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PART I: Extraction, Identification, Quanlitative and Quantitative Analysis
And Antibacterial Activity of Garcinia mangostana Husk Extract

ABSTRACT 1

The purpose of the investigation was to develop the extraction process that was
simple, practical and giving high yield. The maceration of dried powder of Garcinia
mangostana fruit husk with ethyl acetate gave yellow crystalline powder of mangostin. The
yield was calculated as 7.47%. The identification of the éarcinia mangostanahusk extract
was carried out by thin-layer chromatography (TLC) and differential scanning calorimetry.
The TLC of mangostin was done by using the alumina sheet and ethyl acetate: hexane (3:1)
as mobile phase. The Rf value as compared with standard mangostin was 0.60. The DSC
thermogram showed the board melting range of the crude extract at 165.04-166.80 °C. The
quantitative analyses of mangostin were developed using the high performance liquid
chromatography (HPLC) and ultraviolet (UV) spectrophotometry. The HPLC system using
methanol: water (87:13) as mobile phase, clotrimazole as internal standard and using UV
detector at 243 nm. The UV spectrophotometric method was carried out using the UV
spectrophotometer at 243 nm. The validation of both systems gave high specificity, linearity,
accuracy and precision. The solubility study of mangostin showed the low water insolubility.
The water solubility was improving with increasing ethanol content. The in vitro
microbiological activity of mangostin to Staphylococcus aureus ATCC 25923 and

Streptococcus mutans ATCC KPSK,was studied. The minimum inhibitory concentrations of
the extract were 3 Llg/ml and 1.5 Llg/ml, respectively. The minimum bactericidal

concentrations of the extract was 4 Llg/ml and 3 Llg/ml, respectively.
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PART Il : FORMULATION OF FAST DISSOLVING ORAL STRIPS CONTAINING
GARCINIA MANGOSTANA HUSK EXTRACT
ABSTRACT 2

The purpose of this study was to develop fast dissolving oral strips containing
Garcinia mangostana husk extract. The films consisted of low viscosity hydrophilic polymers
such as hydroxypropyl methylcellulose and hydroxypropylcellulose, acesulfame potassium
as sweetener, and menthol and eucalyptus oil as flavoring agents. The physical and
mechanical properties and dissolution time of film bases were compared with commercial
product strips A. From the dissolution time data, it was found that the film prepared from
mixed polymer between HPMC 3 cps and HPC LV at ratios 2:1, 3:1, 4:1 and 5:1 were not
significantly different from commercial product strips A (p>0.05). The films containing extract
were light yellow and had porous surface based on observation from scanning electron
microscopy. The dissolution profiles of all formulations showed the rapid release more than
80 percent of mangostin from films within 3-7 minutes and the fastest release was from
formulation of HPMC 3 cps and HPC LV at ratio 5:1. Differential scanning calorimetry results
exhibited that the Garcinia mangostana extract and additives were not in crystalline form in
the films. The fast dissolving oral strips containing Garcinia mangostana husk extract
showed in vitro antimicrobial activity against oro-dental bacteria, namely, Staphylococcus
aureus ATCC 25923 and Streptococcus mutans ATCC KPSK,. Under stress conditions at

40 degree Celcius and 75 percent relative humidity, the strips showed a good stability.
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PART Il FORMULATION OF MONOGLYCERIDE-BASED DRUG DELIVERY
SYSTEMS (LIQUID CRYSTALLINE) CONTAINING GARCINIA MANGOSTANA
HUSK EXTRACT
ABSTRACT 3

The purpose of the study was to develop monoglyceride-based drug delivery
systems containing Garcinia Mangostana extract. The system is based on the ability of
mixtures of monoglyceride (glyceryl monooleate) and triglycerides to form liquid crystals
upon contact with water. The drug delivery systems can be administered by syringe and
transformed into high-viscous liquid crystalline phases at the injection site. Ternary phase
diagrams were constructed from various triglycerides: sesame oil, soybean oil and olive oil.
In this study, monoglyceride-based drug delivery systems were prepared in the ratio of
triglycerides: monoglyceride: water as 8: 62: 30 and 12: 58: 30. These systems could
sustain release of Garcinia Mangostana husk extract over a period of 48 hr and followed
squared root of time kinetics during the initial 24 hr of the release phase, indicating that the
rate of release was diffusion-controlled. The system containing sesame oil showed the
highest drug release. The increasing triglyceride content did not affect the release profiles.
Differential scanning calorimetry results demonstrated that Garcinia Mangostana husk
extract could be incorporated into drug delivery systems without causing phase transition. In
the in vitro test, monoglyceride-based drug delivery systems containing Garcinia Mangostana
husk extract did not show the antimicrobial activity probably due to the high lipophilicity of
the extract therefore it did not diffuse into the medium. Additionally, the drug delivery
systems containing Garcinia Mangostana husk extract showed good stability under the

stress condition.
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CHAPTER |
INTRODUCTION

Backgrounds and Rationale

Nowadays, active substances derived from herbal plants have a major role in both
pharmaceutical and cosmetic industries. Many products from natural substances were
developed under new drug delivery technologies for added valuable cost. Since the sources
of the herbal plants are commonly found, it is possible to produce a high quantity with low
cost.

Garcinia mangostana Linn. or mangosteen is one of the medicinal plants that have
been used for a long time for treatment of both normal and infected wounds. It was also
used for diarrhea and dysentery (Fransworth and Bunyapraphatsara, 1992). Phytochemical
studies indicated that the fruit rinds contain various xanthones and mangostin is the most
active component. These xanthones show many considerable pharmacological activities
such as antimicrobial, anti-inflammatory, antioxidative, antihistamine, antiserotonin and
antitumor activities (Wong, 2002). Previous studies showed that the extract from this plant
exhibited significant antibacterial activities against Streptococcus mutans, bacteria causing
dental caries and dental plaque and Porphyromonas gingivalis, bacteria that causes
periodontitis and oral malodor (Tan, 2004).

Oral hygiene has primary purpose to reduce or counteract the effects of bacterial
populations which cause caries, malodor, staining and periodontal diseases. Oral cleansing
and breath freshening practices should be conducted repeatedly throughout the day.
However, it may be inconvenient sometimes. Typical methods of oral cleansing and hygiene
including brushing, flossing, garglihg and tongue cleansing are well suited for the privacy of
one’s home (Leung, Leone, and Kumar, 2003).

As solution to these problems, a fast dissolving film with breath freshening and
intraoral bacteria inhibitory benefits is a convenient delivery for oral cleansing and
freshening breath. Fast dissolving films are the dosage forms that have been developed for
providing pha.}maceutical and/or cosmetic benefits. Fast dissolving films refer to the thin and
flexible films that can rapidly dissolve in oral cavity within a few second or minutes, without
the need to drink or chew (Xu et al.,, 2002; Kulkarni, Kumar, and Sorg, 2003). Additionally,
there are many advantages for delivery of the medicines to pediatric and geriatric patients,
who have difficulty in swallowing or chewing solid dosage forms.

Now, there are many successful reports in development of the fast dissolving films
released into the market. One of them is film that claims for cosmetic benefit, breath
freshening and inhibitory growth of bacteria in oral cavity such as Listerine® PocketPak. In
another published research, the fast dissolving film containing salbutamol suiphate as
pharmaceutical agent was developed for treatment of acute and chronic asthma (Mashru et

al., 2005). Moreover, natural antiseptic agents such as magnolia bark extract and
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cinnamaldehyde were delivered into the oral cavity using fast dissolving film preparation
(Maxwell and Greenberg, 2004a, 2004b).

With applicable fast dissolving dosage form and application of mangosteen extract,
orally fast dissolving film containing Garcinia mangostana extract was developed for oral
hygiene products to provide antimicrobial and breath freshening effect. In this study, the
investigation of appropriate polymers as film former was carried out for desirable dissolution
time, mechanical properties, stability and inexpensiveness.

Liquid crystalline phases offer a number of useful properties for drug delivery. First,
they allow drug solubilization; both water soluble and oil soluble drugs may be incorporated.
Second, liquid crystalline phases display a high viscosity, which offer opportunities for drug
localized such as in the oral cavity (Malmsten, 2002). Glyceryl monooleate or monoolein is a
polar lipid which swells in water and gives rise to different kinds of liquid crystalline phases.
The liquid crystalline phases formed by glyceryl monooleate have the potential of acting as
an in situ forming drug delivery system. Moreover, glyceryl monooleate is a biodegradable
and nontoxic material (Ganem-Quintanar, Quintanar-Guerrero and Buri, 2000). The glyceryl
monooleate-water systems have been described as a sustained release carrier for both
conventional and peptide or protein drugs. For periodontal delivery, there have been
developed stable and sustained release formulations containing metronidazole and
Andrographis paniculata extract for treatment of periodontal diseases (Norling et al., 1992;
Komwatchara, 1996). The formulations were transformed to release-controlling and high-
viscous liquid crystalline phases when contact with the gingival crevicular fluid. These
studies suggested that addition of triglyceride into the glyceryl monooleate improved the flow
properties of glyceryl monooleate and the formulations could be administered through a
syringe into a periodontal pocket and was found to have the most favorable sustained
release properties, compared to no addition.

The successful results of the above study demonstrate an interesting application of
glyceryl monooleate for periodontal drug delivery. In this study, a drug delivery system
based on a mixture of monoglycerides and triglycerides containing Garcinia mangostana
extract was developed. Triglycerides from vegetable oils such as sesame oil, soybean oil
and olive oil were used in the study due to their desirable release, stability, inexpensiveness

and easy availability.

The purposes of this study were as follows:
1. To develop orally fast dissolving films containing Garcinia mangostana extract.
2. To investigate the physicochemical properties of orally fast dissolving films with and
without Garcinia mangostana extract.
3. To investigate the chemical stability of Garcinia mangostana extract in orally fast

dissolving films.
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To evaluate antimicrobial activity of orally fast dissolving films containing Garcinia

mangostana extract.
. To study the effects of different triglycerides on the ternary phase diagram.

. To develop the formulation of monoglyceride-based drug delivery systems containing

Garcinia mangostana extract.

. To study the physicochemical properties and antimicrobial activity of Garcinia

mangostana extract monoglyceride-based drug delivery systems

Conceptual framework of the research project

Mangosteen husks

l Physicochemical
Extract Property
\ Preparation
Method
Pharmaceutical Drua Release
Products
Stabilitv

Fast-dissolving film

Delivery System

Liquid crystalline




LITERATURE REVIEW
| Botanical, Chemical and Pharmacological Aspects of Garcinia mangostana Linn.

