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ABSTRACT The present study focuses on the nanoparticle interaction with human peripheral blood cells from genetic and 
ultra structure study. AgNPsgenotoxicity and cytotoxicity had been tested in human peripheral blood lym-

phocytes culture through DNA fragmentation, chromosomal aberrations and electron microscope. Also, metal ion analysis 
was done to check the uptake of nanoparticles in the cell pellet of human peripheral blood cells. AgNPs proved to be geno-
toxic in human peripheral blood lymphocytes culture through the fragmentation of DNA, chromosomal aberrations and 
metal ion analysis. Aberrant cell damage was recorded to be 0, 8 and 24% for 5, 15 and 25μg/mL of AgNPs respectively.
Significant increase and decrease in CAs and MI, respectively. Marked alterations in the ultrastructure blood cells in the form 
of:  apoptosis of leukocytes and destruction of erythrocytes membrane. Structural changes in chromosomes and chromatids 
were also recorded. AgNPs was found to be cytotoxic and genotoxic.

1.INTRODUCTION 
Nano-geno-toxicology which has an extensive scope in 
the field of nanotechnology where the toxicological ef-
fects of the nanomaterials manufactured are studied. 
There are many studies so far conducted for the assess-
ment of toxicity of various nanomaterials(1, 2). There is 
also a rapid development in the field of nanotechnology 
which resulted in a vast array of nanomaterials with vary-
ing size, shape, surface charge, chemistry, coating and 
solubility behaviour for various applications. Nanopar-
ticles which are less than 100 nm in one dimension at 
atomic, molecular and macromolecular scales differs in 
physical and chemical properties from its bulk form due 
to high surface to volume ratio and found to be a potent 
toxicant (3-  8). Silver was the second most referenced (used 
in 25 products) in various medical and general products 
due to its antibacterial properties followed by silica (9), 
titanium dioxide(8), zinc oxide(8)and cerium oxide(9) .AgNPs 
have been extensively studied for antimicrobial proper-
ties and used increasingly in many consumer products 
such as wound healing creams, deodorants, clothing 
materials, bandages, cleaning solutions, sprays, antimi-
crobial agents, catalysts, cosmetics, therapeutic agents, 
biosensors, biomaterials and house-hold products (10,11). 
Over usage of AgNPs, had created negative impact on 
human and non-human (12), in addition to the general 
toxic properties of nanomaterials, the knowledge of the 
possible interactions with DNA becomes essential, given 
the importance of the effects of genetic damage in hu-
man health(13- 15). 

Thus, genotoxic effects are intimately related to the inci-
dence of various genetic disorders like cancer and other 
health effects, such as infertility, aging, atherosclerosis and 
the occurrence of genetic disorders in subsequent genera-
tions, when germ cells have been affected. For all these rea-
sons, extensive studies on the genotoxicity of nanomateri-
als are necessary. AgNPs are found highly toxic to bacteria, 
fungi, algae, fish, certain plants, mammalian cells where the 
toxicity of a metal nanoparticle is influenced by several fac-
tors like solubility, binding specificity to a biological site, and 
their ionic release …. etc. Many reports have been published 
on the fact that AgNPs are toxic to human cells (16, 17). 

Eom and Choi, 2010 have reported on structural and nu-
merical chromosomal alterations induced by metal and metal 

oxide nanoparticles performed on in vitro chromosomal and 
bacterial assays (18).

Sathya, et. al, 2010; have identified potential harmful effects 
of AgNPs on human health and a comprehensive toxicity as-
say conducted on human Jurkat T cells, by relating oxidative 
stress endpoints (19) .

In this work we aimed to study the effect of AgNPs on human 
peripheral blood through genetic and ultra structure study. 

2. MATERIALS AND METHODS
2.1. NANOPARTICLES AND REAGENTS
99.5% trace metals basis AgNPs (CAS Number: 7440-22-
4) diameter of approximately <100nm was obtained from 
Sigma Aldrich, USA. The physical characterization of AgNPs: 
surface area 5.0 m2 /g, density 10.49 g/cm3. 

