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Currently, no dressings utilized in burn clinics provide adhesion, hydration or mechanical strength on the
same order as human skin as well as the ability to be atraumatically removed. We report the synthesis,
characterization, and in vivo evaluation of in situ polymerized and subsequent dissolvable hydrogels as
burn wound dressings. Hydrogel dressings, from a small library of synthesized materials form in situ,
exhibit storage moduli between 100-40 000 Pa, dissolve on-demand within 10 minutes to 90 minutes,
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swell up to 350%, and adhere to both burned and healthy human skin at 0.2—0.3 N cm™2. Further, results
from an in vivo porcine second degree burn model demonstrate functional performance with healing
equivalent to conventional treatments with the added benefit of facile, in situ application and subsequent
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Introduction

According to the world health organization, approximately
11 million people require medical attention due to burns each
year." In low-income countries, burns cause nearly 200 000
deaths annually." Within higher income countries, such as the
United States, there are approximately 2 million fires, with
1.2 million people sustaining burn injuries.” Death rates are as
high as 75% for patients with burn wounds on 40% or more of
their body surface area due to infection, dehydration, and
pain.” The greater the surface area of burns, the more serious
the burn, such that a burn covering 15% or more of the total
body surface area (TBSA) in adults requires hospitalization
while only a 10% TBSA necessitates hospitalization in
children."*™ Even when patients survive and recover from
their injuries, many burn survivors must manage life-long dis-
abilities and psychological trauma due to burns.>*>' A
second degree burn results in damage to both the epidermis
and dermis layers of tissue, and is a challenging wound to
manage due to inflammation, fluid loss, tissue damage, and
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loss of barrier function by the tissue.'" Today, treatments for
second degree burn wounds include antibiotics, fluid replace-
ment, debridement (if necrotic), and dressings.”'*"* Wound
healing is an evolving process that takes place over days to
months depending on the size and severity of the burn, and
dressings can be applied and replaced as many as 1-2 times
per day in order to contain and remove the discharge of
wound exudate.” These dressing changes require significant
time (57 = 34 min) and multiple personnel.’ In addition to
lengthy dressing changes, the act of dressing replacement
often requires mechanical debridement and cutting, which
traumatizes new tissue, affords longer healing times, and
causes pain.>>7®1%14716 [y fact, the pain can be severe
enough to require anesthesia.>*'” To address the unmet need
for alternative and facile methods to replace a dressing for the
management of second degree burns, we recently introduced
the concept of a dissolvable hydrogel dressing.'® Hydrogels are
three-dimensional, hydrophilic networks used for a variety of
biomedical applications such as tissue engineering, drug deliv-
ery, and wound management.>’®*” The two-part hydrogel
dressing, described herein, forms in situ when mixed and
applied to the wound as an aqueous solution or spray. Once
applied, this dressing adheres and protects the tissue. To
remove the dressing, an aqueous cysteine methyl ester (CME)
solution is applied which selectively cleaves the internal
covalent thioester linkages within the dressing. With a
mindset towards translation, we report the synthesis of a small
library of hydrogels, their physical and mechanical properties,
and performance of an optimized hydrogel dressing in a large
animal, second degree burn, pig model. Specifically, a poly
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Fig. 1 Preparation of a three-dimensional hydrogel via the reaction
between a poly(ethyleneimine) (PEI) and a NHS activated poly(ethylene
glycol) (PEG) crosslinker.

(ethyleneimine) (PEI) crosslinks with a NHS activated poly
(ethylene glycol) (PEG) containing internal thioester linkages
to form an amide-crosslinked linked hydrogel (Fig. 1). The
hydrogel dressing is applied via a syringe to the wound and
removed by dissolution utilizing thiol-thioester exchange
chemistry upon exposure to CME solution.

