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INTRODUCTION

During the last decade supramolecular hydrogels, including self-assembled supramolecular hydrogels
have received tremendous attention in the view of new materials design, preparation and applications [1-
7]. These three-dimensional materials are typically constructed involving relatively weak crosslinking
forces such as hydrogen bonding, metal coordination, host—guest interaction, © — 7 interaction, etc. [8—14]
An interesting direction in the design of self-assembled supramolecular hydrogels plays guanosine-based
hydrogels which involve the formation of guanosine quartets as the gelation trigger [15-19]. We and
others have recently considerably improved the approaches for the formation of transparent and strong
guanosine-based hydrogels with high water retention values [20-22]. More precisely, the formation of
boric or boronic esters has been utilized in the preparation of guanosine dimers which afterwards formed
stable hydrogels in the presence of guanosine quartet stabilizing metals. Subsequently, some of the
prepared hydrogels have successfully been tested as cell growing supports [22]. The cell supporting
properties of guanosine diboronic hydrogels (GDH) were strictly dependent on the water retention ability
of the investigated hydrogels. It was found that GDH containing Mg®* and Ba®* serve as better cell
supports in comparison to K* GDH since Ba** and Mg** GDH water retention ability was three and,

correspondingly fifteen times better than K* GDH. Unfortunately, high water retention ability of Ba’* and



Mg** GDH has led to the hydrogel structure instability which resulted in difficulties of hydrogels handling
during the cell experiments. Additionally, the Mg?* crosslinking property has led to the strong decrease in
self-assembly properties of GDH. To overcome these disadvantages, we investigated alternative
crosslinking agents to both improve the GDH properties and increase the water retention. Nanofillers
including clay, nanotubes or graphene oxides have already been reported to form corresponding hydrogel
composites enhancing hydrogels mechanical properties by intercalation into the hydrogel polymeric or
supramolecular structure [23-25]. Among the mentioned materials, carbon nanotubes (CNTs) have proved
their strong efficiency in reinforcing hydrogel structures, leading to hydrogel composites with superior
properties [24, 26-29]. Kouser et al have recently reported the facile synthesis of biocompatible
nanocomposite hydrogels using microporous multi wall carbon nanotubes, dispersed chitosan,
acrylonitrile N, N’-methylenebisacrylamide and linseed polyol to yield materials with significantly
enhanced strength and high swelling capacity [30]. The non-toxic and biocompatible nature of the
obtained materials makes them excellent candidates in the field of tissue engineering. In another study,
Bellingeri et al [31] have recently investigated the properties of a novel nanocomposite made of chitosan
decorated carbon nanotubes and acrylamide-co-acrylic acid hydrogels as promising substrates for
biomedical applications. The new materials have shown strong pH-response, antimicrobial activity and
were found to be cytocompatible. These and other examples suggested the possibility of CNT application
in improving the overall properties of GDH.

In the current work, we have investigated the protocol which permits not only dispersion of single-
walled carbon nanotubes (SWNTSs) by GDH in liquid state, but also their successful introduction into the
GDH matrix (Figure 1). The SWNTs strong impact on the overall GDH properties, including water
retention ability and cytotoxicity compared to the original GDH hydrogel were investigated and described.
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Figure 1. Schematic representation of SWNTSs dispersion by GDH matrix leading to new composite

hydrogels with increased water retention ability.

Moreover, the introduction of SWNTs, which is useful for the formation and stabilization of 3D
supramolecular hybrid hydrogels, led to the possibility of using GDH/SWNT nanocomposites as an
improved cell growing support.

MATHERIALS AND METHODS
Materials

All commercially available reagents used in the preparation of the GDH hydrogels were purchased in
their highest purity grade and used without further purification. The SWNT® SG 76 single-wall carbon
nanotubes obtained by catalytic chemical vapor deposition method (CoMoCAT™) were purchased from
Sigma Aldrich (Munich, Germany). NHDF (normal human dermal fibroblasts) cells were acquired from
PromoCell. MTS assay (CellTiter 96 AQueous One Solution Cell Proliferation Assay) was acquired from
Promega.

