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ABSTRACT: With this research, we have developed two long-wavelength theranostic probes (DCMT and DCMC) with aggrega-

tion-induced emission (AIE)-based properties for image-guided photodynamic therapy (PDT) of hepatoma cells. Introduction of a 

triphenylamine or carbazole group to a dicyanomethylene-4H-pyran dye with long-wavelength fluorescence emission produces the 

AIE-based probes, which were subsequently modified with triphenyl-phosphonium cation for actively targeting the mitochondria of 

hepatoma cells. Solution-based experiments show that the probes exhibit a mixed photophysical mechanism of twisted-intramolecular 

charge transfer and AIE at different aggregation states. The molecular aggregation of the probes also leads to an enhanced ability for 

oxygen photosensitization, suggesting their potential for PDT of cancer cells. Our subsequent cell-based assays show that the probes 

localize in the mitochondria of hepatoma cells, and the use of light leads to cell death through the intracellular production of reactive 

oxygen species. 
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probe 

INTRODUCTION   

The progression of cancer is usually associated with the func-

tional impairment of mitochondrion including an increase in re-

active oxygen species (ROS) levels and metabolic disorders of 

the mitochondria.1,2 Mitochondria are considered to be the pow-

erhouse of cells, and are also where most intracellular ROS is 

produced, modulating signaling relevant to cell death. The mi-

tochondrial membrane potential of cancer cells is more negative 

than that of normal cells, which allows mitochondria-targeted 

chemical tools to selectively accumulate in cancer cells.3 There-

fore, targeting the mitochondria of cancer cells has become a 

promising strategy for targeted cancer therapy.4 Compared with 

conventional radio- and chemotherapy, photodynamic therapy 

(PDT) is an emergent technology for cancer treatment with ad-

vantages in terms of side effects, invasiveness and drug re-

sistance.5,6 The mechanism of PDT is that a photosensitizer (PS) 

reacts with O2 under light irradiation to produce reactive oxygen 

species (ROS) (e.g. in the form of singlet oxygen (1O2)), leading 

to damage of cellular components.7,8 As a result, the ability to 

accurately localize PDT agents to cancer cells is key to the ef-

ficacy of PDT-based therapy. 

Image-guided cancer therapy has become a topical research 

area in biomedicine. To achieve this goal, a fluorescent probe is 

covalently conjugated with a drug molecule, producing an 

activatable prodrug system that responds to specific biospecies 

in a cancer microenvironment for image-guided therapy. Many 

elegant theranostic probes have been developed over the past 

decade.9-24 However, most of the probes developed to date have 

been based on aromatic dyes that tend to aggregate in aqueous 

media, leading to aggregation-caused quenching (ACQ), which 

lowers the imaging capacity of the systems. In addition, the ma-

jority of the theranostic probes developed are based on the re-

lease of cytotoxic drugs in cancer cells, which could be accom-

panied by drug-resistance issues. 

Aggregation-induced emission (AIE) is a photophysical phe-

nomenon first coined by Tang’s group in 2001.25,26 Restriction 

of intramolecular rotation (RIR) has been the most recognized 

AIE mechanism.27 In addition to their usefulness in long-term 

fluorescence-based bioimaging,28,29 AIE-based compounds 

have also been reported to serve as robust PSs. It is reported that 

traditional ACQ-based PSs undergo nonradioactive decay as a 

result of π−π stacking, leading to a quenched lowest singlet state 

(S1), and thus a low 1O2 yield.30 In contrast, AIE-based dyes 

overcome this issue through aggregation-induced excitonic or-

bital overlap leading to energy splitting, which enhances the in-

tersystem crossing (ISC) efficiency.31 With this research we 

have developed two AIE-based theranostic probes, DCMT and 

DCMC, for the mitochondria-targeted, image-guided PDT of 

liver cancer cells (Hep-G2) (Scheme 1). 



