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a  b  s  t  r  a  c  t

A  wound  dressing  is one  of  the  essential  approaches  for preventing  further  harm  to  cutaneous  wounds
as  well  as  promoting  wound  healing.  Therefore,  to achieve  ideal  wound  healing,  the  development  of
advanced  dressing  materials  is  necessary.  Recently,  we revealed  that  a novel  megamolecular  polysaccha-
ride, sacran,  has  potential  properties  as  a biomaterial  in a  physically  cross-linked  hydrogel  film  (HGF)  for
wound dressing  application.  In this  study,  to enhance  the wound-healing  properties  of  sacran  hydrogel
film  (Sac-HGF)  further,  we  fabricated  and  characterized  novel  Sac-HGFs  containing  cyclodextrins  (CyDs).
The sacran/�-CyD  film  (Sac/�-CyD-HGF)  and  sacran/�-CyD  HGF  (Sac/�-CyD-HGF),  but  not  sacran/�-CyD
HGF  (Sac/�-CyD-HGF),  were  well  prepared  without  surface  roughness.  Powder  X-ray  diffraction  (XRD)
patterns  of  the  Sac/�-CyD-HGFs  showed  a totally  amorphous  state  compared  to  that  shown  by  Sac/�-CyD-
HGFs.  Furthermore,  the addition  of  �-CyD  to  Sac-HGFs  significantly  increased  the  swelling  ratio,  porosity,
and  moisture  content  of the HGFs,  compared  to those  of  the  Sac-HGF  without  CyDs.  The  Sac/�-CyD-HGFs
were  not  cytotoxic  against  NIH3T3  cells,  a  murine  fibroblast  cell line.  Notably,  the  Sac/�-CyD-HGFs  sig-
nificantly  improved  wound  healing  in  mice,  compared  to that achieved  with the  Sac-HGF  without  �-CyD.
These  results  suggest  that  �-CyD  has  the potential  to promote  the wound  healing  ability  of Sac-HGF.

© 2016  Published  by  Elsevier  B.V.

1. Introduction

Cutaneous wound healing, a natural biological reaction to skin
injury, is a complex and intricate process [1,2]. Currently, the heal-
ing process is considered to consist of four stages. The hemostasis
stage starts immediately after wound infliction, via platelet aggre-
gation and fibrin clot formation. Then, the inflammatory stage can
be identified by the presence of neutrophils for wound debride-
ment as well as macrophages that release cytokines at the wound
site. In the proliferative stage, fibroblasts penetrate the wound and
deposit a new extracellular matrix to begin the re-epithelialization
process. Finally, the synthesis of collagens and myofibroblasts facil-
itates further tissue remodeling processes [3,4]. All the stages must
occur in the correct sequence and timespan to ensure complete
healing [5].
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A wound dressing plays a pivotal role in maintaining and
producing a moist environment around the wound, which pro-
motes cutaneous wound healing [6,7]. The moist environment
provided by wound dressing materials is closely associated with
the migration of epidermal cells in the re-epithelialization pro-
cess and the formation of scar tissue in the inflammatory stage, in
addition to the avoidance of tissue dehydration [8–10]. Presently,
various hydrogel films (HGFs) are used as wound-dressing mate-
rials [11,12]. In particular, natural polymer-based hydrogels have
attracted considerable attention because of their excellent swelling
ability in aqueous solutions, biodegradability at the wound site, and
hydrophilicity, which is important in drug delivery systems [13,14].
For example, konjac glucomannan films showed good biocompati-
bility and efficiently accelerated wound repair [15]. Additionally,
the alginate films ionically crosslinked with calcium chloride
(CaCl2) had an impressive surface appearance and mechanical
properties [16]. However, organic solvents and crosslinkers used
often are potentially hazardous to the body [17]. Therefore, the
physical crosslinking method, which does not require the addition
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