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[ Abstract] Objective To design and prepare a high efficiency bilirubin adsorbent with good mechanical
properties and biocompatibility. Methods In this study, quaternary ammonium pyridine was designed and synthesized,
and then modified polyether sulfone microspheres, or PES/p(4-VP-co-N-VP)@6 microspheres, were prepared by phase
conversion and electrostatic spraying. The morphology of the polymer components and the microspheres were studied by
means of nuclear magnetic resonance (NMR) spectroscopy and scanning electron microscopy. The basic properties of the
microspheres and their bilirubin adsorption efficiency were tested, and the adsorption mechanism was further explored.
Blood cell counts and the clotting time of the microspheres were also measured. Results The diameter of the modified
polyether sulfone microspheres prepared in the study was approximately 700-800 um. Compared with the original PES
microspheres, the surface and internal structure of PES/p(4-VP-co-N-VP)@6 microspheres did not change significantly,
and they also had a loose porous structure, with some micropores scattered around in addition to irregular large pores.
Compared with the control group, the bilirubin removal effect of the modified microspheres was (94.91+0.73)% after
static adsorption in bilirubin PBS buffer solution for 180 min, with the difference being statistically significant (P<0.0001).
According to the findings for the clotting time, the activated partial thromboplastin time (APTT) of the blank plasma
group, the control PES group, and the modified PES microsphere group were (27.57£1.25) s, (28.47+£0.45) s, and
(30.4+0.872) s, respectively, and the difference between the experimental group and the other two groups was statistically
significant (P<0.01, P<0.05). There was no significant change in red blood cell and white blood cell counts. Conclusion
The microspheres prepared in the study have high efficiency in bilirubin adsorption, excellent mechanical properties and
thermal stability, and good blood biocompatibility, and are expected to be used in the clinical treatment of patients with
liver failure.
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Fig 1 Schematic diagram of the preparation and application of PES/p(4-VP-co-N-VP)@6 microspheres

4-VP: 4-vinyl pyridine; N-VP: N-vinyl-2-pyrrolidinone.
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4-VP: 4-vinyl pyridine; N-VP: N-vinyl-2-pyrrolidinone.
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Fig 3 Morphology and chemical composition of PES and PES/p(4-VP-co-N-VP)@6

A, SEM images of the surface and cross section of the microspheres; B, energy spectrum of the microspheres.
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A and B, Typical compressive stress-strain curves of the microspheres, A is a local amplification of B. C, The thermogravimetric analysis curves of the microspheres.

D, The derivative thermogravimetric curves of the microspheres.
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Fig 5 Bilirubin adsorption in vitro

A, Adsorption ability of the microspheres at different initial concentrations (T=37 °C, =3 h), n=3. B, Bilirubin adsorption kinetics of the microspheres (T=37 C,

initial bilirubin=200 mg/L), n=3, " P<0.0001. C, The pseudo-first-order equation of PES/p(4-VP-co-N-VP)@6, n=3. D, The pseudo-second-order equation of PES/p(4-

VP-co-N-VP)@6, n=3.
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Table 2 The parameters of the pseudo-first-order model and the pseudo-second-order model for the adsorption

Pseudo-first-order equation

Pseudo-second-order equation

Sample Qe /(mg/g)

k,/(g/mgemin)

qc(cml (mg/g) rlz

ky/(g/mgemin) Qe /(mg/g) r’

PES/p(4-VP-co-N-VP)@6 15.39 0.03215

14.67

0.9742 2.073x10° 18.00 0.9917
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Fig 6 Evaluation of the biocompatibility of microspheres in vitro

RBC: red blood cells; WBC: white blood cells; PLT: platelets; DIFF: differential white blood cell count. A, Cell counts of RBC (x10"' L™") ,WBC (x10°L™") and

PLT (x10°L™") after coculturing with microspheres for 30 min (n=3), ™" P<0.001. B, Clotting times of PPP after coculturing with microspheres for 30 min (n=3), * P<0.05,

" P<0.01. C, DIFF scatter diagram and histograms of RBC, WBC and PLT after coculturing with microspheres for 30 min.
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