An Antibacterial Patch Made from Mangosteen Peel Extract

Turawat Phadungkarn

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of

Master of Pharmacy in Pharmaceutical Sciences

Prince of Songkla University

2011

-.‘r
Copyright of Prince of Songkla University
Esﬁ%ﬂ@@% G111 200
|
f

Wik Kev . 20b) t'J‘n,‘,._w,,=
o

o
<

P

b T I

1L




Thesis Title An Antibacterial Patch Made from the Mangosteen Peel Extract

Author My, Turawat Phadungkarn
Major Program Pharmaceutical Sciences
Major Advisor: Examining Committee:

....... //'*" .@.ﬁf%.ﬁ’..i.‘.’. /'/‘”L A/Vﬂfén'ééfr ...’.V......Chairperson

(Asst. Prof. Dr, Thanaporn Amnuaikit) (Assoc. Prof. Dr. Kraisri Umprayn)

C’—ZZ‘;‘“"" beyiy., y‘él“} ERYPrAY) Zt }\/ -

.........................................................

Co-advisor:

(Asst. Prof, Dr, Chatchai Wattanapiromsakul)  (Asst. Prof. Dr. Chitchamai Ovatlarnporn)

(Asst. Prof. Dr. Chatchai Wattanapiromsakul)

The Graduate School, Prince of Songkla University, has been approved
this thesis as partial fulfillment of the requirements for the Master of Pharmacy Degree

in Pharmaceutical Sciences

.................................................

(Prof. Dr. Amornrat Phongdara)

Dean of Graduate School

il




daineniivug wenulzinudanunfiFaanasans waandane

I W8 §TINT HAINTS
#1937 NEBEENS
Unsdnw 2553
a L}
unAees

Tagaduldiudy  Ugninamemenzusanuszmaldvedlne  fidams
Wenenaniin Garcinia mangostana L. agftuad Guttiferae mﬂﬁﬁ"l}thHﬂUﬂm‘szq
rod . o as o o & W ow PYR w o
Nudmihwdsnsaisgamnuatiue viar viedusudsemu alignslumsuivauds
. o ¥ < 4
mmbhasusuinulaldmuausessiignsudwmtsonwes  usaliunuas  Toad
£ ar 24 ar v ar & ar P
msdnmavsiIwrasssanennldandege wuh msafaneunnafendnge §
£ w > o w4 of of
gromuRNYaadss, auMmIanidy,  UEBUUANILE  Staphylococeus  aureus,
Helicobacter pyroli, Propionibacterium acnes waz Staphylococcus epidermidis witlu
o o 1 ar » A s X at
thgdudsbiimswanngasdhudeldlumsdnmuse  fvuas vinssafandanige
1 o @ Y oo 2ley ar e ar ¥ or -
pthail  audagussaedlunyideiide  WanngasmhTvwiuwdznnansatauldan
o 4w A P o q"lv ar . < o
ggiedu@ewuntiGs  laslumiuilldadn  o-mangostin  wInwdaniiga
(Gareinia mangostana L.) Toatd 95% amuea wazwdsdmlealdislasininaniluuy
@ ¢ 1 - . T e Ve & o4 o
ABeM] WU TENANUTINN o-mangostin thnu 77.86% lasnhwin ayniudah
L F l{ W 4 F-9
asafanndeniigalunagevgrdideuuefils 3 wile  Ussaeude S
epidermidis, S. aureus w8z P. acnes wm‘nm'saﬁ'mmﬂtﬂﬁanﬁmmmmsné’uEfqms
P & pr o g | o & 5 A
@igdulsnaadauveiiGuld Tesamundudiudganannsodutaudals (MIC) waida

iii




oy

3 A T ar o 1 oY o @ a’ o ar
™ 3 oy 2.0, 4.0 waz 4.0 lulasniudeiladdas muddu disbhasaiann

= ar ar o g ar ) A k4 :3’ | ¥ o, o
wasnlagaainWanniugasih TuusiuuwlstiasudanueiiGelold wadu, azand uas
~ U » 1 a’ a =t e
ladandadiun Wudnnlsznay wuh wiwwdsisenaudae azand 1 nda, Todandad
e 1w, twadu 1 nsy, waaRdulnanaa 20 Haddns uay ndurau 1.2 A3y waseiu

AJ ar =4 F o jod = ar oy

wlsiilssnaume azmd 1.5 ndu, Tadaudadue 1 nsy, medu 1 ndy, wasnduloa
A AA =f = v (=3 or n:[ T 1
A9 20 Hadas uaz N3N 1.05 a3 lesSunamenfmmnzanTuwsiuudsasiiy

Fof o =t =

o oo af 1 o 1 ﬂ[ J kg dj
0.231 HadnJudamauauiiuas winwl=nlaisnuas Fau umwm’ﬂummﬁmnu LB

b

- a oy H o ) o ‘J

qiuinlealdndananssafbidnnsaunuudsinsa ssanaluusiumlzianunifdia
- 4. o &

dulilugamail 45 °C/75% RH Jluom 4 deu Tesdinvhuriuwlsinmegaududalon

el . . . ! H o & @ L) = -&" . . e

3% disc diffusion wud wsundsiigninumswSanivievsuda S epidermidis, S.

aireus UWag P. acnes

iv




Thesis Title An Antibacterial Patch Made from the Mangosteen Peel Extract
Author Mr. Turawat Phadungkarn
Major Program Pharmaceutical Sciences

Academic Year 2010

ABSTRACT

Mangosteen is perennial plant which has grown in many areas in
eastern and southern Thailand. The scientific name of mangosteen is Garcinia
mangostana L. in the Guttiferae family. Traditional medicine recipes stated that when
mangosteen was ground to be a powder and brew or boil. It will be effective in
treating diarrhea. If dry mangosteen peel was ground and mixed with limewater, it can
treat abscess, wound and ulcer. The study of biological effect of mangosteen extracts
showed that extracts from rough mangosteen peel has antioxidant activity, anti-
inflammatory activity, antibacterial such as Staphylococcus aureus, Helicobacter
pyroli, Propionibacterium acnes and Staphylococcus epidermidis. It is popularly
applied to cosmetic and pharmaceutical products. However, there were no
formulations of mangosteen peel extract for treating abscess and ulcer. Thus, the aim
of this study was to formulate the antibacterial patch, which made from mangosteen
peel extract. Mangosteen peel concentrate extract was prepared from the fruit peel of
G. mangostana by maceration using 95% ethanol and partition using column
chromatography. The results showed that the amount of ¢-mangostin from mangostin
peel extract was 77.86+1.13% w/w. Antibacterial activity determination of extract

showed the mangosteen peel concentrate extract was capable of inhibiting the growth
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of S. epidermidis, S. aureus and P. acnes, wit_h MIC values of 2.0, 4.0 and 4.0 pg/ml,
respectively. Formulation of antibacterial patch containing mangosteen peel
concentrate extract was prepared and examined. It was found that appropriate
formulation of patch was formulation 7, which consists of agar 1 g, sodium alginate 1
g, pectin 1 g, propylene glycol 20 ml and glycerin 1.2 g and formulation 12, which
consist of agar 1.5 g, sodium alginate 1 g, pectin 1 g, propylene glycol 20 ml and
glycerin 1.05 g. The appropriate concentration of mangosteen peel extract was 0.231
mg/cm’®. The antibacterial patch was then subjected to evaluation of stability test. The
results indicated that a-mangostin in the antibacterial patch had a good stability when
stored in 45 °C/75% RH for 4 months. The cross section of patch formulations 7 and
12 containing mangosteen peel extract were studied by scanning electron microscopy.
The results showed that the cross-section of both formulations were homo geneous and
smooth morphology. Finally, the antibacterial activity of patch was test by using disc
diffusion method. The results showed that patch, which made from mangosteen peel

extract, had antibacterial activity against S. epidermidis, S. aureus and P. acnes.
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CHAPTER 1

INTRODUCTION

1.1 General Infroduction

Thailand is a country located in the tropical area which has the suitable
environment and climate for growth of various species of bacteria. Nowadays
problems of antibiotics drug resistance in Thailand has increased. So, finding new
drug is one of many answers for solving this problem. One of the most important
methods is by taking extracts from herbal with antibacterial activities and been used

in folk medicine. One of many kinds of Thai herbs which have this property is

mangosteen (U123 Lﬁﬂuaugsn‘i, 2518; wsznwinalud, 2524; Chen et al., 2008;

Chomnawang et al., 2005; Chomnawang et al., 2007; Itoh ef al., 2008; Kosem et al.,

2008; Mahabusarakum et a/., 1983),

Mangosteen is perennial plant which has grown in many areas in
eastern and southern Thailand, The scientific name of mangosteen is Garcinia
mangostana L. in the Guttiferae family. In traditional medicine, mangosteen peel is
ground to powder and brew or boil. The resulting solution is used to treat diarrhea.

Dried powder of mangosteen peel after mixing with limewater can be used to treat

abscess, wound and ulcer (U% Lﬁauauysni, 2518; wWizmwinalug, 2524), Biological




effect of mangosteen extracts showed that exiracts from mangosteen peel have
antioxidant activity, cytoprotective activity, and antibacterial against Staphylococcus
aurens, Helicobacter pyroli, Propionibacterium acnes and Staphylococcus
epidermidis (Chen ef al., 2008; Chomnawang et al., 2005; Chomnawang et al., 2007,

Itoh et al., 2008; Kosem et al., 2008; Mahabusarakum et al., 1983).