Synthesis of GDH hydrogel-SWNT composites
GDH hydrogel-SWNT composites hydrogels were prepared utilizing an adapted synthetic protocol

reported previously [22]. Thus, in a vial, an amount of 0.2 g (1 eq) of guanosine was mixed with 0.0584 g



(0.5 eq) of 1,4-benzene diboronic acid. Distilled water (7.6 mL) and 400 pL containing 0.0296 g LiOH, (1
eq, stock solution: 0.148 g in 2 mL distilled water) are added and the mixture was sonicated for several
minutes until all the components were dispersed. The suspension was then heated on an oil bath preheated
to 120°C until the solution becomes transparent. To avoid pressure in the vial upon heating, a syringe
needle in the cap of the vial was used. After cooling to room temperature, 4 mg of SWNT were added and
the solution was further sonicated to homogenously disperse the carbon nanotubes, yielding a stable black
suspension. This solution was preserved and used as SWNT stock solution (SWNT-Li stock) in further
experiments.

Separately, in a glass vial, 0.05g, 0.2 mmol (1 eq) of guanosine was mixed with 0.0146 g, 0.1 mmol
(0.5 eq) of benzene-1,4-diboronic acid. Distilled water (1.9 mL) was added, and the mixture was sonicated
for a few minutes until all the components were dispersed. The suspension was then heated in an oil bath
preheated to 120°C until the solution becomes transparent. To avoid pressure in the vial upon heating a
syringe needle in the plastic cap of the vial was used. Next, 100 pL, 0.01 g, KOH (1 eq, stock solution of
KOH: 0.66 g in 6.6 mL distilled water) was added and the mixture heated and stirred for a few more
minutes, followed by the addition of the SWNT-Li stock solution (200 pL, 600 pL, 1000 uL, 1400 pL,
2000 pL, containing correspondingly 0.1 mg, 0.3 mg, 0.5 mg, 0.7 mg or 1 mg SWNT). The obtained
composites were cooled down to room temperature and sonicated for 30 min to give light brown to dark

black hydrogel nanocomposites.

Characterization

Water retention experiments. For each of the obtained GDH-SWNT sample, a water retention experiment
was performed. Each sample was brought to the maximum water retention by the consecutive addition of
water to the initial sample volume (2 mL), followed by vigorous mixing, incubation at room temperature

(2 hours) and check for self-sustainability by inverting the sample vial.

Rheological measurements. The rheological properties of GDH-SWNT hydrogels were determined at
25°C on a MCR302 Anton-Paar rheometer equipped with a Peltier device. All measurements were
performed using plane-plane geometry (diameter of 25 mm) and an anti-evaporation device. Firstly, the
amplitude sweep tests were carried out at a constant frequency (w) of 10 rad/s in the shear stress (t) range
of 0.001 Pa — 50 Pa, in order to determine the linear viscoelastic regime (LVR) for each sample. Then, the
following tests were carried out: a) frequency sweep measurements at a constant t value from LVR in the
frequency range of 0.05 rad/s — 100 rad/s to determine the values of the storage (G’) and loss (G””) moduli;

b) stress relaxation measurements in order to establish the gel strength; c) oscillatory step tests at 5 rad/s



carried out alternatively for 200 s at low strain (5%) and 100 s at very high strain (1000%) and the

structure recovery was established in each case.

Raman spectroscopy. Raman spectra for SWNT hybrid hydrogels were recorded using an inVia Raman
confocal microscope (Renishaw, UK) equipped with a He—Ne laser at 633 nm and a RenCam CCD
detector coupled to a Leica DM 2500 M microscope. All measurements were performed in backscattering

geometry using a 50x objective, at room temperature and atmospheric pressure.

