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ABSTRACT:  It is low feasibility using plasma energy particles to excite, ion-

ize and break bonds molecules on the surface of  aliphatic polyester biomate-

rials to produce new topological structures. The biomimetic phosphatidylcho-

line modification technology of  aliphatic polyester biomaterials was studied. 

The phosphatidylcholine monomer [2 (methacryloxy) ethyl]phosphatidylcho-

line was synthesized by reaction of  2 chloro 1, 3, 2 dioxaphosphoric heterocy-

clic pentane with different raw material solutions; the phosphatidylcholine[2 

(methacryloxy) ethyl]phosphatidylcholine, acrylonitrile and water were co-

polymerized to form PANCMPC; the phosphatidylcholine [2 (methacryloxy) 

ethyl]phosphatidylcholine was replaced by PANCMPC, and PANCHEMA 

was obtained by repeated copolymerization. PANCHEMA was reacted with 

2 chloro 2 oxygen 1, 3, 2 dioxophosphorus heterocyclic pentane, and then 

opened with trimethylamine to form biomimetic phospholipid modified 

PLCANCP. Experiments show that the proposed technology has good hydro-

philicit.

KEYWORDS: Aliphatic polyester; Biomaterials; Surface; Biomimetic phospho-
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1 Introduction

Aliphatic polyester-based biomaterials are 

new high-tech functional materials that can di-

agnose and treat human diseases and regulate 

and replace damaged tissues and organs in order 

to enhance their functions
[1]

. Since the surface 

of  aliphatic polyester biomaterials is the first to 

come into contact with human tissues during their 

placement in the human body, the biophilicity, 

biocompatibility, and resistance to contamina-

tion of  the material surface play a decisive role in 

whether they are accepted by the human body
[2]

. 

To improve the biocompatibility of  aliphatic poly-

ester-based biomaterials, the material itself  is usu-

ally changed
[3]

, therefore, it is particularly import-

ant to investigate an efficient surface modification 

technique for aliphatic polyester-based biomaterials.

Currently, when changing the surface prop-

erties of  aliphatic polyester-based biomaterials, 

plasma modification techniques are mostly used
[4]

, 

where aliphatic polyester-based biomaterials are 

placed in a plasma cavity in the presence of  a 

non-polymeric atmosphere, and plasma energy 

particles are used to excite, ionize, and break 

bonds on the surface molecules of  aliphatic polyes-

ter-based biomaterials, resulting in new topology.

However, such techniques are more difficult 

and enhance the surface properties of  the material 

poorly
[56]

. In this study, we propose a surface bio-

mimetic phospholipid modification technique to 
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enhance the surface biocompatibility of  aliphatic 

polyester-based biomaterials.

2 Biomimetic phospholipid modifi-
cation of aliphatic polyester-based 
biomaterial surfaces

Taking acrylonitrile as an example, the bio-

mimetic phosphorylation modification technique 

was specified:Aqueous phase precipitation po-

lymerization was used to produce acrylonitrile 

copolymers by co-acrylonitrile and hydroxyethyl 

methacrylate
[7]

, and the acrylonitrile copolymers 

were reacted with 2-chloro- 2-oxo-1, 3, 2 -diox-

aphospholane and then reacted with trimethyl-

amine to achieve surface bionic phosphorylation 

of  acrylonitrile copolymer.

2.1 Experimental materials

The main instrumentation required for the 

surface bionic phospholipidation modification 

process of  aliphatic polyester-based biomaterials is 

shown in Table 1.

The main chemical raw materials required 

for the surface biomimetic phospholipidation 

modification process of  aliphatic polyester-based 

biomaterials are shown in Table 2. 

2.2 Phosphatidylcholine synthesis

2.2.1 Synthesis of  2-chloro-1, 3, 2-dioxaphos-

pholane 

A three-neck flask with a capacity of  1000 

mL was selected. a condensation reflux tube con-

taining CaCl2 desiccant, a stirrer, and a dropping 

funnel were fixed to the flask. Purified dichloro-

methane and phosphorus trichloride were added 

to the flask at 450 and 200 mL, respectively, and 

stirred using a stirrer. Anhydrous ethylene glycol 

was gradually added dropwise during stirring to 

a volume of  about 126 mL, generating a large 

amount of  hydrogen chloride gas. To remove the 

residual dichloromethane
[8]

, distillation of  the 

reactants in the flask was performed immediately 

after the feedstock was placed into the reaction, 

and reduced-pressure distillation of  the formation 

in the flask after distillation was performed
[9]

 to 

Table 1 Main instruments and equipment

Instrument name Model Place of origin

SEM Scanning Electron Microscopy S-570 Stender Testing Center

Speed-controlled multi-purpose oscillator HY-2 Background Zhongke Huxin Technology Co.

