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Nanoparticles in medicine



Silver nanoparticles in commercialized products





Silver nanoparticles

papers



SILVER NPs



There is growing attention to produce NPs using environmental friendly

method (green chemistry)

Green synthesis approaches have advantages over conventional methods

involving chemical agents associated with environmental toxicity.

AgNPs

Safe use of 
AgNPs



AgNPs synthesis

Physical method Chemical method Biological method

Ultrasonication
Irradiation

Laser ablation
Electrochemical

Microwave

Chemical reduction
Sol gel method

Inert condensation
method

Microrganisms Plants

Advantages: pure and well-defined AgNPs
Disadvantages: expensive, energy consuming, 

potentially toxic

Advantages: free of toxic
contaminants AgNPs solution

Green synthesis





Silver nanoparticles and human health

In vivo mammal
toxicity

Systematic
biodistribution and 

toxicity to different
organs including lung, 

liver, and brain of 
mice and rats

In vitro toxicity
Toxicity in mammalian

cells derived from 
skin, lung, liver, 
kidney, brain, 

vascular system and 
reproductive organs

In vivo non-mammal
toxicity

Produce developmental
and structural

malformations in 
zebrafish, drosophila

and fish



Mechanism of toxicity of AgNPs on cells





Synthesis of AgNPs
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AgNPs-G

AgNPs-GS

AgNPs-F



AgNPs-G

AgNPs-F

AgNPs-GS



Stability of AgNPs

AgNPs-G > AgNPs-GS > AgNPs-F

Very low dissolution degree in culture 
medium

The effects only depend on AgNPs

ICP-OES Ag+ measure



Toxicity: 

MTT assay

PBLs
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Toxicity: MTT assay

HeLa cells



Toxicity

AgNPs-F > AgNPs-G > AgNPs-GS

Stability of AgNPs

AgNPs-G > AgNPs-GS > AgNPs-F

Sensitivity of cells to AgNPs

HepG2 > HeLa> PBLs
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LDH assay
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PBLs

ROS production: NBT assay

PBLs HepG2



PBLsPBLs

HeLa cells

AgNPs-G uptake



Effect of AgNPs-G on cell cycle of HeLa cells: FACS analysis





6 h 12 h

18 h 24 h



Sub G1 phase

M phase



The effects of AgNPs depend on 

surface coating

dose of NPs/cell

time of treatment

cell type



AgNPs into the marine 

environment
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