RPMI-1640 medium, Fetal bovine serum (FBS), Penicillin 
and Streptomycin were purchased from GIBCO. Phyto-hea-
magglutinin, colchicine, Hypotonic solution (KCl), Fixative 
(Methanol: Acetic acid: 3:1) were of analytical grade. All oth-
er chemicals used were of the highest purity available from 
commercial sources. 

2.2 NANOPARTICLE CHARACTERIZATION
The engineered AgNPs were suspended and dispersed in 
deionised water (Milli-Q) by means of using ultrasonic vibra-
tions at 40% amplitude (Sonics®,Vibra-cell 130W, 20 kHz, 
USA) for 5-10 minutes to get three different concentrations 
of 5, 15, 25 μg/ml. AgNP dispersions were then character-
ized (200 – 700 nm) using UV-Vis spectrophotometer for its 
plasmon resonance peak (UV-Visible Double beam spectro-
photometer, Systronics 2201, India). Dynamic Light Scatter-
ing measurements were done for the particle size distribu-
tion (90 Plus Pa  rticle Size Analyzer, Brookhaven Instruments 
Corporation, Holtsville, NY, USA). FT-IR analysis (Thermoni-
colar, Avatar-330) has been done to examine surface char-
acteristics, various chemical and conformational properties 
of AgNPs. To confirm and clarify the size and morphology 
of Ag NPs, transmission electron microscopy (TEM) charac-
terization was performed on a HITACHI H-600 transmission 
electron microscope operating at an accelerating voltage of 
100 kV. Particles were spotted onto 300 mesh holey carbon-
coated copper grids and dried prior to TEM imaging. Imag-
ing was conducted in high-resolution mode at 100 kV.
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2.3 TOXICITY STUDIES
2.3.1 Sample collection
Venous blood was drawn from ten healthy volunteers with in-
formed consent (aged 21-25, non-smoking, non-alcohol con-
suming) in heparinised vacationers. It was stored at 4°C until 
brought to laboratory. They divided into two equal groups, 
one as control group and other astested AgNPs toxicity in 
blood culture group.

2.3.2 Culture medium
RPMI-1640 supplemented with Fetal Bovine Serum (25% v/v), 
1mM glutamine and 2mM NaHCO3 was used for the culture 
of blood cells. Phyto-hemagglutinin (PHA), served as the mi-
togen for stimulating the lymphocytes to enter into mitosis.

2.3.3 Lymphocyte culture
Chromosome spreads were made from Phyto-hemagglutinin 
(PHA) stimulated human peripheral blood lymphocytes.

