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Plaunotol is an acyclic diterpene alcohol extracted from a medicinal plant called plau-
noi, Croton stellatopilosus Ohba, and has been widely used for the treatment of gastric
ulcers in Japan. The aim of this study was to examine the effects of plaunotol on human
gingival fibroblasts (HGFs) and human oral keratinocytes (HOKs). To assess the
cytotoxic effect, HGFs and HOKs were treated with plaunotol. Subsequently, the
morphology of cells was recorded and cells were subjected to MTT assay. To
investigate cell proliferation effect, cells were treated with plaunotol and counted with
a haemocytometer. To determine wound healing effect, the number of cells repopulated
into the wounded areas in monolayer culture and in fibroblast-populated collagen
lattice (FPCL) was measured. The results showed that 10 and 1 pg/ml (33 and
3.3 wmol/l) plaunotol induced toxicity in HGFs and HOKs, respectively. However,
0.1 pg/ml (0.33 pmol/1) plaunotol promoted HGF proliferation and wound healing in
monolayer and FPCL models. In contrast, 0.1 pg/ml plaunotol could not induce HOK
proliferation nor in vitro wound healing using monolayer culture, but it induced wound
healing in a modified FPCL model. Our data suggested that plaunotol could promote
oral cell proliferation and wound healing in vitro and may have an implication on oral
wound healing.

Keywords: plaunotol; Croton stellatopilosus Ohba; oral human gingival fibroblasts;
oral human keratinocytes; oral wound healing

1. Introduction that 1 can promote the healing of gastric
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Plaunotol (Figure 1) [1] is an acyclic
diterpene alcohol extracted from Croton
stellatopilosus Ohba, a medicinal plant
called plau-noi found mainly in Southeast
Asia and certain provinces of Thailand. In
Japan, plaunotol (1) was developed into a
commercial drug named Kelnec™. This
drug has been used for the treatment of
gastric ulcer and gastritis for over 10 years,
because of its strong anti-ulcer activities
and low toxicity [2]. It has been reported

ulcer first by reducing gastric acid
secretion [3] and second by eradicating
Helicobacter pylori (H. pylori) [1,4]. Since
1 could promote gastric ulcer healing, it
should be interesting to investigate its
effect on the treatment of oral ulcers.

An oral ulcer is a break in the lining of
the mouth that uncovers the sensitive tissue
beneath. Two common and painful types of
ulcers are the recurrent aphthous ulcers
(RAUs) and traumatic ulcers. RAUs, or
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Figure 1. Chemical structure of plaunotol (1) [1].

canker sores, are among the oral mucosal
conditions that dentists most commonly
encounter. There are three clinical forms of
RAUs: RAU minor, RAU major, and
herpetiform RAU [5]. The etiology of
RAU is currently unknown but several
local, systemic, immunologic, genetic,
allergic, nutritional, and microbial factors
have been proposed as causative agents [6].
H. pylori may have a causative role in
RAUs and can be detected in oral ulcers in
apparently immunocompetent adults, how-
ever, it is inconclusive whether these
microorganisms are in fact the cause of
RAUs [7]. Traumatic ulcers result from
injuries involving the oral cavity which can
be either acute or chronic. Traumatic ulcers
can occur at any location and may have
variable features depending on their causes,
either mechanical, thermal, or chemical.
Immunomodulating agents especially
topical steroids have been the mainstay of
treatment for oral ulcers [8]. Since steroids
suppress the immune response, the major
disadvantage of steroids is opportunistic
infections especially oral candidiasis [9].
Alternative agents that promote wound
healing of the oral cavity by mechanisms
different from those of steroids may be of
clinical interest. The objective of this
study was to evaluate the in vitro effects of
1 on human gingival fibroblasts (HGFs)
and oral epithelial cells using tissue
culture-based experiments. The result of
this study may lead to an alternative herbal
medication for the treatment of oral ulcer.

