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Objective: To evaluate the cytotoxicity of poly(ethylene glycol)-block-poly(D,L-lactic acid) 

(PEG-PDLLA) nanovesicles loaded with doxorubicin (DOX) and the photosensitizer hemato-

porphyrin monomethyl ether (HMME) on human hepatocellular carcinoma HepG2 cells and 

to investigate potential apoptotic mechanisms.

Methods: PEG-PDLLA nanovesicles were simultaneously loaded with DOX and HMME 

(PEG-PDLLA-DOX-HMME), and PEG-PDLLA nanovesicles were loaded with DOX (PEG-

PDLLA-DOX), HMME (PEG-PDLLA-HMME), or the PEG-PDLLA nanovesicle alone as 

controls. The cytotoxicity of PEG-PDLLA-DOX-HMME, PEG-PDLLA-DOX, PEG-PDLLA-

HMME, and PEG-PDLLA against HepG2 cells was measured, and the cellular reactive oxygen 

species, percentage of cells with mitochondrial membrane potential depolarization, and apoptotic 

rate following treatment were determined.

Results: Four nanovesicles (PEG-PDLLA-DOX-HMME, PEG-PDLLA-DOX, PEG-PDLLA-

HMME, and PEG-PDLLA) were synthesized, and mean particle sizes were 175±18 nm, 

154±3 nm, 196±2 nm, and 147±15 nm, respectively. PEG-PDLLA-DOX-HMME was more 

cytotoxic than PEG-PDLLA-DOX, PEG-PDLLA-HMME, and PEG-PDLLA. PEG-PDLLA-

HMME-treated cells had the highest mean fluorescence intensity, followed by PEG-PDLLA-

DOX-HMME-treated cells, whereas PEG-PDLLA-DOX- and PEG-PDLLA-treated cells had a 

similar fluorescence intensity. Mitochondrial membrane potential depolarization was observed 

in 54.2%, 59.4%, 13.8%, and 14.8% of the cells treated with PEG-PDLLA-DOX-HMME, PEG-

PDLLA-HMME, PEG-PDLLA-DOX, and PEG-PDLLA, respectively. The apoptotic rate was 

significantly higher in PEG-PDLLA-DOX-HMME-treated cells compared with PEG-PDLLA-

DOX- and PEG-PDLLA-HMME-treated cells.

Conclusion: The PEG-PDLLA nanovesicle, a drug delivery carrier, can be simultaneously 

loaded with two anticancer drugs (hydrophilic DOX and hydrophobic HMME). PEG-PDLLA-

DOX-HMME cytotoxicity to HepG2 cells is significantly higher than the PEG-PDLLA nanove-

sicle loaded with DOX or HMME alone, and DOX and HMME have a synergistic effect against 

human hepatocellular carcinoma HepG2 cells.

Keywords: polymeric vesicles, hematoporphyrin monomethyl ether, HMME, photodynamic 

therapy, PDT

Introduction
The incidence of hepatocellular carcinoma increases every year; however, the overall 

therapeutic efficacy and patients’ survival rate remain unsatisfactory.1–3 Currently, most 

of the clinically available chemotherapeutic agents, such as doxorubicin (DOX), are small 
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molecular compounds, which are problematic because they are 

not target specific, they induce multidrug resistance, and they 

have multiple side effects.4 Photodynamic therapy (PDT) is a 

form of phototherapy using light-sensitive compounds that are 

exposed selectively to light, which produces reactive oxygen 

species (ROS) and induces mitochondrial membrane potential 

depolarization to kill target tumor cells.5 PDT exhibits good spe-

cific targeting and low toxicity in tumor treatment, and causes 

minor damage to normal tissues; however, the poor water solu-

bility of photosensitizers limits its wide application.5 Therefore, 

improving the targeting specificity of chemotherapeutic agents, 

reducing side effects, and increasing the water solubility of 

photosensitizers used in PDT is an effective strategy to enhance 

the therapeutic efficacy of antitumor drugs. These strategies 

have been given a high priority by physicians.

A polymeric nanovesicle is a nonviral carrier with a high 

biocompatibility, which achieves targeted drug delivery 

through the enhanced permeability and retention effect and 

through a connection with a targeted ligand. It is characterized 

by a long half-life, high stability, and minor side effects, which 

makes it suitable for the targeted delivery of antitumor agents. 

