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Acanthus ebracteatus Vahl. is a Thai herb that is effective in wound healing. We sought to quantitatively determine whether or
not the combined application of Acanthus ebracteatus Vahl. and a collagen scaffold will increase wound closure and angiogenesis.
Balb/c mice (body weight: 22–25 g) were anesthetized with sodium thiopental. The dorsal skin incision measuring 1.5× 1.5 cm was
made and then deepened using scissors to produce a full-thickness incision down to the level of the panniculus carnosus. The size
of the wound was approximately 10% of the total body surface area. The collagen sheet was implanted onto the wound. Animals
were divided into 4 major groups as follows: wound with normal saline (W-NSS), wound treated with 0.3 g/kg BW of Acanthus
ebracteatus Vahl. extract (W-AE (0.3 g/kg.bw)), wound implanted with collagen scaffold (W-Coll), and wound implanted with
collagen scaffold and treated with 0.3 g/kg BW of Acanthus ebracteatus Vahl. (W-Coll-AE combination). On day 14, the W-Coll-AE
group showed decreased wound areas and increased capillary vascularity (CV) when compared to the other 3 groups, W-NSS,
W-AE0.3, and W-Coll. In the present study, the combination of AE0.3 with collagen showed the best effect on skin angiogenesis
and promoted wound closure with less neutrophil infiltration.

1. Introduction

Wound healing is a dynamic process that consists of four
critical phases: hemostasis, inflammation, proliferation, and
tissue remodeling [1]. In the proliferative phase, angiogenesis
is an essential mechanism for healing wounds, restoring
blood flow to tissues after injury, and achieving wound
closure. In fact, the impairment of wound angiogenesis may
lead to a prolonged period of wound healing [2, 3]. Together
with the inflammatory process, poor blood perfusion may
hinder the dynamic process of wound healing and result in
scar formation, especially in full-thickness wounds [4].

For the clinical treatment of full thickness wounds, sev-
eral tissue-engineered skin substitutes have been developed.
Among these tissue-engineered substitutes, the collagen

scaffold, as shown by a number of clinical studies, has
the greatest promise of being effective at promoting the
regeneration of wound tissue. The collagen scaffold is a
current technology that protects wounds from infection and
dryness. In addition, the scaffold spacers are necessary for the
enhancement and support of neovascularization [5].

Acanthus ebracteatus Vahl. is a member of the Acan-
thaceae family. Acanthus ebracteatus Vahl. has been used
as folk medicine for a wide range of tropical diseases in
Ayurveda. In India, whole plants are used as astringent,
expectorant, and stimulant, the roots are used as a cough
remedy, and the tender shoots and leaves are used as a snake-
bite cure [6]. In China, the stem and roots are useful against
coughs, chronic fever, paralysis, asthma hepatomegaly, hep-
atitis, and lymphoma [7].
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In Malaysia, its leaves and the boiled seeds are commonly
used as a cough medicine [7]. Two or three seeds are used to
treat intestinal worms in children [7, 8]. The juice from leaves
is used for preventing the hair loss. The roots are used against
snake venom, and also to treat herpes zoster. The fruit pulp
is used to poultice snake-bite wound [8].

In Philippines, the leaves and roots boiled are used in the
form of a decoction against asthma [8]. The roots are applied
with boiled milk, which is commonly used in leucorrhea and
tonic drinks.

In Indonesia, the roots are used to poultice the wound
that enhance the wound healing. In addition, the roots and
ground ginger are taken together to salve the flatulence and
treat the colic disease [8].

In Burma, the shoots are used against snake venom, and
the leaves are used to treat the rheumatism [8].

In Vietnam, whole plants are used as diuretic agent, and
the root is used to treat paralysis [8].

In Thailand, both genus of Acanthus spp., Acanthus
ebracteatus Vahl., and Acanthus ilicifolius Linn. have been
used in the same way as traditional medicine; the plant is
used as a purgative and anti-inflammatory in arthritis [4].
The whole plant is boiled in water for bath in order to heal
rash and skin diseases. The fresh plant is crushed and applied
as a poultice in boils or taken orally as depurative. The fruits
are taken orally to ease menstrual disorder [9].

Petroleum ether and alcoholic extracts of Acanthus
ebracteatus Vahl. are reported for their therapeutic ingre-
dients against inflammation, asthma, and skin diseases
[10–12]. Beside, Laupattarakasem et al. [4] showed that
aqueous extract of Acanthus ebracteatus Vahl. also exerts anti-
inflammatory effects by reducing thromboxane B2 (TXB2)
and leukotriene B4(LTB4). In 2005, Kongcharoensuntorn
et al. [13] demonstrated antibacterial and antioxidant activi-
ties of desalinization of aqueous extract of Acanthus ebractea-
tus Vahl.

