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ABSTRACT
Silver nanoparticles (AgNPs) are extensively used in most of the consumer products. To study the genotoxic effects of AgNP to human peripheral
blood lymphocytes at lower concentrations is the objecqtive of the present study. We studied the genotoxic effect by lymphocyte proliferation assay
and hemolysis assay. Metal ion analysis was also done to check the uptake of nanoparticles in the cell pellet of human peripheral blood cells to
ensure the generation of ROS, a possible mechanism by which the DNA damage could happen. The results indicate that the aberrant cell damage for
the exposure period of 24hrs was found to be 0, 8 and 24% for 5, 15 and 25μg/mL of AgNPs respectively. Interestingly, cytotoxicity studies on
erythrocytes also reveal the toxic effect of silver nanoparticles with membrane damage of the lipo-polysaccharide layer through haemolysis assay.
Here we report that AgNPs exhibit geno-toxicity in human peripheral blood lymphocytes through the fragmentation of DNA and other chromosomal
aberrations. Ag+ ion and AgNP concentration were analysed at 15μg/mL of AgNP by Atomic absorption spectroscopy (AAS) and was estimated to be
0.725±0.02 μg/mL and 1.859±0.03 μg/mL in culture medium and cell pellet respectively. Taken together, silver nanoparticles are found to be
cytotoxic and genotoxic even at a lower concentration such as 1.8μg/mL.
Keywords: Silver nanoparticles, Silver ions, Genotoxicity, Human peripheral blood lymphocytes, Chromosomal aberrations, DNA damage,
Haemolysis

INTRODUCTION
Nano-geno-toxicology is an emerging field in which there are only
few studies so far conducted [1, 2]. There is a rapid development
in the field of nanotechnology and it has resulted in a vast array of
nanoparticles with varying size, shape, surface charge chemistry,
coating and solubility behaviour. Nanoparticles are defined as
particles less than 100 nm in one dimension at atomic, molecular
and macromolecular scales [3, 4]. The nanoparticle differs from its
own bulk form in its physical properties [5, 6] and more toxic than
its bulk form [7, 8]. Silver was the second most referenced (25
products) in various medical and general products due to its
antibacterial properties followed by silica (14), titanium dioxide
(8), zinc oxide (8), and cerium oxide (1). [9]. Silver nanoparticles
have been well studied of its antimicrobial properties and used
increasingly in many consumer products such as deodorants,
clothing materials, bandages, cleaning solutions, sprays,
biosensors, antimicrobial agents, cosmetics, therapeutic agents,
biomaterials, house-hold products [10,11,12,13]. Over usage of
silver nanoparticles on the other hand, also had created negative
impact to human and non-human biota [14]. 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 human health. Thus,
genotoxic effects are intimately related to the incidence of cancer
and other health effects, such as infertility, aging, atherosclerosis
and the occurrence of genetic disorders in subsequent
generations, when germ cells have been affected. For all these
reasons, extensive studies on the genotoxicity of nanomaterials
are absolutely necessary [2]. Nanotechnology has its own
exceptional therapeutic and pharmaceutical properties [15, 16].
The published research on environmental risk assessments and
toxicological profile of nanoparticles as such is therefore very
limited [17].
Silver nanoparticles (AgNPs) are also highly toxic to mammalian
cells even in its bulk form and extremely toxic to bacteria, fungi,
algae, fish, and certain plants etc. The toxicity of a metal nanoparticle
is influenced by several factors like solubility, binding specificity to a
biological site, etc. Many reports have been published on the fact
that silver nanoparticles are toxic to human cells which has clarified
the properties required for polymers that resist bacterial
colonisation for use in medical devices. The increase in antibioticresistant microorganisms has prompted interest in the use of silver

