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a b s t r a c t

Poly(ethylene glycol)-poly(lactic acid) block copolymer (PEG-PLA) is one of the most widely used biomed-

ical polymers in clinical drug delivery owing to its biocompatibility and biodegradability. However, en-

dowing PEG-PLA micelles with high drug loading, self-assembly stability and fast intracellular drug re-

lease is still challenging. Redox-responsive diblock copolymers (MPEG-SS-PMLA) of poly(ethylene glycol)

and phenyl-functionalized poly(lactic acid) with disulfide bond as the linker are synthesized to prepare

PLA-based micelles that demonstrate excellent colloidal stability and high Ru loading. Notably, MPEG-

SS-PMLA achieved a remarkably high Ru loading efficiency of 84.3% due to the existence of strong π-π
stacking between phenyl and Ru complex. MPEG-SS-PMLA exhibited good colloidal stability in physio-

logical condition but quickly destabilized by reductive tumor microenvironment. Interestingly, about 74%

of Ru complex was released under 10 mmol/L GSH concentration. Ru-loaded MEPG-SS-PMLA showed ef-

ficient delivery and release of Ru complex into MCF-7 cancer cells, achieving enhanced in vitro and in

vivo antitumor activity of photodynamic therapy. This feasible functionalization method of MPEG-PLA has

appeared to be a clinically viable platform for controlled delivery therapeutic agents and enhanced pho-

totherapy.

© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Photodynamic therapy (PDT) is a promising noninvasive ap-

proach for cancer therapy by combining photosensitizer (PS), oxy-

gen (O2) and light to generate reactive oxygen species (ROS), which

cause cellular death [1–4]. Transition metal complexes and in par-

ticular Ru(II) polypyridyl complexes were found to be extremely

promising on account of their long-lasting triplet excited states

available to generate ROS, with one example starting phase II clin-

ical trials for the treatment of bladder cancer [5–7]. However,

the most critical limitation to the application of Ru(II) polypyridyl

complexes in PDT is their limited ability to cross the cell mem-

brane due to their high hydrophilicity and positive charge [8].

Meanwhile, the Ru(II) polypyridyl complexes accumulate also in

healthy tissue and it is practically impossible to expose only the

tumor to the light source. Therefore, healthy tissues are also dam-

aged during PDT. To overcome this drawback, a variety of Ru(II)

polypyridyl complexes delivery systems have been reported, in-
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cluding polymeric nanoparticles, mesoporous silica nanoparticles,

carbon nanotubes, metal-organic frameworks, and so on [9]. Ide-

ally, a viable Ru(II) polypyridyl complexes delivery system should

be able to prevent aggregation and improve water solubility; en-

hance site-selectivity to the tumor; and maintain chemical stabil-

ity. Within this context, attention has been focused on the applica-

tion of polymeric nanoparticles due to their biocompatibility, low

cost of production/isolation, and versatility [10–16]. Recent stud-

ies have demonstrated that the polymeric nanoparticles contain-

ing Ru(II) polypyridyl complexes are able to selectively accumulate

at tumor sites through the enhanced permeability and retention

(EPR) effect, therefore enhancing PDT treatment specificity and re-

ducing undesired side effects [8,17–20].

Among a wide range of polymers, biodegradable aliphatic

polyesters and especially polylactide (PLA) are the most com-

monly used for sustained and targeted delivery of different ther-

apeutic agents due to their biocompatibility and biodegradability

[21,22]. A typical example of PLA copolymers is a clinically ap-

proved poly(ethylene glycol)-polylactide (PEG-PLA) copolymer mi-

celles loaded with anticancer drug (Genexol PM) for the treatment

of various malignant tumors [23]. Despite the great potential of
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Fig. 1. Schematic illustration of biodegradable Ru-containing polylactide MPEG-SS-

PMLA@Ru micelles for enhanced Ru(II) polypyridyl complexes delivery and cancer

phototherapy.

PEG-PLA, there are several challenges that remain to be overcome

for their clinical applications. First, the majority of PLA-based mi-

celles have low drug loading efficiency [24,25]. This would increase

the time of intravenous injection required to achieve the same ef-

fect. Second, polymeric micelles tend to disintegrate or aggregate

in the blood stream due to insufficient stability [26]. Third, the

therapeutic agents can hardly be released in the tumor microen-

vironment, which usually attenuates treatment effect [27–29]. All

these problems hinder the clinical performance of PEG-PLA.