Interestingly, β-sitosterol, an active ingredient in Acan-
thus ebracteatus Vahl. extract was highlighted for its angio-
genic properties similar to Aloe vera [14–16].

Moreover, in the extract from the stem of A. ebractea-
tus Vahl., bioactive polysaccharides, neutral, and acidic
polysaccharides fractions have been reported for their effects
of immunopotentiating, antitumor, antiangiogenic, and
antioxidative activities [17–20].

Based on the beneficial effects of Acanthus ebracteatus
Vahl. extract in enhancing angiogenesis, this study aims
to investigate whether the topical application of Acanthus
ebracteatus Vahl. extract can enhance the efficacy of the
collagen scaffold in wound closure.

2. Materials and Methods

2.1. Animal Preparation. Male Balb/c mice aged 8–10 weeks
and weighing 22–25 g were purchased from the National
Laboratory Animal Center, Saraya Campus, Bangkok. The
experimental procedures were conducted according to the
National Research Council of Thailand guidelines for the
use of experimental animals. The animals were housed in

a pathogen limited room where the temperature was 25 ±
3◦C. During the experiments, the animals were housed one
animal per cage with free access to sterilized water and
standard laboratory chow under a 12-hour light/dark cycle.

Four groups of mice were studied as follows: (1) wound
with normal-saline-treated group (W-NSS, n = 5, 0.9%
normal saline (Sigma Chemical Co., USA) administered
directly to the wound once daily until the end of experiment);
(2) wound implanted with collagen scaffold (W-Coll, n = 5);
(3) wound treated with 0.3 g/kg BW of Acanthus ebracteatus
Vahl. extract (W-AE0.3, n = 5); (4) wound implanted
with collagen scaffold and treated with 0.3 g/kg. BW of
Acanthus ebracteatus Vahl. extract (W-Coll-AE0.3, n = 5).
A sham group (n = 5), which consisted of normal mice
without wounds, was used for comparison with W-NSS in
the neutrophil infiltration experiment on day 3 of the study.

2.2. Preparation of the Collagen Scaffold That Was Implanted
on the Wound. The collagen scaffold was prepared by i-Tissue
Laboratory, Faculty of Medicine, Chulalongkorn University.
Briefly, collagen type I (Sigma Chemical, USA) was mixed
with 1% acetic acid, then molded and sterilized. A piece of
1.5 × 1.5 cm collagen scaffold was used for each mouse after
three 15-min sterilizations with PBS.

2.3. Wound Creation and Collagen Scaffold Implantation.
In the groups in which wounds were created, the animals
were anesthetized with thiopental (intraperitoneal injection,
pentobarbital 20 μg/mL) then their skin folds were shaved
and disinfected with a noniodine-containing alcoholic skin
disinfectant. Full-thickness skin defects measuring 2.25 cm2

(1.5 × 1.5 cm) down to the muscle fascia were created; these
were then extended down to the panniculus carnosus with
scissors. One wound area was created for each mouse. The
sterile collagen scaffold was placed onto the wound, precisely
trimmed to the wound size, and fixed with multiple single
stitches with 6–0 nylon suture [21].

2.4. Preparation of Acanthus ebracteatus Vahl. The ground
stem (5.0 kg) of Acanthus ebracteatus was extracted with three
treatments with 95% ethanol (15.0 L). The combined extract
was filtered using filter paper (Whatman no. 1). The filtrate
was evaporated under reduced pressure at 37◦C to remove
the ethanol. The concentrated extract was subsequently
frozen and freeze-dried to yield 430 g of brown solid. These
crude extracts were conducted by Dr. Sanya Hokputsa
(Phytochemistry Research Laboratory, Government Phar-
maceutical Organization, Bangkok, Thailand) [22]. In the
W-AE0.3 group, this crude extract was mixed with normal
saline and a final concentration of 0.3 g/kg BW was applied
topically to the wound area daily [23].

2.5. To Determine Wound Closure. On days 0, 7, and 14,
the wound area of the animals was photographed using a
digital camera at a working distance that was consistent
for all animals; the wound area was analyzed by software
(Image Pro II 6.1) as shown in Figure 1. Wound closure was
determined by the percentage decrease in the wound area
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Wound area

Figure 1: Wound area (mm2) of each mouse was determined by
using Image Pro II 6.1 software.

when compared to days 0 and 14. Wound closure was then
obtained by the following:

% Wound closure

= Wound areaday(0) −Wound areaday(14)

Wound areaday(0)
× 100.

