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Abstract In this work, the membrane surface of poly(acrylonitrile-co-2-hydroxyethyl methacrylate) (PANCHEMA) was
chemically modified by anchoring of phospholipid moieties. The process involved the reaction of hydroxyl groups on the
membrane surface with 2-chloro-2-oxo-~1,3,2-dioxaphospholane (COP) followed by the ring-opening reaction of COP with
trimethylamine. Chemical differences between the original and the modified membranes were characterized by FT-IR and
XPS. It was found that the amount of macrophage adhered on the modified membrane surface is substantially lower than that
on polyacrylonitrile (PAN) and PANCHEMA membranes under the same condition. The morphological change of the
adherent cell is also suppressed by the generation of phospholipid moieties on the membrane surface.
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INTRODUCTION

PAN-based homopolymer and copolymers, which possess excellent membrane forming property and high
mechanical and chemical stability, have been successfully used as membrane materials in the fields of water
treatment, pervaporation, biochemical product purification and biomedical applications! ™. However, the
moderate hydrophilicity and relatively poor biocompatibility for this type of membrane limit its further
applications in hemodialyzers. It is for this reason that much attention has been paid to the development of PAN-
based membranes with improved biocompatibility or antifouling property or both in recent years® ™. In our
previous papers® ! in order to prepare PAN-based membranes possessing excellent hydrophilicity and
outstanding resistance to protein adsorption and cell adhesion, sugar moieties were incorporated into PAN by
the water-phase precipitation copolymerization of a-allyl glucoside (AG) with acrylonitrile. It was found that
the number of adhered macrophage could be significantly decreased by increasing the AG content in the
copolymer. However, when the AG content in the copolymer exceeded 20%, the macrophage adhesion
enhanced again due to the “cluster effect” of the sugar moieties. In this note, in order to create biomimetic
surface on the PAN-based membrane and to avoid the specific interaction between the sugar moieties and the
cells, as schematically described in Fig. 1, phospholipid moieties, which are another principal component of the
natural biomembrane and have been widely recognized to possess remarkable biocompatible and biologically
inert properties'* %), were chemically anchored on the membrane surface. Macrophage adhesion on these
phospholipid-modified PAN copolymer (PMANCP) based membrane was preliminarily studied.
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Fig. 1 Schematic representation for the introduction of phospholipid moieties
on the surface of PANCHEMA membrane

EXPERIMENTAL

PAN and PANCHEMA membranes with different content of 2-hydroxyethyl methacrylate on the membrane
surface were fabricated by the similar procedure described in our previous papers®*'"). Phospholipid moieties
were introduced onto the PANCHEMA membranes as follows. In a typical reaction, a dry PANCHEMA
membrane, 50 mL of THF and designated amounts of triethylamine (TEA) were placed into a thoroughly dried
200 mL single-necked pressure resistant flask. After the solution was cooled to the range of —5°C to 0°C,
calculated amount of COP dissolved in 50 mL dry THF was rapidly injected into the flask. Then, the flask was
sealed to keep water out. Subsequently, the reaction mixture was maintained at —5°C—0°C for the reaction of
COP with the hydroxyl groups on the PANCHEMA membrane surface. During the reaction, the flask was
shaken with a shaking speed of 120 r/min. After the reaction was completed, the solution in the reaction mixture
was rapidly poured out of the flask under dry argon atmosphere, and then 5 mL of anhydrous trimethylamine
dissolved in 100 mL cooled and dry acetonitrile were rapidly injected into the flask. The pressure resistant flask
was sealed and placed in an oil bath at 60°C for the ring-opening reaction of COP. After being shaken at a
shaking speed of 120 r/min for 24 h, the resultant membrane was taken out of the reaction flask and thoroughly
washed with deionized water to remove the absorbed residue on the membrane surface. It was then dried at 40°C
in a vacuum oven.