Scanning Electron Microscopy (SEM). Morphological studies of SWNT hybrid hydrogels were performed
using a Quanta 200-FEI scanning electron microscope working in low vacuum mode, at 20 kV with LFD
detector. Sample of hydrogels were freeze-dried prior to measurements.

Powder X-ray diffraction (PXRD). X-ray diffraction characterization of the lyophilized samples was
carried out using a D8 Advance Bruker AXS device. The X-rays were generated using a Cu Ka source

with an emission current of 36 mA and a voltage of 30 kV.

MTS assay. The cytotoxicity of the GDH-SWNT hydrogels was tested in normal human dermal
fibroblasts (NHDF) cells using CellTiter 96®AQueousOne Solution Cell Proliferation Assay (MTS,
Promega). Cells were expanded and maintained in alpha-MEM medium (Lonza) supplemented with 10%
fetal bovine serum (FBS, Gibco) and 1% Penicillin-Streptomycin-Amphotericin B mixture (Lonza) at
37°C and 5% CO2 under humidified atmosphere. For the assay, NHDF cells (PromoCell) were plated in
96-well format (5 x 10° cells/well in 100 pL cell culture medium) for 24 h to ensure cell adhesion. The
next day the media was aspirated and replaced with the GDH solutions. For this, aliquots of 20 uL of each
hydrogel (with total water volume of 5 mL) were mixed with 80 uL cell culture medium in order to obtain
the desired concentrations of hydrogels. Control wells received 80 pL cell culture medium mixed with 20
puL water to ensure the control cells and the treated ones are maintained in the same conditions. Also,
wells with only cell culture medium and water and wells with hydrogel solution, but/and no cells were
kept in the same conditions to serve as blank values, and their additional absorbance was subtracted from
the results. After 44 hours of incubation, a volume of 20 pL of CellTiter 96®AQueousOne Solution
reagent was pipetted to each well and the plates were returned to the incubator. After another 4 hours the
absorbance at 490 nm was recorded with a plate reader (EnSight, PerkinElmer). The cell viability was

calculated and expressed as an average percentage relative to the control culture (considered 100%).

The cytotoxicity of GDH-SWNT at maximum water retention capacity (GDH (5mL), GDH-SWNTs: 0.1
mg SWNT (6 mL), 0.3 mg SWNT (7mL), 0.5 mg SWNT (9 mL), 0.7 mg SWNT (11 mL) and 1 mg



SWNT (12 mL)) and the cytotoxicity of the SWNT-LIi stock was measured using the previously described
protocol with the specification that in this case, aliquots of 10 pL of each hydrogel were mixed with 90 uL.
cell culture medium in order to obtain the desired concentrations of hydrogels. The SWNT-Li stock was

diluted with cell culture medium in order to match the concentrations of the hydrogels.

GDH-SWNT cell culture studies. Aliquots of 100 uL of each hydrogel were dispensed in 96 well plates,
treated with 3X TAE Mg?* buffer at 7.4 pH in order to adjust the pH of the samples, followed by
treatment with MEM cell culture medium to prepare the hydrogels for cell seeding. NHDF (Normal
Human Dermal Fibroblasts) cells were seeded in concentration of 8 x 10° cells/well, using the droplet
seeding technique. At this point the cells were incubated at 37°C in a humidified incubator, in order to
promote cell adhesion to the surface of the hydrogel. After 4 hours, 100 uL of MEM cell culture medium
was added and the samples were further incubated. At 24 hours of incubation the cells were stained using
a live/dead assay. A mixture of calcein AM (5uM) and propidium iodide (500 nM) was used to selectively
stain live and dead cells. After 30 minutes of incubation, in the humidified incubator, at 37°C in 5% CO,
cells were then washed with PBS and imaged in fresh cell culture medium using an inverted Leica DMI
3000 B microscope equipped with GFP and N2.1 filters.