Electronic tension test machine AGS-500ND Shimadzu Corporation

Visible spectrophotometer UV-1601PC Japan

Nuclear Magnetic Resonance Instrument ADVANCE-DMX500 BRUKER, Switzerland

Contact angle measuring instrument OCA20 - Dataphysics Germany

Infrared spectrophotometer BRUKER VECTOR-22 BRUKER Switzerland

Table 2 Main chemical raw materials

Chemical material name Purity specifications Chemical material name Purity specifications

Benzene Analysis of  pure Sodium metal Chemically pure

Bovine serum albumin B. R Dichloromethane Analysis of  pure

Oxygen General Phosphorus trichloride Analysis of  pure

Nitrogen General Sodium hydroxide Chemically pure

Acetonitrile Analysis of  pure Anhydrous ethanol Analysis of  pure

Acrylonitrile Chemically pure Dimethyl sulfoxide Analysis of  pure

Ethylene glycol Analysis of  pure Calcium chloride for sewage Analysis of  pure

Triethylamine Analysis of  pure Phosphorus pentoxide Analysis of  pure

Trimethylamine Analysis of  pure Potassium dihydrogen phosphate Analysis of  pure

Glutaraldehyde Analysis of  pure Disodium hydrogen phosphate Analysis of  pure

Calcium hydroxide Chemically pure Tetrahydrofuran Analysis of  pure

N, N dimethylformamide Analysis of  pure Hydroxyethyl methacrylate Analysis of  pure



obtain 2-chloro-1, 3, 2-dioxaphosphorane at 46 ~ 

46.5 °C/15 mm-Hg.

2.2.2 Synthesis of  2-chloro-2-oxo-1, 3, 2-dioxa-

phosphorus heterocyclopentane 

A three-necked flask with a capacity of  500 

mL was selected, and 2-chloro-1, 3, 2-dioxaphos-

phorus heterocyclopentane and benzene solutions 

were added to the flask in the amounts of  45 g and 

90 mL, respectively, and the flask was fed with dry 

oxygen for 6.5 h. To remove the residual benzene 

solution, distillation was performed on the reac-

tants in the flask, and the formation in the flask 

after distillation was distilled under reduced pres-

sure to obtain 2-chloro-2-oxo-1, 3, 2-dioxaphos-

phorus heterocyclopentane at 70°C/0.3 mmHg.

2.2.3 Synthesis of  2-(methacryloyloxy)ethyl-2-

oxo-1, 3, 2-dioxaphospholane 

A three-necked flask with a capacity of  500 

mL was selected and a thermometer, a drying tube 

and a dropping funnel were fixed to the flask. Tet-

rahydrofuran, hydroxyethyl methacrylate and tri-

ethylamine were added to the flask in the amounts 

of  180 mL, 18 g and 14 g, respectively, and the 

temperature of  the reaction solution was lowered 

to 20°C by stirring the three ingredients. About 

20 g of  2-chloro-2-oxo-1, 3, 2-dioxaphospholane 

was dissolved in 90 mL of  dry tetrahydrofuran, 

and the mixture was gradually added dropwise to 

the reaction solution in the flask with stirring until 

the end of  the dropwise addition, and the reaction 

state was maintained for 3 h at a temperature of  

about -25°C. The triethylamine salt and residual 

tetrahydrofuran
[10]

 produced in the flask were re-

moved to obtain clear and viscous 2-(methacryloy-

loxy)ethyl-2-oxo-1, 3, 2-dioxaphospholane.

2.2.4 Synthesis of  [2-(methacryloyloxy)ethyl]

phospholipid phosphatidylcholine 

A pressure flask with a volume of  200 mL 

was selected. 2-(methacryloyloxy)ethyl-2-oxo-1, 3, 

2-dioxaphospholane and purified acetonitrile were

placed in the pressure flask in volumes of  4.5 g 

and 27 mL, respectively. after setting the tempera-

ture to -20°C, the pressure flask was added with 

After the temperature was set to -20°C, 1.8 mL of  

anhydrous trimethylamine was added to the pres-

sure flask, and the flask was quickly sealed. The 

temperature was raised to 60 °C for 14.5 h, and 

then the temperature was lowered to -20°C again 

to crystallize the product in the pressure flask and 

obtain a white precipitate.

