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Abstract: The number of diagnosed diabetic patients is increasing worldwide. Many people with
diabetes develop wounds that are slow to, or never, heal, which can lead to serious health issues.
Diabetes causes long-term excessive blood glucose buildup in human body, which leads to an over-
reactive inflammatory response and excessive oxidative stress. As a result, varied wound healing
effects were observed according to different circumstances and stage of healing. We used two diabetic
wound animal models to analyze the wound healing effect of Antrodia cinnamomea ointment in either
topical application and/or oral administration, and explored its mechanism by Western blot analysis.
The results showed that topical Antrodia cinnamomea treatment can significantly promote wound
healing. The increased expressions of angiopoietin 1 and angiopoietin 2 protein and reduction of
CD68 expression were found around wound area. Simultaneous treatment of oral and topical Antrodia
cinnamomea ointment did not show an accelerated healing effect in our animal model. This study is
the first report to demonstrate the effect of topical application of Antrodia cinnamomea ointment on
diabetic wounds healing, and its relationship with angiogenesis. This may also open a new field for
future development and application of Taiwan Antrodia cinnamomea.

Keywords: Antrodia cinnamomea; diabetes; ointment; wound healing; angiogenesis

1. Introduction

If diabetes is not properly controlled, it may lead to serious complications. These
complications may also cause foot wounds that are unable to heal and develop into necrosis.
In developed nations, diabetes is the leading cause of age-unrelated blindness, non-trauma-
related amputations, and dialysis. Studies indicate that even with careful management of
diabetes, 15% patients still suffer from wounds that are unable to heal at normal rates [1].

In diabetic patients, T-cell overreaction can result in apoptosis and slow healing.
Diabetes can also reduce both macrophage activity and lymphatic vessels near wounds,
which slow healing process. Due to the slow wound-healing, necrosis may occur as
the worst outcome, along with oxidative stress to reduce tissue cell differentiation and
activity [2]. As a result, it may be difficult for adjacent cells to enter the wound area and
participate in repair. Diabetes is also found associated with narrowing and constriction
of vasculature, which resulted in reduced blood oxygen. As a consequence, nerve ends
lose their perceptual sensitivity, and reduced immune responses [3]. Oxidative stress
during fibroplasias also causes fibroblasts to lose their functionality, resulting in diminished
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differentiation and migration capabilities, which compromises the capacity of these cells to
enter wound sites and create appropriate collagen matrices [4].

The high glucose conditions worsen inflammation and oxidative stress in wound
area. All of these factors combined make diabetic patients’ wounds encounter rotating
inflammation and fibroplasia, which lead to ulcers or even amputations. Furthermore,
diabetes can also affect DNA and many proteins, such as angiopoietin, which influences
angiogenesis [5]. Impeded angiogenesis during wound-healing processes, due to impaired
cellular signal transduction, results in disruption of stable new vasculature formation [6].
Finally, the diabetic patients’ wounds experience abnormal collagen homeostasis during
tissue remodeling, causing fibroblast dysfunction with concomitant reduction of myofi-
broblasts differentiation, which then lead to diminished wound contraction and decreased
formation of surface tissue [7].

Antrodia cinnamomea is a native Taiwanese basidiomycete with porous hymenium [8]
that grows only in the inner cavity of a decayed tree trunk of Cinnamomum kanehirai Hay
(Lauraceae). Empirical studies demonstrate that Antrodia cinnamomea exhibits several useful
properties, including anti-cancer effects that involve inhibition of cancer cell metastasis and
proliferation, protection of internal organs [9], anti-oxidation [10], and anti-inflammatory
effects [11]. With regard to diabetes efficacy, Antrodia cinnamomea reduces blood glucose,
including aberrantly high blood glucose levels [12], and it is currently available on the
Taiwanese market in Antrodia cinnamomea beverages, which are sold as a health supple-
ment product.

Erythropoietin (EPO) is a haemopoietic factor that is used to adjust production and
differentiation of red blood cell (RBC) precursor cells [13]. EPO relies on its specific
erythropoietin receptor (EPOR) to modulate blood production processes [14]. Once EPO
and EPOR combine, they activate different target genes, which results in an inhibition of
apoptosis [15]. EPO has been shown to stimulate vascular growth and is also effective in
repairing epithelial tissue [16]. Results from diabetic mouse models indicate that EPO at
the small wound site can accelerate mature capillary formation and reduce inflammation
through increased epithelialization [17]. Similar results have also been obtained in rat
models of diabetes for large wounds repairing [18]. The peroxisome proliferator-activated
receptor superfamily (PPARs) comprises a class of nuclear receptors that help regulate
multiple cellular pathways [19]. The anti-inflammatory effect of PPARδ had been shown in
several previous studies [20,21]. Another study, PPARδ agonists also significantly inhibited
high glucose (25 mM)-induced IL-6 and TNF-α production, NF-κB translocation, and
apoptosis [20].

Prior studies reported that Antrodia cinnamomea is efficacious for healing tumors and
aids in new vascular growth [22]. To evaluate the effects of Antrodia cinnamomea ointment
treatments in diabetic wound healing, we investigate the efficacy of ointment and orally
administered Antrodia cinnamomea to treat linear and large square wounds in diabetes
animal models.

