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Abstract
Phthalocyanine-aggregated Pluronic nanoparticles were constructed as a novel type of
near-infrared (NIR) absorber for photothermal therapy. Tiny nanoparticles (~ 60 nm, FPc
NPs) were prepared by aqueous dispersion of phthalocyanine-aggregated self-assembled
nanodomains that were phase-separated from the melt mixture with Pluronic. Under NIR
laser irradiation, FPc NPs manifested robust heat generation capability, superior to an individual cyanine dye and cyanine-aggregated nanoparticles. Micro- and macroscopic imaging
experiments showed that FPc NPs are capable of internalization into live cancer cells as well
as tumor accumulation when intravenously administered into living mice. It is shown here that
continuous NIR irradiation of the tumor-targeted FPc NPs can cause phototherapeutic effects
in vitro and in vivo through excessive local heating, demonstrating potential of phthalocyanine-aggregated nanoparticles as an all-organic NIR nanoabsorber for hyperthermia.
Key words: Phototermal therapy; Phthalocyanine; Near-infrared photonics; Tumor targeting; Hyperthermia; Nanoparticles.

Introduction
Organic dye-based near-infrared (NIR) photonics have widely been utilized in the fields of life and
materials sciences. In biomedical applications, the
utilization of dyes that absorb and fluoresce in the
NIR range (ca. 600-1000 nm) takes an advantage of
spectral coincidence with the tissue transparent window where minimal photon interferences (absorption,
autofluorescence, and scattering) from solvents, biomolecules, and the biological matrix allow for deeper
light penetration [1]. Promising applications include

