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Abstract:

Objective: This study aimed to characterize bioactive compounds in mangosteen (Garcinia
mangostana L.) pericarp extracts, evaluate their anti-aging—related biological activities, and
investigate the potential of liposomal delivery systems for topical applications.

Materials and Methods: Crude ethanolic extract and a-mangostin-rich extract were prepared and
analyzed for a-mangostin content, total phenolics, and tannins. In vitro antioxidant, anti-tyrosinase,
and sunscreen activities were assessed. Liposomal formulations containing the selected extract
were prepared and characterized for particle size, polydispersity index (PDI), zeta potential, and
entrapment efficiency. The optimized formulation was incorporated into a lotion base and
evaluated for anti-aging activity.

Results: The crude extract (17.8% a-mangostin) and a-mangostin-rich extract (78.7% a-
mangostin) exhibited distinct activity profiles. The a-mangostin-rich extract showed stronger
tyrosinase inhibition and greater sunscreen activity but lower antioxidant capacity compared to the
crude extract. The optimized liposomal formulation, composed of a-mangostin-rich extract,
phosphatidylcholine, and Tween 80 (1:3:0.6, w/w), produced vesicles with a mean particle size of
306.83 = 1.50 nm, PDI of 0.27 £+ 0.01, zeta potential of —38.50 + 2.49 mV, and entrapment
efficiency of 77.6 = 0.1%. Incorporation of extract-loaded liposomes into lotion significantly
enhanced anti-tyrosinase and sunscreen activities compared with the non-encapsulated extract.
Conclusion: a-Mangostin—rich extract demonstrates promising multifunctional anti-aging
properties. Liposomal encapsulation improves physicochemical properties and biological

activities, supporting its potential application in advanced cosmeceutical formulations.

Keywords: Anti-aging, liposomes, mangosteen pericarp

Introduction

Skin aging is a multifactorial biological process influenced by intrinsic factors such as
genetic and hormonal influences, as well as extrinsic factors, particularly ultraviolet (UV)
radiation!. Among environmental stressors, solar UV radiation is the principal contributor to

premature skin aging (photoaging), largely through the generation of reactive oxygen species that
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degrade collagen and disrupt extracellular matrix integrity. These oxidative processes impair skin
elasticity, promote wrinkle formation and dyspigmentation, and accelerate the molecular damage
of deoxyribonucleic acid, proteins, and lipids, contributing to age-related degenerative changes.

Mangosteen (Garcinia mangostana L.) pericarp extract has gained significant attention in
cosmetic and dermatological research due to its diverse bioactivities, including anti-acne, anti-
inflammatory, antioxidant, skin-whitening, and photoprotective activities, largely attributed to a-
mangostin and phenolic constituents®. Importantly, the yield and composition of bioactive
constituents in mangosteen pericarp extract are significantly affected by the extraction
methodology. Different solvent concentrations significantly influence extract composition; for
instance, 50% ethanol yields phenolic and tannin-rich extracts associated with strong radical-
scavenging activity, whereas 95% ethanol produces a-mangostin-rich extracts associated with anti-
acne effects®. Despite its widespread commercial use, comprehensive evaluation of its anti-
tyrosinase activity and sunscreen potential remains limited, and systematic optimization of
extraction strategies for anti-aging applications has yet to be established.

In addition to bioactive composition, the delivery system plays a critical role in determining
therapeutic and cosmetic efficacy. Liposomes are widely used in dermatological formulations
because their lipid bilayer structure mimics stratum corneum lipids, thereby enhancing dermal
penetration and improving skin hydration and barrier function’. Beyond serving as carriers,
liposomes have been shown to enhance collagen retention and modulate inflammatory and matrix-
degrading markers in UV-damaged skin models without cytotoxicity®’. Taken together, these
advantages make liposomes highly promising carriers for improving the dermal delivery and
activity of plant-derived bioactive compounds.

