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ABSTRACT: Hydrogels have excellent biocompatibility and are widely used in biomedical
applications. However, it is still a challenge to build a hydrogel with outstanding mechanical
properties and multiple functions. In this study, a polyacrylamide (PAM) hydrogel with a uniform
network structure was achieved through an Ultra Violet (UV)-responsive organic crosslinking agent
and a higher mechanical strength PAM-Ag* hydrogel was designed through the introduction of silver
ion by metal coordination interaction. Various contents of N'N-bis(acryloyl)cysteamine (BACA)
as cross-linker, acrylamide (AM) as a monomer, and Irgacure 2959 as initiator were investigated
to have an optimal combination of high strength. Thus, the PAM-Ag* hydrogel exhibited excellent
adhesive behavior that could be fixed to the human forearm and any part of the skin, such as
the finger and elbow joint. In addition, the properties and biocompatibility evaluations of the tough
hydrogel in medical wound dressing were investigated. Meanwhile, these results showed that PAM-
Ag™ hydrogels possess high stretchable (2600%) and mechanical robust (2.55 MPa) properties.
Excitingly, the release of colchicine (Col) of more than 95% in 48 h demonstrated the hydrogel's high
potential in medical dressing and drug release applications by the excellent moisture retention,
permeability, water tightness, swelling ratio, and biocompatibility.
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INTRODUCTION

As a significant biological tissue, skin isolates the affected, prevents the loss of water, and regulates body
mechanical, chemical, and biological factors in the temperature [1-4]. Thus, skin damage brings various
external environment and protects the body from being inconveniences, and the resulting bacterial invasion and
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infection may lead to fluid loss and damage to function
even threatening human life [5, 6]. Skin healing is a complex
biological process including hemostasis and coagulation,
inflammation, proliferation, and remodeling [1, 2]. The
Medical dressing is generally applied to protect the wound
from further infection through direct contact, provide good
absorption of postoperative bleeding, and promote cell
migration and epithelial regeneration [3]. In recent years,
medical dressing has gradually expanded from traditional
absorbents such as gauze to bioactive materials, including
biomaterial-based dressings and artificial dressings [4].
The ideal medical dressing should promote healing with
minimal inconvenience to the patient and new medical
dressing design should be a great challenge to modern
medicine [5, 7].

Similar to soft tissue, hydrogels with water content are
hydrophilic macromolecule networks produced by
chemical or physical crosslinking of soluble polymers,
showing great potential as excellent candidates for medical
dressing [8-14]. Since the poor mechanical and adhesive
properties, Traditional hydrogels showed limited
development in medical dressing. To overcome the above
problems, nanocomposite hydrogels with uniform
networks and outstanding mechanical properties have been
designed and obtained for biomedical applications [15].
However, the weak interfacial interactions between the inorganic
and organic matter limited the promotion of their
mechanical performance [16]. Moreover, massive functional
nanoparticles have been widely integrated into hydrogels.
Chen et al. [17] reported a kind of mechanically strong,
tough, and shape deformable poly (acrylamide-co-vinyl
imidazole) hydrogels based on strong Cu?* complexation
with imidazole groups dramatically. Yang et al. [18] made
the high-strength hydrogel by immersing the Na-alginate/PAAM
hydrogel in metallic cation solutions in a two-step process.
In addition, silver nanoparticles can promote wound
healing based on their antimicrobial and anti-inflammatory
activity [19-22]. Unfortunately, silver nanoparticles might
be harmful to normal cells, which was confirmed
by the finding of direct interaction between silver nanoparticles
and living cells [23, 24]. In the last years, silver ions
cooperated into functional hydrogels with antibacterial
properties for biomedical materials [25-27]. Moreover,
metal-ligand interaction was introduced to the hydrogels
for advanced functionalities such as self-healing attributed
to the dynamics [28-31]. The important factor of hydrogel
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design and preparation consists of finding the optimal
formulation that yields the hydrogel with the best
performance, such as excellent mechanical properties and
biological activities. Furthermore, to the best of our
knowledge, the evaluation of skin medical dressing
derived from hydrogels based on in vitro assay and tensile
properties was never reported for medical dressing.
In addition to medical dressings, hydrogels also have promising
applications in biomedicine [32], sensors [33], and
environmental protection [34].