visualization of deep tissues by fluorescence imaging
[2] and noninvasive treatment of deep tumors by
photodynamic therapy (PDT) [3], both of which are
attained by using NIR dyes that are fluorescent or
capable of photosensitizing cytotoxic singlet oxygen
(1O2), respectively. On the other hand, there has been
a great deal of effort in the exploitation of organic
dyes for use in high-density optical storage [4, 5].
Compact disc-recordable (CD-R) and digital versatile
disc-recordable (DVD-R) are examples of NIR phohttp://www.thno.org
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tonics-based optical memory where micrometer-sized
pits are written in the recording layer by the localized
heat generation through the focused laser absorption-induced photothermal effect of NIR dyes [6-9].
Besides its application to optical devices, the
photothermal effect of NIR dyes has been explored as
a light-activated heat-generation modality for cancer
hyperthermia [10, 11]. It is known that protein denaturation, disruption of the cellular membrane and
ablation of tumor tissues occur at temperatures of
40-43 oC or greater [12, 13]. Selective photothermal
therapy (PTT) is achieved by co-localization of laser
irradiation and preferentially accumulated NIR dyes
at tumor sites in which the photoexcited molecules are
relaxed non-radiatively and thus the absorbed photon
energy is converted into heat enough to induce cellular hyperthermia. In recent years, PTT has burgeoned
into a promising niche of non- or minimally invasive
tumor treatments, with the advent of inorganic nanomaterials including carbon nanotubes [14-17] and
noble metal colloids. In particular, NIR-absorbing
gold nanostructures (nanorods, nanoshells, nanocages, and hollow nanospheres) are well suited for PTT
owing to the enhanced optical properties and high
photothermal conversion efficiency as well as low
toxicity [18-22].
Compared to inorganic counterparts, organic
NIR dyes (mostly cyanines) possess advantageous
features for biomedical applications, i.e., relatively
high light absorptivity per mass, high-to-moderate
fluorescence efficiency, and biocompatibility with less
potential toxicity [23]. As for the PTT application,
however, they present inherent limitations, such as
low photothermal conversion efficiency due to competitive photophysical processes (ex. fluorescence or
intersystem crossing), low photostability under intense and prolonged light irradiation, and overall, low
efficiency of heating the surroundings for hyperthermia. To address these issues, we devised a new approach based on NIR dye aggregates that will be more
suitable than using individual dye molecules for the
application to PTT of cancer. The utilization of nanoscopic dye aggregates as a PTT agent will provide
several advantages: (1) cumulatively enhanced light
absorptivity due to the high chromophore density in
the individual nano-agent, (2) enhanced photothermal
conversion efficiency by aggregation-induced blocking of photophysical processes other than internal
conversion and thermal relaxation, (3) high bioapplicability by forming surfactant-stabilized nanoparticles in aqueous physiological environment, and (4)
possibility of passive tumor targeting by the enhanced
permeability and retention (EPR) effect [24].
With these considerations in mind, we have
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constructed a new composite nanoformulation that is
concentrated with photostable NIR dyes inside and
surrounded with biocompatible polymer chains on
the surface. As shown in Figure 1, the designed
structure of dye-aggregated composite nanoparticles
(FPc NPs) is based on the physical assembly of all
organic constituents, i.e., tetra-t-butylphthalocyanine
(PcBu4) as a concentrated hydrophobic NIR dye and
Pluronic F-68 as a biocompatible polymer surfactant,
as well as glycol chitosan and heparin as particle surface adsorbents. Phthalocyanines are one of the most
stable and tinctorially strongest chromophores having
absorption in the NIR [25]. Owing to the outstanding
optical and thermal stability compared to cyanines,
they have widely been exploited as a photothermal-mode optical recording medium in a form of aggregated thin films [26]. Consequently, it is anticipated that Pluronic nanoparticles concentrated with a
hydrophobic phthalocyanine will construct a
dye-aggregated inner domain with favorable properties for the PTT activity in terms of NIR absorptivity,
photothermal conversion efficiency, and stability. The
hydrophilic polyethylene glycol (PEG) surface of the
Pluronic-based nanoparticles is known to help prolonged blood circulation and hence EPR-effected tumor accumulation by reducing opsonization in the
reticuloendothelial systems (RES) [27], as well as cellular uptake of nanoparticles through enhanced endocytosis [28, 29]. In addition, heparin on the particle
surface can enhance the in vivo tumor targeting efficiency due to its specific interaction with a fibrinogen-derived product found in the solid tumor [30, 31].
Taken together, the designed nanoformulation is expected to offer an optimal platform for the enhanced
therapeutic efficacy of PTT. In this study, we report
the efficient tumor targeting behavior of FPc NPs in
vivo, along with their robust photostability and photothermal effect superior to an individual dye molecule, indocyanine green (ICG) as well as the control
nanoparticles concentrated with a general hydrophobic cyanine dye, 1,1',3,3,3',3'-hexamethylindotricarbocyanine iodide (IcMe6, Figure 1). Through this
phthalocyanine-aggregated nanocomposite approach,
we demonstrate potential use of all-organic NIR
nanoabsorbers for photothermal therapy of cancer in
cells and in vivo.