2. Results and discussion

2.1 Cytotoxic effect of 1 on HGFs and
HOKs

To investigate the cytotoxicity of 1 on
HGFs, cells were exposed to 1 at various

CH,OH CH,

X N
OH

concentrations for 48 h. The morphology
of cells treated with 1-10 pwg/ml of 1 was
similar to that of the control, however, in
the group treated with 25 wg/ml of 1,
disruption of the cell membrane and
detachment of cells were appreciated
(Figure 2(A)). To confirm the cytotoxicity
of 1, an MTT assay was used (Figure
2(B)). There was no significant difference
of percent viability observed from cells
treated with 1—10 wg/ml of 1 both at 24
and 48 h compared to that of control. The
result regarding the morphological
changes was relevant to the MTT part in
that no change of cell morphology was
observed when cells were treated with 1—
10 pg/ml of 1. In human oral keratinocytes
(HOKSs), the morphology of cells treated
with 1 pwg/ml of 1 was similar to that of
control. However, in the groups treated
with more than 1 pwg/ml of 1, a lot of cell
death and detachment of cells were noted
(Figure 3(A)). According to MTT assay,
the viability of cells was decreased in the
1-treated groups in a dose-dependent
manner (Figure 3(B)). In conclusion,
HOKSs appeared to be more sensitive to
the cytotoxic effect of 1 than HGFs.

This result implied that the effects of 1
may be cell-type specific. This substance
has been found to induce apoptosis in three
gastric cancer cell lines, namely MKN-45,
MKN-74, and AZ-521 [10]. In this report,
1 at the concentrations of 10, 20, 30, and
40 pmol/l was used. It was found that 1
dose dependently inhibited the growth of
all gastric cancer cells, dependent on the
induction of apoptosis. Caspases-8, -9, and
-3 were found to be activated in the
apoptotic cells, and the expression of Bax
protein was increased. In another study, a
colon cancer cell line, DLD1, was cultured
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Figure 2. Cytotoxic effect of 1 on HGFs. (A) Optical micrographs of HGFs after treatment with
various concentrations of 1 for 48 h. (B) Percent viability of HGFs after the treatment.

in the presence of 1 and its proliferation
was measured by MTS assay [11]. The
result showed that 1 strongly inhibited the
proliferative activity of DLDI, dependent
on the induction of apoptosis. Although in
this present study, the apoptosis of HOKs
was not investigated, it should be interest-
ing to further investigate the molecular
mechanism of 1 to induce cell death of
HOKSs in the future.

2.2 Proliferative effect of 1 on HGF's
and HOKs

To determine the proliferative effect of 1,
cells were treated with 1 for up to 72h at
concentrations lower than 1 pg/ml to
avoid the cytotoxic effect, and the cell
number in each group was counted. For
HGFs, proliferation was significantly
increased at each time point when
incubated with 0.1 wg/ml of 1 (Figure
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Figure 3. Cytotoxic effect of 1 on HOKSs. (A) Optical micrographs of HOKs after treatment with
various concentrations of 1 for 48 h. (B) Percent viability of HOKSs after the treatment. A significant
difference is shown with an asterisk (*) at p < 0.05 when compared with the control group.

4(A)). However, higher concentrations of
1 (0.25-1 pg/ml) did not affect HGF
proliferation. On the contrary, it was found
that 1 (0.1-1 pg/ml) did not induce HOK
proliferation (Figure 4(B)). In fact, a
significant reduction in HOK number
was observed at higher concentrations,
suggesting that 1 was more toxic to HOKs
compared to HGFs.

These results suggested that a low dose
(0.1 pg/ml) of 1 could promote prolifer-
ation of HGFs, but not HOKs, under
unstimulated conditions. In a study of
endothelial cells, 1 has been shown to
exhibit anti-proliferative effect in a dose-

dependent manner. In addition, 1 was
found to inhibit the ability of endothelial
cells to form tube-like structures in
matrigel due to the selective suppression
of a,B; function and not by direct
induction of apoptosis [12]. Therefore, it
indicated that the effects of 1 are cell type
specific and treatment of 1 on different
cell-types may give rise to different results.

