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Introduction
When microorganisms such as viruses, bacteria and 

parasites enter into the body, innate immunity functions through 
phagocytes mainly macrophages as a first line of defense against 
these infectious agents and checks before they develop an overt 
infection. If these first defenses become hampered, the adaptive 
immune system mediated by lymphocytes becomes activated 
producing a specific reaction to each infectious agent for its 
eradication and further preventing by memorizing infectious 
agent to cause disease later. During infection, the serum 
concentration of C-reactive protein (CRP) becomes elevated.

This CRP, in turn, binds to C-protein of microorganisms’ 
cell wall promoting binding of complement to facilitate their 
uptake by phagocytes such as macrophages through chemo taxis 
opsonisation. The destruction of microorganisms’ cell wall in the 
phagolysosomal compartment of macrophages by proteolytic 
lysozyme facilitates an attack on the cell membrane by the 
complement system.

Interferon’s (IFNs) compose a group of proteins that are 
significant in viral infections. When host cells become infected  

 
by viruses, they may produce IFNs. Different types of cell when 
become infected, produce IFN-α or IFN-β whereas T-lymphocytes 
produced in the thymus when become activated by antigen 
release IFN-γ. These IFNs, altogether, function on uninfected 
cells to induce a state of antiviral resistance.

In cell mediated immunity, antigen-presenting cells present 
processed antigen to helper T cells, which represent central to 
the development of immune responses. These events can help B 
cells, produced in bone marrow and fetal liver, to make antibodies 
and modulate the activities against infections of varieties of 
other effectors cells, including natural killer cells, granulocytes, 
macrophages, cytotoxic T cells and antibody-dependent cytotoxic 
cells. Many of these effects become mediated by lymphokines, as 
well as cytokines, specifically macrophages, though both T and B 
cells may be influenced by suppressor T cells.

In the development of the state of diseases, micro-organisms 
proliferate in the phagolysosomes of the host macrophages 
through escaping proteolytic effect of lysozyme and suppressing 
protective host immune responses. Therefore, infectious 
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Abstract 

In spite of the advancement of medical and pharmaceutical sciences, the chemotherapy is still a major problem for delivery drugs to specific 
site of interest against various life-threatening infectious diseases. Most of the drugs having high toxicity, leads to several side effects, reducing 
the quality of life. The use of conventional microbicidal agents against the infections has associated inadequate therapeutic index, low drug 
bioavailability, development of multiple drug resistance and adverse systemic side effects. In this concern, antimicrobial silver nanoparticle has 
emerged as potent efficient agent against infection due to its ultra small controllable size as high surface area and increased reactivity with active 
functional structure. The surface ligand coating of silver nanoparticle incorporated drug as drug delivery vehicle enlightens its sustained release 
with reduced side effects when administered into the body. This review also focuses on the mechanism of action of the silver nanoparticle system 
as antimicrobial drug targeting.
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diseases, caused by intra or extra cellular infection, biofilm or 
medical device-mediated infections, have demonstrated a global 
public health hazards causing millions of deaths every year.

Though applications of antibiotics in the 20th century 
established a sensible reduction in public illness and death 
caused by the infectious microorganisms, the development 
of antimicrobial drug resistance [1] has created an emerging 
problem in public health. The development of new antibiotics 
and chemical modifications of existing antimicrobial drugs can 
not only resolve the problem of microbial resistance but also 
requires a more long term effective metallic nanotechnology in 
medicine against infectious diseases [2].

Silver nanoparticles (AgNPs) in suspension release silver 
ions [3-5] which are highly toxic to microorganisms. This 
microbicidal activity depends on the structure, dimension, 
size, concentration, ionic strength, coating, temperature, and 
time on the dissolution behavior of AgNPs [5-7]. Additionally, 
this material with surface coating can be used as a carrier for 
delivering a wide range of therapeutic components such as 
drugs, antibodies and pharmaceuticals in several biomedical 
applications [8]. Controlled release of biologically active silver 
from nanosilver can be regulated by different ligand coatings 
in preventing silver ions from releasing and increasing half-life 
in systemic circulation for passive targeting [5,7,9]. Moreover, 
surface functionalizations on this AgNP can be made by 
decorating various ligands such as sugars, proteins, peptides 
and genetic materials for active targeting which require further 
investigations on their therapeutic efficacies. Taken together, 
this review focuses that ligand coated drug incorporated AgNPs 
may be useful as potent oral therapeutic tool in reducing toxicity, 
enhancing release, improving solubility and bioavailability, 
and providing better formulation for synergistic effect against 
pathogenic microbial diseases.