The polymeric nanovesicle is considered to have the potential 

to improve the unsatisfactory targeting of chemotherapeutic 

drugs and poor water solubility of photosensitizers, which has 

become a hot topic in nanomedicine research.3,6–12

In the current study, a targeted nanovesicular drug 

delivery system with high-efficiency DOX and hematopor-

phyrin monomethyl ether (HMME) loading was studied. 

The polymeric nanovesicle poly(ethylene glycol)-block-poly 

(D,L-lactic acid) (PEG-PDLLA) was used as a carrier, and it 

was loaded with DOX and the photosensitizer HMME to form 

the nanovesicle PEG-PDLLA-DOX-HMME. The targeting 

specificity and cytotoxicity of PEG-PDLLA-DOX-HMME 

against human hepatocellular carcinoma HepG2 cells and its 

possible mechanism to induce apoptosis were investigated.

Materials and methods
synthesis and characterization  
of mPeg1k-PDlla10k
The synthesis of polyethylene glycol-polylactide (mPEG1k-

PDLLA10k) is shown in Figure 1A. Ethyl acetate was dried 

with calcium hydride and distilled for subsequent experiments. 

D,L-lactide was recrystallized twice in anhydrous ethyl acetate 

to produce D,L-lactide crystal for the subsequent experiments. 

About 0.2 g monomethoxy polyethylene glycol (mPEG-OH; 

the number average molecular weight (Mn) =1,000 g/mol) 

was added to a dry 100 mL reaction vessel, vacuum dried at 

70°C for 4 hours until the absence of air bubbles, and cooled 

to room temperature. Then 0.5% stannous octanoate and 2.0 g 

D,L-lactide crystals were added under nitrogen protection, 
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Figure 1 (A) The synthesis of poly(ethylene glycol)-block-poly(D,l-lactic acid) (Peg1k-PDlla10k) and (B) proton nuclear magnetic resonance spectra of mPeg1k-PDlla 
in cDcl3 at 25°c. characteristic peaks of Peg and PDlla were located at about 3.6 ppm and 5.1–5.3 ppm (ch) and 1.5–1.6 ppm (ch3), respectively.
Abbreviation: Peg1k-PDlla10k, polyethylene glycol-polylactide.
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vacuum dried at room temperature for 3 hours, and dissolved 

with 20 mL of newly distilled anhydrous toluene. The reflux 

reaction was performed at 120°C for 12 hours. The reaction 

system changed from a clear solution to white opacity. The 

reaction solution was transferred to absolute ether for reprecipi-

tation, placed in a refrigerator overnight, leached, and dissolved 

with dichloromethane. The reaction solution was reprecipitated 

in absolute ether, leached, and dried, and the polymer samples 

were collected. The polymer structure was characterized using 

proton nuclear magnetic resonance spectroscopy (shown in 

Figure 1B) and infrared spectrum analysis.

synthesis of blank Peg-PDlla 
nanovesicle
The blank PEG-PDLLA nanovesicle was prepared using a 

double emulsion method. Briefly, 20 mg PEG-PDLLA was 

dissolved in 2 mL of tetrahydrofuran, and 0.2 mL of distilled 

water was slowly added to the tetrahydrofuran solution in 

an ice bath. The solution underwent sonication to yield the 

initial emulsion solution, which was dropped into 20 mL of 

distilled water under the same conditions to yield the second-

ary emulsion solution. The secondary emulsion solution was 

incubated at room temperature to remove some tetrahydro-

furan, and then dialysis was performed using a dialysis bag 

(molecular weight =14 kDa) in water for 24 hours to remove 

the rest of the tetrahydrofuran. Large granules in the emul-

sion solution were removed using a 450 nm filter and stored 

at 4°C for the subsequent experiments.

synthesis of DOX-loaded  
Peg-PDlla nanovesicles
A total of 20 mg PEG-PDLLA was dissolved in 2 mL of tet-

rahydrofuran. DOX aqueous solution (0.2 mL contain 2 mg 

DOX) was slowly dropped into the tetrahydrofuran solution 

under ice bath conditions and sonicated to yield the initial 

emulsion solution. This was dropped into 20 mL of distilled 

water under the same conditions to yield the secondary emul-

sion solution. Dialysis was performed using a dialysis bag 

(molecular weight =14 kDa) in distilled water for 24 hours 

to remove organic solvents and DOX that was not encapsu-

lated in the PEG-PDLLA nanovesicles. Large granules in the 

emulsion solution were removed using a 450 nm filter and 

stored at 4°C for the subsequent experiments.

synthesis of photosensitizer-loaded  
Peg-PDlla nanovesicles
Photosensitizer (2 mg) and 20 mg PEG-PDLLA were 

simultaneously dissolved in 2 mL of tetrahydrofuran. 

