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This study was designed to examine if platinum nanoparticles have an activity similar to mitochondrial
complex I, NADH:ubiquinone oxidoreductase. Platinum nanoparticles were prepared by a citrate reduction
of H2PtCl6 and protected by citrate itself and pectin (CP-Pt). Time- and dose-dependent decreases in NADH
and a time-dependent increase in NAD+ were observed in the presence of 50 �M CP-Pt; these observations
were made using a spectrophotometric method in which the maximum absorption spectra at 340 and
260 nm were used for NADH and NAD+, respectively. The required platinum concentration in CP-Pt to
latinum nanoparticles
ADH oxidation
oQ reduction
itochondria

lectron transport complex I

achieve a 50% oxidation of NADH for 3 h was approximately 20 �M, and this NADH oxidation did not require
oxygen as an electron acceptor. We also verified NAD+ formation using an NAD+/NADH quantification kit.
The absorption peak shift from 278 to 284 nm of 2,3-dimethoxy-5-methyl-6-(3-methyl-2-butenyl)-1,4-
benzoquinone (CoQ1) was observed by incubating CoQ1 with CP-Pt in an aqueous buffer. A further analysis
with HPLC revealed the reduction of CoQ1 to CoQ1H2 by CP-Pt. As a whole, platinum nanoparticles have an
NADH:ubiquinone oxidoreductase-like activity. This suggests that platinum nanoparticles are a potential
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. Introduction

In the field of industrial chemistry, metal nanoparticles are
sed to create efficient catalysts [1–3]. Recently, the amount of
esearch on their biological applications has increasing with the
stablishment of a new research field—bionanotechnology [4]. Gold
anoparticles coated with antibodies are used as nanomarkers;
anoparticles label antigens such that the antigens can be visually

ocated and quantified under an electron microscope [5–7]. Because
old nanoparticles do not cause acute cytotoxicity [8], considerable
ttention has been directed to their use as a platform for targeted
rug delivery [9–11]. Moreover, gold-biopolymer nanocomposites
ave been shown to be potential antioxidants that quench the

ydroxyl radical [12–14].

Recently, our group showed that platinum nanoparticles pre-
ared by citrate reduction have the ability to quench superoxide
nion radical (O2

−•) and hydrogen peroxide (H2O2) [15]. Although

∗ Corresponding author. Tel.: +81 4 7136 3628; fax: +81 4 7136 3630.
E-mail address: yusei74@k.u-tokyo.ac.jp (Y. Miyamoto).
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ve stress diseases with suppressed mitochondrial complex I.
© 2008 Elsevier B.V. All rights reserved.

he quenching mechanisms of O2
−• have not been elucidated, some

ata indicate that they may be quenched by a catalytic redox
eaction coupled with an electron transfer. Electron transfer by plat-
num nanoparticles has been demonstrated when they catalyze
he reaction between hexacyanoferrate (III) ions and thiosulfate
ons [16]. Moreover, some previous studies have shown that gold
anoparticles catalyze the oxidation of NADH to NAD+ [17–20].
omplex I in the mitochondrial electron transport chain not only
xidizes NADH to NAD+ but also reduces ubiquinone (CoQ) to
biquinol (CoQH2). If platinum nanoparticles can catalyze both
eactions, they can mimic part of the enzymatic functions of com-
lex I.

Mitochondrial electron transport complex I is composed of
any subunits. Some of them are encoded at the genomic DNA

n the nucleus, synthesized by the cytosolic polysome, and trans-
orted into the mitochondrial inner membrane [21]. Together with
ubunits translated in the mitochondria, complex I is assembled
n the inner membrane [22]. Besides acting as a proton pump,
his enzyme transports electrons from NADH to CoQ, thereby

orming CoQH2. CoQH2 is also formed by mitochondrial com-
lex II which transfers electrons from succinic acid. Subsequently,
oQH2 is used as a substrate for complex III, and two electrons
re transferred to cytochrome c. CoQ is also synthesized in the
ndoplasmic reticulum and Golgi membrane system. In these non-

http://www.sciencedirect.com/science/journal/09277765
mailto:yusei74@k.u-tokyo.ac.jp
dx.doi.org/10.1016/j.colsurfb.2008.06.008
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itochondrial membranes, CoQH2 functions as an antioxidant
hich is essential for the defensive system against oxidative stress

n tissues [23]. Nevertheless, the main biological function of CoQ
eems to be as an electron carrier in the mitochondrial respiratory
hain.