2. Materials and Methods
2.1. Culture of Antrodia cinnamomea Mycelia

The purchased wild Antrodia cinnamomea fruiting bodies were identified before exper-
iment based on morphological features compared with a standard Antrodia cinnamomea
strain from the Food Industry Research and Development Institute, Hsinchu, Taiwan. They
were initially sterilized using 70% ethanol and antibiotics broth. After several times of
washing with sterilized distilled water, small pieces of fruiting bodies were put into Ep-
pendorf tubes with antibiotics broth and vortex. The supernatant was then transferred
to the solidified Malt extract-based culture medium (MEA). Mycelia colony germinated
from single spore was selected for subculture (Figure 1). The malt extract broth (MEB)
was prepared for liquid suspension culture. The MEA plates or MEB suspension culture
inoculated with Antrodia cinnamomea mycelia were kept in an incubator at 28 ◦C in the dark.
In addition, the taxonomic identity of cultured mycelia was confirmed by isolation of ge-
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nomic DNA and subjected to sequencing using ITS as marker sequence. High-performance
liquid chromatography (HPLC) method [23] was also applied to measure the triterpenoids
contents of Antrodia cinnamomea mycelia.
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2.2. Animals

The BALB/c mice and Wistar rats (4 weeks old) were obtained from National Labo-
ratory Animal Center, Taipei, Taiwan and the BioLASCO Taiwan Co., Ltd., Yilan, Taiwan,
respectively. The BALB/c mice and Wistar rats were kept in polycarbonate cages and
housed in well aerated rooms with a 12-h light/12-h dark cycle at 25 ± 2 ◦C, fed with stan-
dard rodent diet and water ad libitum in Fu Jen Laboratory Animal Center. All procedures
involving animals care in this study were carried out in accordance with the recommenda-
tions set forth by the University Committee IACUC in Fu Jen Laboratory Animal Center
(FJU A10526). Since this study also tested whether the effect of simultaneous oral adminis-
tration of Antrodia cinnamomea would be better than the wound healing effect of ointment
alone, the rat cutaneous wound model was selected because the volume of the solution
for tube feeding Antrodia cinnamomea was required to be larger. It was also observed that
the wound healing effect of Antrodia cinnamomea in different species of animals would
be different. Diabetic Mice or rats only treated vehicle ointment topically as Vehicle DM
group. Rats in DMC group did not receive either oral or topical treatment application.
Rats treated with both topical and oral Antrodia cinnamomea treatment as ACYY group,
and those accepted topical Antrodia cinnamomea treatment alone as ACYN group. Vehicle
group was normal rats that fed with water and topical vehicle treatment.

2.3. Induction of Diabetic Animal

Diabetes was induced by giving intraperitoneal injections of Streptozotocin (STZ,
200 mg/kg body weight in mice; 75 mg/kg body weight in rats) [24] in BALB/c mice and
Wistar rats. After one week, those with blood glucose levels higher than 200 mg/dl were
judged to be diabetic. The blood sample was obtained by lancet (facial vein sampling
in mice and tail vein sampling in rats) and checked by glucose oxidase method using a
pre-calibrated Glucometer (TD-4227 Glucometer, Fora Care Taiwan, Taipei, Taiwan). The
STZ-induced diabetic mouse and rat were then surgically wounded in the back area (1 cm
linear wound in mice; 1 cm2 square wound in rats), which penetrate the epidermis to the
fascia. They were treated by daily application of various ointments in different groups
throughout the study, including the vehicle group and Antrodia cinnamomea group. The
group of oral administration of Antrodia cinnamomea filtrate was applied in 2 mg/kg (total
0.5 mL in PBS) per day by oral tube feeding. When the experimental time point was reached,
the mice or rats were euthanasia sacrificed to obtain skin tissue samples.
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2.4. Ointment Preparation

The Antrodia cinnamomea ointment was formulated by vendors to facilitate wound
smear, and completely cover the wound. Firstly, the Antrodia cinnamomea medicament pow-
der was dissolved with 70% alcohol and added ddH2O up to 45 mL. Followed by adding of
glycerin (Glycerin, First Chemical, Taipei, Taiwan) and emulsifier (Creagel, First Chemical,
Taipei, Taiwan) in series. Rapidly stir the mix solution until solidification. The final concen-
tration of drug paste is 1 mg/g. After applying the ointment, we attached a transparent
bandage to the outside of the wound to allow the ointment to be completely absorbed.

2.5. Measurement of Wound Area

We use the Dino Capture photomicrography lenses (Dino-Lite; Hsinchu, Taiwan) with
fixed magnification observation to record, and subject to measurement and calculation
of wound size using manufacturer’s software (details on https://www.dinolite.us/en/
dinocapture/ (accessed on 5 May 2021)). To quantify the healing effect of various treatment
groups, the measured wound area of each animal on different days after treatment were
divided by that of the first day, and the results were compared between them.

Histological procedure and Semi-Quantitative evaluation of histopathological obser-
vation are described as before and according to the published reference on Veterinarni
Medicina [25] with some modification, a Five-phase scoring system was used in this study
(Table 1):

Table 1. Five-phase scoring system.

Grading Epithelization PMN Fibroblast Collagen

0 Thickness of cut edges Absent Absent Absent

1 Migration of cells
(<50%) Mild ST Mild-ST Minimal-GT

2 Migration of cells
(>50%) Mild DL/GT Mild-GT Mild-GT

3 Bridging the excision Moderate DL/GT Moderate-GT Moderate-GT
4 Keratinization Marked DL/GT Marked-GT Marked-GT

PMN: polymorphonuclear leucocyte, ST: surrounding tissue, DL: demarcation line. GT: granulation tissue.

