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ABSTRACT: Photoacoustic tomography (PAT) is a newly emerging
noninvasive imaging modality that could be further enhanced using
near-infrared (NIR)-absorbing materials as contrast agents. To date, the
most extensively studied photoacoustic imaging agents are inorganic
nanomaterials because organic materials with NIR-absorption capa-
bilities are limited. In this study, a NIR-absorbing nanocomplex
composed of a squaraine dye (SQ) and albumin was prepared based
on the aggregation-induced NIR absorption of SQ. Through
aggregation, the absorption spectrum of SQ was widened from the
visible-light region to the NIR region, which facilitated photoacoustic
signal generation in the tissue-transparent NIR optical window (700−
900 nm). Blood analysis and histology measurements revealed that the
nanocomplex can be used for PAT applications in vivo without obvious toxicity to living mice.
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■ INTRODUCTION

Photoacoustic tomography (PAT) is a newly emerging non-
invasive imaging modality with higher resolution and signifi-
cantly greater penetration depth than other optical imaging
techniques.1 This technique involves the local absorption of
pulsed laser light by tissues, which results in transient
thermoelastic expansion. The generation of pressure waves can
then be detected with an ultrasound transducer. Biological tissues
are well-known to absorb light weakly in the tissue-transparent
near-infrared (NIR) optical window (700−900 nm).2 For
excitation light to achieve deeper tissue penetration, a pulse
laser with NIR-region wavelength needs to be utilized. However,
disease sites are also transparent to NIR light and insensitive to
PAT. To address this problem, several nanomaterials with strong
NIR-region absorbance have been explored as exogenous
photoacoustic contrast agents for in vivo imaging and diagnosis.3

To date, the most extensively studied photoacoustic imaging
agents are mainly inorganic nanomaterials, such as various noble-
metal nanostructures,4−12 carbon nanomaterials (e.g., carbon
nanotubes and nanographene),13−21 and copper-based nano-
particles.22−25

Compared with inorganic nanomaterials, organic nanomateri-
als are less frequently reported, and only limited types of these
nanoparticles that are composed entirely of organic materials

have been recently studied as potential contrast agents for in vivo
PAT.26−32 However, further studies on identifying more species
of efficient photoacoustic contrast agents are restricted by the
limited availability of NIR-absorbing polymers or dyes.33 NIR-
absorbing organic materials generally possess complicated π-
conjugated systems that create difficulties during material design
and synthesis. Thus, the fabrication of NIR-absorbing organic
nanoparticles from simple materials is an attractive prospect for
in vivo PAT.
Visible-light-absorbing squaraine dyes (SQs) are easily

synthesized, have excellent photophysical properties,34 and can
be used for fluorescence imaging.35−39 In aqueous solutions, SQs
show a strong tendency to aggregate, resulting in red-shifted
absorption from the visible to the NIR region. The resulting shift
to NIR absorption benefits their potential application as PAT
contrast agents in vivo. However, the resulting SQ aggregates
cannot be used directly as biomaterials because they do not stably
disperse in aqueous solution.40 To address this issue, a novel
NIR-absorbing organic nanoparticle based on SQ was success-
fully fabricated in this study by introducing albumin as the
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protective carrier. This organic nanoparticle not only maintains
the red-shift-induced NIR absorption of the SQ aggregate but
also can stably disperse in aqueous solution with the albumin
carrier (Scheme 1). The SQwe chose features a simple molecular

structure, single-step synthesis, high yield, and an absorption
peak located within the visible-wavelength region (632 nm).34

Upon nanocomplex formation, the hydrophobic SQ aggregates
and disperses in water through albumin, which has been widely
regarded as a highly biocompatible carrier.41−43 The absorption
spectrum of the aggregated SQ significantly widened up to the
NIR region. The enhanced absorption in the NIR region made
the SQ nanocomplex a more effective PAT contrast agent for in
vivo liver and tumor imaging by reducing the noise signals
originating from the vasculature.