Recent studies have shown that reactive oxygen species (ROS)
re thought to be involved in signal transduction pathways [24,25].
owever, when they are overproduced, they take part in the onset
nd progression of many diseases. Mitochondria are the main tissue
o generate ROS, especially O2

−•, which is generated as a by-product
y the reaction of O2 with a single electron leaked from mitochon-
rial electron transport complexes I and III [26]. Other ROS such
s H2O2 and hydroxyl radical (•OH) can be formed from O2

−•;
herefore, O2

−• generated in mitochondria is a key ROS in the
egulating the redox state in the body. In fact, oxidative stress,
itochondrial dysfunction, and suppression of mitochondrial

lectron transport complexes are involved in the pathogene-
is of human diseases such as inflammation, atherosclerosis,
eurodegenerative diseases, and hepatitis C [27–30]. Therefore,
ntioxidant therapy is one effective medical treatment for these
iseases [31,32], with mitochondrial targeting of antioxidant agents
xpected to be more beneficial [33]. CoQ is an effective antiox-
dant for the medical treatment of neurodegenerative diseases
34].

In this paper, we assert that platinum nanoparticles have an
ctivity that is similar to that of oxidizing NADH and reducing CoQ.
his suggests that platinum nanoparticles can mimic part of the
nzymatic functions of the complex I and indicates their possible
se in medical treatments for oxidative stress diseases.

. Experimental

.1. Materials

Hydrogen hexachloroplatinate hexahydrate (H2PtCl6·6H2O),
risodium citrate dihydrate, NADH disodium salt, sodium boro-
ydride, potassium hexacyanoferrate (III), HPLC-grade methanol,
nd distilled water were purchased from Wako Pure Chemical
ndustries, Ltd. (Osaka, Japan). Pectin was generously provided by
nitec Foods Co., Ltd. (Tokyo, Japan). 2,3-Dimethoxy-5-methyl-
-(3-methyl-2-butenyl)-1,4-benzoquinone (CoQ1) was obtained
rom Sigma–Aldrich (St. Louis, MO, USA), and an NAD+/NADH assay
it was purchased from BioAssay Systems, Inc. (Hayward, CA, USA).
micon ultra centrifugal filter devices were from Millipore (Biller-

ca, MA, USA). All other reagents were of the highest commercially
vailable grades.

.2. Preparation of platinum nanoparticles protected with citrate
nd pectin (CP-Pt)

CP-Pt was prepared by the citrate reduction of H2PtCl6 [4].
n a 100-ml eggplant-type flask, 43.8 ml of water and 4 ml of
6.6 mM H2PtCl6 were added. The mixture in the flask was stirred at
00 ◦C until reflux started. Then, 8.6 ml of 77.2 mM trisodium citrate
ehydrate was injected into the reaction mixture and reflux was
ontinued for additional 30 min. After the reaction mixture cooled
o room temperature, 10 ml of 3.96 mg/ml pectin was added and
he mixture was stirred for another hour. Citrate and pectin worked
s protecting reagents. The reason why pectin was used as an addi-

ional protecting reagent was that platinum nanoparticle protected
ith citrate alone was not stable in isotonic solution such as 0.9%
aCl and pectin helped improve this instability as described previ-
usly [15]. For the sake of biological use of platinum nanoparticles
n the near future, we used CP-Pt in this study.

t
a
W
t
m
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.3. Measurements

To confirm the reduction of platinum ions in PtCl62− and for-
ation of CP-Pt, ultraviolet and visible (UV–vis) spectra were
easured from 200 to 800 nm using an Ultrospec 6300 Pro

pectrophotometer (GE Healthcare Bio-Science Corp., Uppsala,
weden).

