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Abstract

BACKGROUND To prevent unsolved problems of medical devices, we hypothesized that combinatorial effects of

zwitterionic functional group and anti-bacterial metal ions can reduce effectively the thrombosis and bacterial infection of

polymeric biomaterials. In this research, we designed a novel series of zwitterionic polyurethane (zPU) additives to impart

anti-thrombotic properties to a polyvinyl chloride (PVC) matrix.

METHODS We have synthesized zPUs by combination of various components and zPUs complexed with metal ions.

Zwitterion group was prepared by reaction with 1,3-propane sultone and Nmethyldiethanolamine and metal ions were

incorporated into sulfobetaine chains via molecular complexation. These zPU additives were characterized using FT-IR,

1H-NMR, elemental analysis, and thermal analysis. The PVC film blended with zPU additives were prepared by utilizing a

solvent casting and hot melting process.

RESULTS Water contact angle demonstrated that the introduction of zwitterion group has improved hydrophilicity of

polyurethanes dramatically. Protein adsorption test resulted in improved anti-fouling effects dependent on additive con-

centration and decreases in their effects by metal complexation. Platelet adhesion test revealed anti-fouling effects by

additive blending but not significant as compared to protein resistance results.

CONCLUSION With further studies, the synthesized zPUs and zPUs complexed with metal ions are expected to be used

as good biomaterials in biomedical fields. Based on our results, we can carefully estimate that the enhanced anti-fouling

effect contributed to reduced platelet adhesion.
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Graphic Abstract Schematic explanation of the effect of zwitterionic polyurethane additives for blood-compatible and

anti-bacterial bulk modification.
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1 Introduction

Demands for blood-contacting medical devices, such as

endovascular catheters and cardiovascular implants, is

increasing with respect to the aging population [1, 2].

Although polymers have been widely applied to these

devices due to merits of processability and controllable

mechanical properties, better biocompatibility than its

inherent one is required for a wider range of applications

[3]. Despite considerable amounts of studies, in particular,

the most vulnerable problems such as thrombosis and in-

hospital infection are still not conclusive [4]. Thrombosis

contains complex events related to protein adsorption,

platelets adhesion and aggregation, immunogenic activa-

tion and coagulation cascade [5]. Considering these points,

lots of studies have been conducted to improve anti-

thrombotic property of polymer-based devices, including

physical coating, chemical grafting and surface immobi-

lization of biologically active agents [6–8]. Meanwhile,

infection has been major themes to be solved for the pur-

pose of blood contact as well as expanded implanting uses

[9]. Causes of device-related infections are sequential

processes of bacterial adhesion, spreading and biofilm

formation [10].

In order to impart better blood compatibility of poly-

meric devices, physical networking or adsorption of a

material is a relatively simple method [11]. However, it has

been problematic because the adsorbed substances can be

leached out by continuous hydraulic pressure and biologi-

cal species in blood [12]. Chemical grafting is one of the

most commonly used methods due to its stable surfaces.

However, grafting process is complex or requires certain

facilities such as UV curing machine. In addition, this

technique can be difficult to apply to sophisticated surfaces

[11, 13]. Using biological agents has shortcoming of

physiological instability showing lowered activity and a

short half-life in blood [7].

More effective method is to surface-modify a polymeric

device by blending adequate amount of a certain oligomer

with base polymer of a device [14]. In this technique,

blended oligomers can migrate toward the surface from

bulk at a glassy state in the process of thermal manufac-

turing such as extrusion and injection molding [15, 16].

Therefore, this method is quite efficient for practical
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application because it does not require post-manufacture

unlike existing surface modifications.

A surface modification strategy for anti-fouling effect is

effective way to achieve anti-thrombotic and/or -infectious

properties. For the effect, zwitterionic oligomers have been

investigated as a surface-modifying additive, which these

with zwitterionic groups, such as phosphobetaine, sulfo-

betaine and carboxybetaine, can strongly attract water

molecules via electrostatic interactions [17–21]. Sulfobe-

taine group has been of our interest as the best candidate to

demonstrate resistance to fouling of blood plasma sub-

stances [22]. In practice, adsorption of plasma proteins on a

device surface is major cause of platelet adhesion, coagu-

lation cascade and bacterial adhesion, resulting in ulti-

mately thrombosis and infection.