Distilled water (0.2 mL) was slowly dropped into the 

tetrahydrofuran solution under ice bath conditions and soni-

cated to yield the initial emulsion solution. This was dropped 

into 20 mL of distilled water under the same conditions to 

yield the secondary emulsion solution. Dialysis was per-

formed using a dialysis bag (molecular weight =14 kDa) in 

water for 24 hours to remove tetrahydrofuran. A 450 nm filter 

was used to remove the large granules and the photosensitizer 

that was not loaded in the hydrophobic layer of the nanove-

sicle, and stored at 4°C for the subsequent experiments.

synthesis of Peg-PDlla nanovesicles 
simultaneously loaded with DOX  
and photosensitizer
Photosensitizer (2 mg) and 20 mg PEG-PDLLA were simul-

taneously dissolved in 2 mL of tetrahydrofuran. Then DOX 

aqueous solution (0.2 mL containing 2 mg DOX) was slowly 

dropped into the tetrahydrofuran solution under ice bath con-

ditions and sonicated to yield the initial emulsion solution, 

which was dropped into 20 mL of distilled water under the 

same conditions to yield the secondary emulsion solution. 

Subsequently, dialysis was performed using a dialysis bag 

(molecular weight =14 kDa) in water for 24 hours to remove 

tetrahydrofuran and isolated DOX. A 450 nm filter was used 

to remove the large granules and the photosensitizer that was 

not loaded in the hydrophobic layer of the nanovesicle, and 

was stored at 4°C for the subsequent experiments.

characterization of the polymeric  
nanovesicles loaded with  
anticancer drugs
The shape of the polymeric nanovesicle was observed 

using a transmission electron microscope, and the particle 

size and zeta potential of the nanovesicle were measured 

using dynamic laser scattering apparatus at 20°C, with an 

incident laser wavelength (λ) of 623 nm and an incident 

angle (θ) of 90°.

DOX and hMMe-loading content
The DOX-loading content of DOX and HMME was quan-

tified by ultraviolet-visible analysis using an ultraviolet-

visible near-infrared spectrophotometer (UV-3150; Shimadzu 

Corporation, Kyoto, Japan). The freeze-dried nanovesicles 

were weighed and redissolved in dimethyl sulfoxide before 

analysis. The absorbance of DOX at 482 nm13 and HMME 

at 539 nm14 were measured to determine the concentration in 

the solution using a pre-established calibration curve.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2013:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4616

Xiang et al

cell culture and cytotoxicity detection
Human hepatocellular carcinoma HepG2 cell lines were 

provided by the Laboratory Animal Center of Sun Yat-Sen 

University (Guangzhou, People’s Republic of China) and 

passaged in Dulbecco’s Modified Eagle’s Medium at 37°C 

under saturated humidity containing 5% CO
2
.

The cytotoxicity of four nanovesicles, PEG-PDLLA-

DOX-HMME, PEG-PDLLA-DOX, PEG-PDLLA-HMME, 

and PEG-PDLLA, against HepG2 cells (at a density of 5 × 103 

cells) was evaluated using the 3-[4,5-dimethylthiazol-2-yl]-

2,5-diphenyltetrazolium bromide assay, and the absorption 

value (A value) of each well at 570 nm was measured using a 

Wellscan Mk3 microplate reader (Labsystems, Dragon, Fin-

land). All experiments were repeated in triplicate, and triple 

duplicate holes were used for each concentration. The sur-

vival rate of HepG2 cells was calculated using the following 

formula: cell survival rate (%) = A value in the experimental 

group/A value in the control group ×100%.

rOs detection in hepg2 cells treated 
with drug-loaded nanovesicles
The ROS in HepG2 cells (at a density of 5 × 103 cells) 

treated with drug-loaded nanovesicles was detected using 

flow cytometry. 2′,7′-dichlorodihydrofluorescein diacetate 

(DCHF-DA), which enters cells to produce nonluminous 

DCHF, is a new-generation agent to capture ROS. If ROS 

is present in cells, oxidization occurs, resulting in produc-

tion of fluorescence by the DCHF. Following endocytosis, 

PEG-PDLLA-HMME and PEG-PDLLA-HMME-DOX are 

released in cells, and the laser excitation oxidizes DCHF 

to DCHF-DA, which appears as green fluorescence. The 

intensity and quantity of green fluorescence can be used to 

reflect the ROS level.