NADH and NAD+ were quantified by their absorption spectra
t 340 and 260 nm, respectively, using the spectrometer [17]. An
AD+/NADH assay was also performed with the assay kit accord-

ng to the manufacture’s manual to estimate NAD+ production. The
ethod was based on the alcohol dehydrogenase cycling reaction

n which a tetrazolium dye is reduced by NADH in the presence of
henazine methosulfate.

To investigate the chemical change of CP-Pt by NADH oxida-
ion, UV–vis surface plasmon resonance absorption spectra of CP-Pt
ere measured from 200 to 800 nm after incubation with NADH.
P-Pt at 100 �M were incubated with 200 �M NADH in water at
oom temperature for 2 h. Subsequently, the incubated mixture was
entrifuged by Amicon ultra centrifugal filter devices to remove
ADH and NAD which impede the spectrum measurement. Then,
amples were re-dispersed with the equal volume of water. This
ashing process was repeated 10 times. For a control experiment,
e used CP-Pt subjected to 2 h incubation without NADH and fol-

owing series of washing.
Reduction of CoQ1 to CoQ1H2 was estimated by absorption

eak shift, as previously described [35–37]. To clearly distinguish
oQ1H2 from CoQ1, we used an HPLC system that was composed
f a Waters 600 controller (Milford, MA, USA) with a Waters 996
iode Array Detector and a 20 �l injection loop. The column and
uard column used were 150 mm × 4.6 mm Supelcosil octadecylsi-
ane LC-18-T (particle size: 3 �m, Supelco, Bellefonte, PA, USA) and
0 mm × 4 mm Discovery HS C18 (particle size: 3 �m, pore size:
20 Å, Supelco), respectively.

CoQ1 and CoQ1H2 were separated at room temperature at a flow
ate of 0.20 ml/min. The composition of one mobile phase was 80%
ethanol and 20% distilled water. To avoid reoxidation of CoQ1H2,
ater was degassed and all experiments were performed under an
2 atmosphere. Column elution was monitored at 275 and 290 nm

or CoQ1 and CoQ1H2, respectively. To reduce and reoxidize CoQ1,
ollowing solutions were prepared: 5 mM oxidized CoQ1 in ethanol,
mM CP-Pt in water, 50 mM borohydride in water, and 50 mM

erricyanide in water. To create a reaction mixture using those solu-
ions, the total volume was adjusted to 40 �l with 140 mM KCl and
0 mM HEPES/OH, pH 7.5 (HEPES/OH buffer). The final concentra-
ions of CoQ1, CP-Pt, borohydride and ferricyanide were 0.25, 0.25,
, and 4 mM, respectively, in the reaction mixture. After the reaction
as conducted in a microsyringe, half of the mixture (20 �l) was

njected into the HPLC system. The concentration of CoQ1H2 was
stimated from a standard curve of dimensions that were calculated
sing Millennium software 32 [38,39].

. Results

.1. Characterization of CP-Pt

CP-Pt was prepared by the citrate reduction of H2PtCl6. UV–vis
pectra were recorded at PtCl62− and CP-Pt concentrations of 50
nd 200 �M, respectively. After the reduction, the two absorp-

ion maxima of the PtCl62− spectrum (a sharp peak at 260 nm and

small broad peak around 370 nm) were not observed (Fig. 1).
e judged that platinum ions were reduced to atoms. To confirm