Increasing the interactions between the cores of polymeric mi-

celles and therapeutic agents can enhance the thermodynamic

driving force for drug loading and the micellar stability among

the different major driving forces in the supramolecular self-

assembly procedures [30–37]. Introducing aromatic groups onto

the side chain of aliphatic polyesters is a common approach

to induce the π-π stacking interaction between polymeric mi-

celles and anticancer drugs. Herein, we explored a novel phenyl-

functionalized poly(ethylene glycol)-polylactide block copolymers

(MPEG-SS-PMLA) and their self-assembled micelles for ultra-

high loading and rapidly reduction-responsive release of Ru(II)

polypyridyl complexes, [Ru(bpy)2dppz][PF6]2 (bpy=2,2-bipyridine;

dppz=dipyridophenazine), as a PDT photosensitizer (Fig. 1). The

polymer consists of hydrophilic PEG block and phenyl-modified

PLA hydrophobic block linked through a reduction-sensitive disul-

fide bond, which is easily degraded by high concentrations of glu-

tathione (GSH) in the cytoplasm of the tumor cells. Importantly,

PMLA blocks are composed of lactic acid and natural mandelic acid

possess pendant groups on side chains alternately connected by es-

ter bonds, which would largely improve drug loading and micellar

stability via π-π stacking. MPEG-SS-PMLA could self-assemble into

supramolecular micelles with high stability in physiological con-

ditions and were effectively internalized into tumor cells. Subse-

quently, cytoplasmic reductant induced the cleavage of the disul-

fide bond, resulting in disintegration of the micelles, with a rapid

release of Ru complexes. The release of the anticancer drug-Ru

complex conjugates was accompanied by the generation of singlet

oxygen (1O2) under light, resulting in enhanced phototherapy ef-

fects.

The synthetic procedure of MPEG-disulfide-OH initiator (MPEG-

SS-OH) and redox-responsive MPEG-SS-PMLA block copolymer is

shown in Scheme 1a. At first, the terminal hydroxyl of methoxy

poly(ethylene glycol) was capped with 1,1′-carbonyldiimidazole

(CDI) to obtain CDI-functionalized MPEG-CDI. In the 1H NMR spec-

trum, the newly emerged characteristic signals at ∼7.08, 7.45 and

8.15 ppm are attributed to the proton signals of the imidazole

group. MPEG-CDI was further reacted with 2-hydroxyethyl disul-

fide to produce the disulfide-containing MPEG-SS-OH. The proton

signals of the hydroxyethyl disulfide groups appeared at 2.94 and

4.35 ppm, which were accompanied by the disappearance of the

proton signals of the imidazole group, indicating the successful

synthesis of the MPEG-SS-OH (Fig. 2a). Meanwhile, the phenyl-

functionalized lactide monomer (MLA) was synthesized via a two-

step route. First, natural and commercially available mandelic acids

Scheme 1. The synthetic process of (a) the amphiphilic methoxy poly(ethylene glycol)-SS-poly(mandelic-co-lactic acid) block copolymer (MPEG-SS-PMLA) and (b) the hy-

drophobic ruthenium(II) polyridyl complexes, [Ru(bpy)2dppz][PF6]2.
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Fig. 2. Characterization of the poly(ethylene glycol)-functionalized polylactide block

copolymers MPEG-SS-PMLA. (a) 1H NMR spectra recorded in CDCl3 for the MPEG,

MPEG-CDI and MPEG-SS-OH polymers. (b) 1H NMR spectrum recorded in CDCl3
for the phenyl-functionalized monomer. (c) GPC spectra recorded in DMF for the

MPEG-SS-OH, MPEG-SS-PLA, MPEG-SS-PMLLA and MPEG-SS-PMLA copolymers. (d)
1H NMR spectra recorded in CDCl3 for the MPEG-SS-PLA, MPEG-SS-PMLLA and

MPEG-SS-PMLA copolymer.

reacted with 2-bromopropionyl chloride to form a halogenated

carboxylic acid intermediate. Subsequently, the intermediate un-

derwent intramolecular cyclization in the presence of NaHCO3 to

obtain the final monomer MLA (Fig. 2b and Fig. S1 in Support-

ing information). Then, the ring opening polymerization (ROP) of

MLA initiated with MPEG-SS-OH at 120 °C in toluene yielding

the final copolymer MPEG-SS-PLA, MPEG-SS-PMLLA, and MPEG-SS-

PMLA. The preparation process for [Ru(bpy)2dppz][PF6]2 is illus-

trated in Scheme 1b. Briefly, dppz and cis-[Ru(bpy)2Cl2] were syn-

thesized as previously reported. These two compounds were then

mixed together and reflexed to form [Ru(bpy)2dppz][PF6]2. Results

from 1H NMR, 13C NMR spectra, and electrospray ionization mass

spectrometry (ESI-MS) revealed that the synthesis was successful

(Figs. S2–S5 in Supporting information).