To date, investigations have predominantly addressed either extraction-driven variations in
mangosteen phytochemicals and their bioactivities or the role of liposomal systems in enhancing
skin delivery. In contrast, the combined optimization of extraction processes and delivery
platforms for anti-aging applications remains insufficiently studied, particularly regarding anti-
tyrosinase and photoprotective effects. Based on these considerations, this study aimed to optimize
the extraction of mangosteen pericarp to obtain bioactive compounds-rich extracts with potent
anti-aging activity and to develop liposomal formulations to enhance their physicochemical

properties and biological activities.

Journal of Health Science and Medical Research 3 J Health Sci Med Res



Early Version - Uncorrected

Materials and Methods
Material

a-Mangostin (96.5 % purity) was obtained from Chromadex™ (California, USA). Folin-
Ciocalteu's phenol reagent and gallic acid were purchased from Merck (Darmstadt, Germany).
Kojic acid was obtained from Hangzhou Reb Technology Co., Ltd. (Hangzhou, China). L(+)-
Ascorbic acid was purchased from Poch S.A. (Gliwice, Poland). Chitosan (low molecular weight),
dimethylsulfoxide (DMSO), L-3,4-dihydroxyphenylalanine (L-DOPA), 2, 2-diphenyl-1-
picrylhydrazyl (DPPH), mushroom tyrosinase enzyme, and L-phosphatidylcholine from soybean
(Type 1I-S) were purchased from Sigma-Aldrich (Missouri, USA). Tannic acid was obtained from
Fluka Chemika (Buchs, Switzerland). Polyvinyl-polypyrrolidone (PVPP), Polyoxyethylene (80)
sorbitan monooleate (Tween 80), and propylene glycol were obtained from P.C. Drug Center Co.,

Ltd. (Bangkok, Thailand). Sepigel® 305 [Polyacrylamide (and) C13-14 isoparaffin (and) laureth-

7] was purchased from Adinop Co., Ltd. (Bangkok, Thailand). All chemicals were used as received.

Plant materials

Fresh mangosteen (Garcinia mangostana L.) fruits with a dark reddish-purple pericarp,
cultivated in Chumphon Province, Thailand, were obtained from a local fresh market in Hat Yai,
Songkhla Province, Thailand. The plant material was authenticated, and a voucher specimen (No.
SKP 0803071301) was deposited at the Herbarium of the Faculty of Pharmaceutical Sciences,
Prince of Songkla University, Hat Yai, Songkhla, Thailand.

Mangosteen pericarp extracts and bioactive compound analysis
Dried mangosteen pericarp powder (4 kg) was macerated in 95% (v/v) ethanol (6 L) for 7

days. The extraction was repeated three times, and the resulting extracts were combined to yield
the crude mangosteen pericarp extract. To obtain an a-mangostin-rich extract, the crude ethanolic
extract was subjected to silica gel column chromatography (5 x 30 cm) using petroleum ether:ethyl
acetate (7:3, v/v) as the mobile phase, following the method described by Amnuaikit et al. (2012)>.

High-performance liquid chromatography (HPLC) (Shimadzu, Kyoto, Japan) was used to

quantify a-mangostin in the extracts according to the validated method reported by Yodhnu et al.
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(2009)!°. Total phenolic content was determined using the Folin-Ciocalteu method'! and expressed
as grams of gallic acid equivalents (GAE) per gram of extract. Tannins were quantified using
insoluble PVPP, which selectively binds tannins, following the procedure reported by Sultana et

al. (2012)'2 and expressed as grams of tannic acid equivalents (TAE) per gram of extract.

Evaluation of the biological activities of mangosteen pericarp extract
Determination of antioxidant activity

Antioxidant activity was evaluated using the DPPH radical scavenging assay according to
Pinsuwan et al. (2010)"3. Briefly, 100 pL DPPH solution (6 x 105 M) was mixed with 100 pL of
either the sample or the reference standard solution. After incubation at 25 °C for 30 min, the
absorbance of the reaction mixture was measured at 517 nm using a microplate reader
(PowerWaveX, BioTek, USA). Ascorbic acid was used as the reference standard. DPPH

scavenging activity (%) was calculated using Equation (1).

Absorbance of in the presence of extract

DPPH scavenging activity (%) = 1 — 100 (1)

Absorbance in the absence of extract

Antioxidant activity of the extracts was reported as the ECso value, indicating the

concentration required to achieve 50% of DPPH radical scavenging.