Several metal ions have been reported as representative

anti-microbial agents, which exhibit high bactericidal

effect with exceptionally small amount. Silver (Ag) ion is

the most widely used metal ion for anti-bacterial purposes

and, in particular, it is highly toxic to bacteria, exhibiting

strong biocidal effects against various species because Ag

ion itself damages bacterial wall and then penetrates into

cytoplasmic region [23, 24]. Zinc (Zn) ion leads to inter-

action with bacteria by which destabilize the membrane

and deactivate the respiratory system [25]. Copper (Cu) ion

has strong biocidal property against a variety of bacteria

and is cost-effective as compared to Ag ion [26]. Cerium

(Ce) ion shows anti-bacterial property with very low

minimum inhibitory concentration (MIC) and takes

advantage of an antioxidant because of the mixed valence

state [27]. All of mentioned metal ions can chelate with

negatively charged groups so that these ions were

employed in the complexation with zwitterionic sulfobe-

taine oligomers for anti-bacterial use in this study.

Herein, a series of oligomeric polyurethanes (PU) with a

zwitterionic sulfobetaine group was synthesized and was

complexed with anti-biotic metal ions (Fig. 1). a series of

oligomers includes sulfobetaine-containing PU (SPU),

sulfobetaine/isosorbide-containing PU (SIPU) and metal

ions complexed SPU/SIPU. Isosorbide is an emerging eco-

friendly material having cycloaliphatic ring, produced from

dehydration of sorbitol, which used here to provide plas-

ticity of PU. We hypothesized the first anti-biotic effect of

chelated metal ions and the following second anti-fouling

effect of SPU/SIPU without metal ions under surface-mi-

gration of polymeric additives after thermal processing.

Investigation for proving our hypothesis has been con-

ducted in aspects with wettability, protein adsorption,

platelet adhesion, bacterial adhesion and microbial zone

inhibition. Our results will suggest that metal ion chelating

zwitterionic polymers and their use as surface-modifying

additives can be a promising alternative way to existing

coating and surface modification technologies for develop

high performance medical devices, especially contacting

blood.

2 Materials and methods

2.1 Materials

N-methyldiethanolamine (MDEA), methylene diphenyl

diisocyanate (MDI), 1,3-propanesultone (PS) and isosor-

bide were used for polyurethane synthesis and Tin (II)

2-ethylhexanoate was used for catalyst. Silver nitrate

(AgNO3), zinc sulfate (ZnSO4), copper sulfate (CuSO4),

and ammonium cerium nitrate (Ce(NH4)2(NO3)6) were

selected as anti-microbial agents and used as reagents for

chelating ions. Poly(vinyl chloride) (PVC) with weight

average molecular weight of 42,000 was used as base

polymer. All materials were purchased from Sigma-

Aldrich (St. Louis, MO, USA). For protein adsorption test,

fibrinogen from human plasma and bovine serum albumin

(BSA) were purchased from Sigma-Aldrich.

2.2 Synthesis of sulfobetaine polyurethanes (SPUs)

Zwitterionic diol was prepared by reacting 0.2 M of

MDEA and 0.2 M of PS in N,N-dimethylformamide

(DMF) through vigorous stirring under N2 atmosphere at

50 �C for 5 h. After reaction completion, SPU was syn-

thesized as the following: 0.27 M of MDI and 2.7 mM of

Tin (II) 2-ethylhexanoate were added to 0.27 M of the

synthesized diol in DMF and reacted at 80 �C for 20 min.

For SIPU, 0.27 M of MDI, 0.09 M of isosorbide, and

2.7 mM of Tin (II) 2-ethylhexanoate were reacted with

0.27 M of the diol in DMF at the same condition as the

above. The synthesized PU products were precipitated in

anhydrous chloroform and washed 3 times with chloro-

form, and then dried under vacuum for 24 h.

2.3 Metal ions complexation with SPU/SIPU

Each compound (AgNO3, ZnSO4, Ce(NH4)2(NO3)6,

CuSO4) in 0.005 M concentration was dissolved in distilled

water and 0.01 M of the previously prepared SPU and

SIPU was dissolved in anhydrous dimethyl sulfoxide

(DMSO). Then, two solutions were poured into an Erlen-

meyer flask and reacted at room temperature for 2 h with

stirring. After the reaction, complexed product in the

solution was precipitated in distilled water. After the pro-

cess, precipitated product was rinsed three times with

acetone and then dried under vacuum for 24 h.
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2.4 Preparation of SPU and SIPU sec2blended PVC