The peaks in 1H NMR spectra of MPEG-SS-PLA, MPEG-SS-

PMLLA, and MPEG-SS-PMLA are well assigned to the correspond-

ing proton signals (Fig. 2c and Figs. S6-S8 in Supporting informa-

tion). Moreover, the area ratios integrated from the proton peaks

are remarkably consistent with the theoretical calculating values

according to different monomer feedings, which also illustrates the

good controllability of the anionic ring-opening polymerization.

The molecular weights (Mn,NMR) of the amphiphilic block copoly-

mers were calculated from the integrated areas of methylene hy-

drogens of the ethylene oxide (3.59 ppm, of MPEG blocks), and

two methine hydrogen of the lactic acid and mandelic acid units

(5.19 and 6.10 ppm, of PLA blocks). As shown in Table S1 (Sup-

porting information), the three copolymers MPEG-SS-PLA, MPEG-

SS-PMLLA, and MPEG-SS-PMLA demonstrated the Mn,NMR values of

17.4, 21.5, and 23.3 kg/mol. Additionally, the theoretical proportion

of MLA and LA in MPEG-SS-PMLLA are 50/50, respectively, which

are roughly consistent with the values of 49/45 measured by 1H

NMR spectra.

The molecular weights of these block copolymers were fur-

ther evaluated by gel permeation chromatography (GPC) analyzes

(Fig. 2d). The GPC curves of MPEG-SS-PLA, MPEG-SS-PMLLA, and

MPEG-SS-PMLA strictly monomodal and symmetric, demonstrat-

Fig. 3. Characterization of the MPEG-SS-PMLA micelles. (a) DSC spectra of for the

MPEG-SS-PLA, MPEG-SS-PMLLA and MPEG-SS-PMLA copolymers. (b) CMC determi-

nation plot of the intensity ratio of I339/I333 from pyrene excitation spectra versus

the logarithm of MPEG-SS-PLA, MPEG-SS-PMLLA and MPEG-SS-PMLA copolymers

concentration. (c) The diameter of MPEG-SS-PLA, MPEG-SS-PMLLA and MPEG-SS-

PMLA copolymer micelles determined by dynamic light scattering (DLS). (d) Size

changes of the MPEG-SS-PMLA copolymer micelles at different GSH concentrations.

ing uniform composition. Relative to MPEG, the curves of MPEG-

SS-PLA, MPEG-SS-PMLLA, and MPEG-SS-PMLA apparently shift to-

ward left, suggesting the increase of molecular weights. The rank-

ing sequences of Mn, GPCs for MPEG-SS-PLA, MPEG-SS-PMLLA,

and MPEG-SS-PMLA agree well with those of Mn,NMR, whereas the

value of Mn,GPC for each sample is slightly larger than that of

Mn,NMR due to the molecular weights from GPC are relative values

using the linear polystyrene as a standard. This ingenious synthe-

sis method provides enormous controllability to design and syn-

thesize PLA materials with well-defined structures and functions

for biomedical applications.

The differential scanning calorimetry (DSC) was used to investi-

gate the effect of π-conjugated phenyl moieties on the mobility of

MPEG-PLA diblock copolymer chains (Fig. 3a). In the DSC spectra,

the glass transition temperature (Tg) of the three diblock copoly-

mers were tested, the Tg increased with the sequence of MPEG-

SS-PLA, MPEG-SS-PMLLA, and MPEG-SS-PMLA. The π-conjugated

phenyl moieties enhanced the intermolecular forces between poly-

meric chains, limiting the movement of the polymer chains. The

addition of π-conjugated phenyl moieties also improved the ther-

mal stability of the polymers, since higher temperatures were

required for their thermal decomposition (Fig. S9 in Supporting

information). The results revealed that the π-conjugated phenyl

moieties could increase the interaction between polymeric chains,

which would be beneficial for the improvement of drug loading

and stability of polymeric micelles.