■ MATERIALS AND METHODS
Materials. SQ was synthesized according to the literature.34 Bovine

serum albumin was purchased from Suzhou Alpha Biotech Co., Ltd.
Tetrahydrofuran (THF) was purchased from Sigma-Aldrich Co., LLC.
Dynamic light scattering (DLS) was utilized to characterize the

nanocomplex sizes in the aqueous solution (Malvern Instruments,
Malvern, U.K.). Transmission electron microscopy (TEM) images were
obtained using a Tecnai G2 F20 S-Twin transmission electron
microscope (FEI Co., Hillsboro, OR). UV−vis−NIR spectra were
obtained using a Lambda 750 UV−vis−NIR spectrophotometer
(PerkinElmer, Waltham, MA).
Preparation of SQ Nanocomplexes. First, 500 mg of bovine

serum albumin was dissolved in 100 mL of deionized water. Afterward,
30 mL of a solution of SQ in THF (0.11 mg mL−1) was added dropwise
with magnetic stirring. After 30 min, THF was removed via rotary
evaporation. The remaining solution was centrifuged at 8000 rpm for 10
min. The supernatant was collected and further concentrated through
ultrafiltration. Finally, the obtained sample was stored at 4 °C until use.
Characterization of SQ Nanocomplexes. DLS was used for the

size characterization of the SQ nanocomplex in aqueous solution
(Malvern Instruments, Malvern, U.K.). TEM images were obtained
using a Tecnai G2 F20 S-Twin transmission electron microscope (FEI
Co., Hillsboro, OR). UV−vis−NIR spectra were obtained using a
Lambda 750 UV−vis−NIR spectrophotometer (PerkinElmer, Wal-
tham, MA).
The PAT signal intensity determination of the SQ nanocomplex

solution and PAT of the subcutaneously injected SQ nanocomplex were
performed using homemade PAT equipment (AR-PAM system; see the
Supporting Information, Figure S1). Commercial PAT equipment
(MOST invision 128, Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY) was used for in vivo liver and tumor photoacoustic
imaging.
In Vitro Stability of Nanocomplexes. SQ nanocomplexes were

dispersed in deionized water. The nanocomplex diameters were

measured using DLS on days 0, 4, and 141, and the statistical
distribution of the diameters was obtained.

The stability of the SQ nanocomplex against hydrolysis was
investigated through changes in the optical density (OD). An SQ
nanocomplex solution with an initial OD of ∼0.47 was stored in a
centrifuge tube at 4 °C. TheODwas subsequently measured on day 141.

PAT Signal Intensity Determination of SQ Nanocomplex
Solution. First, SQ nanocomplex solutions with different concen-
trations were placed in soft polyethylene tubes. The samples were then
tested using the homemade PAT system with a 740 nm pulse laser. The
signal intensities of 51 samples were counted and averaged to obtain
plots of the concentration versus signal intensity. The PAT signal
intensities of the free SQ and the corresponding carrier concentrations
of the SQ nanocomplex were also measured using the homemade PAT
system with a 740 nm pulse laser under the same conditions. The PAT
imaging effect of the SQ nanocomplex solution (0.5 mM) was also
evaluated using the commercial PAT equipment by placing the solution
in a phantom tube and then analyzing it under different excitation
wavelengths (710, 740, 770, 800, and 830 nm). A water blank was used
as the control.

