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Abstract. A series of designed drug-release systems were prepared and established for clear moisture healing. These systems
were designed to have an interpenetrating polymer network (IPN) structure, which contained a breathable polyurethane film,
hydrocolloidlayer, and polyacrylate adhesive layer. Breathable polyurethane film (2000 g/m%/24 hr) with high moisture per-
meability was employed as a base for new drug-release systems or wound dressings. All drug-release systems having a poly-
urethane film-backed hydrocolloid acrylated adhesive layer showed an increase of water uptakes with increasing time. After
114 hours, high water uptakes of drug-release systems with 20% hydrocolloid components were observed in the values of
160, 1100, and 1870% for different additional hydrocolloid components of carboxymethylcellulose, sodium alginate, and
carbomer U10, respectively. New drug-release systems of polyurethane film-backed hydrocolloid/adhesive layers could be
designed and established for wound care managements.
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1. Introduction

Rapid and proper healing is important in the treatment of all wounds, including severe burns, trauma,
diabetic and venous stasis ulcers, and similar tissue damages. The healing response of tissues involves
a complex interaction between cells, extracellular matrix molecules, and soluble mediators. The com-
plexity of this process has been simplified by dividing the healing response into four broad categories
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that coincide with the temporal sequence of normal healing: homeostasis, inflammation, proliferation,
and remodeling [1]. In cases of severe and significant skin loss or in the presence of difficult non-
healing wounds, immediate coverage of the wound surface with a dressing is needed. The dressing
acts as natural skin by protecting the area from fluid and protein loss and preventing bacterial infection,
and other subsequent tissue damage. Numerous skin replacements are either currently available for
clinical use or are in clinical testing. These include temporary and permanent skin replacements, epi-
dermal and dermal skin replacements, and synthetic/biosynthetic and biologic skin replacements. In
this paper, we explore the design, synthesis, and preparation of new functional materials in order to
determine which are suitable for biomedical application. These included polyurethane [2], polyacry-
late [3,4], poltyamide [5], poltyimide [5], polyester [6], polynorborene [7—11], polydiphenylacetylenes
[12], polytetrafluoroethylene, and polymeric resins [13-21]. Surface modification technology was also
considered as a mode to change the superficial microenvironment of these materials [22-25].

1.1. Materials

Sodium alginate (NaAL) (purchased from Zhengzhou Sigma Chemical Co., Ltd., China), carbomer
U10 (purchased from Zhengzhou Sigma Chemical Co., Ltd., China), carboxymethylcellulose (CMC)
(purchased from Sigma, USA), and acrylate-base adhesives (purchased from Chensin Packing Indus-
try Co. Ltd., Taiwan) were employed in this study. The chemical structures of sodium alginate (NaAL),
carbomer U10, and carboxymethylcellulose (CMC) are shown in Scheme 1.

1.2. Preparation of designed drug-release system with hydrocolloid acrylated adhesive layer

A series of hydrocolloids were mixed with acrylate-base adhesives (purchased from Chensin Pack-
ing Industry Co. Ltd., Taiwan). This mixture was then coated onto select polymeric films, such as a
polyurethane film with high moisture permeability (2000 g/m?*/24 hr). A series of designed drug-
release systems with an interpenetrating polymer network (IPN) structure were obtained. In the ab-
sence of a drug, this new drug-release system could be used as wound dressings for clear moisture
healing [1].

1.3. Water absorption of designed drug-release system with a hydrocolloid acrylated adhesive layer

Various polymeric materials will absorb water when exposed. This may cause dimensional instabil-
ity with property degradation, ultimately leading to failure. Depending on the application of the prod-
uct, however, certain levels of moisture are acceptable. Certain materials require small amounts of
moisture for ultimate field performance.

