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Abstract We present a new cyclometalated Ir(III) complexes IrBDP, which could self-assemble into organic nanoparticles (IrBDP NPs).
IrBDP NPs show enhanced photodynamic effect and can be engulfed by HeLa cells for cell imaging as well as photodynamic therapy (PDT)

upon low energy irradiation.
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INTRODUCTION

Photodynamic therapy (PDT), which is an approved medical
technique for the treatment of malignant tissues, has attracted
tremendous  rtesearch interests!' ™.  Compared with
chemotherapy, PDT possesses several advantages such as the
minimal invasiveness, low toxicity, and spatial and temporal
control®™). For PDT, the singlet oxygen ('O,), which is the
main agent for destroying cancer cells, is generated by the
photosensitizer (PS) upon light irradiation. Up to now, the
most commonly used PS for PDT is the hematoporphyrin
derivatives!!®'4l Nevertheless, relatively poor reactive
oxygen species (ROS) generation and low molar absorption
coefficient limit the PDT efficacy for clinical uses.

Alternatively, the boron dipyrromethene (BODIPY, BDP)!'S: 161,

a widely used fluorescence dye, was discovered to have
potential photodynamic effect through the introduction of
iodine!'”"1 and Pt?% 2!l as well as forming dimer or
trimer(?>2¢, Compared with porphyrin systems, BDP as
photosensitizers is in the bud, and less explored for their
biological applications.

Cyclometalated  Ir(IlI) complexes as  efficient
photosensitizers have been developed for PDTZ7-301
However, the absorbance mainly concentrated on the short
wavelength region. To date, there are two methods to address
this problem. One is developing Ir(Ill) complexes with
two-photon absorption for ROS generation®'=3*1. Another is
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combining the Ir(Ill) with the fluorescence dyes, such as
aza-boron-dipyrromethene (aza-BDP)B3¢ 371 and BDPB8-41]
because of their high molar absorption coefficient and good
photostability. The combination of Ir(Ill) complexes and
BDP is a great strategy to exert respective advantages, and
results in enhanced synergistic effect.

In this work, we designed and synthesized fluorescent
cyclometalated Ir(IIT) complexes containing BDP unit (IrBDP)
in Scheme 1, which could self-assemble into corresponding
organic nanoparticles (I'BDP NPs). The introduction of
Ir(IIT) significantly increased the photodynamic effect of BDP.
The cellular uptake and distribution of the ['lBDP NPs were
investigated by confocal laser scanning microscopy (CLSM).
In addition, phototoxicity against murine colon cancer
(CT26) and human cervical carcinoma (HeLa) cell line was
validated. The live/dead staining experiment and cell
apoptosis experiment also confirmed the potent cytotoxicity
of IrBDP NPs upon irradiation.

EXPERIMENTAL

Materials

Solvents and reagents were purchased commercially as
reagent grade and used as received unless otherwise
mentioned. Dichloromethane (CH,Cl,) and 1,4-dioxane were
distilled over calcium hydride. The solvents used for
spectroscopic measurements were of HPLC grade.

Instruments

"H-NMR spectra were recorded on a Bruker NMR 400 DRX
Spectrometer using CDCl; as solvent. The mass spectra (MS)
of the samples were recorded by the German company Bruker
autoflex III smartbeam MALDI-TOF/TOF mass spectrometer
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Scheme 1 The preparation of IrBDP NPs, cellular uptake and
photodynamic therapy in cells

with smartbeam laser at 355 nm wavelength. UV-Vis
absorption and emission measurement were carried on by
using a Shimadzu UV-2450 PC UV-Vis spectrophotometer
and a PerkinElmer LS-55 fluorescence spectrophotometer,
respectively. Size and size distribution of the nanoparticles
were determined by Malvern Zeta-Sizer Nano for dynamic
light scattering (DLS). The morphology of the nanoparticles
was measured by transmission electron microscopy (TEM)
performed on a JEOL JEM-1011 electron microscope
operating at an acceleration voltage of 100 kV. Confocal laser
scanning microscopy (CLSM) images were taken using a
Zeiss LSM 700 (Zurich, Switzerland).