PAT of Subcutaneously Injected SQ Nanocomplexes. Female
Bal b/c mice were shaved 2 days prior to the experiments. For
subcutaneous imaging, the mice were anesthetized through intra-
peritoneal injection of 140 μL of pentobarbital sodium (1%). After 10
min, 25 μL of a SQ nanocomplex solution (0.06 mM) was
subcutaneously injected into the right lateral back of each Bal b/c
mouse. Treated animals were imaged using the homemade PAT
equipment (AR-PAM system) with laser excitation at different
wavelengths (532, 700, 740, and 800 nm). During imaging, laser pulses
(with a repetition rate of 10 Hz and a pulse width of ∼15 ns) were
coupled into a fiber and then passed through a dark-field illumination
path before reaching the skin. A focused ultrasonic transducer (NA, 0.4;
center frequency, 20MHz) was used to detect PAT signals. Mounted on
a motorized translational stage, the imaging system ran a 1D scan with a
step size of 60 μm to provide a B scan. The 2D maximum amplitude
projections were obtained by digitally processing and combining all of
the B scans.

Photoacoustic Imaging of Liver in Vivo. Female Bal b/c mice
were shaved 2 days prior to the experiments. Untreated Bal b/c mice
were used as the controls, and the mouse livers were imaged using the
commercial PAT equipment with a pulse laser excitation of 740 nm.
Afterward, 200 μL of a SQ nanocomplex solution (0.5 mM) was
intravenously injected into the same mice. After 6 h, the livers of the
treated mice were imaged using the commercial PAT equipment with
the same parameter settings. For image processing, the brightness bars
of both images were set at the same scale so that the PAT effects could
easily be compared.

Photoacoustic Imaging of Tumor in Vivo. Female Bal b/c mice
were first shaved and then transplanted with 4T1 tumors. After 7 days,
the mice were anesthetized through intraperitoneal injection of 140 μL
of pentobarbital sodium (1%). After 10 min, the tumor-bearing mice
were intratumorally injected with 100 μL of a SQ nanocomplex solution
(0.5 mM) and imaged using the commercial PAT equipment. Tumor-
bearing mice without SQ nanocomplex treatment were also imaged as
the controls using the commercial PAT equipment.

Cytotoxicity Assessment of SQ Nanocomplex. 4T1 cells in 0.1
mL of the complete medium were seeded in 96-well plates (6000 cells
well−1) and incubated for 24 h. Afterward, 0.025 mL of a sterilized SQ
nanocomplex solution with varying concentrations of phosphate-
buffered saline (PBS) buffer was added to each well and incubated
(37 °C, 5% CO2). After 24 h, the medium was removed and each well
was washed with PBS buffer twice. A total of 0.02 mL of a thiazolyl blue
tetrazolium bromide solution (5 mg mL−1 in deionized water) was then
added to each well. After 4 h, the solutions were removed and washed
with PBS buffer twice. Next, 0.2 mL of dimethyl sulfoxide was added,
and the plate was mixed for another 10 min. The relatively viable cells
were finally quantified using a spectrophotometer by measuring the
absorbance at 570 nm (ELISA reader). The cytoviabilities of the wells
without added SQ nanocomplex were set as 1.0, while those of the
others were calculated as relative values.

Scheme 1. Diagram of SQ Nanocomplex Preparation
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Blood Analysis and Histology Measurement. Nine healthy
female Bal b/c mice were intravenously injected with a SQ nanocomplex
solution (60 mg kg−1 per mouse) and sacrificed at 1, 7, and 19 days after
injection (three mice per time point). Five Bal b/c mice were used as the
controls. Blood was collected from the circulation of the treated mice for
serum biochemistry assays and complete blood panel analysis, which
were conducted by Shanghai Research Center for Biomodel Organism.
Major organs from the treated mice were collected for hematoxylin and
eosin (H&E) staining according to the standard protocol and examined
using a digital microscope (Leica).

