
Abstract. Background/Aim: β-Glucan has been shown to
modulate immune system and potentially aid wound healing.
A naturally-available β-glucan, paramylon, is available in the
form of a film, which would be an ideal form to use in wound
care. The aim of this study was to examine the therapeutic
efficacy of paramylon film as a wound dressing. Materials and
Methods: An acute wound was created on the skin of the
posterior aspect of mice and wound healing was observed for
5 days. Mice were treated with either paramylon film or
conventional cellulose film. Results: The time course of
changes in wound size revealed that paramylon film dressing
application leads to significantly faster wound contraction
than conventional cellulose film. The dressing suppressed
elevation of the inflammatory cytokines interferon gamma,
interleukin-6, and vascular endothelial growth factor.
Conclusion: β-Glucan paramylon film can facilitate wound
healing by inhibiting inflammatory aggression and has
potential application as a novel wound dressing.

Appropriate and optimal wound care is crucial, especially in
the presence of pathology. Increased prevalence of obesity
and diabetes further emphasize the benefit and need for
improved wound care (1). A recent study revealed that
wound healing is facilitated by a moist dressing (2). Moist
wound healing is a therapeutic method with exudate as the
humectant to protect and provide a moist environment for
the wound. Cellulose materials such as a bandage or gauze
is used in clinical wound care. Different types of wound
dressing materials are available for all wound types (e.g.,
polyurethane foams, hydrocolloids, iodine-containing gels,

biomaterials) (2). Furthermore, modification by collagen and
different antimicrobial agents was carried out to enhance the
properties of the wound dressing materials (3, 4). 

Skin wound healing involves multiple processes: (1)
hemostasis, (2) inflammation, (3) proliferation, and (4)
remodeling (5). Inflammation is a tissue defense mechanism,
and provides resistance to microbial contaminations (6).
Inflammation occurs almost simultaneously with hemostasis,
and starts from within a few minutes to 24 h from injury and
lasts for about 3 days (7). Proliferation starts at approximately
day 3, in which keratinocytes and fibroblasts start to proliferate
and migrate toward the wound (8). Failed regulation of any
particular process results in pathologically compromised
wound healing, such as chronic wounds, which are
characterized by a prolonged or excessive inflammatory phase,
persistent infections, and delayed wound contraction (8).

β-glucan, a polysaccharide comprised of β-linked D-glucose
molecules, are extracted from various sources, such as cereal
grains, mushrooms, seaweeds, and yeast (9). The yeast β-
glucans promote wound repair. The immunomodulatory
properties of β-glucan have been known for decades and
dietary supplements are commercially available with an aim to
improve the health of individuals (10). Meta-analyses of
clinical studies demonstrate the beneficial effects of β-1,3/1,6-
glucans lentinan in anticancer therapy (11, 12). β-glucans
trigger a group of immune cells including macrophages and
neutrophils (13). β-Glucans inhibit tumor development (14),
activate macrophage function (15), and induce production of
cytokines (16) and nitric oxide synthase (17), as well as
prevent bacterial wound infections by stimulation of the host
immune system (18) and induce the macrophage release of
wound growth factors (19). Due to its immunomodulatory
activities, macrophage-stimulating β-glucan enhances wound
healing in diabetic animals and patients (20, 21). β-Glucan is
a natural product and immunomodulator that has been
predicted to enhance rapid wound healing.

Paramylon (β-1,3-D-glucan) is a naturally-occurring
compound isolated from Euglena gracilis Z. The yield of
paramylon from Euglena gracilis Z amounts to
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approximately 60-70% of the dried cells. Paramylon consists
of only glucose (mean, 700 glucose molecules). Currently,
paramylon has been shown to possess immune-potentiating
activity (22), anti-atopic dermatitis effects (23), hepato-
protective effects with antioxidant effects (24), and
antimicrobial activity (25). Paramylon has been developed
as a polysaccharide nanofiber and thermoplastic and as a
transparent thin film (26-28), which enabled the use of
paramylon as a wound care material. Similar to bacterial
cellulose, paramylon film can maintain a moist environment
at the wound surface. However, its full utility has yet to be
demonstrated. To our best knowledge, no literature is
currently available on β-glucan paramylon film applied
directly to the skin as a moist wound dressing.