Experimental Section
Instrumentation: Transmission electron microscopic (TEM) images of negatively stained particles (2
wt.% uranyl acetate) were obtained with a CM30
electron microscope (FEI/Philips) operated at 200 kV.
Zeta potential studies were performed with Zetasiser
nano ZS (Malvern Instruments). Absorption and fluhttp://www.thno.org
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orescence spectra were acquired using a UV-visible
spectrometer (Agilent 8453) and a fluorescence spectrophotometer (Hitachi F-7000, wavelength calibrated
for excitation and emission), respectively.
Preparation of FPc NPs and FIc NPs:
PcBu4-loaded nanoparticles were prepared by a temperature-induced phase transition method [31]. First,
25 mg of PcBu4, 100 mg of PEG (Mw. 400), and 400 mg
of Pluronic F-68 were mixed and then the mixture was
melted into the liquid phase with increase of the
temperature to 150 °C for 90 min. Immediately after
quenching in an ice bath, a waxy solid was obtained.
Then Mili-Q water (20 mL) was added to 100 mg of
the solid and the mixture was vigorously stirred to
afford an aqueous dispersion of PcBu4-loaded nanoparticles (bear FPc NPs). For the surface modification
with glycol chitosan (GC) and Heparin (Hep), 2 mL of
a 0.0125 wt % GC solution was added to form GC
adsorbed surface by hydrogen bonding, followed by
stirring at ambient temperature for 10 min. To obtain
the final product, 2mL of 0.125 wt % Hep solution was
added to the reaction mixture and then the colloidal
suspension was freeze-dried to obtain a blue powder
of FPc NPs. To utilize in vivo/vitro NIRF imaging, 0.4
mg of Cy5.5-vinylsulfone (10 mg mL-1, BioActs Co.
Ltd.) was added to the GC-Hep modified colloidal
suspension and the mixture was dialyzed against distilled water using a Cellu. Sep membrane (Membrane
Filteration Products, Inc., molecular cutoff=12,000
~14,000). Then, the resulting dispersion of nanoparticles was freeze-dried to obtain a blue powder of Cy5.5
labeled FPc NPs.
Measurement of singlet oxygen generation
quantum yield with RNO test: Singlet oxygen generation was monitored by a decrease in the absorbance of the mixed RNO at 440 nm under laser excitation. The mixture solution was prepared by mixing 0.2
mL of FPc NPs (1 mg mL-1) in water with 0.11 mL of
RNO stock solution (0.12 mM in water), 0.7 mL of
histidine (0.03 M in water) and 0.18 mL water. NIR
excitation at 671 nm was performed by irradiating the
collimated laser beam through the sample. The relative quantum yields of 1O2 generation () were estimated by using a water solution of Ce6 as a reference and comparing the derived slopes of RNO absorbance plots (-ln A440) against the irradiation time.
Temperature evaluation induced by laser irradiation: DPSS 671 nm laser (Shanghai Dream Laser
Technology Co., Ltd.) with a center wavelength of 671
± 1 nm and 200 mW output power. To evaluate the
laser induced temperature increase, 20 L of FPc NPs
and FIc NPs suspensions, and ICG aqueous solution
were added into wells of micro plate, respectively.
Then each well was irradiated with the laser for 15
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min, while the temperature was measured by thermometer with a needle probe.
FPc NPs uptake and NIR fluorescence imaging
with tumor cells: SCC7 (squamous cell carcinoma)
cells were cultivated in RPMI1640 medium supplemented with 10% FBS, 100 U/mL penicillin and 100
mg/mL streptomycin, in a humidified 5 % CO2 incubator at 37 oC. The tested cells were seeded onto 35
mm coverglass bottom dishes and allowed to grow
until a confluence of 70%. Prior to the experiment,
cells were washed twice with PBS (pH 7.4) to remove
the remnant growth medium, and then incubated in a
serum-free medium (2 mL) containing FPc NPs (0.2
mg) for 1 h. The cells were then washed twice with
ice-cold PBS (pH 7.4) and directly imaged using a
fluorescence microscope (Ziess Axioskop2 FS Plus)
with a filter set of 600-650 nm for excitation and
670-720 nm for emission.
In Vivo NIRF imaging with tumor bearing
mice: The animal studies have been approved by the
animal care and use committee of Korea Institute of
Science and Technology and all handling of mice was
performed in accordance with the institutional regulations. Tumor xenografts were created via subcutaneous injection of 1 x 107 SCC7 cells suspended in
RPMI1640 cell culture media in 5-week-old male
BALB/c nude mice (Orient. Korea). After 2 weeks
post-inoculation, the mice were intravenously injected
with the FPc NPs suspension (0.1 mg FPc NPs in 100
µL
DPBS).
Their
tissue
distribution
and
time-dependent excretion profiles in murine tumor
model were imaged by positioning mice on an animal
plate heated to 37 oC in the eXplore Optix System
(Advanced Research Technologies Inc., Canada). Laser power and count time settings were optimized at 5
µW and 0.3 s per point. A 670-nm pulsed laser diode
was used to excite the nanoparticle.
Photothermal toxicity evaluation with MTT
cell viability assay: SCC7 cells were cultured in a
96-well plate and then a half of the well treated with
FPc NPs (1 mg) for 5 h and the other half of well was
remained without treatment as a control. After
washing with fresh media, the plate was incubated for
12 h after laser treatment (671 nm, 6.4 W/cm2) with
irradiation times of 0 min, 5 min, 10 min, 15 min, and
20 min, to determine phototoxicity. Then, the cell viability was evaluated via MTT assay.
Photothermal therapy of tumor-bearing mice:
The prepared tumor xenografts models with and
without intravenous injection of the FPc NPs suspension (0.2 mg FPc NPs in 200 µL DPBS) were continuously scanned with a 671 nm laser (seven spots in the
tumor tissue) for 21 min at 4 h post-injection. The
tumor size of each mouse was measured with a digital
http://www.thno.org
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caliper, and the tumor volume was calculated as
width × length × height × 1/2 for 13 days.

