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Multi-stimuli Responsive Supramolecular Hydrogel Based on Fe3*
and Diblock Copolymer Micelles Complexation

Zhen Tao, Kang Peng, Yujiao Fan, Yunfei Liu and Haiyang Yang”

The stimuli-triggered degradable hydrogels have found broad applications in controlled release of drugs,
fragrances, flavourings and fertilizers. Recently, multi-stimuli responsive micelle-based hydrogels has become
focus, since they could respond to a combination of external stimulus. Herein, a multi-stimuli responsive
supramolecular hydrogel with great potential to biomedical application was prepared, which composed of the
micelle-forming  diblock  copolymer  poly[(N-isopropylacrylamide-co-2-nitrobenzyl  acrylate)-block-(N,N-
dimethylacrylamide-co-acrylic acid)] (P(NIPAM-co-NBA)-b-P(DMA-co-AA)), and physically cross-linked by
supramolecular complexation between AA groups and ferric ions (Fe3*), exhibiting gel-sol transition by UV
irradiation, multidentate ligands (EDTA) and redox agent (NazS204).

Introduction

Hydrogels are a class of materials formed by three-dimensional
cross-linked hydrophilic network® 2, which are able to trap
molecules with various physiochemical properties® 3 4 and
controlled release the guest molecules through their network
structure by swelling, diffusion and degradation? 57. Over the
past few decades, extensive attention has paid to the hydrogels
for controlled release of drugs, fragrances, flavourings and
fertilizers®15,

Recently, hydrogels®1® constructed from synthetic
polymers20-25 or low-molecular-weight gelators (LMWGs)26 have
been studied. Tong et al.Z7 reported a
supramolecular hydrogel rely on the complexation of ferricions
(Fe3*) and poly(acrylic acid) (PAA) with dual responses to redox
and light, which was promising as devices for encapsulation and

extensively

localization of bioactive molecules and cells. Zhang et al.2®
developed a photodegradable hydrogel that allow 3D
encapsulation of cells, formed by the self-assembly of short
peptides with a phototrigger.

Among the strategies of fabrication, hydrogels composed of
polymeric nanoparticles, dendrimers and micelles were widely
developed to overcome the limitation to associate the
hydrophobic molecules?? 30, Additionally, the polymer micelle
based hydrogels exhibiting a sol-gel transitions are expected to
be applied in cancer medicinel# 31, tissue engineering32 33 and
controlled 3D cell culture34. Duvall et al.3> prepared a triblock
polymer micelle-based thermoresponsive hydrogel formed in
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Scheme 1. Schematic representation of gelation by micelles

and complexation of Fe3* and polymer chains, and gel-sol
transition triggered by EDTA, UV irradiation and Na;S;04.

situ at physiologic temperature, incorporating reactive oxygen
species (ROS) triggered degradation and drug release.

The stimuli-responsive hydrogels could adapt to the
external stimuli, playing a significant part in diverse applications
from biomedicine to electromechanical systems’. Notably,
there has been increasing interest in the development and
applications of dual and multi-responsive degradable hydrogels,
since their enriched versatility leaded by a combination of two
or more external stimulus (occur simultaneous or in a
sequential manner) 3¢, For example, Nitschke* et al. have
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Figure 1. G’ and G” versus Fe3*/COO- of P1 hydrogel.

developed a metal-organic cage-cross-linked polymeric
hydrogel, presenting responses to acid, amine and aldehyde,
which allows selective encapsulation and graded release of
cargo.

Herein, we report a hydrogel crosslinked by complexation
between Fe3* and micelles,
amphiphilic diblock copolymer poly[(N-isopropylacrylamide-co-
2-nitrobenzyl acrylate)-block-(N,N-dimethylacrylamide-co-
acid)]  (P(NIPAM-co-NBA)-b-P(DMA-co-AA)), with
degradation mechanism triggered by multiple stimuli, as
shown in Scheme 1.

