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30 SUMMARY:
31 This study describes synthetic routes for aminopropyl-terminated polydimethylsiloxanes and
32  polydimethyl-methyl-phenyl-siloxane-block copolymers and for soft polysiloxane-based urea
33  (PSU) elastomers. It presents the application of PSUs as accommodating an intraocular lens. An
34  evaluation method for in vitro cytotoxicity is also described.
35
36 ABSTRACT:
37  This study discusses a synthesis route for soft polysiloxane-based urea (PSU) elastomers for their
38 applications as accommodating intraocular lenses (a-IOLs). Aminopropyl-terminated
39 polydimethylsiloxanes (PDMS) were previously prepared via the ring-chain equilibration of the
40  cyclic siloxane octamethylcyclotetrasiloxane (Da) and 1,3-bis(3-aminopropyl)-
41  tetramethyldisiloxane (APTMDS). Phenyl groups were introduced into the siloxane backbone via
42  the copolymerization of Ds and 2,4,6,8-tetramethyl-2,4,6,8-tetraphenyl-cyclotetrasiloxane
43  (D4MePh). These polydimethyl-methyl-phenyl-siloxane-block copolymers were synthesized for
44  increasing the refractive indices of polysiloxanes. For applications as an a-10L, the refractive index
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of the polysiloxanes must be equivalent to that of a young human eye lens. The polysiloxane
molecular weight is controlled by the ratio of the cyclic siloxane to the endblocker APTMDS. The
transparency of the PSU elastomers is examined by the transmittance measurement of films
between 200 and 750 nm, using a UV-Vis spectrophotometer. Transmittance values at 750 nm
(upper end of the visible spectrum) are plotted against the PDMS molecular weight, and > 90%
of the transmittance is observed until a molecular weight of 23,000 g-mol™. Mechanical
properties of the PSU elastomers are investigated using stress-strain tests on die-cut dog-bone-
shaped specimens. For evaluating mechanical stability, mechanical hysteresis is measured by
repeatedly stretching (10x) the specimens to 5% and 100% elongation. Hysteresis considerably
decreases with the increase in the PDMS molecular weight. In vitro cytotoxicity of some selected
PSU elastomers is evaluated using an MTS cell viability assay. The methods described herein
permit the synthesis of a soft, transparent, and noncytotoxic PSU elastomer with a refractive
index approximately equal to that of a young human eye lens.

INTRODUCTION:

Senile cataract, affecting the age group of 2 60 years, leads to the advanced opacification of the
natural crystalline lens. This age-related condition is probably caused by oxidative changes that
are accelerated by UV irradiation!3. Conventional treatment for senile cataract involves the
surgical extraction of the cataractous lens, followed by the implantation of an artificial intraocular
lens (IOL) into an empty lens capsule via an injection system?. However, a majority of I0Ls are
manufactured from acrylic polymers (hydrophobic and hydrophilic acrylate or methacrylate
polymers) with extremely rigid structures; hence, the eye loses its ability to accommodate to
various distances®*. Therefore, patients with monofocal IOL implants are dependent on
spectacles for near vision (e.g., while reading a newspaper or a book)>.

Different approaches to restoring the accommodation ability after cataract surgery have been
reported. Among these approaches, two principal strategies can be distinguished: refilling the
empty lens capsule by injecting a liquid or gel-like polymers and developing soft, foldable a-10Ls®
8 The concept of “lens refilling” is promising because gels can be prepared with Young’s moduli
as low as those of the natural human eye lens (ca. 1 - 2 kPa)®; however, this approach is still
experimental®, and studies are only conducted on animal eyes.

Lens capsules have been refilled by implanting inflatable silicone balloons'® filled with liquid
silicone or by directly injecting silicone'*? that was subsequently cured in the capsule via
hydrosilylation. However, issues related to surface wrinkles on the balloons, a lower
accommodation amplitude compared to the preoperative state, and the formation of severe
secondary cataracts (anterior and posterior capsule opacification) have been noted”8'213, |n
particular, long curing times (70 min - 12 h) cause an increased risk of leakage into the
surrounding eye compartments, leading to postoperative inflammation'®'4. Therefore, other
materials for replacing the crystalline lens are recommended, including hydrogels based on
polyethylene glycol diacrylate, acrylate-modified copolymers of vinyl alcohol
(N-vinylpyrrolidone)®>, methacrylate-modified polysiloxanes'®?, poloxamer!?, and diisocyanate-
crosslinked polyalcohols®. However, the monomer viscosity (i.e., gel swelling after the injection
and crosslinking), extremely low or high refractive indices, mechanical stability and integrity,
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unpredictable postoperative refraction, low accommodation range, and after-cataract formation
constitute the main issues®21>' Commercially, the accommodation ability is mainly restored by
developing foldable a-10Ls. Such a-I0Ls should provide accommodation by the movement of the
IOL optic to the anterior site of the lens capsule via the contraction of the ciliary muscle. Several
models have been introduced in the market in 1996, 2001, and 200272, However, during clinical
studies, the estimated accommodation amplitudes for those implanted a-IOLs were extremely
low (< 1.5 D) to permit unaided reading (3 - 4 D)®®%%20 Therefore, an a-IOL comprising two
connected optics (dual-optic IOL) is being developed for increasing the accommodation range®?21.
The design of only one lens has been examined for its accommodative performance in human
eyes, albeit conflicting results have been reported?>%.

Typically, silicone elastomers are regarded to be biologically inert and nontoxic; therefore,
silicone elastomers have a long history of being applied as biocompatible materials in medicine
and medical engineering (e.g., in breast implants, craniofacial implants, joint prosthetics, wound
dressings, catheters, drains, and shunts)?®?’. Owing to their softness, transparency, and high
oxygen permeability, silicone elastomers also find applications as contact lenses and 10Ls%%82°,
However, silicones must be covalently crosslinked and often require reinforcing fillers to gain
sufficient mechanical integrity. Crosslinking is disadvantageous as it permits the subsequent
processing of elastomers either by thermoplastic methods (e.g., injection molding) or by
processing from solutions (e.g., solvent casting). In contrast, thermoplastic polyurethanes exhibit
mechanical stability but are susceptible to degradation within the biological environment,
particularly if polyester- or polyether-based macrodiols are used. Therefore, efforts to combine
flexibility and hydrolytic or oxidative stability with excellent mechanical properties are
concentrated on the incorporation of hydroxyl- or amino-functional PDMS as soft segments into
polyurethanes, polyurethane-ureas, and polyureas?’. To enhance the compatibility of the polar
urethane or urea hard segment with a highly nonpolar PDMS soft segment and to improve
mechanical properties, different polyether-based macrodiols are incorporated along with
PDMS3%-32. Particularly, the Thilak Gunatillake group has systematically investigated the
development of silicone polyurethanes with improved biostability and mechanical properties for
long-term biomedical applications such as pacemaker insulation or artificial heart valves33. They
synthesized aromatic polyurethanes with mixed soft segments comprising hydroxyl-terminated
PDMS and different polyethers, as well as aliphatic polycarbonate diols. Among all the
synthesized polyurethanes, the combination of polyhexamethylene oxide (PHMO) and PDMS
exhibits the best mechanical properties with respect to hard segment compatibility3°. In
subsequent studies, they further examined the effect of the PDMS-to-PHMO ratio and the
incorporation of a disiloxane-based chain extender on the mechanical properties of silicone
polyurethanes3*3®, The results revealed that a macrodiol composition of 80 wt% PDMS and 20
wt% PHMO, in addition to a cochain extender, such as 1,3-bis(4-hydroxybutyl)-
tetramethyldisiloxane (BHTD), yields softer polyurethanes with good mechanical properties and
thermoplastic processability. Furthermore, these silicone-polyurethanes exhibit an enhanced
biostability compared to a commonly applied soft polyether urethane37-3°,