Synthesis

Synthesis of compound a (4'-methyl-[2,2'-bipyridine]-4-
carbaldehyde)

The compound a was synthesized according to the
architecture. '"H-NMR (400 MHz, CDCls, 8, ppm): 10.19 (s,
1H), 8.90 (d, /=4.6 Hz, 1H), 8.84 (s, 1H), 8.58 (d, /J=4.7 Hz,
1H), 8.29 (s, 1H), 7.73 (d, J=4.0 Hz, 1H), 7.20 (d, /= 4.2 Hz,
1H), 2.47 (s, 3H).

Synthesis of compound BDP (5,5-difluoro-1,3,7,9-tetramethyl-
10-(4"-methyl-[2,2"-bipyridin]-4-yl)-5H-dipyrrolo[1,2-c¢:2" 1’
-f1[1,3,2]diazaborinin-4-ium-5-uide)

The compound a (600 mg, 3 mmol) and 2,4-dimethyl-pyrrole
(600 mg, 6 mmol) were dissolved in dry CH»Cl, (200 mL)
under N atmosphere. To start the reaction, several drops of
trifluoroacetic acid were added and the mixture was stirred for
5 days at room temperature. After 5 days, 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (DDQ) (681 mg, 3 mmol) was
added into the reaction and stirred for 4 h. Subsequently, TEA
(5§ mL, 36 mmol) and BF;0Et; (6 mL, 48 mmol) were added
into the reaction in ice-cold condition and stirred over night at
room temperature. The mixture was washed with brine
(100 mL). The organic layer was dried with anhydrous
Na,SO4 and combined in vacuum. The residue was purified
by silica chromatography using CH,Cly/acetone (100/3, V/V)
to afford the dark-red solid (250 mg, 20%). 'H-NMR
(400 MHz, CDCls, &, ppm): 8.82 (dd, J = 4.8, 0.6 Hz, 1H),
8.51 (d, J=4.9 Hz, 1H), 8.48 (s, 1H), 8.31 (s, 1H), 7.31 (dd,

J=49, 1.7 Hz, 1H), 7.17 (d, J = 4.9 Hz, 1H), 5.99 (s, 2H),
2.56 (s, 6H), 2.47 (s, 3H), 1.47 (s, 6H).

Synthesis of compound IrBDP

The compound BDP (0.24 mmol, 100 mg) and [Ir(py).Cl]»
(0.1 mmol, 107.2 mg) were dissolved in 12 mL of mixed
solution (CH,Clo/MeOH, V/V = 2/1) and refluxed for 5 h under
N: atmosphere. After 5 h, the mixture was cooled to room
temperature, then NH4PF4 (200 mg) was added and stirred for
15 min. The solid was filtered and the filtrate was collected.
Subsequently, the filtrate was evaporated in vacuum and the
crude product was obtained, which was purified by column
chromatography using EtOAc/CHxCl, (1/2, V/V) to afford red
solid (35 mg, 16%). 'H-NMR (400 MHz, CDCls, 6, ppm): 8.38
(s, 1H), 8.25 (s, 1H), 8.10 (d, J = 5.5 Hz, 1H), 7.95 (d, J =
8.1 Hz, 1H), 7.88 (d, /= 8.1 Hz, 1H), 7.83-7.66 (m, 6H), 7.62
(d,J=5.5Hz, 1H), 7.31 (dd, J=5.5, 1.4 Hz, 1H), 7.24 (s, 1H),
7.14 (t, J= 6.6 Hz, 1H), 7.08-6.99 (m, 3H), 6.92 (t, /= 7.4 Hz,
2H), 6.34 (dd, J=10.1, 7.9 Hz, 2H), 6.07 (s, 1H), 5.95 (s, 1H),
2.56 (s, 6H), 2.51 (s, 3H), 1.63 (s, 3H), 0.93 (s, 3H).

Synthesis of compound Ir-COOH

4-(2-Pyridyl)benzoic acid (compound b) (0.14 mmol, 28 mg)
and [Ir(py).Cl]> (0.06 mmol, 66 mg) were added into the
mixture of EtsN (30 mg) and ethylene glycol (5 mL) and
refluxed for 24 h. The solid was filtered to afford the
orange-red solid (21 mg, 25%). 'H-NMR (400 MHz, DMSO,
o, ppm): 12.31 (s, 1H), 8.28 (d, /= 7.5 Hz, 1H), 8.18 (d, J =
6.7 Hz, 2H), 7.97-7.75 (m, 6H), 7.57 (t, J = 11.5 Hz, 1H),
7.45 (dt,J=19.2, 6.8 Hz, 4H), 7.20 (d, /= 32.1 Hz, 3H), 6.86
(s, 2H), 6.81-6.68 (m, 3H), 6.64 (d, /= 7.3 Hz, 1H).
Preparation of IrBDP NPs