2.6. Immunocytochemical Stain

The paraffin-embedded blocks were cut into 5-mm-thick sections to perform im-
munohistochemical staining using the Ventana BenchMark XT automated stainer (Ventana,
Tucson, AZ, USA). Staining for the primary antibodies of Cytokeratin (Ready to use, Ven-
tana, Tucson, AZ, USA) and Myeloperoxidase (MPO) (Ready to use, Ventana, Tucson,
AZ, USA) were carried out. In each run of staining, the phosphate buffered solution was
included as the negative control, and those samples that strongly express markers served
as the positive controls.

2.7. Western Blot Analysis

A small piece of tissue was put into an Eppendorf tube with a spoonful of zirconia
beads (1 mm diameter), and homogenized in cell lysis buffer (PRO-PREP). Protein concen-
tration was determined by Bio-Rad Protein Assay Kit with Bovine Serum Albumin (BSA) as
a standard. Equal amount of protein from each sample was separated by SDS-PAGE using
10% polyacrylamide gel. The separated proteins were then transferred to polyvinylidene
difluoride membranes (PVDF) (Immobilon-P transfer membrane, Millipore; Burlington,
MA, USA). Membranes were blocked with 5% non-fat milk for total protein in 0.1% PBST
(PBS, 0.01% Tween-20) for 1 h. The membranes were then incubated with primary anti-
bodies, CD68 (H-255), Ang-1 (C-19), Ang-2 (F-1), VEGF (VG-1), RAGE(D-5), EPOR (H-194)
(1:10,000 dilution, Santa Cruz Biotechnology; Santa Cruz, CA, USA), PPAR (PP-K9436-10)
(1:10,000 dilution, R&D Systems; Minneapolis, MN, USA), or actin (C-4). One hour after
incubation, the membrane was washed with 1X PBST. The membranes were then incubated

https://www.dinolite.us/en/dinocapture/
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with a secondary antibody, i.e., rabbit anti-mouse, or goat anti-rabbit, or donkey anti-goat
(1:10,000 dilution, Santa Cruz Biotechnology; Santa Cruz, CA, USA) for 1 h. After incuba-
tion, specific protein bands were detected using Immobilon Western Chemiluminescent
HRP Substrate (Millipore; Burlington, MA, USA) and recorded by Kodak XAR-5 films. The
signal intensity was determined by densitometry using the TotalLab TL100 v2006 software,
and results are shown relative to the control value which was set to be 1 [26].

2.8. Statistical Analysis

All data were presented as the mean ± standard error of mean (SEM). To test statistical
significance, data were subjected to unpaired one-way ANOVA by the Sigma Stat 3.5
software statistical package (Systat SigmaStat V3.5.0.54 Software; San Jose, CA, USA).
Differences between groups were assessed with Fisher Least Significant Difference (LSD
test) as indicated. The significance level was set at p-value < 0.05; * p ≤ 0.05; ** p ≤ 0.01;
# p ≤ 0.05; ## p ≤ 0.01.

3. Results
3.1. Effects of Antrodia cinnamomea Broth Filtrate on Linear Diabetic Wound Closure

Before ointment preparation, AC extract was tested for the potential endotoxin con-
tamination using the RAW264.7 cell culture, i.e., a mouse macrophage cell line. There was
no nitrate production observed when applying AC extract compared to the RAW264.7
cells stimulated with LPS or LPS plus interferon-γ, which resulted in various amount of
activation (Supplement Figure S1). Simultaneously, the RAW264.7 cell proliferation did not
significantly alter after co-treatment with various doses of AC extracts, which also suggests
no cytotoxic effect of AC extracts on RAW264.7 cells (Supplement Figure S2). We have
excluded the possible endotoxin contamination in our AC extract preparation.

After application of Antrodia cinnamomea (AC) ointment, the wounds in the treatment
groups clearly contracted more than that of the vehicle group from day one through day
seven (71.5 ± 12.6 vs. 45.3 ± 10.8, p < 0.05) (Figure 2A). Compared with the vehicle
group on Day 7, the linear wounds in the Antrodia cinnamomea filtrate group significantly
contract more (Figure 2B). These results suggested that Antrodia cinnamomea filtrate ointment
accelerate diabetic wound healing in linear wound.
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mice. Images of representative mice from each group taken on post-surgery days are shown. (B) Mean
wound area at indicated time points in each group show that healing rate in linear wound healing
in diabetic mice. Each value represents the mean ± SEM; n = 6 for each group. * p < 0.05 when AC
group compared to vehicle group.

The effect of AC on wound inflammation was presented by the physical appearance
of the healing wounds at day 7. By use of hematoxylin-eosin staining and observed un-
der 400× magnification, the wound site appears as an open wound with mild epithelial
hyperplasia. There were also some infiltrating cells surrounding the peripheral tissues of
the wound (Figure 3). The result of Masson Trichrome stain showed that collagen fibers of
control group stained blue and were abundantly found in the dermis of the dorsal skin.
However, the reduction of collagen fibers was prominently ameliorated in the dermis of the
AC group. When stained with cytokeratin, the wound site of control group showed epithe-
lial hyperplasia, subsided outer edges portions of keratinized epithelium, and aggregated
infiltrating cells distributed between epithelial hyperplasia. Results from myeloperoxidase
stain of control group indicated that there is little aggregated distribution of infiltrating
leukocytes. The Semi-Quantitative evaluation of histopathological observations is summa-
rized in Table 2.
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Figure 3. Post-wound skin tissue with specific stained in day 7. The specific stained skin sections from
AC-treated diabetic mice were examined microscopically. Observation under 400× magnification.