he dispersibility of CP-Pt and determine their diameter, electron
icrographs were taken by H-7600 TEM manufactured by Hitachi
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Fig. 3. Oxidation of NADH by platinum only. CP-Pt were incubated with NADH in
water at room temperature for predetermined periods (open circle). The concentra-
tions of platinum in CP-Pt and NADH were 50 and 100 �M, respectively, at the start
of incubation. A similar experiment was performed under an N2 atmosphere (closed
circle). Auto-oxidation of NADH was monitored by incubating 100 �M NADH alone
(open square). To examine whether the protecting reagents of CP-Pt oxidize NADH,
citrate and pectin were incubated with NADH (open triangle). The concentrations
o
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ig. 1. UV–vis absorption spectra of platinum nanoparticles protected with citrate
nd pectin (CP-Pt) and aqueous hexachloroplatinate (PtCl62−) from 200 to 800 nm.
he concentrations of platinum as CP-Pt and as PtCl62− were 200 and 50 �M, respec-
ively.

cience Systems Ltd. (Tokyo, Japan). Their dispersibility and average
iameter (data not shown) were similar to those reported previ-
usly [15].

.2. Oxidation of NADH by CP-Pt

To determine if CP-Pt can oxidize NADH, 100 �M NADH was
ncubated with 50 �M CP-Pt for up to 12 h. The reaction was car-
ied out at room temperature under a normoxic atmosphere. The
bsorbance decreased and increased with time at 340 and 260 nm,
espectively (Fig. 2). This observation indicated that CP-Pt oxidized
ADH to NAD+. The NAD+/NADH ratio after the 12 h incubation was
.85 ± 1.23 (n = 3); about 85% of NADH was oxidized to NAD+.

The time course of NADH oxidation by CP-Pt was then stud-
ed. With the addition of 50 �M CP-Pt, the concentration of NADH
ecreased in a time-dependent manner (Fig. 3). In 3 h, CP-Pt oxi-
ized NADH by approximately 75%. When NADH was incubated
ith a mixture of protecting reagents, citrate and pectin, the time-
ependent decrease of NADH was not observed; this observation

ndicated that the platinum in CP-Pt was the active agent for oxidiz-
ng NADH. When NADH alone was incubated, slight auto-oxidation
as observed, as previously reported [40]. To examine if O2 accepts

lectrons from NADH, NADH was incubated with CP-Pt under an N2
tmosphere. Without O2, CP-Pt still oxidized NADH.
When the concentration of platinum in CP-Pt was varied in
he range of 0–100 �M, the oxidation of NADH for 3 h was dose-
ependent (Fig. 4), and the CP-Pt concentration that could induce
0% oxidation of NADH was approximately 20 �M. To confirm that
P-Pt oxidized NADH to NAD+, we measured the time course of the

ig. 2. Time-dependent change in absorption spectra. CP-Pt were incubated with
ADH in water at room temperature for the indicated times. The concentrations of
latinum in CP-Pt and NADH were 50 and 100 �M, respectively.
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f citrate and pectin were 10 mM and 0.60 mg/ml, respectively. The concentrations
f NADH were calculated using the ε value of 6.22 mM−1 cm−1 [18]. Values repre-
ent means ± S.D. of five experiments. When not shown, deviations lie within the
ymbols.

AD+/NADH concentration ratio using an NAD+/NADH assay kit.
his assay is highly specific for the measurement of NAD+/NADH
oncentrations and ratios. The absorbance at 570 nm decreased by
0% for 2 h; consequently, about 70% of NADH was oxidized to NAD+

Fig. 5). The assay kit result was in good accordance with results
etermined by the absorbance peak shift from 340 to 260 nm.

After the oxidation of NADH, the UV–vis surface plasmon reso-
ance absorption spectrum of CP-Pt was measured and exhibited
he feature typical of platinum nanoparticles. The spectra of CP-
t were identical before and after NADH oxidation, indicating that
he NADH oxidation did not cause a significant chemical change of
P-Pt (Fig. 6).

