>
=
%)
14
Ll
=
zZ
=)
o
O
o
=z
<
o
o
O
o
=z
<
oM
|
O
O
2
>
LL
@
o

PRIFYSGOL

BANGOR

UNIVERSITY

Versatile Hyperbranched Poly(3-Hydrazide Ester) Macromers as Injectable
Antioxidative Hydrogels

Xu, Qian; Venet, Manon; WAng, Wei; Creagh-Flynn, Jack; Wang, Xi; Li, Xiaolin;
Gao, Yongshenng; Zhou, Dezhong; Zeng, Ming; Lara-Saez, Irene; A, Sigen; Tali,
Hongyun; Wang, Wenxin

ACS Applied materials and interfaces

DOI:
10.1021/acsami.8b15006

Published: 30/10/2018

Peer reviewed version

Cyswllt i'r cyhoeddiad / Link to publication

Dyfyniad o'r fersiwn a gyhoeddwyd / Citation for published version (APA):

Xu, Q., Venet, M., WANng, W., Creagh-Flynn, J., Wang, X., Li, X., Gao, Y., Zhou, D., Zeng, M.,
Lara-Saez, I., A, S., Tai, H., & Wang, W. (2018). Versatile Hyperbranched Poly(B-Hydrazide
Ester) Macromers as Injectable Antioxidative Hydrogels. ACS Applied materials and interfaces,
10(46), 39494-39504. https://doi.org/10.1021/acsami.8b15006

Hawliau Cyffredinol / General rights

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or
other copyright owners and it is a condition of accessing publications that users recognise and abide by the legal
requirements associated with these rights.

« Users may download and print one copy of any publication from the public portal for the purpose of private
study or research.

« You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to
the work immediately and investigate your claim.

08. May. 2024


https://doi.org/10.1021/acsami.8b15006
https://research.bangor.ac.uk/portal/en/researchoutputs/versatile-hyperbranched-polyhydrazide-ester-macromers-as-injectable-antioxidative-hydrogels(6bbec2a2-4c2f-4b17-84f0-051f6b8a05e9).html
https://research.bangor.ac.uk/portal/en/researchoutputs/versatile-hyperbranched-polyhydrazide-ester-macromers-as-injectable-antioxidative-hydrogels(6bbec2a2-4c2f-4b17-84f0-051f6b8a05e9).html
https://research.bangor.ac.uk/portal/en/researchoutputs/versatile-hyperbranched-polyhydrazide-ester-macromers-as-injectable-antioxidative-hydrogels(6bbec2a2-4c2f-4b17-84f0-051f6b8a05e9).html
https://doi.org/10.1021/acsami.8b15006

SUPPORTING INFORMATION

Versatile Hyperbranched Poly(B-Hydrazide Ester)

Macromers as Injectable Antioxidative Hydrogels

Qian Xu!, Manon Venet?, Wei Wang®, Jack Creagh-Flynn', Xi Wang!, Xiaolin Li',
Yongsheng Gao', Dezhong Zhou', Ming Zeng!, Irene Lara-Saez!, Sigen A'*, Hongyun

Tai*, Wenxin Wang'-*

! Charles Institute of Dermatology, School of Medicine, University College Dublin,
Belfield, Dublin 4, Ireland.

2 Molecular and Cellular Biology, Specialty Skin Biology, Department of Biology,

Claude Bernard University Lyon I, Lyon-France.

3 School of Materials Science and Engineering, Tianjin University, Tianjin 300350,

China.