Results and Discussion
FPc NPs were fabricated by colloidal dispersion
of self-assembled aromatic nanodomains in the F-68
matrix. The process involves 1) preparing a ternary
mixture of F-68, PcBu4, and polyethylene glycol (PEG,
Mn = 400) in a weight ratio of 100:6.25:25, by hot mechanical stirring at 150 oC for 1.5 h, 2) quenching the
hot mixture in an ice bath to induce nanoscopically
confined self-assembly of PcBu4 by phase separation
from the polymer matrix, and 3) subsequently dispersing the self-assembled PcBu4 colloids by adding
water to the quenched mixture. During the steps, the
PcBu4-aggregated nanodomains were well-separated
and stably dispersed in water by the surface stabilization behavior of a polymeric surfactant (F-68). The
transmission electron microscopic (TEM) image elucidates that the obtained colloids are spherical nanoparticles with an average diameter of 75 ± 12 nm
(Figure 2A), which is appropriate for facile blood circulation and endocytosis of nanomaterials [32-34]. For
a comparative study on the photothermal effect, control nanoparticles of non-phthalocyanine aggregates
(FIc NPs) were formulated with a general cyanine dye
(IcMe6). Owing to the low thermal stability of cya-
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nines, hot mechanical mixing was not able to be processed for the phase-separated dye assembly. Instead,
the preparation process was modified into solution
mixing of IcMe6 with a more hydrophobic Pluronic
F-127 and then colloidal dispersion by adding water
to the dried mixture, to yield cyanine-aggregated nanoparticles (FIc NPs) with an average size of 52 ± 16
nm (Figure 2B). To improve the tumor targetability of
FPc NPs for further biomedical experiments, the colloidal surface was modified with glycol chitosan and
heparin by sequential adsorption. Positively charged
glycol chitosan was applied as a gluing component
that adheres to the particle surface via hydrogen
bonding between Pluronic and glycol units, and then
attracts polyanionic heparin to the surface by electrostatic attraction [31]. Figure 2C shows the zeta potential alteration during the sequential adsorption. The
bare FPc NPs exhibited almost neutral surface charge
owing to nonionic nature of the hydrophilic PEG
segment. However, the zeta potential became positive
(12.2  4.8 mV) and then changed into a negative
value (-11.6  5.1 mV) by successive addition of cationic glycol chitosan and anionic heparin. This supports the successful coating of FPc NPs with surface
absorbents by layer-by-layer adsorption.

Figure 1. (A) Chemical structures of PcBu4, IcMe6, and ICG. (B) Schematic representation of FPc NP.