Preparation of Silver Nanoparticles incorporated 
Nanodrug Conjugate

AgNPs incorporated nanodrug conjugate is prepared 
chemically by reduction of metal salt precursor i.e. 0.01M AgNO3 
with 0.01M NaBH4 reducer followed by the addition of 0.001mg 
drug and kept under stirring for 2h [10]. The homogeneous 
slurry is spun at 4000 rpm for 25min to get a pellet which is 
lyophilized and used for further investigations

Preparation of Ligand Coated Silver-Nanodrug 
Conjugate

Chitosan coated silver nanodrug conjugate is prepared by 
ionotropic gelation method. Silver nanodrug conjugate is mixed 
with 100mg chitosan and 1% acetic acid. Sodium triphosphate 
solution is then added drop wise and kept stirring for 2h. The 
obtained slurry is lyophilized and used for further studies. 
Citrate-capped AgNPs are synthesized following the method 
[11] while 5mM sodium citrate and 25µM tannic acid are added 
into the 250µM AgNO3 solution. 

The mixture is stirred continuously and refluxed until the 
solution turns to light yellow. Citrate AgNPs are purified by ultra 
filtration, washed and stored at 4 o C for future use. The other types 
of ligands such as mercaptopropionic acid, mercaptohexanoic 
acid, mercaptopropionic sulfonic acid, polyvinylpyrrolidone, 
polyethylenimine, mono, di or poly -ethylene glycol, and sugars 
are also used to coat AgNPs [12,13].

Mechanism of Action of Silver Nanoparticles
Since time immemorial, silvers are familiar for their broad 

spectrum of antimicrobial activities. The antimicrobial potential 
of AgNPs has been increased by reducing their size to less than 
10nm with modified surface dimension [14] which is useful to 
combat also multidrug resistance where multidrug resistant 
proteins and P-glycoprotein are responsible for effluxing 
drugs [15]. Various investigations have sought to establish a 
mechanism of action of AgNPs against pathogenic microbes. 
Under ambient condition, O2 molecules may chemically adsorb 
on the 111 facet of AgNP surface and oxidize the surface Ag atom 
to form Ag+ ions while O2 molecules are incompletely reduced to 
reactive oxygen species (ROS) such as 02.-, .OH.  

The released positive silver ions can bind negatively 
charged cell membrane to interfere membrane integrity [16]. 
Furthermore, the endocytosed or pinocytosed AgNPs may 
exhibit a Trojan-horse-type effect to release silver ions in the 
cytoplasm to interact with organelles e.g. mitochondria [16]. 
The intracellular Ag+ ions released from AgNPs can bind with 
thiol groups (-SH) of proteins and enzymes located on the 
cellular surface, causing cellular membrane destabilization 
and mitochondrial ATP synthesis breakdown resulting ROS 
generation that induces oxidative stress leading to irreversible 
damage to DNA replication [17-19]. Ag+ ions may also adhere to 
the membrane wall, causing holes through which they also can 
penetrate cell-inside microbes and interact with intracellular 
components as well as protein containing sulphur.

Biochemical Analysis in Blood
Several investigators studied the levels of aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT), 
the markers for hepatotoxicity, in plasma after oral exposure of 
AgNPs and demonstrated that AST and ALT levels do not increase 
despite the higher oral exposure (>500mg/kg bw) of AgNPs 
(~60nm) for 28-day except mild enhancements of alkaline 
phosphatase and cholesterol levels signifying no indication of 
acute hepatotoxicity [20-23].

