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Abstract: Gold nanoparticles have been well recognized for biomedical applications, especially cancer
therapeutics. As a preliminary step, it is necessary to investigate the genotoxicity of gold nanoparticles
under in vitro and in vivo conditions. In vitro, chromosomal aberration study results showed that gold
nanoparticles of 5 mg/ml concentration did not increase the percentage of chromosomal aberration in
human peripheral blood lymphocyte cells compared to the negative control. Gold nanoparticles were
evaluated erythrocyte micronucleus formation by in vivo micronucleus assay, and results showed no
apparent micronucleus formation in mice after 42h exposure of gold nanoparticles. Gold nanoparticles of
600 mg/kg (body weight) were non-clastogenic in swiss albino mice.
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1. Introduction

With the advancement of nanotechnology, there is a significant improvement seen in
biomedicine, engineering, catalysis, agriculture, and environmental applications. Nanomedicine
holds great promise to conquer some limitations of drug delivery mechanism such as poor oral
bioavailability, non-specific biodistribution, lack of targeting, poor aqueous solubility, and low
therapeutic index [1].

Among nanomaterials, gold nanoparticles have gained more attention due to their unique
physicochemical properties such as tunable particle size, large surface to volume ratio,
monodispersity, biocompatibility, and their applications such as diagnosis and cosmetics,
pharmaceuticals, drug delivery, tissue engineering, and therapeutics [2-5]. However, the
biomedical application of gold nanoparticles and their composites is largely limited due to their
toxicity. In recent times, green nanotechnology has marked its footprint in the field of biomedical
science.

Gold nanomaterials offer unique advantages such as lower toxicity, increased drug life
cycle, targeted drug delivery, and improved immunogenicity. Apparently, green methods involve
plant-based extracts to prepare gold nanoparticles without employing toxic chemicals or
solvents. Therefore, the gold nanoparticles prepared using these green methods are believed to
possess low toxicity, but it warrants a detailed investigation of toxicity studies beforehand.

Genotoxicity is studied by changes at the genetic level, including DNA damage and
mutations, especially structural or chromosomal changes [6-8]. Chromosome aberration assay
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identifies the agents that can cause genotoxicity and alterations in chromosomal structure in
cultured mammalian cells and are implicated in various human genetic diseases and cancers [9].

Chromosome fragments have involved the formation of micronuclei due to chromosomal
breaks caused by the clastogenic activity of the test substance. Besides, micronuclei are also
formed due to the loss of migration of chromosomes during the anaphase stage as a result of the
eugenic effects of genotoxic agents [10,11].

Several efforts were put forth to develop efficient, non-toxic carriers that can selectively
deliver the drug to the particular site of action without causing adverse effects. This study was
done in order to determine the genotoxic potential of gold nanoparticles through in vitro
chromosomal aberration and in vivo micronucleus assay.

2. Materials and Methods

2.1.Materials.

Gold nanoparticles were bio-synthesized as per the procedure reported earlier [13]. The
stability of the gold nanoparticles was studied after six months and characterized using UV-
Visible spectrometry and transmission electron microscopy. RPMI - 1640 medium, Foetal
Bovine Serum (FBS), Phytohaemagglutinin (PHA) were purchased from GIBCO,
Cyclophosphamide monohydrate and S9 mix were procured from MP Biomedicals, and
Mitomycin C was purchased from Sigma Aldrich. A rat liver S9 mix procured from Krishgen
Biosystems, Mumbai, and stored in the deep freezer, set at -75+5°C was used in the study.

2.2. Study compliance.

Studies were conducted according to Schedule °Y’, Requirements DCGI Guidelines, at
Centre for Toxicology and Developmental Research (CEFTE), Sri Ramachandra Medical
College & Research Institute (Tamilnadu, India), and also according to OECD Guidelines for
Testing of Chemicals OECD 473 for in vitro Mammalian Chromosomal Aberration Test [13]
and OECD 474 for in vivo Mammalian Erythrocyte Micronucleus Test [14] and OECD Series
on Principles of Good Laboratory Practice and Compliance Monitoring, Number 1,
ENV/MC/CHEM(98)17. In July 2016, the revised in vivo MN test guideline (OECD 474) was
adopted into the regulatory framework.

