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Abstract
The results of the conducted studies showed that the
hydroglycolic extract of Artocarpus lakoocha (AL)
heartwood exhibited the potent antioxidant and
tyrosinase inhibitory activities compared with positive
references which are commonly used as antioxidant
and skin-whitening agents in cosmetic products.
Encapsulation of AL heartwood extract into liposomes
can provide prolonged release. Based on the in vitro
skin permeation study using a synthetic membrane
made from two layers of polyethersulfone (PES) on
top of a layer of polyolefine as a skin model, the
cumulative amount per area of AL heartwood extractencapsulated liposomes was higher than that of nonencapsulated one. In addition, in vivo skin whitening
study showed that the lotion containing AL heartwood extract-loaded liposomes exhibited better skin
whitening effect on human volunteers than the lotion
containing non-encapsulated AL heartwood extract.
The obtained results show that liposomes are a
promising delivery system for enhancing skin delivery
of AL heartwood extract effectively.

Introduction
Asian women. Melanin formation is
believed to be induced mainly by UV
light and other stimuli such as toxic
chemical agents and daily stress.
Several approaches are currently

Up to now, maintenance of healthy
skin, skin whitening, and the
protection of skin from darkening
are considered desirable for cosmetic purposes in many parts of
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Recently, it was reported that the
ethanolic extract of AL heartwood
possessed the potent in vitro
antioxidant and tyrosinase inhibiting
activity (Sritularak et al, 1998,
Singhatong et al, 2010).
The
studies showed that the main active
ingredients in the AL heartwood
extract are resveratrol and oxyresveratrol (Likhitwitayawuid et al,
2006, Tengamnuany et al, 2006).

being employed to combat skin
darkening and hyperpigmentation,
e.g. inhibiting tyrosinase enzyme
activity, inhibiting the transport of
melanosome to the stratum corneum and the supplementation of
antioxidants (Pawelek and Komer,
1982).
The current global trends are
towards the use of natural ingredients instead of synthetic ingredients in cosmetics. Therefore, to
meet the demand for cosmetic preparations with skin - whitening properties, a great of number of cosmetic
companies
have
been
developing natural ingredients because of their effectiveness, lower
cost and less adverse effects compared to synthetic agents as well as
exhibiting
an
antioxidant
and
inhibiting tyrosinase activities (Bernatoniene et al, 2011, Jiang et al,
2006, Lin et al, 2006).

Liposomes are composed of one or
more phospholipid bilayers and have
an aqueous cavity that can entrap,
protect and deliver the water soluble
substances into deep skin. This
system has been reported to
effectively enhance the skin permeation of plant extracts (Takahashi
et al, 2009, Pinsuwan et al, 2010).
In this work, the hydroglycolic
extract from AL heartwood was
firstly characterized and evaluated
for the antioxidant and antityrosinase activities. This extract
was then encapsulated into liposomes and finally elucidated its
potentials in improving skin permeation and whitening compared with
the non-encapsulated AL heartwood
extract.

It has been reported that polyphenols, ubiquitous the natural
resources found mainly in plants,
participate in preventing degenerative diseases due to their antioxidative potentials (Hertog, 1996,
Knekt et al, 1997, Yang et al, 2001).
Additionally,
scientific
findings
showed that some plant extracts
containing polyphenols inhibit tyrosinase activity (Kubo et al, 2000,
Jeong and Shim, 2004, Fu et al,
2005).
As a result, plant polyphenols are intensively studied and
used as skin-whitening agents.

Materials and Methods
Materials: Folin-Ciocalteu reagent
was purchased from Merck KGaA
(Darmstadt, Germany). 2,2-Diphenyl-1-picrylhydrazyl
(DPPH)
and
gallic acid (GA) were obtained from
Fluka (Buchs, Switzerland). Mushroom tyrosinase (E.C. 1.14.18.1), L3,4 – dihydroxyphenyl - alanine (LDOPA) and catechin were purchased
from Sigma Chemical Co. (St. Louis,
MO,
USA).
L-Glutathione
was
obtained from Kyowa Hakko Bio Co.
Ltd (Japan). Vitamin E acetate was
purchased from BASF (Germany).
Co-Enzyme Q10 was obtained from
OMYA PERALTA GMBH (Germany).
Propylene glycol (PG) was pur-

Artocarpus lakoocha (AL) Roxb.
(Moraceae) is a tropical tree widely
distributed throughout the regions
of South and Southeast Asia,
including Nepal, India, Sri Lanka,
Myanmar, Southern China, Vietnam,
Thailand, Malaysia and Indonesia.
According
to
Thai
traditional
medicine, dried aqueous extract of
AL has been used for treatment of
parasites such as tape worms.
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achieve 50% inhibition (IC50). All
experiments were done in duplicate.

chased from SKC Co., Ltd. (Korea).
Proliposomes (Pro-lipoTM NT) was
purchased
from
Lucus
Mayer
Cosmetics
(Champlan,
France).
Strat-M™ membrane (two layers of
polyethersulfone (PES) on top of a
layer of polyolefine) was purchased
from Merck Millipore (Bangkok,
Thailand).

