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Antrodia camphorata is a parasitic fungus from Taiwan, it has been documented to possess a variety of pharmacological and
biological activities.�e present studywas undertaken to evaluate the potential ofAntrodia camphorata ethanol extract to accelerate
the rate of wound healing closure and histology of wound area in experimental rats. �e safety of Antrodia camphorata was
determined in vivo by the acute toxicity test and in vitro by �broblast cell proliferation assay.�e scratch assay was used to evaluate
the in vitro wound healing in �broblast cells and the excision model of wound healing was tested in vivo using four groups of
adult Sprague Dawley rats. Our results showed that wound treated with Antrodia camphorata extract and intrasite gel signi�cantly
accelerates the rate of wound healing closure than those treated with the vehicle.Wounds dressed withAntrodia camphorata extract
showed remarkably less scar width at wound closure and granulation tissue contained less in	ammatory cell and more �broblast
compared to wounds treated with the vehicle. Masson’s trichrom stain showed granulation tissue containing more collagen and less
in	ammatory cell in Antrodia camphorata treated wounds. In conclusion, Antrodia camphorata extract signi�cantly enhanced the
rate of the wound enclosure in rats and promotes the in vitro healing through �broblast cell proliferation.

1. Introduction

A wound can be described as the disruption of the typical
anatomical shape and physiological function of a tissue.
Wounds may arise due to physical, chemical, or microbial
agents. Wound healing process is a dynamic procedure
which consists of three main stages including in	ammation,
proliferation, and tissue remodeling. In the in	ammation
stage platelets aggregates, blood clots, and subsequently
phagocytosis and vasodilatation occur. �e proliferation
stage (active growth stage) includes tissue granulation and
epithelialization, while the remodeling stage (reconstruction
stage) involves maturation and remodeling of the scar tissue
[1].

Natural products have been proven to enclose wound
healing property and their primary or secondary metabolites
have been shown to contribute potential repair mechanisms
including activation of immune epithelial cells, cytokines,
extracellular matrix (ECM), reactive oxygen species (ROS),
growth factors, and di
erent in	ammatory mediators [2].
In the literature, a huge number of medicinal mushrooms
and plant extracts with wound healing potential have been
reported by several authors [3–6].

Antrodia camphorata, a Basidiomycete fungus from Tai-
wan [7], from family Polyporaceae, has been used widely
in the Taiwanese traditional medicine for the treatment
of several diseases such as hypertension, abdominal pain,
diarrhea, and skin itches and as remedy for drug and food
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intoxication [8]. It is rare in nature and very costly because it
has host speci�city as it grows only on the inner wood wall of
Cinnamomum kanehirai tree and it has failed to be cultivated
arti�cially [9]. Prior research has documented that Antrodia
camphorata possesses a variety of pharmacological functions
like anti-in	ammatory, antioxidant [10, 11], antiproliferative
[12], antimetastatic (of bladder cancer) [13], anti-hepatitis
B virus, vasorelaxative [14], anti-hepatocellular carcinoma
[15], and anti-breast cancer [16] e
ects. �e bioactive con-
stituents of Antrodia camphorata have been analyzed includ-
ing steroid, sesquiterpene lactone, triterpenoids, and polysac-
charide and their biological activities were documented
[17, 18].

No literature was found concerning the activity of Antro-
dia camphorata as a wound healing agent. �erefore, this
study aimed to evaluate the ability of topical application
Antrodia camphorata extract in accelerating wound healing
in vivo in Sprague Dawley rats and to study whetherAntrodia
camphorata facilitates the in vitro wound healing process by
�broblast cell line proliferation.

2. Experimental Methods

2.1. Chemicals. Intrasite gel (Smith and Nephew Healthcare
Ltd., UK), an amorphous gel, containing 2.3% of a modi�ed
carboxymethyl cellulose (CMC) polymer with propylene
glycol (20%), was used as the reference control. Acacia
Arabic gum (Sigma Aldrich, USA), a complex mixture of
polysaccharides and glycoproteins, was used as the vehicle
control a�er dissolving in normal saline as described by
Zahra et al. [19]. MTT reagent (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) was purchased from
Merck, Germany. Green bean extracted powder of Antrodia
camphoratawas purchased from Bio-Herb Biotech. Co., Ltd.,
Taiwan.