Figure 2. TEM images of FPc NPs (A) and FIc NPs (B). (C) Zeta potential values of bare FPc NPs (1) and sequentially adsorbed nanoparticles with glycol chitosan (2) and heparin (3).

http://www.thno.org
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Figure 3. Absorption (A) and Fluorescence (B) spectra of FPc NPs in methylene chloride (back) and water (red) at the same concentration. (C) Photochemical bleaching of RNO by 1O2 generated upon laser excitation of free chlorine e6 (Ce6) (black) and FPc NPs (red)
at 671 nm, represented by the temporal dependence of RNO absorbance at 440 nm (-ln A440) during the irradiation of samples with the
same asorbance at 671 nm under the identical photobleaching condition. The lines are linear fits of the absorbance plots.

Figure 3 shows the optical properties of
PcBu4-aggregated FPc NPs, compared to those of
molecularly dispersed PcBu4. For quantitative comparison, both samples were prepared by dispersing or
dissolving the thermally processed ternary mixture of
FPc in water or dichloromethane at the same concentration. Free PcBu4 monomer in dichloromethane solution showed spectral fingerprints typical of the
phthalocyanine chromophores [35], namely, sharp
absorption bands across the visible region (a
high-energy Soret transition at 341 nm and multiple
low-energy Q bands around 600-700 nm) and strong
NIR fluorescence at 707 nm. In sharp contrast, FPc
NPs manifested a blunt, structureless absorption
spectrum with a significant hypochromic change. The
broadened Q bands with an emerging longer-wavelength one at ~750 nm (Figure 3A) are in close
accordance to the spectral changes characteristic of
dimeric aggregation of phthalocyanines [36, 37] .
Moreover, the fluorescence of PcBu4 was completely
quenched by the formation of FPc NPs (Figure 3B), as
typically observed for the common organic dyes in the
concentrated or aggregated state [38]. In addition to
fluorescence quenching, the intersystem crossing
(ISC) pathway of PcBu4 was also blocked by aggregation. It is known that the photoexcited PcBu4 in the
molecularly isolated state can generate singlet oxygen
(1O2) via ISC with the 1O2 generation quantum yield
(ΦΔ) of 0.27 [39]. The photoproduct, 1O2, is one of reactive oxygen species (ROS) and can induce oxidative
damage. However, the 1O2 generation capability of
PcBu4 was significantly depressed by its incorporation
into nanoparticles at a high loading concentration (ΦΔ
= 0.04), as spectrally examined by the chemical oxidation of p-nitroso-N,N’-dimethylaniline (RNO) (Figure
3C). All these manifestations evidently indicate that
the crystalline PcBu4 molecules (Tm > 300 oC) with the
propensity of self-aggregation are highly aggregated
inside the nanoparticulate space at the given loading