2.3 Effect of 1 on wound healing using
HGF and HOK monolayer cultures

To examine whether 1 could induce
monolayer wound healing, a confluent
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Figure 4. Proliferative effect of 1 on HGFs and HOKS. (A) The number of HGFs after incubation
with 1 for 24, 48, and 72 h. (B) The number of HOKs after incubation with 1 for 24, 48, and 72 h.
A significant difference is shown with an asterisk (*) at p < 0.05 when compared with the control

group.

monolayer of cells was scraped and
incubated with 1. Incubation of HGFs
with 0.1 pg/ml of 1 resulted in significant
repopulation of cells (approximately two
fold compared to that of the control group)
into the wounded area (Figure 5(A) and
(B)). Incubation with higher concen-
trations of 1 did not result in the
significantly different cell number repopu-
lation. Incubation of HOKs with 1 (0.1-—
1 pg/ml) did not result in a statistically
significant difference in the cell number
repopulated into the wounded areas
compared to that of control (Figure 6(A)
and (B)). Collectively, these results
indicated that a lower concentration of 1
could promote monolayer wound healing
using HGFs but not HOKSs.

2.4 Effect of 1 in 3D in vitro wound
healing

To provide a 3D system and to study the
oral mucosal wound repair, multiple

fibroblast-populated collagen lattices
(FPCLs) were created [13]. In agreement
with the results using the monolayer
culture, it was found that 0.1 pg/ml of 1
induced wound healing in a 3D FPCL
model (Figure 7(A)). The number of HGFs
repopulated into the wounded area was
approximately two fold compared to that of
the control group (Figure 7(A) and (B)). To
examine the effect of 1 on HOKSs in in vitro
wound healing, multiple FPCL were
fabricated except that HOKs were laid
down on the FPCL, then wounded by a
punch biopsy. This model is called
epidermal equivalent model. It was found
that on the first day after treatment with 1 or
0.5 ng/ml epidermal growth factor (EGF),
foci of HOKs were present in the wounded
defect. On the second day, sheaths of an
epithelium-like structure were observed in
the 0.1 wg/ml of 1-treated and the EGF-
treated groups. On day 4, HOKSs epithelia-
lized to cover approximately three quarters
of the wounded defect only in the 0.1 pg/ml
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Figure 5. Effect of 1 on wound healing using HGF monolayer culture. (A) Micrographs of HGFs
after incubation with 1 for 24 h. (B) The number of cells repopulating the wound space. An asterisk
(*) indicates a significant difference in the number of cells compared to that of control.

of 1-treated and the EGF-treated groups.
Only a few foci of HOKs were noted in the
control and the 0.5pug/ml of 1-treated
groups (Figure 8(A) and (B)). When the
number of HOKs was compared, it was
found that the number of HOKSs repopu-
lated into the wounded area in the
0.1 pg/ml of 1-treated group was approxi-
mately 20-fold compared to that of the
control group. This result suggested that
0.1 wg/ml of 1 promoted HOK repopula-
tion in the epidermal equivalent model.
Since the main objective of our present
study was to determine the effect of 1

on in vitro wound healing, we used both
monolayer culture and FPCL models. In
our study, 1 promoted HGF cell migration
both in the monolayer and the FPCL
system. For HOKs, however, 1 did not
promote cell migration in a monolayer
culture, but it promoted re-epithelialization
in an epidermal equivalent FPCL model in
the same manner as EGF.

Although simple monolayer cultures
have been utilized as models for initial
screening to examine an appropriate
concentration of the chemical to induce
wound repair, they allow the study of



Downloaded by [Mamo Hogskola] at 23:18 20 December 2011

Journal of Asian Natural Products Research 155

a
@ control

0.25 pg/mi

0.78 pg/ml

(b)

1'pg/mi

0.5 ug/ml

0.1 pg/ml

No. of cells (cells)

control 1
Concentrations of plaunotol (ug/ml)

0.75

0.5 0.25 0.1

Figure 6. Effect of 1 on wound healing using HOK monolayer culture. (A) Micrographs of HOKs
after incubation with 1 for 24 h. (B) The number of cells repopulating the wound space.