The biocompatibility and stability of similar materials and their use for cardiovascular
applications have also been reported*®“?, Based on these results, silicone-based polyurea
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elastomers (or PSUs) with a disiloxane-based chain extender are thought to yield high flexibilities
and softness, albeit with sufficient mechanical strength, to retain their shape after the application
of repeated stress. For instance, Hermans et al. have constructed an experimental polyurethane-
based dual-optic a-IOL prototype because the design, which was previously used for a fabrication
using silicone, was extremely soft to handle the applied loads within enucleated pig eyes®.

This article describes the synthesis of a soft siloxane-based PSU, which is optimized in terms of
mechanical and optical properties as an accommodating IOL for applications. As the mechanical
properties of the PSU elastomers can be altered by the siloxane molecular weight, the same
procedure can be applied to developing siloxane-based PSUs, which may find applications in
coatings and skin dressings. In addition, this procedure can be used to prepare siloxane-based
polyurethane or polyurethane-urea elastomers if carbinol-terminated PDMS is used. Depending
on the type of diisocyanate (i.e., aliphatic or aromatic) used for synthesis, reaction conditions
(including time, temperature, and perhaps the solvent composition) may have to be altered. For
the application of aliphatic diisocyanates such as 4,4’-methylenebis(cyclohexylisocyanate)
(H12MDI) or isophorone diisocyanate, the reaction has to be accelerated using an organotin
catalyst, such as dibutyltin dilaurate or diacetoxytetrabutyl distannoxane. For example, the
reaction between a hydroxypropyl-terminated PDMS and H1;MDI proceeds in the presence of a
catalyst. Furthermore, the reaction temperature needs to be increased to 50 - 60 °C. For the
application of an aromatic diisocyanate such as 4,4’-methylenebis(phenylisocyanate) (MDI), the
reaction temperature must be moderately but sufficiently increased as aromatic diisocyanates
are typically more reactive toward nucleophilic groups than aliphatic diisocyanates are. The
reaction of MDI with carbinol-terminated PDMS can be promoted by using the solvent mixtures
of anhydrous tetrahydrofuran (THF) and dimethylformamide (DMF) or dimethylacetamide
(DMAC) as tertiary amines exhibit some catalytic activity.

PROTOCOL:

CAUTION: Please consult all relevant material safety data sheets (MSDS) before use. Several
chemicals used in the syntheses exhibit acute toxicity and strong irritation to the skin and eyes,
as well as on inhalation. Please wear personal protective equipment (laboratory coats, safety
glasses, hand gloves, full-length pants, and closed-toe shoes) and handle the chemicals, if
possible, under a fume hood or in a well-ventilated place. Perform all syntheses under the fume
hood. Tetramethylammonium hydroxide pentahydrate (TMAH): TMAH is a strong base, acutely
toxic if swallowed, and upon skin contact, it causes severe chemical burns on skin and eyes. It is
sensitive to air and is hygroscopic. Store it under refrigeration and nitrogen. Handle TMAH in a
well-ventilated place because of its strong ammonia-like odor. APTMDS: APTMDS is sensitive to
air and must be stored under nitrogen. It causes severe skin burns and eye damage. H12MDI:
H12MDI is toxic upon inhalation and causes irritation to the skin and eyes. D4: D4 may impair
fertility. THF: THF is harmful, causes irritation on inhalation, and presumably is carcinogenic.
Chloroform (CHCI3): CHCls is harmful on inhalation, presumably carcinogenic, can cause possible
damage to fertility and an unborn child, and its vapors may cause drowsiness.

1) Synthesis of the Catalyst and Amino-terminated Polysiloxane Macromonomers
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1.1) Synthesis of the tetramethylammonium-3-aminopropyl-dimethylsilanolate catalyst
NOTE: The catalyst was synthesized according to the method reported by Hoffman and Leir®*.

1.1.1) Degas APTMDS under vacuum before use and store it under nitrogen. Pipette
approximately 10 g of APTMDS using a syringe.

1.1.2) Add 8.13 g (33.0 mmol) of degassed APTMDS and 11.88 g (66.0 mmol) of TMAH into a 100
mL three-neck round-bottom flask. Add 20 mL of THF to dissolve APTMDS and to suspend TMAH,
along with a large oval magnetic stir bar.

CAUTION: TMAH is a hygroscopic, corrosive, and toxic substance with a strong ammonia-like odor
and should be stored tightly sealed in the refrigerator. Weigh TMAH immediately at a well-
ventilated place; wear protective hand gloves and safety glasses while handling. APTMDS is air
sensitive and causes skin burns and eye damage. Weigh APTMDS from a sealed bottle using a
syringe; wear protective hand gloves and safety glasses while handling.

1.1.3) Equip the three-neck round-bottom flask with a reflux condenser and inlets and outlets for
nitrogen and heat the reaction mixture to 80 °C using a glycerin or silicone oil heating bath. Stir
the reaction mixture for 2 h under reflux and with a slight, continuous nitrogen flow.

NOTE: The initial, slightly turbid suspension changes to a clear solution within 2 h.

1.1.4) Remove the reflux condenser and distill off THF using a vacuum aspirator. Then, dry the
slightly yellow crude product under a vacuum of 0.1 mbar for 5 h at 70 °C using a Schlenk line.

NOTE: After this step, the crude product can be stored in the refrigerator at 10 °C until the
following day.

1.1.5) Resuspend the crude product in 50 mL of THF. If necessary, use a spatula to shred large
agglomerates, and filter the suspension using a vacuum aspirator. Wash the precipitate at least

3x with 20 mL THF portions until the product becomes a white powder-like solid.

1.1.6) Dry the product under a vacuum of 0.1 mbar at room temperature for 3 h. Then, store the
catalyst in the refrigerator at 10 °C under nitrogen until use.

1.2) Synthesis of a,w-bis(3-aminopropyl)-polydimethylsiloxanes
NOTE: Synthesis of PDMS with a molecular weight of ~15,500 g-mol™.

1.2.1) Degas D4 and APTMDS under vacuum before use. Pipette approximately 1.5 g of APTMDS,
using a syringe.
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1.2.2) Add 19.5 g (65.7 mmol) of degassed D4 and 0.9 g (3.6 mmol) of APTMDS into a 100 mL
three-neck round-bottom flask, which is equipped with a PTFE-coated centrifugal stirrer and a
nitrogen inlet and outlet.