content. The intraparticle aggregation can offer an
optimal condition for the thermal conversion of photon energy into heat because it promotes internal
conversion and vibrational relaxation of the excited
state of dyes and thus efficiently blocks other competitive deactivation pathways (fluorescence decay
and ISC) [40]. It is noted that absorption and fluorescence spectra of the FPc solution obtained by dissolving the thermally processed ternary mixture are
identical to those of a pure PcBu4 solution without
thermal treatment, evidencing that the thermally stable phthalocyanine molecules were intact without
degradation during the hot mixing process (at 150 oC
for 1.5 h).
The photothermal heating properties were
comparatively
evaluated
by
irradiating
dye-aggregated nanoparticles (FPc NPs and FIc NPs)
and non-aggregated ICG solution in water with a NIR
laser (671 nm, 6.4 W/cm2). We also examined free
PcBu4 solution, prepared by dissolution of thermally
processed ternary mixture of FPc in toluene, to elucidate the aggregation effect on the photothermal behavior. Figure 4A shows temporal photothermal profiles measured in uncapped open containers, where
the concentrations were adjusted so that the optical
densities at 671 nm are identical for all the samples for
quantitative comparison. Under irradiation, the
phthalocyanine-aggregated dispersion (FPc NPs)
manifested a two-phase temperature behavior: initial
rapid heating above 55 oC and then saturation after 3
min of irradiation. In the latter phase, reflux of water
was observed on the container wall, suggesting that
boiling occurred in the laser irradiated volume. No
photothermal heating effect was observed from laser-transparent pure water without nanoparticles,
clearly evidencing that the photon energies absorbed
by FPc NPs were efficiently converted to molecular
vibration and caused heating of the surrounding medium. In contrast to FPc NPs, other samples (FIc NPs,
http://www.thno.org
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ICG and free PcBu4) under continuous laser irradiation did not exhibit sustained photothermal heating of
the media but rather displayed temperature drops
after initial heat generation. The temperature declination after initial heating is attributable to the chemical
degradation of cyanine dyes under the condition with
intense laser excitation and localized heat generation.
To attain the sustained heat generation, thermal robustness as well as photostability might be key considerations because laser irradiation of NIR dyes is
known to instantaneously raise the local temperature
far above 100 oC [7]. As shown in Figure 4B, only FPc
NPs retained the blue color of phthalocyanine after 15
min of laser irradiation, whereas the colors of cyanine
dyes and even of free PcBu4 were completely bleached
under the same condition. The comparison with cyanine-based samples evidences that phthalocyanines
are highly stable optically as well as thermally, being
a promising alternative to conventional cyanine dyes
for the applications requiring intense light illumination. Another important point is that FPc NPs showed
the greatly enhanced photostability over free PcBu4.
This can be attributed to significant blocking of the
oxygen-involved photobleaching process in FPc NPs,
because highly aggregated PcBu4 molecules in the
nanoparticulate matrix may have a low chance of
contact with surrounding oxygen species. Overall,
laser-excited FPc NPs generating sufficient heat to
induce cellular hyperthermia validate the concept of
phthalocyanine
nanoaggregation
to
produce
high-performance organic NIR absorbers for PTT.
The above advantageous photothermal effect
prompted us to explore the possible utility of FPc NPs
as a PTT agent. First, the tumor targeting behavior
was examined in cells and in vivo. For monitoring by
fluorescence imaging, the GC amines on the nanoparticle surface were labeled with Cy5.5 since its absorption and fluorescence are located in the tissue-penetrating near-infrared (NIR) spectral window
[1 ,2]. Figure 5A demonstrates the in vitro potential of
FPc NPs to target live cancer cells. When FPc NPs
were incubated with SCC7 (squamous cell carcinoma)
cells for 1 h, clear NIR fluorescence (NIRF) signals
were observed from the intracellular regions. This
indicates that FPc NPs are cell membrane-permeable
to attain intracellular accumulation, which is a prerequisite condition for efficient hyperthermia of cancer cells. More importantly, FPc NPs also presented
the efficient tumor targeting capability in vivo. Figure
5B shows noninvasive visualization of the pharmacokinetic behavior: FPc NPs were systemically administered into SCC7 tumor-bearing mice via tail vein
injection and the NIRF images were taken with the
eXplore Optix system at selected time points after
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intravenous injection. Immediately after injection (10
min), FPc NPs displayed strong NIRF signal
throughout the injected body. This implies good
blood circulation of the Pluronic-based nanoparticles
with minimal RES filtration in liver or spleen, presumably due to the antifouling surface nature arising
from the PEG segment. It is noted that a marked image contrast was only seen at the tumor. Importantly,
the tumor signal was further increased in the course
of time, while the whole-body signal was gradually
decreased: at 6 h post-injection, FPc NPs were mainly
taken up by the tumor so as to readily identify the
tumor location. This behavior indicates significant
tumor accumulation of the blood-circulating Pluronic
nanoparticles thanks to the size-motivated EPR effect.
All the imaging results conclude that the photothermal FPc NPs have great tumor targetability in vitro as
well as in vivo, suggesting the possible utility in PTT
application.
The photothermally induced toxicity was then
evaluated by cell viability (MTT) assay [41] with live
SCC7 cells with and without treatment of FPc NPs
(Figure 6A). To induce the phototoxic effect, cells
were treated with a laser (671 nm, 6.4 W/cm2) for
varying time of irradiation. Without phototreatment,
FPc NPs showed minimal dark toxicity, probably due
to the biocompatible surface nature and tiny colloidal
size. Under laser illumination, the phototoxicity was
clearly seen in nanoparticle-treated cells, but not in
sample-free control cells. FPc NPs-treated cells
showed a gradual decline in the cell viability with
increasing dose of light. This result suggests that the
photothermally generated heat by cell-internalized
FPc NPs imposes a significant impact on the cell viability to induce hyperthermia. It should be noted that
the photosensitization of cytotoxic 1O2 by FPc NPs is
possible as discussed in Figure 3C but cannot be a
major cause of the observed phototoxic effect since its
efficiency is highly depressed due to the aggregation-induced blocking of ISC. The phototherapeutic
effect was further assessed in vivo with SCC7 tumor-bearing mice that were administered with FPc
NPs via tail vein injection. Referring to the in vivo
imaging result (Figure 5B), a NIR laser (671 nm, 6.4
W/cm2, 2 mm in beam diameter) was scanned
throughout the tumor at 4 h post-injection (each
scanning spot was irradiated for 3 min). Figure 6B
shows the comparative tumor growth data for laser-treated mice with and without pre-administration
of FPc NPs. Without injection of photothermal nanoparticles, no notable therapeutic effect was observed:
the tumor kept growing in the course of time after
laser treatment. In sharp contrast, the mice that were
administered with both FPc NPs and light manifested
http://www.thno.org
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significantly suppressed tumor growth compared to
the FPc NPs-free control. Overall, the light-activated
cytotoxicity and apparent suppression of tumor
growth elucidate that phthalocyanine-aggregated
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all-organic NIR nanoabsorbers have potential as a
nanomedicine for photothermally induced hyperthermia of cancer.