 

 

EXPERIMANTAL 

Instruments and Materials. All chemicals used in the syn-

thesis were purchased from Taitan and used without further pu-

rification. All solvents are purified and dried according to stand-

ard procedures. The 1H NMR spectra were recorded on a Bruker 

AV-400 NMR spectrometer using CDCl3 or DMSO-d6 as sol-

vent. 13C NMR spectra were recorded on an Ascend 600 NMR 

spectrometer with DMSO-d6 as solvent. The mass spectra were 

obtained using a Waters LCT Premier XE mass spectrometer. 

A Varian Cary 60 was used to measure the UV-vis spectra, and 

Varian Cary Eclipse was used to obtain fluorescence spectra. A 

GeminiSEM 500 was used to obtain morphology images. DLS 

was obtained using a Nicomp 380 ZLS. A FLS-980 was used to 

get fluorescence quantum yields. An Electro-Spin Resonance 

Spectrometer was used to collect electron paramagnetic reso-

nance (EPR) spectra. All the cells used for the co-localization 

and PDT experiments were HepG2 cells, which were obtained 

from ATCC (American Type Culture Collection). 

Scheme 1. Synthesis of the AIE-based theranostic probes 

DCMT and DCMC 

 

Synthesis of DCMT and DCMC. Compound DCM-OH and 

triphenyl phosphobromine salt (TPP-Br) were prepared accord-

ing to the reported procedures 32,33 

Synthesis and characterization of DCMT-OH. DCM-OH 

(342 mg, 1.24 mmol) and 4-(diphenylamino) benzaldehyde 

(372 mg, 1.36 mmol) were dissolved in 20 mL acetonitrile, then 

piperidine (0.5mL) was added and the mixture was heated at 

reflux overnight. The reaction mixture was cooled to room tem-

perature and the solvent was removed under vacuum, and the 

residue was purified using silica chromatography (dichloro-

methane as eluent) to obtain DCMT-OH as a dark red solid (296 

mg, yield 45%). 1H NMR (400 MHz, DMSO-d6) δ (ppm): 10.09 

(s, 1H, -OH), 7.73 – 7.63 (m, 6H, Ar-H), 7.38 (t, J = 7.9 Hz, 

4H, Ar-H), 7.20 – 7.09 (m, 8H, Ar-H), 6.94 (d, J = 8.4 Hz, 2H, 

-CH=CH-), 6.84 (d, J = 8.3 Hz, 2H, -CH=CH-), 6.79 (d, J = 4.5 

Hz, 2H, -CH=C-). 13C NMR (150 MHz, DMSO-d6) δ 191.42, 

163.78, 160.20, 159.92, 159.70, 156.48, 149.56, 146.79, 

138.49, 137.74, 132.57, 130.65, 130.26, 130.04, 130.01, 

128.89, 128.60, 126.67, 125.70, 124.78, 121.33, 117.04, 

116.43, 116.33, 116.30, 116.11, 106.74, 106.40. HRMS: Calcd 

for C36H24N3O2 ([M-H]-), 530.1869; found: 530.1866. 

Synthesis and characterization of DCMC-OH. To a solu-

tion of DCM-OH (300 mg, 1.09 mmol) and 4-(diphenylamino) 