During this study, a tough and adhesive PAM hydrogel
with a uniform network structure was prepared through
an ultraviolet-responsive crosslinking agent. Combined
with metal coordination, PAM-Ag* hydrogel with much
enhanced mechanical performance was achieved
through the introduction of silver ions via a simple
deswelling/swelling process (Scheme 1). Different from
traditional hydrogels, the network structure of the
hydrogels showed evenly dispersed crosslinking points
which could be attributed to the UV-responsive
crosslinker, the excellent mechanical and adhesive
properties of the hydrogels were ascribed to the dynamic
metal coordination between sulfur and silver ions. Besides,
a series of in vitro evaluations and delivery of colchicine
with the target hydrogels were investigated, including
moisture retention, permeability, water tightness, swelling
property, skin irritation, and skin sensitization. Based on
the above properties, the target hydrogel exhibited a great
prospect in the application of medical dressings.

EXPERIMENTAL SECTION
Materials

Acrylamide (AM, Aladdin, >98%), N, N'-bis(acryloyl)
cysteamine (BACA, Alfa Aesar, 98%), N, N'-methylene
bisacrylamide (MBA, Alfa Aesar, 98%), 2-Hydroxy-4'-(2-
hydroxyethoxy)-2-methylpropiophenone (lrgacure 2959,
Sigma-Aldrich, 98%), AgNO3 (Aladdin, 99%), all the water
used in this study was Milli-Q purified water.

Preparation of PAM and PAM-Ag* Hydrogels

Pure PAM hydrogel was synthesized by the following
procedure according to the relevant literature [35]. Firstly,
desired amounts of monomer AM, crosslinker BACA,
and photo-initiator Irgacure 2959 were completely dissolved
in water orderly, with the assistance of ultra-sonication,
and a transparent solution was produced finally. The detailed
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Scheme 1: Schematic illustration for the preparation of the PAM hydrogel by one-pot radical polymerization
under UV irradiation and the PAM-Ag* hydrogel by a two-step process.

proportions were shown in table 1. Secondly, the solution
was quickly transferred into a 25 mm diameter cylindrical
mold and placed in high-energy UV irradiation (365 nm,
300 W) for 30 min to polymerize a pure PAM hydrogel
as shown in Scheme 1.

PAM-Ag® Hydrogel was obtained by a two-step
process. Firstly, the prepared PAM hydrogel was removed
from the mold and dehydrated in an oven at 60 °C for 10 h.
Secondly, the dried hydrogel was immersed into an
AgNO;s solution (1.0 mg/mL) for 12 h, forming the final
PAM-Ag* Hydrogel.

Characterization

The morphologies of PAM and PAM-Ag* hydrogels were
observed on the scanning electron microscope (Zeiss Merlin
Compact). Before SEM observation, freezing and drying the
hydrogels and then cutting out the section with a sharp knife
to observe the internal structures of the hydrogels. Before
testing, the sample surfaces were sprayed with gold. And
the test voltage was 5.00 kV, and the magnification ratio was
3.24 KX. The tensile stress-strain curves were obtained using
a tensile machine (Instron 5565a).

Mechanical Testing

All of the hydrogels were measured with a conventional
test instrument at ambient temperature to test tensile
strength. At first, a rectangular shape sample with 15 mm
length, 5 mm width, 2 mm height was cut from a cylindrical
hydrogel. Then, the prepared sample was placed between
the jaws and at 180 mm/min crosshead speed until
the hydrogel broke. Finally, the tensile stress (c) of hydrogel
was calculated according to the following description.
o = F-W-H-L/Lo, where F, W, H, Lo, and L represent
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the force, width, height, and original length of the sample
and the real-time length during the stretch process, respectively.
And tensile strain (g) is defined as the € = (L- Lg)/ Lo x 100%
[11,28].