1. Botanical aspects of Garcinia mangostana Linn.

Garcinia mangostana Linn. is in the family of Guttiferae, its common name is
mangosteen (Figure 1). It is a slow-growing tree usually progate by seeds and mostly
proliferates in hot and humid climate, preferably with a short dry season such as in India,
Thailand, Indonesia and Philippines.

Garcinia mangostana Linn. is a tree, 7-12 m high, having straight trunk, brown to
blackish bark, young branch quadrangular, exuding yellow gum-resin. Inner bark exudes an
opaque yellow gum resin. Leaves are simple without stipules and decussate, opposite, ovate or
elliptic-oblong, 6-11 cm wide, 15-25 cm long, with dark green and grossy above, yellowish
green below. Flowers are solitary or in pair near the twig ends, yellowish green with red edges
or almost entirely red. Fruit is globose 4-7 cm in diameter, having short and thick stalk, dark
purple with four persistent sepals at the base. Seed embedded into a thick, whitish, edible and

juicy pulp (Fransworth, and Bunyapraphatsara, 1992; Wong, 2002).

2. Chemical components of Garcinia mangostana Linn.

The chemical studies on the constituents of the fruit rind of Garcinia mangostana Linn.
have revealed that the major substances are xanthones, the others component are cathecol
triterpenoid, benzophenone (maclurin) and anthocyanin glycosides (Fransworth, and

Bunyapraphatsara, 1992).

Figure 1 Garcinia mangostana fruit



Xanthones are highly active plant phenols found in a limited number of plants. They are
formed by the condensation of a phenylpropanoid precursor. Hydroxyxanthones are mainly
found in Guttiferae and Gentianaceae. Xanthones show considerable biological activities such
as strong antimicrobial, anti-inflammatory and antitumor activities (Wong, 2002).

The major xanthones from fruit rind of Garcinia mangostana Linn. are Ql, B and Y-
mangostin, gartanin, 8-deoxygartanin and garcinones A, B, C and E, all of them have mono or
diprenylated skeleton (Mahabusarakam, Wiriyachitra, and Tayler, 1987; Sen et al., 1980, 1981).
Mangostin or Gl-mangostin (1,3,6-trihydroxy-7-methoxy-2,8-bis-(3-methyl-2-butenyl)-9H-xanthen-
9-one; C,Hx606), @ prenylated xanthone is the most active component. It is isolated from
various parts of Garcinia mangostana. Isolated from fruit rind by extracted with hexane or
benzene, it appears as yellow crystals with melting point of 181.6 — 182.6 °C and molecular
weight of 410.46. It is soluble in alcohol, ether, acetone, chloroform and ethyl acetate but
practically insoluble in water. UV max in ethanol is 243, 259, 318 and 351 nm.

(Mahabusarakam, Wiriyachitra, and Tayler, 1987; Budavari, 2001).

R=CHy «-Mangostin

R=H y-Mangostin

Figure 2 Chemical structure of O(-mangostin and Y-mangostin

3. Pharmacological activities and toxicities of Garcinia mangostana Linn.
3.1 Pharmacological activities
There are many investigations on pharmacological activities of xanthones from
Garcinia mangostana Linn.

3.1.1 Antimicrobial activity



There are many reports on the antimicrobial activity of extracts of fruit rind and
other parts from Garcinia mangostana. Mangostin and its derivatives exhibited inhibitory effect
against Staphylococcus aureus, bacteria causing wound infection (Mahabusarakam et al., 1983;
Sundaram et al., 1983). It was found that the extracts have an intense antimicrobial activity
against both methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-sensitive
Staphylococcus  aureus (MSSA) nearly equal to vancomycin (Fransworth, and
Bunyapraphatsara, 1992; linuma et al., 1996; Voravuthikunchai and Kitpipat, 2005). Other
studies showed that Ol-mangostin was found to be active against vancomycin resistant
Enterococci (VRE) and methicillin-resistant Staphylococcus aureus (MRSA), two leading causes
of nosocomial infections (Phongpaichit et al., 1994; Sakagami et al., 2005).

The extract from Garcinia mangostana was tested for the activity against Streptococcus
mutans, bacteria causing dental caries, and Streptococcus sanguis (a clinical isolate). The
results showed that the extract exhibited significant antibacterial activity against both bacteria.
(Hiranras, 2001; Tan, 2004).

The ethyl acetate extract from fruit hulls was determined antimicrobial effect against
Porphyromonas gingivalis W50 with the MIC value of 20 Llg/ml and the MBC value of 40 Lg/ml.
Porphyromonas gingivalis, which are gram-negative anaerobic bacteria generated volatile sulfur
compounds caused oral malodor. Moreover, this bacteria has important role in periodontal
diseases (Tan, 2004).

Moreover, the activify against dysenteric bacteria and diarrheal infecting bacteria such
as Shigella dysenteriae, Shigella sonnei, Escherichia coli, Salmonella typhimurium, Vibrio
cholera, Pseudomonas aeruginosa and Bacillus subtjlis have been reported. (Sundaram et al.,
1983; Sindermsuk and Deekijsermphong, 1989; Fransworth, and Bunyapraphatsara, 1992).

3.1.2 Antimycobacterial activity

Prenylated xanthones isolated from the fruit hulls, edible arils and seeds of
Garcinia mangostana were tested for their antituberculosis potential, (-mangostin, B-mangostin
and garcinone B exhibited strong inhibitory effect against Mycobacterium tuberculosis with the
MIC value of 6.25 Hg/ml (Suksamrarn et al., 2003).

3.1.3 Antifungal activity

Mangostin and its derivatives showed the activity against Trichophyton
mentagrophytes, Microsporum gypseum, Alternaria solani, Cunninghamella echinulata and

Epidermophyton floccosum but all test compounds had no effect on Candida albicans



(Fransworth, and Bunyapraphatsara, 1992; Mahabusarakam, Phongpaichit and Wiriyachitra,
1983, Sunda:am et al., 1983). Moreover, the activity against three phytopathogenic fungi,
Fusarium oxysporum vasinfectum, Alternaria tenuis and Dreschlera oryzae, have been reported
(Gopalakrishnan, Banumathi and Suresh, 1997).

3.1.4 Anti-inflammatory activity

Mangostin and its derivatives exhibited anti-inflammatory activity both by
intraperitoneal and oral administration in normal and bilaterally adrenalectomized rats when
tested by the carageenan-induced pedal edema, cotton pellet implantation and granuloma
pouch technique (Fransworth, and Bunyapraphatsara, 1992).

Mangostin, 1-isomangostin and mangostin  triacetate produced anti-
inflammatory activity both by intraperitoneal and oral routes in rats when tested by carrageenin-
induced hind paw edema, cotton pellet implantation and granuloma pouch techniques. These
compounds did not produce any mast cell membrane stabilizing effect and the degranulation
effect of polymixin B, diazoxide and Triton X-100 on rat peritoneal mast cells in vitro was not
prevented. These compounds did not alter the prothrombin time of albino rats. Only mangostin
produced significant anti-ulcer activity in rats (Shankaranarayan, Gopalakrishnan and
Kasemswaran, 1979).

The crude extracts from fruit hulls were examined the effect on prostaglandin
E, (PGE,) synthesis. The study found that the 40% ethanol extracts potently inhibited A23187-
induced prostaglandin E, synthesis in C6 rat glioma cells in a concentration-dependent manner
(Nakatani, Atsumi et al., 2002). In further study, Y-mangostin was isolated and examined the
effect on arachidonic acid cascade in C6 rat glioma cells. The results indicated that Y-
mangostin exhibited potent inhibitory activity of prostaglandin E2 release induces by A23187, a
Ca2+ ionophore and competitively inhibited the activities of both constitutive cyclooxygenase
(COX-1) and inducible cyclooxygenase (COX-2) in concentration-dependent manner (Nakatani,
Nakahata et al., 2002). These results suggest that Y-mangostin is new useful lead compound
for anti-inflammatory drug development. '

3.1.5 Antihistamine and antiserotonin activities

A crude methanolic extract inhibited the contractions of isolated thoracic
rabbit aortas induced by histamine and serotonin. The extract has been fractionated by
siliga gel chromatography. The active compounds were Ol-mangostin and Y-mangostin. The

results suggested that Ol-mangostin and Y-mangostin are a histaminergic and a



serotonergic receptor blocking agent, respectively. A further study revealed that (-
mangostin completely inhibited not only the histamine H; receptor-mediated smooth muscle
contraction but also the [3H]mepyramine blocking directly to histamine H, receptor sites on
intact smooth muscle cells. It is suggested that (-mangostin is novel type of histamine H,
receptor antagonist and may become a valuable leading compound for the development of

antihistamines (Chirungsrilerd, Furukawa et al., 1996a, 1996b).

The 40% ethanol extract of mangosteen fruit hull was examined the
inhibitory effect on histamine release. The study found that the extract inhibited IgE-
mediated histamine release from rat basophilic leukemia (RBL-2H3) cells displayed
properties of mucosal-type mast cells. This result suggests that the mangosteen extract may

be useful crude drug for treatment of allergy (Nakatani, Atsumi et al., 2002).

3.1.6 Antioxidant activity

The methanol extract of the fruit hulls was found to exhibit a potent radicai
scavenging effect. By monitoring the radical scavenging effect, two xanthones, (0 -mangostin
and Y-mangostin were isolated. The antioxidative activity of these two xanthones was
measured by the ferric thiocyanate method. It was found that Y-mangostin showed more potent
antioxidative activity than BHA and O -tocopherol (Yoshikawa et al., 1994).

Mangostin was investigated the antioxidant effects on metal ion dependent
(Cu2+) and independent (aqueous peroxyl radicals) oxidation of human low density lipoprotein
(LDL). Mangostin prolonged the lag time to both metal ion dependent and independent
oxidation of LDL in a dose dependent manner. Formation of thiobarbituric reactive substances
(TBARS), generated in LDL after oxidation, was inhibited with 100 microM of mangostin.
Mangostin (100 [LM) significantly inhibited the consumption of (l-tocopherol in the LDL during
Cu2+ initiated oxidation. From these results, conclude that mangostin is acting as a free radical
scavenger to protect the LDL from oxidative damage which is a critical role in cardiovascular
and other chronic diseases (William et al., 1995). In further study, mangostin and structural
modification of mangostin were tested the antioxidant activity on an isolates LDL and plasma
assay. The results of this study show that structural modification of mangostin can have a
profound effect on antioxidant activity. Derivatisation of C-3 and C-6 with aminoethyl derivatives
enhances antioxidant activity, which may be related to change in solubility (Mahabusarakam,

Proudfoot, and Croft, 2000).