benzaldehyde (324 mg, 1.20 mmol) in 20 mL acetonitrile, pi-

peridine (0.5 mL) was added and the mixture was heated at 

reflux overnight. After the reaction mixture cooled, the solvent 

was removed under reduced pressure, and the residue purified 

by silica chromatography (dichloromethane as eluent) to give 

DCMC-OH as a dark red solid (309 mg, yield 54%). 1H NMR 

(400 MHz, DMSO-d6) δ (ppm): 9.79 (s, 1H,-OH), 8.28 (d, 2H, 

J = 7.2 Hz, Ar-H), 8.11 (d, 2H, J = 7.4 Hz, Ar-H), 7.91 (d, J = 

16.2 Hz, 1H, -CH=C-), 7.73 (m, 4H, Ar-H), 7.70 (d, 2H, J = 7.9 

Hz, Ar-H), 7.50 (m, 4H, Ar-H), 7.33 (d, 2H, J = 8.3 Hz, Ar-H), 

7.21 (d, J = 16.4 Hz, 1H, -CH=C-), 6.94 (d, J = 7.0 Hz, 2H, -

CH=CH-), 6.87 (d, J = 9.0 Hz, 2H, -CH=CH-). 13C NMR (150 

MHz, DMSO-d6) δ 191.43, 163.81, 163.78, 160.29, 160.14, 

159.05, 156.59, 140.26, 138.62, 136.88, 134.58, 132.58, 

130.74, 130.27, 128.90, 127.27, 126.86, 126.69, 123.46, 

121.07, 120.86, 116.39, 116.31, 116.04, 110.30, 107.90, 

106.60. HRMS: Calcd for C36H22N3O2 ([M-H]-), 528.1712; 

found: 528.1726. 

Synthesis and characterization of DCMT. A solution of 

DCMT-OH (150 mg,0.28mmol), TPP-Br (202 mg, 0.42 mmol), 

KI (23 mg, 0.14 mmol) and K2CO3 (78 mg, 0.56 mmol) in an-

hydrous N, N-dimethylformamide (DMF, 10 mL) was heated to 

130°C and stirred overnight. The mixture was then poured into 

deionized water (75 mL) and a black solid precipitated. The 

solid was purified using column chromatography (DCM: 

MeOH=50:1), resulting in DCMT as a dark red solid (168 mg, 

yield 65%). 1H NMR (400 MHz, DMSO-d6) δ (ppm): 7.92 (d, J 

= 8.2 Hz, 2H, Ar-H), 7.86 (d, J = 19.8 Hz, 2H, Ar-H), 7.83-7.71 

(m, 15H, Ar-H), 7.69 (d, J = 8.9 Hz, 2H, Ar-H), 7.38 (t, J = 16.0 

Hz, 4H, Ar-H), 7.26 (d, J = 13.1 Hz, 1H, Ar-H), 7.22 (d, J = 

12.9 Hz, 1H, Ar-H), 7.17 (d, J = 7.4 Hz, 2H, Ar-H), 7.12 (d, J 

= 7.7 Hz, 4H, Ar-H), 6.98 (d, J = 8.6 Hz, 2H, -CH=CH-), 6.95 

(d, J = 8.6 Hz, 2H, -CH=CH-), 6.82 (s, 2H, -CH=C-), 4.12 (t, J 

= 11.2 Hz, 2H, -CH2-), 3.68 (t, J = 15.0 Hz, 2H, -CH2-), 1.94 (t, 

J = 12.4 Hz, 2H, -CH2-), 1.73 (t, J = 22.4 Hz, 2H, -CH2-). 
13C 

NMR (150 MHz, DMSO-d6) δ 160.56, 159.74, 159.63, 156.44, 

149.54, 146.72, 137.83, 137.79, 135.36, 135.34, 134.11, 

134.04, 133.97, 133.94, 133.84, 130.78, 130.71, 130.63, 

130.57, 130.52, 130.32, 130.22, 130.14, 130.01, 129.98, 

129.86, 128.54, 128.19, 125.65, 125.38, 124.75, 124.67, 

121.26, 119.17, 118.60, 117.21, 116.98, 116.21, 116.18, 

115.37, 115.33, 106.74, 66.62, 55.97, 29.38, 26.74. HRMS: 

Calcd for C58H47N3O2P ([M]+), 848.3406; found: 848.3404. 