films

First, 1 g of PVC was dissolved in 3 ml of tetrahydrofuran

(THF) using a homogenizer for 1 h. Then, SPU and SIPU

(3 wt% and 10 wt%, respectively) and metal ions com-

plexed SPU and SIPU (10 wt%) additives were dissolved in

DMSO for 1 h under sonication. The PVC solution and the

prepared additive solutions were mixed together and

poured into a Teflon� mold and dried under vacuum at

80 �C for 24 h. Then, the product was processed with hot-

press method. It was placed on between two stainless steel

plates at 150 �C and pressurized at a pressure of 0.07 MPa

for 2 min to obtain a homogeneous film of 0.2 mm thick-

ness and then punched into a square (1 9 1 cm2).

2.5 Characterization of SPU/SIPU and their metal

ions complexed ones

To evaluate the compositions and the structures of the

zwitterionic additives, the attenuated total reflectance-

Fourier transform infrared spectroscopy (ATR-FTIR) and

proton nuclear magnetic resonance spectroscopy (1H

NMR) were utilized. FT-IR spectra were measured on an

FT/IR-4100 spectrophotometer (Jasco Analytical Instru-

ments, Easton, MD, USA) and data were collected over 32

scans at 4 cm-1 resolution. The wavenumber range was

600–4000 cm-1. 1H NMR data was recorded with a Bruker

AV400 NMR spectrometer (Bruker Instruments, Inc., Bil-

lerica, MA, USA) using DMSO as a solvent. Differential

scanning calorimetry (DSC) was performed on a Q-2000

(TA Instruments, New Castle, DE, USA) differential

scanning calorimeter under a nitrogen flow of 50 mL/min.

Samples were rapidly heated to 210 �C and kept for 5 min

to remove thermal history, then cooled to - 90 �C at a rate

of 10 �C/min and finally reheated to 210 �C at the same

rate. All DSC traces used data generated in the second heat

to minimize the effect of thermal history. Static water

contact angles of PVC film were measured on a goniometer

(OCA40, Dataphysics, Filderstadt, Germany) at room

temperature. A 3 lL drop of pure distilled water was

placed on the film surface. Measurement was performed on

five different points of each sample. In order to observe the

change of contact angle after hydration, samples were

placed in distilled water and dried after 24 h in vacuum for

6 h and then measured. The elemental compositions of

PVC films blended with metal ions complexed additives

were analyzed by an elemental analyzer (Flash 2000,

Thermo Scientific, Waltham, MA, USA). The content of

metal ions was calculated by subtracting organic elements

from 100%.

2.6 Protein adsorption test

Protein adsorption test was performed using FITC-labeled

bovine serum albumin (BSA) and fibrinogen. Films were

Fig. 1 A, B Synthesis of the polyurethanes with zwitterionic side chains
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placed in a 24-well plate and immersed in PBS at 37 �C for

2 h. Then, the films were treated with 2 mg/mL of FITC-

BSA and 0.1 mg/mL of FITC-fibrinogen in PBS at 37 �C
for 1 h, followed by five washing steps with PBS. The

Micro BCATM protein assay reagent kit (Pierce Biotech-

nology Inc., Waltham, MA, USA) was used to measure the

amount of total proteins adsorbed on the surface of film.

Absorbance at 562 nm was detected using UV–Vis spec-

trometer (Thermo Multiskan spectrum, Thermo Scientific).

2.7 Platelet adhesion

The prepared films were placed in a 24-well plate,

immersed in PBS for 2 h, and 1 mL of human platelet-rich

plasma was added to each well and cultured at 37 �C for

2 h. After washing with PBS, films were treated with 2%

Triton-X solution (Sigma Aldrich) for 30 min. To quantify

the activity of adhered platelets, PierceTM LDH Cytotoxi-

city Assay kit (Thermo Scientific) was used as following

the distributor’s instruction. The absorbance at 490 nm was

measured with a multi-plate reader (Thermo Multiskan

spectrum, Thermo Scientific).

3 Results and discussion

3.1 Characterizations of synthesized SPU and SIPU

Two types of zwitterionic polyurethane (zPU) additives,

sulfobetaine polyurethanes (SPU) and sulfobetaine isosor-

bide polyurethanes (SIPU), were synthesized via our opti-

mized protocol. Furthermore, four different metal ions

(Ag?, Zn2?, Cu2?, Ce4?) coordination was conducted to

prepare the biocidal metal ions conjugated SPU and SIPU

additives. The fabricated SPU, SIPU, and metal ions

complexed SPU and SIPU were systematically investigated

by FT-IR and 1H-NMR. FT-IR data shows the character-

istic peak at 1730 cm-1 of C=O stretching vibration, sug-

gesting the formation of urethane bond of SPU and SIPU.