2.2. Preparation of Antrodia camphorata Extract for Topical
Application of Wounds. Antrodia camphorata extract was
dissolved by using the vehicle, gum acacia, in normal saline
as described by Zahra et al. [19]. Two grams of gum
acacia was dissolved in 100mL of normal saline. From
this, 10mL of solution, which contains 200mg of gum
acacia, was used for dissolving 1 gm and 2 gm of Antro-
dia camphorata extract each. So one mL of each solution
contains 100 and 200mg of Antrodia camphorata extract,
respectively.

2.3. In Vivo Wound Healing (Excision Model). Sprague
Dawley adult male rats were randomly divided into 4 groups
of 6 rats each. Each rat that weighed between 180 and 200 gm
was housed separately (one rat per cage). �e animals were
maintained on standard pellet diet and tapwater.�e animals
were anesthetized by light dosage of ketamin and xylazine
anesthesia. �e skin shaved by electrical shaver, disinfected
with 70% alcohol. An area of uniform wound 2.00 cm in
diameter was excised from the nape of the dorsal neck of all
rats with the aid of round seal as described by [1]. 0.2mL of
vehicle (gum acacia) was applied topically to the wounds of

Group 1 rats twice a day. Group 2 rats were topically dressed
twice daily with 0.2mL of 100mg/mL ofAntrodia camphorata
extract, andGroup 3 rats were dressed twice daily with 0.2mL
of 200mg/mL Antrodia camphorata extract. Group 4 rats
were dressed twice daily with 0.2mL of 200mg/kg reference
drug (Intrasite gel) Antrodia camphorata extract. �e con-
traction of the wound area was measured. Wound areas were
traced manually and calculated in square millimeters. �e
wound closure area of each animal was assessed by tracing
the wound at days 0, 7, and 14 a�er wounding surgery and the
wound closure rate was expressed as the percentage of wound
area compared with that on postoperative day by using trans-
parency paper and a permanent marker under general anes-
thesia (a mixture of Ketamine and Xylazil) as described by
Abdulla et al. [3].

�e wound areas recorded were measured using a graph
paper. �e percent wounds healing on these days are deter-
mined. Number of days required for falling of scar without
any residual raw wound gave the period of epithelization.
�e wound area was measured immediately by placing a
transparent tracing paper over the wound and tracing it

out. �e tracing paper was placed on 1mm2 graph sheet
and traced out. �e squares were counted and the area
recorded.

�en the percentage of wound closure was calculated
following the formula:

Wound closure (%) = 1 − (���0 ) ∗ 100, (1)

where�0 is wound area at day zero and�� is wound area on
corresponding day [20].

For assessing the histological observations of the healed
wounds, the skin specimens from wounds healed areas were
�xed in 10% bu
ered formalin and processed by para�n
tissue processing machine. �e healed skin was assessed by
taking a 5 �m section followed by staining with hematoxylin
and eosin andMasson’s trichrome stains and examined using
anOlympus lightmicroscope.�e evaluated parameters were
epithelialization, in	ammatory cell in�ltration, �broblast
proliferation, neovascularization, and collagen deposition,
which were assessed generally whether absent, present, or
abundant.

�e wound tissue homogenate from each rat was pre-
pared at 4∘C by using a Te	on homogenizer (Polytron,
Germany). A�er centrifugation at 4,500 rpm for 15min at
4∘C, the supernatant was used for nitric oxide (NO) and
hydroxyproline (HXP) determinations. �e NO levels of
the wound tissues were measured using the NO assay kit
(Cayman Chemical Co., USA). �e HXP assay kit from
(SigmaAldrich,USA)was used to test thewound tissuesHXP
levels.