Synthesis and characterization of DCMC. A solution of 

DCMC-OH (150 mg, 0.28 mmol), TPP-Br (200 mg, 0.42 

mmol), KI (23 mg, 0.14 mmol) and K2CO3 (78 mg, 0.56 mmol) 

in anhydrous N, N-dimethylformamide (DMF, 10 mL) was 

heated to 60°C and stirred for two hours. The mixture was then 

poured into deionized water (75 mL) and a black solid precipi-

tated. The product was purified using column chromatography 

(DCM: MeOH = 50: 1), producing DCMC as brown solid (130 

mg, yield 50%). 1H NMR (400 MHz, DMSO-d6) δ (ppm): δ 

8.28 (d, J = 7.7 Hz, 2H, Ar-H), 8.12 (d, J = 8.4 Hz, 2H, Ar-H), 

7.95- 7.90 (m, 4H, Ar-H), 7.84 (s, 2H, -CH=C-), 7.83-7.70 (m, 

15H, Ar-H), 7.57 (d, J = 16.2 Hz, 1H, Ar-H), 7.51-7.45 (m, 4H, 

Ar-H), 7.35-7.29 (m, 3H, Ar-H), 7.01 (d, J = 8.7 Hz, 2H, -

CH=CH-), 6.97 (d, 1H, J = 2.0 Hz, -CH=CH-), 6.88 (d, J = 2.0 

Hz, 1H, -CH=CH-), 4.12 (t, J = 5.9 Hz, 2H, -CH2-), 3.68 (t, J = 

8.8 Hz, 2H, -CH2-), 1.94 (t, J = 13.2 Hz, 2H, -CH2-), 1.73 (t, J 

= 22.0 Hz, 2H, -CH2-). 
13C NMR (150 MHz, DMSO-d6)

 δ 

160.63, 159.81, 159.05, 156.52, 140.18, 138.59, 138.17, 

136.90, 135.40, 135.36, 135.34, 134.51, 134.05, 133.98, 

130.81, 130.79, 130.74, 130.71, 130.63, 130.39, 130.23, 

130.19, 128.20, 127.20, 126.80, 126.76, 123.40, 121.03, 

120.81, 119.17, 118.60, 118.55, 117.14, 116.02, 115.40, 



 

110.22, 107.90, 106.93, 66.64, 56.92, 29.45, 26.65. HRMS: 

Calcd for C58H45N3O2P ([M]+), 846.3249; found: 846.3235.  

RESULTS AND DISCUSSION 

Design and Synthesis of DCMT and DCMC. Triphenyla-

mine (TPA) and carbazole (CBZ) are commonly used func-

tional groups to enhance the AIE effect of fluorescent dyes.2 A 

simple Knoevenagel condensation reaction was used to connect 

TPA and CBZ to an orange-red-emitting DCM (dicyanometh-

ylene-4H-pyran) dye,34 producing DCMT-OH and DCMC-

OH with AIE-based properties, respectively. To target mito-

chondria, both DCMT-OH and DCMC-OH were equipped 

with a triphenyl-phosphonium cation,35,36 producing the DCMT 

and DCMC, respectively. A recent study indicated that when 

an appropriate D-A (donor-acceptor) structure is introduced to 

an AIE-based PSs, the ROS generation efficiency was en-

hanced.37 Compared to DCMC, the TPA group in DCMT is 

conformationally less rigidified, which might lead to a differ-

ence in photophysical and biological properties.38 

Optical properties of DCMT and DCMC. With these com-

pounds in hand, we evaluated their photophysical properties. 

DCMT exhibited an absorption maximum at 445 nm in water 

(Fig. S13A, ESI, blue), and a fluorescence emission maximum 

was observed at 663 nm (Fig. S13A, ESI, red) under 445 nm 

excitation. The absorption and emission maximum for DCMC 

was determined to be 425 nm (Fig. S13B, ESI, blue) and 650 

nm (Fig. S13B, ESI, red), respectively. Both probes exhibit a 

large stokes shift (218 nm and 225 nm for DCMT and DCMC, 

respectively). In addition, we determined that solvent polarity 

had minimal effect on the absorption spectra of DCMT and 

DCMC (Fig. S14, ESI). However, with an increase of solvent 

polarity, their emission maximum red-shifted (Figure S14, ESI), 

characteristic of a TICT (twisted-intramolecular charge transfer) 

process in D-A structrures.39 The fluorescence quantum yields 

of DCMT and DCMC in water were determined to be 1.05% 

and 5.59%, respectively, using a fluorescence spectrophotome-

ter with an integrating sphere. The molar extinction coefficient 

of DCMT and DCMC was determined to be 12218 cm-1mol-1 

L and 14686 cm-1mol-1 L, respectively (Table S1, ESI). 

