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Abstract
Platinum nanoparticles (PtNPs) have been widely used not only in industry, but above all in medicine and diagnostics. However,
there are disturbing reports related to the toxic effects of nanoplatinum, which is the main reason why the authors of this study
have decided to review and analyze literature data related to its toxicity and impact on human health. While PtNPs may be absorbed by the respiratory and digestive tract, and can penetrate through the epidermis, there is no evidence concerning their
absorption through the skin. Platinum nanoparticles accumulate mainly in the liver and spleen although they also reach other
internal organs, such as lungs, kidneys or heart. Toxicokinetics of platinum nanoparticles depends strongly on the particle size.
Only few studies regarding platinum nanoparticles toxicity have been conducted. Animals intratracheally exposed to platinum
nanoparticles have demonstrated an increased level of proinflammatory cytokines in bronchoalveolar lavage which confirms
inflammatory response in the lungs. Oral administration of PtNPs can cause inflammatory response and induce oxidative stress.
Nanoplatinum has been found to induce hepatotoxicity and nephrotoxicity via the intravenous route. It can cause DNA damage
and cellular apoptosis without significant cytotoxicity. There are no research studies on its carcinogenicity. Fetal or maternal toxicity has not been observed, but an increased mortality and a decreased growth of the offspring have been demonstrated. Platinum
nanoparticles may permeate the skin barrier but there is no evidence for their absorption. Due to the insufficient number of tests
that have been carried out to date, it is not possible to clearly determine the occupational exposure limit value; however, caution
is recommended to employees exposed to their effects. Med Pr. 2019;70(4):487–95
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INTRODUCTION
Nanotechnology has been one of the fastest developing
fields in the last 2 decades. The increase in human exposure to nanoparticles has raised concerns regarding
their health and safety profiles.
Platinum metal is generally well known for its great
ability of catalyzing partial oxidation, hydrogenation and
dehydrogenation (due to a large surface area), which is
crucial for many industrial processes [1], and it exhibits
some specific properties such as a large surface area and
good resistance to corrosion and chemical attacks [2].
Platinum nanoparticles are widely used not only in
many different technologies, consumer products (cosmetics, supplements, food additives) [3,4], electrocatalysis, data storage systems, new electronic devices, elec-

trochemical biosensors, chemisensors, fluorescent and
refractometric sensors [5] but also in medicine, diagnostics and treatment, due to their lower cytotoxicity
resulting from chemical stability and resistance to ionization, as compared with other metal nanoparticles [6,7].
Platinum nanoparticles (PtNPs) have found a number of biomedical applications, e.g., in diagnostic mediators, medical implants, drug delivery vehicles and
photothermal therapy compounds [8,9], as well as in
enhanced radiosensitization [10], detection of cancer
cells [11], bond strength between tooth structures [12]
and bacterio-toxic effects [1].
Drugs based on platinum have been in clinical use
since 1971 (cisplatin which entered clinical trials and
was approved for use by the U.S. Food and Drug Administration in 1978) and are employed in the treat-
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The literature review was made on the basis of the Internet
databases of peer-reviewed scientific journals, including
EBSCO Discovery Service (EDS), MedLine and PubMed,
using the following keywords: “platinum nanoparticles
application,” “toxicity,” “toxicokinetics,” “exposure,” “occupational exposure limits” and “available Internet data.” In
the preparation of this study, works published until 2018
were considered. English was the main language in which
the articles were reviewed. The presented paper includes
all the articles connected with the influence of exposure to platinum nanoparticles on health. A summary of
the studies included in the review is presented in Table 1.