The present study demonstrated the efficacy of a
paramylon moist dressing on wound healing using an animal
model. The action of paramylon was also examined by
measuring cytokine levels in mice serum by enzyme-linked
immunosorbent assay.

Materials and Methods

All experiments were carried out in accordance with the Guide for
the Care and Use of Laboratory Animals of the National Institute of
Health and Use Committee of Osaka Prefecture University.

Preparation of paramylon film. Paramylon was obtained from
euglena Co., Ltd. (Tokyo, Japan). Paramylon was dissolved in 1-
butyl-3-methylimidazolium chloride (BMImCI) and N,N-
dimethylacetamide (DMAc). The optimum conditions to elicit a
reaction is a temperature of 60-70˚C and solvent mixture BMImCI
/DMAc with a volume ratio of 5:2. The paramylon/BMImCI/DMAc
liquid solution was coated on a glass layer by means of a bar
coating method at 50-60˚C to form a 700-μm thin film. After the
thin film was washed three times with methanol to remove the
BMImCI/DMAc solvent, it was detached from the glass layer. The
thin film was dried at room temperature for 2-3 h to achieve the
final paramylon film (20 μm).

Implants in mice. Male 8-week-old Jcl:ICR mice were used in this
study. Animals were given food (CE-2, CLEA Japan, Inc., Tokyo,
Japan) and water ad libitum, and were maintained on a light and dark
cycle of 12 h each. Under chloral hydrate anesthesia (400 mg/kg,
Wako Pure Chemical Industries, Osaka, Japan), the dorsal pilus was
removed with a hair clipper and a gel mousse (Reckitt Benckiser,
Tokyo, Japan). An epithelium was clipped out by using a biopsy
punch (8 mm). Paramylon film (8 mm) or cellulose film (8 mm) was
clamped on the wound with a dressing film (Johnson & Johnson, NJ,
USA). The control group was treated with the dressing film on the
wound without Paramylon and cellulose film.

Biochemical determination. The extent of wound healing is
expressed as the percentage of area remaining exposed as follows.
Ratio of area (%) = [B(1,3,5)/A(0)] ×100, where A(0) and B(1,3,5)
represent the exposed wound area at postoperative days 0 and 1, 3,
and 5, respectively (major × minor axes of the wound). Area of
wound-healing dermis (mm2)=C(1,3,5)–B(1,3,5), where C(1,3,5)

and B(1,3,5) represent the area of wound-healing dermis (major ×
minor axes of wound) and the area of wound at postoperative days
1, 3, and 5, respectively. 

To measure cytokine levels in serum, blood samples were
obtained from inferior vena cava in mice under anesthesia (0.25%
isoflurane) at days 3 and 5, respectively. Serum cytokines (IFN-γ,
IL-6, IL-1β, VEGF) were measured by the ELISA Development Kit
according to manufacturer protocols (Peprotech, NJ, USA). 

Statistical analysis. Data were analyzed with R (version 3·4·1; The
R Foundation, Vienna, Austria), EZR (version 1·3·6; Saitama
Medical Center, Jichi Medical University, Shimotsuke, Japan), and
4 Steps Excel Tokei (OMS publishing Inc, Saitama, Japan). Results
are expressed as mean±SE. The mean differences between groups
were analyzed using one-way, two-way, and mixed between–within-
subjects analysis of variance (ANOVA), followed by Tukey-Kramer
post-hoc tests. Normality was verified using the Kolmogorov–
Smirnov test, and equality of variances was tested using Levene’s
test. A p-value <0.05 was considered statistically significant.

Results

Increased wound contraction in mice treated with paramylon
film dressing. Figure 1 shows photographs of the wound
region taken on days 0, 1, 3, and 5. Gross observations
revealed increased wound contraction in mice treated with
paramylon film, compared with those treated with
conventional cellulose film (Figure 1). Significant
differences were detected in wound size on day 5. Significant
changes were also found in dermis formation around the
wounds treated with paramylon film (Figure 2). The area of
wound healing dermis, an indicator of proliferation,
approached the peak at day 5 in mice skin treated with
paramylon, while the controls showed no such increase.
There was no significant difference observed in body weight
between groups after wounding (Figure 3). 

