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57 ABSTRACT

A method for promoting proliferation and/or migration of
skin cells includes providing a composition containing a
compound of formula (I) below; and administrating to the
skin cells the composition. A method for improving wound
healing in a subject includes providing a composition con-
taining a compound of formula (I) below; and administrating
to the subject the composition

@
OH (6]
CH30. N N

HO

9 Claims, 14 Drawing Sheets
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FIG. 3(A)
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FIG. 3(C)
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FIG. 5(A)
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USE OF A PHARMACEUTICAL
COMPOSITION FOR PROMOTING
PROLIFERATION AND/OR MIGRATION OF
SKIN CELLS, AND FOR IMPROVING WOUND
HEALING IN A SUBJECT

CROSS REFERENCE

The application claims priority from Taiwan Patent Appli-
cation No. 100141736 filed on Nov. 16, 2011, the contents of
which are to be taken as incorporated herein by this reference.

FIELD OF THE INVENTION

The invention relates to a composition, a ginger extract,
and a pharmaceutical composition using the same, and more
particularly, to a composition and a ginger extract both for
promoting proliferation and/or migration of skin cells, and a
pharmaceutical composition using the same.

BACKGROUND OF THE INVENTION

Skin is the largest organ in the body of vertebrates, and
composed of, from outside to inside, epidermis, dermis, and
hypodermis. Keratinocytes in epidermis and fibroblasts in
dermis are responsible for the body protection from mechani-
cal or chemical damages and for wound healing. Wound
healing, a complicated process, is a world-wide issue and
costly for people of all ages. As proven by the Food and Drug
Administration (FDA), there is merely one agent for would
healing, all-trans retinoic acid. As described in literature, this
agent is capable of promoting the expression of collagen and
diminishing the amount of matrix metalloproteinase (MMP),
and however, the side effects, such as skin stimulation or skin
peeling, come along with the use of all-trans retinoic acid,
which limits the applicability thereof. Steroid is another
option for wound healing, but it makes collagen degraded and
inhibits wound repair after being taken for a long period of
time.

At the early stage of wound healing, fibroblasts around the
wound migrate to start wound closure. With such a migration
of the fibroblasts, the wound closure is initiated and newborn
tissues resist the differentiation of the fibroblasts. See Wound
Repair Regen 2009; 17: 88-98 and Am J Pathol 2001; 159:
1009-20. Such a phenomenon is characterized by the expres-
sion profiles of skin cells and growth factors, and the change
of extracellular matrix (ECM). The proliferation and migra-
tion of the keratinocytes and fibroblasts benefit the progress
of wound healing. Transforming growth factor-f (TGF-f),
vascular endothelial growth factor (VEGF), and platelet-de-
rived growth factor-aff (PDGF-o.3) have been proven as the
main growth factors involved in the proliferation of skin cells.
ECM is sited around the skin cells and within connective
tissues for strengthening the cellular structure and mediating
the cellular behavior. Collagen is abundant in ECM and the
richest protein in connective tissues.

TGF-p is involved in cell differentiation, adhesion, prolif-
eration, and migration, and ECM precipitation. During
wound healing, TGF-f3 produced by keratinocytes, fibro-
blasts, macrophages, and platelets is significant for connec-
tive tissue regeneration, inflammation, and epidermis refor-
mation. See J Invest Dermatol 2007; 127: 2656-67. Generally,
it is recognized that TGF-ais able to mediate wound contract,
cell migration, and scar formation. VEGF, also called vascu-
lar permeability factor, is secreted by keratinocytes, fibro-
blasts, macrophages, neutrophils, platelets, endothelial cells,
and smooth muscle cells and is a mediating factor for endot-
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2

helial cell migration, proliferation, and penetration during
angiogenesis. PDGF-af plays a key role in the process of
skin cell proliferation. As such, it is thought that these growth
factors have effects on skin cell proliferation or wound heal-
ing.

