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INTRODUCTION

Biodegradable polyesters including poly (lactide), poly 
(glycolide), poly (lactide)-co-poly (glycolide) copolymers 
and poly (ε-caprolactone) are implemented frequently in 
pharmaceutical development due to their bioresorbable and 
biocompatible characteristics.[1-5]

On the other hand, polyethylene glycol (PEG) is nonbiodegradable, 
but biocompatible polymer which has been used for many clinical 
applications.[6]

Polyethylene glycol possesses notable characteristics, such as 
hydrophilicity and biocompatibility. Copolymerization of PEG 
with polyesters suggests the possibility to integrate the unique 
properties of PEG and biodegradable polyesters.

These copolymers consist of biodegradable hydrophobic polyester 
blocks and hydrophilic, biocompatible PEG segments.
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Introduction: The copolymer of polyethylene glycol (PEG) and polyesters has many interesting properties, such as 
amphiphilicity, biocompatibility, biodegradability, and self-assembly in an aqueous environment. Diblock copolymers of 
PEG-polyester can form different structures such as micelles, polymersome, capsules or micro-container in an aqueous 
environment according to the length of their blocks. Materials and Methods: Herein, a series of poly (lactic acid) (PLA) and 
PEG diblock copolymers were synthesized through the ring-opening polymerization. The polymerization reaction and the 
copolymer structures were evaluated by nuclear magnetic resonance (NMR) and gel permeation chromatography (GPC). 
The corresponding copolymers were implemented for the formation of polymersome structures using fi lm rehydration 
method. Impact of methoxy PEG chain length and hydrophobic weight fraction on particle size of polymersomes were 
studied, and the proper ones were selected for loading of doxorubicin (DOX) via pH gradient method. Results and 
Discussion: Results obtained from 1HNMR and GPC revealed that microwave irradiation is a simple and reliable method 
for the synthesis of PEG-PLA copolymers. Further analysis indicated the copolymer with relative molecular weight of 
PLA to PEG ratios of 3 or fEo ~ 25% produced the smallest size polymersomes. Polymersomes prepared from PEG5000 
to PLA15000 were more capable in loading and sustained release of DOX than those prepared from PEG2000 to PLA6000. 
Conclusion: In conclusion copolymers of PEG/PLA with fOE ~25% and relatively higher molecular weight are more 
suitable for encapsulation and providing sustained release of DOX.
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The copolymer of PEG and polyesters has many interesting 
properties, such as amphiphilicity, biocompatibility, 
biodegradability, and self-assembly in an aqueous environment. 
Diblock copolymers of PEG-polyester can form different 
structures such as micelles, polymersome, capsules or micro-
container in an aqueous environment according to the length 
of their blocks.[7]

In recent years, many pharmaceutical studies have been devoted 
to develop vesicular systems named polymersomes based on 
block copolymers as competent drug carriers, with attractive and 
capable characteristics.[8-14] Compare to liposomes, polymersomes 
exhibited better properties for sustained drug delivery, due to its 
high membrane stability and low membrane permeability that 
can be modulated by varying block lengths.[15]

The membrane thickness in polymersomes can be varied to a 
wider range (5-20 nm) in comparison with liposome (3-5 nm). 
Due to this property it is possible to design the desirable controlled 
drug delivery system by modulating the membrane thickness of 
polymersomes.

The bilayers stability in polymersome is an important advantage 
to prevent drug leakage and disintegration of the membrane 
encountered in lipidic vesicles.[16]

In addition, it has been proved that the release profiles and 
pharmacokinetics of polymersomes formulation can be 
controlled in vitro and in vivo.[17] As a smart drug delivery system, 
polymersomes with various sizes between 5 nm and 5 μm could 
be prepared depending on the type and chain length of copolymer. 
Moreover, the preparation techniques of polymersomes could 
influence the mean size of structures, which develop toward drug 
delivery systems based on polymeric vesicles.[18,19]