Table 1. Absorption and distribution studies on platinum nanoparticles

METHODS

Reference

ment of numerous solid malignancies (breast, ovarian,
head, neck, colorectal, bladder, neuroblastoma) [13,14].
There are also promising studies on the use of platinum
nanoparticles in the treatment of Parkinson’s disease [15].
Quite interesting is the fact that inhalation of platinum
nanoparticles may provide smokers with a therapeutic benefit, acting as an improved lung antioxidant defense against cigarette smoke [15,16]. There are also data demonstrating that PtNPs can act as a scavenger of
reactive oxygen species [17,18].
The aim of this review is to provide a comprehensive
evaluation of the current knowledge regarding the bio-toxic impacts of the platinum nanoparticles exposure on human health, in terms of both in vivo and in vitro experiments, which are not fully understood at present. An increased use of PtNPs for many different purposes implies
an increased risk of human exposure, and it is the main
reason why these nanoparticles have been found among
the interests of industrial hygienists. Despite the broad
use of platinum nanoparticles, there are limited data on
their toxicity and the possible size-dependent effects.
Platinum is not on the list of hazardous substances
set out in Annex VI to Regulation (EC) No. 1272/2008
of the European Parliament and of the Council on classification, labelling and packaging of substances and
mixtures, amending and repealing Directive 67/548/
EEC and 1999/45/EC, and amending Regulation (EC)
No. 1907/2006 [19].
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In one of the studies, ICR mice were exposed to a single intratracheal instillation of platinum nanoparticles
(21 nm, 1 mg/kg). The authors observed increased levels of IL-1, TNF-α, IL-6 (pro-inflammatory cytokines),
IL-2 (TH0 cytokine), IL-12 (TH1-type cytokine), IL-4
and IL-5 (TH2-type cytokines) in broncho-alveolar lavage fluid (BALF). On the 28th day after the exposure,
the induction of TH2-cytokines was higher than that
of TH1-type cytokines. In BALF, increased levels of
TGF-β and IgE in the serum were also observed, providing strong evidence that platinum nanoparticles induce inflammatory response in mice [20].
Oral administration

Platinum nanoparticles, after oral administration, can
cause inflammatory response and oxidative stress.
Male Wistar rats were orally exposed (via gavage)
to PtNPs (1−6 nm) in a dose of 9.75 mg/kg/day for
5 consecutive days. The animals were sacrificed 24 h after the last exposure. The examined tissues, i.e., those
of the glandular stomach, showed altered expression
levels of genes associated with inflammation. The authors concluded that the orally administered platinum
nanoparticles did not have a marked effect on the systemic gene expression levels (except on a small number
of expressed genes in rat tissues), including peripheral
tissues indirectly exposed to nanoobjects given orally [21].
Adeyemi et al. exposed Wistar rats to PtNPs via the
oral route [22]. The animals received a daily dose of the
studied nanoparticles (10, 50 or 100 mg/kg) for 30 consecutive days. The authors observed that platinum
nanoparticles caused significant alterations to organ
weights. An increase in the total protein level in tissues,
a decrease in albumin, and alterations of the serum urea
levels and creatinine were observed. Interesting is the
fact that the activities of alkaline phosphatase and aspartate transaminase were reduced while the level of
alanine aminotranferase was raised in the liver (both in
tissues and serum). This study demonstrated that platinum nanoparticles caused morphological lesions, including inflammation (an increase in the total protein
concentration in the heart, kidney and liver) and cellular degeneration [22].
In another study, Adeyemi et al. administered PtNPs
orally to male Wistar rats (25 and 50 mg/kg) in daily
doses for 7 consecutive days [23]. After the exposure,
increased protein carbonyl levels in the liver, brain and
plasma glutathione were observed. The authors concluded that platinum nanoparticles might cause oxida-
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tive stress in rat plasma at the highest dose. Lipid peroxidation in the rat brain or plasma was not observed [23].
Intravenous administration