Assessment of inflammatory cytokines in the mice
undergoing treatment. To examine the action of paramylon,
the effect of paramylon film dressing application on
inflammatory cytokines in the serum of mice was
investigated by ELISA. The groups treated with paramylon
film showed significantly increased interferon gamma (IFN-
γ) levels at day 3 compared with the control group (Figure
4A). In contrast, the convention cellulose group showed a
sustained increase in IFN-γ levels at days 3 and 5. The levels
of interleukin-6 (IL-6) in the serum were not statistically
different among groups, although the convention cellulose
group showed an increase at day 5 (Figure 4B). 

The levels of vascular endothelial growth factor (VEGF),
which is a key mediator of angiogenesis, were also tested
(Figure 4C). The levels of VEGF in the groups treated with
paramylon film were comparable to those in the control
group, while the convention cellulose group showed a
sustained increase in VEGF levels at days 3 and 5.
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Figure 1. Effect of paramylon film dressing on wound healing in mice over time. A: Representative wound images of each group are shown up to
day 5. B: The relative wound area (%) revealed increased wound contraction induced by paramylon film dressing (mixed between–within-subjects
ANOVA, Tukey–Kramer post-hoc test, p<0.07, paramylon vs. control at Day 5; *p<0.05, paramylon vs. cellulose at Day 5). Bars are expressed as
mean±SE (n=7).

Figure 2. Effect of paramylon film dressing on wound healing in mice over time. The area of wound-healing dermis (mm2) revealed changes in
dermis formation around the wounds covered with paramylon film (mixed between–within-subjects ANOVA, Tukey–Kramer post-hoc test, ##p<0.01
paramylon vs. control at Day 5; *p<0.05 paramylon vs. cellulose at Day 5). Bars are expressed as mean±SE (n=7).



Inflammatory cytokines were reduced at day 3 and 5 in the
empty dressing group (controls) (Figure 5), as shown in a
previous study (29).

Discussion

In our study, β-glucan paramylon film application to an acute
wound resulted in rapid wound contraction in mice. Our
preliminary results indicate that the paramylon film dressing
suppressed levels of inflammatory cytokines.

Paramylon treatment accelerated wound healing more
rapidly than the cellulose treatment, accompanied with a
modest increase of inflammatory cytokines. The moist and
hydrophilic nature of β-glucan paramylon film provides an
appropriate environment for healing. Similarly, bacterial
cellulose maintains a moist environment at the wound surface
and has a better ability to enhance the healing process of
chronic wounds and burns compared to traditional dressings
(30). Hydrocellular foam dressing promotes wound healing
and upregulates synthesis of hyaluronan, which plays
important roles in formation of scaffolds to promote tissue
repair or regeneration, and biological functions such as cellular
proliferation and migration at the time of wounding (31). 

The immunomodulatory properties of β-glucans have
been known for decades, which include macrophage and
dendritic cell activation by binding with a primary receptor,
Dectin-1, on their surfaces (10, 32). Macrophages are
normally beneficial to the healing of wounds, although
dysfunctional macrophage efferocytosis results in increased
apoptotic cell burden at the wound site. This burden
prolongs the inflammatory phase and complicates wound
healing (33). Euglena β-glucan paramylon also upregulates
inflammatory factors in lymphomonocytes. Moreover, the
response of Euglena β-glucan-activated lymphomonocytes
is much greater than that induced by commercially used β-
glucans (34). Thus, paramylon film dressing applied to the
skin might target and modulate macrophage function and
seems to be a promising approach to promote wound
healing.

Previously, β-glucan was shown to significantly stimulate
phagocytic activity as well as potentiate the synthesis and
release of inflammatory cytokines such as IL-1, IL-6 and
TNF-α (35). β-Glucan increases the natural killer (NK) cell-
mediated destruction of cells, which also plays an important
role in wound healing. One study showed that the activation
of NK cells induced IFN-γ production, which resulted in
accelerated wound healing in mice (29). Stimulation of IFN-
γ and TNF-α facilitates chronic wound healing in diabetic
rats and normalizes the defect in VEGF regulation associated
with diabetes-induced skin-repair disorders (36). An
accelerated wound healing process in the early phase may
account for rapid wound contraction observed following the
application of paramylon film.