The chemical study found important compounds in mangosteen peel
which belong to a group of xanthones (Asai ef al., 1995; Chin ef al., 2008;
Govindachari ef al, 1971) such as o-mangostin, P-mangostin, y-mangostin,
mangostatin and gartanin. «-Mangostin (Figure 1.1) is the most content and displayed
good biological effects. It has anti-inflammatory, histamine H1 receptor antagonist,
antibacterial activity against H. pylori, methicillin-resistant S, aureus (MRSA) and
vancomycin resistant Enterococci (VRE) (Chairungsrilerd ef al., 1996; Chen et al.,

2008; Sakagami et al., 2005).

Nowadays formulation development for use in skin drug delivery,
widespread especially, anti-fungal and antibacterial formulations are of interest. The
products are available on the market such as gatifloxacin eye drops, antifungal
shampoo, cream, tincture and patch. Patch can be divided into 2 types. The first type
is patch containing active drug. Another type is patch which has no drug but used to
protect wound from water and disease. The first type can be classified into 2 types (1.)
patch which deliver drugs through skin to give systemic action, called transdermal
patch and (2.) patch which deliver drugs to only area of skin, called topical patch

(Shah et al., 1992). Generally, patches could be divided to another model according to




paste style (1.) adhesive device, this model composes of the backing layer and the
drug is in adhesive layer. The advantages of this model are able to determine the dose
to the skin surface area in time frame. (2.) Monolithic device, this model consists of
backing layer, a layer of drug which distribute in polymer and a layer of adhesive,
The advantage of this model is release rates of the drug from polymer based on
prolonged drug release pattern during the sheets stuck to skin and (3.) reservoir
device, these models consist of backing layer, layer containing drug, membrane to
control the release rate of drug and adhesive layer. The advantage of this model is that
the drug can be used in solution or gel forms by using membrane plate to control the
release of drug. The release rate is constant all at the times if the drug solution is still
presence in a reservoir layer continues to be full (Figure 1.2) (Hadgraft and Guy,

1989).

Today's the extracts from mangosteen peel (mangosteen extract) was
widely used in cosmetics such as liquid soap, soap bars and shampoo. However, no
patch products from mangosteen peel extract that uses for the treatment of abscess is
available. So that it is the good point for researcher to formulate the patch which
contain the extracts from the mangosteen peel, which have high-content of a-
mangostin, by using biodegradable polymer include sodium alginate, pectin and égar.
In this study, a topical formulation antibacterial patch for the treatment abscess and
prevent bacterial infection of skin area and in form of adhesive device was developed.
Because the drug from patch can attack bacteria directly, the amount of drug to areas
of skin can be determined in time range and the drug will be released enough

quantities to inhibit bacteria after skin that is pasted by patch.
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Figure 1.1 Chemical structure of a-mangostin

1) Adhesive device

2) Monolithic device

3) Reservoir device

&4 Backing layer Controlling membrane
Adhesive layer O Matrix
M Reservoir &

Figure 1.2 Three types of skin patch; 1. Adhesive device, 2. Monolithic device and 3.

Reservoir device (5 Twdwnnass, 2552).




1.2 Objectives of Research

The aims of this present study were as follow:
1. To prepare antibacterial patch made from mangosteen peel extract.
2. To study the anti-bacterial activity of patch.

3. To study the physical properties of the antibacterial patch.




CHAPTER 2

LITERATURE REVIEW

The topic of literature review in this thesis can be divided into 2
groups; Garcinia mangostana and component of the patch include pectin, agar and

sodium alginate,

2.1 Garcinia mangostana L.

2.1.1 Botanical description of G. mangostana

Mangosteen, G. mangostana is a medicinal plant in the Guttiferae
family (Figure 2.1). The original place of this plant is unknown but many people
believed that it was originated at the Sunda Tslands and the Moluccas which have wild
trees in the forests of Kemaman, Malaya. Moreover, the tree may have been first
domestic in Thailand or Burma (Corner, 1988). It has a number of ordinary names in
particular : mangkhut (Thailand), mangosteen (English), mangostan or mangostin
(Spanish), mangoustan (French), manggis (Indonesia, Malaysia), manggustan or
manggis (Philippines), mongkhut (Cambodia), mangkhud (Laos) and cay mang cut

(Vietnam) (Morton, 1987).




Figure 2-1 Mangosteen tree (from http://mthaifruit.igetweb.com)

The growing of mangosteen tree is very slow, upstanding, with a
pyramidal crown; about 7-25 m in height, has dark-brown or almost black, flaking
bark, the inner bark consist of yellow, gummy, bitter latex. The evergreen, adverse,
short-stalked leaves are ovate-oblong or elliptic, leathery, and thick, dark-green,
slightly glossy above, yellowish-green, and dull beneath; about 9-25 cm in long, 4.5-
10 cm in wide, with outstanding, pale midrib. Its new leaves are rosy. Flower is about
4-5 ¢m in wide, and fleshy, may be male or hermaphrodite on the same tree (Figure
2.2). The branch form in clusters of 3-9 tips which has 4 sepals‘ and 4 ovate, thick,

fleshy petals, green with red spots and yellowish-red on the outside and inside,




respectively. The tips of young branchlets, the hermaphrodites are borne singly or in
pairs; their petals are quickly shed and may be yellowish-green edged with red or

mostly red (Morton, 1987).

Figure 2.2 Flower of mangosteen (G. mangostana) (Min gEk, 2008)

The fruit is capped by the notable calyx at the stem end and with 4-8
triangular, flat remnants of the stigma in a rosette at the apex, is round, dark-purple to
red purple and smooth externally; about 3.4-7.5 cm in diameter (Figure 2-3), The
thick of rind is 6-10 mm, red in cross-section, purplish-white on the inside. It contains
bitter yellow latex and a purple, staining juice. Snow-white pulp has 4-8 triangular
segments, juicy, soft flesh (actually the arils of the seeds). The fruit have 1-5 fully

developed seeds or may be seedless, ovoid-oblong, somewhat flattened which has 2,5




cm in long and 1.6 cm in wide, that cling to the flesh. The flesh is slightly acid and
mild to clearly acid in flavor and is acclaimed as minutely luscious and delicious

(Morton, 1987).

Figure 2-3 Fruits of mangosteen (G. mangostana)

(from hitp://www.montosogardens.com; http://asianlife.igetweb.com)

2.1.2 Ethnomedical Uses

The medicinal properties of G. mangostana in Thai traditional text

books are described in the following paragraph.

Pericarp (Peel): used for wound healing (Wizinwinalud, 2524;

Aajsalee, 1979; 1981; Kitikajorn, 1983; Phongboonrod, 1976; School of Thai




10

traditional medicine, 1981; Songbandit, 1978), dysentery (Aajsalee, 1979; 1981;
Kitikajorn, 1983; Phongboonrod, 1976; School of Thai Traditional Medicine, 1981;
Songbandit, . 1978); treatment of infected wounds and suppurations
(Chewakakomarapach, 1974; lamsomboon, 1975; Jainpanick, 1979; Kitikajorn, 1983;
School of Thai Traditional Medicine, 1981; Songbandit, 1978) and chronic ulcers

(Koonthon, 1981; Maraprocksavan, 1978).

2.1.3 Traditional Recipes:

Antidiarrheal
I. Boil the dried peel of fiuit with a saturated calcium hydroxide
solution, consequently the extract is taken to drink (Medical Science Department,

Research section, 1983),

2. Special stone rub the dried fruit peels using water as a solvent. The

obtained suspension is taken orally for antidiarrhea (Koonthon, 1981).

3. The dried fruit peel is boiled with water. The children dose is 1-2
teaspoonfuls for every four hours. The dose which appropriate for adult is one
tablespoonful for every four hours (Medical Science Department, Rescarch section,

1983).




I

Treatment of wounds

The fruits are dried and rubbed using saturated calcium hydroxide

solution. The suspension is applied the wound areas (Wua#inlnisvas, 2517,

lamsomboon, 1975).

2.1.4 Chemical constituents of G, mangostana

It has been stated that the bark, seed, and rind of G. mangostana
consist of different chemical components in particular; the bark contains tannin
(Abbiw, 1990); vitamin C (Quisumbing, 1978). The seeds contain 3% oil (Burkill,
1994); the fruit rind contains 7-13% tannin, pectin, and a resin as well as a yellow

crystalline bitter principle called mangostin (C, H, O.) or mangosim as major
Y p 20022 s & L

components (Nadkarni and Nadkarni, 1999; Burkill, 1994). Jayaweera (1981)
declared that the flesh fruit (aril) contains 10.8% saccharose, 1% dextrose, and 1.2%
kerrelose. A methanolic extract of G. mangostana leaves include a flavor compound,

2-cthyl-3-methylmaleimide N-8D-glucopyranoside (Krajewski et al., 1996).

G. mangostana is rich in a variety of secondary metabolites, such as
oxygenated and prenylated xanthones (Peres and Nagem, 1997; Peres ef al., 2000;
Suksamramn et al, 2002). They are biologically active compounds receiving
increasing interest in the studies of pharmacologic for different kinds of health
benefits. Over 200 xanthones have been identified in nature. In the rind of G.
mangostana fruit, over 40 xanthones were found. This unprecedented number of

xanthone makes the fruit which contains the highest concentration of xanthone on the




12

planet, G. mangostana fruit.