■ RESULTS AND DISCUSSION
The SQ nanocomplex was prepared by adding a solution of SQ in
THF to albumin in deionized water under vigorous magnetic
stirring (Scheme 1). Albumin has a solubility of 60 mg mL−1 in
water but is insoluble in THF. Upon addition of the THF/SQ
solution, the albumin solubility gradually decreased, resulting in
aggregation into a non-cross-linked nanocomplex. The high
hydrophobicity of SQ hinders its dispersion in water;40 however,
albumin acted as both a carrier and a dispersant and helped to
disperse SQ in water. The diameters of SQ nanocomplex
particles were measured using TEM, and most were found to be
between 50 and 120 nm (Figure 1a). DLS analysis showed that

the SQ nanocomplex particles have a diameter of ∼76 nm with a
polydispersity of 0.221 (Figure 1b). As a hydrophobic dye, SQ
molecules aggregate and entangle with the hydrophobic domains
of the albumin chains when added into an aqueous solution. The
SQ molecules were trapped inside the nanocomplex during
formation, thereby helping to disperse SQ in water. The SQ
encapsulation efficiency was ∼91%, and the drug loading was
∼0.6%, as determined using chloroform extraction.
Glutaraldehyde is widely used as a cross-linker to prevent

disassociation during the preparation of albumin nanospheres.
However, the safety of glutaraldehyde is still controversial, and
the clinical approval of glutaraldehyde-bearing materials for in
vivo application has yet to be obtained.44−46 Thus, the
introduction of any cross-linker was avoided during preparation
of the SQ nanocomplex. The nanocomplex is a noncovalent,
supramolecular nanoaggregate of albumin and SQ. The ability of
the nanocomplex to resist disassociation and maintain a stable
diameter distribution was subsequently studied. The diameter of

the nanocomplex remained almost unchanged after 4 days of
storage, and the maximum particle size distribution was
maintained at 76 nm. However, the polydispersity index (PDI)
varied from 0.221 on day 1 to 0.194 on day 4 (Figure 1c), as
characterized throughDLS. After 141 days, the nanocomplex was
again characterized using DLS, and the particle diameter was
increased to 87 nm (PDI = 0.189). The stability of the
nanocomplex was further investigated in PBS buffer. The result
shows that the as-prepared nanocomplex exhibited relatively
high stability during 2 days’ tests (see the Supporting
Information, Figure S2). The diameter slightly increased from
74 nm (PDI = 0.223) to 81 nm (PDI = 0.197).
In this study, SQ used was easily obtained at high yield through

a single-step synthesis.34 However, it exhibited a sharp
absorption peak at 632 nm in THF (Figure 2a), which was

located in the visible spectral region known to feature limited
penetration depths in biological tissues with a PAT excitation
light source.2 In addition, biological tissues and components
strongly absorb visible light and may generate strong PAT
background noise under the excitation wavelengths used for
PAT. This drawback may induce strong background signals and
result in a suboptimal signal-to-noise ratio that would limit the
effective application of SQ in PAT. Water-insoluble SQ has been
previously reported to aggregate in aqueous solution.39 During
aggregation, the SQ absorption peak significantly widens up to
the NIR region. In the present study, the SQ absorption peak was
sharp and located at 632 nm in THF. However, its absorption
was extended up to the NIR-wavelength region with the addition
of water (see the Supporting Information, Figure S3). The
widened absorption spectrum generally indicated the formation
of SQ aggregates. The aggregation-induced variation of the
absorption spectrum has been well studied previously, and it has
been widely recognized that there are generally two types of
aggregates for SQs: blue-shifted H-type aggregate in a pattern of
head-to-head and red-shifted J-type aggregate in a pattern of
head-to-tail.47−49 The widened absorption spectrum of SQ

Figure 1. (a) TEM image of nanocomplexes. (b) Diameter distribution
of nanocomplexes by DLS. (c) Diameter distribution of SQ−albumin
nanocomplexes by DLS at days 0, 4, and 141.