Figure 4. (A) Temperature evolution in suspensions of FPc NPs and FIc NPs, free PcBu4 (prepared by dissolving the dried ternary mixture
of FPc in toluene), water solution of ICG, and pure water during continuous irradiation of 671 nm laser at 6.4 W/cm2 for 15 min. (B) Image
of sample-containing wells before and after laser irradiation.

Figure 5. (A) Fluorescence (left) and optically merged (right) images of SCC7 cells treated with Cy5.5 labeled FPc NPs. (B) In vivo NIRF
images of SCC7 tumor-bearing mouse before and after tail vein injection of Cy5.5 labeled FPc NPs (100 L of 1mg/mL FPc NPs). Imaging
time points after injection are indicated.

http://www.thno.org
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Figure 6. (A) Viability of laser-exposed SCC7 cells without (black) or with (red) treatment of FPc NPs as a function of laser irradiation
time. The data were collected from MTT assay at 12 h after the laser exposure. The error bars indicate the standard deviations for
independent experiments (n=10). (B) Tumor growth (V) of laser-exposed SCC7 tumor-bearing mice with or without (control) intravenous injection of FPc NPs (200 L of 1 mg mL-1 FPc NPs). The error bars indicate the standard deviations for independent experiments
(n=4).

Conclusion
We
have
formulated
Pluronic-based
NIR-abosrbing nanoparticles (FPc NPs) whose interior is concentrated with a hydrophobic phthalocyanine
dye. Owing to the outstanding optical and thermal
stability of PcBu4, as well as aggregation-promoted
thermal relaxation, FPc NPs presented robust photothermal effect superior to an individual cyanine dye
and cyanine-aggregated nanoparticles. In addition,
FPc NPs exhibited excellent cancer targetability in
vitro and in vivo, thanks to the mesoscopic colloidal
size and biologically favorable surface characteristics
arising from the biopolymeric adsorbents. By virtue of
these combined merits, FPc NPs demonstrated possible utility as an all-organic NIR nanoabsorber for
photothermal therapy of cancer.
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