(1)

2.6. To Determine Capillary Vascularity. Intravital fluores-
cence microscopy was used to assess the extent of capillary
vascularity (CV) in the wound area on days 7 and 14 in each
group.

The equipment setup of the intravital fluorescence
microscope consisted of a video microscope (Nikon E50i,
Tokyo, Japan) with a 10x objective and eyepiece lens
(Nikon, Japan), camera controller (Hamamatsu C2400,
Japan), video timer (VTG-33, FOR-A, Japan), and video
recorder (Panasonic NV-HD620, Japan). After anesthetiza-
tion with thiopental (ip. 12 g/kg BW pentobarbital), the
intravenous injection of 0.2 mL of 5% FITC-labeled dextran
(MW.150000, Sigma Chemical Co., USA) was performed to
guarantee contrast enhancement by staining of the plasma.
The microscopic images were recorded on videotapes.

By using digital image processing software (Image Pro
II 6.1), the microvessel diameters (μm) and the CV were
determined. From each video image, the region of interest
(ROI) was selected with the approximate size of 100 × 100
pixels. Each ROI was selected to only cover a capillary
network with a diameter of less than 10 μm. In each animal, 3
video images were obtained and approximately 3 ROIs were
selected from each video image; therefore, approximately
9 values of CV were evaluated for each animal. By using
Image Pro II Software, the total number of pixels that were
located within a capillary network was determined (Figure 2)
and divided by 100 × 100-pixel-ROI area. The % CV that

ROI (100∗100 pixels)

Figure 2: The total number of pixels located within the capillary
network of each ROI (100 × 100 pixels) was determined by using
Image Pro II software.

corresponded to capillary density [24–26] was defined as
follows:

Capillary vascularity (%)

= Number of pixels within capillaries
Total number of pixels within the ROI

× 100.

(2)

2.7. To Determine Reepithelialization. After intravital fluo-
rescence microscopy studies, the skin of the wounded area
was collected, fixed in 4% phosphate-buffered formalin
for 2–3 days, and then embedded in paraffin. From the
paraffin-embedded tissue blocks, 5 μm sections were serially
cut and stained with hematoxylin-eosin (H and E) for
routine histology. Reepithelialization was analyzed from the
H and E slides of each group by using a stereo microscope,
Nikon SMZ800. Reepithelialization was calculated as the
ratio between the distance covered by the epithelium and the
distance between wound ends.

% Reepithelialization

= Distance covered by epithelium
Distance of the wound edges

× 100.
(3)

2.8. To Determine VEGF Levels in Wounded Tissue. To
determine wounded tissue VEGF levels, a piece of skin was
excised from the dorsal part of each mouse and frozen at
−80◦C. On the day of experiment, the tissue was rinsed
with phosphate buffer solution (PBS) to remove excess
blood, homogenized in 20 mL of PBS, and stored at −20◦C.
Two freeze-thaw cycles were performed to break the cell
membranes; the homogenates were centrifuged for 5 minutes
at 5000×g. Fifty mL of each sample was used to determine
VEGF levels. Immunoreactive VEGF was quantified using a
sandwich ELISA (Quantikine M Mouse VEGF Immunoassay
kit; R and D System, Minneapolis, USA) according to the
manufacturer’s recommended protocol.

2.9. To Quantify Neutrophil Infiltration. On day 3, the piece
of skin from the wound area of animals in each group was
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Figure 3: Histochemical analysis of neutrophil filtration within the wounded area on day 3. (a) Arrow indicates the expression of neutrophil
infiltration (dark brown color). (b) The means ± SEM of numbers of infiltrating neutrophils per 0.25 mm2 on day 3 in the W-NSS, W-AE,
W-Coll, and W-Coll-AE groups.

fixed in 4% phosphate-buffered formalin for 2-3 days and
then embedded in paraffin. From the paraffin embedded
tissue-blocks, 5 μm sections were serially cut and stained with
hematoxylin and eosin (H and E) for routine histology. All
histopathology examinations were performed by the same
pathologist. The specimens were evaluated for the inflam-
matory reaction. Under 40x magnification, five areas/slide
and three slides/mouse were examined using the Eclipse E600
microscope and the digital camera, DXM1200F [27]. The
number of neutrophils within each photomicrograph was
then analyzed by image software (Global Lab II).

