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 Biostable polyurethanes (PUs)
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Figure 1. Potential Hydrogen Bonding in Polyurethanes.
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Table 1. Thermal Stability of Different Types of Urethanes.
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Approximate upper E|:|
Type of urethane group Stability temperature (°C) %:I i
Alkyl—HN—CO—0—Alkyl ~ 250
Aryl—HN—CO—O0—Alkyl ~200

Alkyl—HN—CO—0—Aryl
Aryl—HN—CO—O0—Aryl
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Figure 2. Smart and Biostable Polyurethanes for Long-Term Implants.
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* Biostable PDMS-based polyurethanes (PUs) for blood-compatible biomaterials

: PDMS-based =2| 2| EF2 polydimethylsiloxanes(PDMS) 2| £-d (low glass transition temperature, low surface energy, high gas
permeability, a highly hydrophobic surface, and very good stability to heat and oxidative stress)2} =2| F2{|Et2| £ (elastomer,

tunable physicochemical structural properties, and relatively good blood-compatibility)2 25 X2 ZAO0|2} 7|CH%Z|O biostable
polyurethane biomaterial 2 F2 A7 ZIH £[O{ K| 10 QUL

£75|, ¥Zd 0|2 (zwitterion)= K|l pDMS-PUE UM ST MR Z A (e.g. biostable vascular conduits, catheters, artificial

H O
lungs, and microfluidic device) 817} 22| Tl || X| 0 ULt

Scheme 1. example of synthesis of PDMS-based zwitterionic PU (PDMS-SB-UU).
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HZNMS\(O%(O#\AMNHZ Table 2. Mechanical characteristics of PDMS-control, PDMS-
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* Biostable PDMS-based polyurethanes (PUs) for blood-compatible biomaterials

Figure 3. In vitro long-term stability studies by an enzyme using 100 U/mL lipase
(A) and oxidative treatment using 30% H,0, solution (B). Weight change versus
exposed time was calculated for 8 weeks (n=3, p < 0.05 versus PDMS-Control).
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Figure 4. X-ray diffraction (XRD) spectra of (A)
control PDMS, (B) PDMS-MDEA-UU, and (C)
PDMS-SB-UU solvent-cast films

2000
1800
1600 -
1400
1200 -
1000 4
800 4
600
400

—— PDMS-Control

—— PDMS-MDEA-UU
——— PDMS-SB-UU

Two-Theta (deg)

Journal of Materials Chemistry B, DOI: 10.1039/d0tb01220c, 2020




* Biostable PDMS-based polyurethanes (PUs) for blood-compatible biomaterials
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Figure 5. In vitro (A) CO, and (B) O, permeability test using PDMS-SB-UU and
PDMS-control films (n=4, p < 0.05 versus PDMS-Control).
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Figure 6. Protein (Fibrinogen) adsorption assay
of (A) PDMS-control, (B) PDMS-MDEA-UU, (C)
PDMS-SB-UU films (n=3, p < 0.05 versus PDMS-
Control).
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* Biostable PDMS-based polyurethanes (PUs) for blood-compatible biomaterials

Figure 7. Platelet deposition studies to (A) PDMS-control, (B)
PDMS-MDEA-UU, (C) PDMS-SB-UU films observed by SEM after
contact with ovine blood (citrated) for 3 h at 37 °C (n=3), and (D)
deposited platelet number quantified by LDH assay (n=3, p<0.05)
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Figure 8. Hemolysis % of Negative control, PDMS-MDEA-UU
film, PDMS-SB-UU film, and ePTFE graft against whole ovine
blood (8 g/dL of hemoglobin). (n=3, p<0.05 versus negative
control)
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* Biostable PDMS-based polyurethanes (PUs) for blood-compatible biomaterials

Figure 9. In vitro cytotoxicity of PDMS-control, PDMS-MDEA-UU, and
PDMS-SB-UU films tested with rat aorta smooth muscle cell (rSMC). MTS ' _ _ _
assay was conducted for analyzing cell viability. Data are normalized to the Figure 10. Proliferation of rat aorta smooth muscle cell (rSMC) on tissue
negative control and expressed as mean + SD (n = 3, p<0.05 versus culture polystyrene (TCPS), PDMS-control, PDMS-MDEA-UU, and PDMS-SB-
negative control). Negative control (N) includes the cells cultured in the UU. MTS assay was performed for the evaluation. Data is expressed as
medium only. To induce cell death in positive control (P), 1 M acrylamide mean i256D (n =3, p<0.05).
dissolved in regular cell culture medium was used. o
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* Biostable PDMS-based polyurethanes (PUs) for blood-compatible biomaterials