3.2 Toxicities of Garcinia mangostana Linn.

Toxicological study of mangostin was performed by Sornprasit et al. (1987). The
effect of mangostin on the activities of serum glutamic oxaloacetic transaminase (SGOT) and
serum glutamic pyruvic transaminase (SGPT) enzymes were tested by treated the rats with a
high dose of mangostin (200 mg/kg body weight) by intraperitoneal injection. The activities of
these two enzymes were increased and and reached the maximal level after 12 hr injection.
The activities of enzymes were dose dependent. Another experiment in this study, the effect of
mangostin which were forced fed to rats was compared with paracetamol in the same dose (1.5
g/kg body weight). It was found that paracetamol increased the activities of SGOT and SGPT
much more than mangostin and the amounts of total liver protein of paracetamol treated rats
decreased significantly, whereas mangostin treated rats did not change total liver protein. The
results indicate that mangostin has lower hepatotoxicity than paracetamol.

Hepatotoxic effects of xanthones extracted from fruit rind of Garcinia mangostana
were studied in isolated rat hepatocytes using the release of cellular transaminase (SGOT and
SGPT) as the criteria for loss of cell membrane integrity. Malondialdehyde (MDA) formation,
glutathione (GSH) content and aminopyrine N-demethylase activity were investigated for the
preliminary information of xanthones hepatotoxic mechanism. Carbon tetrachloride (CCl,) was
selected as the reference hepatotoxin. Xanthones demornistrated the dose-related hepatotoxic
effect, at 200 Llg/ml, by increasing the release of cellular transaminases, decreasing MDA
formation and GSH content with no change in aminopyrine N-demethylase activity. CCl, (0.08
mM) showed different result, especially the increase in MDA formation, illustrating its different
hepatotoxic mechanism. Coadministration of xanthones and CCl, exhibited no additive cytotoxic
effects. Pretreatment of xanthones (100 mg/kg/day, po., 5 days) prior to isolation of
hepatocytes, caused no changes in transaminase activities and MDA formation with the
increase in GSH content. In the presence of CCl,, hepatocytes from xanthone and Tween (as
the solvent used to dissolve xanthones) treated rats demonstrated higher production of MDA
than the control hepatocytes. Lowering of GSH content by CCl, was also observed, with similar
reduction in hepatocytes from the control and Tween treated groups. In xanthone treated
hepatocytes, the GSH content was similar to control level after incubation with CCl,. in
conclusion, the hepatotoxic mechanism of xanthones may be different from CCl, and may
involve cellular GSH level (Sapwarobol, 1997; Pramyothin, Sapwarobol and Ruangrungsi,

2003).
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Additionally, It has been reported that the application of 1.5% mangostin cream in
the patients with chronic ulcer, produced no harmful side effects, allergic condition and irritation
(Panchinda, 1992).

4. The medicinal uses of Garcinia mangostana Linn.

Garcinia mangostana Linn. has traditionally been used for a long time for the treatment
of wounds and diarrhoea. The medicinal uses are as follows:

1. Root may be treated for irregular menstruation.

2. Bark has been used for washing and healing wounds, treatment of aphthous ulcer

and diarrhea.

3. Leaves are useful for treatment of dysentery.

4. Fruit rind is the astringent and has been used for treatment of both normal and
infectious wounds including aphthous ulcer, it was also used for treatment of
diarrhea and dysentery.

As the traditional recipes of Garcinia mangostana Linn. in treatment of diarrhea, the
dried fruit rind was boiled with water or saturated calcium hydroxide solution and the extract is
taken. For treatment of wounds, the dried fruit rind was rubbed with saturated calcium
hydroxide solution as a solvent the suspension was applied over the wound area (Fransworth,
and Bunyapraphatsara, 1992).

Considering pharmacological activities of Garcinia mangostana, this medicinal plant
exhibits many interesting activities. The extracts from this plant can be developed into the
pharmaceutical and cosmetic products. However, only few studies have been developed from
this plant such as Hiranras (2001) designed the buccal mucoadhesive films for aphthous ulcer
treatment. Panchinda (1992) evaluated the efficacy of 1.5% mangostin cream for chronic wound
treatment and reported that it was effective for wound healing and no serious side effect.
Kumjorn (2003) compared the healing of foot ulcers in diabetic patients by dressing with
mangostin cream and normal saline wet dressing. The results showed that patients who
received mangostin cream dressing treatment earned higher healing tares when compared with
normal saline dressing treatment and recommended that the mangostin cream is new

alternative dressing for promoting wound healing.



Table 1 Predominant cultivatable bacteria from various sites of the oral cavity.

11

Predominant Genus or

Total viable count (mean %)

Type Gingival Dental Tongue Saliva
Family
crevice plaque
Facultative
Gram-positive cocci Streptococcus 28.8 28.2 448 46.2
S. mutans (0-30) (0-50) (0-1) (0-1)
S. sanguis (10-20) (40-60) (10-20) (10-30)
S. mitior (10-30) (20-40) (10-30) (30-50)
S. salivarius (0-1) (0-1) (40-60) (40-60)
Gram-positive rods Lactobacillus }
15.3 238 13.0 11.8
Corynebacterium
Gram-negative cocci Moraxella 04 04 3.4 1.2
Gram-negative ‘rods Enterobacteriaceae 1.2 ND 3.2 .23
Anaerobic
Gram-positive cocci Peptostreptococcus 7.4 12.6 4.2 13.0
Gram-positive rods Actinomyces
Eubacterium
20.2 18.4 8.2 4.8
Lactobacillus
Leptotrichia
Gram-negative cocci Veillonella 10.7 6.4 16.0 15.9
Gram-negative rods 16.1 104 8.2 48
Fusobacterium 1.9 41 0.7 0.3
Porphyromonas (or - 4.7 ND 0.2 ND
Prevotella)
Bacteroides 5.6 4.8 5.1 24
Campylobacter 38 1.3 2.2 21
Spirochetes Treponema 1.0 ND ND ND

Abbreviation: ND, Not detected.
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Il Oral Conditions

The oral cavity is an extremely complicated system contained within a complicated
organism. Bacteria are the most numerous, but yeasts (Candida albicans) and protozoa
(Entamoeba gingivalis, Trichomonas tenax) occur in many individuals. Oral bacteria include
streptococci, micrococci and diphtheroids, together with Actinomyces israeli and other anaerobic
bacteria. Some of these are able to make very firm attachments to mucosal surfaces and others
to teeth which provide a long term, non- desquamating surface (Mims et al.,, 1995; Mandell,
Bennett, and Dolin, 2000).

Essentiai influences upon oral condition such as oral cavity temperature, salivation,
buffer capacity of the saliva, food intake, air flow and microbiological environment conditions.
The oral conditions were as follows:

1. Dental pellicle

Within minutes to hours after a tooth has been thoroughly cleaned, dental pellicle, a film
that deposits selectively from saliva, covers the tooth. It is this film to which the bacterial mass
(known as dental plaque) adheres, and which stains when exposed to chromogenic materials.
Dental pellicle consists of glycoproteins selectively absorbed from saliva. Toothbrushing alone is
inadequate to remove pellicle and must be used in conjunction with an abrasive. Chemical
removal is possible, but only at the risk of damaging the underlying enamel.

2. Dental plaque

Dental plaque is primarily a bacterial accumulation or complex microbial mass
containing about 109 bacteria per gram. It occurs supragingivally (above the gum line) and
subgingivally (below the gum line). Dental plaque generates acid from carbohydrate. And this
acid attacks the tooth enamel and initiates formation of the carious lesion. The actions of self-
administered oral hygiene procedures are usually limited to the supragingival plaque.
Subgingival plaque is best cared by the dental professional (Mims et al., 1995).

3. Periodontal disease
Periodontal disease is the general description applied to the inflammatory response of the
gingiva and surrounding connective tissue to the bacterial of plaque accumulations on the teeth.
These inflammatory responses are divided into two general groupings: gingivitis and
periodontitis. Gingivitis is extremely common, and is manifested clinically as bleeding of the
gingival or gum tissues without evidence of bone loss or deep periodontal pockets. Pocketing is

the term given to the pathologic loss of tissue between the tooth and the gingival, creating
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spaces that are filled by dental plaque. Periodontitis occurs when the plaque-induced
inflammatory response in the tissue results in actual loss of collagen attachment of the tooth to

the bone, to loss of bone and to deep periodontal pockets.

Table 2 Selected bacterial species found in dental plaque

Bacterias
Types
Facultative anaerobic
Gram positive Sreptococcus mutans
Streptococcus sanguis
Actinomyces viscosus
Gram negative Actinobacillus actinomycetemcomitans Porphyromonas gingivalis
Capnocytophaga species Fusobacterium nucleatum
Eikenella corrodens Prevotella intermedia
Bacteroids forsythus
Campylobacter species
Spirochetes Treponema denticola

The microorganisms involved in periodontal disease are largely gram-negative
anaerobic bacilli with some anaerobic cocci and a largely quantity of anaerobic spirochetes. The
main organisms linked with deep destructive periodontal lesions are Porphyromonas gingivalis,
Prevotella intermedia, Bacteroides forsythus, Actinomyces viscosis and Actinobacillus
actinomycetemcomitans. Porphyromonas gingivalis is more frequency detected in severe adult
periodontitis.

