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ABSTRACT 

Aside from the low-flux issue, biocompatibility of hemodialysis membrane is 

another leading cause of mortality among end-stage renal disease (ESRD) patients due 

to increased oxidative stress and thrombus formation that led to cardiovascular disease 

(CVD). Hence, the main objective of this study is to develop an antioxidant and 

antithrombotic polysulfone (PSF) based hollow fibre membrane (HFM) for effective 

uremic toxins removal. A hydrophilic chitosan nanoparticle (CNP) was first 

synthesized via ionic gelation method. Using diallyl disulfide (DADS), a novel 

CNP/DADS complex was formed through simple complexation steps with ionic 

gelation method. The formation of the nanoparticle complex was confirmed by 1H 

nuclear magnetic resonance (H-NMR), attenuated total reflectance-Fourier transform 

infrared (ATR-FTIR), differential scanning calorimetry (DSC), X-ray diffraction 

(XRD) and UV–Vis. An antioxidant, biocompatibility and antithrombotic properties 

were conducted, where the effect of DADS addition was evaluated. Both CNP and 

CNP/DADS showed antioxidant activity where the scavenging capacity against nitric 

oxide (NO) and hydrogen peroxide (HP) was superior in 1.0 mg/ml CNP/DADS with 

29.4% and 32.8%, respectively. CNP/DADS showed a low hemolysis rate of <1% and 

complement the C3a and C5a activation that demonstrated its biocompatibility. The 

prolonged APTT and PT with no observation of platelet aggregation as compared to 

CNP also demonstrated the CNP/DADS antithrombotic properties. In the next step, 

0.1 wt.%, 0.3 wt.% and 0.5 wt.% of CNP and CNP/DADS were immobilized into PSF. 

The HFM were spun with different spinning air-gap. The result showed that PSF HFM 

with 0.3 wt.% CNP spun at 50 cm air-gap produced the highest KUF of 116 

ml/m2.h.mmHg, 95.7% BSA rejection and 85% of urea, creatinine 66%, and lysozyme 

43% clearance. The promising results were due to the increased in hydrophilicity and 

improved morphological structure of the membrane with higher porosity and thinner 

membrane skin layer. At a higher CNP concentration of 0.5 wt. %, the KUF value of 

HFM dropped by 23% which was affected by a thicker outer skin layer and lower 

porosity. Compared to CNP immobilized PSF HFM, CNP/DADS immobilized PSF 

HFM showed a reduction in KUF value due to poorly dispersed agglomerated 

nanoparticles that created denser HFM morphological structure. Nevertheless, the 

membrane performances still meet the high-flux standards. The CNP/DADS 

immobilized PSF HFM demonstrated enhanced biocompatibility by exhibiting a lower 

hemolysis rate of <1%, lower protein adsorption and platelet adhesion and induced 

less complement C3a and C5a activation. It also significantly (P<0.001) prolonged 

APTT and PT test value which indicated the enhancement of antithrombotic 

properties. The CNP/DADS also promoted higher antioxidant properties for PSF HFM 

compared to CNP. The CNP/DADS immobilized PSF HFM displayed higher 

antioxidant activity against nitric oxide and hydrogen peroxide, by having scavenged 

percentages of 26.7% and 20.6%, respectively, compared to CNP with 4.1% and 2.7%. 

The findings of this study evidenced that PSF HFM with excellent antioxidant and 

antithrombotic properties has been successfully developed. The membrane can be 

potentially used for the safe and effective removal of uremic toxins in hemodialysis.  
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ABSTRAK 

Selain daripada isu fluks rendah, bioserasi membran hemodialisis juga 

merupakan penyebab utama kepada kematian di kalangan pesakit buah pinggang tahap 

akhir (ESRD) disebabkan oleh peningkatan tekanan oksidatif dan pembentukan 

trombus yang membawa kepada penyakit kardiovaskular (CVD). Oleh itu, objektif 

utama kajian ini adalah untuk membangunkan membran gentian berongga (HFM) 

berasaskan polysulfona (PSF) yang mempunyai ciri-ciri antioksida dan antitrombotik 

untuk penyingkiran toksin uremik yang berkesan. Nanopartikel kitosan (CNP) 

disintesis melalui kaedah gelilasi ionik dan dikompleks dengan diallyl disulfida 

(DADS) dan disahkan dengan 1H resonans magnetik nuklear (H-NMR), inframerah 

transformasi total reflektansi-fourier (ATR-FTIR), kalorimetri pengimbasan 

pembezaan (DSC), pembelauan sinar-X (XRD) dan UV-Vis. Penilaian kesan 

penambahan DADS terhadap antioksida dan antitrombotik telah dijalankan. Kedua-

dua CNP dan CNP/DADS menunjukkan kesan antioksida, namun pada kepekatan 1.0 

mg/ml, CNP/DADS menjerap nitrik oksida (NO) dan hidrogen peroksida (HP) pada 

peratusan lebih tinggi dengan masing-masing pada kadar 29.4% dan 32.8%. 

CNP/DADS juga memiliki kadar hemolisis dan pengaktifan C3a dan C5a  yang 

rendah. Pemerhatian terhadap APTT yang berpanjangan dan PT tanpa penggumpalan 

platelet menunjukkan sifat antitrombotik berbanding CNP. Seterusnya, CNP dan 

CNP/DADS dengan kepekatan 0.1 wt.%, 0.3 wt.% dan 0.5 wt.% telah dimasukkan ke 

dalam PSF, seterusnya pemintalan HFM dilakukan dengan jurang udara yang berbeza. 

Dapatan kajian ditunjukkan oleh PSF HFM dengan 0.3 wt.% CNP dipintal pada jurang 

udara 50 cm menghasilkan KUF tertinggi  dengan 116 ml/m2.h.mmHg, juga penolakan 

BSA sebanyak 95.7% dan pelepasan 85% urea , 66% kreatinin, dan lisozim (43%). Ini 

disebabkan oleh peningkatan sifat hidrofilik dan struktur morfologi membran yang 

lebih baik dengan liang yang lebih banyak dan lapisan kulit membran yang lebih nipis. 

Pada kepekatan 0.5 wt. % CNP, nilai KUF HFM menurun sebanyak 23% dipengaruhi 

oleh lapisan kulit luar yang lebih tebal dan liang yang lebih sedikit. Berbanding dengan 

PSF HFM yang dimasukkan dengan CNP, PSF HFM dengan CNP/DADS 

menunjukkan pengurangan dalam prestasi membran tetapi masih dalam piawaian fluks 

tinggi, disebabkan oleh nanopartikel tergumpal dengan penyerakan kurang baik lalu 

menghasilkan struktur morfologi HFM yang lebih padat. Walau bagaimanapun, PSF 

HFM yang dimasukkan dengan CNP/DADS menunjukkan peningkatan bioserasi 

dengan kadar hemolisis yang lebih rendah <1%, penjerapan protin dan lekatan platlet 

serta pengaktifan komplemen pengaktifan C3a dan C5a yang lebih rendah. Ia juga 

secara signifikan (P<0.001) memanjangkan nilai ujian APTT dan PT yang 

menunjukkan peningkatan sifat antitrombotik. PSF HFM dengan CNP/DADS juga 

menujukkan sifat antioksida yang lebih tinggi berbanding dengan CNP. PSF HFM 

dengan CNP/DADS menunjukkan aktiviti antioksida yang lebih tinggi terhadap nitrik 

oksida dan hidrogen peroksida, dengan pengurangan masing-masing sebanyak 26.7% 

dan 20.6%, berbanding CNP dengan 4.1% dan 2.7%. Hasil kajian ini menunjukkan 

bahawa PSF HFM dengan sifat antioksida dan antitrombotik telah berjaya 

dibangunkan. Membran yang dihasilkan adalah selamat dan berkesan bagi tujuan 

penyingkiran toksin uremik  untuk hemodialisis. 
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CHAPTER 1  
 

 

 

INTRODUCTION 

1.1 Research Background 

The kidneys are an important organ in the human body. It helps to keep body 

hemostasis balanced by maintaining body fluid and chemicals, and also removes toxins 

and waste (Tortora and Derrickson, 2009). When the human kidneys discontinue their 

normal functions, it leads to toxic waste retention in the body. The prolonged kidney 

failure eventually leads to end-stage renal disease (ESRD). The life of ESRD patients 

depends on renal replacement therapy, either dialysis (peritoneal or hemodialysis) or 

kidney transplantation.  Hemodialysis is the common choice of ESRD treatment since 

kidney transplant is expensive and scarcity of kidneys due to the lack of organ donors. 

Based on the 26th Report of the Malaysian Hemodialysis and Transplant Registry 2018, 

in 2018 there were 39353 patients receiving hemodialysis in Malaysia, and a higher 

percentage of these patients are on hemodialysis therapy (Wong and Goh, 2018).  

Hemodialysis is a highly successful life-saving and life-sustaining therapy for ESRD 

patients (Vilar & Farrington, 2011). Unfortunately, although hemodialysis may help 

some patients to sustain their life, a significant number of patients receiving 

hemodialysis treatment was reported to suffer from cardiovascular disease which led 

to a fatality. The phenomenon is associated with toxin accumulation in the body 

resulting from inadequate removal of organic waste, hemodialysis-induced oxidative 

stress, and membrane-induced inflammation. Therefore, improvements in 

hemodialysis have been focused on the development of biocompatible antioxidant 

dialyzer membranes (Chen et al., 2014).   

In hemodialysis, the dialyzer is the most important part that plays a role in 

purifying blood and determining the outcome of the hemodialysis process.  The 

dialyzer consists of a semipermeable hollow fibre membrane  (HFM) packed in a 

cylindrical tube that keep blood flowing through its lumen and separate the blood and 

dialysate compartment that flow in opposite direction (Mitra and Mitsides, 2016). In 
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the earlier days, hemodialysis membranes were made of cellulosic based membranes 

such as cuprophane and cellophane (Gautham et al., 2013; Ahmad, 2009). However, 

due to the biocompatibility issue and poor performances, the cellulosic membrane was 

considered clinically unfavourable (Hakim, 1993). Therefore, synthetic membranes 

were the next to be introduced to improve membrane capabilities to uremic solutes and 

biocompatibility (Humes, Fissell and Tiranathanagul, 2006). Synthetic membranes 

such as polyamide, polymethylmethacrylate (PMMA), polyethersulfone (PES), 

polysulfone (PSF) and polyacrylonitrile (PAN) are generally more biocompatible 

compared to the cellulose-based membrane, have higher hydraulic permeability 

(Ahmad, 2009). These polymers can be spun into hollow fibres with various pore sizes 

and molecular weight cut-offs to allow the good removal of large molecules such as 

β-microglobulin (Kerr and Huang, 2010). However, the hydrophobic nature of most 

of these polymers requires the use of hydrophilic additives to avoid too much protein 

adsorption during membrane-blood contact (Gautham et al., 2013).  

The PSF-based membrane has been increasingly used in the medical field 

owing to its good mechanical and chemical properties (Wenten et al., 2016).  Despite 

having excellent properties, the PSF membrane has shown some drawbacks when in 

contact with blood during the hemodialysis process that affected its biocompatibility 

(Bowry, Gatti and Vienken, 2011). A study by Koga et al. (2018) on various PSF-

based membranes showed that the fibrinogen adsorption on the membrane surfaces 

has led to platelet adhesions and oxidative stress production. The most common way 

to improve the commercially used PSF membrane performances was by immobilizing 

hydrophilic polymers such as polyvinylpyrrolidone (PVP K90) (Hayama et al., 2004). 

PVP improved the membrane’s biocompatibility by increasing its hydrophilicity 

which help to reduce the adsorption of fibrinogen (Higuchi et al., 2002). 

Immobilization of PVP K90 into PSF based hollow fibre membrane (HFM) has been 

shown to improve the water flux of membranes and uremic toxins removal (Said, 

Hasbullah, Ismail, Abidin, et al., 2017).  

 

To provide a safe hemodialysis process without a blood clot, anticoagulant 

such as heparin is administered (Mitra and Mitsides, 2016). Therefore, some 

researchers have attempted anticoagulants such as heparin (Tang et al., 2012; Gao, Liu 

and Xue, 2014; Morena et al., 2010), citric acid (Li et al., 2012; Zailani et al., 2017) 
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and (Li et al., 2017) to improve membrane blood compatibility. The immobilization 

of this anticoagulant introduces functional groups such as hydroxyl, amino, carboxy, 

and sulfonic acid groups which interact with the coagulation pathway to disrupt blood 

coagulation formation (Wenten et al., 2016).  Hence, the use of anticoagulant materials 

can serve as a promising approach to develop an antithrombotic membrane for 

hemodialysis. 

 

Over the years, much progress has been made to overcome hemodialysis-

induced oxidative stress through several modifications to improve the antioxidant 

properties of PSF membranes. The most frequently used approach is by introducing 

antioxidants such as vitamin E and linoleic acid into hemodialysis membranes (Mydlík 

et al., 2004). Dahe et al. (2011) introduced D-α-tocopheryl polyethylene glycol (PEG) 

1000 succinate (TPGS) to modify PSF-based copolymer membrane demonstrated an 

improved in vitro biocompatibility and filtration performance of the modified 

hemodialysis membrane. Recently, Kohlová et al. (2020) reported that the doping PSF 

membrane with α-tocopherol and α-lipoic acid not only inhibited oxidative stress but 

also improved the in vitro antioxidant activity. Chang et al. (2009) grafted Diallyl 

disulfide (DADS) onto PSF flat sheet surface and successfully improved membrane’s 

protection against oxidative stress besides demonstrated anticoagulant properties. 

DADS is the most stable garlic-derived organosulfur compound (S. M. Kim et al., 

2014) that possesses antimicrobial, antioxidant, anticarcinogenic (Lu et al., 2011; 

Songsungkan and Chanthai, 2014; Bayan, Koulivand and Gorji, 2014) and also 

demonstrated antithrombotic properties (Chan et al. 2002). 