2.4. In Vitro Wound Healing. Before evaluating the wound
healing activity of Antrodia camphorata on human �broblast
cell lines, the MTT assay was performed to study its cyto-
toxicity. Cells were grown in DMEM medium (Dulbecco’s
Modi�ed Eagle’s Medium with 4500mg glucose/L, 110mg
sodium pyruvate/L, and L-glutamine (from Sigma Aldrich,
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Figure 1: Macroscopic appearance of wound healing at day 14 a�er surgery: (a) rats treated with 0.2mL gum acacia showwide wound closure
area; (b) rats treated with 100mg/mL of Antrodia camphorata show remarkably moderate wound closure area compared to vehicle; (c) rats
treated with 200mg/mL of Antrodia camphorata show remarkably smaller wound closure area compared to vehicle; (d) rats treated with
Intrasite gel show smaller wound closure area compared to vehicle.
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Figure 2: Histology of wound tissue at day 14 a�er wounding in rats, stained with hematoxylin and eosin and dressed with (a) 0.2mL of
vehicle, gum acacia, wide wound area (orang arrow); (b) 0.2mL of Antrodia camphorata (100mg/mL) moderate wound area compared to
vehicle; (c) 0.2mL of Antrodia camphorata (200mg/mL), smaller wound area compared to vehicle (orange arrow); (d) 0.2mL of Intrasite gel,
very small wound area compared to vehicle (orange arrow). S = scab, E = epidermis, and GT = granulation tissue (magni�cation 20x).
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Figure 3: High magni�cation of histology of wound granulation tissue stained with hematoxylin and eosin, at day 14 a�er wounding
in rats dressed with (a) 0.2mL of vehicle, gum acacia, more in	ammatory cells and less �broblast and collagen; (b) 0.2mL of Antrodia
camphorata (100mg/mL), remarkably less in	ammatory cells and more �broblast and collagen compared to vehicle; (c) 0.2mL of Antrodia
camphorata (200mg/mL), remarkably less in	ammatory cells and more �broblast and collagen compared to vehicle; (d) 0.2mL of Intrasite
gel, remarkably more collagen �bers and �broblasts, with less in	ammatory cells compared to vehicle. IC = in	ammatory cells (H&E stains,
100x magni�cation).

Table 1: E
ect of Antrodia camphorata extract on percentage (%) wound healing in experimental rats.

Groups
Doses Day 0 Day 7 Day 14

Twice daily Wound area mm2 Wound area mm2 Closure % Wound area mm2 Closure %

Gum acacia 0.2mL/kg 340.00 ± 4.36 180.33 ± 8.69 47.06 76.00 ± 8.33 77.65

Antrodia camphorata
100mg/kg 338.33 ± 3.71 149.67 ± 6.17∗ 55.92∗ 37.00 ± 5.57∗ 89.05∗

200mg/kg 337.67 ± 4.84 146.33 ± 4.91∗ 56.68∗ 33.67 ± 4.81∗ 90.21∗

Intrasite gel 0.2mL/kg 336.67 ± 4.84 129.33 ± 6.98∗ 61.61∗ 36.67 ± 7.45∗ 89.29∗

Statistical analysis of the data was carried out using one-way analysis of variance (ANOVA) and Tukey’s post hoc test for average comparison on SPSS 18.0.
Mean values ± SEM were used. Signi�cance was de�ned as � < 0.05 compared to gum acacia group.

USA)), supplemented with 10% fetal bovine serum (Sigma
Aldrich, USA) at 37∘C under 5% CO2 in a humidi�ed IR
Jacketed incubator (from NUAIRE laboratory equipment
supply, USA). Cells were counted (0.5 × 105 cells/mL) and
transmitted into a 96-well plate and incubated for 48 hours
before adding the Antrodia camphorata extracts. Serial dilu-
tions of extracts were prepared by using distilled water and

0.25% DMSO as solvents to give �nal concentrations of
100, 50, 25, 12.5, 6.25, and 3.125 �g/mL and then 10�L was
injected to each well and incubated for 48 hours. 10 �L of
MTT (Merck, Germany) solution was added and incubated
at 37∘C for four hours. �us the solution was took out by
suction and 100 �L of DMSO was added to each well and
then the absorbance was recorded by the ELISA plate reader
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Figure 4: Histological sections of wound tissue stained with Masson’s trichrome at day 14 a�er wounding in rats topically dressed with
(a) 0.2mL of vehicle, gum acacia, showed remarkably wide wound closure area (orange arrow) and granulation tissue (GT) contained less
collagen deposition. (b) 0.2mL of Antrodia camphorata (100mg/mL) showed remarkably moderate wound closure and granulation tissue
contained less collagen deposition. (c) 0.2mL of Antrodia camphorata (200mg/mL) showed narrow wound closure area and thin epidermis
and granulation tissue contained remarkably more collagen deposition compared to vehicle group. (d) 0.2mL of Intrasite gel showed very
narrow wound closure area and granulation tissue contained remarkably more collagen deposition compared to vehicle group. S = scab, E =
epidermis, and GT = granulation tissue (magni�cation 20x).

