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The possibility of the prediction of slimming by in vitro tests combination

Muneo Tsukiyama1, Yuko Ito1, Noriko Nakashima1, Chinami Urata1, Masaki Arashima1,
Hidenobu Okumura1 and Akiyoshi Takada2
1

NOEVIR, Co. Ltd.,
Department of Plastic Surgery, Osaka University

2

Corresponding author: Hidenobu Okumura
NOEVIR,Co.Ltd., Kobe 650-8521, Japan
Phone: (+81)-78-303-5132, Fax: (+81)-78-303-5752, n84509@n1.noevir.co.jp

Abstract
The hot water extract of the dried fruit of Chinese fan palm Livistona chinensis (LC) has been used in
folklore medicine in Southern China for treating various tumors. Recently, protein kinases inhibitor activities
and antitumor activity from ethanol extracts of the seeds of LC were reported. Previously, we reported the
various effects of ethanol extract of the dried fruit of LC on ﬁbroblasts, 3D collagen gel models, and human
face skin in vivo, and suggested the potential for LC to be used in anti-sagging cosmetics. In the present
study, we investigated the effect of 1, 3 -butylene glycol extract of the dried fruit of LC (LCE) on ﬁbroblasts,
human adipocytes and skin. LCE had an inhibitory effect on neutral fat accumulation and a reduction waist
size in vivo. These results suggested that LCE not only had an inhibitory effect on neutral fat accumulation
in vitro, but also slimming effects in vivo. Moreover our study demonstrated the possibility of predicting the
slimming effects by a combination of in vitro tests.
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Introduction

The fruits of Chinese fan palm Livistona chinensis
(LC), called "birou" in Japan, have been used in
folklore medicine in Southern China for treating
various tumors. In vitro, the extracts of the fruits and
seeds of LC are known to possess antiangiogenic
and antiproliferative activities (Singh, 2007). Also
the extract of this fruit has been reported to have
an antioxidant effect (Cheung, 2005). Recently,
the active components with both the antitumor
and protein kinases inhibitor activities were highly
purified from LC, which can inhibit the epidermal
growth factor (EGF) signaling events mainly through
the epidermal growth factor receptor (EGFR)
modiﬁcation (Huang, 2007). However, to the best of
our knowledge, there has been no report describing
the effect of LC on the human skin directly and there
has been no the use as cosmetic materials. Therefore,
in this study, we investigated the effects of LC on
the human fibroblast and adipocyte for application
as cosmetic materials. Moreover, we considered the
alternatives to in vivo testing, and we tried to predict
the efﬁcacy of LCE and other plant extracts by use of
three-dimensional collagen gels. Finally, we primarily
intended to utilize a combination of several in vitro
tests.
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Materials & methods
Cell lines and cultivation
Normal human fibroblast (neonatal) (HDFn)
were maintained in DMEM containing 10% fetal
bovine serum (FBS) (Intergen Co., Purchase, NY)
from KURABO (Osaka, Japan). Normal human
preadipocytes (Cryo HprAd-SQ) were obtained from
Cambrex Bio Science Walkersville, Inc. (Wakersville,
MD) and maintained in preadipocyte growth
medium with 10% FBS, 2 mM L-glutamine, 100
units/ml penicillin and 100 units/ml streptomycin.
Preadipocytes were differentiated into adipocytes
by culturing in the standard medium containing 10
µg/ml insulin, 1 µM dexamethasone, and 500 µM
3-isobutyl-1-methylxanthine (IBMX). All cells were
incubated at 37°C in 5% CO2. Differentiation was
induced by incubating postconfluent cells for 24 h
(designated day 0). LCE was diluted into culture
medium, and all experimental cells were exposed to
an identical concentration of vehicle (0.1% v/v).
Oil Red O staining
Oil Red O staining was performed by ﬁxing cells
in 10% formaldehyde neutral buffer solution (nacalai
tesque) for 10 min. After two washes in PBS, cells
were stained for at least 1 h at 37°C in freshly
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diluted Oil Red O solution (6 parts Oil Red O stock
solution and 4 parts H2O; Oil Red O stock solution
is 0.6% Oil Red O in isopropanol). Cells were then
washed extensively with PBS to remove unbound
dye. For quantitative analysis of Oil Red O retention
in these cells, stained adipocytes were extracted
with methanol, and absorbance was measured by
spectrophotometry at 550 nm.
MTT Assay
The MTT assay was performed according to the
method of Mosmann (Mosmann, 1983). Fibroblasts
were plated into 96-well microtiter plates at a density
of 2×104 cells/well. After 24 h, the culture medium
was replaced by 100 µL serial dilutions (0-1.0 v/v
%) of LCE and the cells were incubated for 48 h.
The ﬁnal concentration of the solvent was less than
0.1% in the cell culture medium. Culture solutions
were then removed and replaced by 100 µL of culture
medium. Ten µL of a sterile, filtered MTT solution
(4 mg/mL) in PBS was added to each well to reach a
ﬁnal concentration of 0.4 mg MTT/mL. After 2 h, the
unreacted dye was removed, and then the insoluble
formazan crystals were dissolved in 2-propanol (150
µL /well) and measured at 550 nm.