The white precipitate was placed in dry argon 

for filtration and cycled using acetonitrile
[11]

 to fi-

nally obtain the phospholipid monomer [2-(meth-

acryloyloxy)ethyl]phosphatidylcholine.

2.3 Phospholipid phosphatidylcholine copo-

lymer synthesis

A three-necked flask with a capacity of  1000 

mL was selected and filled with fixed amounts of  

acrylonitrile, [2-(methacryloyloxy)ethyl]phospha-

tidylcholine and water in turn. Nitrogen was in-

troduced into the flask and kept for 20 min. After 

setting the temperature to the reaction tempera-

ture, the redox initiator was placed into the flask 

and the co-polymerization reaction was started 

with stirring under the protection of  nitrogen. Af-

ter the reaction, the precipitate was removed and 

the product was washed several times in deionized 

water and ethanol. To remove unreacted monomer 

and soluble ethyl]phospholipid phosphatidylcho-

line copolymer (PANCMPC). PANCMPC was 

experimentally shown to have good hydrophilicity, 

resistance to protein adsorption, and hemocom-

patibility.

2.4 Synthesis of PANCMPC and acryloni-

trile copolymer

The [2-(methacryloyloxy)ethyl] phospholipid 

phosphatidylcholine in section 2.3 was replaced 

with PANCMPC and the copolymerization pro-

cess was repeated to obtain PANCHEMA, a co-

polymer of  PANCMPC and acrylonitrile.

 2.5 Synthesis of biomimetic phospholipid 

modified PLCANCP

In order to introduce functional groups of  

phospholipids with biological properties into 

the side chains of  the copolymer molecules
[13]

, 

PANCHEMA was reacted with 2-chloro-2-oxo-1, 



3, 2-dioxaphosphorane and then ring-opening 

reaction was performed with trimethylamine to 

generate the biomimetic phospholipid modified 

PLCANCP, the pathway of  which is shown in 

Figure 1.

During the generation of  mimetic phospha-

tidylated modified acrylonitrile copolymers, the 

implementation of  the reaction with 2-chloro-

2-oxo-1, 3, 2-dioxaphospholane by copolymer

PANCHEMA was able to moderate the reaction 

process, while the use of  excess 2-chloro-2-oxo-1, 

3, 2-dioxaphospholane and trimethylamine al-

lowed the hydroxyl group on the side chain of  the 

copolymer molecule and the 2-chloro-2-oxo-1, 3, 2 

dioxaphospholane react as a whole and convert all 

of  them to phospholipid functional groups
[14]

.

2.6 Performance evaluation method design

The main parameters used for the eval-

uation of  the surface properties of  aliphatic 

polyester-based biomaterials after bionic phos-

pholipidation modification, mainly for their bio-

compatibility, are water hydrophilicity and protein 

retention
[15]

. Equation (1) is the hydrophilic equa-

tion:

J = 
Y

B∆t
(1)

where Y, B and ∆t denote the permeable liq-

uid volume, effective surface area and operation 

time in L, m
2
 and h, respectively.

Equation (2) is the compatibility formula:

The homopolymer was purified using deion-

ized water and dried under vacuum at 60°C to 

obtain acrylonitrile/[2-(methacryloyloxy)

E (%) = (1- 
xp

xf
) ×100

(2)

Where xp indicates the concentration of bovine 

serum albumin in the permeate and xf indicates the 

concentration of  bovine serum albumin in the raw 

material solution, both units are mg/mL.

The adhesion ratio EFE of  aliphatic polyes-

ter-based biomaterials after bionic phospholipida-

tion modification was analyzed and calculated as:

EFE = 
Jw2

Jw1 (3)

Where Jw1 indicates the initial water flux, 

and Jw2 indicates the water flux after cleaning the 

material surface. Jw1 and Jw2 can be obtained by 

equation (1), and then the EFE can be derived.