2.3.4 Culture Set up: Peripheral blood mononuclear cells (PB-
MCs), obtained from 10 mL blood from healthy donors, and were 
separated by Ficoll/Paque (BioWhittaker) density gradient centrif-
ugation. Then, 1 × 105 cells were placed in a  24-well round-bot-
tom plate containing 0.5 ml RPMI-1640 (Gibco BRL, Eggenstein, 
Germany) supplemented with 25% (v/v) of FBS, 1% (v/v) antibiot-
ics (final concentrations of 100 IU/mL Penicillin G and 100 IU/mL 
streptomycin). Control wells include phytohemagglutinin (PHA) 
stimulated cells (Murex; Life Technology, Karlsruhe, Germany), 
unstimulated cells. Three replicate cultures were made for each 
individual concentration and exposure time, and incubated at 
37°C in a chamber containing 5% CO2.The results are expressed 
as the mean value of at least triplicate cultures.After a 24-h and 
48-h culture period, the lymphocyte cultures were exposed to 
respective concentration of AgNPs. 5, 15, 25 μg/mL of AgNPs 
were added to respective culture tubes. This will give a 48 hr and 
24 hr exposure of the nanoparticle to the lymphocyte culture re-
spectively. At 67th hr of incubation period, the dividing cells were 
arrested at a stable metaphase stage by adding 0.025µg/mL col-
chicine solution to each well. The cultures were incubated further 
for 5 hours at 37°C. Lymphocyte cultures were then harvested at 
72 h. The cells were collected by centrifugation at 1000 rpm for 
10 mins and washed twice with RPMI-1640 with L-glutamine, sup-
plemented with 2% (v/v) FCS. The supernatant was aspirated, af-
ter gently tapping the cells containing pellet. 5ml of pre-warmed 
(37°C) hypotonic solution (0.075M KCl) was added to the tubes 
and the contents were mixed gently using a Pasteur pipette and 
incubate for 5 minutes at 37°C (20, 21). The cells were smeared 
and fixed onto slides with freshly prepared Carnoy’s fixative (3:1: 
Methanol: Glacial acetic acid) at 20°C for one hour. A test slide 
was prepared by placing 100µl of the cell suspension on a clean 
glass slide and dried immediately by using hot plate at 40°C. 
Staining was achieved with 10% (v/v) Giemsa in phosphate buffer 
pH 6.8 for 8 to 5 min. The test slides were examined under the 
microscope for cell density and metaphase spreads.
2.3.5 Preparation of Giemsa stain:
4% working solution was prepared by mixing 2ml of Giemsa 
stock solution and 2ml of 10% disodium hydrogen phosphate 
which was made up to 50ml with double distilled water. The 
test slides were stained in Giemsa solution for 5 minutes and 
washed in distilled water for 2 minutes and air dried.

2.3.6 Scoring and microphotography A 100 well spread meta-
phase from each animal were analyzed for CAs. Mitotic index 
(MI) for each group was also analyzed. The mitotic activity was 
estimated as the percentage of dividing cells to the total num-
ber of the examined cells (1000 cells per animals).A minimum 
of 50 good metaphase spreads were analysed in each sample 
for each concentration for CAs. Mitotic index (MI) was also ana-
lyzed. The mitotic activity was estimated as the percentage of 
dividing cells to the total number of the examined cells (20).
Scoring of chromosomal aberrations including stickiness 
and chromosomal breaks and gaps were carried out in well 
spread and stained cells was observed under oil immersion 
lens (100X) of the light microscope (Olympus, CX 31, USA). 
The selected metaphase spreads were photographed using 

Cytovision software.

2.4 METAL ION ANALYSIS
Centrifugation was done at 12,000 rpm for 10 minutes, the 
clear supernatant was filtered through 0.22µm (Anapore) 
membrane disc. To it, 2 ml of 1% nitric acid was added and 
the released ions were measured using AAS (Varian, AA-240) 
(22, 23).

2.5 HEMOLYSIS ASSAY
Erythrocyte suspension were washed by iso-osmotic PBS (PH 
7.4) and then diluted in washing solution at the concentra-
tion of 500µl and stored in 4°C for not more than 24 hours. 
500μl of erythrocyte suspension was interacted with AgNPs 
at the final doses (5, 15 & 25μg/ml) and incubated for 1 h at 
4°C. The erythrocyte treated with PBS (PH 7.4) was taken as 
the control. The degree of haemolysis was determined by 
a spectrophotometer through measuring the absorbance of 
the supernatant at 540 nm, after centrifuged. The absorb-
ance of the control group was used as the blank as previously 
reported(24).

2.6 ELECTRON MICROSCOPY
Heprainized two millilitres of blood were immediately centri-
fuged, plasma was discarded and two cell layers were identi-
fied. The layer of white blood cells and thrombocytes plus 
an small portion of the red blood cells layer were removed 
and fixed primarily in phosphated buffered glutaraldehide 
2% (0.1M-pH 7.4), during 12 hours at 6 ؛C. Samples were 
gently centrifuged and washed three times for 15 minutes 
in the same solution. Buffered 2% osmium tetroxide was 
used as secondary fixative during 4 hours, and subsequently 
cells were washed three times in distilled water for 15 min-
utes and left 4 hours in 1% uranyl acetate solution. Samples 
were dehydrated in ethanol (20؛100 ,؛70 ,؛60 ,؛40 ,؛ series) 
and passed through ethanol-propylene oxide, propylene 
oxide and propylene oxide-Embed812 resin. Samples were 
polimerized in fresh Embed resin, and were cut on an ultrami-
crotome (Reichert, Bensheim,Germany). Finally, the sections 
were stained with uranyl acetate (1% methanol) and Statos 
lead solution. Sections were examined with transmission 
electron microscope and images were taken with an EM digi-
tal camera system (MegaView, analysis© docu 3.2, Olympus 
Soft Imaging Systems GmbH, Münster, Germany) according 
toBozzola, and  Russell, 1999(25).