Assessment of tyrosinase inhibitory activity

The tyrosinase inhibitory activity of the extracts was determined using the dopachrome
method following the protocol of Dej-Adisai et al. (2014)'4. Briefly, 20 pL of mushroom tyrosinase
solution (203.3 units/mL) was mixed with phosphate buffer (140 uL, pH 6.8) and 20 pL of either
the sample or standard solution. After incubation at 25 °C for 10 min, 20 pL of 0.85 mM L-DOPA
was added to initiate the reaction. The optical density (OD) at 492 nm was measured immediately
after L-DOPA addition and again after incubation at 25 °C for 20 min using a microplate reader.
Kojic acid was used as a standard tyrosinase inhibitor (positive control). The percentage of

tyrosinase inhibition was calculated according to Equation (2).

Tyrosinase inhibition (%) = Econtro1~ Asample y 1 (2)

Acontrol
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where Acontrol 18 the difference in OD at 492 nm before and after incubation without the sample,

and Asample 18 the difference in OD in the presence of the sample.

Evaluation of sunscreen activity

Octyl dimethyl para-aminobenzoic acid (PABA) was used as the reference standard for
UVB absorption, while oxybenzone was used for broad-spectrum UVA-UVB absorption. The
absorbance spectra of samples dissolved in 95% ethanol were recorded between 200 and 400 nm
using a UV/Vis spectrophotometer (Spectronic® Genesys™ 5, Milton Roy Company, USA).

The sun protection factor (SPF) of the samples was determined using an Optometrics SPF-
290S analyzer (Optometrics Corporation, USA), as previously described by Mingwiman et al.
(2016)"°, with some modifications. Briefly, the sample (140 pL) was uniformly spread over a 70
cm? area of Transpore® surgical tape (Nexcare™, 3M, Thailand) to obtain a film thickness of 2
pL/cm?. The prepared samples were then exposed to a xenon arc lamp emitting UV radiation in

the range of 290—400 nm.

Preparation of a-mangostin-rich extract-loaded liposomes

A modified ethanol injection method was employed to prepare a-mangostin-rich extract-
loaded liposomes according to Ungphaiboon et al. (2025)!¢. Different liposomal formulations were
developed by varying the extract to phosphatidylcholine weight ratios of 1:1, 1:2, 1:3, 1:4, and 1:5.
Formulations exhibiting no precipitation or phase separation were selected for further optimization
by incorporating additives, such as Tween 80, chitosan, ethanol, and paraben. The formulation was
prepared using two phases: a lipid phase and an aqueous phase. Phosphatidylcholine and -
mangostin-rich extract were dissolved in 95% (v/v) ethanol (10 mL) to form the lipid phase,
whereas the aqueous phase consisted of Milli-Q water (10 mL) containing Tween 80. Before
mixing, both phases were preheated to 60 °C. Ethanol was removed under reduced pressure using
a rotary evaporator at 40 °C. Additives, including chitosan, ethanol, or paraben concentrate, were
added to the liposomal dispersion, and the final volume was adjusted to 10 mL using Milli-Q water.

For comparison, liposomal formulations were also prepared using the extract—phospholipid
complexation method described by Sandhya et al. (2010)". Potential interactions between the a-

mangostin-rich extract and phosphatidylcholine were investigated using Fourier-transform
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infrared (FT-IR) spectroscopy. The dried complexes were blended with KBr, and the mixture was
compressed into a disc using a hydraulic press at 10 tons. FT-IR spectra were recorded using a
Perkin-Elmer Spectrum One spectrophotometer (Germany) across the wavenumber range of 400—

4000 cm™ at a resolution of 4 cm™ with 16 scans.