Xanthones, is a class of polyphenolic compounds, are a naturally
occurring compound and have been shown to have widespread biological and
pharmacological activities. The body's immune system can be supported and
enhanced by xanthone. Moreover, they also demonstrate strong antioxidant activity,
Many research stated that xanthones were beneficial in helping with plenty conditions
consist of: allergies, infections (microbial, fungus, viral), cholesterol levels,
inflammation, skin disorders, gastro-intestinal disorders, and fatigue (Gopalakrishnan
et al., 1997; Chen et al., 1996; linuma et al., 1996; Chin and Kinghorn, 2008). The
ability of one single xanthone is to neutralize multiple free radicals making them
stopping the chain reaction of free radicals and harmless to the body. The xanthones
have other biological activity in particular anti-cancer properties and anti-

inflammatory properties (Akao e al., 2008; Chen ef al., 2008).

2.1.5 Chemical and physical properties of a-mangostin

Structure of a-mangostin showed in figure 1.1, a-Mangostin is a
yellow amorphous matetial with 180-181 °C of melting point (Yu et al., 2007). There
were many reports stated that a-mangostin is a bright yeliow, optically inactive,
phenolic, crystalline material, and m.p. at 182-183 °C (Schmid, 1855; Dragendorff,
1930, and Murakami, 1932). The UV spectrum of a-mangostin presented maximum
absorption bands at Aya 205, 244, 258, 316, and 358 nm, indicating that this

compound was a xanthone derivative. The IR spectrum of o-mangostin exhibited
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absorptio-n bands at 3380 cm”, 1646 cm™ and 1594 cm™ for hydroxyl group,
conjugated carbonyl group and a conjugated carbon of aromatic ring, respectively.
The *C NMR spectrum of a-mangostin showed 24 resonances for 24 carbon atoms:
thirteen quaternary carbons, four methine carbons, and five methyl carbons

(Pongcharoen, 2004).

2.1.6 Pharmacological activities of G. mangostana

There were a number of pharmacological activities of G. mangostana
have been reported such as anti acne, antibacterial, anti-cancer, antifungal, anti-
inflammatory, antioxidant, antiviral activities, effect on central nervous system,
cytotoxic activity, activity against leukemia and antihistamine activity. However, this

review will be focused only on anti acne and antibacterial activities.

2.1.6.1 Anti acne

Mechanism of G. mangostana extract as anti acne activity can be
divided in to 2 types; anti-inflammatory and antibacterial against P. acnes and S.

epidermidis.

Chomnawang and co-workers (2007) reported anti-inflammatory
activity of G. mangostana peel extract caused by free radical scavenging and cytokine
reducing properties. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) scavenging assay and

Nitroblue tetrazolium dye (NBT) reduction assay were used to determine for anti-
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inflammatory activity of G. mangostana peel extract. The result showed that the
cthanol extract of G. mangostana peel reduced reactive oxygen species (ROS)
production and had the most significant antioxidant activity. In addition, the tumor
necrosis factor-alpha (TNF-a) production determined by enzyme-linked
immunosorbent assay (ELISA) could be reduced by G. mangostana peel ethanolic
extracts. G. mangostana peel ethanolic extract was highly effective in scavenging free
radicals and was able to reduce the production of pro-inflammatory cytokines. Thus,
this study identified that G. mangostana peel extract was promising source of anti-

inflammatory agent which could be used to treated acne vulgaris.

S. epidermidis and P. acnes have been recognized as pus-forming
bacteria and induce inflammation in acnes. Antibacterial activities of G. mangostana
peel extract against S. epidermidis and P. acnes were tested by disc diffusion and
broth dilution methods. The results showed the minimum inhibitory concentration
(MIC) values against twb bacterial species were the same (0.039 mg/ml) and the
minimum bactericidal concentration (MBC) values were 0.039 mg/ml against P,
acnes and 0.156 mg/ml against S. epidermidis, respectively (Chomnawang ef al.,

2005).
2.1.6.2 Antibacterial activities
The aqueous and ethanolic extracts of G. mangostana peel were

cvaluated to inhibit 35 hospital isolates of methicillin resistant Staphylococcus aureus

(MRSA). The results showed that the ethanolic exiract of G. mangostana peel could
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ighibit the growth of MRSA. The MICs and MBCs for MRSA isolates were 0.05-0.4

and 0.1-0.4 mg/ml, respectively (Voravuthikunchai and Kitpipit, 2005).

Sakagami and co-workers (2005) found that o-mangostin had
antibacterial activity against vancomycin resistant Enferococci (VRE) and MRSA,
with MIC values of 6.25 and 6.25-12.5 ng/ml, respectively. In addition, Suksamrarn
et al, (2003) found that o-mangostin exhibited the potent inhibitory effect against

Mycobacterium tuberculosis, with an MIC of 6.25pug/ml.

Phongpaichit and co-workers (1994) reported the antibacterial activity
of extract from G. mangostana peel. 49 Isolates of MRSA from patients in
Songklanagarind Hospital were evaluated by broth dilution method and 50 isolates of
MRSA and 13 isolates of Enterococcus spp. from patients in Maharaj Nakorn Chiang
Mai Hospital were tested by agar dilution method. The minimum inhibitory
concenirations, MICy of a-mangostin on MRSA by these two methods were 3.1 and
3.7 pg/ml, respectively and inhibited the growth of all Enterococcus spp. with the

MIC;gp value was 1 pg/ml.

The antibacterial properties of a-mangostin and its derivatives were
studied by Sundaram and co-workers (1983). They found that Proteus sp., Kiebsiella
sp. and Escherichia coli were only moderately susceptible to xanthones, whereas S,
aureus, P. aeruginosa, Salmonella typhimurium and Bacillus subtilis were highly
susceptible to them. The minimum inhibitory concentration of a-mangostin against

Proteus sp., Klebsiella sp., Escherichia coli, S. aureus, P. aeruginosa, Salmonella
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typhimurium and Bacillus subtilis were between 12.5 and 50 ug/ml.

2.1.7 Stability of e-mangostin in G. mangostana peel dichloromethane

extract

Physical and chemical stability of G. mangostana peel
dichloromethane extract was examined. It was found that when the extract were
stored in various conditions such as in various temperatures such as 4 °C, 30 °C and
45 °C, they did not have an effect on the stability of the extract within 120 storage
days, However, the experimént found that when keeping these extracts in exposures to
light, the mangosteen peel extract become dark color after 45 days and the amount of
a-mangostin was decreased significantly after 30 days of storage. Furthermore, G.
mangostana peel extract was also examined under acidic, alkaline and oxidative
conditions for 30 days at room temperature. The result showed that a-mangostin
content was decreased significantly after 4 days when kept in 0.01 N HCI and
decreased significantly after 2 days when kept in 3% H,0,. However, when G.
mangostana peel extracts were kept in 0.01, 0.1, and 1 N NaOH at room temperature
for 30 days. The results indicated that the amounts of a-mangostin in G. mangostana

peel extracts were not significantly decreased (Yodhnu et al., 2009).

2.1.8 Toxicological study of a-mangostin

The experiment was tested by using guinea pig. The amount of serum

glutamic-oxaloacetic transaminase (SGOT) and serum glutamic-pyruvic transaminase
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(SGPT) enzyme were evaluated. These enzymes are normally contained within liver
cells. If the liver is injured, the liver cells spill the enzymes into blood, raising the
enzyme levels in the blood and signaling the liver damage (Hepatitis Central, 2011).
In the experiment, ¢-mangostin substance was injected into abdomen of guinea pig
(200 mg per kg body weight). As a result, the amount of SGOT and SGPT increased
significantly after received u-mangostin substance for 12 hours. But when compared
with paracetamol, the amount of SGOT and SGPT enzyme in guinea pig which
received paracetamol were increased more than the guinea pig which received o-
mangostin. Moreover, the amount of total protein in the liver of guinea pig which

received a-mangostin did not change (Sornprasit et al., 1987).

2.1.9 Method of determination of a-mangostin in mangosteen peel extract

Yodhnu et al. (2009) reported that the high performance liquid
chromatographic (HPLC) method was developed and validated to assay alpha-
mangostin in plant exiract using a 5 micron, C18 column (125x4 mm) and mobile
phase consisting of 70% acetonitrile in 0.2% formic acid in water delivered
isocratically at a flow rate of 1 ml/min with UV detection at 240 nm. The assay was
fully validated and shown to be linear (+* > 0.999), sensitive (LOD = 0.02 pg/mL and
LOQ = 0.08 pg/ml), accuracy (recovery rates > 95.8%), precision (intra-day variation
< 1.8%, inter-day variation < 4.3%) and specific. Total analysis was about 8 min with

typical retention time of a-mangostin of about 6 min.
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2.1.10 Stability studies of a-mangostin in G, mangestana peel extract film

Yodhnu (2008) reported that films containing G. mangostana peel
extract were prepared and kept in well-closed containers, protected from light using
aluminium foil. Samples were then stored in a refrigerator at 4 °C, room temperature
(3042 °C) and 45 °C with 75% RH for 120 days. The content of a-mangostin was
determined with the HPLC method. In order to perform the determination, about
100.0 mg of the films were cut and weighed and transferred to 15 ml centrifuge tube,
5 ml of methanol was then added. All samples were shaken for 10 s and then
sonicated for 15 min at room temperature. The samples were centrifuged at 10 °C at
4000 rpm for 10 min. The supernatant was transferred to 25 ml volumetric flask, This
procedure was repeated twice with the corresponding supernatants transferred to the
corresponding 25 ml volumetric flask. The sample was then diluted to the final
volume with methanol. Prior to injection, each sample was filtered through a 0.45 pm
nylon membrane filter. The results showed that physical and chemical stability studies
of the film indicated that the temperature (4 °C, 30 °C and 45 °C) did not have any

effect on the stability of «-mangostin the film during 120 days of storage.
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2.2 The main components of patch; Agar, pectin and sodium alginate
2.2,1 Agar

Agars are known as water-soluble, gel-forming polysaccharide which
was extracted from certain seaweeds of the Rhodophyceae class. It is a complex
mixture of polysaccharides composed of two major fractions-agarose, a neutral
polymer, and a charged, sulfated polymer agaropectin. Agars usually composed of
repeating agarobiose units alternating between 3- linked B-D-galactopyranosyl (G)
and 4-linked 3,6-anhydro-a-L-galactopyranosyl (LA) units. This disaccharide
regularity may be marked or modified in a number of ways by substitution of
hydroxyl groups with sulfate hemiesters and methyl ethers in various combination and
more rarely with a cyclic pyruvate ketal as 4,6-O-[(R)-1-carboxyethylidene] acetal
and sometimes by additional monosaccharides. Structural of the agar group of

polysaccharides are shown on Figure 2.4 (Usov, 1998).

