed M. AL-Jaryawi, Ayaid Khadem Zgair.The Effect of
Silver Nanoparticles on Biofilm Formation in Environmental Isolates of
Pseudomonas Aeruginosa.Indian Journal of Public Health Research &
Development, April 2020, Vol. 11, No. 04.

[32] Huda Abbas Mohammed M. AL-Jaryawi, Ayaid Khadem Zgair.lsolation and
Identification Pseudomonas Aeruginosa from Clinical Samples and Irrigation
Water: Susceptibility to Common Antibiotics.Indian Journal of Public Health
Research & Development, April 2020, Vol. 11, No. 04.

[33] S. Saha ; D. Chattopadhyay and K. Acharya,.(2011).Preperation of silver
nanoparticlesby bio-reduction using Nigrospora oryzae culture filtrate and its
antimicrobialactivity.Digest Journal of nanomatirials and
biostructures,6(4):1526-1535.

[34] Hussain A.Abod1, kalil I.Bander , Salah S. Zain-Al-Abddeen. The effect of silver
nanoparticles prepared usingAspergillus niger in some pathogenic
bacteria.Kirkuk University Journal /Scientific Studies (KUJSS).Volume 12, Issue
1, January 2017.1SSN 1992 — 0849

[35] H .Hanaki . (2004).Epidemiology and clinical effect against beta-lactam
antibioticinduce .J. Antibiotic, 78 (8): 204-216.

[36] A.C.Fluit; M.R .Visser ; and F.J. Schmitz . (2001).Molecular detection of
antimicrobialresistance .Clinical Microbiology Reviews.Oct.836-871

[37] W .Zimmermann and A . Rosselet . (1977) function of the outer membrane of
Escherichia colli as a permeability barrier to beta-lactam antibiotic |,
Antimicrobial agents and chemotherapy : 12 (3).368-372.

Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative
Commons Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

118


https://extranet.issn.org/resource/issn/2312-8135
https://extranet.issn.org/resource/issn/1992-0652
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

24 Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
5 Online ISSN: 2312-8135, Print ISSN: 1992-0652

[38] Ankanna S, Prasad TNVKYV, Elumalai EK, Savithramma N. Production of
biogenic silver nanoparticles using Boswelliao valifoliolata stem bark. Dig J
Nanomater Biostruct 2010;5:369-72.

[39] Park J, Lim DH, Lim HJ, Kwon T, Choi JS, Jeong S, et al. Size dependent
macrophage responses and toxicological effects of Ag nanoparticles. Chem
Commun 2011;47:4382-4.

[40] Sondi I, Salopek-Sondi B. Silver nanoparticles as antimicrobial agent: a case study
on E. coli as a model for Gram-negative bacteria. J Colloid Interface Sci.
2004;275(1):177-182.

[41] Kim JS, Kuk E, Yu KN, et al. Antimicrobial effects of silver
nanoparticles. Nanomedicine. 2007;3(1):95-101.

[42] Matsumura Y, Yoshikata K, Kunisaki S, Tsuchido T. Mode of bactericidal action
of silver zeolite and its comparison with that of silver nitrate. Appl Environ
Microbiol. 2003;69(7):4278-4281.

[43] Ge L, Li Q, Wang M, Ouyang J, Li X, Xing MMQ.Nanosilver particles in medical
applications: synthesis, performance, and toxicity. International Journal of
Nanomedicine.2014 Volume 2014:9(1) Pages 2399—
2407.DOI https://doi.org/10.2147/1JN.S55015

[44] Kanafani ZA, Perfect JR. Resistance to antifungal agents: mechanisms and clinical
impact. Clin Infect Dis. 2008;46(1):120-128.

[45] Sardi JCO, Scorzoni L, Bernardi T, Fusco-Almeida AM, Mendes Giannini MJS.
Candida species: current epidemiology, pathogenicity, biofilm formation, natural
antifungal products and new therapeutic options. J Med Microbiol.
2013;62(1):10-24.

[46] Orasch C, Marchetti O, Garbino J, et al. Candida species distribution and
antifungal susceptibility testing according to European Committee on
Antimicrobial Susceptibility Testing and new vs. old Clinical and Laboratory
Standards Institute clinical breakpoints: a 6-year prospective candidaemia survey
from the fungal infection network of Switzerland. Clin Microbiol Infect.
2014;20(7):698-705.