Additionally, a second staining protocol was used, employing the indolizinyl-pyridinium salt/p-
cyclodextrin inclusion complex as a staining agent developed in our group [32]. The hydrogel samples
were prepared and treated as previously described. Aliquots of 400 uL of each hydrogel were dispensed in
24 well plates. NHDF (Normal Human Dermal Fibroblasts) cells were seeded in a concentration of 5 x
10 cells/well, using the droplet seeding technique. After 4 hours of incubation, 400 pL of MEM cell
culture medium was added and the samples were further incubated. The indolizinyl-pyridinium salt/p-
cyclodextrin inclusion complex (20 pL, 3.4 mM) was added to the cell suspension at seeding time. The

stained cells were subsequently imaged at 4 and 24 hours of incubation.

RESULTS AND DISCUSSIONS

In order to disperse and introduce the SWNTSs inside the hydrogel structure we have developed, based
on our previous expertize [22], the following strategy: first, the guanosine-boronic acid dimer solution was
synthesized using standard conditions, but instead of potassium hydroxide which typically leads to the
reaction and subsequent spontaneous gelation, we used lithium hydroxide which allows for the formation
of the dimer but the lithium cation is not able to stabilize the guanosine quartet. Next, 4 mg of SWNTs
were added and the solution (8 mL) was sonicated for 60 min to yield stable black suspension. Thus
obtained SWNT-Li stock suspension was next used to introduce controlled amount of SWNTSs inside the
preformed GDH.



Typically, GDH were obtained using previously reported conditions [22] and the needed amount of the
SWNTSs was achieved by adding corresponding amounts of the SWNT-L.i stock solution (equivalent of 0.1
mg, 0.3 mg, 0.5 mg, 0.7 mg and 1 mg). The obtained light-brown to black suspensions were first tested for

water retention ability (Figure 2).
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Figure 2. Water retention ability of GDH and GDH-SWNT hydrogels. The following volumes for the
sample were determined: GDH (5mL), GDH-SWNT: 0.1 mg GDH-SWNT (6 mL), 0.3 mg GDH-SWNT
(7mL), 0.5 mg GDH-SWNT (9 mL), 0.7 mg GDH-SWNT (11 mL) and 1 mg GDH-SWNT (12 mL).

For the investigated GDH and GDH-SWNT sample the following maximum volumes were obtained:
GDH (5mL), GDH-SWNT: 0.1 mg GDH-SWNT (6 mL), 0.3 mg GDH-SWNT (7mL), 0.5 mg GDH-
SWNT (9 mL), 0.7 mg GDH-SWNT (11 mL) and 1 mg GDH-SWNT (12 mL). Analyzing the obtained
results we could clearly observe the increase in water retention ability (self-sustaining property) with the
increase in the SWNT amount in GDH-SWNT composite hydrogels. The starting GDH was self-
supportive at up to 5 mL of overall hydrogel volume, while the SWNT containing hydrogels were still
self-sustained at volumes of up to 12 mL depending on the amount of SWNT. The considerable increase
in water content could be explained by the reinforcing of the GDH matrix by SWNTSs, leading to the
combined supramolecular skeleton with pore size increasing with the absorbed water amount.

Insights on GDH and GDH-SWNT hydrogel morphology at their maximum water content were
obtained by scanning electronic microscopy (SEM) on freeze-dried samples (Figure S1). The morphology
of the hydrogels observed in SEM changed dramatically after the addition of first 0.1 mg of SWNTSs to the
GDH (Figure S1 a, b). The formation of larger distances between the agglomerations suggests the
formation of larger pores inside the GDH. Interestingly, subsequent changes in the GDH-SWNT
morphology with the addition of larger quantities of SWNTs were not so evident by SEM (Figure S1, c-f),
the images revealing non-uniform morphologies all over the investigated surfaces. Overall, the obtained

images showed a typical microporous morphology with interconnected, micrometric pores. In the case of



starting GDH the pores were denser, with smaller sizes (about 1 pum). Pore sizes proportionately increased
with increasing concentration of SWNT as resultant images revealed an average pore size of 15 um (for
1 mg of SWNT added in hydrogel).

