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Robust Colloidal Nanoparticles of Pyrrolopyrrole Cyanines J-
Aggregates with Bright Near Infrared Fluorescence

Cangjie Yang', Xiaochen Wang', Mingfeng Wang*, Keming Xu, Chenjie X

attention for various
nce band of J-

fluorescence, have attract
applications.”  Such

Abstract: We report a new class of colloidal nanoparticles called
JAGG containing near-infrared fluorescent J-aggregates of

pyrrolopyrrole cyanines (PPcys) stabilized by amphiphilic block
copolymers in aqueous media. The formation of such JAGG can be
tuned by the chemical structure of PPcys, the concentration of the
chromophores inside the polymeric nanoparticles and ultrasonic
treatment. These JAGG nanoparticles exhibit a narrow emission
band at 773 nm, a fluorescence quantum yield comparable to that of
indocyanine green, and significantly enhanced photostability that is
ideal for long-term bioimaging.

Introduction

Fluorescence imaging in vivo in the near-infrared (NIR)
window is important to enable deep tissue penetration with high
optical contrast.! To date there are only two clinically approved
NIR fluorophores, indocyanine green (ICG) and methylene blge
(MB), both of which are small molecules that can be ra
excreted during circulation in physiological systems.[zl In c S
to small molecular imaging probes, fluorescent nanoparticles

prolonged intracellular retention and enhanced
retention (EPR) effect,”® making them suitable for |
tracking!” and tumor targeting.”” One comm
prepare fluorescent colloidal NPs is to
molecular fluorophores in a polymer matrix.
significant fluorescence (FL) quenching caused
intermolecular aggregation of most organic fluorophores wi
NPs remains a challenge for bioimaging, with an exception of a
group of special chromophores with strong emissiorfidin
aggregated state ! and a series of f]
tethered with polymers.*> "
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or instance, J-aggregates of
n der Waals forces in water have been
colloidal stability of these aggregates
withou actants was susceptible to changes
of environmen h as concentration, ionic strength,
and temperature. Recently, Zheng and coworkers!'" reported
that porphyringl-aggregates formed in synthetic liposomes (also
porg@@somes) showed dual photoacoustic and
escent properties for cancer imaging applications. Wirthner
oworkers!'? reported the J-type aggregation of H-bonding
e bisimide derivatives with far-red fluorescence and high
ield, close to unity. But such self-assembly took place
ents which are not suitable for bioimaging.
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Scheme 1 Schematic diagram of encapsulation of the PPcy derivatives into H-
type and J-type aggregated nanoparticles (HAGG and JAGG): (a) molecular
structures of PC, PCBF, PCBFB and the routes to formation of JAGG and
HAGG nanoparticles; (b-c) schematic representation of J-aggregate (b) and H-
aggregate (c); (d) chemical structure of the amphiphilic block copolymer PCL-
b-POEGMA.

Herein, we present colloidal NPs of J-aggregates (denoted as
JAGG) in water with bright NIR fluorescence and narrow
bandwidth for bioimaging applications. The key component of
the JAGG is a brightly fluorescent molecule, PCBF (as shown in
Scheme 1), a pyrrolopyrrole cyanines (PPcy) derivative. PPcys
containing a pyrrolopyrrole unit as the central element of a
cyanine-type chromophore with emission in the NIR region up to
1000 nm and higher quantum yields than those of other organic
NIR dyes were previously reported by Ficsher and coworkers.!"*!
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To render the hydrophobic dye PCBF dispersible in water, a
synthetic amphiphilic block copolymer PCL-b-POEGMA (M, =
31,100; Mw/M, = 1.37) was employed to encapsulate PCBF into
the hydrophobic core of NPs via a process of nanoprecipitation
(Scheme 1)."? Both H-aggregation and J-aggregation of PCBF
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occur in the corresponding NPs. These NPs exhibited bright NIR
fluorescence, which is mainly tributed by J-aggregating
components, and robust photos hat is important for
bioimaging application.
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absorption maximum of monomeric PCBF appears at 700 nm
(absorption coefficient: € = 1.55x10° cm™'M™", even higher than
that of porphyrin") while the FL emission spectrum exhibits a
maximum at 715 nm. Thus PCBF in CHCI; shows a Stokes shift
of 156 nm and a quite high FL quantum yield of 0.69 using ICG in
water (QY~0.01) as a standard. The emission band is relatively
broad with full-width-at-half-maximum (FWHM) value of 6910
cm™ than that of absorption band (3849 cm™) (Figure 1a). The
optical properties of PCBF observed here are consistent with
what was reported by Fischer and coworkers.!"™!