The outstanding polymersome characteristics such as 
physicochemical properties, release kinetics, and targeting 
chemistries of polymersome vehicle make them an ideal carrier 
for the encapsulation of therapeutic molecules. As demonstrated 
by their effective treatment of tumor models in vivo polymersomes 
exhibit great potency in proceeding from design and synthesis 
onto therapeutic application.[11]

The long-circulating properties of the 100% PEGylated 
biodegradable nano-sized polymersomes provide passive 
targeting for tumors in cancer chemotherapy by the enhanced 
permeability and retention effect.[20]

Successful shrinkage of the tumor after intravenously 
administration of doxorubicin (DOX)-paclitaxel loaded nano-
polymersomes in tumor bearing nude mice suggests a great 
opportunity for the use of polymersomes in the effective delivery 
of anti-cancer drugs or therapeutic molecules.[21]

The great characteristics and exceptional properties for 
polymersome structures could be obtained by recent advances 

in block copolymer chemistries.

However, while liposomes are generally investigated for drug 
delivery, they are not capable in sustained release of drugs, which 
marks a significant inadequacy of this group of nanocarriers.

Polymeric vesicles can encapsulate high quantity of drugs and 
release them at sustained rates in the desirable drug concentration, 
and consequently increasing the in vivo therapeutic efficacy and 
easing the implementation of highly toxic anti-cancer agents.[22]

In this regards, in the current study DOX was used as a model 
drug to investigate the best characteristic of self-assembled 
nano-scale PEG-poly (lactic acid) (PLA) polymeric vesicles 
(polymersomes) for encapsulation and controlled release of DOX.

In this report; we aimed to investigate the effect of PEG length 
and also hydrophilic to hydrophobic weight ratio in copolymer 
structure on self-assembly properties of PEG-PLA copolymers 
for use as a drug vehicle in chemotherapy. PEG 2000 and 
5000 were used, and copolymers with ratios of PLA to PEG2000 
of 1.5 and 3 and PLA to PEG5000 of 1.5, 2 and 3 were prepared.

All five copolymers were assessed for formation of polymersomes 
using film rehydration technique. Among these, polymers, which 
were able to self-assemble into polymersomes with smallest 
mean particle size were chosen in order to encapsulate DOX as 
a chemotherapeutics model drug within polymersome structures. 
DOX release studies were also carried out to explore the ability 
of these polymersomes as a carrier for sustained release of water 
soluble drugs.

MATERIALS AND METHODS

Methoxy-PEG with molecular weights of 2000 and 5000 Da, D,L-
Lactide and Stannous octanoate (Tin(II) ethyl hexanoate) were 
purchased from Sigma-Aldrich (Germany). DOX hydrochloride 
was procured from Eurasia (New Delhi, India). Dialysis sac (cut 
off 3.5 kD) was purchased from Thermo Scientific (Germany). 
All other chemical reagents and analytical grade solvents were 
obtained from Merck (Germany) and were used as received.

Synthesis and purifi cation of polyethylene glycol-poly 
(lactic acid) copolymers
Synthesis of PEG-PLA copolymers was carried out with five 
different block lengths of (PEG-PLA): 2000:3000 (copolymer 1), 
2000:6000 (copolymer 2), 5000:7000 (copolymer 3), 5000:9000 
(copolymer 4) and 5000:15000 (copolymer 5) by ring opening 
polymerization method.

The copolymers were synthesized under microwave irradiation. 
Briefly, for synthesize of copolymer 5 as an example, PEG5000 2.5 g 
were introduced into a dry round bottom flask equipped with a 
condenser and was placed in a Milestone Microsynth microwave 
(Italy). The PEG was irradiated for 10 min at 1000 watt and 
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120°C to increase melted PEG viscosity. Then to the dried 
viscous PEG, 7.5 g DL-lactide and 10 μL Sn(Oct) were added 
and the mixture was further irradiated and stirred at 1000 watt 
and 30 rpm while temperature was kept at 130°C for 25 min. In 
order to purify the synthesized copolymer; obtained copolymers 
were dissolved in an adequate amount of chloroform. Then the 
synthesized copolymers were precipitated by adding 10-fold cold 
diethyl ether. The purification process was repeated 3 times and 
the precipitates were freeze dried, and the products were kept at 
−20°C until use.