Intravenous administration demonstrated that nanoplatinum accumulates in the heart, spleen, liver and
lungs while the highest amount was observed 21 days after the exposure in the liver and spleen. However, PtNPs
induced hepatotoxicity and nephrotoxicity [24−27].
Yamagishi et al. studied toxic effects of sub-nanosized platinum particles (< 1 nm) [25]. For this purpose,
the authors administered a single dose of 15 mg/kg b.w.
of PtNPs intravenously to BALB/c mice. Acute hepatic injury with vacuole degeneration was revealed by
histological analysis. Exposure to PtNPs in doses over
15 mg/kg resulted in a significant elevation of the serum alanine aminotransferase (ALT) and aspartate aminotranserase (AST) levels, and IL-6. The levels of AST
and ALT increased 3−24 h after the exposure to a dose
of 20 mg/kg. These results suggest that sub-nanosized
platinum nanoparticles induced inflammation and hepatocyte death. The animals exposed to 15 nm PtNPs
showed no significant changes in the AST, ALT and IL-6
levels. The authors concluded that the biological effect
of platinum nanoparticles strongly depended on their
size [24].
In another study conducted by Yamagishi et al.,
BALB/c mice were exposed to platinum nanoparticles
with a particle size < 1 and < 8 nm, in a single dose of
5−20 mg/kg. The histological analysis revealed necrosis
of tubular epithelial cells and urinary casts in the kidneys. There were no changes in the lungs, spleen and
heart. The injurious effects were reduced by increasing
the particle size [25].
Katsumi et al. exposed ddY mice to a single intravenous administration of platinum nanoparticles (30 and
106 nm). The authors observed that PtNPs accumulated in hepatic nonparenchymal cells. Smaller platinum
nanoparticles inhibited the increase in hepatic injury
markers (ALT, AST) to a greater extent than the larger
ones. It is concluded that platinum nanoparticles may be
used to prevent hepatic ischemia/reperfusion injury [26].
In another study, BALB/c mice were exposed to a single
intravenous injection (into tail vein). Short-term biodistribution studies were performed at a concentration of
10 mg Pt/kg b.w., and after 24 h the organs were harvested. The authors did not detect any platinum nanoparticles in the plasma of the mice, while PtNPs were observed in all tested organs (the liver, spleen, kidney and
lungs). In long-term biodistribution, the mice were in-
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jected with doses of 5, 10, 15 and 20 mg Pt/kg b.w. The
organs were collected after 21 days of the exposure. The
authors analyzed the fraction of the injected Pt that was
retained after 24 h and 3 weeks in the mice exposed to
a dose of 10 mg/kg b.w. Platinum was not detected in
the plasma after 24 h of the exposure, which indicated
that PtNPs had been either excreted form the system or
deposited in tissues/organs. The biggest depositions of
the studied nanoparticles were observed in the liver and
spleen. The test results (AST, ALT, bilirubin, albumin,
blood urea nitrogen, creatinine and sodium) showed no
abnormal levels in comparison to the control group [27].

of rhodium and platinum for 6, 8, 10, 12, 14 and 24 h.
The results demonstrated that the Pt and Rh mixture
might permeate through an intact skin, with permeation increasing cumulatively over time [31].
Platinum nanoparticles (5.8±0.9 nm) were applied
to the outer surface of the skin (the human abdominal
full thickness skin obtained as a surgical waste) for 24 h.
The results of this study revealed that PtNPs might penetrate through the skin barrier and even a minor injury to the skin barrier could significantly increase metal
penetration [32].

Intraperitoneal administration

The authors of this article have not found any data confirming the carcinogenic effect of platinum nanoparticles in human or animal studies. However, there are
reports suggesting that PtNPs delay the growth of lung
cancer in treated SCID mice [33].

Intraperitoneal administration is strongly determined
by the nanoparticle size, with bigger nanoparticles inducing nephrotoxicity.
In one study, Yamagishi et al. exposed intraperitoneally C57BL/6 mice to platinum particles (8 nm, < 1 nm)
twice a week for 4 weeks, in a dose of 10 mg/kg. The authors observed (in the case of smaller particles) urinary
casts, tubular atrophy and inflammatory cell accumulation on the basis of the histological analysis performed
afterwards. In the case of 8 nm platinum nanoparticles,
nephrotoxic effects were not observed [25].
Dermal exposure