To further confirm the implication of SWNTSs into the GDH matrix and their influence on the internal
n—7 stacking interactions between the successive G-quartet stacks within the supramolecular hydrogel

structure, we have performed the PXRD studies (Figure 4).

2-Theta - Scale

Figure 4. X-ray diffraction patterns of freeze-dried GDH (red) and GDH-SWNT composite (black)
with 1 mg content of SWNTSs.

The PXRD diffraction pattern of the dry GDH showed characteristic peaks at 20 ~ 4, 18.9 and 26.8°
representing G-quartet stacks [21]. In case of GDH with the maximum amount of SWNTs (1 mg), the
PXRD diffraction pattern presented similar three peaks at 20 = 4, 18.9, 26.8°, but with the slight changes
in the intensity and the shifting to the lower angles of the first band, corresponding to a higher d-spacing.
Additionally, an increase in the band intensity at the 20 =~ 26.8° was observed, owned to the overlapping of
the G-quartet stacks peak and high intensity characteristic SWNTSs sharp peak at 26 = ~25° [33]. A much
lower intensity of this combined peak in comparison to the reported high intensities of the individual
SWNTs peak could be explained by its masking by the GDH supramolecular matrix, a phenomenon also
observed in case of hydrogels containing SWNTSs [34] and multi-walled carbon nanotubes [30].

To investigate the uniform incorporation of dispersed SWNTs in hydrogel structure, Raman
measurements of the GDH as a reference and GDH-SWNTs with different amounts SWNTs were

performed (Figure 5).
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Figure 5. Raman spectra of GDH and GDH-SWNTSs containing 0.1, 0.3, 0.5, 0.7 and 1 mg SWNTSs.

The investigated GDH sample didn’t show any signals in the investigated range between 400 and 3000
cm™. On the other hand, characteristic D-band and G-bands, as well as bands corresponding to SWNT
radial breathing mode in the Raman spectra were obtained for all the investigated GDH-SWNTSs,
confirming the incorporation of SWNTSs within hydrogel after gelation. The examined signal intensity was
directly dependent on the amount of the SWNTSs in the GDH matrix.

In order to confirm the gel-like behavior on the macroscopic scale of the obtained GDH-SWNTSs
samples and to establish their mechanical properties, rheological behavior of the composites was
monitored (Figure 6). All samples have shown gel-like properties with values of the storage modulus
above those of loss modulus (G > G”) (Figure 6 a). The viscoelastic moduli increased with about 3 orders
of magnitude after addition of 1 mg SWNT against the original GDH. The limiting value of the shear
stress, 1, from which hydrogels structure started to change, moved to higher values as the SWNTs
content increased as a result of strong interactions developed between the components.

As shown in Figure 6 b, the frequency sweep measurements evidenced the increase of G* modulus by
addition of SWNTSs. Thereby, G’, determined at 1 rad/s, increases from 7.55 Pa for the sample free
SWNTs to 843 Pa for that containing the maximum amount (1 mg) of SWNTSs. This is consistent with the
water retention data when the material holds its weight at higher amounts of water depending on SWNTs
amount.

Considering the Chambon-Winter theories [35-37], for a critical gel characterized by G’(®) ~ »" and
G’(w) ~ ®" (0 < n < 1), the stress relaxation modulus G(t) shows the following power-law: G(t)=S-t™
where n and S represent the relaxation exponent and gel strength parameter, respectively. The critical gel

condition, where G’ and G” were approximately parallel, was fulfilled only by the GDH-SWNTSs



containing more than 0.3 mg SWNTSs. S values determined by stress relaxation measurements showed an

abrupt rise above 0.7 mg SWNTs (Figure 6 c).
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Figure 6. Rheology data: (a) variation of G’ as a function of shear stress at 10 rad/s; (b) dependence of G’
and G” on the oscillatory frequency in linear viscoelastic regime; (c) effect of SWNTSs content on the gel
strength; (d) G” and G” values in continuous step strain (5% - 1000% - 5%) measurements at 5 rad/s and

(e) effect of SWNTSs content on the elastic recovery.