The incorporated hydrophobic NBA groups, resulting in a
lower low critical solution temperature (LCST) of the random
P(NIPAM-co-NBA) block (with 6 mol % of NBA, LCST = 6 °C),
would convert into hydrophilic AA groups upon UV irradiation,

leading to gel-sol transition due to an increasing of LCST to 55
C.37.38

which were assembled by

acrylic

Meanwhile, the complexation between AA groups and Fe3*
would disassemble by addition of competing multidentate
ligands (for example, EDTA). On removal of Fe3*, the hydrogel
would disperse into solution, as a result of the absence of
crosslinking.

Further, the nitro groups of NBA moieties would be reduced
to amino groups when reacting with reducing agent (for
example, NazS$;04), followed by a 1,4-rearrengenment-

2| J. Name., 2012, 00, 1-3
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Figure 2. G’ and G” versus (a) frequencies and (b) times
curves of P1 hydrogel.

elimination.3941 At the same time, Fe3* would be reduced to
ferrous ions (Fe?*) by NayS;04, leading to a much weaker
complexation between AA groups? 43, Thus, the hydrophobic
cores of micelles and the complexation between Fe3* and AA
groups would be disrupted simultaneously, in the presence of
NaZSZO4.

The hydrogel could response to light, multidentate ligands
and reducing agent simultaneously or in a sequential manner,
which could be beneficial for selective encapsulation and
sequential release of guest molecules.

Experimental
Materials

N-isopropylacrylamide (NIPAM, 97%, Aldrich) was recrystallized
twice from a mixture of n-hexane and benzene (v/v = 2:1) prior
to use. 2-Nitrobenzyl acrylate (NBA)37- 38 and 4-cyanopentanoic
acid dithiobenzoate (CTA) were prepared according to the
literature.** 2,2'-Azobis(2-methylpropionitrile) (AIBN, 99%,
Aldrich) was recrystallized from 95% ethanol and stored at -20
°C. N,N-dimethylacrylamide (DMA, 99%, Aldrich) and 1,1,3,3-
Tetramethylguanidine (TMG, 98%, Aldrich) were distilled under
reduced pressure. Acrylic acid (AA, 98%, Sinopharm Chemical
Reagent Co. Ltd.) was distilled under reduced pressure and
stored at -20 °C. Benzyl chloride (Sinopharm Chemical Reagent

This journal is © The Royal Society of Chemistry 20xx
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Co. Ltd.), ferric chloride hexahydrate (FeCl3:6H,0, Sinopharm
Chemical Reagent Co. Ltd.), sodium dithionite (Na;S;04, 90%,
Aladdin) and ethylenediaminetetraacetic acid (EDTA,
Sinopharm Chemical Reagent Co. Ltd.) were used as received.
The murine 4T1 murine mammary carcinoma cells were
purchased from the Shanghai Institute of Cell Biology (Shanghai,
China). Fetal bovine serum (FBS), trypsin, phosphate

buffered saline (PBS), and Dulbecco’s modified Eagle’s medium
(DMEM) were purchased from GIBCO and used as received. Cell
culture lysis buffer, 4',4’,6-diamidino-2-phenylindole

(DAPI), 3-(4,5-dimethylthiazol-2,5-diphenyltetrazolium
bromide (MTT), propidium iodide (Pl, 94%), fluorescein
diacetate (FDA), and hematoxylin and eosin (H&E) staining kit
were purchased from Beyotime Institute of Biotechnology
(Shanghai, China).