In order to prepare colloidal NPs of PCBF in water, a mixture
of PCBF and PCL-b-POEGMA codissolved in THF was rapidly
injected into large excess water under ultrasonication, followed
by evaporation of the organic solvent, resulting in colloidally
stable NPs. Our previous work has demonstrated that the size of
nanoparticles prepared by this nanoprecipitation method can be
facilely tuned from 50 to 400 nm by varying the weight ratio of
fluorophore/PCL-b-POEGMA. In this work, a dispersion of
NPs based on PCBF was obtained at a weight ratio of
PCBF/PCL-b-POEGMA at 3.5 and a concentration of PCBF at
0.4 mM. As shown in Figure 1c, roseberry-like spherical NPs
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with an average diameter of 30.0 + 2.5 nm were observed in the
transmission electron microscopy (TEM) image of JAGG NPs
(Figure 1c). Beneficial from the higher electron density of PCBF
than the PCL-b-POEGMA matrices, dye aggregation inside the
NPs gave a clear contrast of PCBF aggregates as darker dots in
the grey matrices of the polymeric NPs. The hydrodynamic
diameter of JAGG NPs measured by dynamic light scattering
(DLS) is 47.5 nm (Figure 1d), which is larger than that from TEM
result due to the hydration of POEGMA corona.

In striking contrast to the optical absorption of monomeric
PCBF in CHCI;, the JAGG NPs in water exhibit two new
absorption bands as shown in Figure 1b. The blue-shifted band
versus the monomeric band (M-band) appears as a typical
signal of the formation of H-type and/or dimer aggregation (both
are included as H-band here for simplification).!" The maximum
of the H-aggregate absorption band (H-band) is centered at 647
nm. As compared to the M-band, another narrow and intense
band in the absorption transition shows a 61 nm red-shift to 768
nm (Figure 1b), which is a spectral signature of ordered J-
aggregates. Furthermore, the FWHM of J-band is narrower
(2235 cm™) than that of PCBF in CHCl; (3849 cm™).This
spectral-narrowing phenomenon is a known property of
coherently coupled J-aggregates. It has been predicted that the
absorption spectral width of the aggregate is narrower than that
of the monomer by a factor N'?, where N is the number of
monomers in direct communication with each other."® Tje
average J-aggregation number N calculated from the spe
narrowing of JAGG NPs is 7.4.

A contol experiment was also conducted to monitor the

appearance of J-band, accompanied with a ftr
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J-aggregation. In contrast, t
prepared by a rapid injection
solution (1 mL
process may not
aggregation imme ly,

small amount of PCBF/THF
L). The flash precipitation
F molecules to form J-

resulting the mixture of H-
and some PCBF monomers in JAGG
GG NPs described above represent
instantly frozen state in the

nanoprecipitation pro

10.1002/chem.201604741

WILEY-VCH

02

Absorbance

0.1

Absorbance
FL intensity/1E6
FL intensity/1E5

600 700
Wavelength/nm

Y N

Number/%

P 60 80 100

Diameter/nm

gntration of 0.4 mM in aqueous media. (c)
TEM image of JAGG NPs O BF with the concentration of 0.4 mM in

aqueous media; id) DLS result shows the size distribution of JAGG NPs of

e FL emission spectrum of JAGG NPs dispersion shows a
teristically small Stokes shift of 5 nm, a Amaxem Of 773 Nm
smaller FWHM of 2114 cm™ than that of PCBF in
0 cm™) as shown in Figure 1b, which provides
ce of J-aggregate formation. Evidently, the
emission oimonomeric molecules was not observed in Figure
1b. It can be explained by the intrinsic Foster resonance energy
transfer (FRET) from monomer to J-aggregates in confined
due to the well overlapping between emission band of
(Figure 1a) and absorption band of J-aggregates
. The excitation spectrum (Figure S2) of JAGG
persion at the emission wavelength of 773 nm shows
mission maxima at the excitation wavelength of 769 nm, with
an intensity approximately 35 times higher than that excited at
650 nm. This result suggests that the J-aggregates are the most
active component that contributes to the fluorescence. While the
calculated the FL quantum yield (0.012) of JAGG NPs excited at
650 nm in water is much lower than that (0.69) of PCBF in
CHCl3, it is comparable with those of water-soluble PPcy
derivatives (0.01)"* and ICG (0.01) " in water. It should be
noted that the actual FL quantum vyield of JAGG is
underestimated here, given the fact that only a small fraction of
light at 650 nm (i.e. the exciation wavelength) is absorbed by the
J-aggregates. Due to the small Stokes shift (5 nm) of the
emission band versus the absorption band of the J-aggregates,
it is difficult to estimate the FL quantum yield of JAGG when the
J-absorption band is excited. Nevertheless, the effect of the
excitation wavelength on the FL intensity of the J-aggregates is
reflected from the FL excitation spectrum shown in Figure S2.
The photostability of JAGG NPs under continuous irradiation
with a 770-nm laser (power density ~ 0.22 W/cm?) was
investigated using ICG in water as the control, where the
absorbance at 770 nm of both JAGG and ICG was kept at 1.4.
With the increase of irradiation time, the maximal absorbance