2.3.In vitro chromosomal aberration assay.

Blood was collected from healthy volunteers and lymphocyte cells isolated from the
blood and which was used as a test system for the present study and approved by the Institutional
Ethical Review Committee (IEC No: IEC-N1/17/JUN/60/83) of Sri Ramachandra Medical
College and Research Centre (Deemed to be University), Chennai. The healthy blood donors
were selected within the age group of 18-35 with no smoking and no recent illness record, and
ensure that no recent exposures to genotoxic agents (e.g., Alkylating agents, chemicals, etc.).
About 1 ml of anti-coagulated human blood was added with 3.95 ml of complete RPMI-1640
culture medium and kept at 37 °C with 5% CO> for 48 h. After a period of incubation, the cultured
lymphocyte cells were exposed to 1.25, 2.5, 5 mg/ml gold nanoparticles and further incubated at
37 °C for 24 h in a CO2 incubator. The cells were exposed with colchicine (0.1 mg/ml) up to 70
h, and after 72 h, cells were harvested by hypotonic treatment (0.075M KCI, 30 min) and fixed
with Carnoy's fixative (methanol:acetic acid, 3:1). The slides were stained using 5% Giemsa
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stain for 6-8 min. Then, slides were coded before microscopic analysis, and 300 cell metaphases
were scored per experiment. For statistical analysis, chromosomal aberrations such as
Chromosome break, Chromosome gap, Chromatid break, Chromatid gap were considered. The
results were analyzed with a one-way analysis of variance (ANOVA) test using Sigma plot.
Statistical analysis was performed to identify the mean difference between the gold nanoparticles
treated and control groups. The results were considered as significant if the P-value was <0.05
(OECD, 2016).

2.4. In vivo micronucleus assay.

2.4.1. Dose preparations.

Required quantity of test material gold nanoparticles was formulated sequentially from
low, mid, and high doses. The required amount of gold nanoparticles was weighed in a labeled
beaker, transferred to pestle and mortar, and triturated properly. To this, the required quantity of
vehicle (0.05% Sodium Carboxy Methyl Cellulose) was added and triturated again to make up
the final volume to the desired dose concentrations. The concentration was transferred to a
labeled beaker. The same steps were followed for the formulation of other doses.

2.4.2. Animals.

This experiment was conducted with ethical procedures and approved by the Committee
for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA Reg No:
1165/PO/RCBI/S/08/CPCSEA) and Institutional Animal Ethics Committee
(IEAC/52/SRU/569/2017) of Centre for Toxicology and Developmental Research Sri
Ramachandra Institute of Higher Education and Research (Tamilnadu, India). Swiss albino mice
were obtained from in vivo Biosciences (Bengaluru, India) at approximately 6-8 weeks of age.
Following, a five to seven-day acclimation period under laboratory conditions and animals were
divided into control and treatment groups (six animals in each group). Experimental animals
were housed in groups in polypropylene cages. Dedusted and autoclaved paddy husk was used
as bedding material. The animals were maintained at room temperature of 20 -22 °C with the
relative humidity of 55-61% and 12 h light/ 12-h dark conditions. Animals were provided with
laboratory rodent pelleted feed procured from approved vendor ‘ad libitum’.

2.4.3. Oral gavage administration study.

In this study, female rats were divided into 10 groups, five groups for 24 h and another
five groups for 48 h observations, and each group contained 6 animals. These animals were
administered at doses of 0 (control G1-G6), 150 (G3-G8), 300 (G4-G9), 600 (G5-G10) mg/kg
b.w (bodyweight), of gold nanoparticles via oral gavage at 24 h and 48 h. Bone marrow samples
were collected from treated animals in each dose group, euthanized after 24 h and 48 h. Positive
control animals (G2-G7) were gavage with 40 mg/kg b.w of cyclophosphamide at 24 h and 48
h, and bone marrow samples were collected after the final dose.