4. Dental caries

Dental caries, which is also called tooth decay, is the gradual destruction of enamel of tooth
and thus open a path for bacteria to reach the pulp. Streptococcus mutans is important gram
positive bacteria that cause dental caries. It is able to form acids by fermenting dietary sugars
and maintain sugar metabolism under extreme acidic environment such as carious lesion. The
pH in an active caries lesion may be as low as 4.0. Unless the bacteria, the sugar are present,

dental caries does not develop (Mims et al., 1995).
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Table 3 Relationship between clinical forms of periodontal disease and various bacterial species

Clinical entity

Bacterial factor

Gingivitis

Experimantal

Pregnancy

Puberty

Stress (acute necrotizing ulcerative gingivitis)
Simple

Generalized severe

Periodontitis

Prepuberty

Localized juvenile

Early onset, adult and progressive

Plaque accumulation, streptococci,

actinomycetes

Prevotella intermedia

Prevotella intermedia

Prevotella intermedia, Spirochetes
Plaque accumulation, Spirochetes

Spirochetes

Spirochetes, black-pigmented species
Actinobacillus actinomycetemcomitans,
Spirochetes

Spirochetes, Porphyromonas gingivalis,

Bacteroides forsythus and Treponema

denticola

Both dental caries and periodontal disease are infectious diseases, caused by dental
plaque. Therefore, elimination of bacteria in dental plaque is an essential factor in prevention
and treatment of the diseases. Clinical study indicated that scaling and root planning, in
combination with optimal oral hygiene, results in an alteration of the subgingival plaque which is
sufficient to stop periodontal destruction. Thus oral hygiene is important for the clinical outcome
of the treatment.

5. Oral malodor

Oral malodor is also commonly known as “bad breath,” “foul breath,” or “halitosis.” It has
been estimated that 9 of 10 persons exhibit oral malodor on arising in the morning. In healthy
persons, over 90% of the malodors are produced by local oral conditions. “Morning mouth” has
been attributed to reduced activity of the tongue and cheeks during sleep, along with reduced
salivary flow, all of which enhance activity of the oral bacterial flora, some of which generate
volatile, odoriferous sulfur compounds. These compounds consist primarily of hydrogen sulfide,

methyl mercaptan, and dimethyl sulfide (Pader, 1988; Williams and Schmitt, 1996).
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Oral microorganisms that play an important role in the production of malodor were
Peptostreptococcus, Eubacterium, Selenomonas Bacteroides, and Fusobacterium. From these
species, specific microorganisms such as Porphyromonas gingivalis, Treponema Denticola, and
Porphyromonas endodontalis tend to be associated with periodontitis infections and are rarely
found in a healthy mouth.

Mouth malodor can be controlled by vigorous oral hygiene practice. Most of the
hydrogen sulfide and methyl mercaptan in periodontitis-free individuals derive from the
dorsoposterior surface of the tongue and can be considerably reduced by tongue brushing,
tooth brushing, food ingestion and use of an oral rinse that reduces oral bacterial populations.

lll Drug Selivery Systens
LA Fast Dissolving Drug Delivery

Many pharmaceutical dosage forms are administered in the form of tablets and capsules
that designed for swallowing or chewing to deliver a precise dosage of medication to patients.
However, some patients, particularly pediatric and geriatric patients, have difficulty in swallowing
or chewing solid dosage forms. In order to assist these patients, several fast dissolving drug
delivery systems have been developed. Fast dissolving drug delivery systems are dosage forms
which dissolve or disintegrate rapidly upon contact with the moist mucosal surfaces of the oral
cavity without the need for water or chewing.

1. Types of fast dissolving dosage forms

Fast dissolving dosage forms were divided in 2 major units as fast dissolving tablet and
fast dissolving films/strips.

1.1 Fast dissolving tablet (Rathbone, Hadgraft, and Roberts, 2003)

The oral fast dissolving tablets are aiso known as fast dispersing and quick
disintegrating tablets, however the function and concept of all these dosage forms are similar.
The original “fast dissolving tablets” are the molded tablets for sublingual use. These tablets
generally consist of active drug and lactose moistened with an alcohol-water mixture to form a
paste. The tablets were then molded, dried and packaged.

There currently are no standards that define a “rapidly dissolving tablet” but one
that could be considered would be a tablet that disintegrates/dissolves within approximately 15-
30 seconds in the mouth; anything slower than about 15-30 seconds would not really be

categorized as “rapidly” dissolving (Ansel, Allen, and Popovich, 1999).



16

Zydis is the first fast dissolving dosage form in the market. This technology is based
on the concept of forming an open matrix network containing active ingredient. These are
freeze-dried products containing water soluble matrix material and drug, which is performed in
blister pockets and freeze dried to remove the water by sublimation. The resultant structures
are very porous in nature and rapidly disintegrate or dissolve upon contact with saliva
(Kuchekar, Bhise and Arumugam, 2001).

There are a number of disadvantages and difficulties associated with formulating
rapidly dissolving tablets, including drug loading, taste masking, manufacturing costs and
stability of the product. In addition, many fast dissolving tablets are soft, friable, and/or brittle
(such as the lyophilized dosage forms) so they often required specialized and individually
expensive packaging and processing due to lacking the mechanical strength common to
traditional tablets and more susceptible to degradation via temperature and humidity. These
products can be manufactured by a variety of technologies, including direct compression, wet
granulation, and freeze drying.

Currently, four fast-dissolving/disintegrating technologies have reached the U.S.

market. Each technology has a different mechanism and listed in Table 4.

(@) (b)
Figure 3 (a) Zydis dosage form and blister pack. (b) Scanning electron micrograph of cross

section through a Zydis formulation.
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Table 4 Comparison of fast dissolving/disintegrating technologies

Technologies

Manufacturing

Handling/stroage

Drug release

/bioavailability

Zydis
(R.P. Scherer,

Freeze dried

- Packaged in foil

- Sensitive to

- Dissolves in 2 to 10 seconds

- May allow for pregastric absorption

Inc.) degradation at leading to enhanced bioavailability
humidities > 65%

Wowtab Compressed - Packaged in - Disintegrates in 5 to 45 seconds
(Yamanouchi bottles depending upon the size of the tablet
pharma - Avoid exposure -No significant change in drug
technologies, to moisture or bioavailability
inc.) humidity

Orasolv Lightly packaged in -Disintegrates in 5 to 45 seconds

(Cima labs, compressed patented foil packs depending upon the size of the tablet
Inc.) -No significant change in drug
bioavailability

Durasolv Similar to - Packaged in foil - Disintegrates in 5 to 45 seconds

(Cima labs, orasolv or bottles depending upon the size of the tablet
Inc.) - If packaged in -No significant change in drug
bottles bioavailability
=& . = o7
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Figure 4 Fast dissolving tablet containing acetaminophen and caffeine

(http://www.excedrin.com)
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1.2 Fast dissolving films/strips

Fast dissolving film is a thin, flexible, and quick dissolving film in oral cavity. The
film is placed on the top or the floor of the tongue and is retained at the site of application. It is
rapidly release the active agent for local and/or systemic absorption. The fast dissolving film is
the system that can deliver both pharmaceutical and cosmetic substances. Therapeutic effect of
film is to deliver either water soluble or insoluble drug in the oral cavity without the need for
water or chewing. Breath freshening films delivering volatile oils have antimicrobial effect by
inhibiting microorganisms in oral cavity and enhanced breath freshening during day (Kulkarni,
Kumar and Sorg, 2003).

The first step in the development of fast dissolving films is the selection and
characterization of the appropriate film forming polymers that give the rapidly dissolving or
disintegrating characteristic. The polymers that are commonly used for the development of fast
dissolving films including low viscosity grade of cellulose derivatives (e.g. Sodium
carboxymethylcellulose, hydroxypropylcellulose, and hydroxypropyl methylceliulose),
polysaccharides from bacteria as pullulan, and synthetic polymers such as polyvinyl alcohol
(Zerbe and Al-Khalil. 2003). '

The fast dissolving films can be manufactured by one or a combination of following
processes; hot melt extrusion, solid dispersion extrusion, rolling, semisolid casting, and solvent
casting. These fast dissolving oral delivery systems can be packed using various options, such
as single pouch, blister card with multiple units, multiple unit dispenser, and continuous roll
dispenser, depending on the application and marketing objectives (Figures 8-12) (Borsadia,
Halloran and Osborne, 2004).

Drug release from fast dissolving film (Rapifilm®) with the various drug substances
such as ambroxol HCI, dextromethorphan HBr, metoclopramide HCI, ketotifen
hydrogenfumarate and loperamide HCI were investigated by Mertin (1998). /n vitro dissolution

study showed that the drug was released completely within 2 to 3 minutes
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Figure 5 Fast dissolving films containing vitamin B, (http://www_.jamiesonvitamins.com)

Figure 6 Fast dissolving films for relieve oral pain (http://www.apothecus.com)
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Figure 7 Fast dissolving films containing medicine; (a) dextromethophan HBr; (b)

diphenhydramine HCI (http://www triaminic.com)
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Figure 8 In vitro drug dissolution from Rapifilm® containing various drugs
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Figure 9 In vitro dissolution of loperamide from Rapiﬁlm® and Imodium® lingual in water and 0.1

N HCI
Il B Liquid Crystalline Phases as Drug Delivery Systems

Liquid crystals, also called mesomorphs or mesophases, are states of matter
intermediate between crystalline solids and isotropic liquids (Figure 10). Many amphiphilic
compounds, such as soaps and surfactants, exhibit a tendency to form lyotropic mesophases

on the addition of water. These structures resuit from amphiphilic nature of the molecule with
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both a hydrophobic and a hydrophilic end. There are many types of liquid crystalline phases

such as lamellar, hexagonal and cubic phases.

Solid Crystal Liquid crystal Liquid
Figure 10 Arrangement of molecules in solid crystal, liquid crystal and liquid

Liquid crystalline phases offer a number of useful properties for drug delivery. First, they
allow drug solubilization and with a proper choice of self-association structure both water
soluble and oil soluble drugs may be incorporated also in rather high concentrations. This offers
possibilities to increase the drug solubility, decrease drug degradati_on and control and sustain
the drug release rate. Second, liquid crystalline phases frequently display a rather high
viscosity, which may also offer opportunities when the drug formulation needs to be localized
such as intramuscular injection or application in the oral cavity (Malmsten, 2002).