Results and discussion

Current burn dressings include gauze dressings, hydrocolloid
dressings, silver-impregnated dressings, and hydrogel
dressings.>*® With regards to wound dressing design and com-
position, our work focuses on developing hydrogel-based dres-
sings. Hydrogels are ideal burn wound dressing materials as
they protect the wound from the outside environment, absorb
wound exudates, and possess mechanical properties and elas-
ticity on the same order as that of epithelial tissue.'®*825734
Specifically, we are investigating synthetic hydrogel dressings
that form in situ via a reaction between an amine terminated,
branched poly(ethyleneimine) (PEI) and a difunctionalized,
NHS activated poly(ethylene glycol) (PEG) crosslinker (Fig. 1).
Unique to the dressing design is an internal thioester linkage
within the crosslinker which, in the presence of a cysteine
methyl ester (CME), undergoes a thiol-thioester exchange to
cleave the crosslinker and dissolve the dressing (Scheme 1).
Herein, we vary the length of methylenes in the crosslinker
from 1 to 5 to 10 in order to tune the physical and mechanical
properties of the hydrogels, and to identify a hydrogel dressing
formulation suitable for evaluation in a large animal porcine
second degree burn model.

We synthesized crosslinkers 5-7 starting from PEG (M,
3000) as shown in Scheme 2. Crosslinker 5 was previously syn-
thesized and we adapted this procedure with minor modifi-
cations (Scheme 2).%° Briefly, we reacted the starting PEG (M,,
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Scheme 1 Controlled dissolution through thiol-thioester exchange.
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Scheme 2 Synthetic scheme of crosslinkers and intermediates 1-7.

3000) with the appropriate anhydride to form the PEG diacid
and subsequently activated it with an NHS ester to give the
crosslinker 1. Crosslinker 1 was reacted with DBU, and the
respective thiol-terminal carboxylic acids of 1, 5, and 10 methyl-
enes, to afford intermediates 2, 3, and 4, respectively. Next, we
prepared the NHS-activated crosslinkers via DCC coupling
chemistry with NHS and purified the products by precipitation
in diethyl ether. The yields were high (85-98%) for all of the
reactions. We characterized and confirmed the structure of the
crosslinkers by "H NMR, *C NMR, GPC, MALDI and DSC, and
the data is provided in the ESI (Fig. S1-S9).T

Next, we prepared a small library of 10, 15, and 20 wt%
hydrogels by mixing the crosslinker, dissolved in 0.1 M phos-
phate buffer pH 6.5, with branched polyethyleneimine (PEL;
M,, 1800) in 0.3 M borate buffer, pH 8.5. However, we observed
minimal solubility of crosslinker 7 in buffer due to the hydro-
phobicity of the methylene chains. In order to overcome the
low solubility, we dissolved crosslinker 7 in 0.1 M phosphate
buffer pH 6.5 with 50% ethanol prior to mixing it with the PEI
solution. The ratio of NHS : NH, was 2 :1 to ensure amidation
of PEI and the crosslinker. We observed no major difference in
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hydrogel mechanical properties with a 2:1 or 1:1 NHS: NH,
ratio (Fig. S18 in ESIf). A transparent, solid hydrogel forms
within 5 minutes for all compositions as determined by the
inverted tube gelation test. Hydrogel gelation time positively
correlates with increasing hydrophobic chain lengths. The
hydrogel formulation with crosslinkers 5, 6, and 7 gel in
less than 5 seconds, 90s, and 3-5 minutes, respectively
(Fig. 3A). Gelation time also positively correlates with weight
percent, the higher the weight percent the longer the gelation
time.

Next, we characterized the morphology of the hydrogels
using scanning electron microscopy (SEM). All of the hydrogels
possess pore sizes varying from 5 pm to 100 pm with a honey-
comb-like structure. Interestingly, the hydrogel prepared with
7, unlike all the other hydrogels, exhibits a more lamellar-like
structure (Fig. 2). Because of this observed secondary structure,
we assessed the critical aggregation concentration (CAC) of

Fig. 2 SEM images of 5 (top) 6 (middle) and 7 (bottom).
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crosslinker 7 using the pyrene assay. We observe a CAC of
0.050 mM, a concentration below that of our hydrogel cross-
linker concentration indicating that we are likely forming a
self-assembled structure within the hydrogel itself giving rise
to the lamellar structure seen under SEM.