MMP, comprising over 20 different zinc peptidases of the
metzincin superfamily, is for the maintenance and turnover of
macromolecules of ECM, such as collagen. MMP-1, also
called interstitial collagenase, initiates the degradation of
ECM and cooperates with other MMP to promote the degra-
dation of collagen. Phorbol 12-myristate 13-acetate (PMA),
known as an activator for protein kinase C, phosphorylates
c-Jun N-terminal kinase (JNK), and extracellular signal-regu-
lated kinase (ERK) to produce MMP-1, and inhibits tissue
inhibitor of metalloproteinase-1 (TIMP-1). The reconstruc-
tion and synthesis of collagen in ECM are of importance for
cell proliferation and wound healing.

Ginger is the rhizome of the plant Zingiber officinale, and
has been widely used for food flavoring. As documented in
Chinese medicine, ginger has been used as a treatment for
allergy, asthma, constipation, diabetes, gingivitis, nervous
diseases, rheumatism, stroke, toothache, and anti-microor-
ganism infection. See Drug Metabol Drug Interact 2001; 18:
159-90, J Nat Prod 2009; 72: 950-3, Food Chem Toxicol
2007; 45: 683-90, and Phytother Res 2010a; 24: 1825-30.
Moreover, literature has said that ginger has been used for
treatment of chemotherapy-associated nausea, suppression of
platelet aggregation, and inhibition of cyclooxygenase and
nitric oxide synthase. See Thromb Res 2001; 103: 387-97,
Wound Repair Regen 2009; 17: 99-107, Bioorg Chem 2001;
29: 156-63, and J Ethnopharmacol 1989; 26: 129-36. Other
literature has repeatedly reported that ginger extract has posi-
tive biological functions on wound healing either in vivo or in
vitro. See Wound Repair Regen 2009; 17: 306-6 and J Der-
matol Sci 2001; Suppl 1: S68-S75.

As described above, research up to now shows that ginger
has effects on the promotion of skin cell proliferation and
migration. Therefore, an agent for wound healing is desirable
and is needed to be provided and produced synthetically in the
near future, if the active component for the promotion of skin
cell proliferation and migration in ginger is discovered.

SUMMARY OF THE INVENTION

In one aspect, the invention provides a composition for
promoting proliferation and/or migration of skin cells, which
comprises a compound of formula (I):

@
OH

CH;0

HO

or a pharmaceutically acceptable salt or ester thereof as an
active component.

In another aspect, the invention provides a ginger extract
for promoting proliferation and/or migration of skin cells,
which comprises a compound of formula (I):
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as an active component.

In a further aspect, the invention provides a pharmaceutical
composition for wound healing, which comprises a com-
pound of formula (I):

CH;O

HO

or a pharmaceutically acceptable salt or ester thereof as an
active component.

In yet another aspect, the invention provides a ginger
extract for wound healing, which comprises a compound of
formula (I):

@

CH;0

) N

HO

as an active component.

The detailed description and preferred embodiment of the
invention will be set forth in the following content, and pro-
vided for people skilled in the art so as to understand the
characteristic of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing the mechanism of
6-DG for skin cells.

FIG. 2(A) is a bar chart illustrating the proliferative rate of
human fibroblasts treated with different concentration of
6-DG;

FIG. 2(B) is a bar chart illustrating the proliferative rate of
human keratinocytes treated with different concentration of
6-DG.

FIG. 3(A) is a picture showing the migration of human
fibroblasts treated with different concentration of 6-DG;

FIG. 3(B) is a bar chart illustrating the migration rate of
human fibroblasts treated with different concentration of
6-DG;

FIG. 3(C) is a picture showing the migration of human
keratinocytes treated with different concentration of 6-DG;

FIG. 3(D) is a bar chart illustrating the migration rate of
human keratinocytes treated with different concentration of
6-DG.

FIGS. 4(A) to 4(B) are pictures showing the signal trans-
duction-related protein amount of skin cells treated with dif-
ferent concentration of 6-DG.
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FIG. 5(A) is a bar chart illustrating the proliferative rate of
human fibroblasts treated with different concentration of
6-DG;

FIG. 5(B) is a bar chart illustrating the collagen expression
level of human fibroblasts treated with different concentra-
tion of 6-DG:;

FIG. 5(C) is a bar chart illustrating the collagen expression
level per human fibroblast.