Moisturizing Testing

Moisture retention of the hydrogels was evaluated
by the amount of water loss in the hydrogel at a fixed time.
PAM-Ag* Hydrogel with 5 mL water in a bottle had an original
weight Ms, then it was replaced in an oven at 37 °Cfor 24 h
with another weight Ms:. Then, 5 mL water in the same
bottle with an original weight Mco was laid up in an oven
at 37 °Cfor 24 h and had another weight Mca. All measurements
were conducted three times to confirm the values.
The Moisturizing rate was determined according to the equation:
MR% = (MC,O'MC,l) - (MS,O'MS,l)/(MC,O'MC,l) x 100%.

Permeability Testing

The breathability of the hydrogels was measured by
moisture permeability. Six sampling bottles adding 20 mL
water with the same specification were taken and recorded Mg
respectively. The polyethylene (PE) film, PAM-Ag*
Hydrogel, and medical gauze were with identical 1mm
thickness sealed in the bottle mouth with S as the area. After
laying in an oven at 37 °C for 24 h, the weight was recorded
as Mi. All measurements were conducted three times to
confirm the values. The breathability rate was calculated
based on the formulae: BR (g/m?%24 ht) = (Mo-M,)/S.

Watertightness Testing
The water-tightness of the hydrogels was preliminarily
measured by the droplets of water passing through a hydrogel.
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Swelling ratio

The swelling ratio of the hydrogels was estimated
according to the amount of excess water absorbed. PAM-
Ag* Hydrogels with an initial weight Mg after being dried
with filter paper, then immersed in excess water for 24 h
with another weight M after being dried with filter paper.
All measurements were conducted three times to confirm
the values. The permeability rate was determined according
to the equation: SR% = (M1-Mg)/Mo x 100% [36].

Skin irritation testing

The skin irritation in vivo rat test was developed by 16 male
white Guinea pigs weighing 250 ~ 300 g after raising for
a week-appropriate environment and it included acute
and secular tests, which all contained completed and impaired
skin. As the completed skin irritation test, 8 Guinea pigs with
the symmetrical part of both sides of back spine hair which was
about 3x3 cm removed, and the PAM-Ag* Hydrogel (1.15 mM,
1x1x0.1 cm) was stuck to the Guinea pig removed from the left
hair for 24 h, and removed by warm water. It compared with
the completed right part of the Guinea pig after hydrogel
was removed for 0, 24, 48 h and observed the local reaction
of the skin with a result in the light of a standard of skin
irritation. The impaired skin irritation was similar to the
completed skin except the Guinea pig was handled with 75%
alcohol disinfection and located by the tip of the syringe with
the range of 1x1 cm. The differences between the acute
and secular tests were the time which was 24 h and 14 d,
respectively [37].

Skin sensitization testing

The Guinea pigs managed the skin sensitization in vivo
rat test the same as the skin irritation. It contained
sensitized and stimulated contact. As the sensitized
contact, the positive group was as the followings, 0.2 mL
2-mercaptobenzothiazole (1%, 70% alcohol configuration)
was applied evenly to exposed skin on the left side of
the Guinea pig's back and removed with warm water after
6h. It repeated at the 7d and 14d. Another group was
similar positive's sensitizer that 2-mercaptobenzothiazole
was changed to the hydrogels as in the skin irritation
handled. The stimulated contact was continued after the last
sensitized test and alike operation on the Guinea pigs
but on the right back. 24h, 48h, 72h after removing
the medicine or hydrogels had a distinct evaluation with
the same standard.
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In vitro Col release

Release kinetics of the hydrogel was evaluated using
Col as a model of acute gout for this work. The dried PAM
hydrogel was placed into an aqueous solution containing
0.5 mg Col and AgNOs with a certain concentration. Then,
the Col-loaded hydrogels were immersed in 100 mL PBS
(Phosphate buffered saline, pH 7.4) solution. 1 mL of
sample aliquot was taken out and replaced by an equal
amount of fresh PBS solution. The Col contents were
detected using an HPLC system consisting of an ultraviolet
absorbance detector (Thermo Ultimate 3000) and a
detection wavelength of 254 nm. The stationary phase
was afforded with a Luna 5 pm C18(2) 100A, 250 x 4.6 mm,
enclosed in a column oven equilibrated at 30°C. Solvent A
was 100 % water, solvent B was 100 % methyl alcohol.
The mobile phase (solvent A: solvent B = 40: 60, v/v)
was eluted at 1 mL/min [38].

