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Pulsed near-infrared (near-IR) laser irradiation damaged
cultured cells in the presence of phosphatidylcholine- passivated
gold nanorods (PC-NRs). When single cells were irradiated with
a focused pulsed near-IR laser, photoreaction of the PC-NRs
caused damage within a very small area around the PC-NRs,
and achieved selective cell death of single cells.

Gold nanorods (NRs) are rod-shaped gold nanoparticles that
show unique optical properties depending on their shapes.1,2 One
of the surface plasmon (SP) bands is located in the near-infrared
(near-IR) region with intense absorption coefficiency.2 Thus,
NRs represent unusual materials with an intense absorption band
in the near-IR region.3–5 The distinct SP bands of NRs provide
highly efficient photothermal conversion.6 Photothermal conver-
sion using near-IR light affords potential as an effective sensitiz-
er for photoinduced treatment of tumors,7 because near-IR light
is transmitted deep into body tissues without significant damage
to the tissues themselves. Thus, the optical property of NRs is
expected to be useful for photothermal therapy.

Continuous laser light has normally been used for photody-
namic and photothermal therapy.7–9 On the other hand, pulsed
laser light are useful for controlling irradiation conditions (rep-
etition rate, pulse width, and so on).10 Thus, pulsed-laser irradi-
ation is advantageous for selectively affecting specific cells
while leaving the surrounding cells intact, compared with the
use of continuous laser irradiation. Previously, Hosokawa et
al. reported that femtosecond pulsed-laser irradiation was able
to realize nondestructive detachment of single cells.11 This find-
ing represents a typical example of the potential use of pulsed-
laser irradiation for designing spatially selective photoreactions
that could affect single living cells under microscopic observa-
tion. Moreover, pulsed near-IR light introduces local excessive
heat only around the NRs for a very short time period.12 Thus,
pulsed-laser irradiation of NRs is expected to cause selective
damage to single living cells, while leaving the surrounding
cells intact.

Because of the presence of hexadecyltrimethylammonium
bromide (CTAB), as-prepared NR solutions show high cyto-
toxicity.13,14 We previously succeeded in preparing phosphati-
dylcholine (PC)-passivated NRs (PC-NRs), that show very low
cytotoxicity.15 In the present study, we investigated the useful-
ness of these PC-NRs as photosensitizers for damaging single
cells using pulsed near-IR light under microscopic observation.

NRs, prepared by a modification of our previously reported
method,16 were supplied by Mitsubishi Materials Co., Ltd. The
initial NR solution (�1mM (Au atoms)) contained 80mM
CTAB, and the zeta potential of the NRs was about þ65mV.

Some of the precipitated CTAB was removed using a membrane
filter (pore size, 0.8mm). The residual CTAB in the NR solution
(20mL) was extracted into 10mL of a chloroform solution
containing PC (10mg/mL; from egg yolk; Nacalai Tesque).
After repeating the extraction procedures a further two times,
the NR solution was centrifuged once, and the PC-NRs were
obtained in water.

For microscopic observation of cultured cells treated with
PC-NRs, HeLa cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) containing 10% (v/v) heat-inactivat-
ed fetal bovine serum and Antibiotic-Antimycotic (GIBCO) in a
glass-based dish (35mm; glass diameter, 12mm). Following a
24-h incubation (37 �C, 5% CO2), the culture medium was
removed, and a mixed solution of 5mL of PC-NR solution
(8mM (Au atoms)) and 25mL of DMEM was poured into the
dish. After a 30-min incubation, 10mL of Trypan blue solution
was added to investigate the incidence of cell death.17 The
cultured cells in the dishes were then observed by differential
interference microscopy (TE2000; Nikon) and irradiated using
the fundamental light of a Q-switched Nd:YAG laser (Polaris
III; 1064 nm; pulse duration, 6–9 ns; repetition rate, 10Hz) under
microscopic observation.