2.7 ETHICAL APPROVAL: An ethical approval for this study 
from Ethics Committee in UQU, Faculty of Medicine and all 
subjects provided written informed consent about the aim of 
the study had obtained before conduction of the study.
 
2.8 STATISTICAL ANALYSIS : Statistical analysis was per-
formed with SPSS (Version12). Statistical evaluation was per-
formed by analysis oftwo-tailed Student’s t-test or analysis of 
variance(ANOVA) following multiple comparison tests. The 
level of statistical significancewas set atP< 0.05.
 
3. RESULTS

3.1UV-Vis SpectrophotometryAgNPs exhibit optical proper-
ties due of their surface plasmon resonance (SPR) which de-
pends upon shape, size and size distribution of the nanoparti-
cles. The maximum wavelength was at 422.1 nm (Fig. 1).
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Fig 1. UV-Vis spectrum of silver nanoparticles
3.2 TEM (Transmission Electron Microscopy) Measure-
ments
The internal structure of the AgNPs was revealed in the TEM 
image and the average particle size was calculated to be 
around 50 nm (Fig. 2).

a)    

b)        

Fig. (2)  Characterization of Ag NPs. A-b  represents the 
TEM characterization of Ag NPs .TEM ×24000
 
3.3 Dynamic Light Scattering
The effective diameter was found to be 46 nm by dynamic 
light scattering method in deionised water (Fig. 3).

Fig 3. Particle size distribution of silver nanoparticles in 
deionized water

3.4 FT-IR (Fourier transform Infra Red) Spectroscopystud-
ies
The FT-IR characteristic peaks for engineered AgNPs was at 
660-682 cm-1 (Fig. 4), the other characteristic peaks, were ob-
served at 3434.98 cm-1 represents amide-I region, 2923.56 
cm-1 for aldehyde groups and at 1627.69 cm-1 which repre-
sents amide-II region.
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Fig 4. FT-IR spectrum of Silver nanoparticles
 
3.5 Toxicity studies
3.5.1 Chromosomal aberrations
The metaphase spreads shown in (Table 1) and Fig. 5Awas 
the control sample, in which no AgNP was added which 
resulted in a clean metaphase spread. At 5µg/mL of AgNP 
treated cell showed no appearance of aberrations on 24hr 
and 48hr exposure. The AgNP uptake was less and the meta-
phase chromosomes were normal. The aberrant cell percent-
age was zero. At 15µg/ml of AgNP treated cell showed tri-
radial chromosomes with morphological alteration on 48 hr 
exposure (Table 1) and (Fig. 5B). The aberrant cell percent-
age was found to be 8%. The AgNP uptake has occurred 
the cell cycle has been arrested and chromosomal aberra-
tions have been produced. At 25µg/ml of AgNP treated cell 
showed gaps and breaks on 24 hr and 48 hr exposure result-
ing in aberrant cell damage of 24% (Table 1) and (Fig. 5C). 
A minimum of 50 metaphases was scored per sample for the 
chromosome analysis.