a limited number of aspects. Monolayer
cultures therefore cannot be used to
replicate the interactions of the cells with
its extracellular matrix or other cell types.
In addition, cells grown on a plastic
substratum in vitro are densely packed
with many cell—cell interactions with very
little extracellular matrix present [14].
Therefore, the FPCL system is a useful
3D model to isolate and study the aspects of
cutaneous wound healing. In our study,
approximately two fold fibroblasts repopu-
lated into the wounded defect were

significantly stimulated in the presence
of 0.1 pg/ml of 1 and EGF compared to
control. This is in agreement with the work
done by Genever et al. [15] who found a
2.8-fold increase in HGF migration when
cells were treated with EGF. For HGFs, 1
promoted cell migration both in the
monolayer and FPCL. For HOKSs, we
found that 1 did not promote cell repopula-
tion in wound created on monolayer.
However, in wounding epidermal equival-
ent, 1 promoted re-epithelialization in the
same manner as EGF. Since interaction
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Figure 7. Effect of 1 on HGFs in a 3D in vitro wound healing model. (A) Micrographs of HGF
repopulation of the wounded FPCL 3 days after wounding. (B) The number of cells repopulating the

wounded space. An astrisk (*) indicates a significan
that of control.

between cells and extracellular matrix may
induce wound healing process more effi-
ciently than cells and plastic substratum
[16], we assume that the result from
epidermal equivalent model would rep-
resent more physiological situation than
that in the monolayer cell culture and
believed that 0.1 pg/ml of 1 could promote
HOK proliferation and migration.

In summary, our study showed that
0.1 pg/ml of 1 could promote HGF
proliferation and wound healing in both
2D- and 3D models in vitro. In addition,
1 could also promote wound healing
using HOKs in the 3D model. These
results suggest that low dose of 1 is
effective in oral mucosal wound healing
in vitro and further investigations in vivo,
such as in animal models, are needed to

t difference in the number of cells compared to

confirm our findings. This substance may
have a clinical implication on oral wound
healing and may emerge as an effective
alternative agent for the treatment of oral
ulcers.

3. Experimental
3.1 Cell culture

HGFs were derived from gingiva received
from gingival surgery. Cells were seeded
and cultured in Dulbecco’s Modified
Eagle’s Medium supplemented with 10%
fetal bovine serum (Gibco™, Invitrogen
Corporation, Carlsbad, CA, USA) at 37°C
in humidified atmosphere of 95% air and
5% CO,. The HOKs were established by
Piboonniyom et al. [17]. These cells were
immortalized HOKs using human telomer-
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Figure 8. Effect of 1 on HOKS in a 3D in vitro wound healing method. (A) Micrographs of HOK
repopulation of the wounded FPCL 4 days after wounding. (B) The number of cells repopulating the
wounded space. An asterisk (*) indicates a significant difference in the number of cells compared to

that of control.

ase reverse transcriptase (h-TERT, a kind
gift from R.A. Weinberg, Whitehead
Institute for Biomedical Research,
Cambridge, MA, USA) and cdk4. HOKs
were grown in keratinocyte serum-free
medium (Keratinocyte-SFM, GIBCO™,
Invitrogen Corporation) supplemented
with EGF and bovine pituitary extract.

3.2 Cytotoxic assay

3.2.1 Morphological observation
HGFs were added to each well of six-well
culture plates (Costar™, Sigma-Aldrich,

St. Louise, MO, USA) at 1 X 10° cells. For
HOKs, 2 X 10° cells per well were used.

Cells were seeded and incubated at 37°C in
humidified atmosphere and 5% CO, for
24 h prior to the treatment. Solutions of 1
were prepared by diluting 1 (a kind gift
from Dr A. Petsom, Faculty of Science,
Chulalongkorn University, Thailand) in
DMSO. The non-confluent HGFs were
treated with 1 at concentrations of 1, 2.5, 5,
7.5, 10, and 25 pg/ml (equivalent to 3.3,
8.25, 16.5, 24.75, 33, and 82.5 pmol/l,
respectively) for 48h. For HOKs, cells
were treated with 1 at concentrations
of 1,2.5,5, 7.5 and 10 pg/ml (equivalent
to 3.3, 8.25, 16.5, 24.75 and 33 pmol/l,
respectively) for 48 h. In the control group,
cells were treated with DMSO alone.
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At each concentration, cell morphology
was examined under light microscope and
photographs were taken by a digital camera
(Nikon Coolpix 990, Tokyo, Japan).

