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Abstract—Chemotherapy is still challenging by low 

solubility, poor bioavailability and systematic toxicity. Herein, 

a pH-responsive polymer nano-micelle for drug delivery for 

combination chemotherapy for cancer. In the 

microenvironment of tumor cells, the as prepared polymer 

nano micelle can achieve controlled drug release. Remarkably, 

the as prepared polymer nano micelle possessed negatively 

charged under normal physiological conditions while switching 

into positive charge under acidic tumoral environment to 

enhance the cell uptake and anti-tumor efficiency. Therefore, 

the novel block copolymer nano-micelles were synthesized by 

using PEG, PEI and PLA as the segments. The pH-sensitive 

structure can achieve the charge reversal. The as prepared 

drug delivery system exhibited charge switch and controlled 

drug release, which can be used as a promising candidate for 

combined treatment of tumor. 

Index Terms— polymer micelle, PEI, pH-sensitive, drug 

delivery. 

INTRODUCTION 

Recently, polymer nano micelles (PNMs) have been 

widely investigated as a preferred drug vector for cancer 

therapy attributing to its good biosafety, easy modification, 

and long blood circulation time in human body.[1-3] 

Nevertheless, poor drug loading, target property, and 

inefficient drug delivery still impede the development of the 

PNMs in treatment of cancer.[4] Therefore, 

stimuli-responsive PNMs for microenvironment of tumor 

are supposed to be the preferred strategy to solve the poor 

drug loading, target property, and inefficient drug delivery 

of PNMs.[5,6] PEI, as a presentative cationic polymer, is 

widely used in the drug delivery due to its good affinity 

towards the negative cell membrane.[7-9] However, the 

toxicity of PEI will cause serious side effect, which hindered 

the further application o PEI in clinic.[10,11] Therefore, we 

designed a PEG and PLA modified PEI based PNMs with 

good biocompatibility and efficient dual-drug delivery for 

cancer treatment. 

In the present work, a novel kind of pH-responsive 

copolymer nano-micelles was prepared for delivery of 

anticancer drugs. The chemo-physical properties of the as 

prepared PNMs were characterized. PEG was used as the 

biocompatible polymer to enhance the biosafety of the 

PNMs. In conclusion, this as prepared PNMs was 

demonstrated good stability, and trigged drug release 

property, which can be potentially used as a promising 

anti-cancer candidate for chemotherapy. 
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EXPERIMENTAL 

Materials 

PEG (95%, A.R.), succinic anhydride (96%, A.R.), 

polyethylenimine (98%, A.R.), DOX (98%, A.R.), PTX 

(99%, A.R.), PLA-OH (A.R.), 

3-(3-dimethylaminopropyl)-1-ethylcarbodiimide 

hydrochloride (A.R.), N-hydroxysuccinimide (99%, A.R.), 

2,3-dimethylmaleic anhydride (DMMA, A.R.), acryloyl 

chloride (96%, A.R.). The organic solvents were used after 

purified. The other chemicals were used as received. 

Synthesis of copolymer 

The process of copolymer is shown as following. Firstly, 

PEG and PLA were modified by SA to prepare PEG-SA and 

PLA-SA. Subsequently, a certain mole ratio of PEG-SA and 

PLA-SA were added into a 25 mL round bottom flask. DMF 

was added into the round bottom flask to dissolve the 

polymers. NHS and EDC were also added into the round 

bottom flask with stirring for several hours. PEI was 

dissolved in DMF, and slowly added into the above mixture 

solution at about 35 ℃ under the exclusion of light and 

protection of nitrogen for 48 hours. The reaction solution 

was transferred into the dialysis bag and dialyzed for 24 

hours. The final product, PLA-PEI-PEG was lyophilized to 

obtain a white powder. 

Preparation of drug loaded PNMs 

The process of synthesizing drug loaded PNMs is as 

follows. The drugs were dissolved in 15 mL of DMF. The 

mix solution and the copolymer were added into a round 

bottom flask for 18 hours under exclusion of light and 

protection of nitrogen. The mixture solution was then 

transferred into the dialysis bag and dialyzed against water 

for 24 hours. Finally, the products were lyophilized to obtain 

a red powder.  

RESULTS AND DISCUSSION 

 Synthesis and characterization of the copolymers 

The FTIR spectra of the as prepared PEG-SA, PLA-SA, 

and PLA-PEI-PEG were used to identify the chemical 

structures of copolymers.  The representative FTIR spectra 

of each sample was shown in Figure 1. The absorbance of 

the PLA-PEI-PEG at about 1100 cm-1 belongs to the C-O-C 

bond in the PEG segment. The absorbance at 1750 cm-1 can 

be assigned to the C=O groups in the PLA segments. Based 

on the experimental results, it was indicated that the 

PLA-PEI-PEG copolymer was successfully synthesized. 
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Figure 1. FI-IR spectrum of PLA-PEI-PEG, PLA-SA and PEG-SA. 
 

The DLS was utilized to investigate the stability of the as 

prepared PNMs with disulfide. As shown in Figure 2, the 

nano-size of the PNMs was investigated at different time 

interval at pH 7.4. In general, the there is no obvious size 

charge of the PNMs at pH 7.4. It was indicated that the as 

prepared nanomicelles possessed a good structural stability 

in water, which can be potentially used as a drug carrier in 

clinic. 

 
Figure 2 The particle size distribution of the as prepared PNMs at pH 

7.4. 

 

The DLS was also utilized to investigate the stability of 

the as prepared PNMs at pH 5.0. As shown in Figure 3, the 

nano-size of the PNMs was investigated for 4 hours at pH 

pH 5.5. It was indicated that the nano-size of the as prepared 

PNMs increased from about 200 nm to 270 nm at pH 5.5, 

which can be attributed to the pH-triggered protonation of 

amino groups in the PEI segment. 

 
 
Figure 3 The particle size distribution of the as prepared PNMs at pH 

5.5. 

 

The zeta potentials of the as prepared PMNs were 

investigated at different pH values. In Figure 4, the zeta 

potential of the as prepared PMNs was of about 2.5 mV at 

pH 8.0, however the zeta potential increased to about 20 mV 

at pH 5.0. It can be explained by the acid-sensitive structure 

of PEI and the protonation of the amino-groups in the as 

prepared PLA-PEI-PEG copolymer.  

 
Figure 4 The zeta potential of the as prepared PMNs at different pH 

values. 

 

CONCLUSION 

In conclusion, a novel kind of pH-responsive copolymer 

nano-micelles was prepared for anticancer drugs. The as 

prepared PNMs exhibited good stability in water, while an 

obvious size charge under different pHs with or without 

GSH. The zeta value of the as prepared PNMs was 

investigated at different pHs to simulate the in vivo 

chemical condition. Based on the above experimental 

results, the as prepared PNMs were considered as a potential 

drug carrier for anti-cancer therapy. 
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