 

Chitosan nanoparticles (CNP) is a natural non-toxic biopolymer that possesses 

good biocompatibility, biodegradability and antimicrobial properties and with low 

immunogenicity (Pillai, Paul and Sharma, 2009). Owing to these properties, CNP can 

make a great material for hemodialysis application when they are immobilized into the 

PSF membrane. The immobilization of chitosan and CNP into PSF flat-sheet 

membranes has shown promise in improving the membrane’s hydrophilicity and 

ultrafiltration performances as well as the antifouling properties (Kumar et al., 2013a; 

Liu and Pan, 2014; Sangeetha, Kandaswamy and Vijayalakshmi, 2016). To improve 

CNP antioxidant and antithrombotic properties, the CNP was used to form complex 

with DADS via simple complexation steps (Pirak, Jangchud and Jantawat, 2012). The 
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synthesized nanoparticle CNP and CNP//DADS was characterized and its antioxidant, 

blood compatibility and antithrombotic properties were assessed. then immobilized 

into PSF polymer dope solution to fabricated HFM. This study was aimed to develop 

an antioxidant and antithrombotic PSF HFM by immobilizing CNP and CNP/DADS 

dope solution which then fabricated through non-solvent induced phase inversion 

(NIPS) dry-wet jet spinning method. The feasibility of CNP and CNP/DADS for the 

development of nanocomposite HFM for hemodialysis application was evaluated 

based on several important aspects including ultrafiltration coefficient (KUF), uremic 

toxins removal, antioxidant, blood compatibility and antithrombotic properties. 

1.2 Problem Statement 

Despite its popularity in hemodialysis application, the hydrophobic nature of 

PSF based membrane is still the major issue that leads to membrane bio-

incompatibility. The hydrophobicity of the PSF membrane caused adsorption and 

deposition of proteins and platelets, also activated blood cells which often cause 

thrombus formation and blood coagulation (Zhu et al., 2017). The incorporation of 

hydrophilic additives such as PVP has been implemented to improve the 

biocompatibility of the PSF membrane. Although most PSF/PVP blend membranes 

showed good biocompatibility properties, the blood clot or thrombosis caused by the 

membrane is still the main issue (Gorbet and Sefton, 2004). A study by Oshihara et al. 

(2017) demonstrated that the amount of incorporated amount of  PVP had no 

significant effect on the platelet adhesion on the membrane surfaces similar to 

conventional PSF membrane. This indicated the insufficient antithrombogenicity of 

PVP to prevent blood clots, hence, a new hydrophilic polymer is desired to develop an 

antithrombotic hemodialysis membrane. 

 

To prevent blood coagulation or thrombus formation on the membrane during 

hemodialysis and provide safe therapy, an anticoagulant such as heparin was 

administered but it led to other severe bleeding problems. Hence, minimizing heparin 

usage is a quest in hemodialysis membrane research by developing an antithrombotic 

hemodialysis membrane grafted with an antithrombotic agent or heparin-grafted 
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polymer (Canaud, 2021). HepAN-AN69ST (heparin-grafted AN69), a PAN-based 

membrane, is one of the earliest available commercial hemodialysis membranes that 

are used to reduce heparin dose during hemodialysis.  However, due to its symmetric 

dense morphological structure, the membrane is only available as a low-flux 

hemodialysis membrane. Evodial developed modified HeprAN that was designed for 

a high-flux hemodialysis has reduced 30% heparin usage in hemodialysis treatments 

(Morena et al., 2010). However, a recent study by Zweigart et al. (2017) indicated that 

albumin losses for Evodial hemodialyzer used in therapy were recorded at  2.2 to 15.5 

g per 4-hour session which is above the accepted average dialyzer albumin removal 

rate of 4.3 g per hemodialysis session (Boschetti-De-Fierro et al., 2017).  

 

The activation of blood cells due to membrane bio-incompatibility is linked to 

the oxidative stress release found in ESRD patients on hemodialysis therapy. Increased 

production of oxidative stress-free radicals such as reactive oxygen species (ROS) and 

nitric oxide (NO) has led to deleterious effects such as cardiovascular disease (CVD) 

(Liakopoulos et al., 2017). One of the earliest approaches to reduce oxidative stress 

release is through the improvement of antioxidant properties in hemodialysis 

membrane using vitamin E to coated onto PSF membrane (Sasaki, 2006). However, 

the hydrophobicity of vitamin E which is coated on the inner surface of the hollow 

fibre may partially block and reduce the pore size present on the surface affect reducing 

membrane flux performances (Dahe et al., 2011). In addition, D’Arrigo et al. (2017) 

concluded that there is no substantial evidence supporting the utility of vitamin E 

coated membrane for enhancing oxidative stress and anti-inflammation in chronic 

hemodialysis patients, also did not influence membrane uremic toxins clearance 

(Kt/V). Hence, incorporating a hydrophilic antioxidant and antithrombotic material 

into the hemodialysis membrane should be the focus to improve membrane 

biocompatibility and antioxidant properties. 

 

To achieve excellent antioxidant and antithrombotic for better hemodialysis 

performances, a mixed matrix nanocomposite PSF HFM was developed. A novel 

CNP/DADS was immobilized into PSF HFM to enhance the antioxidant and 

antithrombotic properties of the membrane while enhancing its performance. CNP is 

a biocompatible, biodegradable, and hydrophilic biopolymer that exhibited excellent 

antioxidant properties (Supraja, Thiruchenduran and Prasad, 2018). However, CNP 
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exerts hemostatic properties which aggregate platelets and red blood cells to form a 

thrombus (Lima et al., 2015). DADS is a compound derived from garlic that exerts 

antithrombotic, antiplatelet, antimicrobial, antioxidant and anti-inflammatory (Chiang 

et al., 2006; Fujisawa et al., 2008). The previous study grafted DADS on a PSF flat 

sheet membrane and demonstrated prolonged APTT and PT which indicated improved 

antithrombotic properties (Chang et al., 2009), however, to coat DADS on the inside 

surface of HFM was challenging. Thus, in this study CNP/DADS complex was 

synthesized via a simple complexation step. The complex was then immobilized into 

PSF HFM to fabricate a mixed matrix nanocomposite membrane. Owing to the 

properties of the two compounds, the immobilization of the CNP/DADS complexes 

can enhance antioxidant, antithrombotic and hemodialysis performances of PSF HFM. 

1.3 Research Objective 

This study aims to develop HFM embedded with outstanding nanoparticles 

which can improve HFM performances, antioxidant, and antithrombotic properties. 

Therefore, this study was set out with the following objectives: 

 

1. To characterize and evaluate the antioxidant, blood compatibility and 

antithrombotic properties of synthesized CNP and CNP/DADS.  

 

2. To investigate the effect of spinning air-gap on morphological changes and 

hemodialysis performances of different concentration nanoparticles 

immobilized PSF HFM. 

 

3. To investigate the effect of a series of concentration nanoparticles immobilized 

PSF HSM on antioxidant, biocompatibility, and antithrombotic properties. 
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1.4 Scope of Study 

To achieve the above-mentioned objectives, the following scopes of studies 

have been outlined: 

 

1) Synthesis of CNP via ionic gelation method with ratio 1:0.8 of chitosan: TPP in of 

2% acetic acid. 

2) Complexation of CNP and DADS via simple complexation process with ratio 1:1 

of CNP: DADS in 1% acetic acid.  

3) Characterization of synthesized CNP and CNP/DADS via transmission electron 

microscopy (TEM), energy-dispersive X-ray spectroscopy (EDX), particle size 

analyser (PSA), particle zeta potential, 1H nuclear magnetic resonance (NMR), 

Attenuated Total Reflectance-Fourier-transform infrared spectroscopy (ATR-

FTIR), differential scanning calorimetry (DSC), X-ray diffraction (XRD), 

ultraviolet-visible spectroscopy near-infrared (UV-Vis), respectively. 

4) Evaluation of the antithrombotic properties of CNP and CNP/DADS based on the 

coagulation time in APTT and PT study. 

5) Preparation of dope solutions that consists of 18 wt% PSF, 3 wt%, PVP, and 

different nanoparticles (CNP and CNP/DADS) concentration i.e., 0.1 wt%, 0.3 

wt% and 0.5% in NMP as a solvent.  

6) Fabrication of PSF HFM via dry-wet non-solvent induced phase separation 

technique using dual orifice spinneret dimension of 0.55/0.8 mm, with water as 

internal and external coagulant; bore fluid flow rate at 1ml/min and dope extrusion 

rate at 1ml/ml; different air-gap at 30 cm and 50.  

7) Characterisation of HFM properties such as cross-section morphology using 

scanning electron microscopy (SEM), thermogravimetric analysis (TGA), contact 

angle using contact angle goniometer, zeta potential, water uptake and porosity, 

pore size and membrane functional group analysis using attenuated total reflection-

Fourier transform infrared (ATR-FTIR). 

8) Study of CNP, CNP/DADS and modified PSF HFM antioxidant activity via free 

radical scavenging assay of nitric oxide and hydrogen peroxide assay. 

9) Evaluation of the biocompatibility of the CNP, CNP/DADS and modified PSF 

HFM via protein adsorption, haemolysis assay, platelet adhesion and complement 

activation. 
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10) Evaluation of the antithrombotic properties of CNP, CNP/DADS and modified 

PSF HFM using coagulation time via APTT and PT study. 

11) Study of HFM hemodialysis performances using ultrafiltration coefficient (KUF), 

BSA rejection and clearance of uremic toxins (urea, creatinine, and lysozyme). 

1.5 Significance of Study 

This study explored the development of biocompatible, antioxidant and 

antithrombotic membranes for hemodialysis application. This study would make huge 

importance towards multiple fields of research which includes nanotechnology, 

biomaterial, membrane technology and nephrology. The primary outcome of the study 

would give benefit the scientific community in the sense of filling in the knowledge 

gap in those mentioned fields. The employment of biodegradable, biocompatible 

organic modified nanoparticles in hemodialysis membrane for example could 

gradually expand its potential in this medical-device application. The inventive 

approach which combined both unique properties of organic nanoparticles and 

versatility of the main polymer as a host showed huge potential to cope with the 

biocompatibility issues commonly faced by polymeric membranes. In addition, the 

research on hemodialysis membranes in Malaysia is still at premature stages and 

scarce, there is no industrial-scale initiative to employ local 

membrane technology experts for hemodialysis application. Hence, this novel 

the invention is believed to become a steppingstone that could provide a valuable 

information for membranologists and lead the way to further study. The aftermath of 

the study will also benefit the ESRD patients by providing an antioxidative and 

antithrombotic hemodialysis membrane that is capable and reliable to perform 

exceptional blood purification with minimal adverse effect and reducing the heparin 

usage during therapy. Hence, this research’s long-term target is to develop a locally 

made dialyser equipped with a highly efficient membrane to sustain the current 

demand, especially in Malaysia. Triggered by the general necessities of serving the 

social community, the study would attract industrial players that produce or supply 

medical devices and equipment as a platform to patent and market the 

product.    



 

143 

REFERENCES 

Ahmad, S. (2009). Manual of clinical dialysis 2nd Editio., New York: Springer. 

Alanazi, H., Nour, M. and Hussain, M.A. (2020). Surface Nano-Characterization of 

Dialysis Membranes for Quality Purpose. Middle East Conference on Biomedical 

Engineering, MECBME.  2020-Octob, 2020–2023. 

Ali, M.E.A., Aboelfadl, M.M.S., Selim, A.M., Khalil, H.F. and Elkady, G.M. (2018). 

Chitosan nanoparticles extracted from shrimp shells, application for removal of 

Fe(II) and Mn(II) from aqueous phases. Separation Science and Technology 

(Philadelphia).  53(18), 2870–2881. 

Álvarez-de Lara, M.A. and Martín-Malo, A. (2014). Hypersensitivity reactions to 

synthetic haemodialysis membranes - an emerging issue? Nefrologia.  34(6), 17–

20. 

Amaral, L., Silva, D., Couto, M., Nunes, C., Rocha, S.M., Coimbra, M.A., Coimbra, 

A. and Moreira, A. (2016). Safety of chitosan processed wine in shrimp allergic 

patients. Annals of Allergy, Asthma and Immunology.  116(5), 462–463.  

Amiji, M.M. (1995). Permeability and blood compatibility properties of chitosan-

polyethylene oxide blend membranes for haemodialysis.  16(8), 593–599. 

Amiji, M.M. (1996). Surface modification of chitosan membranes by of anionic 

polysaccharides for improved blood compatibility in hemodialysis. Journal of 

Biomaterials Science, Polymer Edition.  8(4), 281–298. 

Anderson, J.M. (2012). Biocompatibility. Polymer Science: A Comprehensive 

Reference, 10 Volume Set.  9, 363–383. 

Anderson, J.M., Rodriguez, A. and Chang, D.T. (2008). Foreign body reaction to 

biomaterials. Seminars in Immunology.  20(2), 86–100. 

Anraku, M., Gebicki, J.M., Iohara, D., Tomida, H., Uekama, K., Maruyama, T., 

Hirayama, F. and Otagiri, M. (2018). Antioxidant activities of chitosans and its 

derivatives in in vitro and in vivo studies. Carbohydrate Polymers.  199(March), 

141–149.  

Anraku, M., Kabashima, M., Namura, H., Maruyama, T., Otagiri, M., Gebicki, J.M., 

Furutani, N. and Tomida, H. (2008). Antioxidant protection of human serum 

albumin by chitosan. International Journal of Biological Macromolecules.  43(2), 



 

144 

159–164. 

Anraku, M., Tanaka, M., Hiraga, A., Nagumo, K., Imafuku, T., Maezaki, Y., Iohara, 

D., Uekama, K., Watanabe, H., Hirayama, F., Maruyama, T. and Otagiri, M. 