The recovery capacity of the mechanical properties was investigated at 5 rad/s, in three consecutive
steps, in which the strain (y) is changed alternately from 5% (low strain) - 1000% (above the deformation
limit) - 5%. Initially, at low strain, G’ values were higher than G”. By applying a high strain above a
deformation limit, the network structure is broken, G becomes higher than G’ and the samples gains the
liquid-like properties (Figure 6 d). When the strain returns to small value, the gel structure is recovered
quickly within seconds and G’ exceeds again G”. In evolution of the elastic recovery degree with SWNTs
content (Figure 6 e) three domains can be delimited: (i) up to 0.7 mg SWNTSs, the elastic recovery degree
remains around 84%, (ii) between 0.7 mg and 0.9 mg SWNTSs the elastic recovery increases abruptly and
(iii) above 0.9 mg SWNTs the regeneration of the initial structure is completely (100%). The obtained
rheological data demonstrate that the GDH-SWNT hydrogels with SWNTSs content greater than 0.9 mg
show the superior viscoelastic properties. The insertion of the SWNTSs inside the GDH matrix plays a
crucial role in defining the structure and mechanical properties of these GDH samples.

After optimizing the synthesis protocol for the GDH-SWNT and the positive results obtained from
characterization studies, the next step in our research was to test the hydrogels for cell supporting
applications. As the original GDH showed promising results [22] in this field, we expected that the
addition of SWNTs would offer an advantage in cell culture studies as the water retention capacity of the
hydrogel and the overall hydrogel properties were significantly improved. First, the cytotoxicity study was
performed for GDH and all GDH-SWNTs samples only at GDH maximum water retention volume (5
mL). As a result, we were able to assess the cytotoxic effect of the SWNTSs in the context of the hydrogels
(Figure 7).
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Figure 7. SWNT concentration dependence of cytotoxicity for GDH and GDH-SWNT (0.1, 0.3, 0.5, 0.7
and 1 mg SWNT) samples at a fixed volume (5 mL).

As shown in Figure 7, the increasing of SWNT in GDH from 0.1 to 1 mg led to a 20% reduction in cell
viability. The decreasing in cell viability due to the presence of SWNTs was further confirmed by the
evaluation of the GDH-Li and SWNT-Li solutions with corresponding amounts of SWNTs (Figure 8,
grey). This experiment has clearly confirmed the cytotoxic effect of the increasing concentrations of
SWNTSs in comparison to the reference toxicity of the GDH-Li (100% viability). These results are in
accordance with the results also reported by other researchers [38, 39].

Next, we have investigated the cytotoxicity of GDH-SWNT at maximum water retention capacity
(GDH (5mL), GDH-SWNTs: 0.1 mg SWNT (6 mL), 0.3 mg SWNT (7mL), 0.5 mg SWNT (9 mL), 0.7
mg SWNT (11 mL) and 1 mg SWNT (12 mL)). The results (Figure 8, black) have revealed the fact that
the increased water retention ability of the GDH given by the addition of SWNT allowed the
counteraction of the SWNTSs cytotoxic effect. When the water volume was increased with the increasing
of SWNT concentration we can observe that the GDH-SWNTs resulted in the same cell viability
percentage (70%), and most importantly the cell viability was 10% higher when compared to the starting

GDH at maximum water retention capacity (Figure 8).
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Figure 8. Cytotoxicity results for the investigated SWNT-Li suspension (grey) and GDH-SWNTs (black)
with different SWNT content.