Characterization of the polyethylene glycol-poly (lactic 
acid) Copolymers
The 1H-nuclear magnetic resonance (1H-NMR) spectra of the 
PEG-PLA copolymers were recorded at room temperature 
using a Bruker AC 80 nuclear magnetic resonance spectrometer 
(Germany) in CDCl3.

The 1HNMR spectra were used to estimate Mn of copolymers 
from the integration ratio of resonances at 5.4 ppm originated 
from CH of the PLA block and CH2 of the ethylene glycol at 
3.8 ppm according to the method established by Jeong et al.[23]

Molecular weights and polydispersity were determined using the 
Agilent gel permeation chromatography (GPC)-Add-on system 
and refractive index signal detector recording at 212 nm coupled 
to the PL gel columns and operated at temperature 25°C. The 
molecular weights were calibrated with polystyrene standards. 
Tetrahydrofuran was used as eluent (flow rate: 1 mL/min), and 
the sample injection volume was 10 μL.

Thermal transitions of copolymers were determined using 
differential scanning calorimetry (DSC) (Mettler Toledo DSC 
822, Switzerland). The sample sizes were approximately 2 mg, 
and each sample was subjected to thermal cycles from 0 to 140°C 
at a rate of 10°C/min.

Self-assembly of copolymer
Blank self-assembled structures were prepared by film 
rehydration method. Briefly, 2 mL of the copolymer solution 
(10 mg/mL) in dichloromethane was transferred into a round 
bottom flask. The solvent was evaporated under vacuum using 
flask rotary evaporator at room temperature for 6 h.

The thin, dried polymer film was hydrated by addition of 2 mL 
distilled water at 60°C and stirred overnight under 1250 rpm 
continuous stirring.

The polymersome dispersion was sonicated for 30 min at 25°C 
± 2°C in bath sonicator (Bandelin Sonorex Digitec, Germany) 
followed by extrusion 15 times through two stacked 100 nm 
Nucleopore polycarbonate filters using Avanti mini extruder 
(Avanti polar lipids) on a heat block at 60°C.

Characterization of polymersomes
The measurement of polymersome size and size distribution 

was carried out by dynamic light scattering (DLS). Briefly, 
20 μL of polymersome suspensions (10 mg/mL) was diluted 
in 980 μL of deionized 18 MΩ water and then analyzed with 
zetasizer (NANO-ZS, Malvern, UK) at a scattering angle of 90 
equipped with a 4 mW He-Ne laser operating at 633 nm using 
back-scattering detection. All measurements were performed in 
triplicate at 25°C.

Before ultrasonication and extrusion procedure, the self-
assembled blank structures were observed by light microscope 
(Olympus/CHK, Taiwan) at various magnification levels 
(×40 or ×100).

Transmission electron microscopy was also performed to 
indicate the spherical and homogeneity of polymersomes shapes. 
Dispersion (5 μL) of blank polymersomes after performing 
ultrasonication and extrusion procedure was placed on a carbon-
coated copper grid (300 mesh), and the vesicles were fixed using 
2% osmium tetroxide. At next stage, the grid was washed with 
deionized water and held to dry at room temperature for 3 h. The 
grid was then mounted on the transmission electron microscope 
(LEO/Zeiss 910, Germany), and images were captured, at 
different magnifications (×24,000, ×30,000).

Doxorubicin loading
Doxorubicin loaded polymersomes were prepared by pH 
gradient method.[24] For this purpose the thin, dried polymer 
film of copolymers 2 and 5, were hydrated using 2 mL aqueous 
ammonium sulfate 250 mM at 60°C under 1250 rpm continuous 
stirring overnight.