1.2.3) Add ~26 mg of the catalyst (from section 1.1) and stir the reaction mixture for 30 min at
80 °C under a slight, continuous nitrogen flow.

NOTE: A glycerin or silicone oil heating bath can be used.

1.2.4) Add 45.5 g (153.4 mmol) of D4 dropwise to the reaction mixture, using a dropping funnel
(within 2 - 3 h), and further stir at 80 °C for 24 h under a continuous nitrogen flow.

NOTE: The reaction can proceed overnight.

1.2.5) Heat the reaction mixture to 150 °C and stir it for 2 h to decompose the catalyst. Then,
allow the PDMS to cool to room temperature.

1.2.6) Exchange the centrifugal stirrer with a large oval magnetic stir bar and seal the three-neck
round-bottom flask with two stoppers. Use an adapter with a valve and slowly heat the PDMS to
150 °Cunder a vacuum of 0.1 mbar to distill off the cyclic side products using a Schlenk line. Allow
the PDMS to cool to room temperature.

NOTE: Vacuum distillation typically occursin 4 - 5 h.
1.3) Synthesis of a,w-bis(3-aminopropyl)-polydimethyl-methyl-phenylsiloxane

NOTE: This section describes the synthesis procedure for a polysiloxane with a molecular weight
of ~15,500 g-mol™? and 14 mol% methyl-phenyl siloxane; this procedure is comparable to the
PDMS synthesis, which is described in section 1.2.

1.3.1) Degas D4 and APTMDS under vacuum before use. Pipette approximately 1.5 g of APTMDS
using a syringe. Place DsM&P" at 70 °C for 3 - 5 h in a vacuum chamber to completely melt and
homogenize the product before use.

1.3.2) Add 4.54 g (15.3 mmol) of D4, 14.96 g (27.5 mmol) of D4M&P", and 0.9 g (3.6 mmol) of
APTMDS into a 100 mL three-neck round-bottom flask, which is equipped with a PTFE-coated
centrifugal stirrer and a nitrogen inlet and outlet.

1.3.3) Add ~26 mg of the catalyst (from section 1.1) and stir the reaction mixture at 80 °C for 30
min under a continuous nitrogen flow.

1.3.4) Add 45.5 g (153.4 mmol) of D4 dropwise into the reaction mixture, using a dropping funnel
(within 2 - 3 h), and further stir at 80 °C for 24 h under a continuous nitrogen flow.
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NOTE: The reaction can proceed overnight.

1.3.5) Proceed with the synthesis by following steps 1.2.5 and 1.2.6.
2) Molecular Weight Determination of Polysiloxane

2.1) Theoretical molecular weight of polysiloxane

2.1.1) Calculate the theoretical molecular weight M,, of polysiloxane according to the following
equation.

M, = conversion/100% - — (D4 ) + m (APTMDS)
n (APTMDS)

(1)

Here, M,, is the number average molecular weight of polydimethylsiloxane, m is the mass (g) of
the used monomers D4 and APTMDS, and n is the amount of APTMDS in moles.

2.2) Molecular weight determination of polysiloxane by *H-NMR spectroscopy

2.2.1) Dissolve 10 - 20 mg of polysiloxane in 0.5 mL of CDCls, record its NMR spectrum, and
calibrate chemical shifts [6] to the solvent signal at 7.26 ppm.

2.2.2) Calculate the molecular weight M,, of polysiloxane from the integral values according to
the following equation.

__ Integral value (= 0.07 ppm)/6H
n— Integral values (= 2.69+0.56 ppm)/8H

- 74.155 + 100 (g mol™1) (2)

2.3) Molecular weight determination of polysiloxane by titration

2.3.1) Add 1.5 - 2 g of polysiloxane into a 250 mL conical flask and dissolve it in 50 mL of THF
under continuous stirring using a magnetic stir bar.

2.3.2) Titrate amino groups with 0.1 M HCI using bromophenol blue until a color change from
blue to yellow is observed. Repeat the titration with three samples to calculate the number
average molecular weight.

3) Synthesis of Polysiloxane-urea Elastomers

NOTE: This section describes the synthesis procedure for a PDMS-based urea elastomer of 10 w%
hard-segment content (HS%) (PDMS: 15,500 g-mol1).

H12MDI (g)+APTMDS (g)
H,,MDI (g)+APTMDS (g)+polysiloxane (g)

HS% = +100% (3)
( )



307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350

3.1) Add 2.939 g (11.2 mmol) of H12MDI into a 250 mL four-neck round-bottom reaction flask,
which is equipped with a PTFE-coated centrifugal stirrer, dropping funnel, and nitrogen inlet and
outlet, and dissolve it in 20 mL of THF.

CAUTION: H12MDI is a low volatile diisocyanate and causes irritation to the skin and eyes. Wear
protective hand gloves and safety glasses.

NOTE: Alternatively, dissolve H12MDI in THF in a 50 mL beaker and add the solution through a
funnel or a tulip glass into the reaction flask. Then, rinse the beaker and funnel with 10 mL of
THF.

3.1.1) Dissolve 45.0 g (2.9 mmol) of degassed PDMS in 100 mL of THF; add this solution dropwise
into the H12MDI solution using a dropping funnel under continuous stirring and a nitrogen flow
at room temperature. Rinse the beaker and dropping funnel with 50 mL of THF and add this
solution to the reaction mixture.

3.1.2) Control the formation of the prepolymer via FTIR spectroscopy.

NOTE: The reaction progress can be monitored in two ways: using inline or offline ATR-FTIR
spectroscopy.

3.1.2.1) For inline ATR-FTIR spectroscopy, insert an inline ATR-FTIR probe, which is connected to
the spectrometer, into the central joint at the start of the reaction. Use a large oval magnetic stir
bar instead of a PTFE-coated stirrer. Start recording the spectra of the H1MDI solution and select
the NCO absorption peak at 2266 cm™ to follow the conversion of isocyanate groups.

3.1.2.2) For offline ATR-FTIR spectroscopy, take samples of the reaction mixture using a Pasteur
pipette and add a few drops on the ATR crystal. Evaporate the solvent under a nitrogen flow until
a thin film remains on the ATR crystal surface. Record spectra at different reaction stages (after
the complete addition of PDMS and after the addition of each portion of APTMDS).

3.1.3) Add portions of the stoichiometric amount of the chain extender APTMDS to the
prepolymer solution.

NOTE: The addition of the chain extender can proceed in two ways (see steps 3.1.3.1 and 3.1.3.2).
3.1.3.1) Dissolve the weighed amount of the chain extender in 5 - 10 mL of THF and add the
solution dropwise to the reaction mixture using a Pasteur pipette or using a dropping funnel,

followed by rinsing again with 3 mL of THF.

