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* Polyurethanes in biosensing medical devices
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Figure 1. Scheme for biosensing components made of different bioreceptors. HIO| @ MM = C}F2 o] = 71| 2 E3}0]

ZOl £[0f E &= UL

1) M= O| H=t (eg., electrochemical,
mass sensitive, and optical origin),

2) A=A E4 20| 24 (e,
enzymes biological ionophores, DNA,
glucose, urea, and Drugs).

HO| 2 MIA = 7|28 2 = HIO| 2

214 (bioreceptor), HEH7| (transducer),
de|a M=z M 7] (Data processing) =
O|F O TIC},
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* Polyurethanes in biosensing medical devices
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Table 1. Basic quality assurance parameters of PU-based biosensors against (a) glucose and (b) urea.
| |Materals |Fabricationroute | Detection limit | Response time | Stabilty
asymmetric hydrophilic PU Direct mixing (dip-coating) 1-10 ~500 s 60 days
Hybrid (NO) sol-gel/PU Sol-gel chemistry 0-12 65 s 18 days
Nafion-PU/enzyme-crosslinked electrode Solution casting 4 - 10 h
Epoxy/PU Solution casting 1-25 20-200 s 10-56 days in rats
Epoxy/PU hydrogels Solution mixing 2-30 4 min 20 £ 3s 60 days
NO-releasing silica modified/PU Solution casting 159.1+79.1 11.4+12.8s -
(A) Glucose o -
Porous tecophilic PU Electrospinning 1-30 321+7.2s -
Epoxy/PU Electrospinning 2-30 - 84 days
Porous PU dip-coating 0-5.55 8 £ 3 min -
Dex/PU Solution mixing 0-0.026 20 + 8 min 20 days
PANi/PU/Epoxy-PU dip-coating 1-20 30s 53 days
NO-releasing silica modified/PU Solution-casting 1-21 - ~14 days
asymmetric hydrophilic PU Direct mixing (dip-coating) 0.01-100 5s 60 days
(B) Urea Photocurable PU-acrylate solution mixing 0.04-36 60 s 7-10 days
ammonium containing PVC/PU LBL 0.01-100 3-8 min 3 days
ammonium containing PVC/PU Solution casting 0.01-2 16-20s -

Trends in Analytical Chemistry, 126: 115881, 2020




* Polyurethanes in biosensing medical devices

o2 A5 200] 2|5tH, HO|H A HIO| MM 2| 45 4= 50 Z2[ R8T 7|8 molecularly imprinted polymer (MIP)2]
77t =S| TIME| UL oF O £, quartz crystal microbalance (QCM) virus biosensors2| 212t = QF M EHl &= 7} surface-imprinted
PU monolayerZ coating®t O| 2 & &t =l 2117} QUC} [No. 4]

Table 2. The basic quality assurance parameters of PU-based biosensors against viruses.

Tobacco mosaic virus 100 ng/L to 1mg/L
o 5 x 10° virus
2 Parapox ovis virus .
Surface imprinted particles/mL
3 molecularly imprinted-polyurethane Tobacco mosaic virus 10-100 pg/mL
4 Tobacco mosaic virus 8 ng/mL
5 Human Rhino virus (HRV) 1A, HRV 2, HRV 14 100 pg/mL

Trends in Analytical Chemistry, 126: 115881, 2020



Design Considerations for Silica-Particle-Doped Nitric-Oxide- Releasing Polyurethane Glucose Biosensor Membranes
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Nitric oxide (NO)-releasing polymers have proven useful for improving the
biocompatibility of in vivo glucose biosensors. Unfortunately, leaching of the NO
donor from the polymer matrix remains a critical design flaw of NO-releasing
membranes. Herein, a toolbox of NO-releasing silica nanoparticles (SNPs) was
utilized to systematically evaluate SNP leaching from a diverse selection of
biomedical-grade polyurethane sensor membranes.

Particles modified with N-diazeniumdiolate NO donors were prone to leaching
from PU membranes due to the zwitterionic nature of the NO donor modification.
Leaching was minimized (<5% of the entrapped silica over 1 month) in low water
uptake PUs. However, SNP modification with neutral S-nitrosothiol (RSNO) NO
donors lead to biphasic leaching behavior. Particles with low alkanethiol content
(<3.0 wt % sulfur) leached excessively from a hydrogel PU formulation (HP-93A-
100 PU), while particles with greater degrees of thiol modification did not leach
from any of the PUs tested.