First, the IrBDP (0.2 mg) was dissolved in acetone (1 mL) and
then the solution was added dropwise to distilled water (5 mL)
with vigorous stirring. After the acetone was evaporated, the
solution was dialyzed against water to obtain the IrBDP NPs.
ROS generation of IrBDP NPs

To evaluate the singlet oxygen generation ability,
1,3-diphenylisobenzofuran (DPBF) and indocyanine green
(ICG) were used as indicator; their absorbance was monitored
by absorption spectroscopy. The absorbance of DPBF in
DMF and ICG in water were adjusted around 1, then [rBDP
(0.8 pg'mL™") in DMF or IrBDP NPs were added. Their
absorbance was monitored by absorption spectroscopy upon
irradiation (16 mW-cm™, 530 nm).

Cell Imaging and Flow Cytometry

The Human cervical carcinoma (HeLa) cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM, GIBCO)
containing 10% fetal bovine serum (FBS, GIBCO),
100 pug'mL™" streptomycin and 100 U-mL™' penicillin at
37 °C in a humidified incubator containing 5% CO- and 95%
air. After the HelLa cells were cultured for 24 h, the
nanoparticles (2 pug-mL™") were added and the cells were
respectively cultured for another 0.5 and 2 h for CLSM.
Meanwhile, the HeLa cells were cultured for 24 h, the
nanoparticles (2 pug'-mL™") were added and the cells were
cultured for 2 h. Then the media was replaced by the media
containing the Lyso-tracker Red (1 umol-L™!) and the cells
were incubated for another 30 min in 37 °C. The cell nuclei
were stained by 4',6-diamidino-2-phenyl-indole (DAPI). The
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result of flow cytometry was obtained by flow cytometer
according to the treatment of cell imaging. (The IrBDP NPs
channel: excitation wavelength, 488 nm; emission band-pass,
500-550 nm. The Lyso-tracker channel: excitation
wavelength, 555 nm; emission band-pass, 590—650 nm).

Intracellular ROS Detection

The CLSM observation method was also employed to detect
the ROS generation. First, HeLa cells were incubated with
[rBDP NPs (2 ug'mL™) for 4 h upon irradiation (530 nm,
16 mW-cm?) for 30 min, and then the culture medium was
replaced and washed three times. Then, the DMEM containing
dichlorofluorescin diacetate (DCFH-DA) (107 mol-L™") was
added and further incubated for 30 min. The outcomes were
observed with CLSM as soon as possible (excitation
wavelength, 488 nm; emission band-pass, 500—550 nm).

MTT Assay

HeLa and CT26 cells harvested were seeded in 96-well plates
with a density of 103 cells in every well and cultured in
DMEM for 24 h. The medium was replaced by IrBDP NPs at
a final concentration respectively. After incubation at 37 °C
for 24 h about phototoxicity, the medium was replaced by the
new medium with the MTT and cultured for another 4 h. The
medium was removed and followed the addition of 150 uL of
DMSO. The absorbance wavelength was set at 490 nm to
measure the results by a microplate reader.

Calcein-AM/PI Test

To visually demonstrate the efficiency of IrBDP NPs in
photodynamic therapy, the CT26 cells and HeLa cells were
stained with propidium iodide and calcein-AM to identify
dead (red) and live (green) cells, respectively. The control and
drug-treated (0.1 pg-mL™") cells were incubated at 37 °C for
24 h in a humidified atmosphere containing 5% CO,. Then,
all dishes of cells were irradiated for 30 min with an LED
light with a wavelength of 530 nm at an intensity of
16 mW-cm2. The cells were further incubated at 37 °C for
another 24 h. After stained with calcein-AM/PI for 40 min
and washed with phosphate-buffered saline (PBS), the two
samples of cells were imaged with fluorescence microscopy.