3.1.3.2) Add portions of the chain extender into a syringe and add the chain extender dropwise
to the reaction mixture. In this case, seal the fourth joint using a rubber septum stopper.
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3.1.3.2.1) Add 1.65 g (6.6 mmol) of APTMDS, corresponding to 80% of the calculated amount of
APTMDS, to the prepolymer. Then, control the reaction progress via FTIR spectroscopy.

3.1.3.2.2) Then, add 0.21 g (0.8 mmol) of APTMDS (in total, 90% of the calculated amount) to the
reaction mixture and control the reaction progress by FTIR.

3.1.3.2.3) Add 0.1 g (0.4 mmol) of APTMDS (in total, 95%) to the reaction mixture and control the
reaction progress using FTIR.

3.1.3.2.4) Finally, add the last portion of the chain extender (0.102 g, 0.41 mmol) to the reaction
mixture and check the disappearance of the NCO absorption band in the FTIR spectrum.

NOTE: After the addition of the first portion of the chain extender, an increase in viscosity is
noted.

3.1.4) Pour the PSU solution into a PTFE-foil-covered glass Petri dish and evaporate the solvent
overnight under the fume hood. Furthermore, dry the PSU in a vacuum chamber at 80 °C for 12
h.

4) Mechanical Testing Procedure
4.1) Preparation of polysiloxane-urea elastomer films

4.1.1) Dissolve 7 - 8 g of small PSU pieces in 200 - 250 mL of CHClz in a 300 mL conical flask,
loosely seal the flask using a glass stopper, and stir the mixture using a magnetic stir bar for at
least 24 h. If necessary, add additional portions of solvent.

CAUTION: Chloroform is presumably carcinogenic. Vapors may cause drowsiness upon
inhalation. Handle chloroform at a well-ventilated place.

4.1.2) Add the homogeneous solution into a glass Petri dish and cover it with perforated
aluminum foil. Allow the solvent to evaporate slowly either by placing the Petri dish in a well-
ventilated place or in a fume hood with the sash window open.

NOTE: When placing the Petri dish in the fume hood, decrease the airflow if possible. Extremely
rapid evaporation of the solvent leads to inhomogeneity and the formation of opaque stains
within the transparent films.

4.1.3) Dry the film at 80 °C in a vacuum chamber for 12 h.

4.1.4) Carefully remove the film from the glass surface using a small thin spatula and store the
PSU film within a transparent envelope upon subsequent use for mechanical characterization.
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NOTE: If the film sticks strongly on the glass surface, cover the film with deionized water and
allow the glass Petri dish to stand for ~2 h. Then, carefully remove the PSU film and dry it again
in the vacuum chamber.

4.2) Stress-strain tests on polysiloxane-urea elastomer films

4.2.1) Prepare die-cut dog-bone-shaped specimens from the PSU films according to Keiper®
(type S2). Place the PSU film, which is covered by envelope foils, under a punching knife unit with
a shape as shown in Figure 4. Push the lever down to punch out the test specimen and store it
for at least 72 h at ambient temperature (23 + 2 °C).

4.2.2) Switch on the tensile testing machine and computer. Start the software by clicking on the
icon. Select the method as tensile test and check if the correct load cell (100 N) is installed in the
testing machine.

4.2.3) Select the method assistant and check if all test settings are correct. Go to pre-test and
check if the following settings are activated: the original sample length (Lo) at 20 mm, the preload
at 0.1 MPa, and the velocity until preload is reached at 5 mm/min.

4.2.4) Go to test parameter and check if the following settings are activated: the velocity for the
determination of Young’s modulus at 1 mm/min, the velocity until sample break at 25 mm/min,
the detection of sample break at 80% Fmax, the determination of Young’s modulus at Regression,
the beginning of Young’s modulus determination at 2% strain, and the end of Young’s modulus
determination at 6% strain. Leave the method assistant and switch to the main window of the
software.

4.2.5) Push the power on button on the testing machine and click the button go to starting
position in the main window of the software.

4.2.6) Remove the protection foils and inspect the sample under a cross-polarizer to exclude any
internal stress. Measure the sample thickness and sample width using a caliber. Then, insert the
values for sample thickness and width into the corresponding fields in the main window of the
software.

4.2.7) Fix the test specimen between the upper clamping jaws of the testing machine. Click the
button zero force in the main window of the software. Fix the bottom end of the test specimen

between the bottom clamping jaws of the testing machine.

NOTE: If the surfaces of the clamping jaws are slippery, position the ends of the specimen
between fine-grain emery paper to prevent the specimen from slipping during measurement.

4.2.8) Click the start measurement button to start the tensile test.

4.2.9) After completing the measurement, proceed with steps 4.2.6 and 4.2.7. After fixing the



439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465

466

467
468
469
470
471
472
473
474
475
476
477
478
479
480
481

test specimen between the upper clamping jaws and selecting zero force, select the button go
to starting position on the main window of the software. Then, fix the bottom end of the test
specimen between the bottom clamping jaws and click start measurement again.

4.2.10) Repeat steps 4.2.6 - 4.2.8 for one PSU sample at least an additional 3x for the statistical
evaluation of Young’s modulus, tensile strength, and elongation at break.

4.3) Hysteresis tests on PSU elastomer films

4.3.1) Switch on the tensile testing machine and computer. Start the software by clicking on the
icon. Select the method as cyclic tensile test and check the installation of the correct load cell
(100 N) in the testing machine.

4.3.2) Select the method assistant and check if all test settings are correct. Go to pre-test and
check whether the following settings are activated: the original sample length (Lo) at 20 mm, the
preload at 0.05 MPa, and the velocity until preload is reached at 5 mm/min.

4.3.3) Go to the test parameter and check the activation of the following settings: the number
of cycles at 10, the setpoint loading at 100% strain, the setpoint unloading at 0% strain, and the
velocity at 25 mm/min. Leave the method assistant and switch to the main window of the
software.

4.3.4) Proceed with steps 4.2.5 - 4.2.8.

4.3.5) Repeat the hysteresis measurements with two specimens for statistical evaluation.
Calculate the mechanical hysteresis for each cycle according to the following equation.

area under the loading curve - area under the recovery curve
area under the loading curve

% Hysteresis = -100% (4)

5) Cultivation Procedure for HaCaT Cells

NOTE: Step 5.1 is optional and describes the procedure to cultivate the HaCaT cells that were
initially stored in a frozen state. Perform all steps in which cells and media are exposed to the
environment (e.g., cell transfer, pipetting, and cell passage) under sterile conditions, using a
microbiological safety workbench.

5.1) Warm a cryotube with HaCaT cells and Dulbecco’s modified Eagle’s medium (DMEM) in a 37
°C water bath. Under the microbiological safety workbench, rapidly transfer the cell suspension
to a 10 mL conical centrifuge tube, which is filled with warm DMEM.

5.1.1) Subject the cell suspension to centrifugation for 6 min at 845 x g. Discard a majority of the
supernatant using a disposable glass Pasteur pipette, which is attached to a vacuum pump, and
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resuspend the cell pellet in the remaining liquid by gently pipetting the cell agglomerates up and
down using an Eppendorf pipette.