Determination
of
in
vitro
antioxidant activities: The DPPH
method (Nithitanakool et al, 2009)
was used to determine the free
radical scavenging potential of the
sample. The antiradical activity was
calculated as the percentage of
DPPH decoloration versus a control.
Vitamin E acetate and Co Q10 were
used as the positive controls. The
results were expressed as the
concentration of test samples that
scavenged 50% of the free radicals
from the reaction mixture (SC50). All
experiments were performed in
duplicate.

Plant extraction: Dried powder of
the AL heartwood from the local
market was macerated with 50%
propylene glycol (PG) for 3 days. It
was filtered and the filtrate was
centrifuged at 4500 rpm. The final
filtrate was stored in a closed
container until used.
Phytochemical screening: The
total phenolic content of the plant
extract was determined by FolinCiocalteu reagent as described
previously (Singleton et al, 1999).
The total phenolic content of the
plant extract was expressed as
milligrams of gallic acid equivalence
(GAE)/g crude extract.

Preparation and characterization
of
liposomal
AL
heartwood
extract: The
encapsulated
AL
heartwood extract in the liposomal
form was prepared from proliposomes.
In
brief,
5%
of
proliposomes (Pro-lipoTM NT) and
the water containing 10% AL extract
were heated to 65-70C (above
phase transition temperature of
phospholipids). The proliposomes
and water phase containing 10% AL
extract were mixed homogenously
with Ultra-Turrax at 10,000 rpm
for 1 min and further homogenized
with high pressure homogenizer at
500 bar for 3 cycles to obtain the
concentrated liposomal suspension.
The remaining water was added to
the final volume with moderate
stirring (300 rpm) for 10 min to
ensue in the liposomal AL heartwood
extract

To determine the total flavonoid
content, the aluminium chloride
colorimetric
assay
was
used
(Marinova et al, 2005). The data of
the total flavonoid contents of the
plant extract were expressed as mg
of (+)-catechin equivalentce (CE)/g
crude extract. All experiments were
performed in duplicate.
Determination of Antityrosinase
(AT) assay: The plant extract was
assayed for tyroisnase inhibition by
measuring its effect on tyrosinase
activity (Rangkadilok et al, 2007)
using a 96-well microtiter plate by
which the results were read under
the
microplate
reader
(Tecan,
InfiniteM200 PRO model, Grodig,
Austria). L-glutathione was used as
a
positive
tyrosinase
inhibitor
control. The extent of inhibition by
the test samples was expressed as
the percent inhibition necessary to

The mean particle size and size
distribution
of
the
obtained
liposomes were measured by laser
diffraction (The Mastersizer 2000,
Malvern Instruments, UK). The
mean particles size was expressed
as volume diameter of 50% [d
(0.5)], whereas the size distribution
was described by SPAN value, a
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statistical
parameter
used
for
evaluating particle size distribution.

Strat-M™ membrane (Merck KGaA,
Germany) was used as a skin
model. Five hundred µl of each
sample was added to the donor
chamber. The receptor chamber was
filled with 10 ml receptor solution
(isotonic sodium phosphate buffer,
pH 7.4) and was set under constant
stirring at 300 rpm. The temperature was controlled at 37+0.5ºC.
At appropriate intervals (8, 24 and
48 h), 500 µl of the receptor
medium
was
withdrawn
and
immediately replaced with an equal
volume of the fresh buffer. The
obtained samples were subjected to
the quantitative analysis by using
Folin-Ciocalteu assay as previously
described. Each formulation was
done in triplicate. The results were
expressed as a cumulative amount
of the total phenolic permeated per
unit area (µg/cm2) versus time (h).

In vitro release studies of nonencapsulated and encapsulated
AL
heartwood
extract:
The
release studies of non-encapsulated
and encapsulated AL heartwood
extract were operated using static
vertical Franz diffusion cells. The
surface
area
of
the
release
membrane was 1.77 cm2 and the
volume of the receptor phase was
approximately 10 ml. The temperature of the assay was accurately
controlled at 32+0.5ºC to mimic the
human
skin
surface.
Cellulose
acetate membrane filters (Sartorius®, Germany) with a pore size
diameter of 0.1 µm were used as a
membrane and mounted on the
Franz diffusion cells.
Sodium acetate buffer solution, pH
5.5, was used as a receptor medium
and was stirred by a magnetic bar
at 300 rpm. Three hundred µL of
non-encapsulated and encapsulated
AL heartwood extract was added
onto the membrane in the donor
compartment. Release studies were
performed over 24 h; 350-µl
samples were collected at 2, 4, 6, 8,
and 24 h. At fixed intervals, samples
were withdrawn from the receptor
chamber and replenished with a
freshly buffer. The amount of total
phenolic in receptor phase was
analyzed by using Folin-Ciocalteu
method described above. Each
formulation was done in triplicate
(n=3). The release profiles were
expressed as a cumulative amount
of the total phenolic per unit area
(µg/cm2) versus time (h).