Cell Apoptosis and Necrosis by Annexin V Staining

The apoptosis and necrosis induced by PDT of [rBDP NPs
were evaluated by flow cytometry. HeLa cells were seeded at
1 x 10° cells/well in 6-well plates and further cultured for
another 24 h. Then, the culture media were replaced by 1 mL
of fresh culture media containing 10% FBS. IrBDP NPs were
added into the cells, at a concentration of 2 pg:-mL!. Cells
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incubated with PBS served as a blank control. After 4 h of
incubation, the cells were irradiated with LED light (530 nm)
at 16 mW-cm~2 for 40 min. Following incubation of 24 h, the
floating dead cells and adherent alive cells were all collected
and stained with propidium iodide (PI) and an Annexin
V-FITC apoptosis detection kit according to the
manufacturer’s instructions. The apoptosis and necrosis
results were examined on a flow cytometer.

RESULTS AND DISCUSSION

Synthesis and Characterization

The synthesis procedure is shown in Scheme 2. The
compound a was synthesised according to the previous
literature™? and the structure was confirmed by proton
nuclear magnetic resonance ('"H-NMR) as shown in Fig. S1
(in electronic supplementary information, ESI). The signal at
10.19 ppm indicated that the aldehyde group was successfully
introduced. Subsequently, the compound BDP was
synthesised and validated by '"H-NMR as shown in Fig. S2 (in
ESI). The signal at 5.99 ppm was the characteristic peak of
BDP. Finally, the targeted compound IrBDP was synthesized
and characterized by 'H-NMR and matrix-assisted laser
desorption/ion-ization time-of-flight mass spectrometry
(MALDI-TOF MS). As shown in Figs. S3 and S5 (in ESI),
the integration ratios of these peaks agreed well with those of
theoretical calculations. The m/z signals located at 917.3 in
the MALDI-TOF/TOF MS spectra is the same to the
theoretical value of [rBDP. Meanwhile, in order to compare
with the IrBDP, Ir-COOH was synthesized and used as the
control (Fig. S4, in ESI).

Preparation and Characterization of IrBDP NPs

The self-assembly of organic molecules has been reported in
previous work!™ 441, Herein, we also attempted the preparation
of [IrBDP NPs via nanoprecipitation method. First, [rBDP was
dissolved in acetone and then was added dropwise to distilled
water under vigorous stirring. After dialysis against water,
IrBDP NPs were obtained, and then characterized by
transmission electron microscopy (TEM) and dynamic light
scattering (DLS) as shown in Fig. 1. The average

hydrodynamic diameter determined by DLS was about
190.2 nm, larger than the data obtained by TEM, which
probably resulted from solvation effect and concentration
dependence. As shown in Fig. 1(b), the size and size
distribution showed negligible changes in the next week at
room temperature, indicating high stability of [rBDP NPs in
PBS.

Scheme 2 The synthesis procedure of rBDP

https://doi.org/10.1007/s10118-018-2096-9
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Fig. 1 (a) Transmission electron microscopy image of IrBDP NPs and (b) the stability in PBS over time

(The inset in (a): Size and size distribution.)

The Study of Photophysical and Photochemical Properties
The photophysical properties were recorded by UV-Vis
absorption and fluorescence emission spectra. Figure 2(a)
shows the absorption spectra from 400 nm to 650 nm. The
maximum absorption peak of BDP was at 502 nm. After
introducing Ir to BDP, the absorption peak shifted to 507 nm
maybe because of the heavy atom effect and the
n-conjugation. Compared with the IrBDP, the maximum
absorption peak of IrBDP NPs located at 520 nm, which
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bathochromic-shifted 13 nm. Figure 2(b) shows the
fluorescence emission spectra of [Ir(py).Cl],, BDP, IrBDP
and IrBDP NPs. The maximum emission peak of [Ir(py).Cl]»
and BDP was at 523 and 532 nm, respectively. The maximum
emission peak of [rBDP was at 526 nm, which fell in between
the [Ir(py)2Cl]> and BDP. After self-assembling in water, the
maximum emission peak shifted to 554 nm (Fig. S6, in ESI). It
is worthwhile to note that the fluorescence quantum yield of
BDP decreased from 0.297 to 0.022 in virtue of the Ir(IIT) by
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Fig. 2 The normalized (a) absorbance and (b) fluorescence spectra of BDP (THF, Aex = 500 nm), [Ir(py)2Cl]2 (THF, Aex = 450 nm),
IrBDP (THF, Aex = 507 nm) and IrBDP NPs (H20, Aex = 518 nm); (¢) Time-dependent absorption spectra of IrBDP upon irradiation
(16 mW-cm™2, 530 nm) in the presence of IrBDP in DMF; (d) Comparison of the decay rate of DPBF alone and of DPBF in the
presence of free [Ir(py)2Cl]2, Ir-COOH, BDP and IrBDP, respectively
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using rhodamine 6G as the reference. These results confirm
the formation of BDP@Ir complexes. In order to study the
photodynamic effect of [rBDP, the photochemical properties
were further investigated. The DPBF, which is a kind of
singlet oxygen detection reagent, was used to detect the 'O,
by time-dependent spectroscopy. DPBF itself caused
negligible absorbance changes at 414 nm in 50 s under
irradiation as shown in Fig. S7(a) (in ESI) and Fig. 2(d). Upon
the addition of IrBDP (0.8 ug'mL™"!) in DMF, as expected, the
absorbance at 414 nm decreased significantly, indicating an
efficient degradation of DPBF in Figs. 2(c) and 2(d).
According to the previous results?!), the BDP itself possesses
photodynamic effect. Thus, the control experiments (BDP,
Ir-COOH and [Ir(py).Cl],) were conducted and used to
compare with the photodynamic effect of IrBDP. The
solution of DPBF was irradiated in the presence of BDP,
Ir-COOH and [Ir(py)2Cl]; at the concentration of 2.5 pug-mL"™!
in DMF, respectively. The [Ir(py).Cl], (Fig. S7b, in ESI),
Ir-COOH (Fig. S7c, in ESI) and BDP (Fig. S7d, in ESI)