Table 1: Effect of AgNPs on human chromosomes on 24 & 
48 hours exposure

Ag NP
(µg/
mL)

Meta-
phases
ana-
lysed

Chromo-
some 
number

Frag-
ments
24H/ 
48H

Breaks
24H/ 
48H

Gaps       
24H/ 
48H

Tri-
radials
24H/ 
48H

Aber-
rant Cell 
Damage 
(%)

Mean ± 
SE

5 50 46±0 0 0 0 0 0

15 50 46±0 0 0 0 0/ 4 8%

25 50 46±0 0 5 7 0 24%
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Ten healthy individual samples were analysed for 50 meta-
phases per concentration. Percentage of aberrant cells was 
expressed as number of cells which showed aberrations/
number of metaphases analysed × 100.

Fig 5: Metaphase chromosomal aberrations at different 
concentrations of silver nanoparticles
A – Healthy individual with no aberration (control), B- Meta-
phase spread with arrow mark indicates tri radial chromo-
some in 15 μg/mL of SNPs, C- Metaphase spread showing 
breaks, gaps and fragments (25μg/mL) 

3.6 Metal ion analysis
The concentration of silver (Ag+ ion) in cell culture medium 
and cell pellet was analysed (Table 2). 

Table 2: Ag+ ion analysis of silver nanoparticles

Concentration of silver 
nanoparticle added 
(μg/ml)

Total ion concentration (μg/ml)          
Mean± SD
In medium (RPMI-
1640) In cell pellet

25 1.166±0.02 3.169±0.16

15 0.725±0.02 1.859±0.03

5 0.211±0.01 0.605±0.01

 
3.7 Haemolysis assay
As shown in Fig. 6, haemolysis increased, sharply with the 
dose rising and the contact with plasma membrane occurs 
in haemolysis. The dose dependent haemolysis was better 
fitted by exponential curve fitting for AgNPs (Table3).

Fig 6: Haemolysis of erythrocyte under AgNPs. The ab-
sorbance was measured at 540 nm
 
Table 3: the dose dependent haemolysis was better fitted 
by exponential curve fitting for AgNPs

Trendline/ Regression Function R2

Linear y = 0.043x+1.615 0.957

Exponential y=1.619e0.024x 0.960

Logarithmic y=0.099ln(x)+1.648 0.834

Power y=1.65x0.057 0.842
 
3.4. Electron microscopic results:
Ultrastructural analyses from control group (Fig. 7): illustrated 
a normal morphological appearance of the blood cells. Neu-
trophil with typical lobed nucleus and many granules were 
also observed within the cytoplasmic space, an eosinophil 
cella with segmented nucleus, condensed chromatin and 
large amount of granules of varying morphology and elec-
tron-density with a crystalloid structure in its cytoplasm were 
easily identified, a basophil revealed irregular round nucleus 
with sparse chromatin and eccentric nucleol with heterog-
enous granules in the cytoplasm. a monocyte showed large 
indented nucleus and less electron dense cytoplasm and a 
lymphocyte revealed nuclear indentation . 

A)                            

B)
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C)    

D) 

E)

F)

Figure   7.A transmission electron micrograph from a control 
group showing A) a neutrophil showing numerous microvilli 
on its surface (m), lobulated nucleus (n) and   cytoplasmic 
granules(g) TEM  ×2000. B) An eosinophil with a cytoplasm 
filled with crystal-containing granules (arrow), dense azuro-
phil granules (arrowhead) and a segmented nucleus with 
heavily condensed chromatin,(g) TEM  ×2000. C)  A basophil 
showing round nucleus with sparse chromatin and eccentric 
with cytoplasmic granules  (g) TEM  ×2000. D) A monocyte 
showing deep indented nucleus (n) and less electron dense 
cytoplasm. E)  A lymphocyte revealed nuclear indentation (n) 
TEM  ×2000.F)  normal concave  shaped erythrocytes (n)TEM 
×4000.

In contrast the other tested AgNPs toxicity group (Fig. 8) dis-
played marked alterations in the morphology of both red and 
white blood cells as neutrophils with cytoplasmic granules 
and nuclear chromatin condensation. Vacuolated less elec-
tron dense cytoplasm was noticed in other white cells. Com-
pared with control (Fig.7), a change in the morphology of 
the red blood cells from concave to spherical was observed 
in (Fig. 8).