2.10. Statistical Analysis. Results were expressed as means
and standard errors of mean (SEM). For comparison among
all groups, one-way analysis of variance (one-way ANOVA)
with a post hoc test was used. Significant difference was
considered at the probability level (P value) lower than 0.05.

3. Results

3.1. Extent of Neutrophil Infiltration. On day 3, the results
showed that the number of neutrophils infiltrating in the
W-NSS group was significantly higher than the sham group

(P < 0.01). Neutrophil infiltration was not significantly
different after treatment with AE (W-AE0.3) when compared
to the W-NSS group. The W-Coll group had the highest
numbers of infiltrating neutrophils that were significantly
higher than the W-NSS group (P < 0.03). In the W-
Coll-AE0.3 group, there was no significant difference when
compared to the W-NSS group (Figure 3).

3.2. Determination of Wound Closure. On day 7 after the
operation, the percent of wound closure in the W-AE0.3
group did not show a significant difference when compared
with the W-NSS group. The percent of wound closure in the
W-Coll and W-Coll-AE0.3 groups were significantly higher
than in the W-NSS group (P < 0.01, P < 0.03, resp.)
(Figure 4).

On the day 14, the wound closure of the W-AE0.3, W-
Coll, and W-Coll-AE0.3 groups were significantly increased
as compared with the W-NSS group (P < 0.009, P < 0.006,
and P < 0.002, resp.) (Figure 4).

3.3. Determination of Capillary Vascularity. The results on
day 7 showed that the %CV of the W-AE0.3 was significantly
increased when compared to the W-NSS group (P < 0.045).
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In the combination group, W-Coll-AE0.3, the %CV was
higher than in the W-NSS group (P < 0.03), as shown in
Figure 5.

On day 14, the %CVs of all treatment groups, W-Coll, W-
AE0.3, and W-Coll-AE0.3, were significantly increased when
compared with the W-NSS group (P < 0.045), as shown in
Figure 5.

3.4. Extent of Reepithelialization. The reepithelialization
results on day 7 showed no significant differences among
all groups (Figure 6). On day 14, the percentage of reep-
ithelialization in the W-Coll and W-Coll-AE0.3 groups were
significantly increased when compared to the W-NSS group
(P < 0.045), as shown in Figure 6.

3.5. Determination of VEGF Levels. The results on day 7
showed that the levels of VEGF in the W-Coll-AE0.3 group
were significantly increased when compared to the W-NSS
group (P < 0.045). However, on day 14, the results showed
that there was no significant difference among the groups
except in the levels of VEGF between the W-Coll and W-NSS
groups (P < 0.045), as shown in Figure 7.

4. Discussion

The experiment in this study was conducted to evaluate
the effects of the Acanthus ebracteatus Vahl. extract with
collagen scaffold on angiogenesis and wound closure in a
full-thickness-wound mouse model. The results showed that
collagen, in combination with Acanthus ebracteatus Vahl.,
could increase wound closure in full thickness wounds better
than collagen alone or Acanthus ebracteatus Vahl. treatment
alone.

As shown in Figure 3, the number of infiltrating neu-
trophils on day 3 was significantly elevated in wounded mice
when compared to the sham group.

As expected, the number of infiltrating neutrophils in
the W-Coll group increased because the collagen scaffold
is recognized as foreign matter to the body. Interestingly,
in the W-Coll-AE0.3 group, the number of infiltrating
neutrophils was significantly reduced when compared to the
W-Coll group; the number of infiltrating neutrophils was not
significantly different from the W-NSS group (Figure 3).

These results indicated that at high doses of AE, the
extract can be used to inhibit neutrophil infiltration, which
was induced by the implantation of the collagen scaffold
within 3 days. It has been previously reported that the bioac-
tive compounds in AE act as anti-inflammatory agents [10–
12]. Anti-inflammatory bioactive compounds in AE, includ-
ing flavonoids, verbascoside, and β-sitosterol, have been
reported. [10–12]. Moreover, the report by Laupattarakasem
et al. [4] has shown that Acanthus ebracteatus Vahl. could
exert anti-inflammatory effects by reducing thombaxane B2

(TXB2) and leukotriene B4(LTB4). Therefore, it is suggested
that the topical AE application with the collagen scaffold
might be beneficial in clinical use and, in particular, may help
reduce the oral antibiotic requirements.