The three block copolymers were amphiphiles, which could

self-assemble into micelles in aqueous solution. The quantitative

micellization of polymers was determined by critical micelle con-

centration (CMC), which indicated the stability of polymeric mi-

celles. The CMCs of MPEG-SS-PLA, MPEG-SS-PMLLA and MPEG-SS-

PMLA micelles were 3.10, 2.02 and 1.19 mg/L (Fig. 3b), respectively.

The CMC of polymeric micelles gradually decreases with the in-

creasing number of phenyl moieties on the PLA side chains. The

π-conjugated phenyl moieties in MPEG-PLA block copolymers de-
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creased the CMC could be perhaps explained by more conjugated

hydrophobic architectures. The mean hydrodynamic diameters of

the three blank polymeric micelles were measured by dynamic

light scattering (DLS) spectrometer (Fig. 3c). The three micelles

were monodispersed with the mean diameters of 166.2, 145.2

and 131.0 nm. The polydispersity indexes for blank MPEG-SS-PLA,

MPEG-SS-PMLLA and MPEG-SS-PMLA micelles were 0.159, 0.109

and 0.092. All the mean hydrodynamic diameters of blank micelles

were reduced with the increasing the number of phenyl moieties

on the PLA side chains. The reduction sequences were MPEG-SS-

PLA, MPEG-SS-PMLLA and MPEG-SS-PMLA. MPEG-SS-PMLA exhib-

ited the smallest diameter in blank micelles, suggesting a strongest

hydrophobic intermolecular interaction.

Next, the redox-response of the MPEG-SS-PMLA polymeric mi-

celles was investigated by DLS and TEM tests. The polymeric mi-

celle sizes were almost unchanged in the presence of 10 μmol/L

GSH (the GSH level in the normal tissues), indicating that the core-

shell structure was stable under normal physiological conditions

(Figs. S10 and S11 in Supporting information). However, when the

GSH concentration of micelle solution increases to 10 mmol/L (tu-

mor microenvironment) for 2 h, the unimodal DLS curve began to

form a bimodal distribution, and the phenomenon became even

more obvious after 6 h. With the incubation time further prolong-

ing to 12 h, the DLS curve demonstrated a significant unimodal

distribution, and the size of the particles increased from the origi-

nal 131.0 nm to 474.0 nm (Fig. 3d). These results indicated that the

block copolymer chains gradually dissociated due to the cleavage

of the disulfide linker by reduced GSH as the reaction time pro-

longed, and thus leading to the agglomeration of the hydrophobic

PMLA segments and hydrodynamic diameter increase.

The Ru-loaded polymeric micelles (MPEG-SS-PMLA@Ru) were

prepared by adding water to an acetonitrile (ACN) solution of

MPEG-SS-PMLA and [Ru(bpy)2dppz][PF6]2. Then, the organic sol-

vent was removed via dialysis against water. When the feeding

ratio of polymer to Ru was 5:1, the Ru loading content and en-

capsulation efficiency of unimolecular micelles were determined

to be 14.4% and 84.3% for Ru complex, suggesting a high load-

ing capacity of MPEG-SS-PMLA, which were better compared to

the other copolymers and suitable for the delivery of Ru com-

plex (Table S2 in Supporting information). The side chain modifi-

cation of π-conjugated phenyl moieties could significantly improve

the Ru loading (Fig. S12 in Supporting information). The MPEG-

SS-PMLA@Ru micelles exhibited a monodisperse spherical mor-

phology with a hydrodynamic diameter of 164.2 nm determined

via DLS (Fig. 4a). TEM showed that the diameters of MPEG-SS-

PMLA@Ru micelles were mainly distributed around 100 nm, which

was comparable to the DLS result (Fig. 4b). Additionally, the metal-

to-ligand charge transfer (MLCT) peak of the MPEG-SS-PMLA@Ru

micelles was almost the same to that of the Ru complex, indicat-

ing that polymer encapsulation did not affect their optical proper-

ties (Fig. 4c).

In vitro releases of the MPEG-SS-PMLA@Ru micelles were stud-

ied under both simulated normal physiological and tumor mi-

croenvironment conditions by using a dialysis method (Fig. 4d).

The micelle solution showed 44% release in 24 h, whereas MPEG-

SS-PMLA@Ru exhibited relatively less Ru complex release at pH 7.4.