AIE properties of DCMT and DCMC. Next, the AIE prop-

erties of DCMT and DCMC in a solvent mixture of 

DMSO/water were evaluated. As shown in Figure 1A and 1B, 

we determined that the fluorescence intensity of DCMT gradu-

ally decreased with an increasing water to DMSO ratio from 0 

to 0.5; the decreased fluorescence intensity is probably the re-

sult of a TICT effect for DCMT in polar solvents.40.41 When the 

water fraction was further increased (up to 90%), the fluores-

cence intensity significantly increased, which could be ascribed 

to the RIR-based AIE effect due to aggregation of the DCMT 

molecules in a water system.42 When the water fraction was in-

creased from 90% to 99%, the fluorescence intensity decreased, 

which may be due to the spontaneous fluorescence absorption 

of numerous molecular aggregates and changes in the aggregate 

morphology.40,41 The change in fluorescence intensity of 

DCMC with increasing water in DMSO was like that of DCMT 

(Fig. 1C and 1D). An additional viscosity experiment showed 

that an increase in viscosity led to a much shaper fluorescence 

enhancement of DCMT than DCMC (Figure S15, ESI).43,44 

Scanning electron microscopy (SEM) and dynamic light scat-

tering (DLS) were then used to examine the morphological 

changes of the probes in solutions with an increasing water frac-

tion (Fig. S16, ESI). We observed that with a small fraction of 

water in DMSO (20%, v/v), both DCMT (Fig. S16A, ESI) and 

DCMC (Fig. S16D, ESI) appeared to be amorphous from their 

representative SEM images with an average hydrodynamic di-

ameter of 206.1 nm and 155.2 nm, respectively. With an in-

crease of water fraction, however, both compounds formed 

structurally defined particles. With a water fraction in DMSO 

of 50% (v/v), nanoparticles with a diameter of 77.8 nm and 74.4 

nm were observed for DCMT (Fig. S16B, ESI) and DCMC 

(Fig. S16E, ESI), respectively. The particle size of DCMT (Fig. 

S16C, ESI) and DCMC (Fig. S16F, ESI) aggregates further de-

creased to 62.4 nm and 51.3 nm when the water fraction was 

increased to 90% (v/v) and 70% (v/v), respectively. These re-

sults suggest that (1) the probes are not orderly self-assembled 

in a good solvent, thus exhibiting TICT-caused fluorescence 

quenching,45 and (2) in a poor solvent these amphiphiles self-

assemble to form nanoparticles with an enhanced fluorescence, 

which agrees with previous reports on AIE-based nanoparticle 

systems.46 

 

Figure 1. Fluorescence spectra of (A) DCMT and (C) DCMC (10 

μM) in different DMSO/water mixtures. Plotting the fluorescence 

intensity change of (B) DCMT and (D) DCMC (10 μM) (where I 

and I0 are the changed and initial fluorescence of the probe, respec-

tively) as a function of water fraction in the DMSO/water mixtures. 

The production of ROS and singlet oxygen. 1O2 is the key 

cytotoxic agent leading to cells death in PDT. Thus, the ability 

of DCMT and DCMC to produce 1O2 were evaluated using a 

commercial indicator, 9,10 anthracenediyl-bis(methylene)-di-

malonic acid (ABDA) in water after broad-band irradiation 

(22.7 mW cm-2). It can be seen from Fig. 2A (DCMT) and Fig. 

2B (DCMC) that with irradiation time, the characteristic ab-

sorption peaks of ABDA decreased gradually. Using Rose Ben-

gal (RB) as a reference (1O2 quantum yield = 0.75 in water) (Fig. 