Effects of lotions containing
non-encapsulated and encapsulated AL heartwood extract on
skin whitening: The in vivo study
was performed as a double blind
test by volunteers. The formulas of
the lotion are shown in Table 1. The
lotions containing 2% w/w of nonencapsulated AL heartwood extract
and 20% w/w of encapsulated AL
heartwood extract (equivalent to
2% w/w of AL heartwood extract)
were applied twice daily on the inner
forearm of 10 female volunteers
aged between 20 and 30 years for 4
weeks. The lotion base was used as
a control. Approximately 0.1 ml of
test products was applied for each
application.
Skin color was measured by
Chromameter® CR 400 (Konica
Minolta Optics Inc.; Japan). The
individual typology angle (ITA°) was
calculated as the following equation:

In vitro permeation studies of
non-encapsulated and encapsulated AL heartwood extract: In
vitro permeation studies of AL
heartwood extract with and without
encapsulation were carried out using
static vertical Franz diffusion cells.
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(IC50 = 0.57 ±0.01 mg/ml) was at
the same magnitude of vitamin E
acetate (IC50 = 0.57 ± 0.01 mg/ml)
and CoQ10 (IC50 = 0.56 ± 0.00
mg/ml). These results therefore
demonstrated
the
appreciable
antioxidant activity of AL heartwood
extract.

Where L* value - lightness and b* –
colour in blue-yellow axis.
An increase in ITAº and/or L* value
indicates
skin
whitening
or
lightening effects of test samples.
Measurements are in accordance
with the guidelines of the European
Society
of
Contact
Dermatitis
(Fullerton et al, 1996). Probability
values (p-value) less than 0.05 were
considered to be significant.

In vitro release studies of
liposomal heartwood extract: In
this study, the particle size and size
distribution of the prepared AL
heartwood extract in liposomal form
were 172 nm and 2.59, respectively.
The
In
vitro
release
studies
illustrated that AL heartwood extract
encapsulated in liposomes could be
effectively released as shown in
Figure 3.

Results and Discussion
Phytochemical screening, antityrosinase and antioxidant activities of AL heartwood extract:
Polyphenolic compounds are very
important plant con-stituents for the
tyrosinase inhibitory and antioxidant
activities. The total phenolic and
flavonoid contents of AL heartwood
extract were firstly determined and
subsequently the antityrosinase and
antioxidant activities. The total
phenoloic and flavonoid contents of
AL heartwood extract were found to
be 8.05 mg gallic acid equivalence/g
crude extract and 6.94 mg catechin
equivalents/g
crude
extract,
respectively (data not shown). The
antityrosinase activity of this extract
is depicted in Figure 1.

After 24 h, the cumulative amount
per area of liposomal and nonliposomal AL heartwood extracts
were to be approximately 6 and 18
µg/cm2, respectively. Based on this
result, it clearly showed that AL
heartwood
extract
that
was
encapsulated could prolong the
releasing capability.
In vitro permeation studies of
AL liposomal heartwood extract:
Figure 4 shows the cumulative
amount per area of AL heartwood
extract
after
applying
the
formulations for 8, 24 and 48 h on
Strat-M™ membrane. It can be
clearly seen that the liposomal AL
heartwood
extract
statistically
enhanced the penetration of the
extract. After 48 h, the cumulative
amount per area of AL heartwood
extract from liposomes was 3.58
µg/cm2 that was higher than that of
non-liposomal AL heartwood extract
(2.14 µg/cm2).

Figure 1 showed that AL heartwood
extract inhibited tyrosinase in a
concentration-dependent
manner.
At the same concentration, 0.02597
mg/ml, the extract showed the
higher inhibitory effect on tyrosinase
(77%)
in
comparison
to
Lglutathione (50%) suggesting a
highly
efficient
skin
whitening
potential. Antioxidant activity of AL
heartwood extract determined by
DPPH radical scavenging assay is
shown in Figure 2. The scavenging
potential of AL heartwood extract
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Table 1 The formulas of the lotion base (A) and the lotion containing non-encapsulated
(B) and encapsulated (C) AL heartwood extract

Ingredients
Carbomer
Glycerin
Cetyl alcohol
Glyceryl stearate/PEG-100 stearate
Polysorbate 60
Sorbitan stearate
Dimethicone
Isopropyl myristate
Mineral oil
Phenoxyethanol
Chlorphenesin
AL heartwood extract
Liposomal AL heartwood extract
Sodium hydroxide (for adjusting pH to 5.5)
Water qs.