However, in response to 10 mmol/L GSH, the Ru complex release

rate at 24 h increased from 44% to 74%. Moreover, under the condi-

tion of 10 mmol/L GSH+pH 5.5, the redox and acid dual-response

led to the cumulative release rate of Ru complex further increased

to 81%. With the time prolonging to 48 h, the Ru complex release

rate was over 92%. Additionally, after being treated in GSH-rich

environments, the TEM image of MPEG-SS-PMLA@Ru showed that

both the Ru-loaded micelles completely collapsed, which demon-

strated that the Ru-loaded copolymer micelles are stable under

normal physiological conditions, but experienced redox-triggered

Fig. 4. Characterization of the MPEG-SS-PMLA@Ru micelles. (a) The diameter of

MPEG-SS-PMLA@Ru polymeric micelles determined by DLS. (b) Transmission elec-

tron microscope (TEM) image of MPEG-SS-PMLA@Ru micelles (Scale bar=500 nm).

(c) Absorption spectral of [Ru(bpy)2dppz][PF6]2 and MPEG-SS-PMLA@Ru micelles.

(d) In vitro drug release of MPEG-SS-PMLA@Ru micelles in PBS with different treat-

ment.

Ru complex release in the tumor microenvironment (Figs. S13 and

S14 in Supporting information). These results demonstrated the re-

dox responsiveness of the MPEG-SS-PMLA@Ru micelles for the re-

lease of the anticancer Ru complex. Meanwhile, the precise redox-

triggered photosensitizer delivery would guarantee the improved

therapeutic effect [38,39].

In cancer treatment, the cellular uptake efficiency of therapeu-

tic agents is one of the key factors, determining the result of can-

cer treatment [12,40,41]. In the previous studies, low levels of Ru

complexes internalization in cancer cells have been reported. Here,

the cellular uptake of the Ru complex in MCF-7 cells was eval-

uated using confocal microscopy (Fig. 5a). Brighter red fluores-

cence was observed in the cells treated with MPEG-SS-PMLA@Ru

micelles at the 12 h time point than free Ru complex, suggest-

ing effective cellular uptake of the Ru-containing polymeric mi-

celles. Since 1O2 was required for PDT to kill cancer cells, intra-

cellular 1O2 generation was imaged by a cell-permeable green flu-

orescent probe (DCFH-DA). Negligible fluorescence was observed

in the absence of sole MPEG-SS-PMLA@Ru micelles or light irra-

diation. Conversely, obvious green fluorescence signals were ob-

served in MPEG-SS-PMLA@Ru micelles after light irradiation (Fig.

5b). These results clearly show that the light irradiation of poly-

meric micelles results in the intracellular generation of 1O2.

Inspired by the above results, the cell viability of MPEG-SS-

PMLA@Ru was evaluated using the 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT) assay. MPEG-SS-PMLA mi-

celles did not cause appreciable cytotoxicity to cell lines includ-

ing 4T1 and MCF-7 cancer cells, indicating that the polymer mi-

celles were reliable nanocarriers with high biosafety (Fig. 5c).

However, cell viability was rapidly reduced in a concentration-

dependent fashion for the cells treated with MPEG-SS-PMLA@Ru

micelles upon light irradiation, with an IC50 of 8.4 μg/mL to MCF-

7 cells (Fig. 5d and Fig. S15 in Supporting information). The fre-

quency of cell apoptosis and death pathways induced by MPEG-

SS-PMLA@Ru micelles were further examined (Fig. 5e). The sur-

vival rates of the control and light groups were above 94.0% and

93.7%, respectively, and few apoptosis signals were detected. When
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Fig. 5. Cellular internalization and in vitro antitumor activity of MPEG-SS-PMLA@Ru

micelles in MCF-7 cancer cells. (a) Confocal fluorescence images of MCF-7 cells

treated with MPEG-SS-PMLA@Ru micelles for 12 h (Scale bar=50 μm). (b) Confocal

fluorescence images of MCF-7 cells after incubation with for 12 h and staining with

DCFH-DA, followed by light irradiation (Scale bar=20 μm). (c) Cell viability of MCF-

7 and 4T1 cells incubated with MPEG-SS-PMLA micelles at various concentrations

for 24 h. (d) Cell viability of MCF-7 cells incubated with MPEG-SS-PMLA@Ru mi-

celles at various concentrations under dark conditions and light irradiation (450 nm,

30 mW/cm2) for 20 min. (e) Cell apoptosis of MCF-7 cancer cells determined by

flow cytometry with different treatments.

treated with MPEG-SS-PMLA@Ru micelles, the higher proportions

of cells were in the apoptosis stage (18.5%) compared to that of the

control and light group. The apoptotic ratios significantly increased

in the groups treated with light irradiation (450 nm, 30 mW/cm2,

20 min), indicating that light significantly enhanced the antitu-

moral effects of the micelles. As expected, the cancer cells treated

with MPEG-SS-PMLA@Ru micelles under light irradiation demon-

strated the highest apoptosis rate (43.1%). These findings were con-

sistent with the in vitro phototoxicity results, suggesting that the

redox-triggered release of Ru complex and light-triggered produc-

tion of 1O2 led to enhanced cells death.