The polymersome dispersion was sonicated for 30 min at 25°C 
± 2°C in bath sonicator (Bandelin Sonorex Digitec, Germany), 
followed by extrusion 15 times through two stacked 100 nm 
Nucleopore polycarbonate filters using Avanti mini extruder 
(Avanti polar lipids) on a heat block at 60°C.

The sonicated polymersomes were kept undisturbed for 24 h in 
the refrigerator at 4°C.

To establish a transmembrane pH gradient, dialysis against 10% 
sucrose solution was carried out. Briefly, the dialysis tubing (cut 
off 3.5 kD) was filled with 2 mL ammonium sulfate polymersome 
suspension. Then the sac was immersed in a flask containing 
200 mL of 10% sucrose solution. The contents of the flask were 
stirred at 400 rpm, and the flask was closed with the parafilm. 
The dialysis was carried out for 48 h to develop a transmembrane 
pH gradient.

After pH gradient establishment, volumes equivalent to 20 mg 
of polymersomes (10 mg/mL) were incubated with the 400 μL 
of DOX stock solution (10 mg/mL DOX which was prepared in 
10% sucrose solution) for 10 h at 60°C ± 2°C in bath oil. At the 
final stage, ultrafiltration (MWCO 30 kD) was used to remove 
free DOX.
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In order to determine the encapsulation efficiency (EE) of DOX 
in polymersomes, 20 μL of DOX loaded polymersomes was 
mixed with 980 μL of dimethylsulfoxide in order to break the 
structure of nano-vesicles. The solution was then analyzed by 
spectrophotometry measurements at A = 480 nm using ultraviolet 
(UV) –visible spectrophotometer (UV-160A Shimadzu, Japan).

Encapsulation efficiency (EE %) was then calculated using 
Equation 1:

Encapsulation efficiency (EE %) = (Wt/Wi × 100) (1)

Where Wt is a total amount of drug in the polymersomes and Wi 
is the total quantity of drug added initially to perform loading 
procedure.

Release study
The in vitro release of DOX from PEG-PLA polymersome 
formulations was assessed up to 5 days (150 h) under physiological 
condition (pH 7.4, 37°C).

One milliliter of each formulation (PolyDOX-5 containing 
1.96 mg DOX/mL and PolyDOX-2 containing 1.006 mg 
DOX/mL) or DOX suspension with equivalent concentration 
of DOX (1.96 mg DOX/mL or 1.006 mg DOX/mL) were 
introduced into a dialysis bag (MWCO 3.5 kD) and then 
immersed into 100 mL of PBS (0.1 M, pH 7.4) medium in a 
shaker incubator set at 90 rpm and 37°C.

Samples (1 mL) were withdrawn at definite times and were 
replaced by addition of 1 mL of the fresh release medium. 
Samples were analyzed in 96-well plate by the spectrophotometry 
measurement at A = 480 nm using Synergy H4 Hybrid Multi-
Mode Microplate Reader (Biotek, Model: H4MLFPTAD). For 
each time point, the absorbance of 3 well (volume: 200 μL) was 
read, and the reported results are the mean of three determinations.

RESULTS AND DISCUSSIONS

Synthesis of polyethylene glycol-poly (lactic acid)
The five sets of PEG-PLA copolymers were successfully 
synthesized by ring opening polymerization method.

The 1HNMR spectrum of the copolymer-5 as an example is 
shown in Figure 1 which is representative for all synthesized 

copolymers. The signal at 3.8 ppm is attributed to the methyl 
group at the end of the PEG block in the copolymer chains. Its 
integral serves as an internal standard to calculate the number 
average chain length of the PEG. The signal at 5.4 ppm is related 
to the CH of lactide at PLA block and with its integral the number 
average chain length of the PLA can be estimated. The results 
of these analyzes for all copolymers are summarized in Table 1.