(2014). Effects of chitosan on oxidative stress and related factors in hemodialysis 

patients. Carbohydrate Polymers.  112, 152–157.  

Antoniou, J., Liu, F., Majeed, H., Qi, J., Yokoyama, W. and Zhong, F. (2015). 

Physicochemical and morphological properties of size-controlled chitosan-

tripolyphosphate nanoparticles. Colloids and Surfaces A: Physicochemical and 

Engineering Aspects.  465, 137–146.  

Arepally, G.M. and Ortel, T.L. (2006). Heparin-Induced Thrombocytopenia. The New 

England Journal of Medicine.  355, 809–817. 

Aritomi, M. and Galli, F. (2011). Review of the Effectiveness of Cellulose- and 

Polysulfone-Based Vitamin E-Bonded Dialysis Membranes. Technical Problems 

in Patients on Hemodialysis.  (August 2014). 

Aucella, F., Vigilante, M. and Gesuete, A. (2010). Review: The effect of 

polymethylmethacrylate dialysis membranes on uraemic pruritus. NDT Plus.  

3(SUPPL. 1), 10–13. 

Azar, A.T. (2013)(a). Dialyzer Performance Parameters. In A. T. Azar (Ed.), ed. 

Modelling and Control of Dialysis Systems. Springer-Verlag Berlin Heidelberg, 

pp.379–425. 

Azar, A.T. (2013)(b). Modeling and Control of Dialysis Systems A. T. Azar (Ed.), ed., 

Springer-Verlag Berlin Heidelberg. 

Bagheri, B., Zarrintaj, P., Samadi, A., Zarrintaj, R., Ganjali, M.R., Saeb, M.R., 

Mozafari, M., Park, O.O. and Kim, Y.C. (2020). Tissue engineering with 

electrospun electro-responsive chitosan-aniline oligomer/polyvinyl alcohol. 

International Journal of Biological Macromolecules.  147, 160–169. 

Bagheri, B., Zarrintaj, P., Surwase, S.S., Baheiraei, N., Saeb, M.R., Mozafari, M., 

Kim, Y.C. and Park, O.O. (2019). Self-gelling electroactive hydrogels based on 

chitosan–aniline oligomers/agarose for neural tissue engineering with on-demand 

drug release. Colloids and Surfaces B: Biointerfaces.  184(October). 

Bajic, G., Yatime, L., Klos, A. and Andersen, G.R. (2013). Human C3a and C3a 

desArg anaphylatoxins have conserved structures, in contrast to C5a and C5a 

desArg. Protein science : a publication of the Protein Society.  22(2), 204–12.  

Balakrishna Prabhu, K., Saidutta, M.B., Isloor, A.M. and Hebbar, R. (2017). 



 

145 

Improvement in performance of polysulfone membranes through the 

incorporation of chitosan-(3-phenyl-1h-pyrazole-4-carbaldehyde). Cogent 

Engineering.  4(1).  

Balan, V. and Verestiuc, L. (2014). Strategies to improve chitosan hemocompatibility: 

A review. European Polymer Journal.  53(1), 171–188.  

Banerji, B. and Pramanik, S.K. (2015). Binding studies of creatinine and urea on iron-

nanoparticle. SpringerPlus.  4(1), 1–9. 

Bargnoux, A.S., Cristol, J.P., Jaussent, I., Chalabi, L., Bories, P., Dion, J.J., Henri, P., 

Delage, M., Dupuy, A.M., Badiou, S., Canaud, B. and Morena, M. (2013). 

Vitamin E-coated polysulfone membrane improved red blood cell antioxidant 

status in hemodialysis patients. Journal of Nephrology.  26(3), 556–563. 

Baura, G.D. (2012). Hemodialysis Delivery Systems. In Medical Device 

Technologies: A Systems Based Overview Using Engineering Standards. 

Massachusetts: Academic Press, pp.193–216. 

Bavanandan, S., Yap, Y.C., Ahmad, G., Wong, H.S., Azmi, S. and Goh, A. (2015). 

The Cost and Utility of Renal Transplantation in Malaysia. Transplantation 

Direct.  1(10), e45. 

Bayan, L., Koulivand, P.H. and Gorji, A. (2014). Garlic : a review of potential 

therapeutic effects. Avicenna Journal of Phytomedicine.  4(1), 1–14. 

Bender, E.A., Adorne, M.D., Colomé, L.M., Abdalla, D.S.P., Guterres, S.S. and 

Pohlmann, A.R. (2012). Hemocompatibility of poly(ε-caprolactone) lipid-core 

nanocapsules stabilized with polysorbate 80-lecithin and uncoated or coated with 

chitosan. International Journal of Pharmaceutics.  426(1–2), 271–279.  

Bernardo, A.A. and Leypoldt, J.K. (2012). Evolution of Dialyzer Designs. In T. S. Ing, 

M. A. Rahman, & C. M. Kjellstrand, eds. Dialysis: History, Development and 

Promise. World Scientific, pp.327–337. 

Bernkop-Schnürch, A. and Dünnhaupt, S. (2012). Chitosan-based drug delivery 

systems. European Journal of Pharmaceutics and Biopharmaceutics.  81(3), 

463–469. 

Bhattarai, N., Edmondson, D., Veiseh, O., Matsen, F.A. and Zhang, M. (2005). 

Electrospun chitosan-based nanofibers and their cellular compatibility. 

Biomaterials.  26(31), 6176–6184. 

Bieber, S.D. (2018). Hemodialysis Adequacy Fourth Edi., Elsevier Inc.  

Bodnar, M., Hartmann, J.F. and Borbely, J. (2005). Preparation and Characterization 



 

146 

of Chitosan-Based Nanoparticles. Biomacromolecules.  6, 2521–2527. 

Bonomini, M., Sirolli, V., Pieroni, L., Felaco, P., Amoroso, L. and Urbani, A. (2015). 

Proteomic investigations into hemodialysis therapy. International Journal of 

Molecular Sciences.  16(12), 29508–29521. 

Boschetti-De-Fierro, A., Beck, W., Hildwein, H., Krause, B., Storr, M. and Zweigart, 

C. (2017). Membrane Innovation in Dialysis. Contributions to Nephrology.  191, 

100–114. 

Bowry, S.K., Gatti, E. and Vienken, J. (2011). Contribution of polysulfone membranes 

to the success of convective dialysis therapies. Contributions to Nephrology.  173, 

110–118. 

Budi, S., Asih Suliasih, B., Rahmawati, I. and Erdawati (2020). Size-controlled 

chitosan nanoparticles prepared using ionotropic gelation. ScienceAsia.  46(4), 

457–461. 

Bugnicourt, L. and Ladavière, C. (2016). Interests of chitosan nanoparticles ionically 

cross-linked with tripolyphosphate for biomedical applications. Progress in 

Polymer Science.  60, 1–17.  

Cai, Q., Gu, Z., Chen, Y., Han, W., Fu, T., Song, H. and Li, F. (2010). Degradation of 

chitosan by an electrochemical process. Carbohydrate Polymers.  79(3), 783–

785. 

Canaud, B. (2021). Recent advances in dialysis membranes. Current opinion in 

nephrology and hypertension.  30(6), 613–622. 

Chan, K.C., Hsu, C.C. and Yin, M.C. (2002). Protective effect of three diallyl 

sulphides against glucose-induced erythrocyte and platelet oxidation, and ADP-

induced platelet aggregation. Thrombosis Research.  108(5–6), 317–322. 

Chan, K.C., Yin, M.C. and Chao, W.J. (2007). Effect of diallyl trisulfide-rich garlic 

oil on blood coagulation and plasma activity of anticoagulation factors in rats. 

Food and Chemical Toxicology.  45(3), 502–507. 

Chanard, J., Lavaud, S., Randoux, C. and Rieu, P. (2003). New insights in dialysis 

membrane biocompatibility: relevance of adsorption properties and heparin 

binding. Nephrology Dialysis Transplantation.  18, 252–257. 

Chang, L.S., Su, T.L., Yang, M.C. and Kung, F.C. (2009). Effect of Diallyl Disulfide 

Immobilization on the Immunoreaction of Polysulfone Membranes. Textile 

Research Journal.  80(11), 1038–1046. 

Chen, H.C., Lin, H.C., Chen, H.H., Mai, F.D., Liu, Y.C., Lin, C.M., Chang, C.C., Tsai, 



 

147 

H.Y. and Yang, C.-P. (2014). Innovative strategy with potential to increase 

hemodialysis efficiency and safety. Scientific reports.  4, 4425.  

Chen, Y., Ou, S. and Lin, C. (2022). Influence of Dialysis Membranes on Clinical 

Outcomes : From History to Innovation. Membranes.  12(152). 

Cheung, R.C.F., Ng, T.B., Wong, J.H. and Chan, W.Y. (2015). Chitosan: An update 

on potential biomedical and pharmaceutical applications, 

Chiang, Y.H., Jen, L.N., Su, H.Y., Lii, C.K., Sheen, L.Y. and Liu, C.T. (2006). Effects 

of garlic oil and two of its major organosulfur compounds, diallyl disulfide and 

diallyl trisulfide, on intestinal damage in rats injected with endotoxin. Toxicology 

and Applied Pharmacology.  213(1), 46–54. 

Chung, L.Y. (2006). The Antioxidant Properties of Garlic Compounds: Allyl Cysteine, 

Alliin, Allicin, and Allyl Disulfide. Journal of Medicinal Food.  9(2), 205–213.  

Chung, T., Xu, Z. and Lin, W. (1999). Fundamental Understanding of the Effect of 

Air-Gap Distance on the Fabrication of Hollow Fiber Membranes. Journal of 

Applied Polymer Science,.  72, 379–395. 

Clark, W.R., Dehghani, N.L., Narsimhan, V. and Ronco, C. (2019). Uremic Toxins 

and their Relation to Dialysis Efficacy. Blood Purification.  48(4), 299–314. 

Clark, W.R. and Gao, D. (2002). Properties of membranes used for hemodialysis 

therapy. Seminars in Dialysis.  15(3), 191–195. 

Clark, W.R., Hamburger, R.J. and Lysaght, M.J. (1999). Effect of membrane 

composition and structure on solute removal and biocompatibility in 

hemodialysis. Kidney International.  56(6), 2005–2015. 

Coombes, J.S. and Fassett, R.G. (2012). Antioxidant therapy in hemodialysis patients : 

a systematic review. Kidney International.  81(3), 233–246.  

D’Arrigo, G., Baggetta, R., Tripepi, G., Galli, F. and Bolignano, D. (2017). Effects of 

Vitamin E-Coated versus Conventional Membranes in Chronic Hemodialysis 

Patients: A Systematic Review and Meta-Analysis. Blood Purification.  43(1–3), 

101–122. 

Dahe, G.J., Teotia, R.S., Kadam, S.S. and Bellare, J.R. (2011). The biocompatibility 

and separation performance of antioxidative polysulfone/vitamin E TPGS 

composite hollow fiber membranes. Biomaterials.  32(2), 352–365.  

Eduok, U., Abdelrasoul, A., Shoker, A. and Doan, H. (2021). Recent developments, 

current challenges and future perspectives on cellulosic hemodialysis membranes 

for highly efficient clearance of uremic toxins. Materials Today Communications.  



 

148 

27(February). 

Ekdahl, K.N., Huang, S., Nilsson, B. and Teramura, Y. (2016). Complement inhibition 

in biomaterial- and biosurface-induced thromboinflammation. Seminars in 

Immunology.  28(3), 268–277.  

Eknoyan, G. (2009). The wonderful apparatus of John Jacob Abel called the “artificial 

kidney”. Seminars in dialysis.  22(3), 287–96.  

Errasfa, M., Batta, F.Z. and Sekkouri, K.A. (2016). Hemodialysis-associated 

Oxidative Stress : Comparison of Helixone ® and Polysulfone ® Dialyzer. 

Journal of Advances in Medical and Pharmaceutical Sciences.  7(1), 1–7. 

Fedel, M., Endogan, T., Hasirci, N., Maniglio, D., Morelli, A., Chiellini, F. and Motta, 

A. (2012). Blood compatibility of polymers derived from natural materials. 

Journal of Bioactive and Compatible Polymers.  27(4), 295–312.  

Ficheux, A., Ronco, C., Brunet, P. and Argilés, F. (2015). The ultrafiltration 

coefficient: This old “grand inconnu” in dialysis. Nephrology Dialysis 

Transplantation.  30(2), 204–208. 

Fischer, K.G. (2007). Essentials of anticoagulation in hemodialysis. Hemodialysis 

International.  11(2), 178–189. 

Fleming, G.M. (2014). Renal replacement therapy review. Organogenesis.  7(1), 2–

12.  

Fornaguera, C., Calderó, G., Mitjans, M., Vinardell, M.P., Solans, C. and Vauthier, C. 

(2015). Interactions of PLGA nanoparticles with blood components: protein 

adsorption, coagulation, activation of the complement system and hemolysis 

studies. Nanoscale.  7(14), 6045–6058.  

Fujisawa, H., Suma, K., Origuchi, K., Kumagai, H., Seki, T. and Ariga, T. (2008). 

Biological and chemical stability of garlic-derived allicin. Journal of Agricultural 

and Food Chemistry.  56(11), 4229–4235. 

Fukao, H., Yoshida, H., Tazawa, Y.I. and Hada, T. (2007). Antithrombotic effects of 

odorless garlic powder both in vitro and in vivo. Bioscience, Biotechnology and 

Biochemistry.  71(1), 84–90. 

Galli, F., Rovidati, S., Chiarantini, L., Campus, G., Canestrari, F. and Buoncristiani, 

U. (1998). Bioreactivity and biocompatibility of a vitamin E-modified multilayer 

hemodialysis filter. Kidney International.  54(2), 580–589. 