in DMEM containing LCE for 7 days. Finally, the
surface of the gels was recorded and the ratio of
collagen gel basal area was calculated.
The preparation of a special lotion containing
LCE and the assessment of this lotion in vivo
A special lotion containing 4% LCE and a placebo
lotion without LCE were prepared. In applications
as a facial lotion, 12 healthy women (age classes;
35-43 years) were used as subjects. Before and after
the treatment of LCE-containing preparations to the
skin twice daily, morning and evening, for 3 months,
the state of the skin was measured and analyzed by
a Cutometer and 3D Image Capture, Danae (NEC,
Japan). In application as a body lotion, the subjects
were 8 healthy women (age classes; 25-38 years) and

SOD Assay
The activity of SOD was measured as follows.
Hanks buffer containing 0.25 mM WST-1(Dojindo),
1 mM hypoxanthine (nacalai tesque) and 0.1 mM
EDTA was prepared as a reaction mixture. LCE was
initially dissolved in the reaction mixture. Twentyfive µL of enzyme solution, Xanthine oxydase was
diluted into 1 mg/mL BSA gently (0.3 units/mL),
and added to the reaction mixture (100 µL) in the
absence and presence of LCE. The reaction mixture
was incubated at 37°C for 15 min. The absorbance
of the chromogen formed was measured at 450 nm.
Quercetrin hydrate was used as a positive control,
prepared as the enzyme concentration required for the
inhibition of chromogen production by 50% under the
assay conditions.
Collagen gel embedded culture
Collagen gel (Cellmatrix) was obtained from Nitta
gelatin (Osaka, Japan). Type I collagen solution and
remodeling buffer (NaHCO3 2.2g, HEPES 4.77 g/
0.05N NaOH 100 mL, pH7.4) prepared as described
in the kit protocol. Normal human ﬁbroblasts (2.0 x
105) were resuspended in 10 ml of Type I collagen
solution (Cell matrix Type1-A: remodeling buffer: 10
x Eagle's medium = 8:1:1) on ice. The cell/collagen
solution was incubated in a water bath for 15 min at
37°C, poured into 24-well microtiter plate uncoated
plastic dishes, and placed in a cell culture incubator
at 37°C, where the gels polymerized in 15 min.
The polymerized gels were detached and cultured
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Fig. 1. The various effects of LCE in vitro. A. The fruits of
Livistona chinensis. B. Relative MTT formazan formation by
fibroblasts after incubation with LCE at 24 h. Data obtained
following incubation of cells are expressed for MTT assay as
percentages of the values obtained from cells incubated with the
negative control and are the means ±S.D.
(n=6) (*=p<0.05, **=p<0.01)
C. SOD mimicking activity of LCE. LCE had SOD mimicking
activity, and the effect was dose dependent. Data are the means
±S.D. (n=6) (*=p<0.05, **=p<0.01)

