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Abstract — Nanogold is one of the most explored nanomaterials, especially in the field of biomedicine. Due to its unique optical
properties, it has found its way through various therapies, including the treatment of rheumatoid arthritis and a range of different types
of cancers. Apart from its use in biomedicine, it is also used in environmental remediation, ranging from being used for oxidation of
carbon monoxide as a catalyst and for the purification of hydrogen and water. Once it is utilized for its destined purpose, it may remain
in the living body or enter the living body through the environment. Hence, it is essential to understand the biosafety of nanogold,
especially in terms of its toxico-kinetics, so as to enable the policy makers to arrive at suitable standards to regulate the use of nanogold.
This paper aims to review the toxico-kinetics, that is the mode of entry, biodistribution, bioaccumulation and potential toxicity of
nanogold through the various in vivo and in vitro studies in the existing literature.
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1. Introduction

Nanotechnology is a field that is rapidly developing with uses in almost every field of study, ranging from medical
therapies to environmental remediation. The rapid development of nanotechnology has also paved way for the need for
another field which is nanotoxicology. Nanotechnology is a double-edged sword with loads of benefits on one side and
potential toxic effects, which are yet to be studied and confirmed on the other side. Nanotechnology basically involves the
use of substances that have less than 100nm in at least one dimension. Chemical substances behave in a completely different
way, in terms of their physical and chemical properties when their size is reduced to the nanoscale. Gold is a typical example:
in the bulk form, it is inert and hardly participates in any reaction; however, nanogold is a highly reactive substance and is
also established and validated for its efficiency in treatment of rheumatoid arthritis [1].

Nanogold possesses several properties that favour its extensive usage, and their significant properties are shown in Fig.
1. The extremely small tunable sized nanogold can be synthesized in different forms such as rods, tubes, spheres, wires,
stars, hexapods, etc [2]. Apart from the ease in modifying their surface structure and charges, several functional groups as
per the requirement of the processes can also be easily added to nanogold making them more versatile in their usage [3].
Nanogold are also said to possess strong optical properties [4], surface plasmon resonance [5] and luminescence capability.
Due to these properties, they are extensively used in the biomedical field for treatment purposes (Fig. 2), it becomes essential
to study their toxicity, both in vitro and in vivo so that substantial standards for their usage in the biomedical field can be
regulated. This paper is aiming to review the factors associated to the toxicity of nanogold, differences in toxicity based on
the mode of entry into the living system, accumulation and distribution of nanogold in the system followed by in vivo and
in vitro toxicity of nanogold.
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Fig. 2: Use of Nanogold in the Biomedical field
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2. Factors Associated to the Toxicity of Nanogold
Even though there are several properties of nanogold, the chief factors that have been identified in the literature to be
associated to their toxicity are their size, shape, surface volume ratio and surface modification.

2.1. Size of Nanogold

The size of the nanomaterial basically decides the ability of the nanomaterial to cross potential cellular barriers within a
living system and would also have a significant influence on the endocytosis capability of the material. The smaller the size
of the nanomaterial, the easier it would be able to cross cellular barriers and can localize or accumulate within various cells
and/or cellular organelles [6]. Different studies have shown different toxicity levels for a range of nanogold sizes and studies
have also indicated that the toxicity is found to be on the higher side when the size of nanogold is smaller and the surface
charge is negative [7]. This study also found that the accumulation of autophagosome is also influenced by the size of the
nanogold particles [7]. Nanogold particles in the size range of around 10nm were the ones that were found to be widely
distributed in all the organs [8].

2.2. Shape and Surface Volume Ratio of Nanogold

Compared to all the different shapes, nanogold spheres were found to be absorbed much more efficiently than their
counter-shapes and they also showed more toxicity. Nanogold hexapods were found to be the least toxic among the different
shapes of nanogold experimented so far in the literature. However, the cellular update of nanogold hexapods were
considerably at a faster rate in vitro [9]. With respect to the surface volume ratio, the larger surface volume ratio was found
to be more toxic, given that they provide an increased area for surface activity [10].