From a chemical reactivity perspective, the terminal amines
of the PEI may react with the terminal NHS ester or the
internal thioesters to form an amide bond. Thus, we deter-
mined the preferential attack site for the amines via '"H NMR
using a model system. Specifically, we used N-butylamine, as a
model of a primary terminal amine on PEI, and added it to an
aqueous solution containing 6 and followed the amidation
reaction via "H NMR. A selective reaction occurs between the
amine and the NHS ester on the crosslinkers, and not the
internal thiolester over 20 minutes (>99% at the NHS site). An
upfield shift from the conjugated NHS ester at 2.82 ppm to
free NHS at 2.49 ppm on crosslinker 6 (Fig. S10 in ESIf) con-
firms amidation at the NHS ester while the methylene peak at
2.6 ppm for the thioester does not shift. The attack of the
terminal amine to the NHS-ester occurs quickly, under 10
seconds, however in hydrogels this reaction is likely slower
because once one of the amines attacks the NHS-ester, entan-
glement and solidification occurs with a resulting increase in
steric hindrance. Hence the lengthier gelation times.
Additionally, a competitive hydrolysis reaction occurs at the
NHS ester. Hydrolysis of the NHS ester, however, is negligible
at pH 6.5 over twenty minutes, a longer time than necessary to
form the hydrogel (Fig. S12C in ESI¥). This selectivity of amida-
tion at the NHS ester ensures that we retain the internal thio-
ester linkage, allowing for subsequent dissolution through
CME.

With regards to mechanical properties, we performed strain
and frequency sweeps at various time points before and after
swelling in 50 mM PBS. First, we determined the linear visco-
elastic region using the strain sweep (Fig. S13 (left) in ESIY).
We also performed a frequency sweep on all hydrogels with
3% strain from 1 to 10 Hz (Fig. S13 (right) in ESI}). These
hydrogels exhibit viscoelastic, solid-like behavior, with the
storage modulus (G") > loss modulus (G").>**”

Over 30 days of swelling, we observed the lowest storage
modulus with hydrogel 5, sustaining a G’ of below 10 kPa for
the duration of time after swelling. The storage modulus of
hydrogels composed of crosslinkers 6 and 7 are each larger
(Fig. 3B), and at 15 wt% the storage moduli are approximately
12 kPa and 20 kPa, respectively (Fig. 3C). We attribute this
increase in storage modulus in each hydrogel to the hydropho-
bicity of methylenes, such that the longer the methylene chain
length, the greater the hydrophobic interactions and a stronger
hydrogel. This observation holds true for the weight percent
dependence. The higher the weight percent, the greater the
storage modulus.

To ensure that the presence of ethanol does not increase
the storage modulus for hydrogels prepared with crosslinker 7,
we assessed the rheological measurements of hydrogels pre-
pared with crosslinker 6 under the same conditions as those
hydrogels used for crosslinker 7. We observed no significant
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difference in storage modulus between hydrogels prepared
with or without EtOH, indicating that the buffer conditions do
not alter mechanical properties of our hydrogels (Fig. S19 in
ESIT).

During the 30 days of swelling, the hydrogels swell between
150-350% depending on weight percent and hydrophobicity of
the hydrogel formulation (Fig. 3D and S16 (left and right) in
ESIT). Swelling reaches equilibrium after 48 hours for all for-
mulations. Hydrogels with crosslinker 7 swell the least, likely
as a consequence of the hydrophobicity within the long
methylene chain length, while hydrogels with crosslinker 5
swell the most.