Due to their frequently high viscosity and stiffness, liquid crystalline phases are often
difficult to prepare and handle from a practical perspective. For example, mixing is difficult and
administration is complicated, of limited patient compliance or inefficient. Therefore, the in situ
transition from a low-viscous state to the required high-viscous liquid crystalline phase after
administration is of major importance for the use of liquid crystalline phases for drug delivery.
There are severai parameters which may be used for triggering such a transition in situ after
administration (Malmsten, 2002), including

1. Temperature (The body temperature is higher than the storage temperature)

2. Dilution (The formulation is often in contact with excess water after administration)

3. Salt (The physiological electrolyte concentration may be used to screen electrostatic

interactions in the formulation)

4. pH (The physiological pH at the administration site may be used to either reduce or

increase electrostatic interactions in the formulation)
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5. Calcium ion concentration (Strong binding of Ca2+ to carboxyl groups may be used

to change the electrostatic interactions in the formulation after administration)

Polar amphiphilic lipids such as glyceryl monooleate (GMQO) or monoolein is a mixture of
the glycerides of oleic acid and other fatty acids, consisting mainly of the monooleate. The acyl
chain (oleic acid) is attached to the glycerol backbone by an ester bond (Figure 11). The two
remaining carbons of the glycerol have active hydroxyl groups, giving polar characteristics to
this portion of the molecule. The glycerol moiety may form hydrogen bonds with water in an
aqueous environment and is commonly referred to as the head group. The hydrocarbon chain
gives hydrophobic characteristics to glyceryl monooleate and is often termed the tail (Ganem-

Quintanar, Quintanar-Guerrero and Buri,'2000).
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Figure 11 Structural formula of glyceryl monooleate

Glyceryl monooleate when placed in water reorganizes into lipid bilayers forming a
reversed micellar phase (L,) and three types of liquid crystalline phases (lamellar, reversed
hexagonal and cubic phase) depend upon the temperature and water content. The lamellar
phase (Lg) has a long-range order in one dimension. Its structure consists of a linear
arrangement of alternating lipid bilayers and water channels. The reversed hexagonal phase
(Hy) consists of infinite water rods arranged in a two-dimensional lattice and separated by lipid
bilayers. The cubic phase (C) is usually observed between the lamellar and the reversed
hexagonal phases as the water content is increased. The cubic phase consists primarily of two
phases with similar structures, the cubic phase of the type G, also known as gyroid and the
cubic phase D or diamond, although the structural similarity of these phases is such that in
practice the two are usually considered to be equivalent. As seen from phase diagram of
glyceryl monooleate-water system (Figure 12),” with increased hydrocarbon chain disorder,
obtained either by heating or increasing the water content, there is a transition from the Lg

phase to the cubic phase and finally into the H, phase (Shah, Sadhale and Chilukuri, 2001).
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Figure 12 Binary phase diagram of glyceryl monooleate-water system
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Figure 13 Schematic illustrations of a reversed micellar phase and liquid crystalline phases of

glyceryl monooleate
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The liquid crystalline phases formed by glyceryl monooleate in excess water have the
potential of acting as an in situ forming biodegradable drug delivery system. The
biodegradability arises from the fact that glyceryl monooleate is subject to lipolysis due to
different kinds of esterase activity in different tissues. Moreover, glyceryl monooleate is a
nontoxic and biocompatible material classified as GRAS (generally recognized as safe) and it is
included in the FDA Inactive Ingredients Guide and in nonparenteral medicines licensed in the
United Kingdom (Ganem-Quintanar, Quintanar-Guerrero and Buri, 2000).

The glyceryl monooleate-water system have been described its use as a sustained
release carrier for both conventional and peptide or protein drugs (Leslie et al., 1996; Chang
and Bodmeier, 1997, 1998). For oral delivery, the model drugs were dispersed in
monoglycerides and filled into capsules and then transformed in situ into the cubic phase upon
contact with gastrointestinal body fluids (Wyatt and Dorschel, 1992; Sallam et al., 2002). For
buccal delivery, Lee and Kellaway (2000) suggested that the cubic and lamellar liquid crystalline
phases can be considered as promising drug carriers for the buccal delivery of peptide drugs as
well as acting as permeation enhancers. For vaginal delivery, glyceryl monooleate-water system
was studied for vaginal delivery of antimuscarinic drugs to treat urinary incontinence. Geraghty
et al. (1996:) found that the release of the drugs in vifro was sustained over a period of 18 hr
and followed square root of time kinetics, indicating that the rate of release was diffusion
controlled. For parenteral delivery, the high viscosity and stiffness of the cubic phase gel limits
its potential use as the delivery system by itself. However, the ability of the less viscous
lamellar phase to form cubic phase gel upon absorbing more water has resulted in novel drug
delivery. The studies have shown that cubic phase can be used intramuscularly and
subcutaneously as a delivery system for-peptide drugs such as somatostatin, desmopressin and
insulin (Sadhale and Shah, 1999; Shah et al., 2001). Another interesting application of an in situ
forming was for periodontal delivery of antibiotics for the treatment of infections. Norling et al.
(1992) suggested that addition of triglyceride (sesame oil) into glyceryl monooleate could be
lowering the melting point which was improved the flow properties of glyceryl monooleate and
could be administered with a syringe into a periodontal pocket. Moreover, the liquid crystal
structure of the gel would be the reversed hexagonal phase instead of the cubic phase. The in
vitro release data showed that the reversed hexagonal form gave slower released of
metronidazole benzoate when compared with the cubic form. Since the diffusion pathway is

more obstructed in the reversed hexagonal form than in the cubic one, which has connected
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water channels. The closed water channels of the reversed hexagonal phase slow down the
diffusion of dissolved drug through the matrix. Komwatchara (1996) developed the mixtures of
glyceryl monooleate and various vegetable oils containing the Andrographis paniculata extract
for treatment of adult periodontitis. Upon contact with the gingival crevicular fluid, the reversed
hexagonal matrix were formed and showed desirable release of the extract. The results
suggested that soybean oil was the best formulation since it showed the most drug release and
antimicrobial activity. In addition, soybean oil was not expensive, easily available and stable. In
another study, viscous solutions prepared with either poloxamer or glyceryl monooleate were
delivered by a syringe and needle into a periodontal pocket. Both formulations undergo a
transformation to gel upon administration resulting in local drug delivery. While poloxamer
undergoes thermoreversible gelling, glyceryl monooleate formed the viscous cubic phase in situ
upon absorption of water. The results indicated that glyceryl monooleate showed slower release
of the drug when compared with poloxamer (Esposito et al., 1996). The successful results of
the above studies demonstrate an interesting application of liquid crystalline phases for

periodontal drug delivery.

IV Characterization of Films and Liquid Crystalline Phases

The evaluation tests designed to study the characteristics and final properties of film
bases are carried out by many utilizing laboratory techniques including thermal analysis,
mechanical measurements, microscopic examination, and diffusion experiments (Peh and
Wong, 1999; Mashru et al., 2005). The most commonly used methods are thermal analysis and
mechanical property evaluations. Other test procedures are considered on the basis of needful
information in that investigation.

1. Thermal analysis

Measurements of thermal analysis are conducted for the purpose of evaluating the
physical and chemical changes that may take place in a heated sample. This requires that the
operator interpret the observed events in a thermogram in terms of plausible reaction
processes. The reactions normally monitored can be endothermic (melting, boiling, sublimation,
vaporization, desolvation, solid-solid phase transitions, chemical degradation, etc.) or

exothermic (crystallization, oxidative decomposition, etc.) in nature.
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Thermal methods can be used to indicate the existence of possible drug-excipient
interactions in a formulation and evaluate compound purity, polymorphism, solvation,

degradation (Brittain, 1995).

Thermal properties of the films were examined by thermogravimetric analysis (TGA),
differential scanning calorimetry (DSC) and thermomechanical analysis (TMA). Differential
scanning calorimetry is an extremely useful technique for measuring glass transition
temperature (Tg), that means the temperature at which a glassy polymer becomes rubbery on
heating and a rubbery polymer reverts to a glassy one on cooling. Whereas thermomechanical
analysis measures deformation of a substance under a non-oscillatory load and can also
conveniently measure transition from a glassy to a rubbery polymer.

Polymers in the rubbery state are very viscous liquids, with relatively high freedom of
rotation around the carbon-carbon bonds in the backbone within the constraint of the tetrahedral
bond angle. The temperature is high enough so that most bonds can overcome the potential
energy barrier against rotation. Rotational freedom results in very flexible chains, segmental or
micro-Brownian motion, and changing chain conformations as discussed for polymer solutions.
Segmental mobility is considerably smaller in rubbery, liquid bulk polymers than in their
solutions because_ of the much higher viscosity of the former (Martin, Swarbrick, and

Cammarata, 1983)..
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2. Mechanical properties of film (Aulton and Abdul-Razzak, 1981; Martin, Swarbrick,

and Cammarata, 1983)

The mechanical properties, tensile strength, percentage of elongation at break and

Young’s modulus of various films can be evaluated by using a tensile-strength tester. The

tensile testing process is to apply increasing tensile load at s constant rate to a film strip which

know dimension perpendicular to the cross-section of the film strip until the failure takes place.

The load at film failure will be measured in term of force per unit cross-section area of the film.

Polymers are divided into five categories according to a qualitative description of their

mechanical behavior and corresponding stress-strain characteristics as showed in the Table 5.

Table 5 Qualitative description of polymer and its stress-strain characteristics

Characteristics of stress-strain curve

Polymer
Young’s Elongation to
description Yield stress Tensile strength
modulus break
Soft, weak Low Low Low Low to moderate
Very high
Soft, tough Low Low Moderate
(20-1000%)
None (break around
Hard, brittle High Moderate to high Very low (<2%)
yield point)
Hard, strong High High High Moderate (~5%)
High (cold drawing
Hard, tough High High High

or “necking”)

3. Polarizing Microscopy

As a result of their molecular ordering, anisotropic liquid crystalline phases, such as the

hexagonal, the lamellar, and the reversed hexagonal phases, are optically birefringent (Figure

17). This property can be used for studying such phases with polarizing microscopy. The

lamellar phase usually yields mosaic patterns under the polarizing microscope, whereas the

hexagonal phases normally show nongeometric textures. The occurrence of crystals may also

be identified by this method. On the other hand, isotropic phases (e.g., micellar and reversed

micellar solutions and cubic phases) are nonbirefringent and generate a dark background when

investigated under the polarizing microscope (Malmsten, 2002).



28

(a) } o)

T - | gt
. »Y B
“ - L
- ) ]’ ! ’l ' .
" - ' I ' a/
- r.- v . . i —
(c) (d)
. B i Ry N )
4 ‘ |
;N, -
] 2 An -
(e) ()

Figure 15 Polarizing microscopic textures of anisotropic liquid crystalline phases; (a) and (b)
lamellar phases; (c) and (d) hexagonal phases; and (e) and (f) reversed hexagonal phase
(Geraghty et al., 1996, Schwarzwalder and Meier, 1997, Makai et al., 2003; Goldmann et al.,
2004; Barauskas et al., 2005)
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28.