Fig. 2. Effect of LCE on the collagen gels. A. The polymerized
gels were detached and cultured in DMEM containing LCE
for 7 days. The polymerized gel was cultured for 0 day (a) or
7 days (b) in the absence of LCE. c. The polymerized gel was
cultured for 7 days in the presence of LCE (1 v/v %). B. Area of
the collagen gel ratio (LCE treatment/ control) was calculated.
LCE reduced the surface area of collagen gels in a concentration
dependent manner. Data are the means ±S.D. (n=4) (*=p<0.05)

divided into two groups. One was a test group (n=4,
the mean age; 29 years), to which LCE-containing
preparations were applied, and the other was a control
group (n=4, the mean age; 26 years), to which control
placebo preparations were applied. An appropriate
amount of each lotion was applied to the abdominal
skin twice daily, morning and evening, for 1 month.
The size of the waist was then measured.
Result
The cytotoxicity study of extract using MTT assay
and antioxidant activity of LCE
First of all, we studied the cytotoxicity of LCE
on human dermal fibroblasts. The cytotoxicity of
LCE was measured by MTT assay. We investigated
the relationship between the dose-response and
cytotoxic effect of LCE on human dermal ﬁbroblasts.
At concentrations ranging from 0.125 to 1 v/v %, it
produced a dose-dependent increase in the survival of
ﬁbroblasts leaving behind only 10%-20% living cells
at 1 v/v % concentration. The result is shown in Fig.
1B. Next, we investigated the antioxidant activity
of LCE. Numerous diseases are induced by free
radicals via lipid peroxidation, protein peroxidation
and DNA damage. It has been known that a variety of
plant extracts have antioxidant activities to scavenge
free radicals. Superoxide radical scavenging assays
were employed to study antioxidant activities. The
results were shown in Fig. 1 C. The results indicated
that LCE clearly had antioxidant effects in a dosedependent manner.

Fig. 3. Effect of LCE in the process of neutral fat accumulation
on the adipocytes. A. On day 10, the neutral fat accumulation
on the adipocytes was detected with Oil Red O staining (a:
control, b: 0.5 v/v% of LCE, c: 1 v/v% of LCE). On day 14,
the neutral fat accumulation on the adipocytes was detected the
same as in Fig. 3 A (d: control, e: 0.5 v/v% of LCE, f: 1 v/v% of
LCE) B, C. The neutral fat accumulation (%) was determined
by quantitative analysis of Oil Red O retention in stained
adipocytes on day 10 (B) or 14 (C). Data are the means ± S.D.
(n=3) (*=p<0.05, **=p<0.01)

The effect of LCE on the 3D collagen gel models
Culture of fibroblasts in three-dimensional
collagen gels has been used as a system that more
closely resembles tissues undergoing repair and
showed that contraction occurs as a consequence
of motile activity by cells trying to migrate through
the matrix (Harris, 1981). This process was called
"tractional remodeling" to distinguish it from a
smooth muscle-like contraction. That is, contraction
occurs as fibroblasts spread and elongate, not as
already elongated cells retract their extensions
(Grinnell, 1984). Cells reorganize proximally
located collagen fibrils first and subsequently the
rest of the matrix as tractional forces are propagated
throughout the continuous, intertwined collagen ﬁbril
network (Grinnell, 1986). In this study, we showed
contractions in the 3D collagen gel models by the
addition of LCE in dose-dependent manner (Fig. 2).
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Fig. 4. Effect of the lotion containing LCE on the waist. Eight
women at age 25~38 were used as the subjects. The test sample
was applied on the abdomen twice a day in the morning and
at the night, and the application was continued for a month.
The subjects of Group A used the lotion with LCE and those of
Group B used a lotion without LCE, and their abdominal girths
were measured at 1-week intervals.