RESULTS AND DISCUSSIONS
Preparation of PAM and PAM-Ag* hydrogels

Traditional hydrogels adopted the way of chemical cross-
linking. The cross-linking region of the whole hydrogel
network was irregularly distributed due to the employment of
organic cross-linkers, which led to the irregular spatial
structure of the hydrogels, and the length of the segments
between different crosslinking points was different during
the polymerization. Finally, it was easier to break while load-
bearing. Form a hydrogel with uniform internal spatial
structure; thus, the energy generated when the gel deformation
can be well-distributed consequently was important. The PAM
hydrogel was synthesized by one-pot radical polymerization
under UV irradiation as shown in Fig. S1.

BACA was used as a cross-linking agent which had
a disulfide bond and possessed dynamic reversibility under
ultraviolet light so that the hydrogel prepared had
a homogeneous structure. The number of monomers,
cross-linking agents and photo-initiators had a key
influence on the mechanical strength of hydrogels,
and the detailed analysis was shown in Table 1. Firstly,
keeping the mass (M) of AM (1000 mg) and Irgacure 2959
(3 mg) constant, the effect of Mgaca on tensile stress and
strain was given in Fig. 1a. It revealed that as the Mgaca
increased from 0 to 1.5 mg, the tensile stress of PAM
hydrogel improved gradually from 0.20 to 0.47 MPa,
whereas the strain increased from 896 to 2907 %.
However, when the Mgaca increased from 1.5 to 2.5 mg,
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Table 1: The Proportion of each component in the PAM hydrogels.

/ Sample AM (mg) Irgacure 2959 (mg) BACA (mg) Stress (MPa) Strain (%) \
H1 1000 3.0 0.5 0.20 896
H2 1000 3.0 1.0 0.39 1318
H3 1000 3.0 15 0.47 2907
H4 1000 3.0 2.0 0.34 1062
H5 1000 3.0 25 0.34 1061
H6 800 3.0 15 0.14 1346
H7 1200 3.0 15 0.38 947
H8 1400 3.0 15 0.44 947
H9 1000 1.0 15 0.39 1617
K H10 1000 5.0 15 0.23 1291 j

the tensile stress decreased from 0.47 to 0.34 MPa,
the strain also decreased from 2907 to 1061 %. This was
reasonable that the role of BACA was a chemical
crosslinker, which added to provide proper mechanical
strength and hold the shape of hydrogels, but too much
BACA led to a higher crosslink density and inhibited
the movement of the polymer chain, causing the brittleness
of the structure. Secondly, keeping the Mgaca (1.5 mg),
and Irgacure 2959 (3 mg) constant, the effect of Mam
on the mechanical strength of PAM hydrogel was also
investigated and the results were shown in Fig. 1b. With
the Mawm increased to 1000 mg, the tensile stress and strain
of the PAM hydrogel achieved the maximum. Further
expanding the Mawm, the strain decreased obviously
because of the formation of too many PAM chains, causing
the stiffness of hydrogel. Finally, as shown in Fig. 1c,
it was clear that the tensile strength of PAM hydrogel was
up first and then down when the Mirgaurezoso increased. The
amount of initiator determined the polymerization speed
and length of the PAM chains. More initiators represented
the easier activation of the vinyl groups of the AM, the
faster formation of the PAM chain, and the shorter the
length. Therefore, considering the mechanical strength of
hydrogel, the contents of BACA, AM, and initiator were fixed
at 1.5 mg, 1000 mg, and 3 mg for continued research.