.3. Reduction of CoQ1 by CP-Pt

The absorption spectra were monitored at 1 h after CP-Pt were
ixed with CoQ1 in the HEPES/OH buffer at room temperature.

he maximum absorption peak shifted from 278 to 284 nm (Fig. 7),

hich suggests that the peak shift may be attributable to the reduc-

ion of CoQ1 by CP-Pt. However, the maximum peaks we observed
ad a slight variance from those of oxidized and reduced CoQ1, as
reviously reported [41,42].

ig. 4. Dose-dependent decrease in NADH. The absorption band at 340 nm was mon-
tored for 3 h after CP-Pt were added to a 100-�M NADH solution. The concentration
f platinum in CP-Pt was altered from 5 to 100 �M. Values represent means ± S.D.
f five experiments. When not shown, deviations lie within the symbols.
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Fig. 5. Generation of NAD+ by oxidation of NADH. The NAD+/NADH concentra-
tions and ratios were measured using an NAD+/NADH assay kit. The absorbance at
570 nm was measured until 120 min after 5 �M CP-Pt were added to the 5 �M NADH
solution. Values represent means ± S.D. of three experiments. When not shown,
deviations lie within the symbols.

Fig. 6. UV–vis surface plasmon absorption spectra of CP-Pt after NADH oxidation.
CP-Pt was incubated with NADH in water at room temperature for 2 h. The concen-
trations of platinum in CP-Pt and NADH were 100 �M and 200 �M, respectively. After
2 h reaction, the incubated mixture was centrifuged by Amicon Ultra centrifugal fil-
ter devices to remove NADH and NAD and then re-dispersed with the equal volume
o
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Fig. 8. HPLC analysis of CoQ1. Twenty microliters of 0.25 mM CoQ1 in the HEPES/OH
buffer was injected into the HPLC (A). After a 1 h reduction with 4 mM borohydride,
20 �l of 0.25 mM CoQ1 was injected (B). After a 1 h incubation with 0.25 mM CP-Pt at
room temperature, 20 �l of the consequent mixture containing 0.25 mM CoQ1 was
injected (C). The concentration of ferricyanide was 4 mM, and the incubation time
was 1 h (D). The 275 nm band is plotted in panel A, and the 290 nm band is plotted
in panels (B–D). AU: absorption unit.

Fig. 9. Dose-dependent reduction of CoQ1 by CP-Pt. CoQ1 at 0.25 mM was incubated
w
2
a
W

a
1
t
r

f water. This washing process was repeated 10 times. For control, we used CP-Pt
ubjected to 2 h incubation without NADH and following series of washing. The spec-
rum measurements were independently repeated three times. A representative set
f spectra were shown.

We used HPLC to clearly separate CoQ1 and CoQ1H2. Two micro-
iters of 5 mM CoQ1 was diluted with 38 �l of the HEPES/OH buffer,

nd half of the diluted solution (20 �l) was injected into the HPLC
ith the Supelcosil octadecylsilane LC-18-T column. A peak was
etected with a retention time of approximately 21 min (Fig. 8A).
o reduce CoQ1, 4 mM borohydride was used. Immediately after
ixing, 20 �l of the mixture was injected into the HPLC system,

ig. 7. The absorption change of CoQ1. The CP-Pt were mixed with CoQ1 in 140 mM
Cl and 10 mM HEPES/OH, pH 7.5 (HEPES/OH buffer). Their final concentrations were
50 and 50 �M, respectively. The resultant mixture was incubated for 1 h at room
emperature under an N2 atmosphere.
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ith 0.05, 0.1, 0.25, and 0.5 mM CP-Pt at room temperature for 15 min and detected at
90 nm with the HPLC system. The concentrations of reduced CoQ1 were calculated
s described in the Section 2. Values represent means ± S.D. of three experiments.
hen not shown, deviations lie within the symbols.

nd CoQ1H2 was detected with a retention time of approximately
5 min (Fig. 8B). After a 1 h incubation of CoQ1 with 0.25 mM CP-Pt,
he mixture was injected. The peak in CoQ1 was observed at the
etention time of its reduced form (Fig. 8C), indicating that CP-Pt
an reduce CoQ1. To reoxidize CoQ1, 4 mM ferricyanide was used in
he mixture containing CP-Pt. The incubation time was 1 h and CoQ1
as observed at the retention time of its oxidized form (Fig. 8D).

he ferricyanide-derived peak was observed with retention time of
pproximately 6 min.