Immunotoxicity Analysis
Several attempts were made to evaluate immunotoxic 

responses after oral exposure of AgNPs. Some reports 
demonstrate that not only serum levels of IgG and IgM but also 
proliferations of T-or B-cells isolated from spleen and mesenteric 
lymph nodes in response to lipopolysaccharides or concanavalin 
A were not significantly altered by the exposure of AgNPs. 
Furthermore, oral AgNPs exposure did not affect the levels of 
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cytokines in the supernatants of the stimulated T- and B-cells 
as well as the activities of natural killer cells isolated from the 
spleen. Therefore, these results suggest that nonspecific immune 
responses do not occur in vivo by the oral AgNPs administration 
[24].

Conclusion
Conventional antimicrobial therapies using antibiotics and 

other agents have raised an issue on drug resistance acquired by 
the infectious microbes in several diseases. Though it has been 
emphasized on the development of new antibiotics and chemical 
modification of existing drugs to solve the problem, metallic 
nanoparticles have emerged as new potential antimicrobial 
agents due to their ultra-small size, high surface to volume 
ratio and unique physicochemical properties stemmed from 
interactions with microorganisms including cellular uptake 
and aggregation leading to toxicity and microorganism killing 
[25]. Ligand-dependent Ag+ release with drug may offer potent 
synergistic antimicrobial activities not only for drug but also for 
AgNPs due to their short carbon chain and weak binding atom of 
oxygen. Therefore, the optimization of the surface ligands such 
as coordination atoms, carbon chain lengths and terminal groups 
is very important to prepare nanoparticles for commercial 
applications against infectious diseases.

References
1. Cohen ML (2000) Changing patterns of infectious disease. Nature 

406(6797): 762-767.

2. Ferrari M (2005) Cancer nanotechnology: opportunities and challeng-
es. Nat Rev Cancer 5(3): 161-171.

3. Bouromeester H, Poortman J, Peters RJ, Wijina E, Kramer E, et al. 
(2011) Characterization of translocation of silver nanoparticles and 
effects on whole-genome gene expression using an in vitro intestinal 
epithelium coculture model. ACS Nano 5(5): 4091-4103.

4. Loeschner K, Hadrup N, Quortrup K, Larsen A, Gao X, et al. (2011) Dis-
tribution of silver in rats following 28 days of repeated oral exposure of 
silver nanoparticles or silver acetate. Part Fibre Toxicol 8: 18.

5. Liu J, Sonstine DA, Shervani S, Hurt RH (2010) Controlled release of 
biologically active silver from nanosilver surfaces. ACS Nano 4(11): 
6903-6913.

6. Liu J, Hurt RH (2010) Ion release kinetics and particle persistence in 
aqueous nano-silver colloids. Environ Sci Technol 44(6): 2169-2175.

7. Kittler S, Greulich C, Diendorf J, Koller M, Epple M (2010) Toxicity of sil-
ver nanoparticles increases during storage because of slow dissolution 
under release of silver ions. Chem Mater 22(16): 4548-4554.

8. Kreuter J (2007) Nanoparticles-a historical perspective. Int J Pharm 
331(1): 1-10. 

9. Badawy AME, Luxton TP, Silve RG, Scheckel KG, Suidan MT, et al. (2010) 
Impact of environmental conditions (pH, ionic strength, and electro-

lyte type) on the surface charge and aggregation of silver nanoparticles 
suspensions. Environ Sci Technol 44(4): 1260-1266.

10. Kathiresan K, Nabeel MA, Srimahibala P, Asmathunisha N, Saravana-
kumar K (2010) Analysis of antimicrobial silver nanoparticles synthe-
sized by coastal strains of Escherichia coli and Aspergillus niger. Can J 
Microbiol 56(12): 1050-1059.

11. Bastus NG, Merkoci F, Piella J, Puntes V (2014) Synthesis of highly mon-
odisperse citrate-stabilized silver nanoparticles of upto 200 nm: kinet-
ic control and catalytic properties. Chem Mater 26(9): 2836-2846.

12. Levard C, Hotze EM, Lowry GV, Brown GEJr (2012) Environmental 
transformations of silver nanoparticles: impact on stability and toxici-
ty. Environ Sci Technol 46(13): 6900-6914.

13. Nel A, Xia T, Madler L, Li N (2006) Toxic potential of materials at the 
nanolevel. Science 311(5761): 622-627.

14. Chopra I (2007) The increasing use of silver-based products as 
antimicrobial agents: a useful development or a cause for concern? J 
Antimicro Chemother 59(4): 587-590.