* School of Chemistry, Bangor University, Bangor, Gwynedd LL57 2DG, UK

Corresponding author:

wenxin.wang@ucd.ie

sigen.a@ucdconnect.ie

This supporting information file includes:
Table of Contents

Materials

Supplementary Methods and Equations
Supplementary Figures

Supplementary References

S-1



Table of Contents

IVIBEETTAIS ...t 3
SUPPIEMENTArY IMEINOUS.....ccui i et besre e 3
Preparation OF DTP.......c.coiiiiiiec et sttt sbe et e e te s te e e 3
Preparation OF SDH ........cooiiii e e 3
TADIE ST 5
TADIE S2....ee s 5
SCNEIME ST, .ttt bbb bbb bbbt 6
T[0T USSR 7
FIQUIE S2. oottt ettt te e e et e s be e s e e s b e ebe e besbeere e besaeeeesreeneeeas 8
T [U TS 1 TSSO 9
FIQUIE S oottt sttt et e st e e e st e s te e be s be e s e e besaeestesteeneesreateentens 10
FIQUIE S5 ittt et e st e st e e s e s te e te e besbe e s s e besaeesbesteeneesreateentens 11
FHQUIE SB. ettt 12
B gUIE ST, bbbt 13
FIUIE S8, bbbt 14
FIQUIE SO, bbbt 15
FIQUIE STL0. ottt 16
FHQUIE SLL. bbbttt bbbt 17
SUPPIEMENTArY RETEIENCE. ... ..o 18

S-2



Materials

Poly(ethylene glycol) diacrylates (PEGDA, Mn = 575, and 700 Da), were purchased
from Sigma-Aldrich. Dimethyl sulfoxide (DMSO, HPLC grade), d6-DMSO (99.8%),
ethyl alcohol (99.5%), diethyl ether (ACS reagent grade), dimethylformamide (DMF,
HPLC grade) were purchased from Fisher and used as received. 3,3’-Dithiodipropionic
acid, sulfuric acid (98%), and hydrazine hydrate were used to synthesize 3,3’-
dithiobis(butanoic hydrazide) (DTP). HA-SH (R&D grade) was purchased from Blafar
Ltd. Phosphate buffered saline Tablets (PBS) and H>O» were purchased from Sigma-
Aldrich and dissolved with ultra-pure water. 2,4,6-Trinitrobenzenesulfonic acid
solution (TNBS, 5% (w/v) in H2O) and Sodium tetraborate were purchased from
Sigma-Aldrich.

Dulbecco’s Modified Eagle’s Medium (DMEM), fetal bovine serum (FBS), and
penicillin / streptomycin were purchased from Invitrogen. 3T3 cells were purchased
from ATCC. Adipose-derived stem cells (ADSCs) were extracted from SD rats
previously and stored in liquid nitrogen. AlamarBlue reagent was purchased from
Sigma-Aldrich. Live/Dead Viability Kit was purchased from Bio Science.

Supplementary Methods

Preparation of DTP

DTP was synthesized according to a published paper.! Briefly, 3,3’-Dithiodipropionic
acid (10 g) was dissolved in ethyl alcohol (100 mL) and one drop of sulfuric acid was
added into the flask. The solution was heated to reflux for 5 h. The solvent was
evaporated by a rotavapor. Diethyl ether (150 mL) was added to dissolve the mixture.
The solution was washed by H>O (3x100 mL) then the organic layer was dried over
NazSO4. Diethyl ether was removed by rotavapor. The crude diester (12.1 g, 87.5%
yield) resembled colorless oil. Diester (10 g) and hydrazine hydrate (8 equiv.) were
dissolved into ethyl alcohol (25 mL), respectively. The solution of diester was added
into the solution of hydrazine hydrate dropwise. The solution was heated to 50 °C and
stirred for 2 h, then it was transferred to a beaker and left to cool to room temperature.
DTP was precipitated then filtered and washed with cool hexane to afford the white
crystal. The final product was dried with vacuum oven for 2 days to fully remove the
hydrazine hydrate (7.9 g, 84.6% yield). "H-NMR (400 MHz, DMSO-ds): 9.07 (s, 2H),
4.24 (s, 4H), 2.89 (t, 4H), 2.41 (t, 4H).