This article is protected by copyright. All rights reserved.
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and FL emission intensity of ICG aqueous solution decreased
quickly, accompanied by the color change of ICG solution from
green to colorless (Figure 2a & 2b). In contrast, only negligible
decrease of absorbance could be observed in JAGG solution
under the same condition of irradiation (Figure 2c). After 55 min
of continuous irradiation, the decrease of the FL intensity at 771
nm of JAGG solution was ~12% (Figure 2d), much lower than
that (97%) at 805 nm of ICG solution, indicating relatively high
photostability of JAGG NPs. The excellent photostability could
be attributed to the intrinsic structural stability of PPcy!"*® and its
isolation from unfavorable influences of the environment."" &
Hence, these JAGG NPs with such a large size are preferable
for long-term tracking due to the increase of circulation half-life

and excellent photostability compared to water-soluble dyes."®
19]
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of PCBF/PCL-b-POEGMA on the spectral characteristics were
studied. We gradually decreased feeding amount of PCBF

when the amount of surfactant ept constant. The
concentration-dependent UV-Vis-NIR revealed
that the J-aggregation in JAGG NPs d with the

increase of the concentratj
accompanied by a gradually s
ratio between J-band an

concentration of PCBF.
ion, a slight 4 nm red-
m was observed (Figure
th can be found in the J-

With the increase
shift in the absorpt
3c). A shoulde

the two overlapping bands of J-
aggregation presumably due to two populations of J-aggregates
with different geometrical configurations.”” Evidently, with the
i BF concentrations from 0.04 to 0.4 mM, the
sity of the emission band with Amaxem at 773 nm gradually
sed and the bandwidth turned narrower (Figure 3b), which
uted to the increasing proportion of J-aggregation and
ion corresponding to the longer absorption wavelength
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Figure 3 Concentration-dependent absorption spectra (a) and FL emission
spectra (b) of PCBF based JAGG NPs upon the encapsulation of PCL-b-
POEGMA. (c) Concentration-dependent normalized absorption spectra and
zoom-in J-band variation of PCBF based JAGG NPs. Cpcge corresponds to

concentration of PCBF.

We envisioned that such unusual optical property of the J-
aggregate of PCBF was encoded in its molecular structure: a
planar conjugated core stiffened by difluoroborane group. To
confirm this presumption, PC, the precursor of PCBF, was
encapsulated by PCL-b-POEGMA to give colloidal dispersion as

This article is protected by copyright. All rights reserved.



Chemistry - A European Journal

a control. In contrast to PCBF, the absorption spectra of PC
dispersion (Figure 4c) with 0.4 mM exhibited two peaks at 648
and 705 nm, which could be typically assigned to H-band and M-
band, respectively. The same optical feature was observed at
different concentrations of PC (Figure 4c & S8), suggesting no
formation of J-aggregates. Such dramatically different
aggregation behaviours between PC and PCBF may be
rationalized by the more rigid and planar aromatic core and the
resonance structure of a merocyanine in the latter, which favors
the formation of J-aggregates.