Agar is insoluble in cold water, but it swells considerably, absorbing as
much as twenty times its own weight of water. It dissolves readily in hot water above
85 °C and the gel is setting when the preparation is cooled down to temperatures close
to 35 °C. The gels are abl;a to withstand temperatures below 80 °C. The gels set again
as the temperature is decreased to temperatures close to 35 °C, Moistened agar can be
flocculated by ethanol, 2-propanol or acetone, or salted out by high concentrations of

clectrolytes.
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Figure 2.4 Structural features of the agar group of polysaccharides (Usov, 1998)
2.2.2 Pectin

Pectin is a family of complex polysaccharides that contain D-
galacturonic acid (GalA) units, joined in chains by means of a-(1-4) glycosidic
linkage. These uronic acids have carboxyl groups, some of which are naturally present
as methyl esters and others which are commercially treated with ammonia to produce

carboxamide groups (Figure 2.5).

Pectin is soluble in pure water. Pectinic and pectic acids’s monovalent
cation (alkali metal) salts are also soluble in water, Moreover, di- and trivalent cations

salts are insoluble or weakly soluble. Dry powdered pectin has a tendency to hydrate
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very rapidly and forming clumps when is added to water. These crumps , contained in
an envelope of highly hydrated outer coating, include semidry packets of pectin,
Further solubilisation of such crumps is so slow. Dry mixing pectin powder can help
to prevent clump formation by using pectin having improved dispersibility through

special treatment during manufacturing (Sriamornsak, 2003).

Dissolved pectin can be decomposed spontaneously by de-
esterification as well as de-polymerisation. Furthermore, the rate of decomposition
depends on water activity, pH and the temperature. Generally, pH 4 is the maximum
stability for pectin, The pectin solution consists of sugar has a certain protective effect
while elevated temperatures rise the rate of degradation. Hydrolysis of glycosidic
linkages is observed as a result of low pH-values and elevated temperatures. Low pH
favor with de-esterification. A high molecular weight (HM)-pectin becomes slower
setting or gradually adapts low molecular weight (LM)-pectin characteristics by de-
esterification. HM-pectin is stable at room temperature, at near-to-neutral pH (5-6). A
so-called elimination starts, as the temperature (or pH) increases, which results in
chain cleavage and very rapid loss of viscosity and gelling properties, At these
conditions, LM-pectins show a somewhat better stability. Even at room temperature,

alkaline pH-values pectin is rapidly de-esterified and degraded (Sriamornsak, 2003).

Recently, Jitpukdeebodintra e al. (2009) reported the wound healing
effect of pectin film. The pectin film prepared from lime pectin of 10-20 %w/w with
10% w/w glycerin as plasticizer. The pectin films were tested on mice’s skin. After 30

days treated, the wounds’ length on the pectin treated side were shorter 3.3+1.2% than
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the originated one, and reduce significantly more than the controlled untreated with

pectin film with 95% confident.
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Figure 2-5 (a) A repeating segment of pectin molecule and functional groups: (b)

carboxyl; (c) ester; (d) amide in pectin chain (Sriamornsak, 2003)

2.2.3 Sodium alginate

Sodium alginate is a purified carbohydrate product extracted from
brown scaweeds by the use of dilute alkali. It is sodium salt of alginic acid, consists of
1,4-linked f-D-mannuronate (M) and u-L-guluronate (G) residues (Figure 2.6). The
chemical formula of sodium alginate is (Cg H, NaOy),, it contains not less than 90.8
percent and not more than 106.0 percent of sodium alginate of average equivalent

weight 222.00, calculated on the dried basis (Ravichandran, 2009),

Alginate is one of interest as a potential biopolymer film or coating

component because of its unique colloidal properties, which include thickening,
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stabilizing, suspending, film forming, gel producing, and emulsion stabilizing. CAS
number of sodium alginate is 9005-38-3. Tt dissolves slowly in water, forming a
viscous solution and insoluble in ethanol and ether. It is incompatible with strong

acids, strong bases and strong oxidizing agents.

A study in six healthy adults fed a daily intake of 8 g sodium alginate
for seven days does not interfere with the calcium absorption in normal healthy adults
(Millis et al., 1947). The other work is done with five healthy male volunteers fed
daily intake of 175 mg/kg body weight of sodium alginate for 7 days, followed by a
daily intake of 200 mg/kg body weight of sodium alginate for a further 16 days,

showed no significant adverse effects (Rowe et al., 2003).
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Figure 2-6 Sodium alginate consists of 1,4-linked -D-mannuronate (M) and o-L-

guluronate (G) residues (Volker83, 2008)




CHAPTER 3

MATERIALS AND METHODS

3.1 Chemicals and reagents

3.1.1 Quantitative analysis

The reference standard of «-mangostin was purchased from
Chromadex Inc. (Santa Ana, CA; Purity 98.5%), while the secondary standard of -
mangostin was supported by Asst. Prof Dr. Chatchai Wattanapiromsakul,
Department of Pharmacognosy and Pharmaceutical Botany, Faculty of
Pharmaceutical Sciences, Prince of Songkla University, Hat Yai, Songkhla,
Thailand. Acetonitrile, (HPLC grade), methanol (AR grade), hydrochloric acid 37%
(HCI) were purchased from Labscan Asia Co., Ltd. (Bangkok, ‘Thailand), formic acid

was obtained from MAY & BAKER Ltd. (Dagenham, England).

3.1.2 Extraction of o-mangostin from the fruit peel of G. mangostana,

Petroleum ether, dichloromethane (CH,Cly), 95% ethanol (EtOH) and
ethyl acctate (EtOAc) were commercial grade and were purchased from High
Science distributor, Thailand. These solvents were used for extraction of -

mangostin from the dried fruit peel of G. mangostana.

24
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3.1.3 Antibacterial activity study

The test organisms used in this study were as followed: S aureus
(ATCC 25923), S. epidermidis (TISTR517) and P. acnes (DMST 14916). These
bacteria were obtained from Department of Medical Sciences, Ministry of Public
Health, Nonthaburi, Thailand, Mueller-Hinton agar (MHA) and Brain Heart
Infusion (BHI) were purchased from Merck. Standard neomycin and standard
neomycin paper disc were purchased from Oxoid Ltd. (England). Sodium chloride
(NaCl) was AR grade was purchased from Labscan Asia Co., Ttd. (Bangkok,
Thailand) and di-methyl sulfoxide (DMSO) was purchased from Riedelde Haen

(Germany).

3.1.4 Preparation of patch containing mangosteen peel extract

Ethanol extract of G. mangostana peel (o-mangostin, 71.55%, w/w),
propylene glycol USP and glycerin (S. Tong Chemicals Co., Ltd, Thailand), pectin
from citrus peel (Sigma-Aldrich, Denmark), sodium alginate (Merck, Germany), agar
(Sigma-Aldrich, Denmark) and distilled water were used for preparation of patch

containing G. mangostana peel extract,

3.2 Preparation of G. mangostana peel extracts

G, mangostana used in this experiment were collected from Pha Toh

district, Chumphon Province in August 2007.
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Dried mangosteen peel about 2 kg were ground and then macerated in
3 liters of ethanol for 7 days. After that, the solution was evaporated by rotary
evaporator. The maceration was repeated 3 times to get total crude extract. After that,
the mangosteen peel extract (30 g) was mixed with silica gel (400 g) The example of
these dry substances were prepared by dissolve the substances extraction by a few
ethanol and grind with silica gel at 30 g until getting the dry substances. Column
(30x5 cm) was packed by taking silica gel which are previously mixed with mobile
phase added (petroleum ether and ethyl acetate for 7:3). After finishing this step, the
mixer was added in column and taped column in order to adjust the surface of silica
gel to be smooth. After that, this powder was taking to spread on the surface of silica
gel in the column. The elution volume of each fraction was 50 ml. For the next step,
these fractions were evaporated by rotary evaporator and then were analyzed by thin
layer chromatography (TLC). The high a-mangostin content fraction was combined
by using u-mangostin standard to comparison. %Yield of a-mangostin content was

determined by HPLC methods.