Figure 2. (a) Normalized absorption spectra of SQ in THF (red), SQ
nanocomplexes in PBS buffer (black), and PBS buffer (green). (b) OD
of SQ−albumin nanocomplexes at 0 days (blue) and 141 days (red). (c)
PAT imaging effect of a SQ−albumin nanocomplex solution (0.5 mM,
left) in phantom tubes compared to that of controls (water blanks, right)
under excitation by different lasers (710, 740, 770, 800, and 830 nm).
The scale bars in part c are all 3 mm.
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aggregates exhibited two typical absorption peaks around 532
and 740 nm. The SQ dye tended to form both H- and J-type
aggregates, which showed blue-shifted and red-shifted absorp-
tion peaks, respectively. The J-type aggregation-induced NIR
absorption is especially useful for preparing noninvasive PAT
contrast agents because biological tissues are relatively trans-
parent in the NIR region and the excitation laser can penetrate
much deeper. Similarly, the as-prepared SQ nanocomplex also
showed typical aggregation-induced NIR absorption in water
(Figure 2a), which indicated the existence of SQ aggregates
inside the SQ nanocomplex. The absorption peak of the SQ
nanocomplex was also wide, spanning from the green region to
the NIR region, which means that it can be used with a range of
laser devices, not just with devices that generate a specific
wavelength. The SQ nanocomplex showed robust stability
against hydrolysis, as demonstrated by the OD variation. Figure
2b shows the OD of the SQ nanocomplex measured at 0 and 141
days. The OD was maintained at over 88% even after 141 days.
The relatively stable OD not only implied that most SQ
nanocomplex samples maintained excellent dispersion in
aqueous solution but also demonstrated that the SQ nano-
complex is resistant to hydrolysis, thus allowing long-term
storage. Because of the wide absorption peak of the SQ
nanocomplex, the SQ nanocomplex solution can generate PAT
signals under NIR excitation with wavelengths of 710, 740, 770,
800, and 830 nm (Figure 2c). The PAT signals generated by
pulse lasers at 710, 740, 770, and 800 nm were stronger than that
generated by the 830 nm laser. This result was consistent with the
decreased light-absorption ability of the SQ nanocomplex in the
wavelength region beyond 800 nm.
To understand the advantages of the aggregation-induced red

shift for in vivo PAT application, 25 μL of a SQ nanocomplex
solution was subcutaneously injected into the right lateral back of
Bal b/c mice. The mice were then imaged using PAT equipment
with different laser excitation wavelengths at 532, 700, 740, and
800 nm. Figure 3a shows that, at a laser excitation wavelength of

532 nm, the vasculature was evidently visible against the injected
PAT contrast agent. The signal from the vasculature was hardly
noticeable under excitation by a 710 nm laser; however, the signal
intensity of the injected PAT contrast agent was identical with
that observed under 532 nm excitation light (Figure 3b).
Similarly, under excitations of 740 and 800 nm, the signal
intensity of the injected PAT contrast agent was strong, while the
signal from the vasculature was significantly weakened and hardly
noticeable (Figure 3c,d). The strong signal from the vasculature
can be ascribed to the hemoglobin in blood, which can strongly

absorb visible light and generate a PAT signal.1 Blood
components have relatively low absorption in the NIR region.
Thus, the vascular signals in Figure 3c,d were significantly
weakened, such that they hardly interfere with the signals from
the PAT contrast agents. The weak signal of the vasculature
under excitation by the NIR laser facilitated the reduction of
background noise from the tissue itself, which will help to prevent
false diagnosis. As a comparison, the mouse that was not injected
with the PAT contrast agent was also imaged under excitation of
lasers with different wavelengths (532, 700, 740, and 800 nm). As
is shown in Figure S4 in the Supporting Information, the vascular
signal is strong enough to be observed under excitation of a 532
nm laser but is invisible under excitation at NIR wavelengths.
The results further demonstrate the advantage of the PAT
contrast agent of an NIR-absorbing feature.
A 740 nm pulse laser was selected as the excitation light source

to evaluate the SQ nanocomplex for subsequent biological
applications because of its excellent imaging effect. SQ
nanocomplex solutions with different concentrations were
excited by a 740 nm pulse laser. After signal processing, the
concentration was plotted versus the signal intensity and a good
linear relationship was observed (R2 = 0.9948; Figure 4). The