as an antimicrobial agent [18, 19]. Jeong and co-workers have
identified potential harmful effects of silver nanoparticles (Ag NPs)
on human health and a comprehensive toxicity assay was conducted
on human Jurkat T cells, using oxidative stress-related endpoints
[20]. Sathya and co-workers have reported on structural and
numerical chromosomal alterations induced by metal and metal
oxide nanoparticles performed on in vitro chromosomal and
bacterial assays [21].
As a preliminary evaluation of toxicity of nanoparticles, in the
present study we investigated the genotoxicity of silver
nanoparticles at a very lower concentration to human peripheral
blood lymphocyte cultures and the chromosome analysis was done
at the metaphase stage to check for the DNA damage and aberration.
The effects of metal ion (Ag+) leaching on DNA damage and
chromosomal aberrations were further identified to ensure the
generation of ROS which could be the underlying mechanism of
action of DNA damage.
MATERIALS AND METHODS
Chemicals
99.5% trace metals basis silver nanoparticles (CAS Number: 744022-4) diameter of approximately <100 nm (primary size) was
obtained from Sigma Aldrich, USA. The physical characterization of
AgNPs: surface area 5.0 m2g-1, density 10.49 g/cm3. RPMI-1640
medium, Fetal bovine serum (FBS), Penicillin and Streptomycin
were purchased from GIBCO. Phyto-heamagglutinin (PHA),
colchicine, Hypotonic solution (KCl), Fixative (Methanol: Acetic acid:
3:1) were of analytical grade. All other chemicals used were of the
highest purity available from commercial sources.
Nanoparticle characterization
AgNPs were dispersed in deionised water (Milli-Q) by means of
using ultrasonic vibrations at 40% amplitude (Sonics, Vibracell
130W, 20 kHz, USA) for 5-10 minutes to get three different
concentrations of 5, 15, 25μg/ml. These concentrations were
determined from the literature survey as 25μg/ml was reported as
toxic by Asharani et al, 2009 [23]. AgNP solutions were
characterized (200 – 700 nm) using UV-Vis spectrophotometer for
its
plasmon
resonance
peak
(UV-Vis
Doublebeam
spectrophotometer, Systronics 2201, India). Dynamic Light
Scattering measurements were done for the particle size
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distribution (90Plus Particle Size Analyzer, Brookhaven Instruments
Corporation, Holtsville, NY, USA).

To it, 2 m1 of 1% nitric acid was added and the released ions were
measured using AAS (Varian, AA-240).

Toxicity studies

Haemolysis assay

Lymphocyte culture

Erythrocyte suspension were washed thrice by iso-osmotic PBS (pH
7.4) and then diluted in washing solution at the concentration 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 measuring the absorbance of the
supernatant at 540 nm, after centrifuged. The absorbance of the
control group was used as the blank as previously reported. [28].

Chromosome spreads were made from PHA stimulated human
peripheral blood lymphocytes.
Culture medium
RPMI-1640 supplemented with Fetal Bovine Serum (10% v/v), 1mM
glutamine and 2mM NaHCO3 was used for the culture of whole blood
cells. PHA served as the mitogen for stimulating the lymphocytes to
enter into mitosis.
Source of blood
Venous blood was drawn from six (n=6) healthy volunteers with
informed consent (age 21-25) in vacutainers. It was stored at 4°C
until brought to lab.
Culture setup
The lymphocytes cultures were set up by adding 0.5 mL of
heparinized whole blood to 4.5mL of RPMI-1640 with glutamine
supplemented with 10% FBS, 100 UI/mL Penicillin G and 100 μg/mL
streptomycin, 1% (v/v) of L-glutamine and 1% (v/v) heparin.
Lymphocytes were stimulated with 1.5% (v/v) phytohaemagglutinin
(PHA). Experiments were performed in triplicates were for each
individual concentration and exposure time, and incubated at 37°C
in a chamber containing 5% CO2. The lymphocyte cultures were
exposed to AgNPs (5, 15, 25μg/mL) and incubated for 24h. At 67th hr
of incubation period, the dividing cells were arrested at a stable
metaphase stage by adding 0.025µg/mL colchicine solution to each
culture vials. 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 10mins and
washed twice with RPMI 1640 with l-glutamine, supplemented with
2% (v/v) FCS. The supernatant was aspirated, after 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 [21, 22].
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 gently placing a drop of the cell
suspension on a cleaned 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.
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.