Table 2. The semi-quantitative scoring of the king in control and AC treatment.

Control AC p Value

Epithelization 2.8 ± 0.13 3.7 ± 0.15 <0.001
PMN infiltration 2.0 ± 0.21 0.4 ± 0.16 <0.001

Fibroblast 2.0 ± 0.15 0.5 ± 0.17 <0.001
Collagen 1.9 ± 0.10 0.6 ± 0.16 <0.001

PMN = Polymorphonuclear leukocytes. Data are shown as mean ± SE.

3.2. The Relationship between Antrodia cinnamomea Broth Filtrate and Angiogenesis

The vascular growth factors of diabetic patients are dysfunction, therefore, we ex-
amined the effects of treatments on various vascular growth factors. Compared with the
diabetes vehicle group, those treated with Antrodia cinnamomea filtrate gave rise to a signifi-
cant increase in Ang-1 (Figure 4A) and Ang-2 (Figure 4B) in day 7 (Figure S3). In Figure 4C,
VEGF protein expression did not reach the significant difference (p = 0.053). These data
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indicated that Antrodia cinnamomea filtrate treatment could balance the angiogenesis process
in diabetic wound healing.
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Figure 4. Angiogenesis and anti-inflammatory effects in diabetic wound area after topical Antro-
dia cinnamomea treatment on day 7. Angiogenesis related protein, (A) Angiopoietin-1 (Ang-1),
(B) Angiopoietin-2 (Ang-2) expressions in skin tissues on Day 7 post injury. (C) VEGF protein expres-
sions did not reach statistically significant. (D) CD68 protein expressions after the cutaneous wound
in diabetic mice. Each value represents the mean ± SEM; n = 6 for each group. * p < 0.05 when AC
group compared to vehicle group. (n = 6).

3.3. Anti-Inflammatory Effect of Antrodia cinnamomea Broth Filtrate

CD68 is a macrophage receptor. When present at wound sites, macrophages are the
first immune cells to respond to inflammation. However, if the inflammation response does
not cease, macrophages will continue to accumulate at the wound site. Thus, macrophages
serve as a mean of monitoring inflammatory responses [27]. In Figure 4D, the Antrodia cin-
namomea filtrate application group showed a significant decline in the CD68 inflammation
factor, compared with the diabetes vehicle group.

3.4. Combined Oral and Topical Antrodia cinnamomea Broth Filtrate Treatment

This study also aims to clarify whether changes in wound healing and growth factors
resulted in the beneficial effect on blood glucose reduction. After oral administration of
the Antrodia cinnamomea filtrate, no decrease in blood glucose levels was observed in the
diabetic mice (data not shown). We analyzed whether combined oral and topical Antrodia
cinnamomea filtrate treatments influence the diabetic wound healing, n = 6 in each group.
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The diabetic rats treated with topical Antrodia cinnamomea ointment only as Vehicle DM
group. ACYN represents the rat group that was treated with topical Antrodia cinnamomea
filtrate ointment only without feeding Antrodia cinnamomea filtrate. ACYY represents the
group that was treated with both oral and topical Antrodia cinnamomea filtrate. The vehicle
group was diabetic rats treated with vehicle ointment. After one-way ANOVA analysis,
the wound areas of ACYN and ACYY groups significantly decreased from day 7 to day
11 in Figure 5A. In addition, oral Antrodia cinnamomea filtrate treatments did not result in
any observable enhancement of wound healing Figure 5B. These results demonstrated that
Antrodia cinnamomea filtrate accelerated the diabetic wound healing without lowering blood
glucose; and combined oral and topical use of Antrodia cinnamomea filtrate are not potent in
wound healing model of diabetic rats.
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Figure 5. Wound healing after topical and/or oral Antrodia cinnamomea treatment on diabetic wounds.
(A) Images of diabetic mice from diabetic vehicle control (Vehicle), combined topical and oral Antrodia
cinnamomea treatment (ACYY) and topical Antrodia cinnamomea treatment alone (ACYN) on post-
injury days are shown (B) Gross pictures from both combined topical and oral Antrodia cinnamomea
treatment (ACYY) group and topical Antrodia cinnamomea treatment alone (ACYN) group of diabetic
cutaneous wound from day 9 to day 11 in diabetic rats. Each value represents the mean ± SEM; n = 6
for each group. * p < 0.05 when treatment group compared to control group.