Detection of mitochondrial membrane 
potential depolarization in hepg2 cells 
treated with drug-loaded nanovesicles
The mitochondrial membrane potential depolarization in 

HepG2 cells (at a density of 5 × 103 cells) treated with drug-

loaded nanovesicles was detected using flow cytometry. As an 

ideal probe to detect mitochondrial membrane potential depo-

larization, 5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylbenzimida 

zolcarbocyanine iodide (JC-1) is present as a monomer at a 

low mitochondrial membrane potential, which appears as 

red fluorescence (emission wavelength of 485/580 nm). JC-1 

does not stay in apoptotic or necrotic cells, which appear as 

green fluorescence (emission wavelength of 485/530 nm), 

indicating mitochondrial membrane potential depolarization. 

The ratio of green fluorescence intensity to salmon red 

fluorescence intensity can be used to reflect mitochondrial 

membrane potential depolarization. Following treatment 

with PEG-PDLLA-HMME, PEG-PDLLA-DOX, and 

PEG-PDLLA-HMME-DOX for 12 hours, the HepG2 cells 

were exposed to a laser at a certain wavelength (632.8 nm, 

2.8 J/cm2, 30 mW), and the ratio of green fluorescence inten-

sity to salmon red fluorescence intensity reflects the change 

of mitochondrial membrane potential.

Detection of apoptotic rate  
in hepg2 cells treated with  
drug-loaded nanovesicles
The HepG2 cells (at a density of 5 × 103 cells) were cocultured 

with four nanovesicles for 12 hours, and the cells treated 

with PEG-PDLLA-HMME and PEG-PDLLA-HMME-DOX 

underwent PDT by exposure to a laser source (632.8 nm, 2.8 J/

cm2, 30 mW) at room temperature. HepG2 cell apoptosis was 

detected using an Annexin V-FITC Apoptosis Detection Kit 

(Keygen Biotech, Nanjing, People’s Republic of China).

statistical analysis
All statistical analyses were performed using the statistical 

software SPSS version 16.0 (SPSS Inc, Chicago, IL, USA). 

Differences in the proportion of HepG2 cells with mitochon-

drial membrane potential depolarization and HepG2 cell 

apoptotic rate were tested for statistical significance using 

an analysis of variance for multiple independent samples. 

Stepwise multiple comparisons were done using a Student–

Newman–Keuls method. A P-value ,0.05 was considered 

statistically significant.

Results
synthesis and characterization  
of polymeric nanovesicles
Four polymeric nanovesicles were successfully synthesized, 

including PEG-PDLLA-DOX-HMME, PEG-PDLLA-

DOX, PEG-PDLLA-HMME, and PEG-PDLLA (Figure 2). 

Transmission electron microscopy showed a clear structure 

of the synthesized nanovesicles, which appeared as hollow 

spheres with evenly distributed particle sizes (Figure 3). 

The mean PEG-PDLLA-DOX-HMME, PEG-PDLLA-DOX, 

PEG-PDLLA-HMME, and PEG-PDLLA particle sizes were 

175±18 nm, 154±3 nm, 196±2 nm, and 147±15 nm, respec-

tively, measured using a dynamic laser scattering apparatus 

(Figure 4). The mean blank nanovesicle PEG-PDLLA par-

ticle size was 147±15 nm. The PEG-PDLLA nanovesicles 

had a narrow range of particle sizes, indicating that 
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synthesized nanovesicles had homogeneous particle sizes. 