FIG. 6(A) is a picture showing the MMP-1 activity of
human fibroblasts treated with 6-DG;

FIG. 6(B) is a bar chart illustrating the MMP-1 activity of
human fibroblasts treated with 6-DG.

DETAILED DESCRIPTION OF THE INVENTION

The invention is related to a composition for promoting the
proliferation and/or migration of skin cells. This composition
includes a compound of formula (I):

@
OH

CH;0

HO

or a pharmaceutically acceptable salt or ester thereof as an
active component. The compound of formula (1) is scientifi-
cally named 6-dehydrogingerdione (6-DG), and thus it is
entitled such a name thereinafter.

After experiment, it is found that the composition of the
invention is able to inhibit the activity and/or synthesis of
MMP. Specifically, the composition of the invention is able to
inhibit the activity and/or synthesis of MMP-1, MMP-3,
MMP-9, and/or MMP-10 so as to prevent and reduce the
degradation of collagen. In such a way, skin cells are prolif-
erated and migrated.

It is further found that the composition of the invention is
able to repress the phosphorylation of mitogen-activated pro-
tein kinase (MAPK). Specifically, the composition of the
invention is able to repress the phosphorylation of INK, ERK,
and/or p38. As described in Biofactor 2008; 33: 121-8, phos-
phorylated MAPK can induce the amount of MMP. There-
fore, the composition of the invention is able to inhibit the
phosphorylation of MAPK and reduce the amount of MMP so
as to prevent and reduce the degradation of collagen and make
the proliferation and migration of skin cells.

Itis still further found that the composition of the invention
is able to induce the expression of growth factors related to
skin cell proliferation so as to make the skin cells proliferated
and/or migrating. Specifically, the composition of the inven-
tion is able to induce the expression of TGF-f3, VEGF, and
PDGF-off, and makes the skin cells proliferated and/or
migrating.

As shown in FIG. 1, the composition of the invention has
the following characteristics including: (1) directly inhibiting
the activity and/or synthesis of MMP to reduce the collagen
degradation; (2) indirectly inhibiting the MMP activity and/
or synthesis by repressing the phosphorylation of MAPK to
reduce the collagen degradation; and (3) promoting the
expression of growth factors related to skin cell proliferation.
According to these characteristics, the composition of the
invention satisfies the purpose of skin cell proliferation and
migration, and may be used for restoring, improving, and/or
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repairing skin, such as anti-aging, prevention of wrinkles,
prevention of skin relaxation, improvement of the texture of
skin, and wound healing. In one embodiment, the composi-
tion of the invention may be used for wound healing.

The term “a pharmaceutically acceptable salt or ester,”
described in this content, academically refers to a pharma-
ceutically acceptable salt or ester which can promote the
proliferation and/or migration of skin cells. For example, the
salt may be a sodium salt, a potassium salt, a magnesium salt,
an aluminum salt, a lithium salt, a calcium salt, an ammonium
salt, an acetic salt, a carbonate salt, or a phosphoric salt. For
example, the ester may be methyl ester, ethyl ester, propyl
ester, butyl ester, pentyl ester, acetic acid methyl ester, or
acetic acid ethyl ester.

The composition of the invention may be extracted from,
but not limited to, ginger. The composition of the invention
may be obtained by extraction disclosed in J Nat Prod 2009;
72: 950-3. Briefly, the composition of the invention may be a
crude extract which is extracted from ginger by a polar sol-
vent. Preferably, the polar solvent may be methanol, ethanol,
propanol, glycol, butanol, butanediol, or chloroform-metha-
nol. The weight ratio of the polar solvent to the ginger may
range from 1.0:1.0 to 10.0:1.0, and preferably is of 2.0:1.0.