To investigate the influence of disulfide bonds on the
mechanical properties and internal structure of PAM
hydrogels, different hydrogels were prepared with
crosslinker BACA and MBA respectively as the amount
of AM and initiator were the same. As shown in Fig. 2,
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the mechanical properties of PAM hydrogel using MBA
were far less than those using BACA and correspond
to the microstructures. After freeze-dry cycles, the morphology of
hydrogels was observed by Scanning Electron Microscopy
(SEM). It seemed obvious that the distribution of pores
using MBA was much more heterogeneous than using
BACA (Fig. 3) with excellent energy dissipation under
external load.

To further enhance the mechanical properties and
applications of PAM hydrogel, silver ion was investigated
owing to its unique antibacterial properties and could form
a coordination bond with sulfur. The way silver ion loaded
was discussed via two kinds of PAM-Ag* hydrogel that
contained one pot and two steps, respectively. The One-
pot method was just taking AgNOs; (1.15 mM) into
the cylindrical mold with dissolved AM and BACA, and
then added the desired initiator to polymerize for 30 min
under UV irradiation. The two-step method was described
in the experiment section. Tensile tests were carried out for
the pure PAM hydrogel, the PAM hydrogel with Ag*
loaded before polymerization (One-pot) and the PAM
hydrogel with Ag* loaded after polymerization (Two-
steps), respectively (Fig. 4a). The results showed that the
tensile stress of pure PAM hydrogel was about 0.47 MPa
at the elongation of 2907%. Adding Ag* before
polymerization, the tensile strength and elongation of
the prepared one-pot hydrogel decreased sharply in comparison
with pure PAM hydrogel. This result indicated that
the addition of Ag* before polymerization would change
the stability of the internal structure. On the contrary,
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Fig. 1: Influence of different factors on the mechanical
property of PAM hydrogel. (a) the concentration of BACA (b)
the concentration of AM (c) the concentration of the initiator.

the tensile stress of the prepared two-steps hydrogel could
achieve 2.55 MPa, which was 5.4 times higher than pure
PAM hydrogel. More specially, the elongation has not
been significantly reduced. Fig. 4b showed that both
BACA and AgNOs solution was clear and transparent.
When the two solutions were mixed, the resultant solution
was found to be ivory, which is reasonable for the Ag-S
coordination reaction that occurred (Fig. S2). These data
intuitively demonstrate the significant role of introducing
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Fig. 2: Mechanical property of PAM hydrogel with different
types of crosslinking agents.

silver ions after polymerization in enhancing the
mechanical strength of the hydrogel that would not affect
the homogeneous network originally formed in the
hydrogel and made for metal coordination bonds formed,
which completely accumulated the mechanical strength
of PAM hydrogel.

Adhesion properties of PAM-Ag* hydrogel

To clearly illustrate the adhesive performance of high-
strength hydrogel in medical dressing, the macroscopic
stretching and adhesion processes were displayed.
As shown in Figs. 5a and 5b, the PAM-Ag* hydrogel with
its original 5 cm length and 2.5 cm wide was
approximately stretched to 28 cm length and 7 cm wide
and exhibited impressive areas expansion (~1570%)
without obvious breakage. The excellent tensile
performance mainly depended on the uniform structure of
the hydrogel and it could be stretched to any other shape
as required. The PAM-Ag* hydrogel possessed
outstanding ductility and flexibility that could be fixed
to the human forearm and any part of the skin such as
the finger and elbow joint (Figs. 5¢c-5g), the hydrogel had
a favorable capacity to withstand huge deformation mainly
due to the Ag-S coordination dynamically.

Properties of PAM-Ag* hydrogel for medical dressing
The properties of PAM-Ag® hydrogel were
significantly important for medical dressing, especially
the moisture retention, permeability, water tightness, and
swelling ratio. Water loss and moisture of different silver
ion concentration hydrogels in 24 h were compared
in Fig. 6, and the corresponding results were summarized
in Table 2. After being replaced in an oven at 37 °Cfor 24 h,
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the AgNOs-BACA solution.