All of the hydrogels undergo hydrolysis over 30 days of
swelling as indicated by a loss of gross structure and a
reduction in storage modulus overtime (Fig. 3B and C).
Hydrogel 5 exhibits an immediate loss in storage modulus and
gross structure while hydrogels 6 and 7 initially increase in
strength as they swell. However, we ultimately observe a
reduction in storage modulus in hydrogels 6 and 7 by 30 days
post swelling. We attribute this loss in structure and mechani-
cal properties to hydrolysis of the crosslinker. To further
characterize the hydrolysis, we measured the rate of crosslinker

Biomater. Sci.

hydrolysis in 0.1 M sodium bicarbonate buffer, pH 8.0, via "H
NMR. Hydrolysis preferentially occurs at the thioester linkage
with a rate of k = 0.055 min~' and k = 0.003 min~" for cross-
linkers 5 and 6, respectively (Fig. S12A and B in ESIf) as
opposed to the ester linkage between the glutaric acid and
PEG on the crosslinker. 7 is stable for over 7 days. We attribute
the stability of the thioester linkage in crosslinker 7 to the
hydrophobic methylene chain length protecting the adjacent
thioester from hydrolysis (Scheme 3).

Aside from hydrolysis, the thioester facilitates hydrogel dis-
solution through thiol-thioester exchange in the presence of
cysteine methyl ester (CME).'® Upon exposure of the dressing
to a 0.3 M CME solution at pH 8.6, the thiol on the cysteine
methyl ester attacks and displaces the internal thioester in the
crosslinker. The amine on the now internal cysteine methyl
ester subsequently rearranges to form an amide bond by repla-
cing the thioester (Scheme 1). This amide bond prevents re-
attack of the original, internal thiol (Schemes 1 and 3). This
dissolution process fragments the hydrogel network, degrad-
ing the hydrogel over time. Thus, we assessed the storage
modulus of the hydrogel in a CME solution as a function of
time at pH 8.6. Loss of hydrogel structure, defined by G’ < 300

This journal is © The Royal Society of Chemistry 2021
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Scheme 3 Selective conjugation of the crosslinker with PEI, cysteine
methyl ester, and water. (A) Reaction with the NHS ester. (B) Reaction
with the internal thioester. (C) Reaction with the internal ester. Darker
colored region corresponds with greater reactivity.

Pa, occurs in less than 10 minutes to over 90 minutes depend-
ing on the hydrogel formulation and weight percent, with a
higher weight percent and longer methylene chain length
resulting in an increase in time to dissolution (Fig. 4A and S17
(left and right) in ESI{). Specifically, at 15 wt%, hydrogel 5 dis-
solves within 10 minutes, while hydrogel 6 dissolves within
30 minutes and gel 7 dissolves within 80 minutes. This trend
continues throughout all hydrogels regardless of weight
percent. We accredit the slower dissolution of hydrogel 7 to
the additional hydrophobic methylenes near the thioester
decreasing the local hydrophilicity compared to 5 and 6. Due
to a competitive reaction at the thioester between hydrolysis of
water and thiol-thioester exchange, we investigated the rate of
dissolution using CME in sodium bicarbonate buffer pH 8.0

This journal is © The Royal Society of Chemistry 2021
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via "H NMR with crosslinker 6 (Scheme 3). We monitored the
decrease in the methylene proton adjacent to the thioester and
determined the thiol-thioester exchange rate to be k =
0.084 min~". This rate is faster than that of hydrolysis and,
therefore, indicates that thiol-thioester exchange is the pre-
ferred mode of dissolution under 0.3 M CME solution
conditions.

To investigate the applicability of our hydrogels as burn
wound dressings, we assessed their adhesive properties
against human skin. We performed a lap shear test to deter-
mine adhesion strength on ex vivo human breast and abdomi-
nal tissue. All the hydrogels adhere similarly to tissue with
values of approximately 0.5 N cm™ and display cohesive
failure at the hydrogel-skin interface (Fig. 4B and C).
Additionally, the hydrogel adheres similarly to burned skin as
well as healthy skin. We attribute the adhesive strength to
physical entanglement between the hydrogel and the human
skin. The hydrogel, applied in situ as a liquid, allows for gela-
tion to occur and take on the morphology of the human skin
creating entanglements between the hydrogel and the skin.
These hydrogels exhibit lower strength as compared to that of
fibrin glue (0.6 + 0.04 N cm).*® The hydrogels possess a
favorable characteristic that enables their use on damaged soft
tissues that are too weak for significant mechanical agitation
or debridement.