RESULTS
UV-Vis Spectrophotometry
AgNPs exhibit optical properties due of their surface plasmon
resonance (SPR) which depends upon shape, size and size
distribution of the nanoparticles. The maximum wavelength was at
422.1 nm. (Fig. 1)

Fig. 1: It shows UV Vis spectrum of silver nanoparticles
(5μg/mL)
Dynamic Light Scattering
The effective diameter was found to be 46 nm by dynamic light
scattering method in deionised water. (Fig. 2)
Toxicity studies
Chromosomal aberrations
The metaphase spreads shown in Fig.3A was the control sample, in
which no AgNP was added which resulted in a clean metaphase
spread. 5µg/ml of AgNP treated cell showed no appearance of
aberrations on 24 hr and 48 hr exposure. The AgNP uptake is less
and the metaphase chromosomes were normal. The aberrant cell
percentage was zero. 15µg/ml of AgNP treated cell showed tri-radial
chromosomes, a morphological alteration on 24 hr exposure (Fig
3B).

Scoring and microphotography
A minimum 50 good metaphase spreads were analysed in each
sample for each concentration. Scoring of chromosomal aberrations
including tri-radial and chromosomal beaks and gaps were carried
out in well spread and stained cells was observed under oil
immersion objective lens (100X) of the light microscope (Olympus,
CX 31, USA). The selected metaphase spreads were photographed
using Cytovision software.
Metal ion analysis
When AgNPs are dispersed in cell culture medium, the chances of
metal ions getting released into medium are high. Briefly,
centrifugation was done at 12,000 rpm for 10 minutes, the clear
supernatant was filtered through 0.22µm (Anapore) membrane disc.

Fig. 2: It shows Particle size distribution of silver nanoparticles
in deionized water
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Fig. 3: It shows Metaphase chromosomal aberrations at different concentrations of silver nanoparticles. A – Healthy individual with no
aberration (control), B- Metaphase spread with arrow mark indicates tri radial chromosome in 15 μg/mL of AgNPs, C- Metaphase spread
showing breaks, gaps and fragments (25μg/mL)

Table 1: It shows Effect of AgNPs on human chromosomes
Ag NP
(mg/L)
5
15
25

Metaphases
analysed
50
50
50

Chromosome number
Mean ± SE
46±0
46±0
46±0

Fragments

Breaks

Gaps

Tri-radials

Aberrant Cell Damage (%)

0
0
0

0
0
5

0
0
7

0
4
0

0
8
24

The AgNP uptake has occurred and survival of the cells from
nanoparticle mediated damage depends on their ability to expel the
nanoparticles from the inside of the cell environment. The aberrant
cell percentage was found to be 8%. 25µg/ml of AgNP treated cell
showed gaps and breaks on 24 hr exposure resulting in aberrant cell
damage of 24% (Table 1).

Concentration of
AgNP
added (μg/ml)
25
15
5

Six healthy individual samples were analyzed for 50 metaphases per
concentration. Percentage of aberrant cells was expressed as
number of cells which showed aberrations/number of metaphases
analysed × 100.

Haemolysis assay

Exclusion of AgNPs followed a slow and time dependant pattern.
Though the cells were able to remove nanoparticles efficiently, the
nanoparticle concentrations in cells were well within detectable
limits of Ag concentration even after 48 hours of recovery, chances
of a continuous and prolonged AgNPs mediated stress. A minimum
of 50 metaphases per sample was scored for the chromosome
analysis.

Total ion concentration (μg/ml)Mean±S.E.
In medium (RPMIIn cell pellet
1640)
1.166±0.02
3.169±0.16
0.725±0.02
1.859±0.03
0.211±0.01
0.605±0.01

Erythrocytes were incubated along with silver nanoparticles and the
resulted ghost cells were seen through microscope (data not
shown). 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 peroxidation. Ghost
cells resulted from the breakage of erythrocyte membrane exposed
to AgNPs. Another result of the breakage was haemolysis, which
happened when the content escaped from the inner to the outer of
erythrocyte [24, 25].