Fig. 5: Adhesion properties of PAM-Ag* hydrogels in medical
dressing.

the hydrogels still retained a certain amount of water.
PAM-Ag* hydrogels reduced moisture volatilization
by nearly half in the same condition and different silver
content had almost little effect on the water retention
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performance of hydrogels. The Denser pore structure made
PAM-Ag* hydrogel a good moisturizer.

Medical textiles need to be effective in preventing
water penetration outside. The water repellency of
the hydrogels was preliminarily measured by the droplets
of water passing through the gauze (Fig. S3a) and hydrogel
(Fig. S3b). It was obvious that water droplets could easily
fall into the vessel through the gauze layer while the vessel
with hydrogel on the surface could not. It was undoubted
that the water resistance of hydrogel was much better than
medical gauze and prevented water from entering the wound.

To clearly illustrate the breathability of the hydrogels,
PE film, and medical gauze with the same thickness
were chosen to compare. Water vapor permeability is
an index to measure the gas permeability of hydrogels.
As shown in Fig. 7a, PE film was approximatively
watertight but the hydrogels with different silver ion
concentrations were almost the same as medical gauze
and had favorable gas permeability. Detailed results
were summarized in Table 3. Water vapor permeability
in 24 h of PE film was about 9.55 g/m?, but the hydrogels
researched were up above 400 g/m? which was the same
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Table 2: The Moisture of PAM-Ag* hydrogels (n=3).

Vol. 41, No. 8, 2022

/ Silver ion concentration of PAM-Ag* hydrogel (mM) \
Pure water
0 0.115 0.23 1.15
Water loss in 24 h (g> 4.26+0.21 2.17+0.39 216+0.21 2.05+0.33 2.24+043
Q/Ioisturizing efficiency (%) 49.06 + 9.06 49.30 £ 4.88 51.80 +7.63 47.50 +10.10 /
H] 1
[a} [ - _{b]

Water loss (g)

-

L

Pura malar o 0 115 (£ ] 1.1%

Silver concentration in hydrogels (mM)

I

Moisturizing Efficiency (%)

[LA R E] L 1%

Silver concentration in hydrogels (mM)

Fig. 6: The moisture of PAM-Ag* hydrogel (a) Water loss in 24 h (b) Moisturizing efficiency of PAM-Ag* hydrogel
with different silver ion concentrations. (n=3, Error bars show the standard deviations).

_ - (a)
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200 -
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o Qs 023 111
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Fig. 7: The permeability (a) and swelling properties (b) of PAM-Ag* hydrogels. (n=3, Error bars show the standard deviations).

as the medical gauze. Compared with the PE film,
PAM-Ag* hydrogels were much better and the silver
concentration had almost no contributions according to the
statistical analysis. Since their great hydrophilic property
(Fig. S4), the Swelling Ratio (SR) was one of the most
important factors to evaluate hydrogels. As shown
in Table S1, it could be found that the swelling capability
of PAM-Ag* hydrogel far exceeded pure PAM hydrogel
which was attributed to the uniform structure. The SR of
adhesive PAM-Ag* hydrogel could reach nearly 500%
after being immersed in water for 24 h (Fig. 7b). Statistical
analysis results showed that the concentrations of silver
ions had little effect on the swelling ratio of hydrogels and
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it’s because silver ions had weak influences on pore
structure.

Biocompatibility evaluation of PAM-Ag* hydrogels
Biocompatibility was one of the most important
prerequisites for the safe use of medical dressings. Skin
irritation and sensitization tests were parts of the initial
evaluation laid down in ISO standards on the biological
evaluation of medical dressings and performed according
to 1SO 10993-10 to evaluate the in vitro safety of the
hydrogel for further clinical investigation. Guinea pigs
are anatomically similar to humans with thicker,
denser cuticles and almost identical cell renewal rates.
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Table 3: The gas permeability of PAM-Ag* hydrogels (n=3).