Platinum nanoparticles penetrate through the skin barrier, while their absorption is not observed.
One of the first experimental studies concerning
platinum skin absorption was carried out by Taubler, in
which rabbits and guinea pigs were exposed to repeated
dermal application of platinum sulfate. The author did
not observe any trace amounts of platinum in the urine
or serum [28]. However, Roshchin et al. found platinum
in the urine, blood and internal organs of animals treated with ammonium chloroplatinate after dermal exposure [29].
Konieczny et al. in their studies focused on the effects
of polyvinylpyrrolidone-coated platinum nanoparticles
(5.8 and 57 nm) and demonstrated that PtNPs triggered
toxic effects on primary keratinocytes, decreasing cell
metabolism [30]. It is worth to mention that these effects have no influence on migration or cell viability.
Smaller nanoparticles exhibit more deleterious effects
on DNA stability and higher caspases activation than
the bigger ones [30].
Franken et al. conducted studies on the human abdominal full thickness skin obtained after surgical abdominoplasty [31]. The skin was exposed to a mixture

Carcinogenicity

Mutagenicity and genotoxicity

On the basis on in vitro studies, it was demonstrated
that platinum nanoparticles induced DNA damage and
apoptosis, and could be used as anticancer agents. However, PtNPs did not cause significant cytotoxicity.
Pelka et al., on the basis of their study, demonstrated
that platinum nanoparticles caused DNA strand breaks
in human colon carcinoma cells (HT29) [34]. The authors did not observe toxic effects, and they concluded that the platinum ions from nanoparticles might be
used in anticancer therapies with a similar strategy to
cisplatin.
The results of another study, conducted by Asharani
et al., suggest p53 activation in Pt-NP-treated cells due
to genotoxic stress, with the subsequent activation of
p21 leading to a proliferating cell nuclear antigen-mediated growth arrest and apoptosis [11]. The researchers
recommended the development of platinum nanoparticles based anticancer agents by appropriate surface modifications to augment their innate anticancer activity.
Gehrke et al. described the DNA-damaging properties of platinum nanoparticles as related to the association of Pt with DNA [3]. The authors concluded that DNA
strand breaks mediated by metallic PtNPs were caused
by the platinum ions forming during the incubation of
cells. The study was carried out on human colon carcinoma cells.
Exploring the genotoxicity of PtNPs (5 and 50 nm)
on human bronchial epithelial cells was the aim of the
study conducted by Lebedová et al. [35]. The authors
concluded that the studied nanoobjects showed a size-
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dependent effect, i.e., 50 nm platinum nanoparticles
caused a small increase in DNA damage in comparison
to the 5 nm-sized ones.
Platinum nanoparticles obtained with the green
synthesis method can be exploited for the administration of drugs via conjugation with metabolites. In in vitro studies on human breast adenocarcinoma cell line
(MCF-7), PtNPs induced apoptosis through G0/G1 cell
cycle arrest. The authors concluded that DNA damage
resulted from indexed oxidative pressure [2].
Nejdl et al. inhibited the activity of Taq DNA polymerase and DNA structure damage [36]. The authors
concluded that this effect, together with the transition
of platinum nanoparticles into platinum ions (Pt2+),
caused mutagenicity and an increased DNA damage in
comparison to cisplatin. Cytotoxicity of PtNPs may increase by the encapsulation in liposomes.
Human bronchial epithelial cells were exposed to
platinum nanoparticles (5 and 50 nm). On the basis of
a comet assay and micronucleus test, the authors concluded that only 50 nm particles caused a slight increase
in DNA damage [35].
Embryotoxicity, teratogenicity and reprotoxicity