We have continued with the investigation on the cell supporting properties of the investigated GDH-
SWNTSs. For these studies, 6 hydrogels with increasing concentrations of SWNT with the maximum water
capacity were prepared according to the established synthesis protocol. NHDF cells were cultivated on the
surface of these hydrogels using the droplet seeding technique. This implies that the cells were seeded in a
very small amount of culture medium (usually up to a few pL) and after it is ensured a period of up to four
hours in the incubator, without adding the rest of the cell culture medium, in order to promote cell
adhesion to the surface of the hydrogel. Then the rest of the cell culture medium is added and the cells are
further incubated in proper conditions. Subsequently, two separate staining protocols were used and
compared in these experiments. First, the live/dead assay was used as a qualitative, complementary
method to the quantitative MTS assay (Figure 9). By applying this, we were able to selectively stain and
visualize living cells (using calcein AM, green cells) and dead cells (using propidium iodide, red cells) in
all the investigated GDH and GDH-SWNTs samples incubated with cells. The obtained pictures were then
overlaid by merging the green and red fluorescence channels (using ImagelJ) resulting in pictures that
represent both the dead and the viable cells (Figure 9 a-f). This fluorescent staining also allowed us to
better visualize the adhered cells, that otherwise would be difficult to image in bright field, since they are
transparent [40]. The elongated morphology of the viable cells (green) denotes the attachment on the
hydrogels surface. The pictures analysis has confirmed the results obtained in the cytotoxicity studies,
showing an overwhelmingly larger number of viable cells (green) in comparison to the dead cells (red), in

all the investigated samples after 24 hour of incubation.
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Figure 9. Fluorescence mycroscopy images of NHDF cells incubated for 24 hours and stained using
live/dead assay on (a) GDH, (b-f) GDH-SWNTs at different SWNTs amounts at maximum water

retention capacity.

As the fluorescence of the commercial calcein AM used to stain live cells is usually retained poorly in
time [41] and could have a genotoxic effect [42] due to the exposure of samples to light during imaging, a
second imaging protocol was chosen: the use of indolizinyl-pyridinium salt/B-cyclodextrin inclusion
complex (IPSCD) [32] as cell staining agent developed in our group. Although this compound was
developed for selective labeling of acidic organelles in cells, the absence of cytotoxicity, cellular
permeability and increased long-lived intracellular fluorescence makes it a perfect candidate for imaging
cells for over 24 hours without having to repeat the staining protocol. By applying this protocol, we were
able to image the seeded cells at 4 and 24 hours after incubation and monitor their progress in time
(Figures 10 and S2).



Figure 10. Fluorescence mycroscopy images of NHDF cells seeded on GDH (a) and GDH-SWNTs (b-f)

after 4 hours of incubation, stained with IPSCD.

The analysis of the images obtained after 4 and 24 hours of incubation and stained with IPSCD has
confirmed the results obtained by live/dead assay staining that the seeded NHDF cells were able to
succesfully adhere to the surface of the hydrogels, presenting a typical fusiform appearance at all the
investigated GDH-SWNTs samples.

Conclusions

We have successfully developed supramolecular GDH-SWNTs composites which exhibited much
better mechanical and water retention properties compared with the starting GDH. The successful
incorporation of SWNTSs inside the GDH matrix was investigated by SEM, powder XRD and Raman
techniques, while the hydrogels mechanical properties were in detail investigated and compared by
rheological studies. The favorable cytotoxicity results for all the investigated nanocomposites and the
characterization results showing an increase in the pore size after the addition of SWNTSs to the GDH,
made them ideal materials for cell support applications. NHDF cells have been effectively seeded and then
imaged by means of two separate techniques (commercial live-dead essay and the indolizinyl-pyridinium
salt/B-cyclodextrin inclusion complex essay developed in our group), showing successful attachment and
cell viability in time confirmed by both utilized assays. The promising obtained results regarding
cytotoxicity and cell supporting properties, together with the peculiar properties of supramolecular
hydrogels to be responsive to various external stimuli, make the investigated SWNT composite hydrogels
interesting materials for biomedical applications in the field of tissue engineering.
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