intensity of the background noise was only 0.00151, which
demonstrated that the as-prepared PAT contrast agent can be
detected at concentrations as low as 2.4 μM. Compared with the
SQ nanocomplex, the free SQ exhibited a sharp absorption peak
at 632 nm, and its absorption in the NIR region decreased,
making the signal significantly weaker. Correspondingly, the
signal of the free SQ excited with a 740 nm laser showed almost
no PAT signal (Figure 4). The PAT signal intensities of the
corresponding SQ nanocomplex carrier concentrations were also
negligible (see the Supporting Information, Figure S5). The
results demonstrated that the strong PAT signal of the SQ
nanocomplex was attributable to the aggregation-induced NIR
absorption of the SQ dye in the nanocomplex.
The in vivo PAT application of the SQ nanocomplex was

further evaluated by imaging the liver of a living mouse. Parts a
and b of Figures 5 show that the signal from the liver before
injection of the PAT contrast agent was weaker than that after
injection. The enhanced PAT effect afforded by the SQ
nanocomplex demonstrates that it can be used as a PAT contrast
agent in the in vivo imaging of deep tissues and organs. For PAT
imaging, a pulse laser is generally used, and the power of the laser
must be restricted to avoid possible damage to the biological
tissues and organs. PAT images of the livers were obtained prior

Figure 3. PAT of subcutaneous injection under excitation by different
lasers: (a) 532 nm; (b) 700 nm; (c) 740 nm; (d) 800 nm. Scale bar = 2
mm.

Figure 4. PAT signal intensities of a SQ−albumin nanocomplex (blue)
and a free SQ solution (red) at different concentrations. Values are
expressed as means ± standard deviation (n = 3).
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to and after pulse irradiation, and the livers were then
histologically examined through H&E staining of tissue sections.
Hardly any damage was observed in the liver tissue after PAT
imaging compared with the untreated liver tissue (Figure 5c). In
addition, the SQ nanocomplex injection did not affect the safety
of PAT in the liver (Figure 5c).
The SQ nanocomplex was further utilized in vivo as a 4T1

tumor contrast agent. The PAT imaging signal from the tumor of
the untreated mouse was not distinguishable from that of the
surrounding tissue (Figure 6a). In contrast, the signal from the

tumor of the mouse that was injected with the SQ nanocomplex
was evidently distinguishable from the surrounding normal tissue
(Figure 6b). The significant contrast was ascribed to the stronger
NIR-light absorption of the SQ nanocomplex compared with
that of the tumor tissues in the untreated mouse and with healthy
tissues and organs.
The cytotoxicity of the SQ nanocomplex against 4T1 cells was

evaluated using a standard 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. The results
demonstrated that the nanocomplex had a slight influence on
the viability of the 4T1 cells up to a concentration of 120 μM(see

the Supporting Information, Figure S6). The biocompatibility of
the SQ nanocomplex in living mice was evaluated through
histological examinations on days 1, 7, and 19 after intravenous
injection with the SQ nanocomplex solution. H&E-stained tissue
sections of the liver, lung, spleen, and kidneys from the SQ-
nanocomplex-treated groups showed no significant morpho-
logical difference compared with the untreated groups (Figure
7).

Serum biochemical analysis was further performed on themice
on days 1, 7, and 19 after intravenous injection with the SQ
nanocomplex solution. The liver is generally one of the main
pathways for nanoparticle elimination and thus undertakes a
significant physiological burden. Figure 8 shows that liver
function parameters, including alanine aminotransferase (ALT),
total protein (TP), and aspartate aminotransferase (AST), were
generally normal and there was no evident hepatic toxicity. The
TP level on day 1 was slightly lower than the normal reference
range, but this minor difference was not statistically significant
compared with the untreated controls. The kidney, another main
route for nanoparticle elimination, is also placed under a
physiological burden. Kidney function parameters, including
blood urea nitrogen levels (BUN) and creatinine (CRE), showed
no obvious indication of kidney toxicity (Figure 8). The BUN
level on day 19 was slightly lower than normal, but compared
with the data from the untreated animals, this difference was not
statistically significant.
Blood panel assays were also performed on mice on days 1, 7,