(PowerWave X340, BIO-TEK Instruments Ltd.) at 595 nm.
�e percentage of cell growth inhibition was calculated as

% Cell viability

= (abs of extract sample − abs of control
abs of control

) × 100. (2)

Moreover, the in vitro wound healing assay was performed
using the CytoSelect wound healing assay kit (Cell Biolabs,
Inc., USA) [21] in which proprietary inserts were used to
generate a de�ned wound gap (0.9mm), and then cells

were cultured (0.5 × 106 cells/mL) in media containing 10%
fetal bovine serum (FBS) and incubated for 48 hrs until a
monolayer was formed around the inserts. �e inserts were
removed and cellswere treatedwith the experimental samples
(200�g/mL) and incubated for 48 hrs. �e migration and

proliferation of the cells into the wound �eld were monitored
and then the wound percent closure was measured as

Total surface area = 0.9mm ∗ length
Migrated cell surface area

= length of cell migration (mm) ∗ 2 ∗ length
Percent closure (%)
= migrated cell surface area

total surface area
∗ 100.

(3)

2.5. Chemical Analysis. 500 gmof the �ne powder ofAntrodia
camphorata was sent to the Consolidated Laboratory (M)
Sdn. Bhd., for the analysis of the minerals, fats, and elemental
compositions.
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Figure 5: High magni�cation of wound granulation tissue stained with Masson’s trichrome at day 14 a�er wounding in rats dressed with (a)
0.2mL of vehicle, gum acacia, showedmore in	ammatory cells and less �broblast and collagen deposition. (b) 0.2mL ofAntrodia camphorata
(100mg/mL) showed remarkably less in	ammatory cells and moderately more �broblast and collagen deposition compared to vehicle group.
(c) 0.2mL of Antrodia camphorata (200mg/mL) showed remarkably less in	ammatory cells and more �broblast and collagen deposition
compared to vehicle group. (d) 0.2mL of Intrasite gel showed remarkably more collagen �bers and �broblasts and less in	ammatory cells
compared to vehicle group. C = collagen, IC = in	ammatory cells, and BV = blood vessels (100x magni�cation).
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Figure 6: Hydroxyproline (HXP) and nitric oxide (NO) levels in healed skin homogenates treated with 2% gum acacia, Intrasite gel,Antrodia
camphorata LD (low dose 100mg/kg), and Antrodia camphorataHD (high dose 200mg/kg). ∗ indicates signi�cance when � < 0.05.
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Table 2: Chemical analysis of Antrodia camphorate’s extract.