Furthermore, Table 1 shows the molecular weight data resulting 
from GPC analysis of the polymers after synthesis. The 
polydispersity of the copolymers indicate a narrow molecular 
weight distribution (<2) for all copolymers. These results suggest 
that microwave irradiation is a reliable method for the synthesis 
of PEG-PLA copolymers.

The DSC diagrams of copolymer 2 and 5 are demonstrated in 
Figure 2 which shows transition temperatures at about 40°C 
and 50°C for copolymers 2 and 5, respectively. The transition 
temperature of copolymers was found to be affected by copolymer 
molecular weight so that transition temperature shifted to higher 
temperatures with increasing molecular weight of the copolymer. 
According to the Flory-Fox theory [Equation 2], glass transition 
temperatures relates to the number average molecular weight and 
free volume in the polymer structure.[25]

 (2)

In mentioned equation, Tg,∞ is the maximum glass transition 
temperature that can achieve at a theoretical infinite molecular 

Figure 1: 1H nuclear magnetic resonance of polyethylene glycol 5000-
PLA15000 (copolymer 5)

Table 1: Copolymer characteristics determined by HNMR and GPC
PEGm - PLAn Mw

a Mnb PDIa Mn (PLA)b PEG (%): PLA (%)c

PEG2000 - PLA3000 (copolymer 1) 3544 6.4021 1.3 3221.65 38: 62
PEG2000 - PLA6000 (copolymer 2) 9610 9.3533 1.7 6724.8 23: 77
PEG5000 - PLA7000 (copolymer 3) 8600 5.360 1.4 5616 47: 53
PEG5000 - PLA9000 (copolymer 4) 9200 5.200 1.7 8118 38: 62
PEG5000 - PLA15000 (copolymer 5) 13,250 7.360 1.8 13176 28: 72

aWeight-average molecular weight determined by GPC, bNumber-average molecular weight determined by GPC, cPolydispersity determined by GPC, dNumber-average 
molecular number of PLA determined by 1HNMR, ePEG/PLA ratio determined by 1HNMR. PEG: Polyethylene glycol, PLA: Polylactic acid, GPC: Gel permeation chromatography, 
HNMR: H nuclear magnetic resonance, PDI: Polydispersity index
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weight and K is an empirical parameter that is related to the free 
volume present in the polymer sample.

In this regard, copolymer 5 with longer chain lengths (higher 
molecular weight) has fewer chain ends per total units and less 
free volume than copolymer 2 consisting of short chain.

In other words, chain ends can be viewed as an impurity when 
considering the packing of chains and more impurity results in 
a lower Tg.

Polyethylene glycol-poly (lactic acid) polymersomes
Self-assembly of the copolymers with various ratios of 
hydrophobic to hydrophilic block in the polymeric backbone was 
evaluated. PEG is completely soluble in an aqueous medium. In 
contrast to PEG, aliphatic polyesters produce solid particles and 
aggregate in an aqueous environment.

Increasing hydrophilicity of polyesters via the copolymerization 
with PEG forces these copolymers toward the formation of 
polymersomes or micelles structures.

Previously, the effect of different volume of blocks on linear 
diblock copolymers was verified and reported.[8,26,27]

It was shown previously that, in linear amphiphilic copolymers, 
the hydrophilic volume fraction (fEO) <25% creates aggregates 
and solid particles, meanwhile values between 25% and 40% gave 
polymersomes; fEO in the range of 40-50% resulted in hollow 
tubules, and micelles were formed when fEO was >50%.[27]

In current study, the influence of hydrophilic volume fraction of 
PEG-PLA copolymers in the range of 25-40% on the size and 
polydispersity of resultant polymersome was investigated.

The sizes and polydispersity of blank polymersomes formed 
from PEG-PLA copolymers via film rehydration method were 
measured by DLS [Table 2].

It should be mentioned that the film rehydration method used 
to prepare polymersomes were reproducible.