Prior to the in vivo studies, we assessed cytotoxicity using
NIH3T3 fibroblasts. Hydrogels 6 and 7 show >85% viability
while 5 shows very low viability due to the rapid release of glu-
taric acid and increase in local acidity from the dissolution
(Fig. S20 in ESIf).

Based on the sum of these results, we selected hydrogel 6 at
15 wt% for in vivo testing. Specifically, hydrogel 6 exhibits
minimal cytotoxicity, possesses a storage modulus on the
same order as that of human skin, maintains its mechanical
strength and structure over 7 days’ time, adheres to skin,
swells, and dissolves in 30 minutes. For the in vivo model, we
induced second-degree burns on four pigs by heating a brass
cylinder (4 cm diameter) to 80 °C and placing it on the back of
the pig for 20 seconds (12 wounds on a single pig; approxi-
mately 0.4% of the entire pig skin surface). We assessed the
treatment groups at days 7 and 14, with one or two dressing
changes as depicted in Fig. 5 and 6 to observe any differences
in healing between groups. Specifically, we compared hydrogel
6 with commercially available gauze sponge dressing,
Mepilex™, and xeroform. Triple antibiotic ointment was
applied to each burn prior to dressing. Post-necropsy, the
tissue was dissected, stained with H&E, and analysed
(Fig. S21-S25, and Tables S1-S5 in ESIf).

Generally, all treatment groups show mild/moderate necro-
sis, epidermal ulceration, inflammation, and neovasculariza-
tion. While the differences between the groups are not statisti-
cally significant, (P > 0.05), hydrogel 6 trends towards better
performance over conventional gauze, Mepilex™, and xero-
form dressings. Use of hydrogel 6 affords a trend towards less
necrosis, epidermal ulceration, and inflammation compared
to the other treatment groups, with similar neovascularization,
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(A) Dissolution of hydrogels at 15 wt% in 0.3 M CME solution. (B) Adhesion of hydrogels on human breast tissue using a lap shear test. (C)

Adhesion of 15 wt% hydrogel 6 on burned and unburned human abdominal tissue.
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Fig.5 In vivo porcine study (A) and burn sites at varying time
points between dressing changes including end H&E staining of burn
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and burn depth (mm) and epidermal dermal thickness (mm)
to all treatment groups by day 14 (Fig. 6). Additionally, all
hydrogels show some re-epithelialization by day 14, with
hydrogel 6 exhibiting complete re-epithelialization on two
burns, and partial re-epithelialization on one (N = 3) after two
dressing changes; the only dressing with more than one com-
plete re-epithelialized burn. Of the other treatment groups,
only the sterile gauze dressing on day 14, with two dressing
changes, affords complete re-epithelialization. The spray-on
application and removal process of our hydrogels allows for
facile dressing changes, and eliminates the need for mechani-
cal debridement and disruption of newly formed tissue.

Biomater. Sci.

Necrosis score

D
é& & & e Hydrogel 6
g &
& & )
& & >
& & @ i
N & = Mepilex
,\'\\ s K
* & &
Xeroform

Gauze Sponge

Fig. 6 Histopathology scores from the in vivo porcine study assessing
necrosis (top) and neovascularization (bottom).