2C),47-49 the 1O2 quantum yield of DCMT and DCMC was de-

termined to be 0.87 and 0.78, respectively. The 1O2 quantum 

yields of DCMT-OH/DCMC-OH (0.45/0.32) were deter-

mined to be much lower (Fig. S18 and S19, ESI) than those of 

DCMT and DCMC, which might be caused by the exposure of 

the phenol group that inhibits the generation of free radicals. 

Figure 2D shows that both DCMT and DCMC produced 1O2 

more rapidly than the commercial RB, which is indicative of 

potential use in cellular experiments. Electron paramagnetic 

resonance (EPR) spectroscopy was used to further prove 1O2 

generation of DCMT and DCMC (Figure S23, ESI). It was 



 

seen that the EPR signals of DCMT and DCMC with 2,2,6,6-

tetramethylpiperidine (TEMP) was significantly enhanced after 

white light irradiation for 10 min, corroborating the 1O2 produc-

tion of the probes. The ΔEST (energy difference between S1 and 

T1 state) value of DCMT and DCMC was determined to be 

0.5380 and 0.6131 eV, respectively, by density functional the-

ory (Tables S2 and S3, ESI). The smaller ΔEST value of DCMT 

agrees with its higher 1O2 conversion efficiency than DCMC.50 

 

Figure 2. UV-vis absorption spectra of ABDA (50 μM) in the pres-

ence of (A) DCMT (5 μM), (B) DCMC (5 μM), and (C) Rose Ben-

gal (5 μM) in water under white light irradiation (22.7 mW cm-2) 

every 30 seconds for 6 min. (D) Plotting the absorption change of 

ABDA at 380 nm in DCMT, DCMC and RB water solution after 

white-light irradiation with time. 

Cell Imaging of DCMT/DCMC in Mitochondria. Next, we 

turned our attention to the evaluation of the theranostic proper-

ties towards cancer cells. HepG2 (human hepatoma) was used 

as a model cancer cell line. Confocal laser-scanning microscopy 

was used to image HepG2 cells after incubation with DCMT 

and DCMC; DCMT-OH and DCMC-OH were used as con-

trol. We determined that the fluorescence of both probes over-

lapped well with that of Mito tracker Green, a commercial mi-

tochondrial tracker (Fig. 3A). A high Pearson correlation coef-

ficient of 0.97 and 0.96 was observed for DCMT and DCMC, 

respectively (Fig. 3B). In contrast, DCMT-OH and DCMC-

OH without the triphenyl-phosphonium group did not localize 

in the mitochondria of the cells (Fig. S24, ESI). In addition, the 

result of a subsequent photostability test showed that after 30 

min of continuous irradiation, the fluorescence of DCMT and 

DCMC did not decrease sharply compared to the initial state, 

suggesting their good photostability in cells (Fig. S25, ESI). 

PDT-induced cell death in vitro. Then, the PDT efficiency 

of DCMT and DCMC was evaluated. The intrinsic cytotoxicity 

of the probes for HepG2 cells was first evaluated in the dark. 

The cells were determined to be viable after incubation with the 

compounds (0-40 μM) for 24 hrs without light illumination 

(Fig. 4A). In contrast, when the cells pre-incubated with the 

probes were irradiated using broad-band light (22.7 mW cm-2) 

for 100 min, concentration-dependent cell death was observed. 

The cell viability was reduced by 74% and 61% when cells were 

treated with 40 μM of DCMT (Fig. 4B) and DCMC (Fig. 4C), 

respectively. The enhanced PDT effect of DCMT over DCMC 

agrees with its higher 1O2 conversion efficiency determined 

above. In contrast, DCMT-OH and DCMC-OH did not cause 

cell death irrespective of light irradiation (Fig. S26, ESI), which 

is consistent with the results obtained from solution-based tests. 