Test parameter Result Unit

Energy 373 kcal/100 gm

Total fat 1.4 gm/100 gm

Carbohydrate 83.5 gm/100 gm

Protein 6.6 gm/100 gm

Cholesterol <0.001 mg/100 gm

Dietary �bre 67.5 gm/100 gm

Monosaturated fat 0.1 gm/100 gm

Polysaturated fat 0.75 gm/100 gm

Saturated fat 0.54 gm/100 gm

Transfat <0.01 gm/100 gm

Phosphorus (P) 285.82 mg/100 gm

Potassium (K) 724.4 mg/100 gm

Sodium (Na) 142.81 mg/100 gm

Zinc (Zn) 0.62 mg/100 gm

Calcium (Ca) 84.72 mg/100 gm

Copper (Cu) 0.13 mg/100 gm

Iron (Fe) 0.98 mg/100 gm

Magnesium (Mg) 51.05 mg/100 gm

Manganese (Mn) 0.33 mg/100 gm

Selenium (Se) 0.03 mg/100 gm

2.6. Acute Toxicity Test. �e acute toxicity test was used to
determine the safety of Antrodia camphorata extract when
administered by oral gavage to rats at single doses of 2 gm/kg
following OECD-423 guidelines [22]. In brief, thirty-six
healthy Sprague Dawley rats (18 males and 18 females) were
randomly assigned equally into 3 groups each labeled as
vehicle (dH2O), low dose 2 gm/kg, and high dose 5 gm/kg of
Antrodia camphorata extract, respectively. Each rat was made
to fast (no food but water) overnight prior to dosing. Food
was withheld for another 3 to 4 hours a�er the dosing. �e
rats were closely observed for 30 minutes and at 2, 4, 24, and
48 hours a�er the dosing to detect if there were any acute
signs of clinical toxicity, morbidity, and mortality twice daily.
Comparisons were veri�ed between the individual animals
and their respective vehicle treated animals. Detailed behav-
ioral observations include respiration (dyspenea), salivation,
skin piloerection, exophthalmos, convulsion, and locomotion
changes. A�er keeping them alive for 14 days, at day 15, the
rats were sacri�ced to measure serum biochemical and (liver
and kidney) histological parameters following the standard
methods [23].

2.7. Statistical Analysis. All values are reported as mean ±
SEM. and the statistical signi�cance of di
erences among
groups was assessed using one-way ANOVA. A value of � <
0.05 was considered signi�cant.

3. Results and Discussion

3.1. In Vivo Wound Healing (Excision Model). Wounds
dressed with Antrodia camphorata or Intrasite gel showed
considerable signs of dermal healing and healed faster than
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Figure 7: E
ect of Antrodia camphorata on �broblast cell viability.
∗ indicates signi�cance when � < 0.05.

the vehicle group (gum acacia). Table 1 shows the e
ects of
Antrodia camphorata extract on the percentage of wound
healed at days a�er surgery. �roughout the experiment, the
percentage of healing in the vehicle control group wounds
was signi�cantly lower than those of Antrodia camphorata
extract-treated groups and Intrasite gel wounds (Figure 1
and Table 1). In both stains (H&E and Masson’s trichrome)
histology of wound area at day 14 a�er surgery showed that
wound dressed with Antrodia camphorata extract showed
comparatively less scar width at wound closure compared
to the vehicle treated group (Figures 2, 3, 4, and 5), and
the granulation tissue of wound area contained remarkably
few in	ammatory cells and more collagen and proliferat-
ing blood capillaries (angiogenesis) compared with vehicle
treated group.

�e results of the current study showed that Antrodia
camphorata topically dressed signi�cantly accelerated the rate
of wound healing, and histology of wound contained remark-
ably less in	ammatory cells, more collagen, and angiogen-
esis. With the agreement to our results enhanced wound
healing activity may be attributed to collagen synthesis and
angiogenesis [3, 24]. In granulation region of wound tissues
angiogenesis improves blood circulation to the wound area
therefore providing oxygen and nutrients vital for the wound
curing process [4, 25] which consist of reepithelization.
Wound healing mechanisms may be attributed to motivating
the manufacture of antioxidants in wound location and
provide encouraging background for tissue healing [3, 24].
Antioxidants play an important part in the course of wound
curing by improving the curative time and the manifestation
of the healed tissue, while defensive tissues from oxidative
injure [3, 5, 6]. �e wound healing achievement of Antrodia
camphorata may be due to the antioxidant present in the
Antrodia camphorata and also elevated free radical scaveng-
ing action. �e reactive oxygen species and free radicals
formed throughout tissue injury are potentially concerned in
late wound curing [3, 5, 6]. Moreover, the e
ects of Antrodia
camphorata onhydroxyproline andnitric oxide contentswere
shown in Figure 6 in which it is obvious that treatment with
the reference control (Intrasite gel) signi�cantly increased the
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(a) (b)

Figure 8: Light microscope images of the e
ect of Antrodia camphorata on �broblast cell viability and proliferation. (a) Fibroblast cell with
no treatments and (b) �broblast cell a�er treatment with Antrodia camphorata.

Table 3: Renal function test of male rats in acute toxicity study of Antrodia camphorata extract.