Nanoplatinum has not been observed to cause fetal or
maternal toxicity, but an increased mortality and a decreased growth of the offspring have been demonstrated,
along with mitochondria degeneration in brain tissue.
In one of the studies, ICR mice were exposed to
a single oral dose of platinum nanoparticles (20 nm)
during premating, gestation and lactation periods (0.25,
0.5 and 1 mg/kg, respectively). The authors observed an
increase in offspring mortality and a decreased infant
growth rate during the lactation period. Biochemical,
histopathological and mortality changes, stillbirth or
deformity were not observed [37].
Prasek et al. in their research investigated the effects
of platinum nanoparticles on the chicken embryo model [38]. For this purpose, the embryos were exposed to
injected in ovo PtNPs solutions (1–20 μg/ml). The test
results indicated that platinum nanoparticles did not
affect the growth and development of the embryos.
Further studies revealed no significant changes in the
number of cells in the brain cortex but analyses of the
brain tissue ultrastructure revealed mitochondria degradation [38].
In vitro studies
Kachi et al. treated THP-1 human monocytic cells for
24 h with colloidal platinum nanoparticles [39]. On the
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basis of the obtained results, the authors concluded
that PtNPs did not mitigate mitochondrial or oxidative
stress.
Human bronchial epithelium (BEAS-2B) and human
lung alveolar type II epithelioid cells (A549) were treated with platinum nanoparticles (25 nm, 8.13 mg/m3).
After 24 h, A549 cell resulted in a loss of viability. The
no-observed adverse effect level (NOAEL) was 0.1 μg/ml
(0.031 μg/cm2) and the lowest observed adverse effect
level (LOAEL) was 1 μg/ml (0.31 μg/cm2); thus, BEAS-2B
was considered as not sensitive to platinum nanoparticles. The authors observed a remarkable increase in IL-8
due to exposure in both cell lines, which was dependent
on the time of exposure which, in turn, was related to
the deposited mass [40].
Li et al. investigated the impact of 1.7 nm PtNPs
on Deinococcus radiodurans. The authors showed that
concentrations of ca. 4700 PtNPs/cell did not have
any major effects on bacterial growth under normal
growth conditions. Interesting is the fact that platinum
nanoparticles slightly, but reproducibly, increased cell
death after the exposure to gamma rays. The authors
claimed that such an amplification effect was due to
the confined production of reactive oxygen species in
nano-volumes around nanoparticles which favored the
induction of complex damage in biomolecules [41].
A HepG2 liver model was used to characterize the
toxicological potential of platinum nanoparticles in in
vitro studies. The authors observed that high doses of
PtNPs (70 nm, citrate coated) induced HepG2 cytotoxicyty. Lower concentrations did not induce direct toxicity, but the combined presence of intracellular stress,
active inflammatory responses with upregulated signal
transduction might have influence on long-term health
hazards [42].
Buchtelova et al., in their in vitro studies on 3 different types of malignant cell lines (GI-ME-N – neuroblastoma, MDA-MB-231 – breast, LNCaP – prostate),
demonstrated that the diameter had a crucial role in
cytotoxicity [13]. The smallest particles (PVP-capped
PtNPs) were observed to be the most cytotoxic (ca. 10 nm,
ca. 14 nm, > 20 nm).
Irritation and sensitization
The authors of this article have not found any data confirming the irritating and/or sensitizing effects of platinum nanoparticles in human or animal studies. However, it is well known that soluble platinum compounds
have shown evidence of eye irritation in animal tests.
Some of them have been found to be severely irritating
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or even corrosive [43]. Skin irritation has also been observed, ranging from mild to severe or corrosive [43,44].
According to a report posted on the European Chemicals Agency (ECHA) website [45], platinum demonstrated diffuse corneal opacity, and iris inflammation and
moderate conjunctival irritation were observed during
a 72 h observation period, based on in vivo tests (New
Zealand white rabbits). Conjunctival redness did not
reverse during this period. No eye irritation category is
required based on the EU CLP criteria (EC 1272/2008).
The minority of notifiers on the ECHA website classified platinum as a skin sensitizer but there are no data
confirming the sensitization effect of platinum nanoparticles.
Table 2. Hygienic standards for metallic platinum,
binding in Poland and other countries [48,49]
Country
Australia