3.5. The Effects of Antrodia cinnamomea Broth Filtrate on the EPOR and PPARδ Expressions in
Wound Area

EPO is a haemopoietic factor which can influence production and differentiation
of progenitor red blood cell and stimulate the growth of new vasculature, while it also
displays positive effects for epithelial tissue repair. In the wound healing rat model, EPOR
(EPO receptor) at the wound site will not only increase the formation of mature new
capillaries, but also increase epithelial growth and shorten inflammation. Therefore, we
examined the EPOR levels of wound site after topical treatment alone (ACYN group) or
combined with oral treatment (ACYY group), and the results showed a trend of EPOR
increments but no significant difference among various groups (Figure 6A) (Figure S3).
These results also indicated that EPOR signaling may not be the main factor contributing
to the beneficial effect of Antrodia cinnamomea filtrate. On the other hand, PPARδ has been
reported that participates in embryonic development and bone homeostasis [28,29], and
is correlated with skin wound healing, cell growth [30], and inflammation responses [31].
Our results demonstrate that topical Antrodia cinnamomea filtrate treatment (ACYN group)
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significantly increased the PPARδ expressions. When the oral and topical treatments were
combined (ACYY group), PPARδ displayed more significant changes than the other groups
(Figure 6B). The vehicle group was fed with water and topical vehicle treatment. Rats in
DMC group did not receive oral or topical treatment application. In sum, these results
suggest that the beneficial effects of Antrodia cinnamomea filtrate treatment may relate to the
signaling of PPARδ pathway.
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Figure 6. Expression of EPOR and PPARδ proteins in diabetic wound areas after Antrodia cinnamomea
treatment. The diabetic rats without any treatment were DMC group. Vehicle group was only
topically treated with vehicle ointment. (A) EPOR protein expressions after Antrodia cinnamomea
treatment. (B) PPARδ protein expressions after combined topical and oral Antrodia cinnamomea
treatment (ACYY) and topical Antrodia cinnamomea treatment alone (ACYN). Each value represents
the mean ± SEM; n = 6 for each group. * p < 0.05 when treatment group compared to control group.

4. Discussion

Wound healing is a very complex process. For diabetic patients, exposure to long-term
elevated blood glucose, exacerbated inflammatory responses, and high oxidative stress
are factors that cause difficulty for wound healing [32]. Our study found that external
application of the Antrodia cinnamomea filtrate ointment resulted in smaller wound sites
compared to the control group. The Antrodia cinnamomea filtrate did not exhibit potential
for reducing blood glucose; however, it may affect angiogenesis and inflammation.

With regard to growth factors, we found that Antrodia cinnamomea filtrate treatment
resulted in enhanced Ang-1 and Ang-2 levels. The Ang-1 can protect against VEGF-



Life 2022, 12, 507 10 of 12

induced vascular permeability and maintains vascular integrity [33]. The Ang-2 can
stimulate endothelial cell matrix turnover, which allows the endothelial cells to migrate and
differentiate to promote angiogenesis [34]. Ang-2 substantially increases when tissues are
hypoxic (while Ang-1 does not vary in this way), and excessive levels of Ang-2 can cause
apoptosis, resulting in unstable angiogenesis [35]. We postulate that the control group,
which received only oral administration of water, had unstable angiogenesis compared to
their counterparts; when the treatment groups had already passed the onset of angiogenesis,
the control group may still have remained at the initial phase of wound healing. These may
explain why Ang-2 but not VEGF protein significantly increased in the wound area tissue
on the day 7, and how Antrodia cinnamomea filtrate ointment can promote wound healing.

EPO can stimulate angiogenesis and exhibits positive effects on epithelial tissue re-
pair [16], therefore, we also investigated if EPOR is involved. However, Antrodia cinnamomea
filtrate did not appear to be efficacious for stimulating EPOR activity. Therefore, it indi-
cates that Antrodia cinnamomea filtrate does not act on EPOR pathways in stimulating
wound healing. On the other hand, PPARδ was found to be related to glucose hemosta-
sis, inflammation, cell survival, and proliferation [36,37]. Recent study has showed that,
PPARδ agonists suppressed inflammation and promoted neovascularization in the corneal
wound [37]. These effects were key mechanism of skin regeneration. In the present study,
we found that Antrodia cinnamomea filtrate could activate PPARδ expressions, inferring that
may contribute to wound healing. However, more studies targeting pathway downstream
of PPARδ were needed.

Combined treatment with the ointment and oral administration was tested with the
rationale of stimulating diabetic wound healing both internally and externally. Moreover,
this dual approach has been previously examined in studies of combined administration
of oral and topical ointments to treat fungal infections of feet [38]. For each combined
treatment group, the wound sites tended to become smaller in size compared to the diabetes
control group and those received oral administration of Antrodia cinnamomea filtrate without
applying topical ointment.

Based on CD68 measurements, the group that received oral administration of water
without concomitant application of topical ointment had significantly increased inflam-
mation compared to their counterparts, which imply that Antrodia cinnamomea filtrate
has anti-inflammatory efficacy. However, there was little appreciable variation in EPOR,
indicating that the effects of Antrodia cinnamomea filtrate may not occur via EPOR path-
ways. Additional study of the involved mechanisms is, thus, warranted. However, in
this study, we are the first to show that oral Antrodia cinnamomea filtrate can activate the
PPARδ expressions. In conclusion, our study provides evidence that Antrodia cinnamomea
filtrate treatment enhances wound healing. Antrodia cinnamomea filtrate is primarily ac-
tive in vasculature formation and anti-inflammatory efficacy. In combined administration
through oral and topical pathways, the efficacy was not apparently better than through
either route individually. However, overall, Antrodia cinnamomea filtrate showed a tendency
for anti-inflammatory and angiogenesis capabilities, which suggests that it may emerge as
a new pharmaceutical for diabetic wound healing.
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Author Contributions: Conceptualization, R.-C.S. and J.-G.L.; methodology, Y.-J.L. and Y.-H.C.;
software, C.-Y.C.; validation, C.-Y.C., Y.-F.Y. and C.-C.Y.; formal analysis, Y.-F.Y.; investigation, C.-C.Y.;
resources, C.-Y.C.; data curation, C.-Y.C.; writing—original draft preparation, Y.-H.C.; writing—
review and editing, J.-G.L.; visualization, Y.-J.L.; supervision, R.-C.S.; project administration, Y.-J.L.;
validation and investigation, S.-H.C.; funding acquisition, J.-G.L. All authors have read and agreed to
the published version of the manuscript.