A functional glucose sensor was developed using an optimized HP-93A-100 PU
membrane doped with RSNO-modified SNPs as the outer, glucose diffusion-
limiting layer. The realized sensor design responded linearly to physiological
concentrations of glucose (minimum 1-21 mM) over 2 weeks incubation in PBS
and released NO at >0.8 pmol cm-2 s-1 for up to 6 days with no detectable
(<0.6%) particle leaching.

ACS Sensors, 2: 140-150, 2017




Design Considerations for Silica-Particle-Doped Nitric-Oxide- Releasing Polyurethane Glucose Biosensor Membranes

Table 3. Analytical Performance Merits of Glucose Biosensors Coated with Different PUsP

sensitivity retention (%)*

PU water Lj?t‘a!ke linear dynamic sensitivity
PU type (mg mg™") range’ (nA mM~' mm™2) 3 days S days 7 days 14 days
HP-93A-100 2.6 + 0.3° 1-3 mM 382 + 15.0 543 + 29.6 57273 443 + 89 423 +73
AL-25-80A 0.6 + 0.3° 1-6 mM 44.7 + 15.2 80.2 + 10.7 829 + 28.8 58.5 + 10.2 583 + 11.0
SG-85A 02 + 0.2° 1-15§ mM 29.5 £ 153 86.1 + 10.1 85.5 £ 183 649 + 6.1 67.2 + 8.1
PC-3585A 0.0 + 0.0 1-15 mM 20.1 + 4.2 80.5 + 13.6 720 X 72 582 +£2:5 56.2 + 2.4

aError bars represent standard deviation for n > 3 separate experiments.

bPU concentration in the loop-casting solution was 50 mg mL™.

‘Water uptake measurements described in Koh et al.

dWater uptake expressed as mg,,.io,/MEpy-

¢Linear dynamic range determined from glucose sensor calibration curves as the concentration range over which the associated
linear trendline had an R? value >0.99.

fDetermined as the slope of the trendline fit to the sensor current-glucose response over the linear dynamic range on the first day
of testing.

8Glucose sensitivity after soaking sensors in PBS at 37 °C (relative to the sensitivity on the first day of testing).

ACS Sensors, 2: 140-150, 2017



Design Considerations for Silica-Particle-Doped Nitric-Oxide- Releasing Polyurethane Glucose Biosensor Membranes

Figure 2. (A) Initial (20 h) NO release and (B) 1 week particle leaching measurements for HP-93A-100 (black, square), AL-25-80A
(red, circle), SG-85A (green, diamond), and PC-3585A (gray, star) polyurethane materials. The blue (triangle) trace in both figures

is a 1:1 mixture of AL-25-80A/SG-85A. Inset in (A) shows the NO fluxes released from SG-85A and PC-3585A composites over 20
h. All materials are doped with 20 wt % 800 nm DET/NO SNPs.
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Design Considerations for Silica-Particle-Doped Nitric-Oxide- Releasing Polyurethane Glucose Biosensor Membranes

Table 4. Particle Leaching from Membranes Doped with RSNO-Modified Silica Particles of Varying MPTMS Content?®

leaching”
i e aError bars represent standard deviation for n > 3 separate samples.
mo ackbone ) b _ e . .
MPTMS silane Szei(nm); mg cm™ % MPTMS modlfled particles were doped into polyurethanes at
25 TMOS 234+37 2904035 997 + 66 concentrations of 20 wt %.
: s ol e e ¢Geometric size estimated from scanning electron micrographs of particles
40 TMOS 248 + 41 2.89 + 0.19 1003 + 12.0 (n > 100 individual particles)
7 TEOS 622 + 0.016 0.6 . ' .
;;Z R A : zz <O - <0 i dDetermined by ICP-OES measurement of [Si] from membrane soak
<U. <UL. . . . .
- solutions after 7 days incubation in PBS.

85 TEOS 864 + 94 <0.024 <0.8

Table 5. Particle Leaching and Nitric Oxide Release Measurements for PU Membranes Doped with 75 mol % MPTMS/TEQS Particles®?