Obtained results showed that the smallest particle size with 
narrow size distribution was belonged to methoxy PEG 
(mPEG)2000-PLA6000 and mPEG5000-PLA15000 copolymers. The 
mPEG5000-PLA15000 and mPEG2000-PLA6000 were more efficient 
in developing nano-sized polymersomes.

As a result, hydrophilic volume fraction of ~25% of polymer 
backbone or PLA to PEG ratio of 3 was the best ratio of 

segments in diblock PEG-PLA copolymer for creation of nano-
polymersome structures.

Transmission electron microscopy images of nano-polymersomes 
related to copolymer 2 and 5 demonstrate the spherical shape of 
self-assembled vesicles [Figure 3].

Doxorubicin loaded polymersomes
Characterization and release profi les
Doxorubicin loading was performed by pH gradient method. 
The EE of DOX was about 98.085% for copolymer 5 and 50.3% 
for copolymer 2 [Table 3].

The hydrodynamic radius of DOX loaded polymersome was 
determined to be about 115 nm for polymersomes of copolymer 
5 (PolyDOX-5) and 67 nm for polymersomes of copolymer 2 
(PolyDOX-2) by DLS with a narrow size distribution of 0.156 
and 0.162 respectively [Figure 4].

Obtained results indicated that compared to PolyDOX-2, 
PolyDOX-5 encapsulated DOX more efficiently. This may be 
due to larger interior aqueous compartment for remote loading 

Figure 2: Differential scanning calorimetry thermogram of copolymer 
5 and copolymer 2

Table 2: Particle size and size distributions 
of blank polymersomes created by fi lm 
hydration method
Copolymers Z-average (nm) PDI
PEG2000 - PLA3000 (copolymer 1) 78.30 0.348
PEG2000 - PLA6000 (copolymer 2) 63.59 0.162
PEG5000 - PLA7000 (copolymer 3) 480 0.488
PEG5000 - PLA9000 (copolymer 4) 371.3 0.399
PEG5000 - PLA15000 (copolymer 5) 119.3 0.156

PEG: Polyethylene glycol, PLA: Poly lactic acid, PDI: Polydispersity index

Table 3: Characteristics of DOX-loaded PEG-PLA polymersomes
Formulation PEG-PLA (mg) DOX (mg) EE% LC% Size (nm) PDI
PolyDOX-2 20 4 50.3±3.82 10.06±0.15 67±0.21 0.162
PolyDOX-5 20 4 98.085±4.27 19.61±0.34 115±2.2 0.156

PEG: Polyethylene glycol, PLA: Polylactic acid, EE: Encapsulation effi  ciency, Dox: Doxorubicin, PDI: Polydispersity index, LC: Loading content
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of DOX after creating of pH gradient.

In this regards, Yang et al. demonstrated that longer PLA chain 
length and higher molecular weight of polymers produced 
particles with larger diameter and this increased drug loading 
efficiencies.[28] In this study, PolyDOX-5 with larger particle 
size and higher molecular weight of the copolymer encapsulated 
higher concentration of DOX within polymersomes.

Figure 5a and b illustrates DOX release profiles in phosphate 
buffer (pH 7.4) within 5 days.

Polymersome formulations of DOX (PolyDOX-2, PolyDOX-5) 
exhibited an initial burst release followed by a sustained, 
continuous release.

The release kinetics of DOX showed the best fit for Higuchi 
model for both formulations [Table 4].

Time for 18-24% DOX release was around 24 h for both 
formulations, and DOX gradually released during 5 days in a 
sustained and controlled manner. This type of release pattern for 
DOX could be advantageous in cancer chemotherapy. The initial 
burst release (18-24% over 24 h) provides a primary dose, and the 
remaining dose is released in a sustained manner.

It is important to gain a sustained release of therapeutic DOX 
concentration in clinical chemotherapy because continuous 
low-dose administration of DOX is more capable in inducing 
apoptosis than a single high-dose exposure of DOX.[29]

By the way, the behavior of the nanoparticles in in vivo might be 
different due to the presence of hydrolytic enzymes, which could 
contribute to the degradation of polymeric bilayer and results in 
faster drug release.