https://www.mdpi.com/article/10.3390/life12040507/s1
https://www.mdpi.com/article/10.3390/life12040507/s1


Life 2022, 12, 507 11 of 12

Funding: This study was partially supported by Shin Kong Wu Ho-Su Memorial Hospital (J.-G.L.,
SKH-8302-104-DR-07).

Institutional Review Board Statement: All procedures involving animals care in this study were
carried out in accordance with the recommendations set forth by the University Committee IACUC
in Fu Jen Laboratory Animal Center (FJU A10526).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Silhi, N. Diabetes and wound healing. J. Wound Care 1998, 7, 47–51. [CrossRef] [PubMed]
2. Maruyama, K.; Asai, J.; Ii, M.; Thorne, T.; Losordo, D.W.; D’Amore, P.A. Decreased macrophage number and activation lead to

reduced lymphatic vessel formation and contribute to impaired diabetic wound healing. Am. J. Pathol. 2007, 170, 1178–1191.
[CrossRef] [PubMed]

3. Arya, A.K.; Tripathi, R.; Kumar, S.; Tripathi, K. Recent advances on the association of apoptosis in chronic non healing diabetic
wound. World J. Diabetes 2014, 5, 756–762. [CrossRef] [PubMed]

4. Agren, M.S.; Steenfos, H.H.; Dabelsteen, S.; Hansen, J.B.; Dabelsteen, E. Proliferation and mitogenic response to PDGF-BB of
fibroblasts isolated from chronic venous leg ulcers is ulcer-age dependent. J. Investig. Dermatol. 1999, 112, 463–469.

5. Arya, A.K.; Tripathi, K.; Das, P. Promising role of ANGPTL4 gene in diabetic wound healing. Int. J. Low Extrem. Wounds. 2014, 13,
58–63. [CrossRef]

6. Gallagher, K.A.; Liu, Z.J.; Xiao, M.; Chen, H.; Goldstein, L.J.; Buerk, D.G.; Nedeau, A.; Thom, S.R.; Velazquez, O.C. Diabetic
impairments in NO-mediated endothelial progenitor cell mobilization and homing are reversed by hyperoxia and SDF-1 alpha.
J. Clin. Investig. 2007, 117, 1249–1259. [CrossRef]

7. Berlanga-Acosta, J.; Schultz, G.S.; Lopez-Mola, E.; Guillen-Nieto, G.; Garcia-Siverio, M.; Herrera-Martinez, L. Glucose toxic effects
on granulation tissue productive cells: The diabetics’ impaired healing. Biomed. Res. Int. 2013, 2013, 256043. [CrossRef]

8. Chang, T.T.; Chou, W.N. Antrodia cinnamomea reconsidered and A. salmonea sp. nov. on Cunninghamia konishii in Taiwan. Bot.
Bull. Acad. Sin. 2004, 45, 347–352.

9. Huang, Y.L.; Chu, Y.L.; Ho, C.T.; Chung, J.G.; Lai, C.I.; Su, Y.C.; Kuo, Y.H.; Sheen, L.Y.; Antcin, K. An Active Triterpenoid from
the Fruiting Bodies of Basswood-Cultivated Antrodia cinnamomea, Inhibits Metastasis via Suppression of Integrin-Mediated
Adhesion, Migration, and Invasion in Human Hepatoma Cells. J. Agric. Food Chem. 2015, 63, 4561–4569. [CrossRef]

10. Hsiao, G.; Shen, M.Y.; Lin, K.H.; Lan, M.H.; Wu, L.Y.; Chou, D.S.; Lin, C.H.; Su, C.H.; Sheu, J.R. Antioxidative and hepatoprotective
effects of Antrodia camphorata extract. J. Agric. Food Chem. 2003, 51, 3302–3308. [CrossRef]

11. Wen, C.L.; Chang, C.C.; Huang, S.S.; Kuo, C.L.; Hsu, S.L.; Deng, J.S.; Huang, G.J. Anti-inflammatory effects of methanol extract of
Antrodia cinnamomea mycelia both in vitro and in vivo. J. Ethnopharmacol. 2011, 137, 575–584. [CrossRef]

12. Johnson, A.; Cheng, S.C.; Tsou, D.; Kong, Z.L. Attenuation of reproductive dysfunction in diabetic male rats with timber cultured
Antrodia cinnamomea ethanol extract. Biomed. Pharmacother. 2019, 112, 1–13. [CrossRef]

13. Galeano, M.; Altavilla, D.; Cucinotta, D.; Russo, G.T.; Calo, M.; Bitto, A.; Marini, H.; Marini, R.; Adamo, E.B.; Seminara, P.; et al.
Recombinant human erythropoietin stimulates angiogenesis and wound healing in the genetically diabetic mouse. Diabetes 2004,
53, 2509–2517. [CrossRef]