The mean PEG-PDLLA-DOX particle size was 154±3 nm, 

and the particle sizes were distributed within a narrow 

range, demonstrating that the sizes of the nanovesicles did 

not change greatly and that they were distributed evenly 

following encapsulation of DOX. The mean particle size of 

the PEG-PDLLA nanovesicles loaded with photosensitizer 

alone was 196±2 nm, which enlarged relative to the blank 

nanovesicle PEG-PDLLA. However, the particle size was 

still within the acceptable range, and was also distributed in 

a narrow range. The mean particle size of the nanovesicles 

loaded with DOX and photosensitizer simultaneously was 

smaller than that of the nanovesicles loaded with photo-

sensitizer alone; however, the range of the particle sizes 

widened, indicating that the nanovesicles loaded with DOX 

and photosensitizer contained some blank nanovesicles or 

nanovesicles loaded with only one drug. The zeta potential 

of these nanovesicles ranges from -1.67 mV to -0.65 mV, 

revealing a neutral surface.

The DOX concentration was 80 µg/mL and 60 µg/mL 

in the PEG-PDLLA-DOX-HMME and PEG-PDLLA-

DOX nanovesicles, respectively, and the loading con-

tent was 4.4% and 3.4%, respectively. The HMME 

concentration was 92 µg/mL and 130 µg/mL in the 

PEG-PDLLA-DOX-HMME and PEG-PDLLA-HMME 

nanovesicles, respectively, and the loading content was 

5.1% and 5.7%, respectively.

cytotoxicity of synthesized  
polymeric nanovesicles
The blank nanovesicle, PEG-PDLLA, showed a minor cyto-

toxicity to human hepatocellular carcinoma HepG2 cells, and 

there was no clear-cut concentration-dependent cytotoxicity 

observed (at concentrations of 1 µg/mL, 5 µg/mL, 10 µg/mL, 

15 µg/mL, 20 µg/mL, 25 µg/mL, 50 µg/mL, and 100 µg/mL) 

(Figure 5).

Following treatment with PEG-PDLLA-DOX and 

PEG-PDLLA-HMME for 24 hours, the survival rate of 

HepG2 cells gradually reduced with the increase in the 

nanovesicle concentration. Treatment with approximately 

40% of the HepG2 cells survived the treatment with PEG-

PDLLA-DOX at a concentration of 4 µg/mL for 24 hours, 

whereas less than 10% of the cells survived the treatment 

with PEG-PDLLA-HMME using the same protocol. PEG-

PDLLA-DOX-HMME treatment caused a significantly lower 

survival of the HepG2 cells relative to PEG-PDLLA-DOX 

and PEG-PDLLA-HMME, and the cell mortality caused by 

PEG-PDLLA-DOX-HMME treatment was similar to the 

sum of the cell mortality caused by PEG-PDLLA-DOX and 

PEG-PDLLA-HMME treatments (Figure 6).

rOs levels in hepg2 cells following 
treatment with drug-loaded nanovesicles
The highest mean fluorescence intensity (7,294) was 

detected in PEG-PDLLA-HMME-treated HepG2 cells, fol-

lowed by PEG-PDLLA-DOX-HMME-treated cells (3,149), 

whereas similar mean fluorescence intensity was observed 

in PEG-PDLLA-DOX- (1,480) and PEG-PDLLA-treated 

HepG2 cells (1,268) (Figure 7).

In THF

PEG PDLLA DOX Photosensitizer

In H2O

Twice emulsification

Figure 2 synthesis of polymeric nanovesicles. 
Abbreviations: DOX, doxorubicin; PDlla, poly(D,l-lactic acid); Peg, 
poly(ethylene glycol); ThF, tetrahydrofuran.

Figure 3 Transmission electron microscope photos of poly(ethylene glycol)-block-poly(D,l-lactic acid) vesicles. The structure of synthesized nanovesicles was clear, which 
was hollow and spherical. Particle size distribution was relatively homogeneous. 
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Mitochondrial membrane potential 
depolarization in hepg2 cells following 
treatment with drug-loaded nanovesicles
Treatment with PEG-PDLLA-DOX-HMME, PEG-