Synthetic and Characterization of Polymer

P(NIPAM-co-NBA)-macro CTA was synthesized by reversible
addition-fragmentation chain transfer (RAFT) polymerization of
NIPAM and NBA with AIBN as initiator . Typically, the mixed
solution of CTA (42.5 mg, 0.15 mmol), NIPAM (1.12 g, 9.92
mmol), NBA (82 mg, 0.40 mmol), AIBN (5.0 mg, 0.03 mmol) and
THF (1.3 mL) was degassed via three freeze-pump-thaw cycles
and then backfilled with nitrogen. The polymerization was
performed at 85 °C for 14 h. The final polymerization mixture
was precipitated into an excess of diethyl ether for three times,
and dried in a vacuum oven overnight at room temperature,
yielding a solid powder (370 mg, yield ~ 30%). The conversion of
NIPAM and NBA was determined to be ~ 48% and ~ 76%,
respectively based on 'H NMR analysis and the chemical
structure of the product was determined to be P(NIPAMg o4-cO-

Fe3*/CO0"
(mol/mol)

Polymer:Chemistry

NBAo 0s)33-macro CTA, which is shortened as P(NIPAM-co-NBA)
in the subsequent section. The macro-CTA with different degree
of polymerization (DP) was prepared in a similar way.

P(NIPAM-co-NBA)-macro CTA was employed to synthesis
the second block of poly(DMA-co-AA). Typically, the mixed
solution of P(NIPAM-co-NBA) (500 mg, 0.13 mmol), DMA (4.06
g, 41.5 mmol), AA (746 mg, 9.3 mmol), AIBN (4.25 mg, 0.03
mmol) and dioxane (10.4 mL) was degassed via three freeze-
pump-thaw cycles and then backfilled with nitrogen. After
stirring at 80 °C for 4 h, the polymerization was quenched into
liquid nitrogen. The resultant amphiphilic diblock copolymer
was precipitated into an excess of diethyl ether, and the
sediments dissolved in DMSO and precipitated twice into
diethyl ether. The final product was dried in a vacuum oven
overnight at room temperature, yielding a solid powder (370
mg, yield ~ 40%).

To determine the conversion of AA and the chemical
structure of diblock copolymer P(NIPAM-co-NBA)-b-P(DMA-co-
AA), a facile and high efficient esterification* (yield ~ 100%) was
carried out to convert AA into Benzyl acrylate (BA). The
conversion of DMA and AA was determined to be ~ 34% and ~
90%, respectively based on *H NMR analysis and the chemical
structure of the product was determined to be P(NIPAM.g4-cO-
NBA0A06)33—b-P(DMAOAG—CO—AAOA)lgo (Pl) The diblock copolymers,
P(NIPAMo.s4-co-NBAo 05)6s-b-P(DMAg 6-cO-AAos)1s0  (P2) and
P(N|PAM0A94-CO-NBAvoa)log-b-P(DMAOAG—CO—AAOA)lgo (P3) were
synthesized using a similar route.

1H NMR spectra of polymers were recorded in CDCl3 with
an AC400 Bruker spectrometer operating at 400 MH.

Preparation and characterization of micelles
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Figure 3. The gel-sol transition of P1 hydrogel with different Fe3*/COO-. The photography (a), G’ and G” versus frequencies
before (b) and after (c) UV irradiation, and viscosity versus times curves Fe3*/COO- (d).
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Figure 4. Photography of the reversed vial test and
degradation by UV irradiation of P1 hydrogel at different
polymer wt%. (a)G’ and G”
percentage of P1 hydrogel.

versus polymer weight

The micelles assembled by amphiphilic diblock copolymer
directly dissolved into deionized water (DI water) at different
polymer weight percentage (5 wt%, 10 wt% and 15 wt%). The
size of micelles were characterized by dynamic laser light
scattering (DLS) measurements. The critical micelle
concentration (CMC) and the stability of micelles were
characterized by DLS.

A commercial spectrometer (ALV/DLS/SLS-5022F) equipped
with a multi-tau digital time correlator (ALV5000) and a
cylindrical 22 mW UNIPHASE He—Ne laser (Ao = 632 nm) as the
light source was used. Scattered light was collected at a fixed
angle of 90° for duration of ~5 min. Distribution averages and
particle size distributions were computed using cumulants
analysis and CONTIN routines. All data were averaged over
three successive measurements. The critical micelle
concentration (CMC) and the copolymer micelle stability were
also confirmed by concentration- and time-dependent DLS
measurements.