As the application of the composition of the invention, the
crude extract may be further purified. For example, the crude
extract may be separated into fractions by being eluted in
chromatography with a solvent, and thereafter, an optimal
fraction containing 6-DG is selected through analysis. In
addition, the optimal fraction may be purified again by being
eluted in chromatography with another solvent.

As the application of the composition of the invention, the
crude extract or the fractions may be dried through, such as
freeze drying or reduced pressure drying, to remove the sol-
vent therein for reducing biological toxicity of the composi-
tion.

It is noticeable that the composition of the invention may be
of any suitable forms without any limitations. For example,
the composition may be in a form of emulsion, cream, or gel
for external use, such as cosmetics, skin care products, or
ointments. Also, the composition may be in the form of food
for swallowing or drinking, such as health foods or beauty
drinks. Moreover, the composition may be in the form of a
common pharmaceutical form, such as a tablet, a capsule, a
granule, a powder, a fluid extract, a solution, a syrup, a sus-
pension, an emulsion, a tincture, an intravenous injection, a
powder injection, a suspension injection, or a powder-suspen-
sion injection.

It is further noticeable that the 6-DG amount of the com-
position of the invention may be adjusted based on treated
subjects and purposes. The 6-DG amount also may be
adjusted according to frequency of use. For example, when
the composition is used for wound healing, the 6-DG amount
may range from 2 to 50 uM, preferably from 2 to 25 uM, and
more preferably, is of 2 uM, based on the total volume of the
composition. Actually, the 6-DG amount of the composition
ofthe invention may be of any concentration as long as it has
no adverse influence on skin cells.

The invention is further related to a ginger extract for
promoting the proliferation and/or migration of skin cells.
This extract includes 6-DG as an active component. As
described above, the extract is able to reduce the degradation
of collagen, reaches the purpose of the skin cell proliferation
and migration, and so may be used for restoring, improving,
and/or repairing skin, such as anti-aging, prevention of
wrinkles, prevention of skin relaxation, improvement on skin
texture, and wound healing. In one embodiment, the extract of
the invention may be used for wound healing.
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The extract of the invention may be yielded by extraction
disclosed in J Nat Prod 2009; 72: 950-3. Briefly, the extract of
the invention may be a crude extract which is extracted from
ginger by a polar solvent. Preferably, the polar solvent may be
methanol, ethanol, propanol, glycol, butanol, butanediol, or
chloroform-methanol. The polar solvent and ginger have a
weight ratio ranging from 1.0:1.0 to 10.0:1.0, and preferably
being of 2.0:1.0.

As the application of the extract of the invention, the crude
extract may be further purified. For example, the crude extract
may be separated into fractions by being eluted in chroma-
tography with a solvent, and then, an optimal fraction con-
taining 6-DG is chosen through analysis. In addition, the
optimal fraction may be purified again in chromatography
with another solvent.

As the application of the extract of the invention, the crude
extract or the fractions may be dried through, such as freeze
drying or reduced pressure drying, to remove the solvent
therein for reducing the biological toxicity of the extract.

It is noticeable that the 6-DG amount of the extract of the
invention may be adjusted according to treated subjects and
purposes. The 6-DG amount also may be adjusted based on
usage frequencies. For example, when the extract is used for
wound healing, the 6-DG amount may range from 2 to 50 M,
and preferably from 2 to 25 uM, and more preferably, is of 2
1M, based on the total volume of the extract. Actually, the
6-DG amount of the extract of the invention may be of any
concentration as long as it has no adverse influence on skin
cells.

The invention is further related to a composition for wound
healing. This composition includes 6-DG, or a pharmaceuti-
cally acceptable salt or ester thereof as an active component.
As described above, the composition is able to reduce the
degradation of collagen and reaches the purpose of the pro-
liferation and migration of skin cells, so that it may be used for
wound healing.

The invention is further related to a ginger extract for
wound healing. This extract includes 6-DG as an active com-
ponent. As described above, the extract is able to reduce the
degradation of collagen and reaches the purpose of skin cell
proliferation and migration, so that it may be used for wound
healing.

The following examples are offered to further illustrate the
invention.