Experimental

Materials

NMR spectra were recorded on a Varian 500 MHz VNMRs
instrument; chemical shifts are quoted in parts per million
(ppm) calibrated to residual non-deuterated solvent ("H NMR:
CDCl; at 7.26 ppm; *C NMR: CDCl; at 77.16 ppm). Coupling
constants (J) are quoted in Hertz. Multiplicities are given as:
singlet(s), doublet(d), triplet(t), quartet(q), multiplet(m) or
broad(br). Gel permeation chromatography (GPC) was used to
determine molecular weight and polymeric distribution in

This journal is © The Royal Society of Chemistry 2021
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tetrahydrofuran (THF) as the mobile phase with flow rate of
1.0 mL min~'. GPC experiments were obtained using an
OptiLab  DSP  Interferometric =~ Refractometer  (Wyatt
Technology) fitted with two identical Jordi Gel DVB columns
(Jordi Labs, 250 mm x 10 mm, 105 A pore size). Matrix-assisted
laser desorption/ionization (MALDI) mass spectra were
recorded on a Bruker autoflex Speed MALDI-TOF spectrometer.
Positive ion mass spectra were acquired in linear mode. Alpha-
cyano-4-hydroxycinnamic acid solution in acetonitrile and
water (3:1, 10 mg mL™") was used as a matrix. 8-12 mg of
crosslinkers were mixed in 1 mL of 3:1 ACN:H,O solution
and 0.5 pL of the crosslinker matrix solution were each de-
posited on a MALDI plate layered as matrix: crosslinker :
matrix solution. Differential scanning calorimetry (DSC) of
crosslinkers were recorded on a DSC Q100 TA instrument.

All anhydrous solvents were purchased from Sigma Aldrich.
All reagents were purchased from commercial sources and
used without further purification. All reactions were carried
out under argon with magnetic stirring. Polyethyleneimine,
molecular weight 2000, was purchased from Polysciences, Inc.

Synthesis and characterization of compounds

The synthesis of the macromers is described in the SI along
with the characterization data to include "H NMR, *C NMR,
GPC, and MALDI-TOF data.

Mechanical properties of hydrogels

The rheological measurements were obtained from TA
Instruments DHR-2 Rheometer. To prepare the hydrogels, PEI
in borate buffer with pH adjusted to 8.5 with HCl was reacted
with crosslinker 5, 6, or 7, of 3400 MW (NHS-PEG-NHS) in
phosphate buffer, pH 6.0. The ratio of amine to NHS was
1:15, and the concentration of the hydrogel was 10, 15, or
20 wt%. Crosslinker 5 formed a hydrogel instantaneously in
under 5 seconds, while crosslinkers 6 and 7 formed hydrogels
in 3 to 5 minutes at room temperature. Hydrogels with 8 mm
width and 2.5 mm height were prepared in a cylindrical,
Teflon mold and analyzed after sitting in a humid chamber for
1 hour at room temperature, 25 °C. The frequency sweeps were
measured between 0.1 Hz and 10 Hz with an oscillatory strain
percent of 3% and a temperature of 22 °C. An axial force of
0.15N was applied to the hydrogel using 8 mm parallel plate
geometry. The oscillatory strain sweeps were recorded at a fre-
quency of 0.1 Hz. Data are expressed as mean + standard devi-
ation (n = 3).

The adhesion of hydrogels between two pieces of human
breast tissue at 10, 15 and 20 wt% was determined using an
Instron 5944 Micro-tester. Hydrogels were prepared as men-
tioned above and injected between two pieces of human breast
tissue. Hydrogels were left to gel for 1 hour at room tempera-
ture. After one hour, a lap shear test following ASTM D3165
protocol adhesion of the hydrogels on human tissue. Tissue
pieces were pulled apart at a rate of 5 mm min~" at room
temperature until a break in adhesion was detected and
recorded. Data are expressed as mean + standard deviation (n
= 3). Human abdominal skin and breast tissue was obtained
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from  Massachusetts General Hospital
#2015P001267 for discarded, deidentified tissue).

The kinetics of gelation for hydrogels at all weight percents
was determined by the inverted tube test. Gels were formed in
glass vials and gelation was determined when the gel no
longer runs down the sides of the vial when inverted. Data are
expressed as mean + standard deviation (n = 3). At the begin-
ning of the experiment, solutions of crosslinkers and dendrons
mixed together were liquid as gelation had just begun. The
hydrogels became more viscoelastic and were solid at the end
of the experiment.