3.3 Determination of a-mangostin content in the concentrated extracted

The amount of a-mangostin in the concentrated extract was analyzed
by using reverse phase high performance liguid chromatography (Agilent 1100 series,
Palo Alto, CA). The column was Hypersil® BDS C18, 125 x 4 mm, 5 pm. The mobile
phases were acetonitrile: 0.2% formic acid = 70:30 v/v, flow rate at 1.0 ml/min, UV

Detector was set at 240 nm, injection volume was 20 pl (Yodhnu et al., 2008).
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Firstly, the standard solutions of u-mangostin were prepared to have
concentrations of 1.0, 5.0, 10.0, 15.0 and 20.0 pg/ml by using methanol as a solvent.
After that, these standard solutions of ¢-mangostin were taken to analyze by HPLC to
construct standard curve between the real concentrations of a-mangostin and peak
areas. After that, the solution of the concentrated extracts was prepared by dissolved
in methanol to give the solution having concentration 5.0, 10,0 and 15.0 pg/ml. Then,
these samples were taken to analyze by using HPLC and calculated to determine the

amount of a-mangostin of the concentrated extracts by using o-mangostin standard

graph,

3.4 Minimum Inhibitory Concentration (MIC) Test

A broth microdilution assay was performed for the determination of
the MIC. S. epidermidis and S. aureus were cultured in Mueller-Hinton Agar (MHA)
and P. acnes was cultured in Brain heart infusion broth. A sequential two-fold
dilution method was used in MIC test. There extract was diluted in DMSO with the
concentration of 1 mg/ml and diluted with media to the concentration of 64 pg/ml,
Neomycin, a positive control, was diluted in sterile water to a concentration of 64
png/mi and filtered through 0.45 pm sterile filter paper. The test was performed in 96-
well plate. The stock solution of neomycin was diluted with media to give the final
concentrations of 0.125 to 32 pg/ml (two-fold dilution serial). The stock solution of
the extract was diluted with media to give the final concentration of 0.25 to 64 mg/ml.
The inoculum was prepared and adjusted to contain 10° CFU/ml, by adjusting the

turbidity of saline culture to match the McFarland 0.5 standard. Tt was then further
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diluted 1:100 in Mueller-Hinton broth (MHB) to contain 10° CFU/ml and 2 ui of the
adjusted inoculum was added to each well. The cultures of S. epidermidis and .
aureus were then incubated at 37 °C under aerobic conditions for 24 hour. P. acnes
culture was incubated at 37 °C under anaerobe conditions for 48 hour, The MIC was

calculated as the highest dilution showing complete inhibition of the test strains

(Lorian, 1996).

3.5 Minimum Bactericidal Concentration (MBC) Test

The MBC was measured as the lowest concentration of the compound
to kill microorganisms. The incubation mixtures aerobic and anaerobic bacteria that
showed positive result of inhibitory effect were streaked on MHA, BHI plate,
respectively and incubate. The lowest concentration that did not show any growth was

taken as the MBC (Lorian, 1996).

3.6 Preparation an antibacterial patch containing the mangosteen peel extract

For the first stage, agar 0.5, 1 and 1.5 g were dissolved in boiling water
and sodium alginate | g and pectin 1 g was added following agar and then the solution
was mixed to be homogeneous. The mangosteen peel extract amount 16, 20, 24, 28,
and 32 g were dissolved in propylene glycol 20 m! and then added to film base
mixture and continued stirring to be united. The amount of mangosteen peel extract

calculated to be concentration were 0.231, 0.288, 0.346, 0.403 and 0.461 mg/cm?,




29

respectively. Glycerin was added in formulations 3-7, 9-13. After that leaving it out
until no air bubble, For the third stage, this mixture was added into the preparing plate
(25x30 cm?) and let gelation, Finally, gelation was heated at 50 °C for 24 hours. The

combinations of patch formulations are shown in table 3-1.

Table 3-1 The compositions of patch

Formulations Sodium Pectin  Agar  propylene glycol  Glycerin
alginate (g) ® (8) (mb) (®)

1 1 1 0.5 20 0

2 1 1 1 20 0

3 . 1 1 1 20 0.03
4 1 1 1 20 0.3
5 1 1 1 20 0.6
6 1 1 1 20 0.9
7 1 1 1 20 1.2
8 1 1 1.5 20 0

9 1 1 L5 20 0.035
10 1 1 L5 20 0.35
11 1 1 1.5 20 0.7
12 1 1 1.5 20 1.05

13 1 1 1.5 20 1.4




30

3.7 Physical characterization

3.7.1 Moisture uptake study

The patch was cut into 1x1 cm size. It was then placed in a dessicator
containing silica gel for 24 hours followed by weighing (Ws) the patch was then to
put in a dessicator containing solution saturated of NaCl which humidity was 75% at
room temperature after waiting until the patch was saturated that the weight was not
increased, The patch was taken out weight (Wm) moisture uptake capacity was

calculated based on the equation (Amnuaikit et al., 2005).

Moisture uptake capacity = {(Wm-Ws)/Ws}x100

3.7.2 Thickness study

The thickness of patch was measured by using micrometer (Series 102-
139, Mitutoyo, Japan) which measure thickness from 3 positions and then measured

the average of the thickness (Amnuaikit ef al., 2005).

3.7.3 Study the surface morphology by using scanning electron

microscopy

Feature cross section of the patch’s surface was tested by using

scanning electron microscopy (SEM). This patch was cut to small pieces (0.5x0.5 cm)
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and then was placed on the grid and fixed with adhesive tape. Then, it was covered by
the gold and analyzed by using scanning electron microscope (JSM-5200, JEOL,

Japan) (Dong ef al., 2006).

3.7.4 Study the appearance of the patch

In this study, the observed characteristics of the patch were determined
as color of patch and homogenicity under microscope (CH2 Model, Olympus, Japan)

and observed with naked eyes.

3.8 Study the amount of drug contained in the patch and distribution of the

drug in a patch,

The amount of drug contained in the patch and distribution of the drug
in a patch were studied by using methanol extracted the drug from the patch. Then,
the amount of a-mangostin was analyzed by HPLC comparing with the standard

curve of a-mangostin standard.

The 2x1 cm? of patch size was cut into small pieces and were added
into a 15 ml centrifuge tube. After that, methanol 5 mi was added into the tube and
vortex for about 15 seconds and sonicated for 15 minutes and centrifuged at 4000 rpm
about 5 minutes. Supernatant obtained from extraction was taken into volumetric flask
size 25 ml after that extracted patch with the same method again, and then supernatant

obtained from extraction of the second was taken into volumetric flask with solution
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obtained in the first and adjust volume to 25 ml with methanol. This experiment was

performed 3 times and the entire solutions were injected into the system HPLC.

The consistency of the drug in the patch were checked by re-
experimented at least 3 sheets and 3 points each and then used means + SD for

calculated percent relative standard deviation (RSD) following equation.

Percent RSD = (SD/means) x 100

3.9 Study the antibacterial activity of patch

The experiment was performed by the disc diffusion method with some
modification. Microorganisms tested were adjusted the turbidity to yield
approximately 10° CFU/ml with 0.85% sodium chloride compared to turbidity of
McFarland No. 0.5. The prepared inoculum was streaked on the surface of agar base
with cotton stick. The patch was applied with forceps and press down with slight
pressure on the agar. Controlled discs were the patch without the extract, and standard
neomycin disc (30 pg/disc) as a positive control. For S. aureus and S. epidermidis, the
plates were incubated at 37 °C under aerobic conditions for 24 hour, and P. acnes
were incubated at 37 °C under anaerobic conditions for 48 hour. The antibacterial
activity was expressed as the mean of inhibition diameter (mm, including the diameter

of disc) (Lorian, 1996).
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3.10 In vitro release study

The releasing of the ¢-mangostin from the patch was studied by using
a modified Franz diffusion cell (Hanson Research Corporation, California, USA), For
the first stage, patch was cut into 3.14 cm? and was placed on the receptor cell which
the receptor compartment contained isotonic phosphate buffer solution (PBS) pH 7.4
amount to 11 ml. The contact area of patch was 1.77 e¢m? Temperature of the
modified Franz diffusion cell was controlled during experiments by using a

circulating water bath at 37 °C. The receptor compartment was stirred all time by

using the magnetic stirrer, speed 200 rpm and then the sample was collected for 0.5
ml at 15 minutes, 30 minutes, one, two, three, four, six, eight, and 12 hours with fresh
volume of PBS (0.5 ml) was filled into immediately after sampling. After that, the
samples were filtered through 0.45 um membrane then analyzed by HPLC and

calculated using the following equation (Amnuaikit ef al., 2005).

=
0, =V,C+3 V.G
=0

Where Q; was the cumulative o-mangostin release, C; was the -
mangostin concentration of the receptor fluid at each sampling time, C; was the o-
mangostin concentration of the i sample, and V, and V; were the volumes of the

receptor fluid and the sampling volume, respectively.
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3.11 Stability of patch

The patch was stored at 4 °C, ambient temperature and 45 °C, under
75% RH for 4 months in zip plastic bag, protected from light using aluminium foil.
The amount of «-mangostin remaining in the patch was measured by using HPLC at
0, 1, 2, 3 and 4 months. The physical changes of the patch such as color and

appearance of the patch were observed during storage period.
3.12 Mechanical properties of patch

The patch was fixed between two clamps of universal testing machine
(LRIOK, Lloyd Instrument Limited., UK} using 5 kg load cell. After that, the patch
was slowly pulled by using the speed 30 mm per min. Tensile strength (TS) and

clongation break (EB) was calculated using by the following equation.