Preparation of Hydrogels

Addition of different amount of Fe3* (molar ratio of Fe3*/COO" =
0.03-1.0 ) into the micelle solution and vigorous shaking for a
few seconds, to compare the influence of parameters on
gelation. The reversed vial test method was utilized with varying
time intervals from 1min to 300 min, to demonstrate the
hydrogel formation and stabilization at room temperature.

To see the UV-triggered degradation of hydrogel, the
hydrogel (polymer weight percentage equals to 10 wt%; molar
ratio of Fe3*/COO- = 0.075) was irradiated for 1h by a handheld
ultraviolet lamp. To study the EDTA-triggered degradation of

4| J. Name., 2012, 00, 1-3

hydrogel, the hydrogel was reacted with 50 uL EDTA aqueous
solution (molar ratio of EDTA/Fe3* = 1) for 5 min. To investigate
the redox-triggered degradation of hydrogel, the hydrogel was
incubated with 50uL Na;S,0,4 aqueous solution (molar ratio of
Na,S;04/NBA = 1) for 20 min.

Rheology of Hydrogels

Rheological measurements were conducted on a TA AR-G2
rheometer using a cone-plate of 40 mm diameter with a cone
angle of 1°. The frequency-sweep spectra were recorded in a
constant-strain (0.04 %) mode over the frequency range of 0.1-
100 rad/s at 25 °C. The strain-sweep spectra were recorded in a
constant frequency of 6.28 rad/s over the strain range of 0.001-
4000 % at 25 °C.

To investigate the recovery properties of the samples in
response to applied shear forces, the samples were placed
between the cone-plate and the platform with special care. We
used the following programmed procedure (applied shear
force, expressed in terms of strain; duration in parentheses): 1
% (500 s) / 4000 % (100's) / 1 % (500 s) / 4000 % (100s) / 1 %
(500's) / 4000 % (100's) / 1 % (500 s).

The viscosity of samples was determined from the linear
region during the frequency sweep.

In vitro cytotoxicity evaluation before complexation.

4T1 cells were seeded onto 96-well plates at a density of 1x104
cells/well in 100 uL DMEM with 10% FBS at 37 °C with 5% CO,
humidified atmosphere. After 24 h incubation, the DMEM
medium was replaced with fresh culture medium, and the cells
were treated with P1 micelle solution at 10 wt%. After 12 h
incubation, the medium in each well was replaced with fresh
cell culture medium for another 48 h incubation. MTT solution
(20 uL, 5 mg/mL in PBS buffer) was added to each well and
incubated 4 h for reaction. The medium in each well was then
removed and 200 ulL of DMSO was added to dissolve the
internalized purple formazan crystals. The plate was subjected
to gently agitation for 30 min until all the crystals were
dissolved. The absorbance at wavelength of 480 nm was
recorded by a microplate reader (Thermo Fisher).

In vitro cytotoxicity evaluation after

complexation/degradation

4T1 cells were seeded onto 96-well plates at a density of 1x104
cells/well in 100 uL DMEM with 10% FBS at 37 °C with 5% CO2
humidified atmosphere. After 24 h incubation, the DMEM
medium was replaced with fresh culture medium, and the cells
were treated with P1 micelluar solution at 10 wt%. Addition of
Fe3* (Fe3* : COO-= 0.075) into the copolymer micelle solution to
allow the hydrogels to fully solidify. After 12 h hydrogel
incubation, the respective plates were irradiated by UV, or
added EDTA or Na,S,04 solution at appropriate concentration
to de-solidify the hydrogel. Then the medium in each well was
replaced with fresh cell culture medium for another 48 h
incubation. MTT solution (20 uL, 5 mg/mL in PBS buffer) was
added to each well and incubated 4 h for reaction. The medium
in each well was then removed and 200 uL of DMSO was added
to dissolve the internalized purple formazan crystals. The plate
was subjected to gently agitation for 30 min until all the crystals

This journal is © The Royal Society of Chemistry 20xx
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Table 1. The physicochemical properties of the hydrogels. The gelation of the hydrogel was visually recognized by the reversed
vial test method. The storage moduli (G’) and the loss moduli (G”) of the hydrogels were carried out on a rotated rheometer.