Absorption was used to evaluate materials by exposing specimens (2" Disks x 1/8" thick) to water
for different lengths of time. The water absorption test was carried out by following ASTM D570.
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Scheme 1. The chemical structures of (A) sodium alginate (NaAL), (B) carbomer U10 and (C) carboxymethylcellulose
(CMO).
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2. Results and discussion

2.1. Novel designed drug-release systems with interpenetrating polymer network having breathable
polyurethane film-backed hydrocolloid acrylated adhesive layers

In cases where pharmaceuticals are not being administered, the new drug-release system could be
used as a wound dressing for clear moisture healing [1]. Several important findings point to the effica-
cy of moist wound healing [1,26-28]. For example, cells proliferate and migrate faster in a moist heal-
ing environment such that the healing process is two times faster than it is in a completely dry envi-
ronment. Epithelial cells proliferate and migrate faster on a moist non-clotting wound bed [1].

In clinical cases, dressings play an important role in the wound healing process. The moist healing
process could reduce the length of healing time, formation of scars, and pain. Dehydration causes neu-
rons to generate more pain signals in a dry healing environment of wound bed [1]. Oppositely, the ex-
posed peripheral neurons in a moist healing environment of wound bed would generate fewer pain
signals such that patients feel more comfortable during the healing process [1,26-28].

In this study, the designed drug-release system’s breathable polyurethane film could be employed to
form occlusive environments around a wound. The hydrocolloid acrylated adhesive layers would be
swollen with tissue fluids for the preparation of a moist wound bed (see Figure 1) [1]. A polyurethane
film with high moisture permeability (2000 g/m*/24 hr) was employed in this study. As shown in Fig-
ure 1, the interpenetrating polymer network (IPN) structure would be swollen with tissue fluids. The
shape of interpenetrating polymer network would be limited.

(A) A breathable polyurethane film
Skin

Original hydrocolloid acrylated adhesive layers
without tissue fluids

e

(B) A breathable polyurethane film

Skin

Swollen hydrocolloid acrylated adhesive layers
with tissue fluids

Fig. 1. Proposed model of novel designed drug-release systems with an interpenetrating polymer network having breathable
polyurethane film-backed hydrocolloid acrylated adhesive layers for moist wound healing.
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2.2. Water absorption of designed drug-release system with a hydrocolloid acrylated adhesive layer

A polyurethane film with high moisture permeability was employed as a base for drug-release sys-
tems. Various polymeric materials are susceptible to water absorption during exposure. This may
cause dimensional instability with property degradation and may ultimately lead to failure. In this
study, water absorption was employed to evaluate materials by exposing specimens to water. All drug-
release systems having a polyurethane (PU) film-backed hydrocolloid acrylated adhesive layer showed
an increase of water uptake with increasing time in the initial stage. After 40 hours, high water uptakes
of drug-release systems with 20% hydrocolloid components were observed in the values of 125%,
700%, and 880% for different additions of hydrocolloid components of carboxymethylcellulose
(CMC), sodium alginate (NaAL) and carbomer (U10), respectively (Figures 2-4). For some clinical
applications, water uptake is important for long-term drug-release systems. After 114 hours, relatively
high water uptakes of drug-release systems with 20% hydrocolloid components were observed in the
values of 160%, 1100% and 1870% for different additional hydrocolloid components of carbox-
ymethylcellulose (CMC), sodium alginate, and carbomer U10, respectively.
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Fig. 2. Water uptakes of new designed drug-release system having a breathable polyurethane film-backed carboxymethyl-
cellulose (CMC) hydrocolloidacrylated adhesive layer.
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Fig. 3. Water uptakes of new designed drug-release system having a breathable polyurethane film-backed carbomer U10
hydrocolloidacrylated adhesive layer.
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Fig. 4. Water uptakes of new designed drug-release system having a breathable polyurethane film-backed sodium alginate
(NaAL) hydrocolloid acrylated adhesive layer.

Water uptakes of new designed drug-release systems having a breathable polyurethane film-backed
carboxymethylcellulose (CMC) hydrocolloid acrylated adhesive layer are shown in Figure 2. Compar-
ing the water absorption of components, carboxymethylcellulose (CMC) showed a relatively low ca-
pacity for water absorption. Low incorporation of CMC would show relatively low water uptake in
resulting materials as shown in Figure 2. Even after 240 hours, the water uptake value was only at
80% (Figure 2). Relatively low water uptake in designed drug-release systems containing hydrocolloid
components was observed in the corresponding low incorporation of hydrocolloid components. Low
incorporation of CMC showed corresponding low water uptake (Figure 2).