Gao, A., Liu, F. and Xue, L. (2014). Preparation and evaluation of heparin-

immobilized poly (lactic acid) (PLA) membrane for hemodialysis. Journal of 



 

149 

Membrane Science.  452, 390–399.  

Gao, Y. (2017). Correlated Effect of Air Gap and PVP Concentration on the Structure 

and Performance of PVDF Ultrafiltration Hollow Fiber Membrane. Journal of 

Membrane Science & Research.  3, 78–83. 

Gautham, A., Muhammed Javad, M., Manavalan, M. and Najeeb, M.A. (2013). 

Hemodialysis Membranes: Past, Present and Future Trends. International 

Research Journal of Pharmacy.  4(5), 16–19. 

Gessner, A., Lieske, A., Paulke, B.R. and Müller, R.H. (2002). Influence of surface 

charge density on protein adsorption on polymeric nanoparticles: Analysis by 

two-dimensional electrophoresis. European Journal of Pharmaceutics and 

Biopharmaceutics.  54(2), 165–170. 

Ghadi, A., Mahjoub, S., Tabandeh, F. and Talebnia, F. (2014). Synthesis and 

optimization of chitosan nanoparticles: Potential applications in nanomedicine 

and biomedical engineering. Caspian Journal of Internal Medicine.  5(3), 156–

161. 

Ghaemi, N., Daraei, P. and Akhlaghi, F.S. (2018)(a). Polyethersulfone nanofiltration 

membrane embedded by chitosan nanoparticles: Fabrication, characterization and 

performance in nitrate removal from water. Carbohydrate Polymers.  

191(February), 142–151.  

Ghaemi, N., Daraei, P. and Akhlaghi, F.S. (2018)(b). Polyethersulfone nanofiltration 

membrane embedded by chitosan nanoparticles: Fabrication, characterization and 

performance in nitrate removal from water. Carbohydrate Polymers.  

191(February), 142–151.  

Giri, N., Natarajan, R.K., Gunasekaran, S. and Shreemathi, S. (2011). 13C NMR and 

FTIR spectroscopic study of blend behavior of PVP and nano silver particles. 

Archives of Applied Science Research.  3(5), 624–630. 

Golper, T.A., Fissell, R., Fissell, W.H., Hartle, P.M., Sanders, M.L. and Schulman, G. 

(2014). Hemodialysis: Core Curriculum 2014. American Journal of Kidney 

Diseases.  63(1), 153–63.  

Gomathi, T., Prasad, P.S., Sudha, P.N. and Anil, S. (2017). Size optimization and in 

vitro biocompatibility studies of chitosan nanoparticles. International Journal of 

Biological Macromolecules.  104, 1794–1806.  

Gorbet, M.B. and Sefton, M. V (2004). Biomaterial-associated thrombosis: roles of 

coagulation factors, complement, platelets and leukocytes. Biomaterials.  25(26), 



 

150 

5681–703. 

Gour, N., Ngo, K.X. and Vebert-Nardin, C. (2014). Anti-infectious surfaces achieved 

by polymer modification. Macromolecular Materials and Engineering.  299(6), 

648–668. 

Hakim, R.M. (1993). Clinical implications of hemodialysis membrane 

biocompatibility. Kidney International.  44, 484–494. 

Hartvig, R.A., Van De Weert, M., Østergaard, J., Jorgensen, L. and Jensen, H. (2011). 

Protein adsorption at charged surfaces: The role of electrostatic interactions and 

interfacial charge regulation. Langmuir.  27(6), 2634–2643. 

Hayama, M., Yamamoto, K., Kohori, F. and Sakai, K. (2004). How polysulfone 

dialysis membranes containing polyvinylpyrrolidone achieve excellent 

biocompatibility? Journal of Membrane Science.  234(1–2), 41–49.  

Heinze, T. and Liebert, T. (2012). Celluloses and Polyoses/Hemicelluloses. In K. 

Matyjaszewski & M. Möller, eds. Polymer Science: A Comprehensive Reference. 

Elsevier B.V., pp.83–152.  

Higuchi, A., Shirano, K., Harashima, M., Yoon, B.O., Hara, M., Hattori, M. and 

Imamura, K. (2002). Chemically modified polysulfone hollow fibers with 

vinylpyrrolidone having improved blood compatibility. Biomaterials.  23(13), 

2659–2666. 

Higuchi, A., Sugiyama, K., Yoon, B.O., Sakurai, M., Hara, M., Sumita, M., Sugawara, 

S.I. and Shirai, T. (2003). Serum protein adsorption and platelet adhesion on 

pluronic-adsorbed polysulfone membranes. Biomaterials.  24(19), 3235–3245. 

Hoenich, N. a. (2004). Update on the Biocompatibility of Hemodialysis Membranes. 

Hong Kong Journal of Nephrology.  6(2), 74–78. 

Hoenich, N.A. (2007). Cellulose for Medical Applications:  Past, Present, and Future. 

BioResources.  1(2), 270–280.  

Hoenich, N.A., Woffindin, C., Turnbulls, J. and Sarah, J. (1997). Synthetically 

modified cellulose : an aiternative to synthetic membranes for use in 

haemodialysis?. Biomaterials.  18(19), 1299–1303. 

Hothi, D.K. and Geary, D.F. (2008). Pediatric Hemodialysis Prescription, Efficacy, 

and Outcome. In D. F. Geary & F. Schaefer, eds. Comprehensive Pediatric 

Nephrology. Philadelphia: Mosby, pp.867–893.  

Huang, H., Lai, W., Cui, M., Liang, L., Lin, Y., Fang, Q., Liu, Y. and Xie, L. (2016). 

An Evaluation of Blood Compatibility of Silver Nanoparticles. Scientific Reports.  



 

151 

6(May), 1–15.  

Huang, X.J., Guduru, D., Xu, Z.K., Vienken, J. and Groth, T. (2011). Blood 

Compatibility and Permeability of Heparin-Modified Polysulfone as Potential 

Membrane for Simultaneous Hemodialysis and LDL Removal. Macromolecular 

Bioscience.  11(1), 131–140.  

Hudson, D. and Margaritis, A. (2014). Biopolymer nanoparticle production for 

controlled release of biopharmaceuticals. Critical Reviews in Biotechnology.  

34(2), 161–179.. 

Humes, H.D., Fissell, W.H. and Tiranathanagul, K. (2006). The future of hemodialysis 

membranes. Kidney International.  69(7), 1115–1119.  

Irfan, Muhammad, Irfan, Masooma, Shah, S.M., Baig, N., Saleh, T.A., Ahmed, M., 

Naz, G., Akhtar, N., Muhammad, N. and Idris, A. (2019). Hemodialysis 

performance and anticoagulant activities of PVP-k25 and carboxylic-multiwall 

nanotube composite blended Polyethersulfone membrane. Materials Science and 

Engineering C.  103, 109769. 

Ismail, A.F., Abidin, M.N.Z., Mansur, S., Zailani, M.Z., Said, N., Raharjo, Y., Rosid, 

S.M., Othman, M.H.D., Goh, P.S. and Hasbullah, H. (2018). Hemodialysis 

membrane for blood purification process. In A. F. Ismail, M. A. Rahman, M. H. 

D. Othman, & T. Matsuura, eds. Membrane Separation Principles and 

Applications: From Material Selection to Mechanisms and Industrial Uses. 

Elsevier Inc., pp.283–314.  

ISO 10993-4:2017 (2017). Biological evaluation of medical devices — Part 4: 

Selection of tests for interactions with blood, Geneva: International Organization 

for Standardization. 

Jafary, F., Panjehpour, M., Varshosaz, J. and Yaghmaei, P. (2016). Stability 

improvement of immobilized alkaline phosphatase using chitosan nanoparticles. 

Brazilian Journal of Chemical Engineering.  33(2), 243–250. 

Jaffer, I.., Fredenburgh, J.., Hirsh, J. and Weitz, J.. (2015). Medical device-induced 

thrombosis: what causes it and how can we prevent it. Journal of Thrombosis and 

Haemostasi.  13(Suppl. 1), S72–S81. 

Jayakumar, R., Prabaharan, M., Nair, S. V. and Tamura, H. (2010). Novel chitin and 

chitosan nanofibers in biomedical applications. Biotechnology Advances.  28(1), 

142–150.  

Jesus, S., Marques, A.P., Duarte, A., Soares, E., Costa, J.P., Colaço, M., Schmutz, M., 



 

152 

Som, C., Borchard, G., Wick, P. and Borges, O. (2020). Chitosan Nanoparticles: 

Shedding Light on Immunotoxicity and Hemocompatibility. Frontiers in 

Bioengineering and Biotechnology.   

Ji, M., Chen, X., Luo, J. and Wan, Y. (2019). Improved blood compatibility of 

polysulfone membrane by anticoagulant protein immobilization. Colloids and 

Surfaces B: Biointerfaces.  175(December 2018), 586–595.  

Jung, F. and Braune, S. (2016). Thrombogenicity and hemocompatibility of 

biomaterials. Biointerphases.  11(2), 029601:1-029601:3.  

Kaleekkal, N.J., Thanigaivelan, A., Tarun, M. and Mohan, D. (2015). A functional 

PES membrane for hemodialysis- Preparation, Characterization and 

Biocompatibility. Chinese Journal of Chemical Engineering.  23(7), 1236–1244.  

Kato, Y., Yagami, A. and Matsunaga, K. (2006). A case of anaphylaxis caused by the 

health food chitosan. Arerugī = [Allergy].  54, 1427–1429. 

Kerr, P.G. and Huang, L. (2010). Review: membranes for haemodialysis. Asian Pacific 

Society of Nephrology.  15(4), 381–5. 

Khayet, M. (2003). The effects of air gap length on the internal and external 

morphology of hollow fiber membranes. Chemical Engineering Science.  58(14), 

3091–3104.  

Khoshtinat, K., Barzegar, M., Sahari, M.A. and Hamidi, Z. (2017). Encapsulation of 

Iranian garlic oil with β-cyclodextrin: Optimization and its characterization. 

Journal of Agricultural Science and Technology.  19(1), 97–111. 

Kim, K.J., Fane, A.G., Fell, C.J.D. and Joy, D.C. (1992). Fouling mechanisms of 

membranes during protein ultrafiltration. Journal of Membrane Science.  68(1–

2), 79–91. 

Kim, S.M., Kubota, K., Kobayashi, A. and Min, S. (2014). Antioxidative Activity of 

Sulfur-containing Flavor Compounds in Garlic Antioxidative Activity of Sulfur-

containing Flavor Compounds in Garlic. Bioscience, Biotechnology, and 

Biochemistry.  61(9), 1482–1485. 

Kim, S., Lee, I., Baek, H., Shin, I., Moon, C., Bae, C., Kim, Sung-ho, Kim, J. and Kim, 

H. (2014). Mechanism for the protective effect of diallyl disulfide against 

cyclophosphamide acute urotoxicity in rats. Food And Chemical Toxicology.  64, 

110–118. 

Kim, T.H., Kim, S.H., Kim, T.Y., Park, H.Y., Jung, K.S., Lee, M.H., Jhee, J.H., Lee, 

J.E., Choi, H.Y. and Park, H.C. (2019). Removal of large middle molecules via 



 

153 

haemodialysis with medium cut-off membranes at lower blood flow rates: An 

observational prospective study. BMC Nephrology.  21(1), 1–9. 

Kirsch, A.H., Rosenkranz, A.R., Lyko, R. and Krieter, D.H. (2017). Effects of 

Hemodialysis Therapy Using Dialyzers with Medium Cut-Off Membranes on 

Middle Molecules. In C. Ronco, ed. Expanded Hemodialysis - Innovative Clinical 

Approach in Dialysis. Contributions to Nephrology. Basel: Karger, pp.158–167. 

Kodras, K., Benesch, T., Neumann, I. and Haas, M. (2008). Comparison of two 

dialysers (AN69ST vs. FX100) for heparin-free dialysis in patients with oral 

anticoagulation. Blood Purification.  26(3), 226–230. 

Koga, Y., Fujieda, H., Meguro, H., Ueno, Y., Aoki, T., Miwa, K. and Kainoh, M. 

(2018). Biocompatibility of Polysulfone Hemodialysis Membranes and Its 

Mechanisms: Involvement of Fibrinogen and Its Integrin Receptors in Activation 

of Platelets and Neutrophils. Artificial Organs.  42(9), E246–E258. 

Kohlová, M., Rocha, S., Gomes Amorim, C., de Nova Araújo, A., Santos-Silva, A., 

Solich, P. and Branco da Silva Montenegro, M.C. (2020). Doping Polysulfone 

Membrane with Alpha-Tocopherol and Alpha-Lipoic Acid for Suppressing 

Oxidative Stress Induced by Hemodialysis Treatment. Macromolecular 

Bioscience.  20(7), 1–14. 

Kokubo, K., Kurihara, Y., Kobayashi, K., Tsukao, H. and Kobayashi, H. (2015). 

Evaluation of the Biocompatibility of Dialysis Membranes. Blood Purification.  

40(4), 293–297. 

Kolff, W.J. (2002). The artificial kidney and its effect on the development of other 

artificial organs. Nature Medicine.  8(10), 1063–1065. 

Kou, S. (Gabriel), Peters, L. and Mucalo, M. (2022). Chitosan: A review of molecular 

structure, bioactivities and interactions with the human body and micro-

organisms. Carbohydrate Polymers.  282(January), 119132.  

Krause, B., Storr, M., Ertl, T., Buck, R., Hildwein, H., Deppisch, R. and Göhl, H. 

(2003). Polymeric Membranes for Medical Applications. Chemie-Ingenieur-

Technik.  75(11), 1725–1732. 