A)   

B)

C)                   



6  X INDIAN JOURNAL OF APPLIED RESEARCH

Volume : 4 | Issue : 6  | June 2014 | ISSN - 2249-555XReseaRch PaPeR

D)  

E)

F) 
 
Figure 8. A transmission electron micrograph from AgNPs 
toxicity group showing A) an apoptosis of neutrobhili in the 
form condensation of the cytoplasm with dilation of the en-
doplasmic reticulum (r). The nuclei show peripheral chroma-
tin condensation and rounded bodies (b) TEM ×2000 . B) an 
eosinophil with intranuclear vacuole (arrows) with vacuolated 
() less electron density cytoplasm, TEM ×2000. C) A baso-
phil showing nucleus with less electron dense granules in its 
cytoplasm (g) TEM ×2000. D) A monocyte showing peripher-
al condensation of chromatin (b) and vaculation of cytoplasm 
(c) TEM ×2000. E) A lymphocyte revealed nuclear fragmenta-
tion (n) and vaculation of cytoplasm (b) TEM ×2000.F) de-
struction of erythrocyte integrity and hemolysis (arrow head) 
TEM ×4000.

4.DISCUSSION
Silver nanoparticles are widely used as bactericidal agents 
in consumer products, but their potential effects in humans 
remain poorly understood. Silver at doses below levels that 
cause argyria or argyriosis are generally considered to be 
relatively non-toxic (12). 

Johnstonet al. 2010have hypothesized that the toxic effects 

of silver are proportional to free silver ions, but it is unclear 
how this relates to silver nanoparticles (26). 

The present study reveals that even at lower concentration 
of AgNPs, chances are available for induction of toxic effect 
on human cells. Also, an increase in DNA damage effect with 
higher AgNPsconcentration. 

Lee et al. 2013 separated the released Ag ions from the par-
ticles and measured their hepatotoxicity; they found a signifi-
cant negative correlation between liver toxicity and AgNPs 
size (27).

The uptake of nanoparticles inside human cell is still an uni-
dentified area but there are probable mechanisms being sug-
gested which sheds light to the mechanisms of toxicity as 
well as potential therapeutic application of nanoparticles. 
Attempts to identify the uptake routes of AgNPs led to the 
suggestion of: AgNPs were taken up primarily through endo-
cytosis and diffusion(28). 

Johnstonet al. 2010 suggested that AgNPs treated cells ex-
hibit chromosome instability and mitotic arrest in human cells. 
Nanoparticle treated cells appeared to be clustered with a 
few cellular extensions which could be due to disturbances 
in cytoskeletal functions as a consequence of nanoparticle 
treatment(26). When the AgNP uptake has occurred, the cell 
cycle has been arrested and chromosomal aberrations have 
been produced. In eukaryotic cells, DNA damage caused the 
arrests of cell cycle progression at the G2/M boundary, allow-
ing cells extra time to repair damage prior to segregation 
of chromosomes (29). Despite lesser uptake of silver ions by 
the blood cells, it proves to be toxic by producing chromo-
somal aberrations (21).In vitro exposure of human peripheral 
blood cells to AgNPs in this study resulted in inhibition of 
PHA(Phyto-heamagglutinin ) induced proliferation at a con-
centration ≥15 µg/ml. Effects on cytokine production were 
already seen at non-cyto-toxic concentration of as low as 3 
µg/ml. In 25µg/ml, the AgNPtreatment affects the cell cycle 
and mitotic index. This is a stable chromosomal aberration 
and AgNPs size influence the toxicity (27). 

This work brings out that: exposure of AgNPs resulted in 
chromosomal abnormalities, inhibition of proliferation that 
AgNPhas potential deleterious effect on erythrocyte in a 
dose-dependent way in vitro. The AgNPs were adsorbed to 
the erythrocyte membrane due to their high surface-volume 
ratio. Once the surface was covered by AgNP,erythrocyte 
showed a tendency to be agglutinated because the mem-
brane-bound AgNPdeformed erythrocyte and hence de-
creased the repulsion among erythrocytes. 