Characterization of liposomes

Particle size, polydispersity index (PDI), and zeta potential were determined by photon
correlation spectroscopy (Zetasizer, Malvern Instruments, UK) at 25 °C with a scattering angle of
173°. Liposomal morphology was examined using transmission electron microscopy (JEM-2010,
JEOL Ltd., Japan). Entrapment efficiency was evaluated following separation of the non-
encapsulated extract by ultracentrifugation at 15,000 rpm and 4 °C for 30 min. After dilution with
Milli-Q water (1:1), the a-mangostin content in the supernatant (free fraction) was analyzed. To
determine the total a-mangostin content, liposomal vesicles were disrupted with 10% Triton X-
100 solution (1:1, v/v). Entrapment efficiency (%) was calculated according to Equation (3).

Entrapment efficiency (%) = %x 100 3)
T
where At denotes the total a-mangostin content in the liposomal dispersion, while Ar represents

the amount of non-entrapped a-mangostin.

Preparation and evaluation of anti-aging formulations

Six lotion base formulations were optimized by adjusting Sepigel® 305 concentrations
ranging from 0.5-1.0% (w/v) in distilled water. The formulations were evaluated for cosmetic
attributes, such as spreadability, smoothness, and non-greasiness, using a sensory scoring system
(0 = not acceptable, 1 = poor, 2 = fair, 3 = good, 4 = excellent). The evaluation involved visual
assessment of the formulations following application onto a mirror surface, after which the optimal
formulation was selected. The optimized liposomal formulation and free extract were incorporated
into the selected lotion base to prepare the anti-aging lotion containing 1.0% w/v a-mangostin-rich
extract equivalent to 0.8% w/v a-mangostin. The formulations were visually inspected for physical

characteristics such as color, precipitation, and phase separation. The pH and viscosity of the
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formulation were measured at 25 °C and 32 °C, respectively, using a pH meter and a Brookfield
LVDVH-III Ultra rheometer (Brookfield Engineering Laboratories Inc., MA, USA). Bioactive
compounds were extracted from the finished products using 10% Triton X-100 (1:1, v/v) prior to

bioactivity evaluation, as previously described.

Statistical Analysis

All experiments were performed in three independent replicates. Data are expressed as
mean + standard deviation (S.D.). Data were analyzed using t-test and one-way analysis of

variance (ANOVA), with p-value < 0.05 considered statistically significant.

Results

Mangosteen pericarp extracts and bioactive compounds

The crude ethanolic extract of mangosteen pericarp appeared as a dark brown viscous
paste, whereas the a-mangostin-rich extract was obtained as a yellow powder (Figure 1). The
extraction yields of the ethanolic extract and the a-mangostin-rich extract were 9.0% and 1.1%

(w/w), respectively, based on dried mangosteen pericarp.

The contents of a-mangostin, total phenolics, and tannins in the extracts are shown in Table
1. The a-mangostin-rich extract contained 4.4-fold higher a-mangostin content and 1.3—fold higher
tannin content than the ethanolic extract. However, no significant differences in total phenolic
content were observed between the two extracts. The a-mangostin-rich extract exhibited greater
stability than the crude ethanolic extract, retaining 98.5% of a-mangostin after storage at 4 °C for

12 months, compared with 70.7% in the ethanolic extract.

Bioactivities of mangosteen pericarp extract
Antioxidant and tyrosinase inhibitory activities

Both extracts exhibited antioxidant and tyrosinase inhibitory activities. The ethanolic

extract demonstrated stronger antioxidant activity than the a-mangostin-rich extract, whereas the
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a-mangostin-rich extract showed greater tyrosinase inhibitory activity. However, their activities
were lower than those of the reference standards (ascorbic acid and kojic acid, respectively) (Table
2).

Sunscreen activity

UV absorption spectra (Figure 2 (a)) revealed that oxybenzone absorbed across both UVA
and UVB regions, confirming its broad-spectrum UV absorption properties. In contrast to
oxybenzone, octyl dimethyl PABA, the ethanolic extract, and the a-mangostin-rich extract showed
predominant absorption in the UVB region. As shown in Figure 2 (b), the SPF values of octyl
dimethyl PABA and the ethanolic extract were independent of concentration; conversely, those of
the a-mangostin-rich extract and oxybenzone increased with increasing concentration.

The a-mangostin-rich extract showed lower SPF values than octyl dimethyl PABA at low
concentrations but surpassed it at higher concentrations. Moreover, the a-mangostin-rich extract

exhibited higher SPF values than both the ethanolic extract and oxybenzone.