W + NSS
W + Coll

W + AE0.3
W + Coll + AE0.3

P < 0.002

P < 0.03

P < 0.01

P < 0.006
P < 0.009

98.8697.51
90.75
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59.07

46.99

97.9

Day 7 Day 14

Wound closure (%)

Figure 4: Percentages of wound closure in the W-NSS, W-AE, W-
Coll, and W-Coll-AE groups were determined on days 7 and 14 after
operation (mean± SEM). ∗P < 0.05 compared with control group.
NS (nonsignificantly) compared with control.
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Figure 5: Capillary vascularity (CV) measured at the different
timepoints (days 7 and 14) in the W-NSS, W-AE, W-Coll, and W-
Coll-AE groups. Values are expressed as mean ± SEM.

The present study also suggested that increasing angio-
genesis was an essential process in enhancing wound closure.
Figure 7 showed that on day 7, the %CVs of the W-
Coll, W-AE0.3, and W-Coll-AE0.3 groups were significantly
increased when compared to the W-NSS group. However,
the %CV of the W-Coll-AE0.3 group showed the most
significant increase on day 14. Therefore, AE0.3 may enhance
bovine collagen scaffold action on wound healing in associa-
tion with its potential to mediate angiogenesis.

There are several reports that indicated that a bioactive
compound in AE, β-sitosterol, could act as an effective
angiogenic factor [10, 28]. β-sitosterol can be dissolved in
ethanol; therefore, our AE ethanol extract should definitely
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Figure 6: (a) Reepithelialization on day 7. (b) Means ± SEM of wound area of the W-NSS, W-AE, W-Coll, and W-Coll-AE groups (d) on
days 7 and 14.

contain some β-sitosterol, although the level of it in the
extract used in this study was not determined.

The present results also show that on day 7, tissue VEGF
levels were significantly increased in the W-Coll-AE0.3 group
when compared to the W-NSS group (Figure 7). According
to Choi et al. [28], β-sitosterol in the AE extract could
enhance angiogenesis by increasing VEGF and VEGFR (Flk-
1) in vitro. Therefore, we believe that the effect of AE on
increasing wound angiogenesis is associated with its active
ingredient, β-sitosterol, that upregulates VEGF expression.

Several studies have reported that angiogenesis is an
essential process for wound healing, and the expression
of VEGF is essential for angiogenesis [29–31]. Our results
demonstrate that VEGF is increased significantly during the
7 days prior to wound neovascularization. However, VEGF
expression started to decline on day 14 when the %CV is
increased, particularly, in the W-Coll-AE0.3 group.

We have performed a further study to define the corre-
lation between wound closure and capillary vascularity. By
using mean values from each group, as shown in Figure 8,
the correlation between capillary vascularity (x-axis) was
significantly correlated with wound closure (y) and best
fitted with a linear line; y = 0.5841x + 86.8870 (R2 = 0.79).
This linear correlation confirmed that wound closure was

increased in relation to the increase in wound capillary
density.

In the normal process of wound healing, epithelializa-
tion represents the final stage of the proliferative phase,
which occurs between day 3 and day 14. In our study,
the process of reepithelialization was assessed on day 7
and day 14. The reepithelialization was not significantly
different between all groups on day 7 but was signifi-
cantly increased on day 14, particularly for the W-Coll
and W-Coll-AE0.3 groups when compared to the W-
NSS group (Figure 6). In fact, collagen is an important
factor in the formation of the extracellular matrix, which
is an ultrastructure that supplies a substratum for cell
adhesion. It also plays a critical role in helping to reg-
ulate the growth, movement, and differentiation of cells
throughout its network [32]. The present results provide
evidence about the roles of the collagen scaffold in cell
migration. The results on day 14 indicated that reep-
ithelialization was effectively enhanced up to 100% in
the W-Coll and W-Coll-AE0.3 groups. The mechanism
underlying these observations may be associated with the
effects on angiogenesis, which is the other important
process that is required for wound healing, as discussed
above.
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Figure 7: Tissue VEGF (pg/mL) of each group was determined
on days 7 and 14 in the W-NSS, W-Coll, W-AE, and W-Coll-AE
groups.

Relationship between capillary vascularity (CV) and wound closure
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Figure 8: Relationship between capillary vascularity (CV) and
wound closure. Data were taken from mean of each group on day
14.

In conclusion, daily topical treatment with AE (0.3 g/kg
BW) could enhance the beneficial effects of the collagen
scaffold that is implanted in full-thickness wounds. Possible
mechanisms underlying wound healing might involve the
combined effects of collagen and AE to decrease wound
inflammation, increase VEGF expression, stimulate the
angiogenesis, and enhance reepithelialization.
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