3.2.2 MTT assay

The method of colorimetric cytotoxic
assay described by Kasugai er al. [18]
was used with some modifications. In
brief, HGFs or HOKs were added to each
well of 96-well culture plates (Costar™) at
a concentration of 2 X 10* cells in 100 .l
medium per well, then treated with 1, 2.5,
5, 7.5, and 10 pg/ml (equivalent to 3.3,
8.25, 16.5, 24.75, and 33 pwmol/l, respect-
ively) of 1. For control group, cells were
treated with DMSO alone. After 24 or 48 h
of incubation, 10 nl of the MTT solution
(5mg/ml prepared in media) was added
and incubated for 3 h. The entire medium
was then removed and washed with PBS
twice. The wells were then filled with
100 w1 DMSO and agitated. The spectro-
photometric absorbance at 540nm was
then measured by an ELISA reader (Ceres
UV 900HDi, BioTek Instrument,
Winooski, VT, USA) with DMSO as
blank. The mitochondrial dehydrogenase
activity of cells at each 1 concentration
was calculated as a percentage of the
control activity from the absorbance
values. In the control group, the percent
viability was set as 100%. The percent
viability in the 1-treated groups was
calculated by dividing the absorbance
value of each group by the control
absorbance value multiplied by 100.

3.3 Cell proliferation

HGFs were added to each well of 6-well
culture plates (Costar™) at 1 X 10° cells
per well. For HOKs, 2 X 10° cells per well
were used. Cells were then treated with
0.1, 0.25, 0.5, 0.75, and 1 pg/ml (equival-
ent to 0.33, 0.825, 1.65, 2.475, and
3.3 wmol/l, respectively) of 1 for 24, 48,
and 72 h. In the control group, cells were

treated with DMSO alone. Cells were
trypsinized with 0.1% trypsin solution
(GIBCO™, Invitrogen Corporation) and
counted under a light microscope at each
concentration.

3.4 Wound healing on monolayer
culture

A confluent monolayer of HGFs or HOKs
was cultured on 6-cm dishes, then a wound
was created in the cultured cells by
scraping a plastic pipette tip from the
center of the well extending to the edge
across the surface of tissue culture well
[19]. Cells were subsequently incubated
with 1 at concentrations of 0.1, 0.25, 0.5,
0.75, and 1 pg/ml (equivalent to 0.33,
0.825, 1.65, 2.475, and 3.3 pmol/l, respect-
ively) and DMSO was used as control.
Cells were further incubated for 24 h and
repopulating cells in the wounded areas
were fixed and stained with toluidine blue.
Wound repopulation images were acquired
using six low power (4 X ) areas along the
length of the wound for each experimental
well. Wound repopulation was determined
by measurement of the cell number.

3.5 In vitro wound healing assay

An in vitro wound healing assay was
established as previously described [20].
Type I collagen was extracted and purified
from rat tail tendon according to O’Leary
et al. [21]. Cultured HGFs were combined
with type I collagen in nutrient medium to
form the FPCL. For ‘epidermal’ equival-
ent, multiple FPCLs were fabricated in the
same manner except that HOKs were laid
down on the FPCL. The FPCL was allowed
to contract for 7 days until it reached
approximately 10-30% of the initial
diameter. The lattices were wounded by a
4-mm diameter punch biopsy. Immediately
after wounding, the lattice was transferred
to an acellular collagen lattice and 10 .1 of
collagen solution was applied to the
collagen lattice to act as glue between the
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two lattices. These lattices were then
incubated with 1 at concentrations of 0.1
or 0.5 pg/ml and DMSO or 0.5 ng/ml EGF
were used as controls. Three days after
wounding, cells were photographed under
a light microscope for subsequent counting
of the number of cells repopulating the
wounded space.

3.6 Statistical analysis

Each experiment was performed three
times, and the mean and the standard
deviation were calculated. Data were tested
for normal distribution by the Kolmo-
gorov—Smirnov method and equal var-
iances by the Levene test. One-way
analysis of variance and Scheffe’s method
were used when data indicated normal
distribution and equal variance. Otherwise,
data were analyzed by non-parametric
tests. Kruskal-Wallis ANOVA on ranks
and Mann—Whitney test were used to
determine the significance of differences
between groups. A p-value less than 0.05
was considered statistically significant.
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