Similarly, low incorporation of carbomer U10 showed corresponding low water uptake (Figure 3).
Carbomer is a polymeric mixture of acrylic acid cross-linked with a polyfunctional compound, hence,
a poly (acrylic acid) or polyacrylate. In general, carbomer was employed as a suspending agent for
pharmaceuticals and drug-release systems. Incorporation of carbomer U10 would be important for the
clinical application of drug-release systems. In this case, relatively high incorporation of carbomer
U10 showed a corresponding high water uptake value. The designed drug-release system having
breathable polyurethane film-backed carbomer U10 hydrocolloid acrylated adhesive layer could be a
potential candidate for moisture healing and wound management [1]. Also, the carbomer U10 infused
materials could provide a good platform for incorporation of hydrophilic drug systems. The remarka-
bly high water uptake value of 4000% was observed in the sample U10-30% as shown in Figure 3.

Sodium alginate (NaAL) is a natural polymeric material with an excellent ability for water absorp-
tion. Also, sodium alginate (NaAL) could be employed as a suspending agent for pharmaceuticals and
drug-release systems. The incorporation of sodium alginate (NaAL) is important for the clinical appli-
cation of drug-release systems. Similarly, low incorporation of sodium alginate (NaAL) showed corre-
sponding low water uptake during the allotted time (Figure 4). Water uptake values of drug-release
systems having the hydrocolloid component of 10% sodium alginate(NaAL) increased with time (up
to 120 hours); however, decreasing water uptake values of drug-release systems having the hydrocol-
loid component of 10% sodium alginate (NaAL) were observed after 120 hours. The water uptake val-
ue of drug-release systems having 10% sodium alginate (NaAL) was observed at 800% (Figure 4).
Similarly, decreasing water uptake values of drug-release systems having the hydrocolloid component
of 20% sodium alginate (NaAL) were observed after 160 hours. The water uptake of drug-release sys-
tem having the hydrocolloid component of 20% sodium alginate (NaAL) was observed at the value of
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1200%. The relatively low water uptake of drug-release systems having breathable polyurethane film-
backed 20% sodium alginate hydrocolloid acrylated adhesive layer was observed at the value of 600%
after 240 hours. The water uptake value of 600% for 240 hours is almost half the uptake value of
1200% for 160 hours. This might be due to the dissociation of sodium alginate in the designed drug-
release system having breathable polyurethane film-backed sodium alginate (NaAL) hydrocolloid
acrylated adhesive layer [26-28]. The interpenetrating polymer network (IPN) structure of the de-
signed drug-release system would break down. Comparing incorporation of carbomer U10 with sodi-
um alginate (NaAL), drug-release systems containing carbomer with a crosslinked interpenetrating
polymer network (IPN) would provide a relatively stronger structure than the drug-release systems
containing sodium alginate (NaAL). The interpenetrating polymer network (IPN) structure of the de-
signed drug-release system with carbomer U10 would not break down in the application of wound
management. Even if the structure breaks down after a period of time, however, it could be a potential
candidate the clinical application of drug-release.

3. Conclusion

New combined materials with a breathable PU film-backed hydrocolloid acrylated adhesive layer
were designed and prepared for the clinical application of wound management and drug-release sys-
tems. All drug-release systems having a polyurethane film-backed hydrocolloid acrylated adhesive
layer showed greater water uptakes at increasingly rapid rates during fixed time periods. After 114
hours, water uptake rates of drug-release systems with 20% hydrocolloid components measured 160%,
1100%, and 1870% greater when combined with CMC, NaAL and carbomer, respectively. When
comparing the incorporation of carbomer with NaAL, drug-release systems containing carbomer with
a crosslinked interpenetrating polymer network (IPN) yielded a stronger structure relative to the drug-
release systems containing NaAL. The IPN structure of the designed drug-release system with car-
bomer did not break down during wound management applications. Further, in spite of some structur-
al break down after a fixed time, this could be a potential candidate in the clinical application of drug-
release systems. Furthermore, drugs could be incorporated into the adhesive layer via the incorpora-
tion of hydrocolloid components.
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