In a previous study, oral administration of paramylon
significantly reduces the secretion of the cytokines IL-17, 
IL-6, and IFN-γ in lymphoid tissues, resulting in suppression
of the onset of arthritis in rodent models (37). Paramylon
improved the symptoms of atopic dermatitis and decreased
the secretion of IL-4, IFN-γ, IL-18, and IL-12 in NC/Nga
mice (23). Similarly, administration of β-1,3/1,6-glucans from
yeast cell wall showed a tendency to reduce production of
IFN-γ in a murine tumor model (38). Based on these results,
it is postulated that paramylon regulates excessive immune
responses, resulting in accelerated wound healing on the skin
when using it as a film dressing. Successful resolution of
inflammation minimizes excessive tissue injury, suppresses
chronic inflammation, and prevents the development of
chronic diseases (39). IFN-γ expression in wounded tissues
reached peak levels at 12 h in mice, which was significantly
decreased three days after wounding (29). However,
inflammation of long duration delays the healing process. An
excessive increase of VEGF expression in granulation tissue
impairs angiogenesis in wound healing in diabetes (40). In
contrast, the inflammatory cytokine response is reduced in
fetal tissues, which may be responsible for the lack of cellular
recruitment and inflammation seen in fetal wound healing and
may contribute to scar-less fetal wound healing (41). Here,
the reduction of inflammatory cytokines after wounding
suggests that paramylon may have anti-inflammatory
capabilities in wound healing.

In conclusion, β-glucan paramylon film accelerated
wound healing of the skin in an animal model, accompanied
with a modest increase of inflammatory cytokines. Due to its
ability to down-regulate inflammations, paramylon is very
promising as an alternative immunosuppressive material to
treat inflammatory diseases, as physiological functions of
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Figure 3. Changes in mouse body weight after wounding. There was no
difference between groups in mouse body weight after wounding (mixed
between–within-subjects ANOVA, main effect of group p=0.396). Bars
are expressed as mean±SE (n=7). 
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Figure 4. Effect of paramylon film dressing on inflammatory cytokines in mouse serum. Serum cytokines were measured by ELISA. A: IFN-γ level
was increased on day 3 in mice with paramylon film dressing, that was decreased on day 5, but sustained on day 5 in mice with cellulose film
dressing (two-way ANOVA, Tukey–Kramer post-hoc test, *p<0.05) B: Change of IL-6 on days 3 and 5 after wounding in each group (two-way
ANOVA, Tukey–Kramer post-hoc test, n.s.). C: VEGF level was increased at days 3 and 5 in mice with cellulose film dressing (two-way ANOVA,
Tukey–Kramer post-hoc test, †p<0.05 cellulose vs. control and paramylon). Bars are expressed as mean±SE (control: n=6 and 5; paramylon: n=6
and 6; cellulose: n=7 and 7 on days 3 and 5).

Figure 5. Changes in inflammatory cytokines after wounding in the serum of mice. Serum cytokines were measured by ELISA in mice with
conventional wound dressing (controls). A: Changes in IFN-γ in the serum of mice (one-way ANOVA, Tukey–Kramer post-hoc test, *p<0.01 vs.
Day 0). B: Changes in IL-6 in the serum of mice (one-way ANOVA, Tukey–Kramer post-hoc test, *p<0.01 vs. Day 0) C: Changes in VEGF in the
serum of mice (one-way ANOVA, p<0.01; Tukey–Kramer post-hoc test, p<0.01 vs. Day 0). Bars are expressed as mean±SE (n=7, 6, and 6 at days
0, 3, and 5, respectively).



β-glucan depend on their structure, such as size of the
molecule, composition of the glucan backbone, types and
frequency of side chain (9, 42). To the best of our knowledge,
the present study is the first application of β-glucan paramylon
directly affecting the course of wound healing. The successful
acceleration of wound healing in mice suggests the potential
use of paramylon film in humans for wound care. 
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