To further understand how the structural details determine the
aggregating state, PCBFB extended with two benzene rings was
synthesized (Scheme 2). In contrast to PCBF, PCBFB showed a
higher Amaxabs Of 729 nm and Amaxem Of 743 nm due to the
extension of conjugation (Figure 4b). A high FL quantum yield
(0.56) of PCBFB in CHCI; was also achieved. After
encapsulation with PCL-b-POEGMA in water, the absorption
spectra of PCBFB NPs (0.4 mM) exhibited the typical feature of
H-aggregation (Figure 4d). PCBFB preferentially formed
sandwich-type H-aggregates with significantly quenched
fluorescence (quantum yield of 0.0011). The twist between the
benzene ring and the PPcy core in PCBFB may reduce the
planarity of the aromatic component as compared to PCBF.
These results imply that the planarity and rigidity of the aromatic
cores in PCBF could possibly facilitate the formation o
aggregates. Nevertheless, a clear picture how PCBF mol
stack inside the colloidal nanoparticles remains unclear, and
warrants further experimental study, for example
crystalline structures of PPcy derivatives and some
study in the future.
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by changing the environmental temperature.!'” 2" In contrast, as
shown in Figure S10, only a slig ange around J-band was
observed in the UV-Vis-NIR a 3 spectra of JAGG
dispersion (0.4 mM) with the graduall ed temperature
from 25 to 60 °C.
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Figure 5 The evolution of UV-Vis-NIR spectra (a) and FL emission spectra (b)
of PCBF-based JAGG NPs (diluted by eight folds from 0.4 mM stock solution
with water) after ultrasonication over different periods; arrows indicate the
spectroscopic changes with increasing ultrasonication time. (c) UV-Vis-NIR
absorption and FL emission spectra of PCBF based JAGG NPs after
sonication for 200 mins. (d) TEM image of PCBF based JAGG NPs after
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The optical properties of JAGG NPs described above, meeting
most requirements of a FL imaging probe, encouraged us to
examine their potential for in vivo imaging. Firstly, the
cytotoxicity of JAGG NPs against mouse fibroblast cells (L929)
was studied by PrestoBlue assays. As summarized in Figure 6a,
there was no obvious change of the metabolic viability of L929
cells after incubation with JAGG for 72 h at a series of
concentrations of 0.01, 0.02, 0.05, 0.1, 0.2 mM, respectively,
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indicating the low cytotoxicity of JAGG NPs. In in vivo
experiment, subcutaneous and intramuscular injections of JAGG
dispersions (50 pL aliquots, 1 mg/mL) into the left flank (position
Il in Figure 6b) and left leg (position Il in Figure 6b) of a nude
mouse, respectively, were administered. The mouse was
imaged in a fluorescence mode (excitation filter, 605-640 nm,
and emission filter, 740-800 nm). The FL signals collected from
both injected regions were clearly observed and the FL intensity
emanating from deeper tissue (ROl (lll) = 9.856 x 10", ROI
stands for regions of interest) is comparable with that of the
near-skin fluorescence (ROI (1) = 1.029 x 10°) (Figure S12). As a
control, the HAGG dispersion of PCBFB was subcutaneously
and intramuscularly injected to right flank (position IV) and right
leg (position V), respectively (Figure 6b). Obviously, the weak
fluorescence signals (ROI (IV) = 5.340 x 10% ROI (V) = 5.492 x
10®) observed here were only slightly stronger than that of the
blank (ROI (1) = 1.571 x 108), due to the quite low FL quantum
yield of the PCBFB NPs.
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Materials

10xphosphate buffer saline (PBS)
grade) is a commercial product of 1
water (18.2 MQ) was used to prepare
the 10xPBS stock buffer. 1xPBS co
KCI (2.7 mM), Na;HPO,
Chloroform-D (99%) was purc

with pH = 7.4 (ultrapure
Singapore. MilliQ

(137 mM),
nd KH,PO4 (1.8 mM).
om Cambridge Isotope

Laboratories, Inc. All reagents were
purchased from Aldg use(¥as received unless
other specified. PCL-b-POEGMA was

obtained accordin r7el

Characterizatign

a Horiba Fluolog 3
he fluorescence quantuam yield of
these materials were measured using indocyanine green (ICG)
splution in waja as the standard (®F =0.01). UV-Vis-NIR spectra
the san# were measured on a SHIMADZU UV-2450
trophotometer. The photostability of ICG solution and JAGG
sion subjected to the continuous irradiation by a 770 nm
ower density ~ 0.22 W/cm®) over different periods was
the UV-Vis spectrometer and fluorometer. TEM
were performed with a TEM Carl Zeiss Libra 120
Plus at an¥cceleration voltage of 120 kV. A 5 pL droplet of
diluted samples was directly dropped onto a copper grid (300
mesh) coated with a carbon film, followed by drying at room
ature. The size distribution of resulting nanoparticles
determined by dynamic light scattering (DLS) using a BI-
SM  (Brookhaven, USA) with angle detection at 90°
trasonic treatment of JAGG dispersion was performed in an
ultrasonic cleaner (SB-120 DTN, power: 120 W) bath.
Temperature-dependent variation on absorption spectra of
JAGG dispersions was monitored by the UV-Vis spectrometer
from 25 to 60 °C. Each temperature point was kept for 1 h to
treat the sample.