IrBDP NPs

a DAPI

c DAPI IrBDP NPs

DMEM + dark DMEM + light

d...

Merged

10° 10!
Fluorescence intensity
20 um

possessed weaker photodynamic effect compared with IrBDP
even though the concentration of [Ir(py).Cl],, Ir-COOH and
BDP was three times of IrBDP. This result indicated that the
introduction of Ir significantly increased the photodynamic
effect because of heavy atom effect. The photodynamic effect
of I'BDP NPs was also assessed by detecting the decay rate of
ICG. As shown in Fig. S8 (in ESI), the IrBDP NPs also
possessed the comparable photodynamic effect.

The Investigation in Cells

The cellular uptake of IrBDP NPs in HeLa cells was
investigated by using CLSM and flow cytometry.
4',6-Diamidino-2-phenyl-indole (DAPI) was used to stain the
cellular nuclei. As shown in Fig. 3(a), IrBDP was not
observed in the cellular nuclei. Nearly all cells can internalize
the IrBDP NPs, and the IrBDP NPs located abundantly in the
cytoplasm of the HeLa cells. The fluorescence of IrBDP
increased with incubation time from 0.5 h to 2 h, and the
enhanced cellular uptake of IrBDP NPs was also confirmed
by flow cytometry (Fig. 3b). To have insight into the fate of

b

Control
—— 0.5h
2h

"

10 10° 10

Lyso-tracker Red Merged

20 pm

IrBDP NPs + dark IrBDP NPs + light

20 um

Fig. 3 (a) Fluorescence microscopy images of HeLa cells incubated with IrBDP (2 pg'mL™") for 0.5 and 2 h at 37 °C; (b) Quantitative
analysis of HeLa cells incubated with I'BDP NPs (2 pg-mL™") for 0.5 and 2 h at 37 °C using the flow cytometry with cells untreated as a
control; (c) CLSM images of HeLa cells costained with IrBDP NPs (2 pug'mL™!) and Lyso-tracker Red (The images showed the
fluorescence of nuclei (blue), I'BDP NPs (green), Lyso-tracker Red (red) and merged images (yellow) from left to right.); (d) The
generation of intracellular ROS mediated by [rBDP NPs samples upon light irradiation of 16 mW-cm™ for 20 min indicated by the
fluorescence of DCF about the DMEM control, DMEM with light, 'BDP NPs and IrBDP NPs upon irradiation treatment (The IrBDP
NPs channel: excitation wavelength, 488 nm; emission band-pass, 500—550 nm. the Lyso-tracker channel: excitation wavelength, 555 nm;
emission band-pass, 590—650 nm. The inset in a, ¢, d: scale bar =20 um) (The online verion is colorful.)
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IrBDP NPs internalized by cells, colocalization experiment
was conducted with a commercially available Lyso-tracker
Red in HeLa cells. HeLa cells were pretreated with IrBDP
NPs (2 ug'mL™) for 1 h and then stained with Lyso-tracker
Red (1 pmol-L7") at 37 °C. As shown in Fig. 3(c), the
fluorescence of [IrBDP NPs (green) superimposed with the
fluorescence of Lyso-tracker Red (red) and produced an
orange fluorescence in the merged images, revealing the
receptor-mediated endocytosis. To verify that the [FBDP NPs
could generate singlet oxygen in HeLa cells, the DCFH-DA
was used as the indicator. As shown in Fig. 3(d), negligible
green fluorescence was observed in all control groups because
there is no adequate singlet oxygen to oxidize nonfluorescent
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DCFH-DA into fluorescent dichlorofluorescein (DCF). On
the contrary, a bright green fluorescence emerged in IrBDP
NPs upon irradiation group. The result indicated that the
IrBDP NPs could generate effectively singlet oxygen in HeLa
cells and could be used as photodynamic agent.