The characteristic peak appearing at 1038 cm-1 indicates

the presence of SO3
- groups and the quaternary ammo-

nium adsorption band was detected at 967 cm-1, which

demonstrates the successful incorporation of sulfobetaine

groups to the polyurethane backbone [28, 29]. Figure 2

shows the 1H-NMR spectra of SPU and SIPU. The peaks

appearing at 9.86 ppm is assigned as N–H bonding. The

presence of sulfobetaine moiety was indicated by reso-

nance signals at 3.35 ppm attributing to = N?–CH3 and

3.17 ppm, 2.50 ppm, and 2.12 ppm, corresponding to the

proton signal from the –CH2 (Fig. 2A) [30]. Moreover, as

shown in the Fig. 2B, the appearance of the new peak at

4.71 ppm, 5.13 ppm, and 4.09 ppm ascribing the proton

signals from the –CH and - CH2, indicating the successful

incorporation of isosorbide to the SIPU backbone [31].

After verifying the fabrication of SPU and SIPU, the

amount of complexed metal ions was confirmed by the

elemental analysis. Table 1 shows the elemental analysis

results of C, H, N, O, S and metal ions in zPU complex-

ation additives, in which C%, H%, N%, O% and S%

exhibit the atomic percentage of carbon, hydrogen, nitro-

gen and sulfur atoms, respectively. The result related to S%

shows that zwitterion was introduced into polyurethane and

each metal% indicates that metal ions were successfully

complexed with zPU additives. It was confirmed that

zwitterion and metal ions were incorporated to the poly-

urethane backbones via the elemental composition of

additives.

Thermal properties containing thermal phase transition

and thermal stability were experimented with DSC. DSC

thermograms of zPUs and zPUs complexed with metal ions

were exhibited in Fig. 3. SPU and SIPU have the glass

transition temperature (Tg) around - 50 �C and - 52 �C,
indicating that these exhibit high elasticity at low temper-

ature because the molecular interaction between amine

group and urethane group can be weakened by sulfopropyl

group. The Tg of SIPU containing isosorbide was little

lower than SPU without isosorbide, meaning that isosor-

bide caused slight phase separation due to lowered linearity

of chain [32]. After introducing metal ions into zPUs, The

Tg lowered to - 32 * - 30 �C, showing higher Tg than

corresponding that of zPUs. Complexed metal ions sig-

nificantly increased the segmental mobility of zPUs chains,

and the Tg differences between metal ions were nearly not

observed.

3.2 Thermal property of zPUs-blended PVC films

Figure 4 shows DSC thermograms of additives-blended

PVC and neat PVC films. Neat PVC film exhibited the

glass transition temperature (Tg) at 80 �C. PVC/SPU3,

PVC/SPU10, PVC/SIPU3, and PVC/SIPU10 showed Tg at

around 78 �C, 77 �C, 78 �C, and 75 �C, respectively. It
was demonstrated that Tg decreases, thereby the elasticity

of the base polymer improves as the content of zPUs

increases [33]. These results show that zPU additives affect

intermolecular interactions of PVC and the reason of this

phenomenon is the interaction between PVC backbones

and zwitterionic segments which influences the mobility of

polymer chains. Therefore, zPUs changed Tg from 80 to

77 �C, making it suitable for blending with base polymer in

terms of material mechanics. In addition, the Tg of PVC/

SIPU10 is lower than that in PVC/SPU10 probably because

of the effect of isosorbide behaving as a plasticizer [34].
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3.3 Surface wettability of zPUs-blended PVC films

The water contact angle of blended films was measured to

characterize the surface wettability because it is an

indicative parameter for anti-fouling effect [22]. Contact

angles of bare PVC and blended PVC films containing

zPUs or zPUs with metal ions are showed in Fig. 5. Con-

tact angles of blended films gradually decrease as the

Fig. 2 1H NMR spectra of A SPU and B SIPU
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amount of SPU and SIPU additives increases. This is

because the presence of zPUs made the surface to be

hydrophilic. For all films, hydrated state has lower contact

angles than dried state. It means that blended PVC and

even PVC only could be hydrated to contain water mole-

cules and the water swollen PVC and blended PVCs were

hydrophilic than dried those [35]. Furthermore, it can be
confirmed that zwitterion functional groups of bulk