15. Lara HH, Ayala-nunez NV, Ixtepan Turrent LDC, Rodriguez PC (2010) 
Bactericidal effect of silver nanoparticles against multidrug-resistant 
bacteria. World J Microbiol Biotechnol 26(4): 615-621.

16. Marambio-Jones C, Hoek EMV (2010) A review of the antibacterial 
effects of silver nanomaterials and potential implications for human 
health and the environment. J Nano Res 12(5):1531-1551.

17. Ivask A, Elbadawy A, Kaweeteerawat C, Boren D, Fischer H, et al. (2014) 
Toxicity mechanisms in Escherichia coli vary for silver nanoparticles 
and differ from ionic silver. ACS Nano 8(1): 374-386.

18. Zhang W, Li Y, Niu J, Chen Y (2013) Photogeneration of reactive oxygen 
species on uncoated silver, gold, nickel, and silicon nanoparticles and 
their antibacterial effects. Langmuir 29(15): 4647-4651.

19. Agnihotri S, Mukherji S, Mukherji S (2013) Immobilized silver 
nanoparticles enhance contact killing and show highest efficacy: elu-
cidation of the mechanism of bactericidal action of silver. Nanoscale 
5(16): 7328-7340.

20. Aleman CL, Mas RM, Rodeiro I, Noa M, Hemandez C, et al. (1998) Refer-
ence database of the main physiological parameters in Sprague-Daw-
ley rats from 6 to 32 months. Lab Anim 32: 457-466.

21. Petterino C, Argentino SA (2006) Clinical chemistry and haematology 
historical data in control Sprague-Dawley rats from pre-clinical toxici-
ty studies. Exp Toxicol Pathol 57(3): 213-219.

22. Kim YS, Kim JS, Cho HS, Rha DS, Kim JM, et al. (2008) Twenty-eight-
day oral toxicity, genotoxicity and gender-related tissue distribution 
of silver nanoparticles in Sprague-Dawley rats. Inhal Toxicol 20(6): 
575-583.

23. Kim YS, Song MY, Park JD, Song WS, Ryu HR, et al. (2010) Subchronic 
oral toxicity of silver nanoparticles. Part Fibre Toxicol 7:20.

24. Zande MVD, Vandebriel RJ, Doren EV, Kramer E, Rivera ZH, et al. (2012) 
Distribution, elimination, and toxicity of silver nanoparticles and silver 
ions in rats after 28-day oral exposure. ACS Nano 6(8): 7427-7442.

25. Zhou Y, Kong Y, Kundu S, Cirillo JD, Liang H (2012) Antibacterial activi-
ties of gold and silver nanoparticles against Escherichia coli and Bacil-
lus calmette-guerin. J Nanobiotechnology 10: 19.