Plant material: Garcinia mangostana Linn. (purchased in Bangkok, Thailand in July,
2004).

Standard mangostin

Acesulfame potassium (Rama production, Thailand, lot no. 0311040).

Cetylpyridinium chloride (BDH chemicals, England, lot no. 6152940).

Chlorhexidine diacetate (Imperial chemical industries, Great Britain, lot no. 43132314).
Clotrimazole (S. Tong Chemicals, Thailand, lot no. 20010605).

Disodium hydrogen orthophosphate (Merck, Germany, lot no. F974786 538).

Ethanol absolute, AR grade (Merck, Germany, lot no. K32751783 349).

Ethyl acetate, AR grade (Labscan Asia, Thailand, lot no. 04 07 0073).

. Eucalyptus oil (Srichand United Dispensary, Thailand, lot no. 030115).

. Glycerin (Srichand United Dispensary, Thailand, lot no. 8-03).

. Hydroxypropyl cellulose (LV) (Pharmaserv, Thailand, lot no. 8019201).

. Hydroxypropyl methylcellulose (3 cps.) (Shin-etsu, Japan, lot no. 112530)

. Hydroxypropyl methylcellulose (5 cps.) (Colorcon, USA., lot no. RJ08012405).

. Commercial product strips A (containing essential oils).

. Commercial mouth wash solution B (containing essential oils).

. Commercial mouth wash solution C (containing 0.12% w/v of chlorhexidine gluconate).
. Menthol (Srichand United Dispensary, Thailand, lot no. 036597).

. Methanol, HPLC grade (Labscan Asia, Thailand, lot no. 05 03 0064).

. Mueller Hinton broth (Difco, USA, lot n0.4104193).

. Mueller Hinton agar (Merck, Germany, lot no. VL798237).

. Polyethylene glycol 400 (Srichand United Dispensary, Thailand, lot no. 419070103).

. Potassium dihydrogen phosphate (Merck, Germany, lot no. A315973 127).

. Propylene glycol (Srichand United Dispensary, Thailand, lot no. 1752124024).

. Sodium chloride (Merck, Germany, lot no. K28555404 049).

. Sodium lauryl sulifate (S-Tong Chemical, Thailand, lot no. 10420).

. Staphylococcus aureus ATCC 25923 (Department of Microbiology, Faculty of

Pharmaceutical science, Chulalongkorn University, Thailand).
Streptococcus mutans ATCC KPSK, (Department of Microbiology, Faculty of Dentistry,
Chulalongkorn University, Thailand).
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INSTRUMENTS
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9.

10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.

21

Analytical balance (Model AG285, Mettler Toledo, Switzerland).

Autoclave (Model HA-3D, Hirayama, Japan).

Botanical grinder (Retsch GmbH SK1, Germany).

Centrifuged (model4206, Milano, Italy).

Differential scanning calorimeter (DSCBZZe, Mettler Toledo, Switzerland).

Disposable syringe filter nylon 13 mm, 0.45 llm (Chrom Tech, USA, lot no. 0811).
Fluorescence analysis cabinet (Model CM-10, Spectroling, USA).

High performance liquid chromatography (HPLC) (Perkin Elmer, Germany) equipped
with

Automatic sample injector (SIL-10A, Shimadzu, Japan).

- Communications bus module (CBM-10A, Shimadzu, Japan).

Liquid chromatography pump (LC-10AD, Shimadzu, Japan).
UV-VIS Detector (SPD-10A, Shimadzu, Japan).

Column (BDS Hypersil C18, 5 Um, 250 x 4.6 mm, Thermo Electron Corporation
England, ot no. 6596).

- Precolumn (llBondapack C18, 10 lm, 125A°, Water Corporation, Ireland, lot no.
W2336B1). '

Hot air oven (Model B40, Memmert, Germany).

incubator (Model B60, Memmert, Germany).

Laminar sir flow (Model BV-126, ISSCO, USA).

Magnetic stirrer (Stuart, England).

Micrometer (Starrett, USA.).

Microscope (Nikon eclipse E200, Japan).

Modified dissolution tester.

pH meter (Orion model 420A, Orion Research Inc., USA).

Rotary evaporator (Rotavapor RE-120, Buchi, Switzerland).

Stability cabinet (Eurotherm Axyos, Germany).

Stopwatch (Heuer, Switzerland).

Tensile testing machine (Model H5KS 1509, Tinius Olsen, England).

. TLC alumina sheet silica gel 60F 254 20 x 20 cm (Merck, Germany, lot no. OB290814).
22,
23.
24,
25.

Tube rotary machine (model EW PC 9022T/R/P, Thailand).
UV-Visible spectrophotometer (UV-1601, Shimadzu, Japan).
Vernier caliper (Macoh, China).

Vortex mixer (Vortex Genies-2, Scientific Industries, Inc., USA).

PART I MONOGLYCERIDE-BASED DRUG DELIVERY SYSTEMS (LIQUID
CRYSTALLINE)

L 4
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MATERIALS

=N

The fruits of Garcinia mangostana (purchased in Bangkok, Thailand in July, 2003)

2. Clotrimazole (S. Tong Chemicals Co., Ltd., Thailand, lot no. 20010605)

3. Disodium hydrogen orthophosphate (Merck, Germany, lot no. F974786 538)

4. Ethanol absolute, AR grade (Merck, Germany, lot no. K32751783 349 )

5. Ethyl acetate, AR grade (Labscan Asia, Thailand, lot no. 04070073)

6. Glyceryl monooleate (Donated from Hong Huat Co., Ltd., Thailand, lot no. 601)

7. Hexane, AR grade (Labscan Asia, Thailand, lot no. 03030145)

8. Lutrol F127 (BASF, Germany, lot no. WPHY615B)

9. Methanol, HPLC grade (Labscan Asia, Thailand, lot no. 04070120)

10. Mueller Hinton agar (Oxoid, England, CM0337)

11. n-Octanol (Asia Pacific Specialty Chemicals Ltd., Australia, lot no. H1F223)

12. Olive oil (Bertolli, Italy, lot no. LO14BS)

13. Polyamide membrane filter 47 mm, 0.45 ym (Satorius AG, Germany, lot no. 0503
25006 0340093)

14. Potassium dihydrogen orthophosphate (Merck, Germany, lot no. A262673 045)

15. Sesame oil (Thai China Flavours & Fragrances Industry Co., Ltd., Thailand, lot no.
4607113/0807)

16. Sodium chloride, AR grade (Merck, Germany, lot no. K28555404 049)

17. Soybean oil (Thai Vegetable Oil Public Co., Ltd., Thailand, lot no. 310546)

18. Streptococcus mutans KPSK, (Department of Microbiology, Faculty of Dentistry,
Chulalongkorn Universjty, Thailand)

19. Syringe filter ceIIqusé acetate 13 mm, 0.45 pm (Chrom Tech Inc., USA, lot no. 100301)

20. TLC Alumina sheet silica gel 60F 254 20 x 20 cm (Merck, Germany, lot no. OB290814)

21. Whatman filter paper No.1, 150 mm (Whatman International Ltd., England, lot no.
A815891) '

INSTRUMENTS

1. Analytical balance (Model AG285, Mettler Toledo, Switzerland)

2. Botanical grinder (Retsch GmbH SK1, Germany)

3. Cone and plate viscometer (Brookfield viscometer, Scientific Industries, Inc., USA)

4. CO,water jacketed incubator (Forma Scientific, Inc., USA)

5. Differential scanning calorimeter (DSC8226, Mettler Toledo, Switzerland)

6. Digital camera (Coolpix 5400, Nikon, Japan)

7. High performance liquid chromatography

- Auto Injector (SIL-10A, Shimadzu, Japan)

- Communications bus module (CBM-10A, Shimadzu, Japan)
- Liquid chromatograph pump (LC-10AD, Shimadzu, Japan)
- UV-VIS detector (SPD-10A, Shimadzu, Japan)
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= Column (BDS Hypersil C18, 5 pm, 250 x 4.6 mm, Thermo Electron Corporation,
England, lot n0.6596)
- Precolumn (pBondapack C18, 10 pm, 125A°, Water Corporation, Ireland, lot no.
W2336B1)
8. Hot air oven (Memmert, Germany)
9. Laminar air flow (BH 2000 series, Clyde-Apac, Australia)
10. Microscope (Eclipse E200, Nikon, Japan)
11. Modified Franz diffusion cells (Crown Glass Company, USA)
12. pH Meter (Model 420A, Orion, USA)
13. Refrigerated incubator (FOC 2251, VELP Scientifica, Italy)
14. Rotary evaporator (Rotavapor RE-120, Buchi, Switzerland)
15. Ultrasonicator (Crest Ultrasonics, Malaysia)
16. UV-visible spectrophotometer (UV-1601, Shimadzu, Japan)
17. Vacuum pump (CB169 Vacuum system, Buchi, Switzerland)

18. Vortex mixer (Vortex Genies-2, Scientific Industries, Inc., USA)

METHODS
PART I: Extraction, Identification, Quanlitative and Quantitative Analysis
And Antibacterial activity of Garcinia mangostana fruit hulls
A Extraction of Active Constituents from Garcinia mangostana fruit hulls

The fruit hulls of Garcinia mangostana were cut into small pieces about 1x1
inch, and then dried at the temperature 45+0.5 c)C in a hot air oven for 48 hours. The dried
powder fruit hulls (4345.3 g.) were extracted by maceration method with ethyl acetate at
room temperature overnight. The ethyl acetate extract was filtered and evaporated using
rotary evaporator at 30°C. Then the crude extract was allowed to crystallize at room
temperature. The yield was kept in a desiccator and used for further studies (modified from
Hiranras, 2001).
B Identification and Determination of Active Constituents from Garcinia mangostana

1. Differential scanning calorimetric (DSC) method

The DSC thermogram was determined by using differential scanning calorimeter
(DSC8226, Mettler Toledo, Switzerland) to detect melting point. An accurately weighed
amount 3 mg of the crude extract was placed in an aluminum pan. Then the aluminum pan
was sealed with the lid under the pressure of the plunger by using crucible-sealing press.
After sealing, the aluminum pan was placed on a DSC sensor in the furnace. The scan rate
was performed at 10 °C/min over the temperature range of —50 to 220 °C under the
nitrogen atmosphere. The experiment was performed in triplicate.