TS = Breaking force/Cross sectional area (N/mmz)

EB = (Increase in length/Original length) x 100(%)
3.13 X-ray diffraction study

X-ray diffraction (XRD) was used in the experiment for determination
the nature of the crystallinity of the powder extracted from the mangosteen, the
patches with and without contained mangosteen peels extracts. The test samples were

placed into the glass sheet and analyzed by using X-ray Diffractrometer (X'Pert MPD,
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Philips) with Nickel-filtered Cu Ku radiation at 40 kV and 50 mA during 2 of 5°-40°

(Dong et al., 2006).

3.14 Statistical Analysis

Each test was repeated at least three times which the results were

reported as mean (X) + SD and differences of significance were calculated by

ANOVA and multiple comparison tests by using the SPSS version. 15.0 Program.




CHAPTER 4

RESULTS AND DISCUSSION

4.1 Preparation of G. mangostana peel extracts

From first step, 181 g of crude substance of mangosteen peel extract
was obtained from 2 kg of dried mangosteen peels. It was 9.05% w/w when compared
with dried mangosteen peel weight. For the next step, crude substance was pre-
purified by using column chromatography method. Each fraction was kept and
analyzed by TLC using o-mangostin as standard, Fraction 27-42 was combined
because of high content of a-mangostin (Figure 4.1). Results from this extraction
found that 30 g of crude substance provided 4.53 g of mangosteen peel concentrate
extract in yellow powder, It was 1.37% w/w when compared with dried mangosteen

peel weight and 15.4% w/w when compared with crude substance weight.

36
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Figure 4.1 TLC of fraction of crude mangosteen peel extract: g-mangostin standard

(1), mangosteen peel extract fractions 27-42 (2)

4,2 Analysis to define the amount of u-mangostin in the concentrate extract

a-Mangostin content of mangosteen peel concentrate extract was
examined by using HPLC method. HPLC chromatogram of mangosteen peel
concentrate extract showed in figure 4.2, In the first step, ethanol was used to extract
a-mangostin from dried mangostin peel and then pre-purified by using column
chromatography method and kept high a-mangostin contented fractions. The result
showed that the amount of ¢-mangostin from mangosteen peel concentrate extract
was 77.864:1.13% w/w. This concentration is higher than the concentration from the
study of Jujun et al. (2009). In addition, Jujun reported that concentration of

mangostin in crude extract was 11.45% w/w.
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Figure 4.2 HPLC chromatogram of ¢-mangostin standard and high yield a-mangostin

in mangosteen peel extract

4.3 Evaluation of antibacterial activity of mangosteen peel extract against

S. aureus, S. epidermidis, and P. acnes

Since, a~mangostin was found as a major ingredient of G. mangostana
(Sen et al., 1982; Parveen and Khan, 1988; Mahabusarakam ef al., 1987; Sakai et al.,
1993; Chairungsrilerd et al., 1996). There are many reports showed antibacterial
activity of a-mangostin against S. aureus, S. epidermidis, and P. acnes. In this study,
mangosteen peel extract gave the high o-mangostin content as well as strong
antibacterial activities against S. aureus, S. epidermidis, and P. acnes. The MIC
values demonstrated that the mangosteen peel extract showed strong antibacterial

activities against S. aureus, S. epidermidis, and P. acnes with MIC values of 4.00,
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2.00 and 4.00 pg/ml, respectively (Table 4-1). In addition, neomycin inhibited the
growth of S. aureus, S. epidermidis, and P. acnes with MIC values of 0.5, 0.5, and
1.00 pg/ml, respectively. These results indicated that mangosteen peel extract could
inhibit the growth of gram-positive bacteria effectively. But in this experiment,
bactericidal activity of mangosteen peel extract against S. aureus, S. epidermidis, and
P. acnes were not observed at concentration lower than 32 pg/ml. From this result,
determined that the mangosteen peel extract don’t have bactericidal activity when the

concentration of extract lower than 32 pg/ml.

Table 4-1 The MIC values of mangosteen peel extract against S, aureus,

S.epidermidis and P, acnes.

MIC (ng/mly*
Extract/antibiotic S. aureus S. epidermidis P. acnes
Garcinia mangostana L, 4 2 4
Neomycin 0.5 0.5 |

*All values are means as obtained by triplicate analyses (n=3).




40

4.4 Appearance of patch without mangosteen peel extract

In this experiment, 13 formulations of patch without mangosteen peel
extract were prepared. Formulation and component of patch are shown in table 3-1.

The specification for the best appearance of the patches was clear,
smooth surface, uniformity and not cracked. Figure 4.3 showed the patches of
formulations [-13 without mangosteen peel extract. After preparation, the patches of
all formulation were transparent and very light yellow color. The patches from
formulations 1, 5-7 and 11-13 were smooth but patch from formulation 1 was very
easy torn. The patches from formulations 2-4 and 8-10 were crumpled and the edges
of all patches were shrunk. After physical properties of the patch was tested, there
were 6 formulation patches included formulation 5-7 and 11-13 to be used for

preparation the antibacterial patch.
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Figure 4.3 Pictures of patches without mangosteen peel extracts: (A) Formulation 1;
(B) Formulation 2; (C) Formulation 3; (D) Formulation 4; (E) Formulation
5; (F) Formulation 6; (G) Formulation 7; (H) Formulation 8; (1)
Formulation 9; (J) Formulation 10; (K) Formulation 11; (L} Formulation

12 and (M) Formulation 13 (continue).
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Figure 4.3 Pictures of patches without mangosteen peel extracts: (A) Formulation 1;
(B) Formulation 2; (C) Formulation 3; (D) Formulation 4; (E) Formulation
5; (F) Formulation 6; (G) Formulation 7; (H) Formulation 8; (I)
Formulation 9; (J) Formulation 10; (K) Formulation 11; (L) Formulation

12 and (M) Formulation 13 (continue).
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Figure 4.3 Pictures of patches without mangosteen peel extracts: (A) Formulation 1;
(B) Formulation 2; (C) Formulation 3; (D) Formulation 4; (E) Formulation
5; (F) Formulation 6; (G) Formulation 7; (H) Formulation 8; (I)
Formulation 9; {J) Formulation 10; (K) Formulation 11; (L) Formulation

12 and (M) Formulation 13 (continue).

4.5 Physical characterizations

4.5.1 Moisture uptake study

Moisture uptake capacities of all patches are presented in table 4-2.
From these results, moisture uptake capacity of patch formulation 1 was 22.15%, it
was the highest moisture uptake capacity in this experiment. There were different
significantly between moisture uptake capacity of patch formulation 1 and patch
formulation 2-13 (»<0.05) because of the effect of hydrophilic polymer including
pectin and sodium alginate. In formulation 1, the amount of agar was less than
another forimulation; therefore, the pectin and sodium alginate could absorb moisture

more than another formulation. When amount of agar was changed from 0.5 g to 1
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and 1.5 g in patch formulation 2-7 and 8-13, the moisture uptake capacity was

significant decreased (p<0.05).

The effect of plasticizer to moisture uptake capacity showed in figure
4.4. They were compared within the group in formulations 2-7 and 8-13. When
glycerin was added more than or equal to 20% w/w of amount of polymer in patch,
the moisture uptake capacity of patches were increased significantly more than patch
containing glycerin less than 20% (p<0.05). However, the percent of glycerin in
formulation gave the highest moisture uptake capacity at 20% w/w whereas moisture
uptake capacity of patches containing glycerin 30% and 40% w/w of amount of

polymer was not different from 20% of glycerin (p=>0.05).

30
25 4

20 A

—&—patch containg agal 1 g

15 7 w—F—patchcontaing agar 1.3 g

g4 patch containg agar 0.5 g
10

Moisture uptake capacity (%)

0 1 10 20 30 40
Glycerin (% w/w of polymer)

Figure 4.4 Moisture uptake capacity (%) of the patches at different concentration of

glycerin.




Table 4-2 Moisture uptake capacity of the blank patches

Formulations Moisture uptake capacity (%)*
1 22.1543.47"
2 4.25+1.59
3 4.09+0,18
4 6.2242.58
5 13.54+0.56"
6 9.37+0.96"
7 11.85+ 0.41°
8 9.0241,57
9 7.42+1.20
10 12.614+3.16
11 14.75+4.11°¢
12 13.71£2.27¢
13 13.73+2.09°

*All values are meant:SD as obtained by triplicate analyses (n=3).

a Effect of agar concentrations on moisture uptake capacity compared with all
formulations (formulation 2-13)

b,c  Effect of glycerin on moisture uptake capacity compared with patches without
glycerin (patch formulation 2 and 8)

a,b,c Significant at p<0.05

45
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4.5.2 Thickness study

The thickness of all patch are shown in table 4-3, The prepared patch
had thickness in the range of 0.031-0.051 mm. The thickness of patch in this
experiment is in normal range between 0.035-0.070 mm (Maior et al., 2008;
Mukherjee ef al., 2005; Padula et al., 2003; Sriamornsak ef al., 2008; Wang ef al.,
2007). The thicknesses of patches depend on both polymer and plasticizer that were
added in patch, in this experiment was glycerin. According to the results the thickness
of patch, which glycerin was added below 20% w/w of polymer were not different
compared with the patch without glycerin (»>0.05). Contrary to patch containing the
amount of glycerin more than 20% w/w of polymer, the thickness of patches were

increased significantly (p<0.05).
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Table 4-3 Thickness of the blank patches

Formulations Thickness (mm)*
1 0.049+0.004
2 0.037:£0.005
3 0.035+0.004
4 0.031£0.002
5 ~0.039:0.002
6 0.043+0.003"
7 0.044:£0,002%
8 0.044+0.002
9 0.040:0.000

10 0.041+0.002
11 0.041+0.002
12 0.050-0,000°
13 0.051+0.002"

*All values are meantSD as obtained by triplicate analyses (r=3).
a,b Effect of glycerin to thickness of patches compared with patches without
glycerin (patch formulation 2 and 8)

a,b Significant at p<0.05
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4.6 Mechanical properties of patch

The tensile strength values of patches were summarized in Table 4-4.
Tensile strength of patch varied from 25.98 to 60.00 N/mm? depending on the
component of the patch, From these results, showed that the tensile strength of blank
patch without glycerin (formulations 1, 2 and 8) were increased significantly when the
amount of agar in paich were increased. Even if agar is also hydrophilic, however, the
strength believe to be more complex range of poly saccharide chain [a(1-3), B(1-4)}
than pectin and sodium alginaté. When compared within the group; patches from
formulations 2-7 and formulations 8-13, the tensile strength of patches were decreased
significantly when glycerin was added more than or equal to 20% w/w of polymer

(p<0.05).