Silver ion concentration of PAM-Ag* hydrogel (mM)
PE film Medical gauze
0 0.115 0.23 1.15

Water vapor
permeability (g/m?/24 h)

/ Before oh 24 h 48 h = \
(a)n o
Hydrogel Hydrogel M M ) > m
(lmn.nullw L (T BTN mm—

2 e [ Y [ R
mhlm“Mumnnm ammmﬂ .Ir“ st 1

Defore oh 24 h anh B"—"°"° 24 h 48 h

(©) “”

Hydrogel 1 Hydrogel % mﬂ m
111 R 1 il i
Control Control -
S A O '"mfm““m mmm’“ ‘“dm Mm«m

TN

9.55+0 423.57 +19.89 409.77 + 24.74 421.44 +28.32 436.31 +19.11 414,01 + 27.76)

Contral \

Before 24 h

'FH
e m ‘ w
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Fig.8. The images of Skin irritation and sensitization tests of Guinea pig (a) short-term skin irritation on complete skin
(b) short-term skin irritation on damaged skin (c) long-term skin irritation on complete skin
(d) long-term skin irritation on damaged skin (e) skin sensitization.

)

The Guinea pigs implanted in two groups were healthy as the elaborate evaluation findings were listed in Table S7

and no signs of inflammation were observed. As shown based on the standards (Table S8).

in Figs. 8a and 8b, PAM-Ag" hydrogel with 1.15 mM Ag*

was used in comparison to the blank control group, and In vitro Col release

there were no significant disparities from the images which Colchicine was chosen here as a model drug for the
meant no irritation with normal and damaged skin using drug release study. Colchicine has an excellent effect
hydrogels acutely. The results of short-term skin irritation on acute gout attacks. However, the potential side effects
on complete and damaged skin were summarized in Table related to its oral administration and the speedy elimination
S2 according to the standards (Table S3 and S4). from the body limited its utilization. The in vitro release rate
Surprisingly, after using the hydrogels for 14 days, there of Col was carried out as the different content of silver
was no irritation yet (Figs. 8c and 8d) and the evaluation ion. As shown in Fig. 9, free Col showed a rapid release
findings were listed in Table S5. Skin sensitization rate during the first 10 min, approximately 60 % of the
was studied by comparing with the positive group using cumulative release. All the hydrogel systems exhibited
2-mercaptobenzothiazole as the sensitizing agent. Whether burst in the first 3 h and about 40 % of loaded Col was
sensitized or stimulated with the PAM-Ag* hydrogel, released, thereafter the Col release quantity significantly
the sensitization rate was zero but the positive group was increased with prolonged-release time. As the silver ion
100 % (Fig. 8e). Contrasted with the classification of concentration was 0.115 mM, more than 95% of loaded
sensitization rate, the hydrogel couldn't induce skin allergy Col was released within 48 h. The results may be explained
with | level but 2-mercaptobenzothiazole was easy to induce by the drug encapsulation in the form of the Col-Ag*
skin allergy so the level was V according to Table S6 complex, as the complexes entrapped in the network,
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Fig. 9: In vitro drug release of hydrogels with the influence
of Ag” concentration (n=3, Error bars show the standard deviations).

the Ag* would coordinate with the sulfur atoms of the
BACA while dynamic metal coordination Ag*-S formed,
revealing a dissociative-free drug. When the content of
Ag" increased to 0.23 mM, the free drug content decreased
while the release quantity was approximately 80%. Such
results suggest that the hydrogel can be tuned to provide
appropriate sustained drug release systems.

CONCLUSIONS

In summary, a well-defined network hydrogel with
excellent mechanical, and adhesive properties is
successfully prepared for medical dressing and drug
delivery systems. By introducing silver ions into the PAM
hydrogel network, a highly mechanical and stretchable
PAM-Ag* hydrogel was prepared. The PAM-Ag* hydrogel
shows high strength of 2.55 MPa along with good
flexibility of about ~2600% based on PAM hydrogel
accompanied with 0.46 MPa strength. Meanwhile,
the PAM-Ag* hydrogel has demonstrated its great promise
for surgical wound dressings due to its strongest mechanical,
great moisture, permeability, swelling properties, and no
short-term, or long-term skin irritation and sensitization.
Additionally, the PAM-Ag* hydrogel exhibited excellent
sustained-release properties and up to 90 % drug release
as loaded with Col.
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