2, Thin layer chromatographic (TLC) method
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TLC is the most versatile and flexible chromatographic method. It is rapid and gives
highest sample throughput because many samples and standards can be applied to a
single plate and separated at the same time.

The extract was dissolved with ethyl acetate and spotted on TLC alumina sheet,
compared with standard mangostin. After that the alumina sheet was placed in a closed
chamber saturated with vapor of ethyl acetate: hexane (3:1) as mobile phase. When the
mobile phase had moved to an appropriate distance, the alumina sheet was removed and
dried. The alumina sheet was detected under UV light at the wavelength of 254 nm

(Hiranras, 2001). The basic parameter used to describe the migration is the Rf value, where

Rf = distance moved by solute

distance moved by mobile phase front

3. High performance liquid chromatographic (HPLC) method
The determination of active constituents from Garcinia mangostana was performed
by HPLC method because of specificity and high sensitivity.
3.1 HPLC condition
From the preliminary study of mangostin assayed with UV spectrophotometer,
the scanning spectra of mangostin in 87% v/v methanol in water was obtained. From the
spectra, the maximum absorbance was found at the wavelength of 243 nm (Figure 16).

Therefore, the detection of mangostin was performed at this wavelength (Hiranras, 2001).

243 nm

-y

Figure 16 Absorption spectra of mangostin in 87% v/v methanol in water.
The HPLC conditions for the analysis of mangostin were as follows (modified from

Hiranras, 2001):

Column : BDS Hypersil® C18, 5 llm, 250 x 4.6 mm
Precolumn : LBondapack C18, 1110 m, 125A°
Mobile phase : methanol: water (87:13)

Injection volume : 20 LU
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Flow rate : 1 ml/min

Detector : UV detector at 243 nm
Temperature : ambient

Run time : 13 min

Internal standard : clotrimazole

The mobile phése was freshly prepared by using methanol, HPLC grade and
ultrapure water with ratio of 87:13 v/v. The solution was thoroughly mixed, filtered through
0.45 llm membrane filter and then degassed by sonication for 30 min prior to use.

3.2 Standard solutions for HPLC

3.2.1 Preparation of internal standard solutions

In the preliminary of HPLC study, clotrimazole solution (400 Hg/ml) was
used as an internal standard due to its appropriate retention time and optimal resolution
from mangostin peak.

A stock solution of clotrimazole was prepared by accurately weighed 200
mg of clotrimazole into a 50 ml volumetric flask, diluted and adjusted to volume with mobile
phase. The final concentration of clotrimazole stock solution was 4,000 plg/ml.

3.2.2 Preparation of standard solutions

An accurate weight 20 mg amount of mangostin was placed into a 10 ml
volumetric flask and diluted to volume with mobile phase. This stock solution had a final
concentration of 2,000 [lg/ml. Then 5.0 ml of this solution was transferred into a 100 ml
volumetric flask and was diluted with mobile phase to give a solution of 100 Llg/ml. The
solution of 0.1, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0 ml and 1.0 ml of internal standard stock solution
were added into 10 ml volumetric flask. The dilution to volume with mobile phase gave 1, 5,
10, 15, 20, 30, and 40 Ng/ml of mangostin, respectively and 400 Llg/ml of clotrimazole.
Three sets of standard solution were prepared for each HPLC run. As a result, the standard
curve of mangostin between concentration and peak area ratio was plotted.

3.2.3 Preparation of sample solutions

The sample stock solution was prepared by accurately weighing 10 mg of
Garcinia mangostana extract into a 50 ml volumetric flask. Mobile phase was added to
dissolve and the solution was adjusted to final volume. This stock solution had a final
concentration of 200 Llg/ml. Then 1.0 ml of stock solution and 1.0 mi of clotrimazole stock
solution were transferred into a 10 ml volumetric flask. The solutions were adjusted to
volume with mobile phase to give the concentrations of Garcinia mangostana extract and
clotrimazole of 20 Llg/ml and 400 Llg/ml, respectively.

3.3 Validation of the HPLC method
The analytical parameters used in the assay validation for the HPLC method

were specificity, linearity, precision and accuracy.
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3.3.1 Specificity
Under the chromatographic conditions used, the peak of mangostin must
be completely separated from and not be interfered by the peaks of other components in
the sample.
3.3.2 Linearity
Three sets of seven standard solutions were prepared and analyzed.
Linear regression analysis of the peak area ratios versus their concentrations was
performed. The linearity was determined from the coefficient of determination (Rz).
3.3.3 Accuracy
The accuracy of an analytical method is the closeness of test results
obtained by that method to the true value. The accuracy of the method was determined
from the percentage of recovery. Five sets of three concentrations at 8, 25 and 35 |lg/ml
were prepared and analyzed. The percentage of recovery of each concentration was
calculated from the ratio of inversely estimated concentration to known concentration
multiplied by 100.
3.3.4 Precision
a) Within run precision
The within run precision was determined by analyzing five sets of
three concentrations at 8, 25 and 35 Llg/ml in the same day. Peak area ratios of mangostin
to clotrimazole were calculated and the percent coefficient of variation (%CV) of each
concentration was determined.
b) Between run precision
The between run precision was determined by analyzing three
concentrations at 8, 25 and 35 |lg/ml on five different days. The coefficient of variation
(%CV) of mangostin of each concentration was determined.

Acceptance criteria:

For accuracy, the percentage of recovery should be within 98-102 % of each
nominal concentration, whereas the percent coefficient of variation for both within run
precision and between run precision should be less than 2%.

4. UV Spectrophometric methods

4.1 Preparation of calibration curve UV spectrophotometry

A stock solution of mangostin was prepared by accurately weighed 12 mg of
mangostin into a 10 ml volumetric flask, then dissolved and adjusted to volume with
absolute ethanol. Then pipette 1.0 ml of this standard stock solution into 100 ml volumetric
flask. This standard solution had a final concentration of 12 [lg/ml. After pipette 2, 3, 4, 5,
6, 7, and 8 ml of this solution into 10 ml volumetric flask, diluted and adjusted to volume
with the absolute ethanol. The final concentrations of mangostin were 2.4, 3.6, 4.8, 6.0, 7.2,

8.4, and 9.6 |lg/ml, respectively. Then the standard solutions were analyzed using the UV
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spectrophotometer at 243 nm. The standard curve of mangostin between concentration and
absorbance was plotted.

4.2 Validation of UV spectrophotometric method
The analytical parameters used for the assay validation were specificity, linearity,
accuracy and precision.

4.2.1 Specificity

Under the conditions used, the absorbance of mangostin must not be interfered
by the absorbance of other components in the sample.

4.2.2 Linearity

Three sets of six standard solutions of mangostin ranging from 2.4 to 9.6
Jlg/ml were prepared and analyzed. Linear regression analysis of the absorbances versus
their concentrations was performed. The linearity was determined from the coefficient of
variation (RZ).

4.2.3 Accuracy

The accuracy of an analytical method is the closeness of test results obtained
by that method to the true value. The accuracy of the method was determined from the
percéntage of recovery. Five sets of three concentrations at 3.0, 5.4 and 7.8 Llg/ml were
prepared and analyzed. The percentage of recovery of each concentration was calculated
from the ratio of inversely estimated concentration to known concentration multiplied by
100.

4.2.4 Precision

a) Within run precision

The within run precision was determined by analyzing five sets of three
concentrations at 3.0, 5.4 and 7.8 lUg/ml in the same day. The percent coefficient of
variation (%CV) of mangostin of each concentration was determined.

b) Between run precision

The between run precision was determined by analyzing three
concentrations at 3.0, 5.4 and 7.8 llg/ml on five different days. The percent coefficient of
variation (%CV) of mangostin of each concentration was determined.

Acceptance criteria:

For accuracy, the percentage of recovery should be within 98-102 % of each
nominal concentration, whereas the percent coefficient of variation for both within run
precision and between run precision should be less than 2%.

C Determination of Solubility of Garcinia mangostana Extract

Solubility study of the extract in ethanol: water system

Excess amount of extract (mangostin) was put into each test tube containing 5 mi of
hydroalcoholic mixture 40, 50, 60, 70 and 80 % v/v of ethanol. These suspensions were

equilibrated by constant rotating in a tube rotary machine at ambient temperature for 24, 36,



37
and 48 hours. Then suspensions were centrifuged and the supernatants were filtered
through 045 |Im nylon membrane, appropriately diluted and analyzed by UV
spectrophotometry. All solubility determinations were carried out in triplicate.

D Determination of Antimicrobial Activities of Extract from Garcinia mangostana

The antimicrobial activity of extract was determined by the minimal inhibitory
concentration (MIC) and minimal bactericidal concentration (MBC) tests against the
standard strain of Staphylococcus aureus ATCC 25923 and Streptococcus mutans ATCC
KPSK,.

1. Determination of minimal inhibitory concentration (MIC)

The minimal inhibitory concentration (MIC) refers to the lowest concentration of an
antimicrobial agent that inhibits growth of the microorganism under test and is generally
recorded in mg/L or Llg/ml (Denyer, Hodges, and Gorman, 2004).

The principle of the broth dilution method is the inhibition of growth of the bacteria
by an antimicrobial agent incorporated in the broth medium.

The extract was tested for its activities against Staphylococcus aureus ATCC 25923
and Streptococcus mutans ATCC KPSK, using broth dilution method (Lorian, 1991; Mahon
and Manuselis, 2000; Hiranras, 2001).

1.1 Preparation of double strength Mueller Hinton broth medium

Double strength Mueller Hinton broth medium was prepared by suspending 21
g of the broth powder to 500 ml of distiled water and warmed to dissolve the medium
completely. After that the sterilization was performed by autoclaving at 121+0.5 °C for 15
min.

1.2 Preparation of Garcinia mangostana extract stock solution

The working stock solution of extract was prepared by accurately weighed 76.8,
32.0, and 25.6 mg, respectively, of extract into 10 ml volumetric flask diluted to volume with
95% v/v ethanol. The 1.0 ml solution was pipetted into 10 ml volumetric flask and diluted to
volume with 95 % ethanol so that the final concentration of this solution was 768, 320, and
256 pg/mi, respectively.