Synthesis of Compound 1

Triphenylphosphine (26 g, 0.1 mol) was dissolved in
dichloromethane (100 mL). Then, bromine (16 g, 0.1 mol) was
added dropwise at 0 °C. After completion of adding bromine, the
reaction mixture was stirred half an hour at room temperature. 2-
octyl-1-dodecanol (30 g, 0.1 mol) was added slowly. The
reaction mixture was stirred at room temperature overnight.
Then the reaction mixture was poured into water (200 mL) and
extracted with dichloromethane (3 x 50 mL). The extracts were
combined and washed with water and saturate sodium
bicarbonate solution then dried over anhydrous magnesium
sulfate. After filtration, filtrate was concentrated to 100 mL under
reduced pressure. Petroleum ether (200 mL) was added to the
mixture and stirred. Resulting triphenylphosphine oxide
precipitate was filtered off and filtrate was concentrated to 100
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ml. Added another 100 mL petroleum ether and filtered.
Repeated this operation till no precipitate observed, and the
filtrate was evaporated to dryness. The product 2-octyl-1-
dodecyl bromide was obtained in a yield of 92% and used in
subsequent reactions without further purification.

Synthesis of Compound 2

4-Cyanophenol (1.19 g, 10 mmol) and potassium carbonate
(56.52 g, 40 mmol) were dissolved in 60 ml acetone. After being
purged for 15 min, the mixture was heated to 100 °C for half an
hour. Then, 2-octyl-1-dodecyl bromide (4 g, 11 mmol) was
added to the mixture by syringe. The reaction mixture was
stirred at 100 °C for 30 h. After cooled to room temperature, the
reaction mixture was added to 100 mL of water and extracted
with ethyl acetate. The extracts were combined and washed with
water then dried over anhydrous magnesium sulfate. The crude
product was purified by flash chromatography (petroleum
ether/dichloromethane from 10: 0 to 10:1) to yield target product
as a light yellow viscous liquid in a yield of 90%. 'H NMR (300
MHz, CDCl;): 7.58 (2H, d), 6.97 (2H, d), 3.88 (2H, d), 1.81 (1H,
m), 1.25-1.50 (32H, broad), 0.90 (6H, t).

Synthesis of Compound 3

Potassium tert-butoxide (1.68 g, 15 mmol) was added to 2-
methyl-2-butanol 15 mL, and the mixture was heated to ref
When the alkali is dissolved, Compound 2 (4 g, 10 mmol)
added in one portion. Then diisopropyl succinate (1.01 g, 5
mmol) was added over three hours with a dropping fun
heated for another three hours at 110 °C, the mi
cooled down and slowly added to a mixture of 100,
(containing 2 mL concentrated hydrochloric a
precipitate is filtered and washed with ethan
digested in boiling ethanol, filtered and washe
This procedure is repeated until the filtrate is clear.
vacuum yields 2.1 g (24 %) orange solid. '"H NMR (300
CDCl3): 8.42 (2H,s), 8.26 (4H, d), 7.08 (4H, d), 3.96 (4H, d),
(2H,m), 1.25-1.50 (64H, broad), 0.90 (12H, m).

Synthesis of Compound 4

cyanomethylpyridine (0.295 g,
reflux in absolute toluene (20

icarbonate soluffon. Water was
roform. The combined organic

2H, s), 8.45 (2H, d), 7.65 (8H, m),
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7.12 (4H, d), 7.01 (2H, t), 3.97 (4H, d), 1.84 (2H, m), 1.25-1.50
(64H, broad), 0.89 (12H, m).

Synthesis of Compound 5

Compound 4 (25 mg, 0.02 mmol) and
(0.2 mL, 1.2 mmol) were
Trifluoroborane etherate (0.2
mixture was stirred at r
reaction mixture w:
anhydrous sodium
product was purifi
dichloromethane t
quantitative yigld).
(2H, t), 7.65 (
(2H, m), 1.25-1.