PDLLA-HMME, PEG-PDLLA-DOX, and PEG-PDLLA 

caused mitochondrial membrane potential depolarization 

in 54.2%, 59.4%, 13.8%, and 17.7% of the HepG2 cells, 

respectively (Figure 8). The proportion of the HepG2 cells 

with mitochondrial membrane potential depolarization 

following PEG-PDLLA treatment was significantly higher 

than that of the cells treated with PEG-PDLLA-DOX-

HMME and PEG-PDLLA-HMME (F=7.783 and 6.843, 

both P-values,0.001); however, there was no significant 

difference observed between the PEG-PDLLA-DOX 

100

80

60

40

20

0

100

80

60

40

20

0

110 120 130

Diameter/nm

PEG-PDLLA blank vesicle

Photosensitizer-loaded
PEG-PDLLA vesicle

DOX- and photosensitizer-loaded
PEG-PDLLA vesicle

DOX-loaded PEG-PDLLA
vesicle

In
te

n
si

ty
In

te
n

si
ty

100

80

60

40

20

0

In
te

n
si

ty
In

te
n

si
ty

140 150 160 170 180 190

191 192 193

Diameter/nm Diameter/nm

194 195 196 197 198 199 200 130 140 150 160 170 180 190 200 210

100

80

60

40

20

0
150 151 152

Diameter/nm

153 154 155 156

A B

C D

Figure 4 Particle sizing distribution of (A) poly(ethylene glycol)-block-poly(D,l-lactic acid) (Peg-PDlla) blank vesicle, (B) doxorubicin (DOX)-loaded Peg-PDlla vesicle, 
(C) photosensitizer-loaded Peg-PDlla vesicle, and (D) DOX- and photosensitizer-loaded Peg-PDlla vesicle.

100

90

80

70

60

50

40

30

20

10

0
0 2 4 6 8

Drug concentration (µg/mL)

PEG-PDLLA+DOX
PEG-PDLLA+HMME
PEG-PDLLA+HMME+DOX

C
el

l v
ia

b
ili

ty
 (

%
)

Figure 6 The toxicity of three groups of drug-loading nanoparticle vesicles.
Abbreviations: DOX, doxorubicin; hMMe, hematoporphyrin monomethyl ether; 
PDlla, poly(D,l-lactic acid); Peg, poly(ethylene glycol).
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Figure 5 The toxicity of empty nanovesicles poly(ethylene glycol)-block-poly(D,l-
lactic acid) (Peg-PDlla) on hepg2.
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treatment group and the PEG-PDLLA treatment group 

(P.0.05).

apoptotic rate of hepg2 cells following 
treatment with drug-loaded nanovesicles
Flow cytometry showed a significantly higher apoptotic 

rate in PEG-PDLLA-DOX-HMME-treated HepG2 cells 

(41.2%) than in the PEG-PDLLA-DOX-treated cells 

(17.2%) and PEG-PDLLA-HMME-treated cells (14.5%) 

(Figure 9). Following treatment with PEG-PDLLA-DOX 

and PEG-PDLLA-HMME for 12 hours, more HepG2 cells 

underwent apoptosis at an early stage compared with those 

that underwent apoptosis at an advanced stage and necrosis. 

The number of apoptotic cells in the PEG-PDLLA-DOX-

HMME treatment group was the sum of the apoptotic cells in 

the PEG-PDLLA-DOX and PEG-PDLLA-HMME treatment 

groups, which were mainly characterized by advanced-stage 

apoptosis and necrosis. The apoptotic rate of PEG-PDLLA-

DOX-HMME-treated HepG2 cells was significantly higher 

than that of PEG-PDLLA-DOX-treated cells and PEG-

PDLLA-HMME-treated cells (F=3.137 and 2.594, both 

P-values ,0.001).

Discussion
Hepatocellular carcinoma is characterized by a high incidence, 

high malignancy, poor prognosis, and relatively occult onset. 

Some patients who are at a moderate or advanced stage at 

diagnosis miss the optimal timing for surgery. Many chemo-

therapeutic drugs have problems such as short half-life and 

a large number of side effects, resulting in poor therapeutic 

efficacy. DOX is a common chemotherapeutic agent that is 

currently used in cancer therapy regimens, and it has a wide 
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anticancer spectrum. However, DOX has problems such as 

high toxicity to normal tissues, inevitable cardiac toxicity, and 

myelosuppression.15 In addition, DOX stimulates the produc-

tion of multiple antiapoptotic proteins such as Bcl-2, Bcl-xl, 

and multidrug-resistant proteins in tumor cells that avoid 

the DOX effect, resulting in the development of multidrug 

resistance. The chemotherapeutic agents have a killing effect 

on tumor cells and also result in much damage to normal 

human cells such as hematopoietic cells and gastrointestinal 

mucosal cells; this results in severe side effects that cause 

some patients to refuse or abandon the treatment.