Preparation of SDH

SDH was synthesized via a similar method of DTP synthesis. Briefly, suberic acid (10
g) was dissolved in ethyl alcohol (100 mL) and one drop of sulfuric acid to act as a
catalyst was added into the flask. The solution was heated to reflux for 6 h. The solvent
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was evaporated by a rotavapor. Diethyl ether (150 mL) was added to dissolve the
mixture. The solution was washed by H>O (3100 mL), then the organic layer was dried
over NaxSOyq. Diethyl ether was removed by rotavapor. The crude diester (11.7 g, 82.6%
yield) resembled colorless oil. Diester (10 g) and hydrazine hydrate (8 equiv.) were
dissolved into ethyl alcohol (25 mL), respectively. The solution of diester was added
into the solution of hydrazine hydrate dropwise. The solution was heated to 50 °C and
stirred for 2 h, then transferred to a beaker and allowed to cool to room temperature.
SDH was precipitated, then filtered and washed with chilled hexane to achieve the
white crystal. The final product was dried with vacuum oven for 2 days to fully remove
the hydrazine hydrate (7.4 g, 83.3% yield). 'TH-NMR (400 MHz, DMSO-ds): 8.90 (s,
2H), 4.15 (s, 4H), 1.98 (t, 4H), 1.46 (m, 4H), 1.20 (m, 4H).
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Table S1.

List of the macromers.

Monomer PEGDA 575 PEGDA 700
DTP 575-DTP 700-DTP
SDH 575-SDH 700-SDH
Table S2.
Profiles of the obtained macromers monitored by GPC.
Mn (Da) Mw (Da) PDI Conversion (%)
575-DTP 4488 10009 2.23 77
700-DTP 6097 11249 1.85 73
575-SDH 5551 11660 2.10 71
700-SDH 6222 12326 1.98 72
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Scheme S1.

Synthesis of HB-PBHEs by SDH and PEGDA via “A2+B4” Michael addition approach
in DMSO at 90 °C.
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Figure S1.

GPC monitoring the synthesis of 575-DTP and 700-DTP macromers. (A) and (C) are

GPC traces; (B) and (D) are Mw versus PDI with time.
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Figure S2.

GPC monitoring the synthesis of 575-SDH and 700-SDH macromers. (A) and (C) are
GPC traces; (B) and (D) are Mw versus PDI with time.
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Figure S3.
"H-NMR and "*C-NMR spectra of 700-DTP macromer.
b
7>fh A 700-DTP %_;b(ﬁ
° d d x3 & o
*/_f,
K‘ A2 L ) "
h Lf d
(e N
ﬁ “ C¥\n \d"'j\_ c .
e N N
. LFK—M_‘

d
o
c' f c
a c e b
ba h' a
. il JJ BN el | | A
T T T T T T T 1 r T T T T T T T T T T T T T T T T T T N
5 4 3 2 1 200 180 160 140 120 100 80 60 40 20
Chemical shift (ppm)

Chemical shift (ppm)

S-9



Figure S4.

'"H-NMR and "*C-NMR spectra of 575-SDH macromer.
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Figure SS5.

'"H-NMR and "*C-NMR spectra of 700-SDH macromer.
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Figure S6.

Vinyl content of all four macromers.
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Figure S7.

Hydrazide content of all four macromers.
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Figure S8.

Gelation process and rheological assay of SDH based injectable hydrogels (different
concentrations of HP-PBHEs with 1% w/v HA-SH) by rheometer. (A) and (B) storage
and loss moduli with time sweep. (C) and (D) storage and loss moduli with strain sweep.
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Figure S9.

Gelation process and rheological assessments of SDH-based UV crosslinked hydrogels
by rheometer. UV irradiation was applied from 60 s to 180 s. (A) and (B) storage and
loss moduli with time sweep. (C) and (D) storage and loss moduli with strain sweep.
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Figure S10.

575-DTP and 700-DTP macromers’ biocompatibility test using an alamarBlue assay
for 3T3s (A) and ADSCs (B).
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Figure S11.

575-SDH and 700-SDH macromers’ biocompatibility test using an alamarBlue assay
for 3T3s (A) and ADSCs (B).
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