2.3. Surface Modification of Nanogold

Nanogold, by itself is considered to be toxic and hence surface modification is usually done to reduce the toxicity of
nanogold. Further to that, modification is also done to attach different functional groups to the nanogold so that it can be
used for the various reasons as highlighted above in the biomedical field. Cethyltrimethylammonium bromide (CTAB) is a
commonly used agent that is added to maintain the rod shape of hanogold and CTAB has been attributed to cellular toxicity
[11]. Another stabilizer that is also commonly used is sodium citrate and this was also found to be toxic in excess amounts
when they were conjugated with nanogold [12].

3. Toxico-kinetics of Nanogold

Toxico-kinetics of any substance involves the mode of entry of the substance into the living system, followed by its
distribution and accumulation within the system. Even though there are several in vitro studies done to demonstrate the
toxicity of nanogold, the effects may vary significantly within a living system due to the various processes that the substance
has to handle once inside a living body. Hence, the need arises to study the movement of substances within the body, that
is, in vivo, in order to get a better understanding of the toxicity of the substances.

Toxico-kinetics begins with the entry of nanogold into the living system which can be through various means such as
intraperitoneal, intravenous, dermal, inhalation, oral or subcutaneous. Once they come in contact with the biological units
such as proteins, absorption of nanogold begins. Once absorbed, they can move around the body and accumulate at any
convenient location or get metabolized or get modified or react with other substances within the living body or can also be
eliminated [13].

3.1. In vitro Toxicity of Nanogold

In vitro studies are the ones that are usually performed at the start of toxicity studies as they are easy to perform and
does not have the risk of harming any life. However, the results may not be fully applicable to a living unit as the predictions
may not be accurate [14]. When MRC-5 human lung fibroblasts were subjected to nanogold, the genes and proteins
associated to stress response were expressed followed by high lipid peroxidation [15]. In the same study, autophagy and
oxidative stress was also noted in MRC-5 cells [15]. The viability of human colorectal adenocarcinoma cells (HT29) was
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significantly reduced in another study when exposed to nanogold [16]. Nanogold also increased the reactive oxygen
species (ROS) and induced cytotoxic effects in human leukemia (HL-60) and hepatoma (HepG2) cell lines [17]. Citrate-
capped gold nanoparticles induced toxicity to the human carcinoma lung cells and the same study also noted that
nanogold induced changes to the nuclear structure and cytotoxicity in A549 cells [18]. Even though toxicity at cell line
levels have been established by various studies as explained above, nanogold did not increase the concentration of
inflammatory markers and hence may not actually initiate an inflammatory response [19]. Some studies have also shown
DNA damage caused by nanogold as small as 8nm [20] and 20nm [21] respectively. Nanogold was found to have
greater affinity towards thiol and amine groups [22] and this leads to the formation of free radicals, which in turn makes
it more toxic [23].

3.2. In vivo Toxicity of Nanogold

In vivo studies with respect to nanogold have been done in animals such as rats and mice. Changes to gene expression
[24] and DNA damage [25] was observed in rats. As far as accumulation is concerned, citrate-coated nanogold tended
to accumulate in liver, spleen, neurons, kidney and was also found to cross the blood brain barrier in Wistar rats [26].
On the other hand, PEG-coated nanogold accumulated in the spleen and liver in rats in another study [27]. PEG-coated
nanogold also was found to induce cytotoxicity due to the formation of reactive oxygen species (ROS) in rats [28],
whereas nanogold caused mild changes to the kidney and liver sections in rats [29]. Inflammation of liver tissue was
observed with in vivo tests performed on mice [30]. Weight loss and possibly a loss of appetite was noticed in mice
due to naked colloidal nanogold [31]. In broiler chicken, nanogold caused significant toxicity that included
histopathological changes, fragmentation of DNA, reduction in antibody titre against avian influenza and newcastle
disease and even fragmentation of DNA [32].

4. Conclusion

Nanogold has extensive use in the biomedical field and researchers are constantly exploring the further use of it for
various kinds of therapies. However, it is of utmost importance that we establish the biosafety parameters of nanogold,
especially in terms of its toxicity once it enters the living body and its ability to bioaccumulate which can lead to more
changes or issues much later before they can be commercially utilized for the different treatments. There are more and
more in vivo studies going on in this field and time-to-time reviews that update the researchers on the current status of
such studies is essential to keep them abreast of the recent findings.
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