and 19 after intravenous injection of the SQ nanocomplex
solution. During hematology analysis, the red blood cell count,
hemoglobin levels, mean corpuscular volume, mean corpuscular
hemoglobin, mean corpuscular hemoglobin concentration, and
hematocrit levels were determined. All parameters in the treated
groups appeared normal compared with those of the control
group except for the mean corpuscular volume on days 7 and 19
and the hematocrit counts at day 7 after intravenous injection of a
SQ nanocomplex solution (Figure 9). However, these minor
differences were not statistically significant compared with the
untreated controls. Although the systematic long-term toxicol-
ogy of the SQ nanocomplex in mice requires further
investigation, our preliminary results indicated that the SQ
nanocomplex is not evidently toxic to mice.

Figure 5. In vivo PAT images of liver (a) prior to and (b) 6 h after
intravenous injection with a SQ−albumin nanocomplex (excitation
wavelength = 740 nm). (c) Liver section from an untreated mouse (N),
liver section from a liver control mouse (L), and liver section from a liver
photoacoustic-imaging-treated mouse, which had been intravenously
injected with a SQ−albumin nanocomplex 6 h before photoacoustic
imaging (S + L).

Figure 6. In vivo PAT images of tumor (a) without and (b) with SQ−
albumin-nanocomplex injection. The arrows indicate tumors. Excitation
wavelength = 740 nm.

Figure 7. Sections of major organ slices from untreated mice and SQ−
albumin-nanocomplex-treated mice 1, 7, and 19 days after intravenous
injection. All of the scale bars are 100 μm.
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■ CONCLUSIONS

We developed an effective NIR PAT contrast agent by loading an
aggregation-induced NIR-absorbing SQ dye into a water-
dispersed albumin nanocomplex. The PAT contrast agent
showed strong signals under a wide range of excitation
wavelengths. Using green laser excitation in vivo, the vasculature
gave strong background noise, but at NIR wavelengths, there was
minimal background noise from the vasculature, and the NIR
PAT contrast agent was successfully used for effective liver and

tumor photoacoustic imaging. The SQ−albumin nanocomplexes
showed good biocompatibility, inflicting only slight damage to
the major organs, as well as having minor effects on the livers,
kidneys, and physiological indices of living mice.
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Structure of the homemade PAT instrument, absorption
spectrum of SQ aggregates in a mixed solution, PA signal

Figure 8. Serum biochemistry analysis of female Bal b/c mice treated with a SQ−albumin nanocomplex at a dose of 60 mg kg−1 at 1, 7, and 19 days after
intravenous injection. Age-matched untreated mice were used as controls. Serum biochemistry data revealed that intravenous injection of the SQ−
albumin nanocomplex did not induce any significant liver or kidney dysfunction, except with TP levels at day 1 and BUN levels at day 19, which were
minor and not significantly different from those in the untreated control group. Gray areas show the normal reference ranges of hematology data for
healthy female Bal b/c mice.

Figure 9. Blood panel data from healthy control and treated mice. The majority of the blood analysis data remained within normal ranges except the
mean corpuscular volume on days 7 and 19 and the hematocrit counts on day 7, which were minor and not significantly different from those of the
untreated control group. Error bars are based on three mice per group. Gray areas show normal reference ranges of hematology data for healthy female
Bal b/c mice.
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intensity of the carrier in SQ nanocomplexes, and MTT assay
results of SQ−albumin nanocomplexes on 4T1 cells. This
material is available free of charge via the Internet at http://pubs.
acs.org.
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