The elongations at break of all patches are presented in table 4-4. Patch
formulation 1 had the highest elongation at break but the lowest tensile strength
therefore it was the most easily break. The elongation at break of patches when
compared within the group; formulations 2-7 and formulations 8-13, were increased
significant when the quantity of glycerin was added more than or equal to 30% w/w

of polymer in the patch.

The effect of glycerin to the tensile strength and elongation at break
showed when the amount of glycerin was added more than or equal to 20% and 30%

w/w of polymer in the patch, respectively.
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Mechanism of plasticizer to reduce tensile strength and increase
elasticity is to reduce intermolecular friction between the polymer molecules, This
theory has been presented in different ways, but the idea persisting in all of them is
that when a plastic part is flexed, the polymer molecules have to slip over each other,
The plasticizer acts by lubricating the movemel'lt of the molecules and reducing their

internal resistance to sliding (Marcilla and Beltran, 2004).
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Table 4-4 Tensile strength and elongation at break of the blank patches

Formulations Tensile strength (N/mm?)* Elongation at break (%)*
1 25.98+2.70 25.86+3,59
2 49.4144.54 8.71+1.91
3 49,51+£3,27 10.88:+1.08
4 42.45+5.84 10.31+1.31
5 35.44+5.51% 11.08+1.95
6 39.08+3.33" 19.99+3.39°
7 48.50:+3.82 25.23+3.90°
8 54.04+6.08 14.78+1.33
9 54,70+6,23 16.16+2.96
10 60.00+£3.94 17.314+0.75
11 44.5244.62" 13.32£1.53
12 44.43+4.13" 22.073.39¢
13 42.57+2.80° 24.46+2.06"

*All values are mean+SD as obtained by triplicate analyses (n=3).

a,b Effect of glycerin to tensile strength of patches compared with patches without

glycerin (patch formulation 2 and 8)

c,d Effect of glycerin to elongation at break of patches compared with patches

without glycerin (patch formulation 2 and 8)

a,b,c,d Significant at p<0.05
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4.7 Study the effect of concentration of mangosteen peel extract on the

antibacterial activity of patch

This study was determined for comparison between antibacterial
activity and concentrations of mangosteen peel concentrate extract on the patches. In
this experiment, patch formulation 5 was chosen by randomization for tested patch.
After that, antibacterial patches were prepared with different concentration of
mangosteen peel concentrate extract; 0.231, 0.288, 0.346, 0.403 and 0.461 mg/cm®.
Antibacterial activity of patches was tested with 3 bacteria including S. aureus, S.
epidermidis and P. acnes. The results of antibacterial of patches are presented in table
4-5. These results showed that control patch had no antibacterial activity (no
inhibition zone). The range of inhibition diameter of all patch to S aureus, S.
epidermidis and P. acnes were 0.93-0.98, 0.94-1.02 and 1.10-1.24 c¢m, respectively.
There were not significantly increased the inhibition diameter of patches even if the
concentration of mangosteen peel extract of the patch increased. The diffusion from
patch was not depend on concentration of mangosteen peel extract because water
penetrated into the patch equally and eluted mangosteen peel extract from the patch in
same concentration. Therefore the concentration of patch, that was equal to 0.231
mg/cm’, was chosen for prepared antibacterial patches for stability test of the patch

formulations 5-7 and 11-13.
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Table 4-5 Antibacterial activity of the patches with different concentrations of the

mangosteen peel extract in the patches.

Formulations Amount of the S. aureys S, epidermidis P, acnes
extract/area(mg/cm?) (em)* (cm)# {cm)*
1 0.231 0.93+0.11 0.99+0.03 1.24+0,10
2 0.288 0.92:0.03 0.94+0,07% 1.10+0.02°
3 0.346 0.94:0.09 1.02+0.07 1.14+0.03
4 0.403 0.96+0.08 0.99+0.02 1.12+0.01°
5 0.461 0.98:+0.07 0.94+0.01° 1.17+0.07
neomycin 30 pg/disc 1.84+0.07 2.48+0.07 3.23+0.04

*All values are mean+SD as obtained by triplicate analyses (n=3),

a Significant at p<0.05 when compared with patch containing mangosteen peel

extract 0.231 mg/cm? against S, epidermidis
g

b Significant at p<0.05 when compared with patch containing mangostecn peel

extract 0.231 mg/em? against P. acnes
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4.8 Study the amount and distribution of mangesteen peel extract contained in

the patch

In this experiment, antibacterial patches were formulated by using
component of patch formulations 5, 6, 7, 11, 12 and 13 and concentration of
mangosteen extract in patch were prepared at 0.231 mg/em®. The physical
appearances of patches are presented in figure 4.5, The colors of ali of patches were
slightly yellow. When observed by microscope, the patches were clear. Tt can be
determined that the antibacterial patch made from mangosteen peel extract had

homogeneously.

The amounts of mangosteen peel extract content in the patches aer
presented in table 4-6. The method for separated extract from patch had percent
remaining in the range of 90.51-101.38%. Percent RSD of extract in patches were
calculated from equation in USP30&NF25. Percent RSD of extract in the patch of
patch formulations 5, 6, 7, 11, 12 and 13 were 2.36, 2.69, 2.76, 2.04, 2.34 and 1.73,
respectively. Percent RSD of exiract of all patch less than 6 concluded that the
mangosteen peel extract in the patch has good uniformity (Authority of the United

States Pharmacopeial Convention, 2007).
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Table 4-6 The amount of mangosteen peel extract contents in the patch analyzed by

HPLC
Formulations  Concentration of extract Percent Percent

in patch (ug/em?)* remaining* RSD
5 217.96+5.15 101,38+2.40 2,36
6 215.2445.80 101.0542.72 2.69
7 193.68+5.34 90.51+2.50 2,76
11 205.334+4.18 96.40+1.96 2.04
12 205.30+4.80 95.93+2.24 2.34
13 199.31+3.45 93.14+1.61 1.73

*All values are meanSD as obtained by triplicate analyses (n=3)
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Figure 4.5 Picture of the antibacterial patches containing mangosteen peel extract:
(A) Formulation 5; (B) Formulation 6; (C) Formulation 7; (D)

Formulation 11; (E) Formulation 12 and (F) Formulation 13 (continued).

4.9 Stability of patch

Stability test modified from Yodhnu’s thesis, The antibacterial patch
was stored at 4 °C, 30 °C and 45 °C 75% RH in zip code container, protected from
light using aluminium foil. This modification used for evaluation that stability of

antibacterial patches affected environment.

Stability of the patch containing mangosteen peel extract was
determined under light protected condition at 4 °C, 30 °C, and 45 °C/75% RH for 120
days. Physical appearance of the filin and the a-mangostin content were determined at

intervals of 0, 30, 60, 90 and 120 days. The results showed that at 45 °C/75% RH, the
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color of the patches gradually changed from light yellow to dark yellow when
compared to the film kept at 4 °C and 30 °C during 120 days. The percent remaining
of amount of ¢-mangostin in tested patches change from original whether the samples
were stored at 4 °C, 30 °C or 45 °C/75% RH during 120 days of the storage (Tables 4-

7, 4-8 and 4-9).

At 45 °C, after patches were stored for 4 months, it found that percent
remaining of mangosteen peel extract in patch formulations 6, 7, 8, 11, 12 and 13
were 71.78, 75.48, 81.90, 63.06, 82.85 and 70.48, respectively. From the results,
found that there are only 2 formulations of patch; formulation 7 and formulation 12,
still had amount of a-mangostin more than 80% (table 4-8). The result indicated that
formulation 7 and formulation 12 were appropriate formulation for formulated

antibacterial patches made from mangosteen peel extract.

After patches were stored for 4 months, the percent remaining of o-
mangostin significantly decreased because of acid hydrolysis. Acid functional group
from agar and sodium alginate may be hydrolyzed cther group of a-mangostin. This
process might give the derivative of a-mangostin called benzophenone derivative

(figure 4.6).

When antibacterial patch made from mangosteen peel extract are
prepared to be as commercial product for good stability, it should be kept in well-

closed container to protect from light.
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Figure 4.6 Acid hydrolysis of a-mangostin
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4,10 In vitro release study

The release data of a-mangostin from patch formulation 7 and patch
formulation 12 are showed in figure 4.7. All a-mangostin release tests were carried
cout in triplicate and the results are presented as average and standard variation. The
mechanism of the release of mangosteen peel extract from the patch might be
dissolution of the patch, diffusion of the a-mangostin or combination of both. Mean
cumulative amounts of a-mangostin extract released from the patch after 12 hours
were found to be 16.90 and 18.77 pg/em? in case of the formulation 7 and formulation

12, respectively.