5.1.2) Transfer the resuspended cells to a 25 cm? cell culture flask and add 9 mL of DMEM, which
is supplemented with 10% FBS. Incubate the cellsat 37 £ 1 °Cand 5% CO: in an incubator cabinet.
Control the cell proliferation daily using an inverted microscope. Change the DMEM each third
day until the cells become subconfluent.

5.1.3) Perform a cell passage under the safety workbench by removing the DMEM using a
disposable glass Pasteur pipette. Add 10 mL of PBS buffer to wash the cell layer. Remove the PBS
buffer using a disposable glass Pasteur pipette again.

5.1.4) Add 1 mL of a trypsin/EDTA solution to the 25 cm? cell culture flask to detach the cells and
incubate them in the CO; incubator cabinet. Check if the cells are present in the suspension, using
an inverted microscope.

5.1.5) Add 3 mL of DMEM to the cell culture flask to inactivate the trypsin. Transfer the cell
suspension to a centrifuge tube and subject the cells to centrifugation for 6 min at 845 x g.
Remove a majority of the supernatant, using a glass Pasteur pipette. Resuspend the cells in the
remaining DMEM and add 10 mL of fresh warm DMEM, which is supplemented with 10% FBS.

5.1.6) Transfer 5 mL of the cell suspension into each of the 75 cm? cell culture flasks and add 15
mL of fresh warm DMEM, supplemented with 10% FBS. Cultivate HaCaT cells at 37 £ 1 °Cand 5%
CO; in the CO; incubator cabinet until the cells become subconfluent.

5.1.7) Repeat the cell passage according to steps 5.1.3 - 5.1.6 but this time, use 2 mL of a
trypsin/EDTA solution and 6 mL of DMEM to inactivate the trypsin.

6) Procedure for an MTS Cell Viability Assay Using HaCaT Cells

NOTE: In vitro cytotoxicity tests were performed according to Wenzelewski*, using cell medium
extracts. PSU samples and biomedical-grade polyurethane samples were sterilized using ethylene
oxide.

6.1) Culture HaCaT cellsat 37 + 1 °C and 5% CO; in DMEM, which is supplemented with 10% FBS
in a 75 cm? cell culture flask. Use the cells for in vitro cytotoxicity tests, at least after the fourth
passage.

6.1.1) Add sterile samples of PSU and a reference material (0.7 g) into 50 mL conical centrifuge
tubes and extract the samples with DMEM, without FBS, for 72 + 2 h at 37 °C and 5% CO; at an
extraction ratio of 0.1 g/mL. Use three extracts for each PSU sample. Prepare blind samples by
filling DMEM, without FBS, into 50 mL conical centrifuge tubes and perform the same extraction.

6.1.2) On day 2 of the extraction procedure, perform cell detachment according to steps 5.1.3 -
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5.1.5 with 2 mL of trypsin/EDTA and 6 mL of DMEM. Take a 100 pL aliquot of the cell suspension
and add 100 pL of DMEM. From this diluted suspension, take 20 pL of aliquot and add 10 pL of a
0.5% trypan blue solution to stain dead cells.

6.1.3) Incubate the cells for 2 min. Fill the hemocytometer using a micropipette and immediately
count the cells within the four chambers. Calculate the numbers of viable and nonviable cells to
evaluate cell viability in percentages.

NOTE: Alternatively, the cells can be counted using a cell counting system.

6.1.4) Seed HaCaT cells (fourth passage) at a concentration of 20 x 103 cells/well in 200 pL of
DMEM into 96-well microplates and incubate the cells for 24 h at 37 °C and 5% CO..

6.1.5) On day 3, after the extraction, add 10% FBS to each of the extract and blind samples and
warm the samples up to 37 °C using a water bath. Remove the DMEM from each seeded well and
replace the medium by the extracts, blind samples, and the corresponding positive and negative
controls. For each PSU extract (use three extracts for each PSU sample), pipette 200 uL of the
extract into six wells.

6.1.6) Pipette 200 pL of the blind sample (DMEM + 10% FBS) into six wells. Pipette 200 pL of fresh
DMEM, supplemented with 10% FBS (negative control), into six wells. Pipette 200 pL of the
positive control (DMEM + 10% FBS + 1% SDS) into six wells. Incubate the cells with the extracts
and controls for 24 h at 37 °C and 5% CO,.

NOTE: For the preparation of a positive control, prepare a 20% SDS solution in water and dilute
it with DMEM at 1:2. Then, further dilute it with DMEM to prepare a 1% SDS solution.

6.1.7) On day 4, shortly before the end of the incubation time, prepare a stock solution of MTS
and DMEM without FBS (for each well, use 20 pL of MTS solution + 100 pL of DMEM). After the
incubation time, remove the extracts, blind solutions, and controls, and pipette 120 pL of the
MTS stock solution into each well, as well as into six wells without cells to determine the
background. Incubate the cells for 4 h at 37°C and 5% CO,.

6.1.8) On day 4 after the incubation of the MTS solution, measure the absorbance of each well
at 492 nm, using a microplate reader. Subtract the measured absorbance of the background from
that of the seeded wells. Assume that the measured absorbance values from the positive control
represent 0% proliferation and set those absorbance values to 0. Assume that the measured
absorbance values from the negative control represent 100% proliferation and set those values
to 100.

6.1.9) Calculate the cell proliferation from the absorbance values as a percentage of the
absorbance values from the negative control (100% proliferation) and positive control (0%
proliferation). Evaluate the sample extracts that exhibit cell proliferation of up to 81% as not
cytotoxic.
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NOTE: According to the supplier’s information*’, measure the absorbance later. Pipette 25 pL of
a 10% SDS solution into each well to stop the reaction and store the microplate for up to 18 h
protected from light at room temperature in a humidified chamber.

REPRESENTATIVE RESULTS:

The ring-chain equilibration of D4 and DsM&P" with the endblocker APTMDS yielded aminopropyl-
terminated polydimethylsiloxanes and polydimethyl-methyl-phenyl-siloxane-copolymers,
respectively, which were synthesized with molecular weights between 3,000 and 33,000 g-mol*
by adjusting the monomer ratio between D4 and APTMDS (Figure 6). Molecular weights M,, of
the prepared PDMS, which were determined from *H NMR spectra (Figure 5), were similar to the
values obtained from titration. These values were in agreement with the calculated theoretical
molecular weights of up to 15,000 g-mol™. During the preparation of PDMS with higher molecular
weights, the obtained molecular weights were slightly greater than those presumed by
theoretical calculation. The copolymerization of the cyclic siloxane with pendant phenyl groups
D4MePh was deemed successful for slightly increasing the refractive index of polysiloxanes. The
refractive index (determined using the Abbe refractometer at 37 °C) increased from 1.401
(unmodified PDMS) to 1.4356 (14 mol% methyl-phenyl-siloxane) (Figure 7). PSU elastomers were
synthesized in two steps using the prepared aminopropyl-terminated PDMS, aliphatic
diisocyanate H1;MDI, and APTMDS, using THF as the solvent. This method permitted the
construction of high-molecular-weight PSUs with a segmented structure of soft segments (PDMS)
and hard segments (diisocyanate + urea). Inline FTIR spectroscopy confirmed the extremely rapid
reaction of the isocyanate groups with the amino groups from the PDMS and the chain extender
APTMDS (Figure 3). Unlike the preparation of the polyurethane elastomers, which takes several
hours, the preparation of the PSU elastomers was convenient. The transparency and mechanical
properties of PSU elastomers were dependent on the PDMS molecular weight. Transparent PSU
elastomer films exhibited a transmittance of >90% up to a PDMS molecular weight of 18,000
g-mol™. At higher PDMS molecular weights, the PSU films became increasingly opaque (Figure 9).
With the increase in the PDMS molecular weight, soft PSU elastomers could be prepared. The
Young’s modulus of PSU elastomers decreased from ~5.5 MPa (with a PDMS molecular weight of
3000 g'mol?) to 0.6 MPa (with a PDMS molecular weight of > 26,000 g-:-mol?) (Figure 10).
Furthermore, mechanical hysteresis, which was used to evaluate the mechanical stability under
repeated applied stress, was reduced for the PSU elastomers when they were prepared from
high-molecular-weight PDMS. The hysteresis values for the first cycle at a 100% strain decreased
from 54% (with a PDMS molecular weight of 3,000 g-mol!) to 6% (with a PDMS molecular weight
of 33,000 g-mol?) (Figure 11). The applied synthesis method permitted the preparation of PSU
elastomers that do not release cytotoxic residuals as examples shown in cell viability tests
performed with extracts of some selected PSU elastomers on HaCaT cells (Figure 12).

FIGURE AND TABLE LEGENDS:
Figure 1: Synthesis of the tetramethylammonium-3-aminopropyl-dimethylsilanolate catalyst.

Tetramethylammonium hydroxide pentahydrate (TMAH) and 1,3-Bis(3-aminopropyl)-
tetramethyldisiloxane (APTMDS) were reacted 2 h in THF at 80 °C. The catalyst
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tetramethylammonium-3-aminopropyl-dimethylsilanolate is received as a white solid after
washing the crude product with THF.

Figure 2: Synthesis route for aminopropyl-terminated polydimethylsiloxanes (PDMS) and
polydimethyl-methyl-phenyl-siloxane-copolymers. Cyclic monomers D4/DsMeP" are equilibrated
using a disiloxane endblocker APTMDS at 80 °C for 24 h using the tetramethylammonium-3-
aminopropyl-dimethylsilanolate catalyst. This figure has been modified from Riehle et al.*®.

Figure 3: Two-step synthesis of segmented polysiloxane-based urea elastomers (PSU). In the
first step, a prepolymer containing active isocyanate groups is formed after the reaction of
H12MDI with aminopropyl-terminated polysiloxane (R = CHs: PDMS; R = Ph; copolymer). In the
second step, the polymer molecular weight is increased via the reaction of the remaining active
isocyanate groups with the chain extender APTMDS. The resulting elastomer is a segmented
polymer comprising urea hard segments and silicone soft segments. This figure has been
modified from Riehle et al.*3.

Figure 4: Specification of the dog-bone-shaped test specimen for stress-strain tests. This figure
has been modified from Keiper®.

Figure 5: H-NMR spectrum of aminopropyl-terminated polydimethylsiloxane. For the
molecular weight calculation, integral values of the methylene protons d (6 2.69 ppm) and b (6
0.56 ppm) and methyl protons a (6 ~ 0.07 ppm) were utilized. The peak ¢ (6 ~1.5 ppm) is overlaid
by the HDO peak?*, corresponding to the proton exchange of water traces with solvent CDCls;
hence, this peak is not used to calculate the molecular weight. The PDMS molecular weight in
this spectrum is ~16,365 g-mol™.

Figure 6: Linear correlation between the molecular weight M,, of aminopropyl-terminated
polydimethylsiloxanes and endblocker concentration. M,, values were determined via *H-NMR
spectroscopy, the titration of amino end groups, and the theoretical calculation according to
equation (1). This figure is reprinted with permission from Riehle et al.*®.

Figure 7: Refractive indices of aminopropyl-terminated polydimethyl-methyl-phenyl-siloxane-
copolymers. Refractive indices (RI) of polydimethyl-methyl-phenyl-siloxane-copolymers were
determined at 20 °C (black squares) and 37 °C (red circles) using an Abbe refractometer. The R
values linearly increased with the amount of the incorporated methyl-phenyl-siloxane units. Rl
values at 0 mol% represent those from unmodified PDMS with a molecular weight comparable
to the polydimethyl-methyl-phenyl-siloxane-copolymers. An optimal Rl of 1.4346 (37 °C) was
obtained for a copolymer with 14 mol% of methyl-phenyl-siloxane. This figure has been reprinted
with permission from Riehle et al.*2.

Figure 8: Isocyanate conversion during the synthesis of polydimethylsiloxane-urea (PSU). This
figure shows a time-dependent plot of the NCO absorption band at 2266 cm™ followed by inline
FTIR-ATR spectroscopy during the synthesis of PSU. After the addition of aminopropyl-terminated
polydimethylsiloxane, the height of the NCO band decreased, indicative of the formation of NCO-
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terminated prepolymer chains. After the addition of the chain extender APTMDS, the NCO band
completely disappeared from the IR spectra. This figure has been reprinted with permission from
Riehle et al.*°.

Figure 9: Dependence of the transmittance of PSU elastomer films at 750 nm and the molecular
weight of polydimethylsiloxane. The transmittance of the PSU films was determined by UV-Vis
spectroscopy. The transmittance of PSUs at 750 nm (the upper edge of the visible spectrum) was
>90% if PSUs were synthesized using PDMS with molecular weights ranging between 3,000 and
18,000 g-mol™. With an increasing molecular weight of PDMS, the opacity of films increased. This
figure has been reprinted with permission from Riehle et al.*.

Figure 10: Young’s modulus of PSU elastomers as a function of the molecular weight of
polydimethylsiloxane. Young’s moduli (YM) were determined from stress-strain measurements
of the PSU films. The values are expressed as a mean value obtained from five repeated
measurements. The error bars represent the standard deviation. The highest decrease of YM was
observed for PSUs synthesized from PDMS ranging from 3,000 to 9,000 g-mol™®. At PDMS
molecular weights between 12,000 and 18,000 g-mol™?, YM values were between 1.5 MPa and
1.0 MPa. At molecular weights greater than 26,000 g-mol™, YM values were ~0.6 MPa. This figure
has been reprinted with permission from Riehle et al.*2.

Figure 11: 100% hysteresis curves of PSU elastomers. The first-cycle hysteresis curves of the PSU
elastomers at 100% elongation are shown. The polymer notation refers to the PDMS molecular
weight (e.g., PSU-3T is a polyurea elastomer prepared from PDMS with a molecular weight of
3,000 g-mol?). The highest mechanical hysteresis (43% - 54%) was observed in PSU elastomers
synthesized from low-molecular-weight PDMS, as indicated by the pronounced hysteresis curves.
Hysteresis decreased with the increase in the PDMS molecular weight from 14% (15,000 g-mol?)
to 6% (33,000 g-mol?). This figure has been reprinted with permission from Riehle et al.*®.