Figure 11. Photo image (A) and SEM images (B-E) of electrospun small diameter (1.1 +
0.1 mm) PDMS-SB-UU conduit

Figure 12. suture retention test of electrospun PDMS-SB-
UU conduit. Ti-CronTM coated Braided polyester (5x18”)
was sutured at a distance of 3 mm from the sample’s
(thickness: 300 um) free end. Test Speed: 25 mm/min.
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* Biostable PDMS-based polyurethanes (PUs) for blood-compatible biomaterials

Figure 13. (A) A two-way silicone foley catheter and an electron micrograph of
PDMS-SB-UU coated the silicone catheter surface, (B) SEM images of PDMS-
SB-UU coated silicone catheter treat with 30% H,O, for 14 days, and (C) SEM
images of PDMS-SB-UU coated silicone catheter treat with lipase for 14 days.
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Figure 14. PDMS-control coating with PDMS-SB-UU (A) cross-section
image for analysis, (B) atomic % of non-coating, (C) atomic % of dip-
coating using 2 %(wt/vol) in HFIP, and (D) atomic % of dip-coating using
2%(wt/vol) in HFIP/DCM(1/1). Data are expressed as mean % SD.
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 Biostable polyurethanes (PUs) for biosensing applications

: Z20| Y B2 AOLE M (smart eIectronlc sensing devices )& TTE=0 8% 223 EMHS X|ECL O3St EME
2| R E| 2 =, T8 7§ZE, soft segmentl} hard segment2| 7§ &, 4 Al NcO:OHS| H|E, LI M72o| 24tE, 2|11
iotd J|so| MEHI ZHEZ %0}01 LOIRICH X[ R M 7] S ZFe| e 1|'ﬂ% MMel 83t MEHE E SMA[Z| =0 a3t
AotZ off 2ot 28 Y gtatd o 2 VA E Z2|RHE2 MM EE 2 (ME, 22, DNA 52| 4122 Xt= 0] 8H3)0f| Tt
HEE[/UZO0 L, dAMe 5= et A|AH 2 AO|LC

ot 0| 2, =2| | Et 7|2E2| Molecularly imprinted polymers (MIPs)= HFO| 2 A MA{ o] 5 A= 2510 A £| O Lt

Table 3. The basic quality assurance parameters of PU-based biosensors against viruses.

m Template/Target Detection limit

Tobacco mosaic virus (TMV) 100 ng/Lto 1 mg/L
2 Parapox ovis virus (PPOV) 5 x 10° virus particles/mL
3 Surface imprinted MIP-PU Tobacco mosaic virus (TMV) 10-100 mg/mL
4 Tobacco mosaic virus (TMV) 8 ng/mL
5 (Human rhinovirus) HRV 1A, HRV 2, HRV 14 100 mg/mL

Trends in Analytical Chemistry, 126: 115881, 2020



 Biostable polyurethanes (PUs) for biosensing applications

Table 4. Basic quality assurance parameters of PU-based biosensors against (a) glucose and (b) urea.

A-2
A-3
A-4
A-5
A-6
A-7
A-8
A-9
A-10
A-11
A-12
B-1
B-2
B-3
B-4

asymmetric hydrophilic PU
Hybrid (NO) sol-gel/PU

Nafion-PU/enzyme-crosslinked electrode

Epoxy/PU

Epoxy/PU hydrogels
NO-releasing silica modified/PU
Porous tecophilic PU

Epoxy/PU

Porous PU

Dex/PU

PANi/PU/Epoxy-PU
NO-releasing silica modified/PU
asymmetric hydrophilic PU
Photocurable PU-acrylate
ammonium containing PVC/PU

ammonium containing PVC/PU

Direct mixing (dip-coating)
Sol-gel chemistry

Solution casting

Solution casting

Solution casting

Solution casting
Electrospinning
Electrospinning
Dip-coating

Solution mixing
Dip-coating
Solution-casting

Direct mixing (dip-coating)
Solution mixing

LBL

Solution casting

1-10
0-12

4

1-25
2-30
159.1+79.1
1-30
2-30
0-5.55
0-0.026
1-20
1-21
0.01-100
0.04-36
0.01-100
0.01-2

~500 s

65 s

20-200 s

4 min 20 + 3s
11.4+12.8s
32.1+7.2s
8 + 3 min

20 + 8 min
30s

5s

60 s

3-8 min

16-20 s

60 days

18 days

10 h

10-56 days in rats
60 days

84 days

20 days
53 days
~14 days
60 days
7-10 days
3 days
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