There were no significantly differences between the a-mangostin
release from formulation 7 and formulation 12 (p>0.05). From this data, it concluded
that an antibacterial patch could prepared by choose component of patch formulation

7 or formulation 12.
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Figure 4.7 The in vitro release profiles of a-mangostin from antibacterial patches: (H&)

Formulation 7 and (€) Formulation 12.
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4.11 Study the surface morphology by using scanning electron microscope

The SEM micrographs of blank patch, antibacterial patch formulation
7 and formulation 12 before and after release test are presented in figure 4.8. SEM of
the patch without mangosteen peel extract (figure 4.8(A)) showed homogeneous and
smooth morphology. It could be resulted from the blend of pectin, sodium alginate
and agar showed good compatibility. Figure 4.8(B) showed SEM of patch formulation
7 and figure 4.8(D) showed SEM of patch formulation 12 containing mangosteen peel
extract, they showed the cross-section of antibacterial patch formulations 7 and 12
were homogeneous and smooth morphology liked SEM of patch without the extract.
The results obtained here indicated good compatibility between the matrix and the
mangosteen peel extract, Figures 4.8(C) and 4.8(E) showed SEM of the patch after

release tested. They showed that the width of cross section of the patches decreased.

o-Mangostin is hydrophobic so the release of a-mangostin from the
patch depend on solution of pectin and alginate. These results confirmed that one
mechanism of the mangosteen peel extract released was the dissolution of the patch

controtled.
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H2.000 19K o

Figure 4.8 Picture of scanning electron micrograph of cross section of antibacterial
patch made from mangosteen peel extract: (A) patch without mangosteen
peel extract; (B) Formulation 7 before in vitro release tested; (C)
Formulation 7 afler in vitro release tested; (D) Formulation 12 before in

vitro release tested; (E) Formulation 12 after in vitro release tested.
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4.12 X-ray diffraction study

The X-ray diffractograms of mangosteen peel extract, blank patch,
patch formulations 7 and 12 with mangosteen peel extract are sh()\\fn in figure 4.9,
The pattern of blank patch, as shown in figure 4.9 (D), had a very weak broad profile,
indicating that the blank patch that content sodium alginate, agar and pectin were an
amorphous material. As observed, the mangosteen peel extract was in crystalline state
with many diffraction peaks between 0¢ to 40.0c. The diffraction peaks of patch
formulation 7 and 12 were shown in figure 4.9 (C) and figure 4.9 (D), respectively,
There were 2 diffraction peaks of mangosteen peel extract at about 2° and 12.5°
Because of amount of mangosteen peel extract in the patch were very small when
compared with the amount of polymer in the patch. Therefore, there were only 2
strong peaks of mangosteen peel extract showed in these diffractograms. It seems that
the peaks did not change the position and shape. From these results, the mangosteen

peel extracts remaining in the patch and was the crystalline forms.
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Figure 4.9 X-ray diffraction patterns: (A) high yield mangosteen peel extracts; (B)
Formulation 12; (C) Formulation 7 and (D) patch without mangosteen peel

extract.

4.13 Study the antibacterial activity of the patch

This experiment was tested to confirm the antibacterial activity of
patches. The 5 concentration of mangosteen peel extracts were added in selected
formulation; formulation 7 and formulation 12, The varied concentration of
mangosteen extract of the patch include 0.231, 0.288, 0.34, (0.403 and 0.461 mg/cm?‘,
were tested antibacterial activity against 3 bacterial; S. aureus, S. epidermidis and P.
acnes. The results of antibacterial of patches are presented in Table 4-10. All of the
patches had antibacterial activity that showed the range of inhibition diameter to S.
aureus, S. epidermidis and P. acnes were 0.87-1.01, 0.92-1.02 and 1.15-1.30 cm,

respectively.
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From the results of antibacterial activity of patches against S. qureus,
S. epidermidis and P. acnes, it could be seem even though concentration of
mangosteen peel extract in patch increased but the inhibition zone of patch to
bacterial did not significant increased. On the contrary, the results showed that the
inhibition zone of patch formulation 7/ 1, amount of mangosteen peel extract per patch
equal to 0.231 mg/em?, had significantly wider than the inhibition zone of patch
formulation 7/2 against S. aureus and the inhibition zone of patch formulation 7/3
against S. epidermidis. The results of the antibacterial activity same as patch
formulation 12, the results showed that the inhibition zone of patch formulation 12/1
had significantly wider than the inhibition zone of patch formulation 12/2, 12/3 and
12/4 against S. aureus and the inhibition zone of patch formulation 12/2 and 12/3 to S,
epidermidis. It can be summarized that the appropriate concentration of mangosteen

peel extract in the patch in this experiment was 0.231 mg/cm?,
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Table 4-10 Antibacterial activity of the patches with different concentration of the

mangosteen peel extract in the patches.

Formulations Amount of the S. aureus S. epidermidis P. acnes
extract/area(mg/em?) (em)* (em)* (em)*
711 0.231 0.94:0.04 1.02+0.02 1.30+0.05
7/2 0.288 0.87::0.02° 1.01+0.02 1.28+0.02
713 0.346 0.95+0,01 0.93£0.01" 1.27+0.04
7/5 0.461 0.94+0.03 1.00+0.01 1.30+0.03
1211 0.231 0.99+0.01 0.98:+0.15 1.1940.06
12/2 0.288 0.94+0.01 0.93+0,01 1.17+0.06
12/3 0.346 0.96+0.01 0.92:£0.03 1.2240.04
. 12/4 0.403 0.94+0.03 0.96+0.01 1.154+0,06
neomyecin 30 pg/disc 2.29+0.02 2.48+0.07 3.07+0.15

*All values are mean+SD as obtained by triplicate anatyses (n=3)

a Significant at p<0.05 when compared with patch containing mangosteen peel
extract 0.231 mg/cm? against S, aureus

b Significant at p<0.05 when compared with patch containing mangosteen peel

extract 0.231 mg/em?” against S, epidermidis




CHAPTER 5

CONCLUSIONS

From this research work the following conclusions can be drawn:

1. Mangosteen peel concentrate extract was extracted from the fruit
peel of G. mangostana by maceration using 95% ethanol and partition using column
chromatography by taking silica gel mix with mobile phase which consisted of
petroleum ether and ethyl acetate for 7:3. The results showed that the amount of a-

Mangostin from mangostin peel extract was 77.86+1.13 % w/w.

2. The mangosteen peel extract from the fiuit peel of G. mangostana
was tested for antibacterial activities against S. aurens, S. epidermidis and P. acnes
using broth microdilution methods. The results showed the mangosteen peel
concentrate extract was capable of inhibiting the growth of S. aureus, S. epidermidis

and P. acnes, with MIC values of 4.0, 2,0, and 4.0 pg/ml, respectively.

3. Patches were prepared using 13 different formulations with consist
of sodium alginate 1 g, pectin 1 g, agar in the range of 0.5-1.5 g, propylene glycol 20
ml and glycerin in the range of 0-40% w/w of total weight. After physical
characterization test, there were onty 6 formulation of patches, with consist of sodium

alginate 1 g, pectin 1 g, agar in the range of 1.0-1.5 g, propylene glycol 20 ml and

69




70

glycerin in the range of 20-40 %w/w of total weight, were chosen for preparation the

patches containing mangosteen peel extract.

4, For 6 formulation of patches containing mangosteen peel extract
were prepared and stability of the patches were determined under light protected
condition at 4 °C, 30 °C, and 45 °C/75% RH for 120 days. At 45 °C, after patches
were stored for 3 months, the results found that there were only 2 formulations of
patch; formulation 7 and formulation 12, stilt amount of a-mangostin more than 80%.
The result indicated that formulation 7 and formulation 12 were appropriate

formulation for formulated antibacterial patch made from mangosteen peel extract,

5. In vitro release study of a-mangostin from patch formulation 7 and
patch formulation 12 were evaluated. The results showed that there were no
significant differences between the extract released from formulation 7 and

formulation 12,

6. Patch formulation 7 and 12 containing mangosteen peel extract
obtained from scanning electron microscopy showed that the cross section were
homogeneous and smooth morphology. Moreover, X-ray diffractrogram also found
that remaining mangosteen peel extract was crystalline forms. However, interaction
between the polymer in patch with o-mangostin will be further studied by means of

several technique such as differential scanning calorimetry or infrared spectroscopy.
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7. The varied concentration of mangosteen peel extract of the patch
include 0.231, 0.288, 0.34, 0.403 and 0.461 mg/cm? were tested antibacterial activity
against S. aureus, S. epidermidis and P. acnes, The results found that the inhibition
zone of patches to bacterial did not significantly different even though the
concentrations of mangosteen peel in the patches were increased. Tt can determined
that the appropriate concentration of mangosteen peel extract in this experiment were

0.231 mg/cm2.

8. Finally, it can be concluded that the best of choice of the potential
to develop for commercial products as antibacterial is patch formulation 7 and 12. The
main composition of patch formulation 7 is agar 1 g, sodium alginate 1 g, pectin 1 g,
propylene glycol 20 ml and glycerin 1.2 g and formulation 12 is agar 1.5 g, sodium
alginate 1 g, pectin 1 g, propylene glycol 20 ml and glycerin 1.05 g at the
concentration of mangosteen peel extract was 0.231 mg/cm?, which the prepared plate
was 25x30 cm”. The antibacterial patches should be kept in well-closed container to

protect from light for good stability.
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