14. Youssoufian, H.; Longmore, G.; Neumann, D.; Yoshimura, A.; Lodish, H.F. Structure, function, and activation of the erythropoietin
receptor. Blood 1993, 81, 2223–2236. [CrossRef]

15. Arcasoy, M.O. The non-haematopoietic biological effects of erythropoietin. Br. J. Haematol. 2008, 141, 14–31. [CrossRef]
16. Siebert, N.; Xu, W.; Grambow, E.; Zechner, D.; Vollmar, B. Erythropoietin improves skin wound healing and activates the TGF-beta

signaling pathway. Lab. Investig. 2011, 91, 1753–1765. [CrossRef]
17. Sorg, H.; Krueger, C.; Schulz, T.; Menger, M.D.; Schmitz, F.; Vollmar, B. Effects of erythropoietin in skin wound healing are dose

related. FASEB J. 2009, 23, 3049–3058. [CrossRef]
18. Hamed, S.; Ullmann, Y.; Masoud, M.; Hellou, E.; Khamaysi, Z.; Teot, L. Topical erythropoietin promotes wound repair in diabetic

rats. J. Investig. Dermatol. 2010, 130, 287–294. [CrossRef]
19. Wagner, N.; Wagner, K.D. The Role of PPARs in Disease. Cells 2020, 9, 2367. [CrossRef]
20. Liang, Y.J.; Jian, J.H.; Chen, C.Y.; Hsu, C.Y.; Shih, C.Y.; Leu, J.G. L-165,041, troglitazone and their combination treatment to

attenuate high glucose-induced receptor for advanced glycation end products (RAGE) expression. Eur. J. Pharmacol. 2013, 715,
33–38. [CrossRef]

21. Liang, Y.J.; Chen, C.Y.; Juang, S.J.; Lai, L.P.; Shyu, K.G.; Wang, B.W.; Liu, S.Y.; Leu, J.G. Peroxisome proliferator-activated receptor
delta agonists attenuated the C-reactive protein-induced pro-inflammation in cardiomyocytes and H9c2 cardiomyoblasts. Eur. J.
Pharmacol. 2020, 643, 84–92. [CrossRef]

http://doi.org/10.12968/jowc.1998.7.1.47
http://www.ncbi.nlm.nih.gov/pubmed/9510751
http://doi.org/10.2353/ajpath.2007.060018
http://www.ncbi.nlm.nih.gov/pubmed/17392158
http://doi.org/10.4239/wjd.v5.i6.756
http://www.ncbi.nlm.nih.gov/pubmed/25512778
http://doi.org/10.1177/1534734614520704
http://doi.org/10.1172/JCI29710
http://doi.org/10.1155/2013/256043
http://doi.org/10.1021/jf5059304
http://doi.org/10.1021/jf021159t
http://doi.org/10.1016/j.jep.2011.06.009
http://doi.org/10.1016/j.biopha.2019.108684
http://doi.org/10.2337/diabetes.53.9.2509
http://doi.org/10.1182/blood.V81.9.2223.2223
http://doi.org/10.1111/j.1365-2141.2008.07014.x
http://doi.org/10.1038/labinvest.2011.125
http://doi.org/10.1096/fj.08-109991
http://doi.org/10.1038/jid.2009.219
http://doi.org/10.3390/cells9112367
http://doi.org/10.1016/j.ejphar.2013.06.026
http://doi.org/10.1016/j.ejphar.2010.06.031


Life 2022, 12, 507 12 of 12

22. Amin, Z.A.; Ali, H.M.; Alshawsh, M.A.; Darvish, P.H.; Abdulla, M.A. Application of Antrodia camphorata Promotes Rat’s Wound
Healing In Vivo and Facilitates Fibroblast Cell Proliferation In Vitro. Evid. Based Complement. Altern. Med. 2015, 2015, 317693.
[CrossRef]

23. Shen, C.C.; Kuo, Y.C.; Huang, R.L.; Lin, L.C.; Don, M.J.; Chang, T.T.; Chou, C.J. New ergostane and lanostane from Antrodia
camphorata. J. Chin. Med. 2003, 14, 247–258. [CrossRef]

24. Leu, J.G.; Su, W.H.; Chen, Y.C.; Liang, Y.J. Hydralazine attenuates renal inflammation in diabetic rats with ischemia/reperfusion
acute kidney injury. Eur. J. Pharmacol. 2021, 910, 174468. [CrossRef]

25. Gal, P.; Kilik, R.; Mokry, M.; Vidinsky, B.; Vasilenko, T.; Mozes, S.; Bobrov, N.; Tomori, Z.; Bober, J.; Lenhardt, L. Simple method of
open skin wound healing model in corticosteroid-treated and diabetic rats: Standardization of semi-quantitative and quantitative
histological assessments. Vet. Med. 2008, 53, 652–659. [CrossRef]

26. Leu, J.G.; Wang, C.M.; Chen, C.Y.; Yang, Y.F.; Shih, C.Y.; Lin, J.T.; Chen, H.M.; Liang, Y.J. The Cell Protective Effect of Adenine on
Hypoxia-Reoxygenation Injury through PPAR Delta Activation. Life 2021, 11, 1408. [CrossRef]

27. Heather, B.C.; David, M.M. Extrinsic and intrinsic control of macrophage inflammatory responses. J. Leukoc. Biol. 2013, 94,
913–919.