An absorption spectrum of the as-prepared PC-NR solution
(1mM (Au atoms)) is shown in Figure 1a. The spectrum showed
the typical two SP peaks corresponding to the longitudinal
(�900 nm) and transverse (�520 nm) oscillation modes.1,2 The
zeta potential of the PC-NRs was þ15� 1mV. The cytotoxicity
of the PC-NRs is discussed in another paper.15 An absorption
spectrum of the PC-NRs (1mM) in DMEM showed the same
two absorption bands at the identical wavelengths (Figure 1b),
indicating that most of the PC-NRs had dispersed in the solution
without forming aggregates. It was clear that PC-NRs could
absorb near-IR light (1064 nm) in DMEM. From a TEM image
(inset of Figure 1), the average length and width of the PC-

Figure 1. Absorption spectra of PC-NRs in water (a) and
DMEM (b). The inset shows a TEM image of PC-NRs.
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NRs were calculated to be 65� 5 nm and 11� 1 nm, respective-
ly (aspect ratio: 5.9).

Figure 2 shows microscopic images of HeLa cells in the ab-
sence of PC-NRs. The pulsed laser (2mJ/pulse) was focused at
the area shown by the red circle in Figure 2a. The medium con-
tained a dye (Trypan blue) that stained dead cells blue. After
2min of laser irradiation, the laser-irradiated cell was not stained
with Trypan blue, confirming that focused laser irradiation does
not induce cell death in the absence of PC-NRs in the medium.

Figure 3 shows microscopic images of HeLa cells before (a)
and after (b–d) laser irradiation in the presence of PC-NRs
(1mM). The PC-NRs themselves were too small to be observed
in these microscopic images; however, they must be taken up or
in contact with the cells.15 The cells were not stained with Try-
pan blue before laser irradiation (a), indicating that the presence
of the PC-NRs alone did not induce cell death. Next, the pulsed
laser was focused at the area indicated by the red circle in
Figure 3a. Several seconds after the laser irradiation (2mJ/pulse,
10Hz, 10 s), the laser-irradiated cell became stained with Trypan
blue (Figure 3b), indicating that it had died. It could be seen that
the nucleus of the cell was selectively stained. Moreover, images
obtained at 1 (c) and 2 (d) min after the laser irradiation clearly
indicated that the neighboring cells were not damaged by the
laser irradiation. These observations indicate that the heat
around the target cell caused by the pulsed-laser irradiation
was insufficient to damage the neighboring cells. In the case of

confluent cells, the photoreaction of PC-NRs induced cell death
without damaging the neighboring cells as well as the case of
Figure 3.

Therefore, the combination of PC-NRs and pulsed near-IR
light resulted in selective cell death. Moreover, although the cell
death was induced by photothermal conversion of the PC-NRs,
the heat provided by the PC-NRs was insufficient to damage
the neighboring cells. Thus, PC-NRs are effective photosensitiz-
ers driven by near-IR light to introduce excessive heat in a small
localized region. When target cells are stained specifically with
PC-NRs, treatment of tumors without damage to the normal tis-
sues will be achieved. This technique provides a novel system
for tumor therapy and the treatment of infectious diseases.
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Figure 2. Microscopic images of HeLa cells without PC-NRs
before (a) and after (b) laser irradiation. The medium in the dish
consisted of a mixture of 30mL of DMEM and 10mL of Trypan
blue. Fundamental light of a pulsed Nd:YAG laser (1064 nm,
2mJ/pulse, 2min) was passed through a 40� objective lens.
The laser-irradiated spot is shown by the red circle.

Figure 3. Microscopic images of HeLa cells treated with PC-
NRs before (a) and after (b–d) laser irradiation (several seconds
(b), 1min (c) and 2min (d) after the laser irradiation). The me-
dium in the dish consisted of a mixture of 25mL of DMEM, 5mL
of PC-NR solution (8mM) and 10mL of Trypan blue solution.
The final PC-NR concentration was about 1mM. Laser irradia-
tion conditions were the same as those of Figure 2.

Chemistry Letters Vol.35, No.5 (2006) 501

Published on the web (Advance View) April 8, 2006; DOI: 10.1246/cl.2006.500