Attenuated total reflectance FT-IR, (Vector 22, Brucker, Switzerland) and XPS (PHI 5000C ESCA System,
PHI Co., USA) were used to confirm the chemical structure of PANCHEMA and PMANCP membranes.
Macrophage adhesion was measured by the following method. Murine macrophage suspension was prepared
with the process reported previously!'”. The suspension was isolated from freshly killed mice using chloroform.
The skin was sprayed with alcohol and the abdomen was opened. 10 mL sample of Roswell Park Memorial
Institute (RPMI) 1640 containing 10% foetal bovine serum (FBS), 100 g/mL penicillin, and 100 um/mL
streptomycin, was injected into the peritoneal cavity, and then the abdomen was gently massaged by fingers for
5 min. The peritoneum was carefully punctured, and then the washings were removed by a sterile pipet and
placed in a sterile container to be centrifuged at 1000 r/min for 10 min to collect the macrophages. The
macrophages obtained were grown in RPMI 1640 to obtain the macrophage suspension in which the cell
concentration was 1 x 10° cells/mL. The membranes (10 mm x 10 mm) were cleaned sequentially in an
ultrasonic bath of ethanol solution for 10 min and then rinsed in phosphate buffer saline (PBS). Then the
samples were immersed in physiological saline (pH 7.4) to recondition for several hours. The cell suspension
was inoculated on the membrane surface to assess the cell attachment. The incubation period was 48 h for the
cell attachment test in a humidified atmosphere of 5% CO, in air at 37°C. After that, the supernatant was
removed, and the membranes were washed cautiously five times using PBS (pII 7.2) prior to fixation. The
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adherent cell density on the membrane surface was quantified on the basis of measurements obtained visually
from at least five randomly selected fields using an Olympus TE300 phase contrast optical microscope.

RESULTS AND DISCUSSION

Figure 2 shows the FT-IR/ATR spectra of the studied membranes. It can be seen that the characteristic peak at
2243 em™' was due to the stretching vibration of cyano group (—C=N). The bands of asymmetric and
symmetric C—H stretching of the polymer main chain at 2850-2980 cm™ and the C—H deformation vibration
at 1452 cm™ can also be found in all spectra. Compared with the FT-IR spectrum of PANCHEMA membrane,
there were a series of new adsorption peaks at 1475, 1244, and 967 cm™' in the spectrum of the PMANCP
membrane, which were ascribed to the stretching vibrations of —CH;, —QO—P—0— and —N¥(CH,)s groups in
the phospholipid moieties, respectively. To further verify the chemical structure of PANCHEMA and PMANCP,
XPS spectra were measured from the membrane surface. In the case of the PANCHEMA membrane (Fig. 3),
two strong peaks at 285 and 525 eV were observed, which were attributed to C,, and O, respectively. Another
peak at 401 eV attributed to Ny, in the nitrile group was also obvious. For the PMANCP membrane, on the other
hand, an additional peak was observed at 137 eV, which was ascribed to P;, in the phospholipid moiety. All
these results confirmed that the process described in Fig. 1 could be used to generate phospholipid moieties on
the PAN-based membrane surface.
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Fig. 2 IR spectra of PANCHEMA and PMANCP Fig. 3 XPS spectra of PANCHEMA and PMANCP
membranes membrane surface

The host-foreign-body response is a well-known interfacial phenomenon when polymeric materials come
into contact with living organisms. A common component of this response is the presence of adherent
macrophages, which fuse to form foreign-body giant cells (FBGCs) on the surface of the polymeric material. It
has been shown that these adherent macrophages can cause biodegradation in the form of cracking and pitting
through the release of bioactive agents”®. Based on this concept, an ideal biomaterial that is designed for blood-
contacting applications should inhibit the adhesion, activation, and subsequent fusion of macrophages into
FBGCs, thereby preventing the structural, mechanical, or functional failure of the biomaterial. Herein,
Macrophage adhesion was measured to characterize the biocompatibility for the modified membranes and the
typical results are shown in Fig. 4. It was clearly demonstrated that the number of macrophage adhered on all
PMANCP membranes is significantly decreased as compared with that on the PAN and PANCHEMA
membranes, which indicates that the phospholipid moieties on the membrane surface could induce the reduction
of macrophage adhesion. This phenomenon is due to the phosphorylcholine group, a typical phospholipid polar
group located at the outer cell membrane and could provide hydrated surface for the polymeric membrane in an
aqueous medium!'*™"*). Thus, cell adsorption could be effectively inhibited and the conformation of cell does not
change even when they are adsorbed on the membrane surface or contacted with the membrane surface. These
results prove that the biocompatibility of the PAN-based membranes could be improved efficiently by anchoring
phospholipid moieties on the membrane surface.
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Fig. 4 Adhesion of macrophage on the PAN, PANCHEMA and PMANCP membrane surface
The HEMA mole fraction in the copolymer membrane is (a) 0%, (b) 6.4%, (c) 9.3% and (d) 17.8%; The mole
fraction of phospholipid moiety on the copolymer membrane surface is () 6.09%, (£) 9.19% and (g) 17.1%.
CONCLUSION

Phospholipid moieties could be chemically anchored on the PAN-based membrane surface with the described
process. Cell adhesion on the modified membrane was effectively suppressed.
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