EXAMPLE 1
Preparation of 6-DG

Ginger, purchased from a supermarket, is air-dried and
chipped. Following the extraction provided in J Nat Prod
2009; 72: 950-3, the air-dried and chipped ginger (25.6 kg) is
extracted repeatedly with chloroform-methanol (50 L) at
room temperature and a crude extract is yielded. The crude
extract is evaporated, added into silica gel (3.8 kg, 70-230
mesh) with gradients of n-hexane-chloroform, and eluted
with different concentration of chloroform-methanol to yield
20 fractions. The 8th fraction, eluted with chloroform-metha-
nol (60:1), is purified again in silica gel with chloroform-
methanol and a composition is acquired. Finally, the compo-
sition is identified to have 6-DG by spectroscopic analysis.

EXAMPLE 2
Culture of Skin Cells

Skin cells are cultured following the method provided in
Exp Dermatol 2011; 20: 242-8. Human skin fibroblasts are
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derived from Chung-Ho Memorial Hospital, Kaohsiung
Medical University, Taiwan, ROC, and incubated in Dulbec-
co’s Modified Eagle Medium including 10% fetal calf serum,
100 pg/ml streptomycin, and 250 ng/ml amphotericin B.
Human keratinocytes are isolated from foreskin primary cul-
ture and cultured in Keratinocyte-SFM Medium supple-
mented with Bovine Pituitary Extract and EGF. All of these
cells are incubated at 37° C. in a humidified incubator with
5% CO, atmosphere.

EXAMPLE 3

Proliferation of Skin Cells

3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide assay (MTT assay) is performed to analyze the effect
on the proliferation of skin cells treated with different 6-DG
concentration (dissolved in DMSO). Firstly, 6-DG of differ-
ent concentration is seeded in a 96-well culture dish cultured
with skin cells and incubated for 24 hr. MIT solution (5
mg/ml, dissolved in PBS) is added into the dish and incubated
again at 37° C. for 2 hr. Medium in the dish is removed, 0.05
ml DMSO is added to the dish, and then the dish is shaken in
a dark position for 20 min. Finally, the OD value of each well
ofthe dish is calculated by 595 nm-wavelength light (UV-vis,
BioTek, USA). Considering whether DMSO has effect on the
skin cell proliferation or not, skin cells treated with DMSO
are used as a control. In this example, it is found that DMSO
has no effect on the skin cell proliferation.

As shown in FIG. 2(A), compared with control, the human
fibroblasts treated with 2 pM 6-DG or 50 pM 6-DG are
obviously proliferated, but the human fibroblasts treated with
100 uM 6-DG are not obviously proliferated. As shown in
FIG. 2(B), compared with control, the human keratinocytes
treated with 2 pM 6-DG or 50 pM 6-DG are also obviously
proliferated, but the human keratinocytes treated with 100
M 6-DG are not obviously proliferated.

As the foregoing results, 6-DG is proven to able to promote
the skin cell proliferation, and has an effective concentration
of 2-50 uM, based on the volume of the composition.

EXAMPLE 4

Expression of Growth Factors

Enzyme-linked immunoassay (ELISA) is performed to
analyze the effect on the growth factor expression of skin cells
treated with different 6-DG concentration (dissolved in
DMSO). Firstly, 6-DG of different concentration is incubated
in a 6-well culture dish with skin cells cultured in a condi-
tioned medium for 24 hr. Supernant of the conditioned
medium is collected for analyzing the concentration of TGF-
B, VEGF, and PDGF-of following the directions provided by
DuoSet ELISA development kits (R&D Systems, USA).
With regard to whether DMSO has effect on the growth factor
expression or not, skin cells treated with DMSO are used as a
control. In this example, it is found that DMSO has no effect
on the growth factor expression.