Fig. 5. Evaluation of elasticity/sag using a 3D image analyzer.
After the treatment with the preparations for 3 months, the facial
slimming effects were analyzed by 3D image capture equipment
(Danae). A. Picture image. B. Sites at which weights after using
the test sample were lower than those before using it. Before
and after using the test sample, 3D analyzing images were taken
by Danae. When laying the images, mass reduction was partly
observed.

The effect of LCE on the adipocytes
We induced differentiation of adipocytes in the
absence and presence of LCE. A dose-dependent
decrease of neutral fat by the addition of LCE was
observed, as shown in Fig. 3. On day 14, we observed
large lipid droplets in the adipocytes in the absence of
LCE. However, continuous treatment of the cells in
the present of LCE for 14 days after the induction of
differentiation caused a signiﬁcant reduction in lipid
accumulation of the adipocytes (Fig. 3 C).
The effect of the lotion containing LCE in vivo
We evaluated the efficacy of the use of LCEcontaining body lotion in 8 healthy female monitors
(Fig.4). Group A was set as a group with LCE
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Fig. 6. The assessment of facial skin viscoelasticity. After the
treatment with the preparations for 3 months, skin viscoelasticity
was measured by a Cutometer. Data are the means ± S.D.
(n=12, 35-43 years women) A. Evaluation of skin sagging.
The ratio of late elongation 0.1-0.3 sec after releasing to early
elongation was regarded as an index of sagging. Each index
was determined at sites on the cheek and beside the mouth. B.
Evaluation of skin elasticity. The ratio of early skin recovery 0.1
sec after releasing the skin that was sucked by a Cutometer to its
total elongation was regarded as an index of elasticity. The index
was determined at sites on the cheek and beside the mouth.

combination, and Group B as a control group. After
about one-month use of the lotion, measurement of
their waist sizes under monitoring showed a reduction
in the sizes in the group with LCE-containing lotion.
In addition, 12 healthy females were monitored, and
the slimming and tightening effects of LCE on their
faces were measured and analyzed with Danae (Fig.5).
In this experiment, resilience of the facial surface
was defined by a ratio of sagging (Uv/Ue values),
and viscosity/elasticity was defined by degree of
rebound after skin absorption release/degree of skin
distention (Ur/Uf values). The Uv/Ue values and Ur/
Uf values were measured with Cutometer. As a result,
resilience of the facial surface (Ur/Uf values) tended
to increase due to the use of LCE-containing lotion
for about 3 months as shown in Fig.6 B. On the other
hand, sagging (Uv/Ue values) showed a tendency to
decrease in Fig. 6 A.

Discussion
In this study, we showed that LCE promoted
collagen gel contraction. This indicates that
fibroblasts in collagen gel similar to the dermal
structure may be activated. In addition, we conﬁrmed
decreased fat accumulation in adipocytes by the
addition of LCE. When LCE acted in the process of
differentiation of adipocytes, fat accumulation was
significantly inhibited. Although the mechanism of
fat accumulation inhibition by LCE is unknown,
activation of adipocytes themselves by LCE and
preferential consumption of fat may reduce fat
accumulation. Skin sagging with aging is caused
by decreased dermal constituents and increased
subcutaneous fat. For this reason, the functionality
of LCE inducing anti-sagging or fat accumulation
inhibition can also be expected as a cosmetic
material. It was indicated that the actual use of lotion
containing LCE was effective for skin sagging and
resilience. Moreover, it was indicated that LCE was
effective as a slimming agent for the abdomen as
well as the face. From the standpoint of alternative
experimental animals, our study suggests that a
combination of several in vitro studies enables
prediction of results obtained in vivo. We present
the potential of LCE as a multifunctional cosmetic
material, and it is considered to be useful for
reduction of experimental animal use or alternatives
to human in vivo studies in the future.
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