Preparation and characterization of liposomes

Based on its strong tyrosinase inhibitory and sunscreen activities, the a-mangostin-rich
extract was selected for liposomal encapsulation. Formulations 2-5, 8, 9, 15, and 16 produced
homogeneous yellow colloidal dispersions without visible precipitation. These formulations were
subsequently evaluated for vesicle size, PDI, zeta potential, and entrapment efficiency (Table 3).
Liposomes prepared at extract-to-phospholipid ratios of 1:2-1:4 (formulations 2-4) exhibited
vesicle sizes less than 300 nm. Formulations 2 and 3 exhibited relatively high entrapment
efficiency and were selected for further modification. Tween 80-containing liposomes
(formulations 8 and 9) exhibited high entrapment efficiency but also resulted in larger vesicle sizes.
In addition, liposomes containing ethanol (formulation 15) displayed larger vesicles compared

with the ethanol-free system (formulation 16).

Based on its small vesicle size and high entrapment efficiency, formulation 16 was
identified as the optimal formulation. Transmission electron microscopy revealed spherical, large
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unilamellar vesicles (>100 nm) (Figure 3). No significant changes in vesicle size, PDI, zeta
potential, or entrapment efficiency were observed after 4 months of storage at 4 °C, confirming
the physicochemical stability of the formulation.

FT-IR spectroscopy of liposomal complexes, as indicated in Figure 4, showed spectral
shifts indicative of molecular interactions between the extract and phosphatidylcholine. The O-H
stretching vibrations of a-mangostin, originally detected at 3421.8 and 3259.0 cm™, shifted in the
complexes, with the band at 3259.0 cm™! no longer present. The ester carbonyl stretching band of
phosphatidylcholine shifted from 1739.8 ecm™ to 1728.6—1733.8 cm™ upon complex formation,

indicating interactions within the hydrophilic regions of the phospholipid bilayer.

Evaluation of anti-aging formulations

Lotion bases formulated with 0.5-1.0% (w/v) Sepigel® 305 exhibited total sensory scores
ranging from 4.33 £ 1.39 to 11.67 = 0.19. Among these, 0.7% (w/v) formulation demonstrated the
highest ratings for spreadability, smoothness, and non-greasiness. Based on the optimized lotion
base, anti-aging lotions were prepared using 1.0% w/v a-mangostin-rich extract, 0.7% wi/v
Sepigel® 305 as the thickening agent, and 1.0% w/v paraben concentrate as the preservative.

The anti-aging lotion containing a-mangostin-rich extract—loaded liposomes exhibited a
homogeneous milky-yellow appearance (Figure 5), with a pH of 4.87 £ 0.01 and a viscosity of
2542.46 + 66.14 cP. Compared with the free extract, the liposome-containing lotion exhibited
significantly higher SPF and anti-tyrosinase (p-value < 0.05) (Table 2). In contrast, the lotion
formulated with free a-mangostin-rich extract displayed poor physical characteristics, forming a

non-homogeneous dark-yellow dispersion.

Discussion

Mangosteen pericarp extracts are widely utilized in cosmetic and medicinal applications,
particularly for acne and other dermatological conditions. Xanthones, especially a-mangostin,
exhibit diverse bioactivities relevant to cosmeceutical applications, including antioxidant®!%,

4,19

antibacterial>!, anti-tyrosinase®!°, and sunscreen activities?®?!

. These diverse bioactivities

support their potential application as anti-aging ingredients in cosmeceutical formulations.
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The findings of this study highlight that extract composition is a key determinant of
biological activity. Although both extracts contained comparable levels of total phenolics, the
crude ethanolic extract exhibited higher antioxidant activity than the a-mangostin-rich extract,
suggesting that antioxidant capacity depends on phytochemical diversity and synergistic
interactions rather than total phenolic content alone. These findings are consistent with previous
reports demonstrating that the extraction solvent and method markedly affect antioxidant activity*2.
Earlier reports by Weecharangsan et al. (2006)* and Pothitirat et al. (2009)° also demonstrated that
phenolic profile, solvent polarity, and fruit maturity influence radical-scavenging efficacy.