The phototoxicity of [rBDP NPs was investigated via
3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetraz-oliumbromide
(MTT) colorimetric assay for 24 h. Figures 4(a) and 4(b)
show the cell viability of CT26 and HeLa when incubated
with IrBDP NPs, respectively. ['BDP NPs in dark did not
induce obvious cell death. In contrast, ' BDP NPs showed the
potent phototoxicity and the cell viability significantly
decreased in a dose-dependent manner upon irradiation. In
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Fig. 4 Cell viability of (a) CT26 and (b) HeLa incubated with [I'BDP NPs for 4 h at 37 °C upon irradiation (16 mW-cm=2, 530 nm) for
30 min and culture another 24 h; (c) Fluorescence images of calcein AM (green, live cells) and propidium iodide (red, dead cells)
co-stained and (d) the bright field photos of CT26 cells (from left to right: blank, irradiation, ' BDP NPs without irradiation and IrBDP
NPs upon irradiation (CT26 cells incubated for 24 h with the IrBDP NPs at the concentration of 0.1 pgmL™' after irradiation
(16 mW-cm™2, 530 nm) for 30 min at 37 °C); (¢) Flow cytometry analysis of CT26 cells (from left to right: blank, only irradiation, [rBDP
NPs (2 ug-mL™") without irradiation and IrBDP NPs (2 ug'mL™") upon irradiation. The four areas represent the different phases of the
cells: necrotic (Q1), late-stage apoptotic (Q2), early apoptotic (Q3), and live (Q4).) (The online version is colorful.)
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addition, the live/dead staining experiment was carried out to
validate that the cell apoptosis and necrosis were triggered by
irradiation. As shown in Fig. 4(c), almost all of the CT26 cells
emit plentiful green fluorescence in all control groups.
Meanwhile, after incubated with IrBDP NPs under irradiation,
a majority of cells were dead with strong red fluorescence.
Simultaneously, the CT26 cells were treated with the same
condition and the bright field photos were obtained. As shown
in Fig. 4(d), nearly all the cells were healthy and the
morphology of cells was in good condition in all control
groups. The morphology of cells treated with [rBDP NPs
under irradiation was broken and cracked. The HeLa cells
also indicated the similar results in Figs. S9(a) and S9(b) (in
ESI). In order to further demonstrate the cell death
mechanism, the cells apoptosis experiment was conducted.
CT26 cells were double-labeled with Annexin V-FITC
(fluoresceine isothiocyanate) and PI (propidium iodide)
before flow cytometry analysis. As shown in Fig. 4(e),
compared with the control groups, the cell apoptotic rate (Q2
+ Q3) was significantly increased to 85.1% from 12.36%
under treatment with IrBDP NPs upon irradiation. The HeLa
cells were also subjected to the cells apoptosis experiment. As
shown in Fig. S9(c), the cell apoptotic rate (Q2 + Q3)
significantly increased to 69.8% from 2.555%. These results
manifest that the IrBDP NPs possess excellent photodynamic
effect in vitro and can be used as photodynamic therapy
agent.

CONCLUSIONS

In summary, the fluorescent cyclometalated Ir(Ill) complex
IrBDP was successfully synthesized, which could
self-assemble into nanoparticles. The resulting IrBDP NPs
could be engulfed by cells for cell imaging. The introduction
of Ir(IlT) obviously increased the photodynamic effect, and
resulted in enhanced cell death and apoptosis. This work
provides a useful approach to develop a new and potential
photosensitizer for PDT.
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