Figure 12: Results of in vitro cytotoxicity tests on HaCaT cells treated with PSU extracts. This
figure shows the cell proliferation of the HaCaT cells treated with the cell medium extracts of PSU
elastomers. The values are expressed as the mean value obtained from three tested extracts per
sample, with six repeated measurements for each extract (18 replicates in total). The error bars
represent the standard deviation from these measurements. The blank represents the cell
medium DMEM (without the sample), which was treated analogous to the cell medium used for
extraction. A medical-grade polyether urethane was selected as the reference material. Silicone-
based polyurea elastomers (PSU-18T, PSU-16T, and PSU-14Ph) were selected as representative
test samples, which were based on PDMS with molecular weights of 18,000 and 16,000 g-mol™*
(PSU-18T and PSU-16T), whereas PSU-14Ph was based on a polydimethyl-methyl-phenyl-
siloxane-copolymer with 14 mol% of methyl-phenyl-siloxane and a molecular weight of ~16,600
g-mol?. The mean proliferation of HaCaT cells, treated with the extracts of the PSU elastomers,
and the reference polyurethane was 100% and higher. Therefore, the extracts of the PSU
elastomers and reference polyurethane are not cytotoxic.

DISCUSSION:
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To achieve high-molecular-weight aminopropyl-terminated PDMS via ring-chain equilibration,
using an anhydrous, strongly basic catalyst is crucial. Other typically applied catalysts, such as
tetramethylammonium hydroxide (TMAH) or potassium hydroxide (KOH), contain water
residues, which promote side reactions; hence, a mixture of difunctional, monofunctional, and
nonfunctional PDMS chains with similar molecular weights is obtained**. Furthermore, if TMAH
is used, the reaction requires >48 h for completion and does not always proceed with complete
monomer consumption®4,

In particular, the weighing of the endblocker APTMDS is critical to obtain the desired molecular
weight of PDMS. For example, instead of 0.9 g of APTMDS, if 0.85 g is used to synthesize PDMS,
as described in section 2.1 of the protocol, this would lead to a theoretical molecular weight of
approximately >900 g-mol™. In addition, the theoretical molecular weight is dependent on the
conversion. If the cyclic side products are not considerably removed via vacuum distillation, a
high conversion value will be obtained. For example, to use the same synthesis procedure (as in
section 2.1 of the protocol), a calculated conversion of 90% would lead to a theoretically
calculated molecular weight; this value is 910 g-mol™? greater than that if a conversion of 85% is
presumed. Deviations in the polysiloxane molecular weight determination by titration are
possibly related to the weighing of PDMS into the flasks, particularly if a 50 mL burette is used
for titration. A deviation related to the weighing of 0.06 g of polysiloxane might lead to a
calculated difference of ~650 g-mol?. Hence, the use of a semiautomatic titrator is
recommended.

The refractive index of PDMS can be increased by the incorporation of phenyl groupst’>?,
halogenated phenyl groups®?, or sulfur-containing groups>. Attempts to incorporate phenyl
groups into PDMS via the copolymerization of octaphenylcyclotetrasiloxane (D4"") as described
by Yilgor, Riffle, and McGrath>* were unsuccessful under the applied reaction conditions, possibly
because the bulky ring backbone made it impossible for the applied catalyst to break up the
siloxane bonds at the selected reaction temperature. The D4"" ring can be opened if KOH is used
at a reaction temperature of 160 °C. However, polysiloxanes of extremely high molecular weight
are obtained, which presumably contain high amounts of nonfunctional impurities. In addition,
the removal of the catalyst KOH in those copolymers is not straightforward and requires a
neutralization step using ethanolic HCI, followed by an aqueous extraction of the catalyst. Then,
the PDMS has to be dissolved in an organic solvent, such as CH;Cl,, to separate the aqueous phase
from the organic PDMS-containing phase. Finally, the organic phase must be dried over MgSQsg,
followed by filtration and vacuum distillation using a rotary evaporator®*. In contrast, the method
presented in this manuscript allows the catalyst to be removed immediately via thermal
decomposition. Therefore, instead of using solid monomer Ds”", phenyl groups are successfully
introduced into the PDMS backbone by the copolymerization of the liquid monomer D4M&Ph, as
confirmed by 2°Si-NMR spectroscopy°.

The synthesized PSU elastomers exhibited YM of 0.6 - 5.5 MPa and high elasticity with elongation
values of up to 1,000%. Such high elongation values were related not only to the polymer
segmented structure but also to the high molecular weights of the PSU elastomers (M,, > 100,000
g-mol™1)*8. An instantaneous reaction occurs between the amino groups and aliphatic isocyanyate
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groups at room temperature, leading to rapidly increasing molecular weight. This result was
further supported by conducting the reaction in a solvent, because a slight increase in viscosity
did not appear to slow down the reaction speed significantly, which would otherwise dramatically
affect the molecular weight for a nearly balanced stoichiometric ratio. In contrast, when a short
chain diol, such as 1,4-butanediol, was used as the chain extender, the resulting polyurethane-
urea elastomers were not only less elastic but also lost considerable mechanical stability,
particularly if high-molecular-weight PDMS was used for synthesis. This result was presumably
related to the considerably low molecular weights of the elastomers (results not published),
corresponding to the incomplete conversion of all isocyanate groups at the last stage of
polyaddition. In addition, differences in reactivity between the amino and hydroxyl groups
toward aliphatic diisocyanates dramatically affected the results obtained from in vitro
cytotoxicity tests. Extracts of the PSU elastomer prepared from the amino-chain extender
APTMDS did not exhibit any cytotoxic effect on the HaCaT cells (Figure 12). However, if extracts
of a siloxane-based polyurethane-urea elastomer were used, the cell viability was drastically
reduced (results not published), which was possibly related to the low-molecular-weight
leachables and residual unreacted isocyanate groups.