Krieter, D.H. and Wanner, C. (2010). Membranes for Dialysis and Hemofiltration. 

JAMA: The Journal of the American Medical Association.  304(13), 1497. 

Kuhlmann, M.K., Kotanko, P. and Levin, N.W. (2010). Hemodialysis: Outcomes and 

Adequacy Fourth Edi., Elsevier Inc. 

Kumar, R., Isloor, A.M., Ismail, A.F. and Matsuura, T. (2013)(a). Performance 



 

154 

improvement of polysulfone ultrafiltration membrane using N-succinyl chitosan 

as additive. Desalination.  318, 1–8.  

Kumar, R., Isloor, A.M., Ismail, A.F. and Matsuura, T. (2013)(b). Synthesis and 

characterization of novel water soluble derivative of Chitosan as an additive for 

polysulfone ultrafiltration membrane. Journal of Membrane Science.  440, 140–

147.  

Kumari, N.S., Somayaji, T.Y., Tejashvi, R., Gowda, K.M.D. and Rao, C. (2014). 

Antioxidant Studies, Erythrocyte Membrane Stabilization And Thrombolytic 

Potential Of Diallyl Disulphide. International Journal of Pharmaceutical 

Sciences and Research.  5(11), 4929–4932. 

Lee, D.W., Powers, K. and Baney, R. (2004). Physicochemical properties and blood 

compatibility of acylated chitosan nanoparticles. Carbohydrate Polymers.  58(4), 

371–377.  

Lee, E., Park, S.J., Lee, J.H., Kim, M.S. and Kim, C.H. (2016). Preparation of chitosan-

TPP nanoparticles and their physical and biological properties. Asian Journal of 

Pharmaceutical Sciences.  11(1), 166–167.  

Leo, C.P., Cathie Lee, W.P., Ahmad, A.L. and Mohammad, A.W. (2012). Polysulfone 

membranes blended with ZnO nanoparticles for reducing fouling by oleic acid. 

Separation and Purification Technology.  89, 51–56. 

Li, J., Liu, F., Qin, Y., He, J., Xiong, Z., Deng, G. and Li, Q. (2017). A novel natural 

hirudin facilitated anti-clotting polylactide membrane via hydrogen bonding 

interaction. Journal of Membrane Science.  523(August 2016), 505–514.  

Li, L., Cheng, C., Xiang, T., Tang, M., Zhao, W., Sun, S. and Zhao, C. (2012). 

Modification of polyethersulfone hemodialysis membrane by blending citric acid 

grafted polyurethane and its anticoagulant activity. Journal of Membrane 

Science.  405–406, 261–274. A 

Li, X., Radomski, A., Menezes, F.D.S. and Endter, S. (2009). Platelet compatibility of 

PLGA , chitosan and PLGA – chitosan nanoparticles. Nanomedicine.  4(7), 735–

746. 

Li, Z., Ma, J., Li, R., Yin, X., Dong, W. and Pan, C. (2018). Fabrication of a blood 

compatible composite membrane from chitosan nanoparticles, ethyl cellulose and 

bacterial cellulose sulfate. RSC Advances.  8(55), 31322–31330. 

Liakopoulos, V., Roumeliotis, S., Gorny, X., Dounousi, E. and Mertens, P.R. (2017). 

Oxidative Stress in Hemodialysis Patients: A Review of the Literature. Oxidative 



 

155 

Medicine and Cellular Longevity.  2017(Cvd). 

Liakopoulos, V., Roumeliotis, S., Zarogiannis, S., Eleftheriadis, T. and Mertens, P.R. 

(2018). Oxidative stress in hemodialysis : Causative mechanisms , clinical 

implications , and possible therapeutic interventions. Seminars in Dialysis., 1–14. 

Lima, J.M. De, Sarmento, R.R., Souza, J.R. De, Brayner, F.A., Feitosa, A.P.S., 

Padilha, R., Alves, L.C., Porto, I.J., Batista, R.F.B.D., Oliveira, J.E. De, 

Medeiros, E.S. De, Bonan, P.R.F. and Castellano, L.R. (2015). Evaluation of 

hemagglutination activity of chitosan nanoparticles using human erythrocytes. 

BioMed Research International.  2015, 3–9. 

Lin, W.-C., Liu, T.-Y. and Yang, M.-C. (2004). Hemocompatibility of 

polyacrylonitrile dialysis membrane immobilized with chitosan and heparin 

conjugate. Biomaterials.  25(10), 1947–1957. 

Lin, W.C., Yu, D.G. and Yang, M.C. (2005). Blood compatibility of thermoplastic 

polyurethane membrane immobilized with water-soluble chitosan/dextran 

sulfate. Colloids and Surfaces B: Biointerfaces.  44(2–3), 82–92. 

Lines, S.W., Richardson, V.R., Thomas, B., Dunn, E.J., Wright, M.J. and Carter, A.M. 

(2016). Complement and cardiovascular disease - The missing link in 

haemodialysis patients? Nephron.  132(1), 5–14. 

Ling, X.C. and Kuo, K. (2018). Oxidative stress in chronic kidney disease. Renal 

Replacement Therapy.  4(53), 1–9. 

Liu, L. and Pan, Z. (2014). Properties of hydrophilic chitosan/polysulfone nanofibrous 

filtration membrane. Journal of Engineered Fibers and Fabrics.  9(1), 76–86. 

Liu, M., Wang, H., Zhang, J., Yang, X., Li, B., Wu, C. and Zhu, Q. (2018). NF- κB 

signaling pathway-enhanced complement activation mediates renal injury in 

trichloroethylene-sensitized mice. Journal of Immunotoxicology.  15(1), 63–72.  

Liu, S., Liu, H., Wang, Z., Teng, L., Dong, C., Gui, T. and Zhang, Y. (2020). Effect 

of changing treatment to high-flux hemodialysis (HFHD) on mortality in patients 

with long-term low flux hemodialysis (LFHD): a propensity score matched 

cohort study. BMC Nephrology.  21(1), 4–9. 

Liu, T.Y., Lin, W.C., Huang, L.Y., Chen, S.Y. and Yang, M.C. (2005). 

Hemocompatibility and anaphylatoxin formation of protein-immobilizing 

polyacrylonitrile hemodialysis membrane. Biomaterials.  26(12), 1437–44.  

Liu, T.M., Xu, J.J. and Qiu, Y.R. (2017). A novel kind of polysulfone material with 

excellent biocompatibility modified by the sulfonated hydroxypropyl chitosan. 



 

156 

Materials Science and Engineering C.  79, 570–580.  

Liu, X., Yuan, L., Li, D., Tang, Z., Wang, Y., Chen, G., Chen, H. and Brash, J.L. 

(2014). Blood compatible materials: State of the art. Journal of Materials 

Chemistry B.  2(35), 5718–5738.  

Liu, Y., Zhao, Y., Yingyu, W., Zhu, P., Wei, Z., Siliang, W., Tao, L., Liu, Z., Wu, H., 

Sheng, X. and Lu, Y. (2017). Suppressive role of diallyl trisulfide in the activated 

platelet-mediated hematogenous metastasis of MDA-MB-231 human breast 

cancer cells. International Journal of Molecular Medicine.  39(6), 1516–1524. 

Liu, Y.L., Yu, C.H., Ma, L.C., Lin, G.C., Tsai, H.A. and Lai, J.Y. (2008). The effects 

of surface modifications on preparation and pervaporation dehydration 

performance of chitosan/polysulfone composite hollow-fiber membranes. 

Journal of Membrane Science.  311(1–2), 243–250. 

Locatelli, D.A., Nazareno, M.A., Fusari, C.M. and Camargo, A.B. (2017). Cooked 

garlic and antioxidant activity: Correlation with organosulfur compound 

composition. Food Chemistry.  220, 219–224.  

Loughrey, C.M., McNamee, P.T., Lightbody, J.H., McMaster, D., McNamee, P.T. and 

Trimble, E.R. (1994). Oxidative stress in haemodialysis. QJ Med.  87(11), 679–

683. 

Lu, X., Rasco, B.A., Jabal, J.M.F., Eric Aston, D., Lin, M. and Konkel, M.E. (2011). 

Investigating antibacterial effects of garlic (Allium sativum) concentrate and 

garlic-derived organosulfur compounds on Campylobacter jejuni by using fourier 

transform infrared spectroscopy, Raman spectroscopy, and electron microscopy. 

Applied and Environmental Microbiology.  77(15), 5257–5269. 

Luo, R., Fang, D., Hang, H. and Tang, Z. (2016). The Mechanism in Gastric Cancer 

Chemoprevention by Allicin. Anti-Cancer Agents in Medicinal Chemistry.  16(7), 

802–809. 

Lusiana, R.A., Protoningtyas, W.P., Wijaya, A.R., Siswanta, D., Mudasir and Santosa, 

S.J. (2017). Chitosan-tripoly phosphate (CS-TPP) synthesis through cross-linking 

process: The effect of concentration towards membrane mechanical characteristic 

and urea permeation. Oriental Journal of Chemistry.  33(6), 2913–2919. 

Lusiana, R.A., Sangkota, V.D.A., Sasongko, N.A., Gunawan, G., Wijaya, A.R., 

Santosa, S.J., Siswanta, D., Mudasir, M., Abidin, M.N.Z., Mansur, S. and 

Othman, M.H.D. (2020). Permeability improvement of polyethersulfone-

polietylene glycol (PEG-PES) flat sheet type membranes by tripolyphosphate-



 

157 

crosslinked chitosan (TPP-CS) coating. International Journal of Biological 

Macromolecules.  152, 633–644. 

Ma, L., Su, B., Cheng, C., Yin, Z., Qin, H., Zhao, J., Sun, S. and Zhao, C. (2014). 

Toward highly blood compatible hemodialysis membranes via blending with 

heparin-mimicking polyurethane: Study in vitro and in vivo. Journal of 

Membrane Science.  470, 90–101.  

Macleod, A.M., Campbell, M., Cody, J.D., Daly, C., Donaldson, C., Grant, A., Khan, 

I., Rabindranath, K.S., Vale, L. and Wallace, S. (2009). Cellulose, modified 

cellulose and synthetic membranes in the haemodialysis of patients with end-

stage renal disease. Cochrane database of systematic reviews.  (3), Art. 

No.:CD003234. 

Mahlicli, F.Y. and Altinkaya, S.A. (2014). Immobilization of alpha lipoic acid onto 

polysulfone membranes to suppress hemodialysis induced oxidative stress. 

Journal of Membrane Science.  449, 27–37.  

Mahlicli, F.Y., Sen, Y., Mutlu, M. and Alsoy Altinkaya, S. (2015). Immobilization of 

superoxide dismutase/catalase onto polysulfone membranes to suppress 

hemodialysis-induced oxidative stress: A comparison of two immobilization 

methods. Journal of Membrane Science.  479, 175–189. 

Man, N.K., Zingraff, J. and Jungers, P. (1995). Basic Principles of Hemodialysis. In 

Long-Term Hemodialysis. Dordrecht: Springer Netherlands, pp.11–21.  

Marchand, C., Bachand, J., Périnêt, J., Baraghis, E., Lamarre, M., Rivard, G.E., De 

Crescenzo, G. and Hoemann, C.D. (2010). C3, C5, and factor B bind to chitosan 

without complement activation. Journal of Biomedical Materials Research - Part 

A.  93(4), 1429–1441. 

Markiewski, M.M., Nilsson, B., Ekdahl, K.N., Mollnes, T.E. and Lambris, J.D. (2007). 

Complement and coagulation: strangers or partners in crime? Trends in 

immunology.  28(4), 184–92.  

Martin-Navarro, J., Esteras, R., Castillo, E., Carriazo, S., Fernández-Prado, R., Gracia-

Iguacel, C., Mas Fontao, S., Ortíz, A. and González-Parra, E. (2019). Reactions 

to Synthetic Membranes Dialyzers: Is there an Increase in Incidence? Kidney and 

Blood Pressure Research.  44(5), 907–914. 

Masakane, I., Esashi, S., Yoshida, A., Chida, T., Fujieda, H., Ueno, Y. and Sugaya, H. 

(2017). A new polymethylmetacrylate membrane improves the membrane 

adhesion of blood components and clinical efficacy. Renal Replacement Therapy.  



 

158 

3(1), 4–10. 

Masakane, I. and Sakurai, K. (2018). Current approaches to middle molecule removal: 

Room for innovation. Nephrology Dialysis Transplantation.  33, iii12–iii21. 

Melchior, P., Erlenkötter, A., Zawada, A.M., Delinski, D., Schall, C., Stauss-Grabo, 

M. and Kennedy, J.P. (2021). Complement activation by dialysis membranes and 

its association with secondary membrane formation and surface charge. Artificial 

Organs.  45(7), 770–778. 

Miao, J., Zhang, L.C. and Lin, H. (2013). A novel kind of thin film composite 

nanofiltration membrane with sulfated chitosan as the active layer material. 

Chemical Engineering Science.  87, 152–159.  

Ministry of Health Malaysia (2018). National Action Plan For Healthy Kidneys (ACT-

KID) 2018-2025, 

Mitra, S. and Mitsides, N. (2016). Technical Aspects of Hemodialysis. In Core 

Concepts in Dialysis and Continuous Therapies. Boston, MA: Springer, pp.15–

26. 

Modi, A., Verma, S.K. and Bellare, J. (2018). Extracellular matrix-coated 

polyethersulfone-TPGS hollow fiber membranes showing improved 

biocompatibility and uremic toxins removal for bioartificial kidney application. 

Colloids and Surfaces B: Biointerfaces.  167, 457–467.  

Mohebbi, S., Nezhad, M.N., Zarrintaj, P., Jafari, S.H., Gholizadeh, S.S., Saeb, M.R. 

and Mozafari, M. (2018). Chitosan in Biomedical Engineering: A Critical 

Review. Current Stem Cell Research & Therapy.  14(2), 93–116. 