Polymer -Uv i
Entry Polymer o Fe3*/COO
wt% G’(Pa) G”(Pa) G’(Pa) G”(Pa)
P3 P(DMAg.6-c0-AAq.4)180-b-P(NIPAMg 94-c0-NBAo 06) 109 15 0.4 59.8 148 232 35.9
P2 P(DMAg.6-c0-AAo.4)180-b-P(NIPAMg.94-cO-NBAo 06)69 15 0.075 72.4 28.5 15.6 18.8
P2 P(DMAg 6-O-AAo 4)180-b-P(NIPAM,94-cO-NBAg 0660 10 0.15 466 224 2.3 33
P1 P(DMA.6-c0-AAo.4)180-b-P(NIPAMo.94-c0-NBA.06)33 10 0.075 20.2 6.6 0.13 0.26

were dissolved. The absorbance at wavelength of 480 nm was
recorded by a microplate reader (Thermo Fisher).

Results and discussion
Synthesis and characterization of polymer

The diblock copolymer P(NIPAM-co-NBA)-b-P(DMA-co-AA) was
prepared by sequential reversible addition-fragmentation chain
transfer (RAFT) polymerization(Figure S1), and characterized by
1H NMR analysis (Figure S2), combining the post-modification
reaction (Figure S3). The first step involves the synthesis of
P(NIPAM-co-NBA) block. The NBA molar fractions was
calculated to be 6 %, with degree of polymerization (DP) being
33 (P1), 69 (P2) and 109 (P3), respectively, from the ratio of the
characteristics of NIPAM moiety at 4.0 ppm, the characteristics
of NBA moiety at 5.5 ppm and the characteristics of CTA moiety
in TH NMR spectra. Then the P(NIPAM-co-NBA)-macro CTA was
employed for RAFT polymerization of DMA and AA. The
appearance of the CHj; proton peak at 2.8-3.0 ppm of DMA
moiety from the 'H NMR spectra confirmed the successful
polymerization. The molar fractions of AA was further
determined by post-modification reaction, a high effective
esterification (yield ~ 100%), which converted the P(DMA-co-
AA) into P(DMA-co-BA). Based on the appearance of CH proton
peak at 5.0 ppm, the characteristics of BA moiety, the AA molar

fraction was calculated to be 40%, with DP of P(DMA-co-AA)
being 180.

Preparation and characterization of micelles

As showed in Table S1, dynamic light scattering (DLS)

revealed intensity-average hydrodynamic
diameter, (Dy), and polydispersity (PDI) for each sample. The
CMC value was confirmed to be 0.17 mg/mL by concentration-
dependent DLS measurements (Figure S4a). The time-
dependent DLS measurements suggested the good stability of

copolymer micelles (P1) over 1 week duration (Figure S4b).

measurement

Preparation and rheological characterization of hydrogels

On addition of Fe3* into the polymer solution, a transparent
brown coloured hydrogel was created with a few seconds, due
to the fast complexation of Fe3* and the carboxyl groups.27:4¢ To
investigate the gelation and hydrogel stabilization, rheological
measurements were conducted with varying time intervals or
different Fe3*/COO  molar ratios (Figure 1).

This journal is © The Royal Society of Chemistry 20xx

From the curves of the storage moduli (G’)and the loss
moduli (G”) versus time as shown in Figure 1a, G’ substantially
exceeded G” for all configurations, implying the hydrogels were
obtained since 1 min after addition of Fe3+*.47.48 Moreover, the
nearly time-independence of the G’ and G” values after 10 min
was an indication of the hydrogel stabilization crosslinked by
complexation between Fe3* and AA groups established in 10
min. The rapid gelation and hydrogel stabilization procedure
were owing to the fast binding of Fe3* to AA groups. Thereby, all
the rheological measurements were conducted after 10 min of
preparation of the hydrogel.