In contrast, enrichment of a-mangostin enhanced tyrosinase inhibitory activity, indicating
that a-mangostin is a key antimelanogenic compound. The discrepancy between the ICso obtained
in this study and the lower value reported by Tadtong et al. (2009)'? (67 ng/mL) may be explained
by differences in assay conditions, especially enzyme concentration and extraction procedures.

Compared with the crude extract and oxybenzone, the a-mangostin-rich extract showed
significantly higher SPF values. The efficient UV absorption of a-mangostin can be attributed to

its conjugated polyphenolic structure®*%

, consistent with the high SPF values reported for isolated
a-mangostin®’. Despite a moderate correlation between SPF and total phenolic content, specific
structural features appear to have a greater impact than overall antioxidant activity. a-Mangostin
also inhibits UVB-induced melanogenesis by modulating microphthalmia-associated transcription
factor and oxidative stress pathways®, highlighting its multifunctional photoprotective potential.
a-Mangostin, a poorly water-soluble compound, was successfully encapsulated within
lipid vesicles. The optimized formulation (Liposomes No. 16) exhibited an average vesicle size of
approximately 300 nm, indicating its suitability as a nanoscale carrier for topical delivery. The
incorporation of bilayer modifiers, including Tween 80 and ethanol, increased entrapment
efficiency but enlarged vesicle size, possibly due to reduced interfacial tension and membrane
fluidization'32%. The optimized formulation achieved a balance between vesicle size and bioactive
loading and maintained stability over four months. The liposomal formulations exhibited negative
zeta potentials greater than 30 mV, reflecting sufficient charge for maintaining colloidal stability
by preventing aggregation?’. Charged liposomes may further enhance dermal delivery?®. FT-IR
spectroscopy confirmed that a-mangostin interacts with phosphatidylcholine through hydrogen

bonding and hydrophobic interactions, facilitating its incorporation into the lipid bilayer®. These
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molecular interactions may prevent crystallization and protect the compound against oxidative
degradation, thereby improving formulation stability.

Incorporating liposomal o-mangostin into the lotion base improved formulation
homogeneity and significantly enhanced sunscreen and anti-tyrosinase activities relative to the free
extract. Compared with the free extract and the anti-aging lotion containing the encapsulated
extract, the lotion base exhibited a lower SPF and lacked antioxidant and anti-tyrosinase activities.
This finding aligns with reports that excipients in sunscreen formulations can markedly affect
textural characteristics and SPF values®!.

Previous studies have shown that liposomal systems improved dermal penetration of
xanthones®?, enhanced barrier function’, improved bioactive retention®, and restored inflammatory
and matrix markers in irradiated skin’. Further in vivo studies are required to validate the efficacy

and safety of the present formulation.

Conclusion

Collectively, the results demonstrate that a-mangostin-rich extract possesses multifunctional
properties relevant to skin aging, including antioxidant, anti-melanogenic, and UV-protective
activities. Liposomal encapsulation significantly resulted in improved physicochemical
characteristics and enhanced in vitro biological performance, supporting its potential for further

development in cosmeceutical formulations.
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Table 1 Contents of a-mangostin, tannins, and total phenolics in mangosteen pericarp extracts

Mangosteen pericarp Bioactive content
extracts

o-Mangostin  Tannins Total phenolics

(% w/w) (mg TEA/g extract) (mg GAE/g extract)
Crude ethanolic extract 17.8+ 1.5% 110.6 + 3.4* 139.1+ 1.7
a-Mangostin-rich extract ~ 78.7 £ 0.1 1422+ 1.7 141.8+ 1.7

* Significantly different from the a-mangostin-rich extract (p-value < 0.05).

Table 2 In vitro bioactivity of mangosteen pericarp extracts and lotions (mean £ S.D.)