TWA
[mg/m3]
1

Austria

1 (inhalable aerosol)

Belgium

1

Canada

1

Denmark

1

Finland

1

France

1

Nr 4

Occupational Exposure Limits in Poland
and in the world
A review by Kiilunen et al. demonstrated that the air
levels of platinum in the working environment are usually lower than 2 μg/m3, but in a platinum refinery they
were reported to reach up to 2200 μg/m3 [46].
Commission Directive 91/322/EEC sets an indicative limit value for the occupational exposure to platinum metal at 1 mg/m3 [47]. The occupational exposure
limit (OEL) values have been divided into 2 standards.
Table 2 presents the OEL values for platinum metal in
global terms, indicating that only the United Kingdom
has adopted a higher value of 5 mg/m3 as the total inhalable dust. For the soluble platinum compounds, such
as Pt, which are classified as sensitizing in most countries, the value is 2 μg/m3 [48]. Asthma and upper respiratory tract irritation were assumed as the critical
effects.
The Scientific Committee on Occupational Exposure Limits (SCOEL) has found that the available data
are too uncertain to determine the OEL value for platinum [49]. On the basis of the platinum nanoparticles
toxicity data, it is not possible to determine the dose-response relationship in humans. Also, the results of animal toxicity studies of PtNPs do not allow the results
extrapolation appropriate for the determination of the
OEL value [48].
Taking into account the specific mechanism of toxicity of nanoobjects, the authors take a position that the
data published so far are not sufficient to determine the
precise value of the platinum nanoparticles occupational exposure level in its pure form.

Germany

1 (inhalable aerosol)

Hungary

1

Ireland

1

Italy

1

Latvia

1

New Zealand

1

CONCLUSIONS

Poland

1

Singapore

1

South Korea

1

Spain

1

Sweden

1

Platinum nanoparticles have been widely used not only
in industry, but above all in medicine and diagnostics.
However, there are disturbing reports related to the
toxic effects of nanoplatinum, which is the main reason why the authors of this study decided to review and
analyze literature data related to its toxicity and impact
on human health.
While PtNPs may be absorbed by the respiratory
and digestive tract, and can penetrate through the epidermis, there is no evidence concerning their absorption through the skin. Platinum nanoparticles accumulate mainly in the liver and spleen although they also reach other internal organs, such as lungs, kidneys
or heart. Toxicokinetics of platinum nanoparticles depends strongly on the particle size.

Switzerland

1 (inhalable aerosol)

The Netherlands

1

Turkey

1

USA − ACGIH

1

USA − NIOSH

1

United Kingdom

5

ACGIH – American Conference of Governmental Industrial Hygienists,
TWA – time-weighted average, NIOSH – National Institute for Occupational Safety
and Health.
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Only few studies regarding platinum nanoparticles
toxicity have been conducted. Animals intratracheally exposed to platinum nanoparticles demonstrated
an increased level of proinflammatory cytokines in
bronchoalveolar lavage which confirms inflammatory
response in the lungs. Oral administration of PtNPs
can cause inflammatory response and induce oxidative stress. Nanoplatinum has been found to induce
hepatotoxicity and nephrotoxicity via the intravenous
route. It can cause DNA damage and cellular apoptosis
without significant cytotoxicity. There are no research
studies on its carcinogenicity. Fetal or maternal toxicity
has not been observed, but an increased mortality and
a decreased growth of the offspring have been demonstrated.
Unfortunately, the collected data are not sufficient
to determine the exact risk, and there is a huge need to
conduct short- and long-term experimental studies on
the basis of which the OEL value could be determined.
Due to their small size and properties, PtNPs are capable of overcoming biological barriers and reaching specific organs to induce a toxic effect. Therefore, caution
is recommended to employees exposed to platinum
nanoparticles in their working environment.
On the basis of the platinum nanoparticles toxicity
data, it is not possible to determine the dose-response
relationship in animals and, therefore, no results extrapolation, appropriate for the determination of the
OEL value, can be performed.
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