28. Ding, N.Z.; Teng, C.B.; Ma, H.; Ni, H.; Ma, X.H.; Xu, L.B.; Yang, Z.M. Peroxisome proliferator-activated receptor delta expression
and regulation in mouse uterus during embryo implantation and decidualization. Mol. Reprod. Dev. 2003, 66, 218–224. [CrossRef]

29. Scholtysek, C.; Katzenbeisser, J.; Fu, H.; Uderhardt, S.; Ipseiz, N.; Stoll, C.; Zaiss, M.M.; Stock, M.; Donhauser, L.; Bohm, C.; et al.
PPARbeta/delta governs Wnt signaling and bone turnover. Nat. Med. 2013, 19, 608–613. [CrossRef]

30. Burdick, A.D.; Kim, D.J.; Peraza, M.A.; Gonzalez, F.J.; Peters, J.M. The role of peroxisome proliferator-activated receptor-beta/delta
in epithelial cell growth and differentiation. Cell Signal. 2006, 18, 9–20. [CrossRef]

31. Tan, N.S.; Michalik, L.; Desvergne, B.; Wahli, W. Genetic- or transforming growth factor-beta 1-induced changes in epidermal per-
oxisome proliferator-activated receptor beta/delta expression dictate wound repair kinetics. J. Biol Chem. 2005, 280, 18163–18170.
[CrossRef] [PubMed]

32. Giacco, F.; Brownlee, M. Oxidative stress and diabetic complications. Circ Res. 2010, 107, 1058–1070. [CrossRef] [PubMed]
33. Gavard, J.; Patel, V.; Gutkind, J.S. Angiopoietin-1 prevents VEGF-induced endothelial permeability by sequestering Src through

mDia. Dev. Cell. 2008, 14, 25–36. [CrossRef] [PubMed]
34. Lobov, I.B.; Brooks, P.C.; Lang, R.A. Angiopoietin-2 displays VEGF-dependent modulation of capillary structure and endothelial

cell survival in vivo. Proc. Natl. Acad. Sci. USA 2002, 99, 11205–11210. [CrossRef]
35. Kim, K.L.; Shin, I.S.; Kim, J.M.; Choi, J.H.; Byun, J.; Jeon, E.S.; Suh, W.; Kim, D.K. Interaction between Tie receptors modulates

angiogenic activity of angiopoietin2 in endothelial progenitor cells. Cardiovasc. Res. 2006, 72, 394–402. [CrossRef]
36. Magadum, A.; Engel, F.B. PPARβ/δ: Linking Metabolism to Regeneration. Int. J. Mol. Sci. 2018, 10, 2013. [CrossRef]
37. Tobita, Y.; Arima, T.; Nakano, Y.; Uchiyama, M.; Shimizu, A.; Takahashi, H. Peroxisome Proliferator-Activated Receptor Beta/Delta

Agonist Suppresses Inflammation and Promotes Neovascularization. Int. J. Mol. Sci. 2020, 21, 5296. [CrossRef]
38. Bell-Syer, S.E.; Hart, R.; Crawford, F.; Torgerson, D.J.; Young, P.; Tyrrell, W.; Williams, H.; Russell, I. A systematic review of oral

treatments for fungal infections of the skin of the feet. J. Dermatol. Treat. 2001, 12, 69–74.

http://doi.org/10.1155/2015/317693
http://doi.org/10.1142/S0192415X03000886
http://doi.org/10.1016/j.ejphar.2021.174468
http://doi.org/10.17221/1973-VETMED
http://doi.org/10.3390/life11121408
http://doi.org/10.1002/mrd.10348
http://doi.org/10.1038/nm.3146
http://doi.org/10.1016/j.cellsig.2005.07.009
http://doi.org/10.1074/jbc.M412829200
http://www.ncbi.nlm.nih.gov/pubmed/15708854
http://doi.org/10.1161/CIRCRESAHA.110.223545
http://www.ncbi.nlm.nih.gov/pubmed/21030723
http://doi.org/10.1016/j.devcel.2007.10.019
http://www.ncbi.nlm.nih.gov/pubmed/18194650
http://doi.org/10.1073/pnas.172161899
http://doi.org/10.1016/j.cardiores.2006.08.002
http://doi.org/10.3390/ijms19072013
http://doi.org/10.3390/ijms21155296

	Introduction 
	Materials and Methods 
	Culture of Antrodia cinnamomea Mycelia 
	Animals 
	Induction of Diabetic Animal 
	Ointment Preparation 
	Measurement of Wound Area 
	Immunocytochemical Stain 
	Western Blot Analysis 
	Statistical Analysis 

	Results 
	Effects of Antrodia cinnamomea Broth Filtrate on Linear Diabetic Wound Closure 
	The Relationship between Antrodia cinnamomea Broth Filtrate and Angiogenesis 
	Anti-Inflammatory Effect of Antrodia cinnamomea Broth Filtrate 
	Combined Oral and Topical Antrodia cinnamomea Broth Filtrate Treatment 
	The Effects of Antrodia Cinnamomea Broth Filtrate on the EPOR and PPAR Expressions in Wound Area 

	Discussion 
	References