The erythrocyte membrane is composed of a lipid bi-layer 
primarily with protein embedded in, which keeps the mem-
brane in dynamic equilibrium between fluidity and solidity. 
Erythrocyte is extremely vulnerable to oxidative damage 
because of the high poly-unsaturated fatty acid content in 
the membranes. The high active molecule ultimately leads 
to the decrease of erythrocyte survival through induction of 
haemolysis (30).

Tiwari et al. 2011(31) assessed increased single and double 
DNA breakage in rats after intravenous injection of 40 mg 
kg-1 bw of Ag NPs. In the second in vivo study, zebrafish 
were treatedwith oral Ag NPs (5 nm to 20 nm), which resulted 
in high levels of γ-H2AX - a marker for double DNA strand 
breaks. Moreover, the exposure to AgNPs resulted in a non-
significant dose-dependent increase in hepatic p53 mRNA  
the precursor of the tumour suppressor protein and an indi-
rect DNA damage marker(32)

In the present study also, the toxic effects of AgNPs on hu-
man peripheral blood lymphocytes had been examined. It is 
shown that the AgNPs could produce fragments and gaps as 
a result of ROS generation and increased ROS levels leading 
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to DNA damage. It is yet to be elucidated whether the toxic 
effects of AgNPs are specific to any chromosome, or any type 
of nanomaterials would have similar effects on chromosomes. 

Erythrocytes are incapable to produce SOD and catalase, 
hence are vulnerable to the extraneous toxicants since the 
cell membrane may be easily damaged during lipid peroxi-
dation. Haemolysis resulted from the breakage of erythrocyte 
membrane exposed to AgNPs which happened when the 
content escaped from the inner to the outer of erythrocyte.  
Metallothioneins are regarded as essential biomarkers in 
metal-induced toxicity which facilitates metal detoxification 
and protection from free radicals (24, 26).

Examinations of TEM images reveal that AgNPs were lead to 
ultra-structural morphological changes in all types of blood 
cells in the form of cytoplasmic granules and nuclear chro-
matin condensation in white blood cells indicated cell death 
with change in the morphology and destruction of red blood 
cells membrane,this explains by Nanoparticle interactions 
with erythrocytes cause abnormal membrane proteins and 
lipids that lead to the destruction of erythrocyte integrity and 
hemolysi.Qiang  et al.2008  found that nanoparticle interac-
tions with erythrocytes cause abnormal membrane proteins 
and lipids that lead to the destruction of erythrocyte integrity 
and hemolysis(29).

Nanoparticles can usually be internalized within cancer cells as 
well as by many other primary cells. However, in this study, all 
the silvernanoformulations failed to internalize in erythrocytes 
but instead attached to the membranes of the red blood cells. 
This mainly occurs as a result of interaction between the silver 
and the protein components of the plasma membrane, caus-
ing a change in the properties of the red cell membrane(33,34). 

Further, karyotyping studies are to be carried out for locating 
the aberration thereby using it as a “potential marker” frag-
ment which can be restricted and used in onco-therapy. In 
depth studies are needed to assess the risks of AgNPs and to 
comprehend the underlying mechanisms.

CONCLUSION
This research validates that even at 15 μg/mL concentration 
of AgNPs has the potential to cause toxicity as analyzed by a 
range of cyto and genotoxicity parameters. The chromosom-
al aberrations and cell cycle arrest issues the safety related to 
AgNPs. Chromosomal aberrations are believed to be the key 
factors resulting in cell cycle arrest. Prospective application 
of AgNPs as an anti-proliferative agent could be narrowed 
by the fact that it is similarly toxic to normal cells. The mitotic 
arrest of cells at G2/M boundary can be further investigated 
on onco-therapy. Besides embracing the antimicrobial po-
tential, the biological applications employing AgNPs should 
be given special attention for its toxicity. 
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