PDT was approved by the US Food and Drug Admin-

istration for clinical use in 1996. The ROS generated by 

the photodynamic reaction is found to directly kill cells; in 

addition, it has been recently shown that PDT can activate 

the immune response against tumors and destroy the blood 

vessels in tumor tissues to block the blood supply to tumors. 

Photosensitizers or their metabolites are compounds that can 

selectively gather at the target site, and the ROS generated by 

exposure to light at a certain wavelength can kill the cells in 

the tissues surrounding the target site, causing cytotoxicity.16 

The photosensitizer plays a decisive role in promoting the 

clinical application of PDT. HMME is a photosensitizer 

that is selectively absorbed by tumor tissues, and it has a 

high photosensitive effect, a low toxicity, and a chemical 

purity of 99.8%. HMME is rapidly excreted, and it exhibits 

a similar in vitro photosensitive killing efficiency against 

tumor cells as do the second-generation photosensitizers 

aminolevulinic acid and benzoporphyrin-derivative mono-

acid ring A.17 However, the problem of comparatively poor 

water solubility limits the wide application of photosensitiz-

ers in clinical practice.
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apoptosis; PI-a, propidine iodide apoptosis; Q, quadrant.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2013:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4621

effect of Peg-PDlla with DOX and hMMe on hepg2 cells

The search for an effective targeted drug delivery system 

with the aim to improve chemotherapeutic agent targeting 

and solubility of photosensitizers in water has become the 

subject of much tumor chemotherapy research. Polymeric 

nanovesicles are multifunctional composite nanoparticles. 

Our previous studies showed that the polymeric nanovesicles 

have several specific advantages, which include their small 

size, long half-life, and the ability to easily achieve both 

passive and active targeted delivery; these advantages make 

nanovesicles an excellent carrier that is suitable for the tar-

geted delivery of hydrophobic drugs.6–9 The nanovesicle has 

a specific nuclear shell structure with a hydrophilic surface 

and a hydrophobic inner structure. The hydrophilic shell 

allows the nanoparticle to remain stable in a liquid environ-

ment, and it is also readily dispersed in aqueous solutions, 

which allows it to be transferred to specific sites via the 

blood circulation. In addition, the biologically, physically, 

and chemically modified shell has a targeting function. The 

inner nucleus of the nanovesicle may serve as a nanodrug 

store for the controlled release of hydrophobic drugs, and it 

can also carry metal compounds and large molecules with 

charges such as proteins and nucleotides. The specific size 

(10–150 nm) of the nanovesicle is beneficial because it 

reduces the duration of renal excretion and clearance, reticu-

loendothelial system uptake, and phagocytic recognition, 

thereby prolonging the circulation time. In addition, the 

nanovesicle can reach specific areas such as tumors via the 

vascular endothelial gap through the enhanced permeability 

and retention effect, in order to passively target the tumor. 

The nanovesicle can be used as a carrier to achieve targeted 

drug delivery and controlled release, which reduces drug 

contact with normal tissues and cells and is beneficial for 

the reduction of drug side effects. It is considered that the 

biodegradable nanovesicle has many advantages in drug 

delivery, including stable characteristics and a high degree 

of biocompatibility, which suggests wide application pros-

pects in drug delivery.

Conclusion
In the present study, the polymeric nanovesicle was used as 

a drug carrier, and it was simultaneously loaded with DOX 

and HMME. We aimed to address the unsatisfactory DOX 

targeting, a large number of side effects, and poor water 

solubility of the photosensitizer, and thereby develop a novel 

multifunctional targeted nanovesicular drug delivery system. 

Our preliminary findings demonstrate that the nanovesicle 

PEG-PDLLA has minor side effects, and that it can be effi-

ciently loaded with two anticancer agents simultaneously. 

In addition, the PEG-PDLLA nanovesicle loaded with DOX 

and HMME was found to exhibit better efficacy against 

human hepatocellular carcinoma HepG2 cells than the PEG-

PDLLA nanovesicle loaded with DOX or HMME alone.

In conclusion, the PEG-PDLLA nanovesicles, when used 

as drug delivery carriers, have the potential to help reduce 

side effects of DOX and improve HMME water solubility. 

The PEG-PDLLA nanovesicles also allow a synergistic effect 

of DOX and HMME on human hepatocellular carcinoma 

cells, which requires further study.
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