Mollahosseini, A., Abdelrasoul, A. and Shoker, A. (2020)(a). A critical review of 

recent advances in hemodialysis membranes hemocompatibility and guidelines 

for future development. Materials Chemistry and Physics.  248(March), 122911.  

Mollahosseini, A., Abdelrasoul, A. and Shoker, A. (2020)(b). Challenges and 

Advances in Hemodialysis Membranes. In A. Abdelrasoul, ed. Advances in 

Membrane Technologies. London: IntechOpen. 

Mollahosseini, A., Rahimpour, A., Jahamshahi, M., Peyravi, M. and Khavarpour, M. 

(2012). The effect of silver nanoparticle size on performance and antibacteriality 

of polysulfone ultrafiltration membrane. Desalination.  306(March 2019), 41–50.  

Morena, M., Jaussent, I., Chalabi, L., Bargnoux, A.S., Dupuy, A.M., Badiou, S., Rakic, 

C., Thomas, M., Canaud, B. and Cristol, J.P. (2010). Biocompatibility of heparin-

grafted hemodialysis membranes: Impact on monocyte chemoattractant protein-



 

159 

1 circulating level and oxidative status. Hemodialysis International.  14(4), 403–

410. 

Morimoto, H., Nakao, K., Fukuoka, K., Sarai, A., Yano, A., Kihara, T., Fukuda, S., 

Wada, J. and Makino, H. (2005). Long-term use of vitamin E-coated polysulfone 

membrane reduces oxidative stress markers in haemodialysis patients. 

Nephrology Dialysis Transplantation.  20(12), 2775–2782. 

Mukaya, J.E., Jacobson, M.S., Esprit, D. and Ajayi, T. (2015). Allergic reaction to 

polysulphone membrane dialyser masquerading as infection. BMJ Case Reports.  

2015, 2014–2015. 

Mydlík, M., Derzsiová, K., Rácz, O., Šipulová, A., Lovásová, E., Molčányiová, A. and 

Petrovičová, J. (2004). Vitamin E-coated dialyzer and antioxidant defense 

parameters: Three-month study. Seminars in Nephrology.  24(5), 525–531. 

Nadesh, R., Narayanan, D., Sreerekha, P.R., Vadakumpully, S., Mony, U., 

Koyakkutty, M., Nair, S. V and Menon, D. (2013). Hematotoxicological analysis 

of surface-modified and unmodified chitosan nanoparticles. Journal of 

Biomedical Materials Research A.  101A(10), 2957–2966. 

Nakano, A. (2011). Ethylene vinyl alcohol co-polymer as a high-performance 

membrane: An evoh membrane with excellent biocompatibility. Contributions to 

Nephrology.  173(1), 164–171. 

Nalesso, F. and Claudio, R. (2017). Selecting a Dialyzer: Technical and Clinical 

Considerations Fifth Edit., Elsevier Inc.  

National Institute of Health (2009). National Kidney and Urologic Diseases 

Information Clearinghouse: Hemodialysis Dose and Adequacy. National Institute 

of Diabetes and Digestive and Kidney Diseases (NIDDK).  09(4556), 1–6. 

National Kidney Foundation (2013). A Clinical Update on Dialyzer Membranes State-

of-the-Art Considerations for Optimal Care in Hemodialysis. Nipro Medical 

Corporation., 1–16. 

Ng, E.S.Y., Wong, P.Y., Kamaruddin, A.T.H., Lim, C.T.S. and Chan, Y.M. (2020). 

Poor sleep quality, depression and social support are determinants of serum 

phosphate level among hemodialysis patients in Malaysia. International Journal 

of Environmental Research and Public Health.  17(14), 1–14. 

Ng, L.Y., Mohammad, A.W., Leo, C.P. and Hilal, N. (2013). Polymeric membranes 

incorporated with metal/metal oxide nanoparticles: A comprehensive review. 

Desalination.  308, 15–33.  



 

160 

Nie, S., Qin, H., Cheng, C., Zhao, W., Sun, S., Su, B., Zhao, C. and Gu, Z. (2014). 

Blood activation and compatibility on single-molecular-layer biointerfaces. 

Journal of Materials Chemistry B.  2(30), 4911.  

Nie, S., Xue, J., Lu, Y., Liu, Y., Wang, D., Sun, S., Ran, F. and Zhao, C. (2012). 

Improved blood compatibility of polyethersulfone membrane with a hydrophilic 

and anionic surface. Colloids and Surfaces B: Biointerfaces.  100, 116–125. 

Nilsson, B., Ekdahl, K.N., Mollnes, T.E. and Lambris, J.D. (2007). The role of 

complement in biomaterial-induced inflammation. Molecular immunology.  

44(1–3), 82–94.  

Nimi, N., Paul, W. and Sharma, C.P. (2011). Blood protein adsorption and 

compatibility studies of gold nanoparticles. Gold Bulletin.  44(1), 15–20. 

Nourbakhsh, M., Zarrintaj, P., Jafari, S.H., Hosseini, S.M., Aliakbari, S., Pourbadie, 

H.G., Naderi, N., Zibaii, M.I., Gholizadeh, S.S., Ramsey, J.D., Thomas, S., 

Farokhi, M. and Saeb, M.R. (2020). Fabricating an electroactive injectable 

hydrogel based on pluronic-chitosan/aniline-pentamer containing angiogenic 

factor for functional repair of the hippocampus ischemia rat model. Materials 

Science and Engineering C.  117(May), 111328. 

Okamoto, Y., Yano, R., Miyatake, K., Tomohiro, I., Shigemasa, Y. and Minami, S. 

(2003). Effects of chitin and chitosan on blood coagulation. Carbohydrate 

Polymers.  53(3), 337–342. 

Olczyk, P., Małyszczak, A. and Kusztal, M. (2018). Dialysis membranes: A 2018 

update. Polymers in Medicine.  48(1), 57–63. 

Opatrný, K. (2003). Clinical importance of biocompatibility and its effect on 

haemodialysis treatment. Nephrology Dialysis Transplantation.  18(SUPPL. 5), 

41–44. 

Oshihara, W., Fujieda, H. and Ueno, Y. (2016). A New Poly(Methyl Methacrylate) 

Membrane Dialyzer, NF, with Adsorptive and Antithrombotic Properties. 

Contributions to Nephrology.  189, 230–236. 

Oshihara, W., Ueno, Y. and Fujieda, H. (2017). A New Polysulfone Membrane 

Dialyzer, NV, with Low-Fouling and Antithrombotic Properties. Contributions 

to Nephrology.  189, 222–229. 

Padaki, M., Isloor, A.M. and Wanichapichart, P. (2011). Polysulfone/N-

phthaloylchitosan novel composite membranes for salt rejection application. 

Desalination.  279(1–3), 409–414.  



 

161 

Patil, S., Rajiv, P. and Sivaraj, R. (2015). An Investigation Of Antioxidant And 

Cytotoxic Properties Of Green Synthesized Silver Nanoparticles. Indo American 

Journal Of Pharmaceutical Sciences.  2(10), 1453–1459.  

Pillai, C.K.S., Paul, W. and Sharma, C.P. (2009). Chitin and chitosan polymers: 

Chemistry, solubility and fiber formation. Progress in Polymer Science.  34(7), 

641–678. 

Pirak, T., Jangchud, A. and Jantawat, P. (2012). Characterisation of physical, chemical 

and antimicrobial properties of allicin-chitosan complexes. International Journal 

of Food Science and Technology.  47(7), 1339–1347. 

Piroddi, M., Pilolli, F., Aritomi, M. and Galli, F. (2012). Vitamin E as a functional and 

biocompatibility modifier of synthetic hemodialyzer membranes: An overview of 

the literature on vitamin E-modified hemodialyzer membranes. American Journal 

of Nephrology.  35(6), 559–572. 

Poppelaars, F., Faria, B., da Costa, M.G., Franssen, C.F.M., van Son, W.J., Berger, 

S.P., Daha, M.R. and Seelen, M.A. (2018). The complement system in dialysis: 

A forgotten story? Frontiers in Immunology.  9(JAN), 1–12. 

Post, J.B. (2010). Thrombocytopenia Associated With Use of a Biocompatible 

Hemodialysis Membrane: A Case Report. American Journal of Kidney Diseases.  

55(6), e25–e28.  

Puccinelli, M.T. and Stan, S.D. (2017). Dietary bioactive diallyl trisulfide in cancer 

prevention and treatment. International Journal of Molecular Sciences.  18(8), 

13–15. 

Qi, R., Liao, F., Inoue, K., Yatomi, Y., Sato, K. and Ozaki, Y. (2000). Inhibition by 

diallyl trisulfide, a garlic component, of intracellular Ca2+ mobilization without 

affecting inositol-1,4,5-trisphosphate (IP3) formation in activated platelets. 

Biochemical Pharmacology.  60(10), 1475–1483. 

Qi, X., Yang, N., Luo, Y., Jia, X., Zhao, J., Feng, X., Chen, L. and Zhao, Y. (2021). 

Resveratrol as a plant type antioxidant modifier for polysulfone membranes to 

improve hemodialysis-induced oxidative stress. Materials Science and 

Engineering C.  123(November 2020), 111953.  

Rajalakshmi, A., Krithiga, N. and Jayachitra, A. (2013). Antioxidant Activity of the 

Chitosan Extracted from Shrimp Exoskeleton. Middle-East Journal of Scientific 

Research.  16(10), 1446–1451. 

Rajoka, M.S.R., Zhao, L., Mehwish, H.M., Wu, Y. and Mahmood, S. (2019). Chitosan 



 

162 

and its derivatives: synthesis, biotechnological applications, and future 

challenges. Applied Microbiology and Biotechnology volume.  103, 1557–1571. 

Ran, F., Nie, S., Zhao, W., Li, J., Su, B., Sun, S. and Zhao, C. (2011). Biocompatibility 

of modified polyethersulfone membranes by blending an amphiphilic triblock co-

polymer of poly(vinyl pyrrolidone)-b-poly(methyl methacrylate)-b-poly(vinyl 

pyrrolidone). Acta Biomaterialia.  7(9), 3370–3381.  

Randoux, C., Lavaud, S., Canivet, E. and Wuillai, A. (2003). Optimal anticoagulation 

strategy in haemodialysis with heparin-coated polyacrylonitrile membrane. 

Nephrol Dial Transplant.  18, 2097–2104. 

Refaat Alawady, A., Ali Alshahrani, A., Ali Aouak, T. and Mohamed Alandis, N. 

(2020). Polysulfone membranes with CNTs/Chitosan biopolymer nanocomposite 

as selective layer for remarkable heavy metal ions rejection capacity. Chemical 

Engineering Journal.  388(November 2019), 124267.  

Reis, E. V., Pereira, R. V., Gomes, M., Jannotti-Passos, L.K., Baba, E.H., Coelho, 

P.M.Z., Mattos, A.C.A., Couto, F.F.B., Castro-Borges, W. and Guerra-Sá, R. 

(2014). Characterisation of major vault protein during the life cycle of the human 

parasite Schistosoma mansoni. Parasitology International.  63(1), 120–126.  

Ren, X., Xu, L., Xu, J., Zhu, P., Zuo, L. and Wei, S. (2013). Immobilized heparin and 

its anti-coagulation effect on polysulfone membrane surface. Journal of 

Biomaterials Science, Polymer Edition.  24(15), 1707–1720. 

Ronco, C. (2017). The Rise of Expanded Hemodialysis. Blood Purification.  44(2), I–

VIII. 

Ronco, C. and Clark, W.R. (2018). Haemodialysis membranes. Nature Reviews 

Nephrology.  14(6), 394–410.  

Roumelioti, M.E., Trietley, G., Nolin, T.D., Ng, Y.H., Xu, Z., Alaini, A., Figueroa, R., 

Unruh, M.L. and Argyropoulos, C.P. (2018). Beta-2 microglobulin clearance in 

high-flux dialysis and convective dialysis modalities: A meta-analysis of 

published studies. Nephrology Dialysis Transplantation.  33(6), 1025–1039. 

Roy, A., Dadhich, P., Dhara, S. and De, S. (2015). In vitro cytocompatibility and blood 

compatibility of polysulfone blend, surface-modified polysulfone and 

polyacrylonitrile membranes for hemodialysis. RSC Advances.  5(10), 7023–

7034. 

Saha, M. and Allon, M. (2017). Diagnosis, treatment, and prevention of hemodialysis 

emergencies. Clinical Journal of the American Society of Nephrology.  12(2), 



 

163 

357–369. 

Said, N., Abidin, M.N.Z., Hasbullah, H., Ismail, A.F., Goh, P.S., Othman, M.H.D., 

Abdullah, M.S., Ng, B.C., Kadir, S.H.S.A. and Kamal, F. (2019). Iron oxide 

nanoparticles improved biocompatibility and removal of middle molecule uremic 

toxin of polysulfone hollow fiber membranes. Journal of Applied Polymer 

Science.  136(48), 48234. 

Said, N., Hasbullah, H., Ismail, A.F., Abidin, M.N.Z., Goh, P.S., Othman, M.H.D., 

Kadir, S.H.S.A., Kamal, F., Abdullah, M.S. and Ng, B.C. (2017). The Effect of 

Air Gap on the Morphological Properties of PSf / PVP90 Membrane for 

Hemodialysis Application. Chemical Engineering Transaction.  56, 1591–1596. 

Said, N., Hasbullah, H., Ismail, A.F., Othman, M.H.D., Goh, P.S., Abidin, M.N.Z., 

Kadir, S.H.S.A., Kamal, F., Abdullah, M.S. and Ng, B.C. (2017). Enhanced 

hydrophilic polysulfone hollow fiber membranes with addition of IONPs nano-

fillers. Polymer International.  66(11), 1424–1429. 