Dose
Sodium
(mmol/L)

Potassium
(mmol/L)

Chloride
(mmol/L)

CO2
(mmol/L)

Anion gap
(mmol/L)

Urea
(mmol/L)

Creatinine
(�mol/L)

Vehicle 141.08 ± 0.88 4.87 ± 0.087 105.21 ± 1.85 24.87 ± 0.85 18.18 ± 0.57 5.55 ± 0.48 34.85 ± 2.35
AC/LD (2 gm/kg) 142.05 ± 1.67 5.03 ± 0.07 106.33 ± 1.06 24.66 ± 1.19 18.17 ± 0.65 6.24 ± 0.52 33.60 ± 2.68
AC/HD (5 gm/kg) 142.52 ± 0.89 4.98 ± 0.08 105.25 ± 1.68 23.97 ± 1.07 18.56 ± 0.58 5.673 ± 0.59 34.53 ± 4.92
Values expressed as mean ± SEM.�ere are no signi�cant di
erences between groups. AC/LD = Antrodia camphorate low dose group and AC/HD = Antrodia
camphorate high dose group.

collagen content represented as high level of hydroxyproline
in comparison to the decreased levels of the vehicle control
group (gum acacia). Treatment with this mushroom extract
signi�cantly increased the hydroxyproline levels and also the
treatment with Antrodia camphorata increased the level of
nitric oxide as compared to the vehicle group as shown in
Figure 6.

Moreover, this study showed that Antrodia camphorata
was able to accelerate the wound healing process in vivo
in doses of 100mg/kg and 200mg/kg based on the macro-
scopic and microscopic �ndings; also the high content of
hydroxyproline (HXP) and nitric oxide (NO) proves that the
e
ect of Antrodia camphorata extract on an excision wound
model was signi�cantly greater than that of the vehicle itself.
�ese results werewith the consistence of the previous studies
published elsewhere [4, 5]. A previous study has shown that
healing can be accelerated and enhanced by the use of speci�c
wound dressing or care product and techniques and that it
is not a passive process [26]. It has been observed that plant
constituents can signi�cantly accelerate the healing process
and improve the quality of wound healing [4]. Numerous
studies have shown that plant compounds could potentially
be therapeutic agents to treat wounds [4, 6, 27, 28]. �e
�ndings of this study are also in line with previous studies
of Abdulla et al. and Hajiaghaalipour et al. who reported
that various plant extracts showed high potential in wound
healing activity [3, 6].

3.2. In Vitro Wound Healing. Figure 7 shows that Antrodia
camphorata extract has remarkable activity on �broblast cell
proliferation. �e cell viability increased a�er treatment; it is

clear that the extract is not potentially toxic to the skin cells
and it is proliferating their growth as shown in Figure 8.

Moreover, the e
ectiveness of Antrodia camphorata on in
vitro wound closure was assessed by scratch assay in which
the level of cellular �ll within the wound area in response to
Antrodia camphorata was recoded (Figure 9). Percentage of
cells in the wound area was 60 ± 1.9 and 85 ± 3.4 a�er 24 and
48 hours of treatment, respectively.

Our results have proved that the application of Antrodia
camphorata promotes the wound healing process in vitro by
proliferating the growth of �broblast cells. �ese results are
supported by the study of Walter et al. [29] who revealed
that in the in vitro wound healing process the �broblast
and keratinocyte cells migrate to the wound closure area
and extracellular matrix was formed. Another in vitro study
demonstrated that �broblast cells cause tissue repair and
�brosis through di
erent signaling pathways as a response to
a tissue damage [30].

3.3. Chemical Analysis. �e chemical analysis of Antrodia
camphorata extract is shown in Table 2. �e crude extract
contains high phosphorus (285.82mg/100 gm) and sodium
(142.81mg/100 gm) and is rich in energy (373 kcal/100 gm)
and potassium (724mg/100 gm).�e high potassium content
of Antrodia camphoratemay represent the key mechanism of
its wound healing activity since potassium channels modu-
late the mitogen-activated protein kinase (MAPK) signaling
pathway and direct collagen synthesis and angiogenesis in
wound healing [31]. Also potassium channels are important
in the cell cycle control and they can in	uence cell prolifera-
tion andmodulate cell cycle progression [32].Moreover,most
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Table 4: Renal function test of female rats in acute toxicity study of Antrodia camphorata extract.