From the curves of the G’ and G” versus Fe3*/COO- molar

ratios as shown in Figure 1b, it could be observed that the
hydrogels were formed at a molar ratio of Fe3*/COO- above
0.05.
Increasing the molar ratio from 0.05 to 0.12, both of G’ and G”
increased considerably, with obvious molar ratio dependence.
When the molar ratio increased over 0.15, both of the values of
G’ and G” decreased gently, which might be attributed to the
gradually increasing ionic strength.

According to the literature, the hydrogel based on the
coordination of Fe3* and carboxyl groups was expected to be
self-healable, because of the dynamic binding.*% 50 To figure out
the linear viscoelastic regime and the gel-sol transform point of
the as-prepared hydrogel firstly, the strain sweep tests were
conducted from 0.01 % to 4000 % strain at 25 °C, with a constant
frequency of 6.28 rad/s. As shown in Figure 2a, the values of G’
and G” remain constant over strain ranging from 0.1 % to 100
%, suggesting no apparent damage forming in the hydrogel.
When the strain increased over 1000%, the hydrogel reversed

J. Name., 2013, 00, 1-3 | 5
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Figure 5. The photography of the gel—sol transitions (a), the G’ and G” versus time (b), and G’ and G” (c), and viscosity (d) of P1

hydrogels triggered by multiple stimuli.

into a liquid state since the dislocation or cut-off of physical
cross-linking points, as is evident from the sharp decrease of
values of G’ and G” with a crossing over of G’ and G” at higher
strain.

Then, the self-healing property of the hydrogel was
examined by pulse deformation program.5® 52 As shown in
Figure 3b, when strain decreased from 4000 % back to 1 %, the
recovery of G’ and G” values to their initial states, demonstrated
the self-healing capability of this hydrogel, which resulted from
the rapid autonomous reconstruction of the network. Further,
the G’ and G” values were almost constant over cyclic tests and
the recovery rate was relatively fast.

Degradation of hydrogel upon UV irradiation

The LCST of the copolymer would increase upon UV irradiation,
due to the conversion of P(NIPAM-co-NBA) into P(NIPAM-co-
AA), which would lead to the degradation of micelles assembled
by diblock copolymer and sol-gel transition. To determine the
degradation of the hydrogel triggered by UV irradiation,
rheological measures were conducted on hydrogels with
different Fe3*/COO-molar ratios, before and after UV irradiation
for 1 h. As shown in Figure 3, a marked frequency dependence
of viscoelastic gel properties was observed in frequency-sweep
tests for all hydrogel samples, which is typically for hydrogel
crosslinked by noncovalent bonds.>3 The increase of the G’ and
G” at higher frequencies was owing to the relaxation of physical
cross-linking points. It was revealed that the G’ and G”’ values
increased with Fe3*/COO- molar ratios ranging 0.05 to 0.125, in

6 | J. Name., 2012, 00, 1-3

agreements with previous characterization (Figure 3d). Upon
UV irradiation, both of the G’ and G” values decreased
dramatically (~ 90 %) and the hydrogel with Fe3*/COO- molar
ratio more than 0.1 would not exhibit the gel-sol transition, on
account of higher density of crosslinking points via Fe3* and AA
groups. Whether the hydrogel underwent the gel-sol transition
or not, the viscosity decreased sharply (more than 70 %) after
UV irradiation, which is attributed to the disruption of
hydrophobic core of micelles.

Under the same condition, rheological measures were
undertaken to clarify the effect of polymer weight percentage
on the gelation and degradation progress at a fixed Fe3*/COO-
molar ratio of 0.075. It was provided that the G’ and G” values
were also correlated with the polymer weight percentage from
Figure 4. At a low polymer weight percentage (5 wt%), the
hydrogel would not be produced on addition of Fe3*. However,
the hydrogel formed with a high polymer weight percentage (15
wt%), would not exhibit the gel-sol transition (Figure S4), which
might be related to the higher density of micelles composed of
the diblock copolymer P(NIPAM-co-NBA)-b-P(DMA-co-AA).