Swelling ratio was determined by submerging and weighing
the hydrogels in 3 mL of 100 mM PBS at pH 7.4 over 30 days.
At time 0 h, 4 h, 24 h, 48 h, 7d, and 30d, the hydrogel was
weighed. Swelling ratio is the percentage that the hydrogel
swells, determined by

(MGH IRB

. . final mass
Swelling ratio = —————— x 100.
initial mass

Final mass is the mass of the hydrogel at each time point
after swelling. Initial mass is the mass of the hydrogel at time
0 h.

The solvent system used for the hydrogel formation kinetics
study was 0.5 mL of CDCl;. Crosslinker 6 was dissolved in this
system. An initial '"H NMR spectrum was taken and sub-
sequently 2.0 eq. of N-butylamine was added to the NMR tube
and an additional "H NMR spectrum was taken. Hydrolysis
kinetics systems used 0.5 mL of D,O and 10 mg Sodium bicar-
bonate, pH 8.0 as the solvent system. Crosslinkers 5 and 6
were each dissolved in the solvent system and 'H NMR was
used to follow hydrolysis overtime. The concentration vs. time
was plotted and a non-linear regression was fitted to the curve.
The rate constant, k, was calculated using the first order rate
law equation: [A] = [A],e ™.

In vivo porcine burn model

All animal procedures were performed in accordance with the
Guidelines for Care and Use of Laboratory Animals of CBSET
and approved by the Animal Ethics Committee (IACUC project
number 100319). An established in vivo porcine burn model
(CBSET study number TV00008, approved by IACUC project
number 100319) was used to assess the healing of cutaneous
burns when treated with (1) hydrogel 6 as compared to stan-
dard of care dressings including (2) sterile gauze, (3)
Mepilex™, and (4) Xeroform (N = 3/treatment). Five female
Yorkshire swine (69.0-74.5 kg) were burned at 80 °C, for 20 s
with a 4 cm diameter, 2 kg brass cylinder. Each pig received 12
four cm diameter burn wounds. This volume of burn covered
most of the pig’s back, and each pig received a burn area of
0.4% of their body surface area. Triple antibiotic ointment was
applied to each burn sites prior to dressing treatment.
Dressing changes and euthanize were performed at the desig-
nated time points for each group according to Fig. 5. Burn
tissues were harvested and stained with H&E at 7- and 14-days
post burn.
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Necrosis and neovascularization scores were determined
using the microscopic changes scoring matrix: 0 = no observa-
ble change; 1 = minimal - a nearly imperceptible feature/
change, 2 = mild/moderate - an easily identifiable and/or
notable feature/change in the tissue; 3 = marked/severe - pro-
minent feature/change in the tissue. Scores were reported as
mean + standard deviation for each dressing in each group.

Individual histopathologic evaluation and hematoxalin &
eosin staining are presented in Tables S1-S5 in ESL{ The
Study Pathologist was blinded to the treatment matrix at the
time of the pathologist read.

Conclusions

We have synthesized and characterized a small library of dis-
solvable hydrogels for use as burn wound dressings. We have
demonstrated tunable mechanical strength, dissolution, swell-
ing, and adhesion of these hydrogels based on the hydrogel
composition. Specifically, the hydrogel prepared from PEI and
crosslinker 6: (1) is stable for over 7 days, (2) can be applied
in situ to a burn site, (3) adheres to the tissue, (4) exhibits
strength on the same order as human skin, (4) is dissolvable
in under 30 minutes for atraumatic removal; and, (5) is effica-
cious in an in vivo burn model. This work highlights the tun-
ability of hydrogels utilizing different methylene chain lengths
within the NHS activated PEG crosslinker, the concept of
in situ hydrogel formation and dissolution, and their success-
ful application as burn wound dressings in a large animal
model.
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