As shown in Tables 1 to 2, compared with untreated control
(skin cells untreated) and control, the medium for human
fibroblasts and human keratinocytes contains larger amount
of TGF-p, VEGEF, and PDGF-af3 after being treated with
6-DG.
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TABLE 1
Fibroblasts
Untreated 6-DG (uM)
control Control 2 10
TGF-p 7783 £15.6 7783 +3.3 984.5+21.6 1003.3 £24.0
(pg/ml)
PDGF-afy 25+0.1 1.7+0.2 7.1+0.1 53+0.1
(pg/ml)
VEGF 2870« 1.1 2795 £12.9 432.0+14.6 2945=x14.6
(pg/ml)
TABLE 2
Keratinocytes
Untreated 6-DG (uM)
control Control 2 10
TGF-p 6654 =82 6423 £20.1 822.8+153 768.0+9.6
(pg/ml)
PDGF-afy 2.20+0.1 1.46 £0.2 5.84 0.2 4.55+0.1
(pg/ml)
VEGF 250763 2345+11.7 3443 +95 2928=+73
(pg/ml)

As the foregoing results, 6-DG is proven to able to promote
the growth factor expression of skin cells, such as TGF-3,
VEGF, and PDGF-of.

EXAMPLE 5
Migration of Skin Cells

An assay disclosed in Process Biochemistry 2010;
45:1865-72 is performed to analyze the effect on migration of
skin cells treated with different 6-DG concentration (dis-
solved in DMSO). 5x10° skin cells are seeded in a 12-well
culture dish and grown to complete confluence. Prior to add-
ing 6-DG of different concentration to the dish, a clean 1-nm-
wide would area is created on the skin cells. The wound area
is photographed using an inverted phase-contrast microscopy
(TE2000-U; Nikon, Tokyo, Japan) equipped with NIS-Ele-
ments software (Nikon), and the skin cell migration in the
wound area is calculated by the free software “TScratch”
(www.cse-lab.ethz.ch/software.html). Considering whether
DMSO has effect on the skin cell migration or not, skin cells
treated with 0.5% DMSO are used as a control. In this
example, it is found that DMSO has no effect on the skin cell
migration.

As shown in FIGS. 3(A) to 3(B), compared with control,
the human fibroblasts treated with 6-DG obviously migrate to
the wound area, and the phenomenon that the human fibro-
blasts migrate to the wound area after being treated with 2 uM
for 24 hr is more obvious. However, the phenomenon the
human fibroblasts migrate to the wound area after being
treated with 10 uM is less obvious than that after being treated
with 2 uM.

As shown in FIGS. 3(C) to 3(D), compared with control,
the human Kkeratinocytes treated with 6-DG obviously
migrate to the wound area, and the phenomenon that the
human keratinocytes migrate to the wound area after being
treated with 2 uM for 24 hr is more obvious. However, the
phenomenon the human keratinocytes migrate to the wound
area after being treated with 10 uM is less obvious than that
after being treated with 2 pM.
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As the foregoing results, 6-DG is proven to able to promote
the migration of skin cells, and has an effective concentration
of 2-50 uM, based on the volume of the composition.

EXAMPLE 6
Western Blotting

Signal transduction of skin cells treated with 6-DG is stud-
ied. Firstly, 6-DG of different concentration is incubated with
1x10° human fibroblasts. After being incubated for 24 hr, the
human fibroblasts are washed twice with phosphate-buffered
saline (PBS), and then lysed by a lysis buffer containing 50
mM Tris-HCI, pH7.5, 137 mM sodium chloride, 1 mM
EDTA, 1% Nonidet P-40, 10% glycerol, 0.1 mM sodium
orthovanadate, 10 mM sodium pyrophosphate, 20 mM
[B-glycerophosphate, 50 mM sodium fluoride, 1 mM phenyl-
methysulfonyl fluoride, 2 mM leupeptin, and 2 pg/ml aproti-
nin. A cell extract having the lysed human fibroblasts is sepa-
rated by a centrifugal force 0f 10,000 g at 4° C., and supernant
of the cell extract is collected for determining protein con-
centration using Bicinchoninic acid protein assay kit (Pierce,
Rockford, Ill., USA). Equal concentration of protein in the
supernant is separated by SDS-PAGE, and then blotted to a
PVDF membrane (PALL Life Science, Ann Arbor, Mich.,
USA). After being blocked for 1 hr in phosphate-buffered
saline & tween (PBST) containing 5% non-fat milk, primary
antibodies are added to the membrane. The membrane is
washed with PBST twice, and next secondary antibodies
against the primary antibodies are added to the membrane.
Finally, signals on the membrane are visualized by enhanced
chemiluminescence substrate (PerkinElmer, USA). As the
description of “BACKGROUND OF THE INVENTION,” it
is said that PMA, an activator for protein kinase C, phospho-
rylates JNK and ERK to produce MMP-1 and inhibits TIMP-
1. For further confirming the effect on signal transduction of
skin cells treated with 6-DG, the human fibroblasts are incu-
bated with 20 ng/ml PMA prior to being treated with 6-DG.