Metal ion analysis
The concentration of silver (Ag ion) in cell culture medium and cell
pellet was analysed (Table 2). Despite lesser uptake of silver ions by
the blood cells, it proves to be toxic by producing chromosomal
aberrations, by the generation of ROS through mitochondrial
dysfunction, a possible mechanism for DNA damage as proposed by
AshaRani et al. [23]
Table 2: It shows Ag ion release in RPMI and cell pellet

Fig. 4: It shows Haemolysis of erythrocyte under AgNPs. The
absorbance was measured at 540 nm
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Table 3: It shows the dose dependent haemolysis was better
fitted by exponential curve fitting for AgNPs.
Trendline/ Regression
Linear
Exponential
Logarithmic
Power

Function
y = 0.043x+1.615
y=1.619e0.024x
y=0.099ln(x)+1.648
y=1.65x0.057

R2
0.957
0.960
0.834
0.842

As shown in Fig. 4, 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 (Table 3).
DISCUSSION
The present study reveals the fact that even at lower concentration
of AgNPs chances are more for its toxic effect to human cells. The
dose response shows an increase in DNA damaging effect with
higher the treatment nanoparticle concentration. The uptake of
nanoparticles inside human cell is still an unidentified area but there
are probable mechanisms being suggested 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 that, AgNPs were taken up primarily through endocytosis and diffusion. Further experiments disclosed a
concentration-dependent genotoxicity by chromosomal aberrations.
AgNPs treated cells exhibit chromosome instability and mitotic
arrest in human cells. Cell organelles show intensive toxic effects on
the mitochondrial function leading to generation of ROS, thereby
leading to oxidative stress. By the generation of ROS through
mitochondrial dysfunction which is a possible mechanism for DNA
damage has been proposed by Asharani et al. [23] 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. In eukaryotic cells, DNA
damage caused the arrests of cell cycle progression at the G 2/M
boundary, allowing cells extra time to repair damage prior to
segregation of chromosomes [26].
In vitro exposure of human peripheral blood cells to silver
nanoparticles resulted in inhibition of PHA induced proliferation at a
concentration ≥15 µg/ml. [27]. Effects on cytokine production were
already seen at non-cyto-toxic concentration of as low as 3µg/ml. In
25µg/ml, the AgNP treatment affects the cell cycle and mitotic index.
Our present work brings out the exposure of AgNPs resulted in
chromosomal abnormalities, inhibition of proliferation that AgNP
has 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 membrane-bound AgNP deformed
erythrocyte and hence decreased the repulsion among erythrocytes.
The erythrocyte membrane is composed of a lipid bi-layer primarily
with protein embedded in, which keeps the membrane in dynamic
equilibrium between fluidity and solidity. Erythrocyte is extremely
vulnerable to oxidative damage because of the high polyunsaturated fatty acid content in the membranes. AgNPs ultimately
leads to the decrease of erythrocyte survival haemolysis and
generation of ghost cells [28].
Metallothioneins are regarded as essential biomarkers in metalinduced toxicity which facilitates metal detoxification and protection
from free radicals. Ghost cells resulted from the breakage of
erythrocyte membrane when exposed to AgNPs. Due to the damage
of cell wall membrane was haemolysis, which happened when the
content escaped from the inner to the outer of erythrocyte [25, 28].
Taken together, in the present study, we also examined the toxic
effects of silver nanoparticles on human peripheral blood
lymphocytes. It is shown that the AgNPs could produce fragments
and gaps as a result of ROS generation and increased ROS levels
leading 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. Further,

karyotyping studies are to be carried out for locating the aberration
thereby using it as a “potential marker” fragment which can be
restricted and used in oncotherapy. 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 (which releases 1.8 μg/mL of Ag ions) has the potential to
cause toxicity as analyzed by a range of cyto and genotoxicity
parameters. The chromosomal 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. AgNPs are
proved to be cytotoxic and genotoxic. 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 potential, the biological applications
employing AgNPs should be given special attention for its toxicity.
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