Fig. 3 DSC thermograms of the A SPU, (a-1) SPU/Ag, (a-2) SPU/Zn,

(a-3) SPU/Cu, (a-4) SPU/Ce, B SIPU, (b-1) SIPU/Ag, (b-2) SIPU/Zn,

(b-3) SIPU/Cu, and (b-4) SIPU/Ce

Fig. 4 DSC thermograms of A neat PVC, B PVC/SPU3, C PVC/

SPU10, D PVC/SIPU3, and E PVC/SIPU10

Fig. 5 Water contact angle of films with additives contents

Table 1 Elemental analysis of zPU additives complexed with metal

ions

Product Elemental composition (%)

C H N O S Metal

SPU 61.57 6.68 9.97 14.81 6.96 –

SPU_Ag 59.15 5.76 9.75 17.42 3.23 4.69

SPU_Zn 57.89 5.78 9.06 19.71 4.94 2.62

SPU_Cu 43.80 5.42 6.83 29.25 6.91 7.79

SPU_Ce 58.02 5.77 9.71 19.76 3.18 3.56

SIPU 58.59 6.34 8.39 19.03 7.65 –

SIPU_Ag 55.41 5.68 8.43 22.07 3.08 5.34

SIPU_Zn 56.31 5.82 8.09 23.19 3.35 3.25

SIPU_Cu 39.39 5.11 5.90 31.37 5.87 12.36

SIPU_Ce 55.48 5.67 8.98 21.24 3.54 5.09
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modified film were oriented toward the surface to maxi-

mize the hydrophilicity under hydration conditions [36].

The films blending with zPU additives complexed with

metal ions (SPU_metal and SIPU_metal samples) had a

relatively lower hydrophilicity than films containing non-

metal zPU additives because metal ions complexed with

zwitterions influence balanced charge group, which could

affect the hydrophilicity. Meanwhile, after releasing metal

ions, it would be expected that the zPUs complexed with

metal ions also exhibit high hydrophilicity and anti-fouling

effect.

3.4 Anti-fouling effect of zPUs-blended PVC films

The protein resistance of the films has been examined by

use of fibrinogen and bovine serum albumin (BSA), which

play a vital role in evaluating the anti-fouling effect [37].

The adsorbed fibrinogen amount was determined by using

the micro-BCA protein assay reagent kit (Fig. 6A, B) and

FITC-labeled fibrinogen adsorption on films was attempted

to confirm protein adsorption resistance (Fig. 6C). The

fluorescein intensity of films decreased with increasing

additives composite on the film, which is associated with

the reduced deposition of the fibrinogen on the surface.

Quantitative results showed that the amount of fibrinogen

adsorbed compared to bare film substantially decreased by

about 90% when zPU additives were added. These results

indicate that films blended with additives have fibrinogen

and better anti-fouling properties compared with the bare

PVC film. Moreover, this tendency was consistent with the

graph showing the hydrophilicity (Fig. 5) and the correla-

tion of anti-fouling effects could be verified once again

[38].

FITC-labeled BSA adsorption was also experimented to

evaluate the protein adsorption resistance. When adsorbed

BSA was analyzed quantitatively, it was found that the

adsorbed amount onto the treated film was gradually

reduced by up to about 90% with increasing concentration

of zPUs as compared with the bare film (Fig. 7A, B).

Figure 7C shows the results that fluorescein intensity of

films decreased with increasing additives composite on the

film. Taking the results of protein adsorption into consid-

eration, all the films containing additives have better anti-

fouling effects than the bare PVC [16]. The amount of

adsorbed fibrinogen and BSA substantially decreased with

increasing content of the zPU additives in the films.

However, the films processed with zPU additives com-

plexed with metal ions showed different results, which was

decreased anti-fouling effect due to metal ion complexed

with zwitterion functional group. This is in the same con-

text in which the metal ions combine with the zwitterion

functional group, thus weakening the hydrophilicity of the

material. However, after releasing metal ions, the zPUs

combined with metal ion complex are expected to exhibit

high protein adsorption resistance again as the water

molecules would be attracted by a zwitterionic chains

contained in polyurethane. For this reason, it is considered

that the proteins are hardly approachable to the surface, and

the improved antifouling property will be imparted to the

bulk materials. Better hydrophilicity and inhibition of

protein adsorption are expected to help inhibit thrombus

formation.