The dose dependency of CoQ1 reduction was then studied. The
oncentration of platinum in CP-Pt was varied in the range of 0.05
o 0.5 mM, and a dose-dependent increase in CoQ1H2 was observed
Fig. 9). These results showed that CP-Pt reduced CoQ1 in a dose-
ependent manner.

. Discussion

The decrease and increase in the absorption intensity at 340 and
60 nm, respectively, are interpreted as the oxidation of NADH to
AD+ because the bands at 340 and 260 nm are from the n–�* tran-
ition of the dihydronicotinamide part and �–�* transition of the

denine ring, respectively, as described in a previous study of gold
anoparticles [17]. A similar peak shift was observed with CP-Pt

n this study (Fig. 9), indicating that CP-Pt has the same activity
s that of oxidizing NADH to NAD+. We also detected NAD+ with
more definitive method; we used an NAD+/NADH quantification
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it, which indirectly found NAD+ by detecting the NAD+ cycling
nzyme. This kit enabled us to measure NAD+ formed by the CP-
t oxidation of NADH (Fig. 5). We estimated the concentration of
latinum atoms in CP-Pt from its ion concentration at the begin-
ing of the nanoparticle preparation because platinum ions were
ardly detected after the citrate reduction (Fig. 1). Because plat-

num nanoparticles do not have a specific absorption peak, we could
ot calculate the concentration of platinum nanoparticles. Consid-
ring the face-centered cubic structure of gold nanoparticles, these
anoparticles whose diameter is 15 nm consist of approximately
.0 × 105 gold atoms [17]. According to previous results, the con-
entration of gold nanoparticles needed for 50% oxidation of NADH
IC50) was approximately 0.5 nM; from this nanoparticle concen-
ration, a gold atom concentration is estimated to be 50 �M. The
C50 of platinum atoms was 20 �M (Fig. 3). Although these values
re in relatively good agreement, oxidizing NADH is slower with
latinum than with gold because 1-h incubation with CP-Pt was
equired before NADH oxidation could be detected.

When NADH is oxidized to NAD+, H+ and 2e− are released.
herefore, CP-Pt has to take care of 2e−, too. It is well
nown that upon ultraviolet irradiation, platinum nanoparticle-
oaded photocatalyst TiO2 decomposes water to evolve hydrogen
2H2O + 2e− → 2OH− + H2↑) [43]. Platinum nanoparticles help
unction for electron transfer to water. Because a chemical change
f CP-Pt was not observed after the oxidation of NADH (Fig. 6), we
peculate that besides the oxidation of NADH, CP-Pt may trans-
er (accept and release, as discussed afterward) electrons to water,
ecompose it and generate hydrogen.

From the spectrum changes, we assumed that CoQ1 was reduced
y CP-Pt (Fig. 7). The alternation of the maximum absorption peak
n water and absolute ethanol were previously discussed in detail
44]. From their study, the maximum peak of oxidized CoQ1 in a
ris-acetate buffer was 278 nm. We measured the maximum peak
f the oxidized form in a HEPES/OH buffer and found the value to
e 279 nm. A 1-nm peak shift seems to be due to the difference of
edia. We could not find information about the maximum peak

f reduced CoQ1 in theirs and other researches’ papers. When con-
idering the height of these absorption peaks, the oxidized form is
igher than that of the reduced form due to the difference in their
xtinction coefficients. The millimolar extinction coefficient differ-
nce (�ε) between oxidized and reduced CoQ10 was obtained to
e 12.5 [35]. In our study, the �ε for CoQ1 calculated between the
bsorption at 279 and 284 nm was 12.7, slightly high from �ε 12.3
45]. Therefore, we believe that CoQ1 was not reduced completely
y CP-Pt in 1 h.