3 Experimental analysis

3.1 Comparative hydrophilic analysis

In order to test the clearness of  the bionic 

Figure 1 PLCANCP generation path



phospholipidization modification technique on 

the surface of  aliphatic polyester biomaterials 

proposed in this study, the present technique, plas-

ma-based bionic phospholipidization modification 

technique on the surface of  aliphatic polyester 

biomaterials and the bionic phospholipidization 

modification technique on the surface of  aliphat-

ic polyester biomaterials based on physical means 

were used to The results of  the bionic phospholipid 

modification experiments are shown in Figure 2.
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Figure 2 Hydrophilicity of  different technologies

As can be seen from Figure 2, the difference 

in water contact angle between the three biomi-

metic phospholipidation modification techniques 

was small at the initial stage, and all of  them were 

maintained at about 57%. With the extension of  

time, the water contact angle of  all three biomi-

metic phospholipidation modification techniques 

began to show a decreasing trend in different de-

grees. When the time reached 30 min, the water 

contact angle of  the modified aliphatic polyester 

biomaterials showed the most significant decrease, 

reaching about 15%; the plasma-based biomimetic 

phospholipidation modification technique showed 

a lower decrease than the present technique, 

reaching about 38%; the physical-based biomi-

metic phospholipidation modification technique 

showed the least decrease, reaching only 42%. The 

experimental results showed that the best hydro-

philicity among the three biomimetic phospho-

lipidation modification techniques was due to the 

introduction of  phospholipid groups in this study, 

which improved the hydrophilicity of  the surface 

of  aliphatic polyester-based biomaterials.

3.2 Comparative biocompatibility analysis

To test the biocompatibility of  the material 

after the bionic phospholipidation modification of  

the surface of  aliphatic polyester-based biomateri-

als by this study technique, the biocompatibility of  

the material after the three bionic phospholipida-

tion modification techniques was compared based 

on the experimental procedure in Section 3.1, and 

the results are shown in Figure 3.
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Figgure 3 Biocompatibility of  different techniques

As can be seen from Figure 3, the absorption 

performance of  the proteins by all three tech-

niques of  bionic phospholipidation modification 

was enhanced to different degrees when the con-

centration of  bovine serum albumin was gradually 

increased. The surface of  the aliphatic polyes-

ter-based biomaterials modified by bionic phos-

pholipidation with this study technique showed 

the lowest uptake of  bovine serum albumin com-

pared with the other two techniques. The high-

est bovine serum albumin uptake of  10.46 μg/

cm
2
 was achieved by the present study technique 

when the concentration of  bovine serum albumin 

reached 4.0 g/L, while the plasma-based bionic 

phospholipidation modified technique showed 

26.66 μg/cm
2
 for bovine serum albumin uptake 



and the physical means-based bionic phospholipi-

dation modified technique showed 32.90 μg/ cm
2
.

3.3 Material adhesion ratio analysis

To test the cell adhesion performance of  the 

techniques in this study, the cell adhesion results 

of  the materials after comparing the three biomi-

metic phospholipidation modification techniques 

based on the experimental procedure in Section 3.1 

are shown in Figure 4.
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Figure 4 Material adhesion contrast results of  different tech-

nologies

As can be seen from Figure 4, there is a large 

difference in the cell adhesion of  the three biomi-

metic phospholipidation modification techniques. 

The amount of  cell adhesion per square millimeter 

on the surface of  the polyester biomaterials using 

the physical biomimetic phospholipid modifica-

tion technique was more than 730 cells per square 

millimeter, while the amount of  cell adhesion per 

square millimeter on the surface of  the material 

using the plasma biomimetic phospholipid modi-

fication technique was about 440 cells per square 

millimeter, and the amount of  cell adhesion per 

square millimeter on the surface of  the material 

using the present study was nearly 180 cells per 

square millimeter. The amount of  cell adhesion 

per mm2 on the surface of  the material after this 

study is less than a quarter of  the amount of  cell 

adhesion by physical means of  biomimetic phos-

pholipidation modification, which indicates that 

this study technique is more helpful in enhancing 

the hydrophilicity and biocompatibility of  the sur-

face of  aliphatic polyester-based biomaterials.

4 Conclusion

To enhance the surface properties of  aliphatic 

polyester-based biomaterials, it is particularly im-

portant to modify them with biomimetic phospho-

lipidation. In this study, we propose a surface bio-

mimetic phospholipid modification technique for 

aliphatic polyester biomaterials. The experimental 

results showed that the surface hydrophilicity, bio-

compatibility and material adhesion ratio of  ali-

phatic polyester biomaterials were improved after 

surface biomimetic phospholipid modification by 

this research technique.
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