[47] Perlin DS. Echinocandin resistance in Candida. Clin Infect Dis. 2015; 61(Suppl
6):5612-S617.

[48] Prasad T, Sethumadhavan S, Fatima Z. Altered ergosterol biosynthetic pathway —
an alternate multidrug resistance mechanism independent of drug efflux pump in
human pathogenic fungi C. albicans. In: MéndezVilas A, editor. Science Against
Microbial Pathogens: Communicating Current Research and Technological
Advances. Spain: Formatex Research Center; 2011:757-768.

[49] Hirakawa MP, Martinez DA, Sakthikumar S, et al. Genetic and phenotypic intra-
species variation in Candida albicans. Genome Res. 2015; 25(3):413-425.

[50] Radhakrishnan VS, Reddy Mudiam MK, Kumar M, Dwivedi SP, Singh SP, Prasad
T Silver nanoparticles induced alterations in multiple cellular targets, which are
critical for drug susceptibilities and pathogenicity in fungal pathogen (Candida
albicans)VVolume 2018:13 Pages 2647—2663DO0OI https://doi.org/
10.2147/1JN.S150648

Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative
Commons Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

119


https://extranet.issn.org/resource/issn/2312-8135
https://extranet.issn.org/resource/issn/1992-0652
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
https://orcid.org/0000-0002-9156-4420
https://doi.org/10.2147/IJN.S55015
https://doi.org/%2010.2147/IJN.S150648
https://doi.org/%2010.2147/IJN.S150648

= Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

[51] Yu H, Chen M, Rice PM, Wang SX, White RL, Sun S. Dumbbell-like bifunctional
Au-Fe304 nanoparticles. Nano Lett 2005;5(2):379-82.

[52] Qasim M, Lim D-J, Park H, et al. Nanotechnology for diagnosis and treatment of
infectious diseases. J Nanosci Nanotechnol 2014; 14: 7374-7387.

[53] Mehendale R, Joshi M and Patravale VB. Nanomedicines for treatment of viral
diseases.Crit Rev Ther Drug Carrier Syst 2013; 30:1-49.

[54] Little SJ, Holte S, Routy J-P, et al. Antiretroviral-drug resistance among patients
recently infected with HIV. N Engl J Med 2002; 347: 385-394.

[55] Shafer R, Rhee S-Y, Pillay D, et al. HIV-1 protease and reverse transcriptase
mutations fordrug resistance surveillance. AIDS 2007; 21: 215-223.

[56] Lockhat HA, Silva JR, Alves CN, et al. Binding free energy calculations of nine
FDA-approved protease inhibitors against HIV-1 subtype C I136T1 T containing
100 amino acids per monomer. Chem Biol Drug Des 2016; 87: 487-498.

[57] Maseko SB, Natarajan S, Sharma V, et al. Purification and characterization of
naturallyoccurring HIV-1 (South African subtype C) protease mutants from
inclusion bodies. ProteinExpr Purif 2016; 122: 90-96.

[58] Hayden F. Developing new antiviral agents forinfluenza treatment: what does the
future hold?Clin Infect Dis 2009; 48: S3-S13.

Al

Dhea G 13 05 S colalall alaal Jae JIEYs dsuiglly Aulal) Y laall (8 dacadl) Gl Clasall aadiud
IR Jalpe€ 03105 Cum g yKoall Jands 8 Anadl] Ay il Slasuall 30US 380 Sl il L Lg3eliSs A5)lhe leana
Bl leaiat 5l Lans ALY Ay Sl L) 05 a8 A Al o ASbaS Gyl sans L5l Al Cilaps piias
Aals ey Al Aivas danslon

gyl byl Ly ill llndie Uy 5o (38 o gaindt 35k s Ay gilil) cilasusal) (afload Y Lo cianlyall oda
Lallakally

conslsiSE il A Anlall Caliad) 5olS gl Culal) il A i) dcadl) Cilasa 1A cilalsl)

Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative
Commons Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

120


https://extranet.issn.org/resource/issn/2312-8135
https://extranet.issn.org/resource/issn/1992-0652
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

