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Recently, nanomaterials (NM) have been used in a range of dif-
ferent fields. However, their safety for human health is not yet
sufficiently understood. Therefore, we attempted to establish a
NM safety assessment system by focusing on biomarkers that
may predict NM-induced adverse biological effects. We previ-
ously demonstrated that the acute-phase proteins haptoglobin
and serum amyloid A (SAA) have potential as useful biomark-
ers of silica nanoparticle (nSP) exposure. Here, we investigated
the potential of haptoglobin and SAA as biomarkers of sub-
nano platinum (snPt) exposure. Serum levels of haptoglobin
and SAA were measured in BALB/c mice by enzyme-linked
immunosorbent assay. Serum levels of haptoglobin and SAA
in snPt-treated mice were significantly higher than those of
saline-treated mice. This suggests that haptoglobin and SAA
have potential as biomarkers of snPt-induced adverse biological
effects. These data provide useful information for the develop-
ment of safe NM.

Nanomaterials (NM) are substances that have at least one dimen-
sion less than 100 nm. Compared with conventional materials of
submicron size, NM possess innovative functions such as high
electrical conductivity, tensile strength, and tissue permeability
(Rutherglen and Burke 2009); they are now widely used in cos-
metics, foods, and medicines (Kaur and Agrawal 2007; Cormode
et al. 2010). However, the increasing use of NM has resulted in
public concern about their potential risks to health. In fact, there
are various reports about adverse biological effects induced by
NM (Hougaard et al. 2010; Morishige et al. 2010; Yamashita
et al. 2011). It is therefore important to develop and promote
safe NM because they have the potential to improve the quality
of human life. We have tried to establish a NM safety assessment
system that uses biomarkers. Biomarkers are expected to be use-
ful not only in the detection of adverse biological responses, but
also in the prediction of unknown biological effects induced
by NM exposure (Casado et al. 2008). Biomarkers of NM will
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The potential of haptoglobin and serum amyloid A (SAA) as biomarkers of
snPt. Female BALB/c mice were intravenously injected via the tail vein with
sub-nano platinum (snPt), silica nanoparticles (nSP70), or saline, and blood
samples were collected at 24 h after treatment. The serum levels of haptoglobin
(A) and SAA (B) in each mouse were examined with ELISA. To clear the level
of SAA in snPt-treated mice, the result of nSP70-treated mice was removed as
shown in (C). Data are presented as mean + SE. (n=4-5; *P <0.05, **P<0.01
versus value for saline-treated group by ANOVA; N.D., not detected)
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be invaluable for predicting potential toxicity and establishing
strategies for the development, production, and use of safe NM.
We previously demonstrated that haptoglobin and serum amy-
loid A (SAA) have potential as biomarkers for assessing
biological responses to silica nanoparticle (nSP) exposure
(Higashisaka et al. 2011). Sub-nano platinum (snPt) is already
used in cosmetics and foods as an antioxidant agent (Onizawa
et al. 2009), and it is expected to have therapeutic applications
(Porcel et al. 2010). However, there are some concerns regard-
ing adverse biological effects from snPt exposure (Park et al.
2010). Therefore, there is an urgent need to collect information
about the safety of snPt.

Here, we investigated whether haptoglobin and SAA could be
used as biomarkers of snPt. We used snPt with a diameter of
0.63 nm, and nSP with a diameter of 70 nm as a positive control.
BALB/c mice were administered snPt (10 or 20 mg/kg), nSP
(40 mg/kg), or saline via intravenous injection into the tail vein.
We decided the dose of snPt by using previous data indicating
that haptoglobin and SAA were significantly increased in mice
treated with 40 mg/kg nSP (Higashisakaetal.2011). Serum sam-
ples were collected at 24 h after administration and serum levels
of haptoglobin and SAA were measured by enzyme-linked
immunosorbent assay (ELISA). Serum levels of haptoglobin and
SAA in snPt-treated mice were significantly higher than those of
saline-treated mice (Fig.). In addition, although the levels of hap-
toglobin were almost the same in snPt-treated and nSP-treated
mice, the levels of SAA were quite different (Fig.). Our results
suggest that haptoglobin and SAA are potential biomarkers of
snPt and that differences in biological effects are dependent on
the type of NM.

Exposure to snPt in daily life can occur through various different
routes (Onizawa et al. 2009). For example, snPt contained in
food is taken up orally, whereas snPt within the manufacturing
environment generally enters the body intranasally. Therefore,
the evaluation of biomarkers for oral or intranasal exposure to
snPt is also needed.

We are now trying to evaluate why SAA showed different
expression in snPt-treated and nSP-treated mice. We expect that
this study will provide useful information for the development
of biomarkers of NM exposure. We believe that the establish-
ment of a NM safety assessment system based on biomarkers
will lead to the development of safe NM.

Experimental
1. Materials

snPt and nSP were purchased from Polytech & Net GmbH (Schwal-
bach, Germany) and Micromod Partikeltechnologie (Rostock/Warnemiinde,
Germany), respectively. They were sonicated for 5 min and then vortexed
for 1 min prior to use.

2. Animals

Female BALB/c mice were purchased from Nippon SLC, Inc. (Shizuoka,
Japan) and used at 6 to 7 weeks of age. All of the animal experimental
procedures in this study were performed in accordance with the Osaka Uni-
versity and the National Institute of Biomedical Innovation guidelines for
the welfare of animals.

3. Blood-sample collection

BALB/c mice were administered snPt (10 or 20 mg/kg), nSP (40 mg/kg),
or saline via intravenous injection into the tail vein. Blood samples were
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collected at 24 h after treatment, and serum was harvested by centrifugation
at 8000 g for 15 min.

4. Measurement of acute-phase proteins

Serum levels of haptoglobin and SAA were measured with commercial
ELISA kits (Life Diagnostics, Inc.; West Chester, PA) according to the
manufacturer’s instructions.

5. Statistical analyses

All results are expressed as means & SE. Differences were compared by
using the Bonferroni method after analysis of variance (ANOVA).
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