To examine the optimal time for accurate phototherapy, we

investigated the accumulation of the polymeric micelles in the

mouse breast cancer subcutaneous tumor model by in vivo flu-

orescence imaging at different time points (Fig. 6a). All animal

experiments were performed in accordance with guidelines ap-

proved by the Ethics Committee of Dalian University of Technology

(DUT20210902). After injecting dye-loaded MPEG-SS-PMLA@Ru mi-

celles into the tail vein of mice, clear fluorescence signals can be

observed in the tumor site at 6 h post-injection time. The fluores-

cence intensity at the tumor site gradually increased, reaching the

maximum at 24 h, which was the best time point for light irradia-

tion. Although the fluorescence intensity gradually decreased after

24 h due to the metabolic physiology of mice, fluorescence could

be still observed at the tumor site even after 48 h.

Next, the in vivo antitumor activity was further examined by in-

travenously injecting MPEG-SS-PMLA@Ru micelles into 4T1 tumor-

bearing mice, followed by local activation with 450 nm light

Fig. 6. In vivo antitumor efficacy in 4T1 tumor-bearing mice. (a) Fluorescence im-

ages of 4T1 tumor-bearing mice after intravenous injection of dye-loaded MPEG-

SS-PMLA@Ru micelles. (b) The relative tumor volume changes with different treat-

ments. (c) Average weights of tumors at two weeks after treatment.

(30 mW/cm2, 60 min) after injection micelles for 24 h. Short-

wavelength (blue or green) photosensitizer-loaded polymer mi-

celles, although traditionally considered to be academic curiosities

due to the low tissue penetration of visible light, are regaining

interest for certain cancers such as skin and cervical cancer, be-

cause the thickness of these tumors matches the penetration depth

of blue and green light [42]. The tumor volume of the control

and light-only treatment groups showed rapid growth within 14

days. As expected, mice treated with MPEG-SS-PMLA@Ru micelles

and light irradiation drastically slowed the tumor growth (Fig. 6b).

After two weeks, the tumors were collected, weighed, and pho-

tographed (Fig. 6c and Fig. S16 in Supporting information). Sim-

ilarly, MPEG-SS-PMLA@Ru micelles with light irradiation demon-

strated the efficient anticancer effect with ∼62% tumor inhibition,

which could be attributed to tumor-specific photodynamic therapy.

Thus, MPEG-SS-PMLA@Ru micelles could effectively accumulate at

the tumor site due to prolonged blood circulation and enhanced

permeability and retention (EPR) effect of polymer micelles, releas-

ing Ru complexes under reductive tumor microenvironment and

subsequently generating 1O2 to inhibit tumor growth under light.

In the present work, we present an efficient approach for

the preparation of PLA-based redox-responsive block copolymers

via anionic ring-opening polymerization. These block copolymers

were capable of self-assembly into micelles in water and used

for the incorporation and delivery of Ru complexes. These poly-

mers are composed of amphiphilic polyethylene glycol and phenyl-

functionalized polylactide two blocks linked via disulfide bond. The

hydrophobic block was precisely built by polymerizing lactide (LA)

and phenyl-functionalized cyclic lactide (MLA) monomer in order

to increase π-π stacking interaction with the Ru complex, which

improved the Ru complex loading efficiency (84.3%) and stability of

the micelles. The Ru-loaded MPEG-SS-PMLA micelles showed GSH-

enhanced in vitro release behavior. Compared to the unentrapped

Ru complex, the MPEG-SS-PMLA@Ru micelles exhibited efficient

cell internalization and intracellular drug release, which eventu-

ally led to good PDT effect in vitro and in vivo. These results sug-

gested that the reasonable design of PLA-based micelles could re-

alize tumor-targeted photosensitizer delivery for cancer photother-

apy. We believe that the polymer design provides a new approach

to fabricate delivery nanoplatforms with good biosafety and excel-

lent antitumor efficacy.
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