2.4.4. Analysis of bone marrow samples.

The experimental group of gold nanoparticles treated and positive control rats were
sacrificed by cervical dislocation. In order to collect, bone marrow was instilled from the femur,
and it was separated from serum using centrifugation. Further, the collected bone marrow cells
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were put on a glass slide and gently smeared using cover glass. Two bone marrow smears were
prepared for each animal, and the air-dried slide was fixed using methanol for 5 min. In addition,
8% of Giemsa solution was used for staining the smear in a glass slide at room temperature for
30 min. Bone marrow smear slide evaluation under light microscopy at 100x magnification. 500
erythrocytes per animal were counted to determine the PCE: NCE ratio. 4000 PCEs per animal
was scored to determine the incidence of MNPCEs. Cells with micronucleus were scored as
positive for micronuclei, and the number of micronuclei per PCEs was recorded. The ratio of
PCE: NCE and the percentage of micro-nucleated polychromatic erythrocytes (MNPCE) were
calculated.

2.5. Statistical analysis.

Data were expressed in Mean + SD. Appropriate statistical analyses were performed to
identify the mean difference between the control and test item-treated groups. P-value <0.05 was
fixed as a significance criterion. Statistical analysis was performed using Sigma plot.

3. Results and Discussion

The gold nanoparticles are currently used in various medical fields, such as antibacterial
activity, anti-inflammatory, high drug loading capacity, diagnostics [15], and targeting
intracellular drug delivery vehicles [16]. In order to find out the genotoxicity of gold
nanoparticles, based on that, we carried out a chromosomal aberration assay.

3.1. UV-Vis and High resolution transmission electron microscope (HR-TEM).

UV-vis spectra confirm that the formation and stability of the gold nanoparticles and
characteristic surface plasmon resonance band occurred at 535nm (Figure 1a). The TEM images
confirm the formation of gold nanoparticles. The nanoparticles are polydispersed consisting of
triangular, tetragonal, pentagonal, hexagonal, rod, spherical, and with irregular shape [17], the
average size of gold nanoparticles ranging from 13 to 62 nm (Figure 1b).
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Figure 1. (a) UV-visible spectra of gold nanoparticles. (1b) TEM image of gold nanoparticles.
3.2. In vitro chromosomal aberration assay.

The chromosomal aberration study was carried out using human peripheral blood
lymphocyte cells treated with different concentrations of 1.25. 2.5 and 5 mg/ml of gold
nanoparticles for 3 hrs (Short time) without metabolic activation (S9). The results showed that
chromosomal aberration was found in gold nanoparticles treated cells and was statistically
insignificant compared to the negative control. The positive control (Mitomycin C-11.67%)
https://nanobioletters.com/ 3829
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exhibited a significantly high number of aberrations compared with gold nanoparticles (Table
1). In a long-term study, the cells were treated with metabolic activation S9 and gold
nanoparticles. The chromosomal aberration was observed in gold nanoparticles treated cells and
was not significant when compared with negative control. The percentage of aberration of
positive control (14%) was significantly higher than the negative control (Table 2). The
chromosomal aberration of gold nanoparticles was studied for 24 hrs (long term) with metabolic
activation. The results demonstrated that gold nanoparticles do not induce chromosomal
aberration in treated cells, whereas positive control showed a high percentage (12%) of
chromosomal aberration (Table 3).

Ring aberration noticed in the test and negative control chromosomes was comparable,
and there was no significant difference between them. Positive control results were consistent
with the effectiveness of the S9 mix and thus confirmed the sensitivity and validity of the assay.
Overall, there is an increase in the percentage of chromosomal aberration in the positive controls
of both short and long-term treatments (with and without metabolic activation). More evidently,
no statistically significant difference in the chromosomal aberration frequency was observed
between the negative controls and all three gold nanoparticle concentrations (5, 2.5, and
1.25mg/ml). These results were well in agreement with the recent report [18]. No significant
difference in the structural chromosomal aberrations was observed in the cells treated with Au
NPs and normal saline control in the presence or absence of metabolic activation. Similarly, Das
et al. [19] described the lack of genotoxicity of photosynthesized Au NPs on normal human
lymphocytes. Phytosynthesized Au NPs at 6-15 pug/mL were found to be non-genotoxic in
HaCaT cells using a comet assay [20].