http://dx.doi.org/10.19080/GJN.2017.03.555607
https://www.ncbi.nlm.nih.gov/pubmed/10963605
https://www.ncbi.nlm.nih.gov/pubmed/10963605
https://www.ncbi.nlm.nih.gov/pubmed/15738981
https://www.ncbi.nlm.nih.gov/pubmed/15738981
https://www.ncbi.nlm.nih.gov/pubmed/21480625
https://www.ncbi.nlm.nih.gov/pubmed/21480625
https://www.ncbi.nlm.nih.gov/pubmed/21480625
https://www.ncbi.nlm.nih.gov/pubmed/21480625
https://www.ncbi.nlm.nih.gov/pubmed/21631937
https://www.ncbi.nlm.nih.gov/pubmed/21631937
https://www.ncbi.nlm.nih.gov/pubmed/21631937
https://www.ncbi.nlm.nih.gov/pubmed/20968290
https://www.ncbi.nlm.nih.gov/pubmed/20968290
https://www.ncbi.nlm.nih.gov/pubmed/20968290
https://www.ncbi.nlm.nih.gov/pubmed/20175529
https://www.ncbi.nlm.nih.gov/pubmed/20175529
https://www.ncbi.nlm.nih.gov/pubmed/17110063
https://www.ncbi.nlm.nih.gov/pubmed/17110063
https://www.ncbi.nlm.nih.gov/pubmed/20099802
https://www.ncbi.nlm.nih.gov/pubmed/20099802
https://www.ncbi.nlm.nih.gov/pubmed/20099802
https://www.ncbi.nlm.nih.gov/pubmed/20099802
https://www.ncbi.nlm.nih.gov/pubmed/21164575
https://www.ncbi.nlm.nih.gov/pubmed/21164575
https://www.ncbi.nlm.nih.gov/pubmed/21164575
https://www.ncbi.nlm.nih.gov/pubmed/21164575
https://www.ncbi.nlm.nih.gov/pubmed/22339502
https://www.ncbi.nlm.nih.gov/pubmed/22339502
https://www.ncbi.nlm.nih.gov/pubmed/22339502
https://www.ncbi.nlm.nih.gov/pubmed/16456071
https://www.ncbi.nlm.nih.gov/pubmed/16456071
https://www.ncbi.nlm.nih.gov/pubmed/17307768
https://www.ncbi.nlm.nih.gov/pubmed/17307768
https://www.ncbi.nlm.nih.gov/pubmed/17307768
https://link.springer.com/article/10.1007/s11274-009-0211-3
https://link.springer.com/article/10.1007/s11274-009-0211-3
https://link.springer.com/article/10.1007/s11274-009-0211-3
https://www.ncbi.nlm.nih.gov/pubmed/24341736
https://www.ncbi.nlm.nih.gov/pubmed/24341736
https://www.ncbi.nlm.nih.gov/pubmed/24341736
https://www.ncbi.nlm.nih.gov/pubmed/23544954
https://www.ncbi.nlm.nih.gov/pubmed/23544954
https://www.ncbi.nlm.nih.gov/pubmed/23544954
https://www.ncbi.nlm.nih.gov/pubmed/23821237
https://www.ncbi.nlm.nih.gov/pubmed/23821237
https://www.ncbi.nlm.nih.gov/pubmed/23821237
https://www.ncbi.nlm.nih.gov/pubmed/23821237
https://www.ncbi.nlm.nih.gov/pubmed/9807760
https://www.ncbi.nlm.nih.gov/pubmed/9807760
https://www.ncbi.nlm.nih.gov/pubmed/9807760
https://www.ncbi.nlm.nih.gov/pubmed/16343876
https://www.ncbi.nlm.nih.gov/pubmed/16343876
https://www.ncbi.nlm.nih.gov/pubmed/16343876
https://www.ncbi.nlm.nih.gov/pubmed/18444010
https://www.ncbi.nlm.nih.gov/pubmed/18444010
https://www.ncbi.nlm.nih.gov/pubmed/18444010
https://www.ncbi.nlm.nih.gov/pubmed/18444010
https://www.ncbi.nlm.nih.gov/pubmed/20691052
https://www.ncbi.nlm.nih.gov/pubmed/20691052
https://www.ncbi.nlm.nih.gov/pubmed/22857815
https://www.ncbi.nlm.nih.gov/pubmed/22857815
https://www.ncbi.nlm.nih.gov/pubmed/22857815
https://www.ncbi.nlm.nih.gov/pubmed/22559747
https://www.ncbi.nlm.nih.gov/pubmed/22559747
https://www.ncbi.nlm.nih.gov/pubmed/22559747


How to cite this article: Ardhendu K M. Silver Nanoparticles as Drug Delivery Vehicle against Infections. Glob J Nano. 2017; 3(2): 555607.
DOI: 10.19080/GJN.2017.03.555607.0034

Global Journal of Nanomedicine

Your next submission with JuniperPublishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                   Track the below URL for one-step submission 
         https://juniperpublishers.com/submit-manuscript.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/GJN.2017.03.555607

http://dx.doi.org/10.19080/GJN.2017.03.555607
https://juniperpublishers.com/submit-manuscript.php
http://dx.doi.org/10.19080/GJN.2017.03.555607

	Bookmark 1
	Abstract
	Keywords
	Abbreviations
	Introduction
	Preparation of Silver Nanoparticles incorporated Nanodrug Conjugate
	Preparation of Ligand Coated Silver-Nanodrug Conjugate
	Mechanism of Action of Silver Nanoparticles

	Biochemical Analysis in Blood
	Immunotoxicity Analysis
	Conclusion
	References