(2 mi).
mol) was added and the
e for 2 hours. The

atography, eluting with
s a green solid (26 mg,
DCls): 8.36 (2H, d), 7.88
(4H, d), 3.95 (4H, d), 1.83

Synthesis of Comp

ine was used to replace 2-
cyanomethylpyridine a raw materials. The procedure to
synthesize 8 was similar with that of 2 and the similar yield was
hieved. 'H R (300 MHz, CDCls): 8.43 (2H, d), 7.91 (2H, d),
(4H,d)&¥55 (2H, d), 7.07 (4H, d), 3.95 (4H, d), 1.83 (2H, m)
1.50 (64H, broad), 0.91 (12H, m).

sis of Compound 8

133.5 mg, 0.1 mmol), phenylboronic acid (36.6
mg, 0.3 ) and K,COj; (1.38g) was dissolved in degassed
mixture of foluene (10 mL), water (2 mL) and ethanol (2 mL)
under nitrogen atmosphere. It is followed by addition of a
catglytic amount (1% m/m) of Pd(PPhs)s. The resulting mixture
eated at 100 °C for 6 h, then cooled down to room
erature. The organic layer was washed by water for three
es and concentrated under reduced pressure. The product
as purified by column chromatography on silica using
dichloromethane/hexane (1/1) as the solvent and dried under
vacuum at 80 °C overnight. Finally, we obtained 121.4 mg dark
green powder (yield 91.3%). 'H NMR (300 MHz, CDCls): 8.61
(2H, s), 8.09 (2H, d), 7.70 (6H, m), 7.49 (10H, m), 7.10 (4H, d),
3.96 (4H, d), 1.84 (2H, m), 1.25-1.50 (64H, broad), 0.90, (12H,
m).

Preparation of nanoparticles in the presence of surfactant
as stabilizer

Taking JAGG NPs with 0.4 mM as representative example,
PCBF (200 pLx0.01M THF solution) and amphiphilic copolymer
PCL-b-POEGMA (100 pLx6.67 g/L THF solution) were mixed in
200 pL of THF. This mixture was rapidly injected into 5 mL of
deionized water under ultrasonication. THF was evaporated by
exposure in open air overnight. Similarly, JAGG dispersions with
concentration of 0.24, 0.16, 0.08 and 0.04 mM were prepared by
using 120, 80, 40 and 20uLof 0.01M THF solution of PCBF,
respectively, while the amount of PCL-b-POEGMA was kept
unchanged. HAGG dispersions with various concentrations were
obtained by the similar procedure.
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Monitoring the aggregation of PCBF in mixture of THF/water
in the absence of surfactant as stabilizer

An aliquot of PCBF (100 uL, 1 mg/mL in THF) was mixed with
different amounts of THF (x mL), followed by a quick addition of
a known volume of water ((3-x) mL) and mixed with gentle
shaking. Through this process, a series of PCBF dispersions
were obtained with different water fractions (f, = 0%, 10%, 20%,
30%, 40%, 50%, 60% by volume).

Cell culture and cytotoxicity study

L929 mouse fibroblast cells were cultured in folate-free
Dulbecco’s Modified Eagle’s Medium (DMEM) containing 10%
fetal bovine serum and 1% penicillin streptomycin at 37 °C in a
humidified environment containing 5% CO.. Before experiments,
the cells were precultured until confluence was reached. The
cytotoxicity of JAGG NPs against L929 cancer cells was
evaluated by PrestoBlue (PB) assay. Briefly, L929 cells were
seeded in 96-well plates (Costar, IL, USA) at an intensity of
5x10 cells mL™. After 12 h incubation, the cells were exposed to
a series of doses of JAGG NPs at 37 °C. After the designated
time intervals, the wells were washed twice with 1xPBS buffer
and 100 pL of freshly prepared PB solution in culture medium
was added into each well. The PB medium solution was carefully
removed after 1 h incubation in the incubator. The absorbance ,of
PB at 570 nm and 600 nm was monitored by the micro
reader (Genios Tecan). Cell viability was expressed as th
of the percent PB reduction of the cells incubated with JAGG
NPs suspension to that of the cells incubated wi
medium only.

In vivo fluorescence imaging

The care and use of laboratory animals

University, Singapore. 50 pL of JAGG solution of PCBF an
HAGG solution of PCBFB (1 mg/ml) were subcutaneqysly

examined using an IVIS Sp
(PerkinElmer). The wgvelengths
filters used were 60%*
The auto-fluorescence of
unmixing software.

in vivo imaging system
jation and emission
, respectively.
using a spectral
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