As shown in FIGS. 4(A) to 4(B), compared with the fibro-
blasts untreated (line 1), the fibroblasts treated with 6-DG
up-regulate the expression of TIMP-1. In another aspect,
compared with the skin cells only treated with PMA (line 2),
the skin cells treated with 6-DG have up-regulated expression
level of TIMP-1, and down-regulated expression level of
MMP-1, and less phosphorylation level of c-Jun and ERK. In
yet another aspect, compared with the skin cells only treated
with PMA (line 2), the skin cells treated with PMA prior to
being treated with 6-DG have down-regulated expression
level of MMP-1 and less phosphorylation level of c-Jun and
ERK. It is learned that 6-DG is able to reverse the signal-
transduction pathway that PMA phosphorylates INK and
ERK and MMP-1 is expressed. In other words, 6-DG can
suppress the phosphorylation of INK and ERK and inhibit the
production of MMP-1.

As the foregoing results, 6-DG is proven to able to inhibit
the phosphorylation of INK and ERK, and reduce the expres-
sion of MMP-1.

EXAMPLE 7
Amount of Collagen

Sirius red collagen staining is performed to analyze the
effect on the collagen expression of skin cells treated with
6-DG 6-DG of different concentration is added to a 24-well
culture dish cultured with human fibroblasts. Medium in the
dish is removed and the fibroblasts are washed with PBS
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twice. 100 pl Sirius Red is added to each well of the dish and
incubated at room temperature for 1 hr. After removing the
unstained Sirius Red, the fibroblasts are washed with 100 pl
0.1N HCl for at least five times, and then 100 pl 0.1N NaOH
is used to extract the stained Sirius Red. Finally, the OD value
of the extracted stained Sirius Red is calculated by 540 nm-
wavelength light. As the described in “BACKGROUND OF
THE INVENTION;,” it is said that PMA, an activator for
protein kinase C, phosphorylates INK and ERK to produce
MMP-1, and inhibits TIMP-1. With regard to the effect on the
collagen expression of skin cells treated with 6-DG, the
human fibroblasts are incubated with 20 ng/ml PMA prior to
being incubated with 6-DG.

As shown in FIG. 5(A), compared with the fibroblasts
untreated (control) and those only treated with PMA, the
fibroblasts treated with 6-DG have obvious proliferation. In
another aspect, compared with the fibroblasts only treated
with PMA, the fibroblasts treated with PMA prior to being
treated with 6-DG still have obvious proliferation. As shown
in FIG. 5(B), compared with the fibroblasts untreated (con-
trol) and those only treated with PMA, the fibroblasts treated
with 6-DG have up-regulated expression of collagen. In
another aspect, compared with the fibroblasts only treated
with PMA, the fibroblasts treated with PMA prior to being
treated with 6-DG still have up-regulated expression of col-
lagen. As shown in FIG. 5(C), compared with each of the
fibroblasts untreated (control) and that only treated with
PMA, each of the fibroblasts treated with 6-DG has up-regu-
lated expression of collagen. In another aspect, compared
with each of the fibroblasts only treated with PMA, each of
the fibroblasts treated with PMA prior to being treated with
6-DG still has up-regulated expression of collagen. It is
learned that 6-DG is able to reverse the phenomenon that
PMA down-regulates the collagen expression and inhibits the
proliferation of fibroblasts. In other words, 6-DG can pro-
mote the expression of collagen and the proliferation of
human fibroblasts.