3.5 Platelet adhesion on zPUs-blended PVC films

The lactate dehydrogenase (LDH) assay has been reported

to provide a useful approach to research platelet activation

adhesion on surface in vitro [39]. The LDH assay is one of

the quantification methods that can detect adherent and

activated platelets. Cellular integrity is indicated by rou-

tinely monitoring leakage of lactate dehydrogenase (LDH),

a relatively stable cytoplasmic enzyme. LDH is normally

stored within platelets and other blood cells. Therefore, the

released LDH corresponds to the number of attached cells

when the platelets were adhered to the polymer surface and

the activity of LDH can be measured platelet activation and

used to quantify platelet adhesion [40]. A graph comparing

films using this LDH analysis method is shown in Fig. 8. It

can be shown that zPU additives blended films exhibited

lower platelet adhesion than non-treated PVC film. The

platelet adhesion on surface tended to decrease with

increasing SPU and SIPU concentration due to the anti-

fouling effect of zwitterionic chains [16, 22, 41]. Further-

more, quantitative analysis of platelet adhesion showed that

zPUs complexed with metal ions blended films also exhi-

bits lower platelet adhesion than untreated PVC film.

However, in the case of metal complexed films, the number

of platelets adhered was equal to or slightly higher than the

zPUs-blended films due to reduced hydrophilicity and anti-

fouling effects, as noted in the preceding results. It could

also be a reason that the surfaces of metal complexed films

are more topographically complicated. However, after

release of metal ions, zPUs are expected to perform low

platelet adhesion. Eventually, it will be helpful to prevent

protein adsorption on the film surface and to improve its

anti-thrombus. The plasma protein adsorption is the first

event in which a biomaterial contacts with blood in human

body, accompanying platelet adhesion and activation. To

our knowledge, the anti-fouling is the best strategy to

reduce the adsorption of plasma proteins, especially fib-

rinogen closely related to the adhesion and activation of

platelets. In this regard, the anti-fouling is different from

anti-adhesion of cells such as platelets and bacteria.

42 Tissue Eng Regen Med (2022) 19(1):35–47

123



Fig. 6 Fibrinogen adsorption.

The quantified protein

adsorption of fibrinogen on

A SPU and B SIPU blended

PVC films complexed with

metal ions. C Fluorescence

intensity and fluorescence

microscopy images of

fibrinogen adhesion on bare

PVC and modified PVC films

(bar = 200 lm)
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Fig. 7 Fibrinogen adsorption.

The quantified protein

adsorption of bovine serum

albumin (BSA) on A SPU and

B SIPU blended PVC films

complexed with metal ions.

C Fluorescence intensity and

fluorescence microscopy images

of BSA adhesion on bare PVC

and modified PVC films

(bar = 200 lm)
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Fig. 8 LDH quantitative results

and adhesion morphology for

the comparison of adhered

platelets on PVC film surfaces

blended with A, C SPU and B,
D SIPU additives
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4 Conclusion

We have synthesized zwitterionic polyurethanes (zPUs) by

combination of various components and zPUs complexed

with metal ions. Zwitterion group was prepared by reaction

with 1,3-propane sultone and N-methyldiethanolamine

(MDEA) and metal ions were incorporated into sulfobe-

taine chains via molecular complexation. The zPUs and

zPUs complexed with metal ions were characterized by

FT-IR, 1H NMR, and elemental analysis to confirm the

successful synthesis. Water contact angle demonstrated

that the introduction of zwitterion group has improved

hydrophilicity of polyurethanes dramatically. Protein

adsorption showed that zPUs and zPUs complexed with

metal ions could prevent protein adsorption effectively on

the surface. In addition, platelet adhesion analysis exhib-

ited that zPUs and metal ion complexed zPUs could per-

form anti-thrombus effect on the surface of base polymer.

As a result, the initial hydrophilicity and anti-fouling

properties of metal ion complexed surface are slightly

lowered, but after the metal ions are released showing

antimicrobial effect, the hydrophilicity will be exhibited

due to internal zwitterion chain, and it will show high

resistance to protein and platelet. With further studies, the

synthesized zPUs and zPUs complexed with metal ions are

expected to be used as good biomaterials in biomedical

fields. Based on our results, we can carefully estimate that

the enhanced anti-fouling effect contributed to reduced

platelet adhesion. However, this is not directly correlated

with anti-bacterial effect due to reduced adhesion of

bacteria.
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