Table 1. Results of the chromosomal test on gold nanoparticles short term treatment without S9.

Total No. of aberration Total No. of Aberration
Chromatid Chromosome aberrations Aberration % of cells with
Others . frequency -
Treatment type type . per culture without gaps . aberrations
Gaps (ring without (Mean + SD) without (Mean + SD)
CTB | CTE | CSB | CSE |structure) gaps B gaps -
S%DMSO 2 0 0 0 1 0 1 0.050 +0.100 0.003 0.333 £ 0.667
(Dimethyl sulfoxide) e ' e
Mitomycin C 0.5ug/ml | ¢ 10 | 4 8 8 5 35 1.750%+ 0.191 0117 | 11.667+1.277
(Positive control)
Gold nanoparticles
4 3 0 1 0 1 4 0.200 + 0.000 0.013 1.333 £ 0.000
5mg/ml
Gold ticl
0'd nanoparticles 1 1 0 1 0 0 2 0.100 £ 0.115 0.007 0.667 + 0.770
2.5mg/ml
Gold nanoparticles
P 1 0 1 0 0 0 1 0.050 +0.100 0.003 0.333 + 0.667
1.25mg/ml

SD- Standard Deviation; *Significant criteria are fixed as P<0.005

Table 2. Results of the chromosomal test on gold nanoparticles short-term treatment with S9.

Total No. of aberration Total No. of Aberration
. Chromosome aberrations Aberration % of cells with
Chromatid type Others . frequency )
Treatment type . per culture | without gaps . aberrations
Gaps (ring " ithout | (Mean=sD) | "YU | (\ean + sD)
CTB CTE CSB CSE |structure) gaps B gaps -
5%DMSO
+ +
(Dimethyl sulfoxide) 0 0 0 1 0 0 1 0.050 + 0.100 0.003 0.333 £0.667
Mitomycin C
0.5ug/ml 8 13 6 12 7 4 42 2.100*+ 0.115 0.140 14.000 £0.77
(Positive control)
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Total No. of aberration Total No. of Aberration
. Chromosome aberrations Aberration % of cells with
Chromatid type Others . frequency )
Treatment type . per culture | without gaps . aberrations
Gaps (ring without | (Meansp) | oY | (\ean +SD)
CTB CTE CSB CSE |structure) gaps B gaps -
Gold nanoparticles 3 2 0 1 0 1 4 0.200 + 0.283 0.013 1.333 +1.886
5mg/ml
Gold nanoparticles 1 0 0 3 0 0 3 0.150 + 0.100 0.010 1.000 + 0.667
2.5mg/ml
Gold nanoparticles 3 0 0 0 1 0 1 0.050 + 0.100 0.003 0.333 + 0.667
1.25mg/ml

SD- Standard Deviation; *Significant criteria are fixed as P<0.005

Table 3. Results of the chromosomal test on gold nanoparticles long-term treatment without S9.

Total No. of aberration Total No. Aberration
. Chromosome of Aberration % of cells with
Treatment Chromatid type type Others aberratio | without gaps freguency aberrations
Gaps (ring ns per (Mean = SD) without (Mean + SD)
CTB CTE CSB CSE |structure) - gaps -
culture
5%DMSO
(Dimethyl sulfoxide) 2 1 0 0 1 0 2 0.100 £ 0.115 0.005 0.667 +£0.77
Mitomycin C
0.5pg/ml 6 10 6 8 9 3 36 1.800* +0.163 0.090 1.200 + 1.089
(Positive control)
Gold nanoparticles 2 0 1 1 0 1 3 0.150 £ 0.100 0.009 1.000 + 0.667
5mg/ml
Gold nanoparticles 2 1 0 0 0 1 2 0.100 + 0.200 0.008 0.667 + 1.333
2.5mg/ml
Gold nanoparticles 1 0 1 0 0 0 1 0.050 + 0.100 0.005 0.333+0.667
1.25mg/ml