PU Type [NO],ax (pmol cm™ s71)¢ [NO], (gmol cm™2)“ P e t; (h) leaching (%)%
HP-93A-100 277 £ 21 0.70 = 0.04 3.13 + 0.17 38.0 + 4.5 <0.6
AL-25-80A 432 + 12 0.43 + 0.02 0.38 + 0.02 212412 <0.6
PC-3585A 301 + 16 0.48 + 0.09 0.30 + 0.03 83 + 1.1 <0.6

aError bars represent standard deviation for n > 3 separate samples.
b75% MPTMS/TEQS particles were doped into polyurethanes at concentrations of 20 wt %.
¢‘Maximum initial NO surface flux.

dTotal NO storage determined by integration of the NO-release profile measured via chemiluminescence.
eHalf-life ofNO release.

fDuration ofNO release above 1 pmol cm=2s71,
8Determined by ICP-OES measurement of [Si] from membrane soak solutions after 7 days incubation in PBS.

ACS Sensors, 2: 140-150, 2017



Design Considerations for Silica-Particle-Doped Nitric-Oxide- Releasing Polyurethane Glucose Biosensor Membranes

Figure 3. (A) Amperometric glucose response for sensors coated 207 i '
with 75 mol % MPTMS/TEOS-doped HP-93A-100 (33.3 wt % SNP) Hvi
and an additional PC-3585A topcoat in PBS at 37 °C. Glucose 2 b o~ 3 . W ﬁv“vm )
concentrations were increased in 3 mM increments to cover % ol T z ) " 5
physiological concentrations (3—-30 mM). (B) Sensor response to 3 = 3 e Xi| T
increasing and decreasing glucose concentrations of (i) 1.00, (ii) 50 f’f 2] |
2.00, (iii) 2.99, (iv) 5.96, (v) 8.62, (vi) 7.40, (vii) 6.18, (viii) 5.16, ‘,fJ 1
(ix) 4.31, (x) 3.60, (xi) 3.00, (xii) 4.98, (xiii) 4.16, (xiv) 3.47, and R TR v TR e
(xv) 5.45 mM glucose. e Time (s)
Figure 4. (A) Amperometric response for sensors L 129 o
coated with the 75 mol % MPTMS/TEOS-doped 10 ol
HP-93A-100 (33.3 wt % SNP) layer and PC- 3585A 211 o
topcoat upon immersion in PBS at 37 °C. A peakin Z 0847
the anodic current profile was observed for NO- % . 11
releasing (solid line) but not control (dashed line) g 2 i lST
sensors. A stable background current was o 0.4 ‘%
achieved after 8 h polarization at +0.600 V vs - 1 e 5
Ag|AgCl (B). °~2j T35 -

gl e y |
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Design Considerations for Silica-Particle-Doped Nitric-Oxide- Releasing Polyurethane Glucose Biosensor Membranes

Figure 5. Amperometric glucose response of sensors coated

~
J

200+

[Glucose] (mM)

beyond 24 h.

A B

with the 75% MPTMS/TEOS-doped HP-93A-100 (33.3 wt % SNP) g i % — 160 "
NO-releasing layer and PC-3585A topcoat over 2 weeks z° E g
incubation in PBS at 37 °C. (A) glucose sensitivity after € 4 § 1201 - :
incubation in PBS and (B) calibrated glucose response for NO- :%3 { g 80- RS < il
releasing sensors after 1 (black, square), 7 (red, circle), and 14 3 24, g ' gt
days (blue, triangle) immersion in PBS. The glucose response g o 3 4°f &
was linear over 1-30 mM initially (1 day), with decreased upper o P S S o S ) 0 O - .
limit (21 mM) after 1 week. Incubation Time (d) [Glucose] (mMM)

200 - 250
Figure 6. Calibrated glucose Figure 7. Nitric oxide release ®
response of sensors coated _ 1e0- 2| from HP-93A-100 Pl
with both the 75% E AL If membranes doped with 75 & i & |
MPTMS/TEOS-doped HP- £ ™ V Tl Bl 1 mol % MPTMS/TEOS 57, &
93A-100 (33.3 wt % SNP) § N LT particles (33.3 wt %) withan ~ Swo] = 27
NO- releasing layer and the ¢ %i ‘ additional PC-3585A topcoat. 2 Yo Grprare iy
PC-3585A topcoat in PBS 2 o ¥ Inset shows the low NO 201w Time ()
(black, square) and serum ~ ©  {.° fluxes released from sensor 5 | | e
(red, circle) at 37 °C. T T % % % % || membranes at durations ° ° R

Time (h)
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