To quantify oxidized and reduced CoQ, HPLC is often employed
y utilizing the affinity difference to the octadecylsilane column
46]. For CoQ1 separation, 70% methanol and 30% ethanol are usu-
lly used as a mobile phase solution [47]. We observed that when
sing this mobile phase solution, CP-Pt aggregated and precipi-
ated. We developed a mobile phase consisting of 80% methanol
nd 20% distilled water to maintain a good dispersion of CP-Pt. We
easured the maximum peak of oxidized and reduced CoQ1 in 80%
ethanol media and the values were 275 and 290 nm, respectively

data not shown). With this mobile phase solution in the HPLC sys-
em, the retention times of oxidized and reduced CoQ1 were 21 and
5 min, respectively, in the HPLC system we used (Fig. 8). These
ata show that CP-Pt can reduce CoQ1. Ferricyanide was used as
n oxidant according to a previous report [48], and this reagent
ompletely reoxidized the reduced CoQ1 (Fig. 8D). Due to ferri-

yanide oxidizing the reduced CoQ1, the reduction of CoQ1 by CP-Pt
s related to the structural changes of quinone to quinol.

Since the CP-Pt consisted of platinum, citrate, and pectin, plat-
num ions, free citrate, and free pectin might have oxidized NADH
nd reduced CoQ1. We did not examine effects of platinum ions

[
[

[
[

: Biointerfaces 66 (2008) 195–200 199

ecause platinum ions were reduced nearly 100% after citrate
eduction (Fig. 1). In the current study, we confirmed that a protect-
ng reagent, either citrate or pectin, did not oxidize NADH (Fig. 3).
he reduction of CoQ1 was not observed in the presence of either
rotecting reagents (data not shown). We believe that the activity of
xidizing NADH and reducing CoQ1 is attributable to the platinum
toms in CP-Pt.

The complex I of mitochondrial electron transport is located
t the mitochondrial inner membrane. It functions in the matrix
o oxidize NADH and in the inner membrane to transfer elec-
rons to CoQ. Therefore, platinum nanoparticles possibly substitute
he complex I if we can deliver them to the proper mitochon-
rial locations: the matrix and inner membrane. Recent reports
n electron localization in platinum and palladium nanoparticles
emonstrated that electrons are located at the interface between
he nanoparticles and protecting reagents. This phenomenon is a
onsequence of contributions from both the quantum-size effect
nd the charge-transfer from the metal nanoparticle core [49,50].
f platinum nanoparticles are ready to accept and release electrons
ue to their electron surface location, platinum nanoparticles can
eparately mediate two reactions: oxidation of NADH in the matrix
nd reduction of CoQ in the inner membrane. In other words, even
hough platinum nanoparticles do not directly transfer electrons
rom NADH to CoQ, they can supply NAD+ to the tricarboxylic acid
TCA) cycle and reduced CoQ to complex III. Therefore, platinum
anoparticles can potentially mimic the enzymatic activity of com-
lex I, though currently, we do not know if they can function as a
roton pump, which mitochondrial complex I can perform.

. Conclusions

The mitochondrial respiratory chain, especially at complexes
and III, is thought of as a primary site of ROS generation. In

ome oxidative stress diseases such as Parkinson’s disease [51],
xcessive ROS generation is responsible to pathogenesis due to
he suppression of complex I. Platinum nanoparticles serve dual
unctions as mitochondrial complex I to lower ROS generation and
s SOD/catalase mimetics to scavenge generated excessive ROS.
ur recent in vivo study has revealed the lifespan extension of
aenorhabditis elegans by platinum nanoparticles [52]. If we can
eliver platinum nanoparticles to proper sites in the mitochondria,
hey seem to be useful for the medical treatment of oxidative stress
iseases.
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