A
0.3
3.0
2.0
0.5
1.0
0.2
1.0
1.0
0.5
0.6
0.2
qs
100

B
0.3
3.0
2.0
0.5
1.0
0.2
1.0
1.0
0.5
0.6
0.2
2.0
qs
100

C
0.3
3.0
2.0
0.5
1.0
0.2
1.0
1.0
0.5
0.6
0.2
20
qs
100

Figure 1 Tyrosinase inhibition of AL heartwood extract (clear columns) and L-gluthathione
(dark columns)
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Figure 2 DPPH radical scavenging by AL heartwood extract (), vitamin E acetate () and
Co Q10 ().

Figure 3 Releasing profiles of liposomal and non-liposomal AL heartwood extracts
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Figure 4 In vitro skin permeation using Strat-M™ as a skin model; liposomal (dark
columns) and non-liposomal AL heartwood extracts (clear columns)

Figure 5 Whitening/lightening potentials of lotions containing liposomal (dark columns)
and non-liposomal AL heartwood extracts (grey columns) compared to lotion base (clear
columns) evaluated by observing the increasing of L* after 2- and 4-week applications on
volunteer’s forearms
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Figure 6 Whitening/lightening potentials of lotions containing liposomal (dark columns)
and non-liposomal AL heartwood extracts (grey columns) compared to lotion base (clear
columns) evaluated by observing the increasing of %ITAo after 2- and 4-week applications
on volunteer’s forearms

From the in vitro release studies,
the cumulative amount of AL
heartwood extract released from
liposomes was lower than that of
non-liposomal ones. These results
strongly support that the penetration of the active ingredients does
not only depend on the releasing
pattern but also can be affected by
the carriers.

applied area was in the range of
0.3-0.8% and 2.0-3.0%, respecttively which was not statistically
different. However, after 4-week
applications, it could be observed
the increasing of L* and ITA values
remarkably on the areas applied
with lotions containing liposomal and
non-liposomal AL heartwood extract
as shown in Figures 5 and 6.

In vivo study on skin whitening
of
liposomal
AL
and
nonliposomal AL heartwood extract
lotions on human volunteers: To
evaluate the skin whitening or
lightening effects of non-liposomal
and
liposomal
AL
heartwood
extract, it was performed on
volunteer’s skin and measured the
skin color change by Chromameter.
After each subject was applied with
the lotion without the extract, and
lotions with the extract in both
liposomal and non-liposomal forms,
for 2 weeks, L* and ITA values
shown by the areas with the
products compared to the non-

The mean L* values of the skin
applied with lotions with liposomal
and non-liposomal AL heartwood
extracts compared to the unapplied
area after 4 weeks were significantly
different (p < 0.05). The L* values
of the skin applied with these two
lotions increased to be 1.37 and
0.89%, respectively. For ITA, there
was the statistically significant
difference too compared to the
unapplied area after 4 week (p <
0.05). The ITA values of the skin
applied with the aforementioned
lotions increased to be 6.59 and
5.17%, respectively.
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Hertog MG. Epidemiological evidence
on
potential
health
properties of flavonoids. Proc
Nutr Soc 1996;55:385-397.

The obtained results above implied
that the developed liposomes containing AL heartwood extract can
help improve the penetration of the
whitening
providing
compounds
present in this plant extract into the
skin to promote the skin to become
whitener/lightener.

Jeong CH and Shim KH. Tyrosinase
inhibitor isolated from the leaves
of Zanthoxylum piperitum. Biosci
Biotechnol Biochem 2004;68:
1984-1987.

Conclusion

Jiang C, Chang M, Wen C, Lin YP,
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products of cosmetics: Analysis
of extracts of plants endemic to
Taiwan for the presence of
tyrosinase–inhibitory,
melaninreducing and free radical scavenging activities. J Food Drug
Anal 2006;14:346-352.

The hydroglycolic extract from AL
heartwood with the presence of
phenolic and flavonoid compounds
that may relate to the antioxidant
and antityrosinase potentials of this
extract. When compounding AL
heartwood extract into lotions both
in the liposomal and non-liposomal
(free) forms, the volunteer’s skin
applied with them was observed to
be whiter/lighter but the better
effect was found in the skin applied
with the encapsulated AL heartwood
extract by which this extract was
shown herein to be able to penetrate
the skin better than the nonencapsulated one.
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