Additionally, the PDT efficiency of DCMC/DCMT was com-

pared to that of the commercial photosensitizer, RB (Fig S27, 

ESI). With light irradiation (22.7 mW·cm-2), the cell viability 

was reduced to 35%, 32% and 40% when the cells were treated 

with 20 μM of DCMC, DCMT and RB, respectively. This sug-

gests a slightly better therapeutic efficacy of DCMC and 

DCMT than that of RB. However, the cell viability of DCMT- 

and RB-treated cells both decreased to 22% when the concen-

tration of the agents reached 40 μM. This suggests that the PDT 

effect of the probes we synthesized saturated at a relatively 

lower concentration than the commercial reagent. 

 

Figure 3. (A) Fluorescence co-localization of DCMT (5 μM) and 

DCMC (5 μM) with Mito Tracker (500 nM) in HepG2 cells. (B) 

Fluorescence quantification of DCMT (5 μM) and DCMC (5 

μM) with Mito Tracker (500 nM) of a selected section of cells im-

aged. 

To corroborate that the suppression of cell viability is the re-

sult of ROS generation in cells, a commercial ROS kit contain-

ing (2,7-dichloro-dihydro-fluorescein diacetate (DCFH-DA) 

was used.51 DCFH-DA is oxidized by intracellular ROS to pro-

duce the fluorescent 2,7-dichloro-dihydro-fluorescein (DCF). 

As shown in Figure 5A and 5C, when HepG2 cells were treated 

with different concentrations of DCMT and DCMC under the 

irradiation of broad-band light (22.7 mW cm-2), the green flu-

orescence emission of DCF increased as the concentration of 

DCMT and DCMC increased with light irradiation, sug-

gesting the intracellular ROS levels increased in a concentra-

tion-dependent manner. DCMT was found to produce a ca. 5-

fold increase in ROS levels at a concentration of 40 μM under 

light irradiation with respect to the group without light irradia-

tion (Fig. 5B). In contrast, the ROS increased by ca. 1.5-fold for 

the DCMC group when light was used (Fig. 5D). This agrees 

with the result from MTS experiments where DCMT had a bet-

ter PDT effect than DCMC. In addition, a live/dead cell stain-

ing assay was carried out (Fig. S28, ESI). As shown in Figure 



 

S28A, when cells were treated with DCMC and DCMT, a 

strong fluorescence emission of EasyProbe Green 488 was ob-

served under light irradiation, indicating a significant amount 

of cell death. In contrast, in the group without light irradiation, 

minimal fluorescence of EasyProbe Green 488 was seen. In ad-

dition, the dead cells produced were dependent on the concen-

tration of the probes (Figure S28B). 

 

Figure 4. Cell viability of HepG2 after treatment with (A) various 

concentrations of DCMT and DCMC in the dark, (B) various con-

centrations of DCMT with and without white-light irradiation 

(22.7 mW cm-2) for 100 min, and (C) various concentrations of 

DCMC with and without white-light irradiation (22.7 mW cm-2) 

for 100 min, determined by the MTS assay. ***P < 0.001. Error 

bars represent S. D. (n = 3). 

 

Figure 5. (A) Fluorescence images and (B) Fluorescence quantifi-

cation of DCFH-DA (5 μM) in HepG2 cells after incubation with 

different concentrations of DCMT with or without white-light ir-

radiation (22.7 mW·cm-2); (C) Fluorescence images and (D) Fluo-

rescence quantification of DCFH-DA (5 μM) in the HepG2 cells 

after incubation with different concentrations of DCMC with or 

without white-light irradiation (22.7 mW·cm-2). **P < 0.01, ***P 

< 0.001. Error bars represent S. D. (n= 3). 

CONCLUSIONS 

To conclude, we have synthesized two mitochondria-target-

ing, AIE-active theranostic probes for the selective fluorescence 

imaging and PDT of liver cancer cells. The probes localized in 

the mitochondria of cells and resulted in cell death under light 

irradiation. The development of new theranostic systems based 

on other fluorescent dyes52-59 is currently underway in our la-

boratories. 
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