SD- Standard Deviation; *Significant criteria are fixed as P<0.005

3.3. In vivo micronucleus assay.

Micronucleus assay to find out the chromosomal damage of drugs. This study was carried
out using gold nanoparticles (150, 300, and 600 mg/kg body weight) treated with mice. The ratio
of polychromatic erythrocytes (PCE):normochromatic erythrocytes (NCE) and percentage
micro-nucleated polychromatic erythrocytes (% MNPCES) results were observed calculated. For
all the concentrations of gold nanoparticles, i.e., 150, 300, and 600 mg/kg body weight studied,
there was no significant dose-related increase in PCE:NCE ratio and micronuclei frequency in
PCEs compared to the negative and positive control groups. Noticeably, an increase in %
MNPCE of Cyclophosphamide monohydrate (positive control treated group (G2 and G7) at 40
mg/kg b.w was observed at 24 h and 48 h sampling, which verifies the completeness and
accuracy of the experiment. Further, this assay also indicated that cyclophosphamide
monohydrate at 40 mg/kg body weight induces micronuclei formation in mice erythroblasts due
to damage in chromosomes or mitotic apparatus (Table. 4). George et al. [21] reported that
chromosomal aberration and micronucleus assays were studied with chemically prepared citrate-
stabilized gold nanoparticles (15 pg/mil-14 nm AuNP) non-statistically significant chromosomal
DNA damage was observed. Downs et al. [22] reported that AuNPs within the particle size
range from 2 to 200 nm failed to increase the circulating micronucleated reticulocytes (MN-
RETSs) or RETs compared with positive control. Cyclophosphamide showed a remarkable
increase in % MN-RETSs and a decrease in % RETSs in circulation. The study results confirmed
that gold nanoparticles did not cause genotoxic effects.
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Table 4. Results of PCE:NCE ratio and % MNPCE of female rats treated with gold nanoparticles.

Dose Sampling PCE:NCE

Group & Group No. (mg/kg body weight) time ratio % MNPCE
Negative Control- 0.05% Sodium Carboxy
Methyl Cellulose (G1) 0 0.432+0.032 0.065+0.024
Cyclophosphamide monohydrate (Positive 40 2 361+0.189 1.615+0.067"
Control) (G2) 24 h R R
Gold nanoparticles (G3) 150 0.656+0.029 0.075+0.035
Gold nanoparticles (G4) 300 0.735+0.024 0.090+0.032
Gold nanoparticles (G5) 600 0.889+0.037 0.085+0.034
Negative Control- 0.05% Sodium Carboxy
Methyl Cellulose (G6) 0 0.455+0.014 0.065+0.024
Cyclophosphamide monohydrate (Positive N

40 2.486+0.122 1.650+0.078

Control) (G7) 48 h
Gold nanoparticles (G8) 150 0.669+0.024 0.085+0.034
Gold nanoparticles (G9) 300 0.797+0.038 0.080+0.035
Gold nanoparticles (G10) 600 0.915+0.030 0.085+0.024

Note: PCE: NCE ratio and % MNPCE expressed in Mean & Standard Deviation, PCE- Polychromatic Erythrocyte, NCE-
Normochromatic Erythrocyte and MNPCE-Micronucleated Polychromatic Erythrocyte, Values are expressed as Mean +SD,
(n=3), * Significant at P < 0.050

4. Conclusions

The in vitro chromosomal aberration and in vivo micronucleus assay were studied to
evaluate the genotoxic effects of gold nanoparticles. Significantly, there were no significant
chromosomal aberrations quantified, most of which were chromatid breaks and chromosome
exchanges. Both these assays showed that the genotoxicity response observed with gold
nanoparticles was similar, and hence it can be concluded that gold nanoparticles were not
genotoxic substances. Also, this study confirmed that gold nanoparticles were not found to be
clastogenic. Therefore, the present study indicates that the gold nanoparticles do not induce the
genotoxic and can be used in further applications.
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