The in vitro release profile of the DOX from polymersomes 
was fitted to Higuchi model, and the results demonstrated that 
diffusion of drug through the vesicles was the main mechanism 
controlling the rate of drug release.

The higher burst release and release rate of DOX in PolyDOX-2 
formulation (copolymer 2) is thought to be due to the smaller size 
of particles and higher permeability of vesicle membrane due to 
thin bilayer of polymersomes (copolymer 2).

It has been shown that polymer molecular weight can also affect 
polymer degradation and drug release rates so that an increase 
in molecular weight could decrease diffusivity and drug release 
rate.[30-32] It is well-known that the main release kinetics for many 
drugs is diffusion through water-filled pores in vesicles. In this 
system, polymer degradation produces soluble monomers or 
oligomers that can diffuse out of the particle leaving behind water 
filled pores. These small monomers or oligomers are generated 
more rapidly due to faster degradation of low molecular weight 
polymers.[33-35]

On the other hand, the release profile of PolyDOX-2 versus 
PolyDOX-5 formulation indicated that polymersome size will 
affect the rate of drug release. As the size decreased for PolyDOX-2, 
the surface area to volume ratio of the particle increased. Thus, 
for a given rate of drug diffusion through the polymersome, the 
rate of drug leakage or burst release will increase with decreasing 

Table 4: The release kinetic of DOX from 
PEG-PLA polymersomes
Polymer Zero order Higuchi

Slope R2 Slope R2

PEG2000 - PLA6000 (PolyDOX-2) 0.002 0.9098 0.0271 0.9827
PEG5000 - PLA15000 (PolyDOX-5) 0.001 0.9003 0.016 0.9854

PEG: Polyethylene glycol, PLA: Poly lactic acid, DOX: Doxorubicin

Figure 4: Particle size and size distributions of doxorubicin (DOX) 
loaded polymersomes of (a) polyethylene glycol (PEG)2000-poly (lactic 
acid) (PLA)6000 (PolyDOX-2) and (b) PEG5000-PLA15000 (PolyDOX-5)

Figure 3: Transmission electron microscopy image of blank 
polymersomes of (a) copolymer 2, (b) copolymer 5. The images were 
recorded at magnifi cations of ×24,000

a b

Figure 5: Doxorubicin (DOX) release profi le of (a) PolyDOX-2 (DOX 
loaded polyethylene glycol [PEG]2000-poly [lactic acid] [PLA]6000 
polymersomes) and (b) PolyDOX-5 (DOX loaded PEG5000-PLA15000 
polymersomes) at pH = 7.4 and 37°C up to 5 days

a b

a

b
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particle size. In addition, water permeation into smaller particles 
may be faster due to the small particle diameter.

Moreover, because of lower Mw of PEG in PolyDOX-2 
formulation, deformation of nano-polymersomes could occur 
more easily due to the small molecular chain and low flexibility 
of nano-structures.[7]

CONCLUSIONS

Altogether, the particle size of PEG-PLA polymersomes can be 
changed by choosing PEG chain length and PEG to PLA ratio 
using film rehydration technique as an excellent reproducible 
preparation method. Here we demonstrated that the fOE ~25% 
was the best hydrophilic volume fraction in diblock copolymers for 
formation of smallest nano-sized polymersome structures. In this 
regard, two different formulations with different molecular weight of 
copolymers were formed and evaluated for control release of DOX.

Polyethylene glycol-PLA copolymers produced nano-
polymersomes with different sizes and different diffusion rates 
for DOX, resulting in differences in DOX release profile. By 
increasing PEG and PLA chain lengths and consequently 
polymer molecular weight in PolyDOX-5 formulation drug 
release rate and diffusivity decreased, and this system released 
DOX in sustained and controlled manner.
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