Said, N., Lau, W.J., Ho, Y.C., Lim, S.K., Zainol Abidin, M.N. and Ismail, A.F. (2021). 

A review of commercial developments and recent laboratory research of dialyzers 

and membranes for hemodialysis application. Membranes.  11(10), 1–38. 

Sakai, K. (2000). Dialysis membranes for blood purification. Frontiers of medical and 

biological engineering : the international journal of the Japan Society of Medical 

Electronics and Biological Engineering.  10(2), 117–129. 

Salehi, E., Daraei, P. and Arabi Shamsabadi, A. (2016). A review on chitosan-based 

adsorptive membranes. Carbohydrate Polymers.  152, 419–432.  

Sam, R., Haghighat, L., Kjellstrand, C.M. and Ing, T.S. (2008). Hemolysis during 

hemodialysis. Dialysis and Transplantation., 457–466. 

Sangeetha, M.S., Kandaswamy, A. and Vijayalakshmi, A. (2016). Preparation and 

Characterisation of Flat Sheet Micro/Nanoporous Membranes Using Polysulfone 

Blend With Pvp/Peg and Chitosan/Chitosan Nanoparticles for Biomedical 

Applications. Journal of Optoelectronics and Biomedical Materials.  8(2), 81–

87. 

Sasaki, M. (2006). Development of vitamin E-modified polysulfone membrane 

dialyzers. Journal of Artificial Organs.  9(1), 50–60. 

Sefton, M. V, Gemmell, C.H. and Gorbet, M.B. (2000). What really is blood 

compatibility? Journal of biomaterials science. Polymer edition.  11(11), 1165–

1182. 



 

164 

Senthilkumar, S., Rajesh, S., Jayalakshmi,  a. and Mohan, D. (2013). Biocompatibility 

studies of polyacrylonitrile membranes modified with carboxylated 

polyetherimide. Materials Science and Engineering: C.  33(7), 3615–3626.  

Senthilkumar, S., Rajesh, S., Jayalakshmi, A., Aishwarya, G. and Mohan, D.R. (2012). 

Preparation and performance evaluation of poly (ether-imide) incorporated 

polysulfone hemodialysis membranes. Journal of Polymer Research.  19(6). 

Seyfert, U.T., Biehl, V. and Schenk, J. (2002). In vitro hemocompatibility testing of 

biomaterials according to the ISO 10993-4. Biomolecular Engineering.  19(2–6), 

91–96. 

Shalumon, K.T., Binulal, N.S., Selvamurugan, N., Nair, S. V., Menon, D., Furuike, T., 

Tamura, H. and Jayakumar, R. (2009). Electrospinning of carboxymethyl 

chitin/poly(vinyl alcohol) nanofibrous scaffolds for tissue engineering 

applications. Carbohydrate Polymers.  77(4), 863–869.  

Shen, Z., Chen, W., Xu, H., Yang, W., Kong, Q., Wang, A., Ding, M. and Shang, J. 

(2019). Fabrication of a Novel Antifouling Polysulfone Membrane with in Situ 

Embedment of Mxene Nanosheets. International Journal of Environmental 

Research and Public Health.  16(23). 

Shin, I., Hong, J., Jeon, C., Shin, N., Kwon, O. and Kim, H. (2013). Diallyl-disulfide 

, an organosulfur compound of garlic , attenuates airway inflammation via 

activation of the Nrf-2 / HO-1 pathway and NF-kappaB suppression. Food and 

Chemical Toxicology.  62, 506–513.  

Siahaan, P., Sasongko, N.A., Lusiana, R.A., Prasasty, V.D. and Martoprawiro, M.A. 

(2021). The validation of molecular interaction among dimer chitosan with urea 

and creatinine using density functional theory: In application for hemodyalisis 

membrane. International Journal of Biological Macromolecules.  168, 339–349.  

Siegismund, D., Keller, T.F., Jandt, K.D. and Rettenmayr, M. (2010). Fibrinogen 

Adsorption on Biomaterials - A Numerical Study. Macromolecular Bioscience.  

10(10), 1216–1223. 

Sin, M.C., Chen, S.H. and Chang, Y. (2014). Hemocompatibility of zwitterionic 

interfaces and membranes. Polymer Journal.  46(8), 436–443. 

Singh, S.P., Bajpai, M. and Razdan, B.K. (2012). Synthesis and study of anti-bacterial 

activity of complexes of diallyldisulphide from garlic. International Journal of 

Green Pharmacy.  (September), 180–183. 

Sirolli, V., Di Stante, S., Stuard, S., Di Liberato, L., Amoroso, L., Cappelli, P. and 



 

165 

Bonomini, M. (2000). Biocompatibility and functional performance of a 

polyethylene glycol acid-grafted cellulosic membrane for hemodialysis. 

International Journal of Artificial Organs.  23(6), 356–364. 

Sivalingam, M. and Farrington, K. (2007). Haemodialysis. Medicine.  35, 461–465. 

Sivaraman, B. and Latour, R. a (2010). The relationship between platelet adhesion on 

surfaces and the structure versus the amount of adsorbed fibrinogen. 

Biomaterials.  31(5), 832–839. A 

Skinner, S.C., Derebail, V.K., Poulton, C.J., Bunch, D.C., Roy-Chaudhury, P. and 

Key, N.S. (2021). Hemodialysis-Related Complement and Contact Pathway 

Activation and Cardiovascular Risk: A Narrative Review. Kidney Medicine.  3(4), 

607–618.  

Song, H., Ran, F., Fan, H., Niu, X., Kang, L. and Zhao, C. (2014). Hemocompatibility 

and ultrafiltration performance of surface-functionalized polyethersulfone 

membrane by blending comb-like amphiphilic block copolymer. Journal of 

Membrane Science.  471, 319–327.  

Song, Y., Mathias, P.M., Tremblay, D. and Chen, C.C. (2003). Liquid viscosity model 

for polymer solutions and mixtures. Industrial and Engineering Chemistry 

Research.  42(11), 2415–2422. 

Songsungkan, J. and Chanthai, S. (2014). Determination of synergic antioxidant 

activity of the methanol/ethanol extract of allicin in the presence of total phenolics 

obtained from the garlic capsule compared with fresh and baked garlic clove. 

International Food Research Journal.  21(6), 2377–2385. 

Stefoni, S., Colì, L., Cianciolo, G., Donati, G., Ruggeri, G. and Ramazzotti, E. (2003). 

Inflammatory response of a new synthetic dialyzer membrane . A randomised 

cross-over comparison between polysulfone and helixone. The International 

Journal of Artificial Organs.  26(1), 26–32. 

Stopilha, R.T., Xavier-Júnior, F.H., De Vasconcelos, C.L. and Fonseca, J.L.C. (2020). 

Carboxymethylated--cyclodextrin/chitosan particles: bulk solids and aqueous 

dispersions. Journal of Dispersion Science and Technology.  41(5), 717–724.  

Storr, M. and Ward, R.A. (2018). Membrane innovation: Closer to native kidneys. 

Nephrology Dialysis Transplantation.  33, iii22–iii27. 

Sun, M., He, L., Wang, X. and Tang, R. (2019). Acid-breakable TPGS-functionalized 

and diallyl disulfide-crosslinked nanogels for enhanced inhibition of MCF-

7/ADR solid tumours. Journal of Materials Chemistry B.  7(2), 240–250. 



 

166 

Sun, S., Yue, Y., Huang, X. and Meng, D. (2003). Protein adsorption on blood-contact 

membranes. Journal of Membrane Science.  222(1–2), 3–18. 

Sun, T., Zhou, D., Xie, J. and Mao, F. (2007). Preparation of chitosan oligomers and 

their antioxidant activity. Eur Food Res Technol.  225, 451–456. 

Supraja, N., Thiruchenduran, S. and Prasad, T. (2018). Advancements in Synthesis and 

Characterization of Chitosan Nanoparticles and Evaluation of Antimicrobial 

Activity Antioxidant Activity. Advancements in Bioequivalence & 

Bioavailability.  2(1), 1–6. 

Suranyi, M. and Chow, J.S.F. (2010). Review: anticoagulation for haemodialysis. 

Asian Pacific Society of Nephrology.  15(4), 386–392.  

Suzuki, Y., Miyatake, K., Okamoto, Y., Muraki, E. and Minami, S. (2003). Influence 

of the chain length of chitosan on complement activation. Carbohydrate 

Polymers.  54, 465–469. 

Suzuki, Y., Okamoto, Y., Morimoto, M., Sashiwa, H., Saimoto, H. and Tanioka, S. 

(2000). Influence of physico-chemical properties of chitin and chitosan on 

complement activation. Carbohydrate Polymers.  42, 307–310. 

Taghavi, M., Jacobs, L., Kaysi, S. and Do Carmo Filomena Mesquita, M. (2021). 

Hemolysis in a Patient during Hemodialysis. Case Reports in Nephrology and 

Dialysis.  11(3), 348–354. 

Talluri, S.V., Kuppusamy, G., Karri, V.V.S.R., Yamjala, K., Wadhwani, A., 

Madhunapantula, S.R. V. and Pindiprolu, S.S.S. (2017). Application of quality-

by-design approach to optimize diallyl disulfide-loaded solid lipid nanoparticles. 

Artificial Cells, Nanomedicine and Biotechnology.  45(3), 474–488. 

Tang, M., Xue, J., Yan, K., Xiang, T., Sun, S. and Zhao, C. (2012). Heparin-like 

surface modification of polyethersulfone membrane and its biocompatibility. 

Journal of colloid and interface science.  386(1), 428–40.  

Tawari, A., Brika, B., Bradshaw, S.. and Jacobs, E. (2018). Development of a 

Cellulose Acetate Hollow-Fine-Fibre Membrane. Acta Chemica Malaysia.  2(2), 

29–44. 

Tenkanidiyoor, Y.S., Vasudeva, V., Rao, S., Gowda, D., Rao, C., Sanjeev, G. and 

Kumari, S. (2016). Haematopoietic, antioxidant and membrane stabilizing 

property of diallyl disulphide in irradiated mice. Journal of Clinical and 

Diagnostic Research.  10(2), BF01–BF05. 

Thandapani, G., Supriya Prasad, P., Sudha, P.N. and Sukumaran, A. (2017). Size 



 

167 

optimization and in vitro biocompatibility studies of chitosan nanoparticles. 

International Journal of Biological Macromolecules.  104, 1794–1806.  

Tharmaraj, D. and Kerr, P.G. (2017). Haemolysis in haemodialysis. Nephrology.  

22(11), 838–847. 

Thevenot, P., Hu, W. and Tang, L. (2008). Surface chemistry influences implant 

biocompatibility. Current topics in medicinal chemistry.  8(4), 270–280. 

Thomas, M., Moriyama, K. and Ledebo, I. (2011). AN69: Evolution of the World’s 

First High Permeability Membrane. Contributions to Nephrology.  173, 119–129. 

Tiwari, M.K., Jena, N.R. and Mishra, P.C. (2018). Mechanisms of scavenging 

superoxide , hydroxyl , nitrogen dioxide and methoxy radicals by allicin : 

catalytic role of superoxide dismutase in scavenging superoxide radical. Journal 

of Chemical Sciences.  130(8), 1–17.  

Tomo, T. (2016). Biocompatibility of Hemodiafilters. Contributions to Nephrology.  

189, 210–214. 

Tortora, G.J. and Derrickson, B.H. (2009). Urinary System. In Principle Anatomy and 

Physiology. Massachusetts: Wiley, pp.1020–1080. 

Vaezifar, S., Razavi, S., Golozar, M.A., Karbasi, S., Morshed, M. and Kamali, M. 

(2013). Effects of Some Parameters on Particle Size Distribution of Chitosan 

Nanoparticles Prepared by Ionic Gelation Method. Journal of Cluster Science.  

24(3), 891–903. 

Vega-Hissi, E.G., Andrada, M.F., Díaz, M.G. and Garro Martinez, J.C. (2019). 

Computational study of the hydrogen peroxide scavenging mechanism of allyl 

methyl disulfide, an antioxidant compound from garlic. Molecular Diversity.  

23(4), 985–995.  

Vienken, J., Diamantoglou, M., Hahn, C., Kamusewitz, H. and Paul, D. (1995). 

Considerations on Developmental Aspects of Biocompatible Dialysis 

Membranes. Artificial Organs.  19(5), 398–406. 

Vienken, J. and Gottschalk, O. (2015). Polymers in Nephrology. In F. Puoci, ed. 

Advanced Polymers in Medicine. Springer, p.371. 

Vilahur, G. and Badimon, L. (2013). Antiplatelet properties of natural products. 

Vascular Pharmacology.  59(3–4), 67–75. A 

Vilar, E. and Farrington, K. (2011). Haemodialysis. Medicine.  39(7), 429–433.  

Wang, H., Yu, T., Zhao, C. and Du, Q. (2009). Improvement of Hydrophilicity and 

Blood Compatibility on Polyethersulfone Membrane by Adding 



 

168 

Polyvinylpyrrolidone. Fibers and Polymers.  10(1), 1–5. 

Wang, J., Cao, Y., Sun, B. and Wang, C. (2011). Physicochemical and release 

characterisation of garlic oil-β- cyclodextrin inclusion complexes. Food 

Chemistry.  127(4), 1680–1685.  

Wang, J., Yang, X., Zheng, D., Yao, A., Hua, D., Srinivasapriyan, V. and Zhan, G. 

(2020). Fabrication of Bioinspired Gallic Acid-Grafted Chitosan/Polysulfone 

Composite Membranes for Dye Removal via Nanofiltration. ACS Omega.  5(22), 

13077–13086. 

Wang, L., Gong, T., Brown, Z., Randle, C., Guan, Y., Ye, W. and Ming, W. (2020). 