This protocol describes a convenient method for preparing amino-functional polysiloxanes,
which can be subsequently used as macrodiamines for synthesizing high-molecular-weight, soft,
and elastic polysiloxane-urea elastomers. As the mechanical properties of the PSUs can be varied
according to the PDMS molecular weight, it is possible to use these polymers in other application
fields. Furthermore, the procedure for preparing amino-functional polysiloxanes can be used for
the introduction of side groups, such as vinyl groups, via the copolymerization of a cyclic siloxane
with pendant vinyl groups (results not shown). This may open up new application fields, including
the preparation of soft crosslinked polysiloxane gels (e.g., by Pt-catalyzed hydrosilylation with a
hydride-functional silicone or by UV-activated thiol-ene addition of mercapto-functional PDMS)
(results not shown).
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Name of Chemical/Material CAS Company Catalogue number

Octamethylcyclotetrasiloxane (D4), 97 % 556-67-2 ABCR GmbH AB111277

1,3-Bis(3-aminopropyl)-tetramethyldisiloxane,

97% 2469-55-8 ABCR GmbH 110832
2,4,6,8-Tetramethyl-2,4,6,8-
tetraphenylcyclotetrasiloxane 77-63-4 Sigma Aldrich 40094

Tetramethylammonium hydroxide

pentahydrate 10424-65-4  Alfa Aesar L09658
4,4¢-Methylenbis(cyclohexylisocyanate) Covestro via CSC Jakle

(H12MDI) 5124-30-1 Chemie GmbH & Co. KG

Tetrahydrofuran (anhydrous) 99.8 % 109-99-9 Alfa Aesar 44608
Chloroform 99 % 67-66-3 Grissing GmbH Analytica 1025125000
Chloroform-d, 99.8 % 865-49-6 Sigma Aldrich 151823
Dulbecco's modified Eagle's medium (DMEM) Thermo Fisher Scientific Life

high glucose Technologies GmbH 41965-039

Thermo Fisher Scientific Life
Fetal bovine serum (FBS) Technologies GmbH A3160801
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Thermo Fisher Scientific Life

Trypsin/EDTA, 0.25 % phenol red Technologies GmbH 25200056
Cell Titer Aqueous One Solution cell 53580
proliferation assay (MTS) Promega GmbH

HaCaT-cells CLS Cell Lines Service GmbH 300493
BioComFold Morcher GmbH

Accommodative 1CU Human Optics AG

Crystalens Bausch and Lomb Inc.

Silmer OH-Di10 Siltech Corp.

Synchrony Visiogen Inc.

Elast-Eon AorTech International plc

Pellethane 2363-80A Lubrizol Life Sciences



Zwick universal tensile testing machine model

81565 and software testXpert Il Zwick GmbH & Co. KG

CASY Roche Innovatis AG

Multisizer Beckman Coulter Life Sciences



Comments
presumably impairs
fertility, must be
degassed before use

sensitive to air, must be
stored under nitrogen

technical grade

toxic if swallowed and
upon skin contact, strong
base, sensitive to air,
hygroscopic, store under
refrigeration and under
nitrogen

toxic if inhaled, skin and
eye irritant

stabilized with BHT

stabilized with ethanaol,
presumably carcinogenic,
can impair fertility and
cause damage to an
unborn child



foldable accommodating
intraocular lens

foldable accommodating
intraocular lens

foldable accommodating
intraocular lens
Carbinol-terminated
Polydimethylsiloxane
dual-optic foldable
accommodating
intraocular lens
thermoplastic PDMS-
PHMO-based
polyurethane for medical
applications

thermoplastic polyether-
based polyurethane for
medical applications



tensile testing machine
cell counting system
cell counting system
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Item 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: Standard Access ><Open Access

Iltem 2 (check one box):

éwé’he Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

~' The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License

Agreement, the following terms shall have the following 2. Background. The Author, who is the author of the Article,
meanings: “Agreement” means this Article and Video License in order to ensure the dissemination and protection of the
Agreement; “Article” means the article specified on the last Article, desires to have the JoVE publish the Article and create
page of this Agreement, including any associated materials and transmit videos based on the Article. In furtherance of
such as texts, figures, tables, artwork, abstracts, or summaries such goals, the Parties desire to memorialize in this Agreement
contained therein; “Author” means the author who is a the respective rights of each Party in and to the Article and the
signatory to this Agreement; “Collective Work” means a work, Video.

such as a periodical issue, anthology or encyclopedia, in which

the Materials in their entirety in unmodified form, along with a 3. Grant of Rights in Article. In consideration of JOVE agreeing
number of other contributions, constituting separate and to publish the Article, the Author hereby grants to JoVE,
independent works in themselves, are assembled into a subject to Sections 4 and 7 below, the exclusive, royalty-free,
collective whole; “CRC License” means the Creative Commons perpetual (for the full term of copyright in the Article,
Attribution-Non Commercial-No Derivs 3.0 Unported including any extensions thereto) license (a) to publish,
Agreement, the terms and conditions of which can be found reproduce, distribute, display and store the Article in all forms,
at: http://creativecommons.org/licenses/by-nc- formats and media whether now known or hereafter
nd/3.0/legalcode; “Derivative Work” means a work based developed (including without limitation in print, digital and
upon the Materials or upon the Materials and other pre- electronic form) throughout the world, (b) to translate the
existing works, such as a translation, musical arrangement, Article into other languages, create adaptations, summaries or
dramatization, fictionalization, motion picture version, sound extracts of the Article or other Derivative Works (including,
recording, art reproduction, abridgment, condensation, or any without limitation, the Video) or Collective Works based on all
other form in which the Materials may be recast, transformed, or any portion of the Article and exercise all of the rights set
or adapted; “Institution” means the institution, listed on the forth in (a) above in such translations, adaptations,
last page of this Agreement, by which the Author was summaries, extracts, Derivative Works or Collective Works and
employed at the time of the creation of the Materials; “JoVE” (c) to license others to do any or all of the above. The
means MyJove Corporation, a Massachusetts corporation and foregoing rights may be exercised in all media and formats,
the publisher of The Journal of Visualized Experiments; whether now known or hereafter devised, and include the
“Materials” means the Article and / or the Video; “Parties” right to make such modifications as are technically necessary
means the Author and JoVE; “Video” means any video(s) made to exercise the rights in other media and formats. If the “Open
by the Author, alone or in conjunction with any other parties, Access” box has been checked in Item 1 above, JoVE and the
or by JoVE or its affiliates or agents, individually or in Author hereby grant to the public all such rights in the Article
collaboration with the Author or any other parties, as provided in, but subject to all limitations and requirements
incorporating all or any portion of the Article, and in which the set forth in, the CRC License.

Author may or may not appear.

612542.6
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JOVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6

statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JOVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and- publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JOVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JOVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JOVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing lLaw. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:

Name: e 62(:1(.&, LO"'C"‘ ¢ 3 .
SR S LY T —
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Department:
Institution:

Article Title:

Signature:

/
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Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JOVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Letter

Click here to access/download;Rebuttal
Letter;Response_Letter_R3.docx

Prof. Dr. Glnter Lorenz
Reutlingen University
School of Applied Chemistry
Alteburgstrasse 150

72762 Reutlingen

Reutlingen, 09.09.2018

Submission of revised manuscript: 58590-R2

Dear Bing Wu Ph.D.,

We are resubmitting the revised manuscript for your consideration.

According to your comments, we removed the footnotes in the manuscript and highlighted
step 4.2.5). Furthermore, we included a description for the catalyst synthesis shown in
Figure 1 (highlighted in green).

We would like to point out that this manuscript was edited twice by two native speakers of
English who are employed at a professional language editing service.

Therefore, we hope that the revised version of this manuscript now meets JoVE’s language
requirements.

We are looking forward to hearing from you soon.

Yours sincerely,

Ginter Lorenz

I+
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