To further investigate the degradation of hydrogel triggered
by UV irradiation, the corresponding measures were conducted
on hydrogel samples composed of amphiphilic diblock
copolymer with different lengths of the P(NIPAM-co-NBA)
block, and the corresponding properties of the diblock
copolymers were list in Table 1. It could be concluded that both
higher Fe3*/COO- molar ratio and higher polymer weight

This journal is © The Royal Society of Chemistry 20xx
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percentage were needed for the gelation for the amphiphilic
diblock copolymer with longer P(NIPAM-co-NBA) block.

Degradation of hydrogel under EDTA and redox environment

As shown in Scheme 1, there were other two different
strategies to trigger the hydrogel to undergo the gel-sol
transition except for UV irradiation. Upon addition of EDTA, Fe3*
would be removed and the hydrogel would be degraded
because of the absence of crosslinking. Reacting with Na;S,0,,
on one hand, the nitro groups would be reduced to amino
groups mildly, followed by 1,4-rearrangement-eliminiation as
reported39-41, |eading to the degradation of micelle assembled
by amphiphilic diblock copolymer. On the other hand, Na;S,04
would also reduce the Fe3* to FeZ*, leading to the disappearance
of the color of Fe3* and a much weaker coordination.

Corresponding rheological measures were undertaken on
hydrogels reacting with EDTA and Na,;S,04, with varying time
intervals, as shown in Figure 5. The degradation of hydrogel
triggered by UV irradiation proceeded slowly, which is
attributed to the photochemical procedure. The degradation
triggered by EDTA proceeded most rapidly, with color fading,
owing to the removal of Fe3* by EDTA. The degradation
triggered by Na,S,0,4 proceeded with color disappearing, due to
the reduction of Fe3* to FeZ* by Na,5,04.42 The gel-sol transition
underwent in all configurations (triggered by UV irradiation,
EDTA or NayS,04) and all of the values of G’, G” and viscosity
decreased sharply (~ 90%).

In vitro cytotoxicity evaluation before complexation, after
complextion and stimuli-triggered degradation

From the in vitro cytotoxicity evaluation against 4T1 cells, as shown
in Figure S6, all of the cell viability in samples before complexation
and after degradation triggered by UV, EDTA or Na,S,04 exceeded
~80%, indicating the great biocompatibility and potential of this
multi-stimuli responsive supramolecular hydrogel employed for
biomedical application.

Conclusions

Multi-stimuli responsive supramolecular hydrogel based on the
complexation of Fe3* and amphiphilic diblock copolymer
micelles were prepared and characterized. The degradation of
hydrogel triggered by EDTA, UV irradiation and Na;S,04 were
investigated respectively. It is believed the novel hydrogel
integrates degradation mechanism triggered by multiple stimuli
would be of great potential for biomedical application.
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Abstract

The stimuli-triggered degradable hydrogels have found broad applications in controlled
release of drugs, fragrances, flavourings and fertilizers. Recently, multi-stimuli responsive
micelle-based hydrogels has become focus, since they could respond to a combination of
external stimulus. Herein, a multi-stimuli responsive supramolecular hydrogel with great
potential to biomedical application was prepared, which composed of the micelle-forming
diblock copolymer poly[(N-isopropylacrylamide-co-2-nitrobenzyl
acrylate)-block-(N,N-dimethylacrylamide-co-acrylic acid)]
(P(NIPAM-co-NBA)-b-P(DMA-co-AA)), and physically cross-linked by supramolecular
complexation between AA groups and ferric ions (Fe®"), exhibiting gel-sol transition by UV
irradiation, multidentate ligands (EDTA) and redox agent (Na,S,0,).

e H,0

Self-assembly of
amphiphilic diblock copolymer