Ascidian-Inspired Heparin-Mimetic Magnetic Nanoparticles with Potential for 

Application in Hemodialysis as Recycling Anticoagulants. ACS Biomaterial 

Science & Engineering.  6, 1998–2006. 

Wang, L.R., Qin, H., Nie, S.Q., Sun, S.D., Ran, F. and Zhao, C.S. (2013). Direct 

synthesis of heparin-like poly (ether sulfone) polymer and its blood compatibility. 

Acta Biomaterialia.  9, 8851–8863. 

Ward, R.A., Joshua, M.S., Schaefer, R.M., Heidland, A., Falkenhagen, D., Klinkmann, 

H. and Gurland, H.J. (1993). Biocompatibility of a new high-permeability 

modified cellulose membrane for haemodialysis. Nephrology Dialysis 

Transplantation.  8(1), 47–53. 

Ward, R.A. and McLeish, K.R. (1995). Hemodialysis with Cellulose Membranes 

Primes the Neutrophil Oxidative Burst. Artificial Organs.  19(8), 801–807. 

Weber, M., Steinle, H., Golombek, S., Hann, L., Schlensak, C., Wendel, H.P. and 

Avci-Adali, M. (2018). Blood-Contacting Biomaterials: In Vitro Evaluation of 

the Hemocompatibility. Frontiers in Bioengineering and Biotechnology.  6, 99. 

A 

Weber, N., Wendel, H.P. and Ziemer, G. (2002). Hemocompatibility of heparin-coated 

surfaces and the role of selective plasma protein adsorption. Biomaterials.  23(2), 

429–439.  

Weinstein, T., Chagnac, A., Korzets, A., Boaz, M., Ori, Y., Herman, M., Malachi, T. 

and Gafter, U. (2000). Haemolysis in haemodialysis patients: Evidence for 

impaired defence mechanisms against oxidative stress. Nephrology Dialysis 

Transplantation.  15(6), 883–887. 

Wenten, I.G., Aryanti, P.T.P., Khoiruddin, Hakim, A.N. and Himma, N.F. (2016). 

Advances in polysulfone-based membranes for hemodialysis. Journal of 



 

169 

Membrane Science and Research.  2(2), 78–89. 

Westhuyzen, J., Saltissi, D. and Stanbury, V. (2003). Oxidative stress and erythrocyte 

integrity in end-stage renal failure patients hemodialysed using a vitamin E-

modified membrane. Annals of Clinical and Laboratory Science.  33(1), 3–10. 

Westphalen, H., Saadati, S., Eduok, U., Abdelrasoul, A., Shoker, A., Choi, P., Doan, 

H. and Ein-Mozaffari, F. (2020). Case studies of clinical hemodialysis 

membranes: influences of membrane morphology and biocompatibility on 

uremic blood-membrane interactions and inflammatory biomarkers. Scientific 

Reports.  10(1), 1–18.  

Williams, D.F. (2017). Chapter 55 - A Systems Engineering Approach to Restoring 

Kidney Structure and Function. In G. Orlando, G. Remuzzi, & D. F. Williams, 

eds. Kidney Transplantation, Bioengineering and Regeneration. Academic Press, 

pp.769–784. 

Woffindin, C. and Hoenich, N. a (1988). Blood-membrane interactions during 

haemodialysis with cellulose and synthetic membranes. Biomaterials.  9(1), 53–

57. 

Woffindin, C., Hoenich, N.A. and Matthews, J.N.S. (1992). Cellulose-based 

haemodialysis membranes: Biocompatibility and functional performance 

compared. Nephrology Dialysis Transplantation.  7(4), 340–345. 

Wolley, M., Jardine, M. and Hutchison, C.A. (2018). Exploring the clinical relevance 

of providing increased removal of large middle molecules. Clinical Journal of the 

American Society of Nephrology.  13(5), 805–814. 

Wong, H. and Goh, B. (2018). 26th Report of the Malaysian Dialysis and Transplant 

Registry 2018, 

Xia, Y., Cheng, C., Wang, R., Nie, C., Deng, J. and Zhao, C. (2015). Ag-nanogel 

blended polymeric membranes with antifouling, hemocompatible and 

bactericidal capabilities. Journal of Materials Chemistry B.  3(48), 9295–9304. 

Xiang, T., Lu, T., Xie, Y., Zhao, W.F., Sun, S.D. and Zhao, C.S. (2016). Zwitterionic 

polymer functionalization of polysulfone membrane with improved antifouling 

property and blood compatibility by combination of ATRP and click chemistry. 

Acta Biomaterialia.  40, 162–171.  

Xiang, T., Wang, R., Zhao, W.F., Sun, S.D. and Zhao, C.S. (2014). Covalent 

deposition of zwitterionic polymer and citric acid by click chemistry-enabled 

layer-by-layer assembly for improving the blood compatibility of polysulfone 



 

170 

membrane. Langmuir.  30(18), 5115–5125. 

Xu, Z.-L. and Alsalhy Qusay, F. (2004). Polyethersulfone (PES) hollow fiber 

ultrafiltration membranes prepared by PES/non-solvent/NMP solution. Journal 

of Membrane Science.  233(1–2), 101–111.  

Yamashita, A.C. and Sakurai, K. (2015). Dialysis Membranes- Physicochemical 

Structures and Features. In Updates in Hemodialysis. INTECH, pp.159–187. 

Yan, S., Tu, M.M. and Qiu, Y.R. (2020). The hemocompatibility of the modified 

polysulfone membrane with 4-(chloromethyl)benzoic acid and sulfonated 

hydroxypropyl chitosan. Colloids and Surfaces B: Biointerfaces.  188(November 

2019), 110769. A 

Yang, J., Tian, F., Wang, Z., Wang, Q., Zeng, Y.-J. and Chen, S.-Q. (2007). Effect of 

Chitosan Molecular Weight and Deacetylation Degree on Hemostasis. Journal of 

biomedical materials research. Part B, Applied biomaterials.  84B(1), 131–137. 

Yang, M.C. and Lin, W.C. (2003). Protein adsorption and platelet adhesion of 

polysulfone membrane immobilized with chitosan and heparin conjugate. 

Polymers for Advanced Technologies.  14(2), 103–113. 

Yang, N., Jia, X., Wang, D., Wei, C., He, Y., Chen, L. and Zhao, Y. (2019). Silibinin 

as a natural antioxidant for modifying polysulfone membranes to suppress 

hemodialysis-induced oxidative stress. Journal of Membrane Science.  574, 86–

99.  

Yildirim, A., Ozgur, E. and Bayindir, M. (2013). Impact of mesoporous silica 

nanoparticle surface functionality on hemolytic activity, thrombogenicity and 

non-specific protein adsorption. Journal of Materials Chemistry B.  1(14), 1909–

1920. 

Yin, M.C., Hwang, S.W. and Chan, K.C. (2002). Nonenzymatic antioxidant activity 

of four organosulfur compounds derived from garlic. Journal of Agricultural and 

Food Chemistry.  50(21), 6143–6147. 

Yin, Z., Cheng, C., Qin, H., Nie, C., He, C. and Zhao, C. (2015). Hemocompatible 

polyethersulfone/polyurethane composite membrane for high-performance 

antifouling and antithrombotic dialyzer. Journal of Biomedical Materials 

Research - Part B 2015.  103B, 97–105. 

Yu, X., Liu, F., Wang, L., Xiong, Z. and Wang, Y. (2015). Robust poly(lactic acid) 

membranes improved by polysulfone-g-poly(lactic acid) copolymers for 

hemodialysis. RSC Advances.  5(95), 78306–78314. 



 

171 

Yuan, X.K., Chen, X.Q., Jiang, X.Y. and Nie, Y.L. (2006). Synthesis, characterization 

and bioactivity evaluation of diallyl disulfide. Journal of Central South 

University of Technology (English Edition).  13(5), 515–518. 

Yue, W.W., Li, H.J., Xiang, T., Qin, H., Sun, S.D. and Zhao, C.S. (2013). Grafting of 

zwitterion from polysulfone membrane via surface-initiated ATRP with 

enhanced antifouling property and biocompatibility. Journal of Membrane 

Science.  446, 79–91.  

Zailani, M.Z., Ismail, A.F., Goh, P.S., Kadir, S.H.S.A., Othman, M.H.D., Hasbullah, 

H., Abdullah, M.S., Ng, B.C. and Kamal, F. (2021). Antioxidant and 

antithrombotic study of novel chitosan-diallyl disulfide inclusion complexes 

nanoparticles for hemodialysis applications. Reactive and Functional Polymers.  

163(March), 104894.  

Zailani, M.Z., Ismail, A.F., Sheikh Abdul Kadir, S.H., Othman, M.H.D., Goh, P.S., 

Hasbullah, H., Abdullah, M.S., Ng, B.C. and Kamal, F. (2017). 

Hemocompatibility evaluation of poly(1,8-octanediol citrate) blend 

polyethersulfone membranes. Journal of Biomedical Materials Research - Part 

A.  105(5), 1510–1520. 

Zaja̧c, A., Hanuza, J., Wandas, M. and Dymińska, L. (2015). Determination of N-

acetylation degree in chitosan using Raman spectroscopy. Spectrochimica Acta - 

Part A: Molecular and Biomolecular Spectroscopy.  134, 114–120. 

Zare-zardini, H., Amiri, A., Shanbedi, M. and Taheri-kafrani, A. (2015). In Vitro and 

In Vivo Study of Hazardous Effects of Ag Nanoparticles and Arginine-treated 

Multi Walled Carbon Nanotubes on Blood Cells : application in hemodialysis 

membranes. Journal of Biomedical Materials Research: Part A.  103(9), 2959–

2965. 

Zhang, L., Casey, B., Galanakis, D.K., Marmorat, C., Skoog, S., Vorvolakos, K., 

Simon, M. and Rafailovich, M.H. (2017). The influence of surface chemistry on 

adsorbed fibrinogen conformation, orientation, fiber formation and platelet 

adhesion. Acta Biomaterialia.  54, 164–174.  

Zhang, W., Zhang, J., Xia, W., Zhang, W., Zhang, J. and Xia, W. (2014). Effect of 

Ball-Milling Treatment on Physicochemical and Structural Properties of Chitosan 

Physicochemical And Structural. International Journal of Food Properties.  17, 

26–37. 

Zhang, Y., Yang, Y., Tang, K., Hu, X. and Zou, G. (2007). Physicochemical 



 

172 

Characterization and Antioxidant Activity of Quercetin-Loaded Chitosan 

Nanoparticles. Journal of Applied Polymer Science.  107, 891–897. 

Zhao, D., Yu, S., Sun, B., Gao, S., Guo, S. and Zhao, K. (2018). Biomedical 

applications of chitosan and its derivative nanoparticles. Polymers.  10(4). 

Zhong, D., Wang, Z., Zhou, J. and Wang, Y. (2021). Additive-free preparation of 

hemodialysis membranes from block copolymers of polysulfone and 

polyethylene glycol. Journal of Membrane Science.  618(September 2020), 

118690.  

Zhu, L., Song, H., Wang, J. and Xue, L. (2017). Polysulfone hemodiafiltration 

membranes with enhanced anti-fouling and hemocompatibility modified by 

poly(vinyl pyrrolidone) via in situ cross-linked polymerization. Materials Science 

and Engineering C.  74, 159–166.  

Zweigart, C., Boschetti-de-Fierro, A., Hulko, M., Nilsson, L.G., Beck, W., Storr, M. 

and Krause, B. (2017). Medium cut-off membranes - closer to the natural kidney 

removal function. International Journal of Artificial Organs.  40(7), 328–334. 

Zweigart, C., Neubauer, M., Storr, M., Böhler, T. and Krause, B. (2010). Progress in 

the Development of Membranes for Kidney-Replacement Therapy. 

Comprehensive Membrane Science and Engineering.  2, 351–390. 



 

175 

LIST OF PUBLICATIONS 

Journal with Impact Factor 

  

1. Zailani, M.Z., Ismail, A.F., Goh, P.S., Kadir, S.H.S.A., Othman, M.H.D., 

Hasbullah, H., Abdullah, M.S., Ng, B.C. and Kamal, F. (2021). Antioxidant 

and antithrombotic study of novel chitosan-diallyl disulfide inclusion 

complexes nanoparticles for hemodialysis applications. Reactive and 

Functional Polymers.  163(March), 104894. (Q1, IF: 3.975) 

 

2. Zailani, M.Z., Ismail, A.F., Goh, P.S., Kadir, S.H.S.A., Othman, M.H.D., 

Hasbullah, H., Abdullah, M.S., Ng, B.C., Kamal, F. and Mustafar, R. (2021). 

Immobilizing chitosan nanoparticles in polysulfone ultrafiltration hollow fibre 

membranes for improving uremic toxins removal. Journal of Environmental 

Chemical Engineering.  9(6), 106878. (Q1, IF:5.909)  

 

Submitted and Under Review 

 

1. Zailani, M.Z., Ismail, A.F., Goh, P.S., Kadir, S.H.S.A., Othman, M.H.D., 

Hasbullah, H., Abdullah, M.S., Ng, B.C., Kamal, F. and Mustafar, R. (2022).  

Antioxidant, Antithrombotic and Performances Evaluation of Chitosan 

Nanoparticle Diallyl Disulfide Immobilized Polysulfone Hollow Fibre 

Membrane for Hemodialysis Application.  

  

Book Chapter 

1. Ismail, A. F., Abidin, M. N. Z., Mansur, S., Zailani, M. Z., Said, N., Raharjo, 

Y., Rosid, S. M., Othman, M. H. D., Goh, P. S., Hasbullah, H. (2018). 

Hemodialysis membrane for blood purification in Handbooks in Separation 

Science: Membrane Separation Principles and Applications from Material 

Selection to Mechanisms and Industrial Uses, 283-309, ISBN: 978-0-12- 

812815-2. (ELSEVIER) 