SPF value at
1%w/v (n =6)

In vitro bioactivity Antioxidant Anti-tyrosinase

ICso
(ng/mL) (n=3)

activity;

(ng/mL) (n =3)

ECso activity;

Standards and extracts

- Ascorbic acid 2.56 +0.02*
- Kojic acid ND

- Octyl dimethyl PABA ND

- Oxybenzone ND

- Crude ethanolic extract 11.41 +0.76*
- 0-Mangostin-rich extract ~ 56.78 + 1.67
Formulations

- Lotion base ND

Journal of Health Science and Medical Research

16

ND

3.17 £ 0.34%*

ND

ND

45.15 £ 0.86*

29.03 £0.75

ND

ND

ND

2.80 £ 0.14*

1.42 +0.08*

1.13+0.08*

1.73 £0.21

0.9. £ 0.00*
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In vitro bioactivity Antioxidant Anti-tyrosinase SPF value at
activity; ECso activity; ICso 1%w/v (n =6)
(rgmL)@=3)  (ugmL)@=3)

- Lotions  containing 55.38 +1.39 17.67 £0.42% 3.2+0.10*

liposomes No.16

* Significantly different from the a-mangostin-rich extract (p-value < 0.05), ND = not determined.

Table 3 Physical characteristics of liposomes containing various compositions

No. Weight ratio MT Vesicle size  PDI Zeta Entrap-
MT:PC:TW80 (%w/v) (nm) potential ment
(Additive) (mV) (%)
1 1:1:0 2.0 ND ND ND ND
2 1:2:0 1.0 22453 £ 029 + 4483 £+ 42.6+0.1
2.04 0.02 1.07

3 1:3:0 0.7 21263 + 0.17 =+ -77.67 £ 445+0.1
3.20 0.01 4.04

4  1:4:0 0.5 27577 + 017 + -5433 £+ 21.1+0.1
8.43 0.01 2.16

5  1:5:0 0.4 22453 £ 029 £ 4483 £ 42.6+0.1
2.04 0.02 1.07

6 1:2:0 10.0 ND ND ND ND

7 1:3:0 6.7 ND ND ND ND

8 1:2:04 1.0 42033 + 028 £+ 2247 + 769+0.1

6.02 0.03 1.34
9 1:2:04 2.0 45527 + 054 £+ -8043 + 64.2+0.1
19.90 0.05 1.72

10 1:2:0.4 3.0 ND ND ND ND

11 1:2:04 4.0 ND ND ND ND

12 1:2:04 5.0 ND ND ND ND
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No. Weight ratio MT Vesicle size PDI Zeta Entrap-
MT:PC:TW80 (%w/v) (nm) potential ment
(Additive) (mV) (%)

13 1:2:04 2.0 ND ND ND ND
(0.01% w/v CH)

14 1:2:04 2.0 ND ND ND ND
(0.005% w/v CH)

15 1:3:0.6 1.0 38087 + 039 £ -1960 <+ 55.7+1.7
(15% v/v ET) 12.25 0.01 0.87

16 1:3:0.6 1.0 30683 + 027 + -3850 £ 77.6+0.1
(1% w/v PB) 1.50 0.01 2.49

Note: Data are presented as the mean + S.D. (n = 3). MT = a-mangostrin-rich extract, PC =
phosphatidylcholine, TW80 = Tween 80, CH = chitosan, ET = 95% ethanol, PB = paraben

concentrate, PDI = polydispersity index, ND = not determined due to precipitation.

(b)

Figure 1 The physical appearance of ethanolic mangosteen extract (a) and a-mangostin-rich
extract (b).
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Figure 2 UV absorption spectra of sunscreen chemicals and mangosteen pericarp extracts at 12.5
mg/L (a) and their SPF values determined in 95% v/v ethanol (b).

Figure 3 Transmission electron microscope (TEM) images of liposome vesicles from formulation
16 at 20,000x (a) and 50,000x (b).
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Figure 4 FTIR spectra of a-mangostin-rich extract (a), phosphatidylcholine (b), and a-mangostin-
rich extract-phosphatidylcholine complex 1:1 (c), 1:2 (d), 1:3 (e), 1:4 (f), and 1:5 (g).
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Figure 5 Appearance of a-mangostin-rich extract-loaded liposomes No. 16 (a), lotion containing

liposomes No. 16 (b), and lotion containing the free a-mangostin-rich extract (c).
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