As the foregoing results, 6-DG is proven to able to promote
the expression of collagen and the proliferation of skin cells.

EXAMPLE 8
Activity of MMP-1

Collagen zymography is performed to analyze the effect on
the MMP-1 activity of skin cells treated with 6-DG. After
electrophoresis of the foregoing lysed cell extract in SDS-
PAGE containing 0.1% collagen, the SDS-PAGE is reacted
with 2.5% Triton X-100 to remove SDS and make the protein
of the lysed extract folded, and then incubated with a Tris-
base buffer containing NaCl, CaCl,, and ZnCl,. Finally, this
gel is stained with Coomassie Brilliant Blue R250, and the
signal at 52 kDa (molecular weight of collagen) position on
the gel is calculated by Gel Pro v4.0 software (Media Cyber-
netics, Silver Spring, Md., USA).

“BACKGROUND OF THE INVENTION” of the content
is said that PMA, an activator for protein kinase C, phospho-
rylates JINK and ERK to produce MMP-1, and inhibits TIMP-
1. For confirming the effect on the MMP-1 activity of skin
cells treated with 6-DG, the human fibroblasts are incubated
with 20 ng/m1 PMA prior to being treated with 6-DG.

As shown in FIGS. 6(A) to 6(B), compared with the fibro-
blasts untreated, the fibroblasts treated with 6-DG have no
obvious difference in the activity of MMP-1. In another
aspect, compared with the fibroblasts only treated with PMA,
the fibroblasts treated with 6-DG have lower MMP-1 activity.
In yet another aspect, compared with the fibroblasts only
treated with PMA, the fibroblasts treated with PMA prior to
being treated with 6-DG have lower activity of MMP-1. It is
learned that 6-DG is able to reverse the phenomenon that
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PMA promotes the production of MMP-1 and the degrada-
tion of collagen. In other words, 6-DG can inhibit the produc-
tion of MMP-1 and induce the expression of collagen.

As the foregoing results, 6-DG is proven to able to inhibit
the production of MMP-1 and induce the expression of col-
lagen.

EXAMPLE 9
Statistical Analysis

All data values in the foregoing examples are presented as
mean values (+SD) of at least three independent experiments.
Data are analyzed by the Student’s t test, and statistical sig-
nificance is assumed of a p value of less than 0.05.

While the invention has been described in connection with
what is considered the most practical and preferred embodi-
ment, it is understood that this invention is not limited to the
disclosed embodiment but is intended to cover various
arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifica-
tions and equivalent arrangements.

What is claimed is:

1. A method for promoting proliferation and/or migration
of skin cells, comprising:

providing a composition containing a compound of for-

mula (I):

(e
OH (0]
CH;0. S N
HO
and

administrating to the skin cells said composition.
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2. The method as claimed in claim 1, wherein the compo-
sition inhibits activity and/or synthesis of matrix metallopro-
teinase in the skin cells.

3. The method as claimed in claim 1, wherein the compo-
sition inhibits phosphorylation of mitogen-activated protein
kinase in the skin cells.

4. The method as claimed in claim 1, wherein the compo-
sition promotes expression of transforming growth factor-f3,
vascular endothelial growth factor, or platelet-derived factor-
af in the skin cells.

5. The method as claimed in claim 1, wherein the compo-
sition is a ginger extract.

6. A method for improving wound healing in a subject,
comprising:

providing a composition containing a compound of for-
mula (I):

@

OH O
CH;0 e N
HO
and

administrating to the subject said composition.

7. The method as claimed in claim 6, wherein the compo-
sition is a ginger extract.

8. The method as claimed in claim 1, wherein an effective
concentration of the compound is 2-50 uM.

9. The method as claimed in claim 6, wherein an effective
concentration of the compound is 2-50 uM.
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