Dose
Sodium
(mmol/L)

Potassium
(mmol/L)

Chloride
(mmol/L)

CO2
(mmol/L)

Anion gap
(mmol/L)

Urea
(mmol/L)

Creatinine
(�mol/L)

Vehicle 141.56 ± 1.48 4.68 ± 0.13 105.32 ± 0.68 23.34 ± 0.58 18.05 ± 0.38 7.95 ± 0.35 41.02 ± 2.75
AC/LD (2 gm/kg) 141.07 ± 1.65 4.73 ± 0.16 104.50 ± 0.78 22.97 ± 0.55 17.38 ± 0.49 7.98 ± 0.24 42.00 ± 4.76
AC/HD (5 gm/kg) 142.26 ± 1.57 4.59 ± 0.12 106.03 ± 0.83 21.88 ± 0.76 17.56 ± 0.50 8.31 ± 0.69 41.35 ± 3.15
Values expressed as mean ± SEM.�ere are no signi�cant di
erences between groups. AC/LD = Antrodia camphorate low dose group and AC/HD = Antrodia
camphorate high dose group.

(a) (b)

(c)

Figure 9: �e percent closure of �broblast cells a�er treatment with Antrodia camphorata: (a) wound area immediately a�er wounding (no
stain), (b) wound area a�er 24 hours of treatment, and (c) wound area a�er 48 hours of treatment.

electrolytes presented in Table 2 such as sodium, potassium,
calcium, and magnesium have been reported as the most
important electrolytes of the wound healing process [33].

3.4. Acute Toxicity. �e experimental rats were pretreated
with a dose of 2 gm/kg and 5 gm/kg of Antrodia camphorata.
�e animals were carefully observed for 14 days. During
the observation period, animals remain living with active
healthy condition and there were no obvious toxicity signs.
�ere were no macroscopic abnormalities at any times
of observation and no cases of death were recorded. �e
animals were sacri�ced, and the blood biochemical tests and
histopathology tests were made. �e results obtained from
blood biochemical tests and histopathology tests did not
demonstrate any di
erence between the treated groups and
the control group as shown in Figure 10 and Tables 3, 4, 5,
and 6 suggesting that Antrodia camphorata was safe in oral
acute toxicity test even at these high doses.

�e results of the present study revealed that Antrodia
camphorata is safe when administered orally in doses 2 gm/kg
and 5 gm/kg because none of the animals produced toxic
signs and symptoms and none died during the study period.
During topical application of Antrodia camphorata, the rats
did not show any signs of irritation, pain, restlessness, and
biting of wound area. Moreover there were no signi�cant
di
erences in biochemical parameters of liver and kidney and
the values are within normal range. Histology revealed no
nephrotoxic or hepatotoxic e
ect. Similarly, large numbers
of medicinal mushrooms and plant extracts with potential
wound healing activity which have no hepatotoxic or nephro-
toxic e
ects on laboratory animals have been reported by
several authors [3, 5, 6].

4. Conclusion

Antrodia camphorata showed high potential in wound
healing activity, especially at higher concentrations. �e
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(a) (b)

(c) (d)

(e) (f)

Figure 10: Histology of liver ((a), (c), and (e)) and kidney ((b), (d), and (f)) in acute toxicity test. Rats treated with 5mL/kg vehicle (dH2O)
((a) and (b)). Rats treated with 2 gm/kg (5mL/kg) Antrodia camphorata extract ((c) and (d)). Rats treated with 5 gm/kg (5mL/kg) Antrodia
camphorata extract ((e) and (f)).�ere is no signi�cant di
erences in structures of liver and kidney (no hepatotoxic and nephrotoxic) between
treated and control groups (H&E stain 20x).

results showed that the wound area of wounds dressed
with Antrodia camphorata extract had relatively less scar

width at wound closure. �ey also showed a proliferating
e
ect on �broblast cells and promoted the in vitro wound
healing. Such natural sources may lead to better forms of
therapy for patients with acute, chronic, and surgical skin
wounds.
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