1.3 Preparation of inoculated suspension of bacteria

The inoculum was prepared by picking bacteria colonies on the surface of
subculture bacterial agar slant using sterile loop into test tube with sterile normal saline
solution. The inoculum was standardized by adjusting turbidity of inoculated suspension
with sterile normal saline solution until the turbidity equivalent to McFarland standard No.
0.5, since the concentration of standardized inoculated suspension was 1 x 108 cells/ml.
Then the suspension was diluted with sterile normal saline solution to the final
concentration of 1 x 106 cells/ml before use.

1.4 Method for the MIC test
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The experiment was performed ftriplicately (using serial two fold-dilution method)
by three series of 15 sterile test tubes. Every tube except the first were filled with 1.0 ml of
double strength Mueller Hinton broth. Then 1.0 ml of extract solution was pipetted into the
first and second tubes, mixed by vortex mixer, and 1.0 ml from the second tube was
transferred to the third tube, repeated the procedure to tube no.13. The 1.0 ml in tube no.
13 was discarded, then 1.0 mi of inoculated suspension (1 x 106 cells/ml) was pipetted into
tube no. 1-14 and 1.0 ml of sterile normal saline solution was pipetted into tube no 15.
Therefore tube no. 14 is a growth control tube (broth with inoculum) and tube no. 15 is an
uninoculated control tube (broth with sterile normal saline solution).

All tubes were incubated for a period of time for 24 hr at 37 °C for
Staphylococcus aureus ATCC 25923 and 48 hr, 37 °C in CO, for Streptococcus mutans
ATCC KPSK,. The MIC was determined visually as the lowest concentration that inhibited
bacterial growth, as demonstrated by the absence of turbidity.

2. Determination of minimal bactericidal concentration (MBC)

The minimal bactericidal concentration (MBC) is the lowest concentration of
antimicrobial agent that results in > 99.9% kiling of the bacteria under test (Denyer,
Hodges, and Gorman, 2004).

2.1 Preparation of Mueller Hinton agar medium

The MBC of Garcinia mangostana extract was determined by using Mueller
Hinton Agar. Mueller Hinton Agar medium was prepared by adding 34 g of the agar powder
to 1,000 ml of distilled water and boiled to dissolve the medium completely. After that the
sterilization was performed by autoclaving at 121+0.5 °C for 15 min. Each agar plate was
prepared by pipetting 25 ml of the medium to Petri dish with diameter of 10 cm and allowed
to solidify at room temperature. The depth of agar was approximately 3 mm.

2.2 Method for the MBC test

The MBC was determined by dipping a sterile loop into each tube of no growth
broth dilution test from 1.4, then the sterile loop was streaked on the surface of Mueller
Hinton agar plate and incubated at the same condition as the MIC test. After incubation, the
MBC was determined visually as the lowest concentration that the absence of colony of
bacteria occurred on surface of agar.

The MIC and MBC studies for Staphylococcus aureus ATCC 25923 were
performed in triplicate with another series of 128 g/ml and 160 Llg/ml of extract solution,
so that the series were 128 HUg/ml to 0.5 [lg/ml and 160 [lg/ml to 0.625 [lg/mli,
respectively.

The MIC and MBC studies for Streptococcus mutans ATCC KPSK, were
performed in triplicate with another series of 64 [lg/ml and 80 LlLg/ml of extract solution, so
that the series were 64 Llg/ml to 0.5 [lg/ml and 80 Llg/ml to 0.625 Llg/ml, respectively.

3. The effect of solvent on antimicrobial activity
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Because mangostin is a poor water solubility substance, so 95% ethanol was
selected as solvent to solubilize the extract. Ethanol is a solvent that has inhibitory and
bactericidal effect for many species of bacteria. Therefore, the effect of this solvent for
Garcinia mangostana extract (95% ethanol) on the inhibition of 2 types of test bacteria were
examined using a serial two fold-dilution method.
3.1 Method for the MIC test
The experiment was performed duplicately (using serial two fold-dilution
method) by two series of 15 sterile test tubes. Every tube except the first was filled with 1.0
ml of double strength Mueller Hinton broth. Then 1.0 ml of 95% ethanol was pipetted into
the first and second tubes, mixed by vortex mixer, and 1.0 mi from the second tube was
transferred to the third tube, repeated the procedure to tube no.13. The 1.0 ml in tube no.
13 was discarded, then 1.0 ml of inoculated suspension (1 x 106 cells/ml) was pipetted into
tube no. 1-14 and 1.0 ml of sterile normal saline solution was pipetted into tube no 15.
Therefore tube no. 14 is a positive control tube (broth with inoculum) and tube no. 15 is a
negative control tube (broth with sterile normal saline solution).
All tubes were incubated in the same manner as in 1.4. After incubation, the
MIC of 95% ethanol was determined visually as the lowest concentration that inhibited
bacterial growth, as demonstrated by the absence of turbidity.
3.2 Method for the MBC test
The MBC was determined by dipping a sterile loop into each tube of no growth
broth dilution test, then the sterile loop was streaked on the surface of Mueller Hinton agar
plate and incubated at the same condition as the MIC test. After incubation, the MBC was
determined visually as the lowest concentration that the absence of colony of bacteria

occurred.

PART I FAST DISSOLVING ORAL STRIPS CONTAINING Garcinia
mangostana EXTRACT

E. Preparation of Orally Fast Dissolving Films

1. Preparation of cgllulose derivatives film bases

From preliminary studies, some polymers, which could be prepared with appropriate
properties including good appearance, integrity, and easy to remove from a glass mold
without defect or breakage were explored. These polymers included HPMC 3 and 5 cps,
and HPC. The formulas are presented in Table 9. The procedures for preparing were as
follows:

1) The polymer was dispersed in hydroalcoholic mixture at 60% v/v of ethanol,

sealed the top of beaker with paraffin film to prevent evaporation of solvent. The dispersion
was left at room temperature for 12 hours in order to remove entrapped air bubbles and

allowed the polymer to completely hydrate and swell.
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2) The additives, which are acesulfame potassium, menthol, and eucalyptus oil
were added and mixed consequently into the polymer dispersion. The mixture was stirred
gently to prevent air entrapment and left until air bubbles were removed.

3) The film was prepared by pouring the mixture into a hollow space of an
aluminum box placed on a dry and clean surface of flat glass plate with area 20 x 20 cmz.
The aluminum box was adjusted at height of 0.5 mm. Then it was dragged towards the
right side of the flat glass plate. The film was allowed to completely dry on a leveled flat
surface in a hot air oven at 45 °C for 2 hours (Figure 19).

4) The film was carefully removed from the glass and cut to 2 x 3 cmz. The
final weight and the thickness of the film were measured with an analytical balance (Mettler
Toledo, Switzerland) and a micrometer (Starrett, USA), respectively.

In this experiment, the films were prepared in various formulations to study the
effect of plasticizer and effect of polymer mixture on mechanical properties. The
formulations are depicted in Tables 6 and 7

All formulations were consisted of 0.3% w/w of acesulfame potassium as sweetener,

1.5% wiw of menthol and 0.6% w/w of eucalyptus oil as flavoring agents.

Table 6 Composition of cellulose derivatives film bases (HPMC 3 cps) with plasticizers.

Polyethylene glycol 400 Propylene glycol glycerin
+ . -
+ + -
+ + +
- + -
- - +
- + +
+ - +

+ quantity of plasticizer 5% w/w of polymer

- quantity of plasticizer 0% w/w of polymer



Table 7 Composition of cellulose derivatives film bases.

composition

Concentration

in solution (Y%w/w)

Formulation codes

HPMC (3 cps)
HPMC (5 cps)
HPC (LV)

HPMC 3 cps :
HPMC 3 cps
HPMC 3 cps :
HPMC 3 cps :
HPMC 3 cps
HPMC 3 cps
HPMC 3 cps
HPMC 3 cps
HPMC & cps:
HPMC 5 cps:
HPMC 5 cps:
HPMC 5 cps:

(
: HPC LV (
(

:HPMC 5 cps
:HPMC 5 cps

)
)
)
‘HPMC &5 cps (1:1)
(2
3
‘HPMC & cps (5:1)

HPC LV (2:1)
3:1
4:1
HPC LV (5:1

HPC LV

)
1)

12
12
12

9.6
10

1N

o
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10

E3
E5
HPC
E3HPC (2:1)
E3HPC (3:1)
E3HPC (4:1)
E3HPC (5:1)
E3E5 (1:
E3E5
E3E5
E3E5
E5SHPC
E5SHPC
E5SHPC
E5SHPC

1)
2:1)
3:1)
4:1)
1:1
2:1
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Figure 17 Film casting apparatus (assembled in the laboratory).
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Table 8 Formulations of orally fast dissolving films (% w/w)

Rx Formulas HPMC HPMC HPC LV  PEG 400 PG Glycerin  Ace- K Menthol  Eucalyptus oil 60%
3 cps 5 cps ethanol
1 PG 12 - - - 0.6 - 0.3 1.5 0.6 85.0
2 PEG 12 - - 0.6 - - 0.3 1.5 0.6 85.0
3 GLY 12 - - - - 0.6 0.3 1.5 0.6 85.0
4 PG/GLY 12 - - - 0.6 0.6 0.3 1.5 0.6 84.4
5 PEG/GLY 12 - - 0.6 - 0.6 0.3 1.5 0.6 84.4
6 PEG/PG 12 - - 0.6 0.6 - 0.3 1.5 0.6 84.4
7 PEG/PG/GLY 12 - - 0.6 0.6 0.6 0.3 1.5 0.6 83.8
8 E3 12 - - - - - 0.3 1.5 0.6 85.6
9 E5 - 12 - - - - 0.3 1.5 0.6 85.6
10 HPC - - 12 - - - 0.3 1.5 0.6 85.6
11  E3HPC (2:1) 8 - 4 - - - 0.3 1.5 0.6 85.6
12 E3HPC (3:1) 9 - 3 - - - 0.3 1.5 0.6 85.6
13 E3HPC 4:1) 9.6 - 24 - - - 0.3 1.5 0.6 85.6
14 E3HPC (5:1) 10 - 2 - - - 0.3 1.5 0.6 85.6
156 E3ES (1:1) 6 6 - - - - 0.3 1.5 0.6 85.6
16 E3E5 (2:1) 8 4 - - - - 0.3 1.5 0.6 85.6
17 E3E5 (3:1) 9 3 - - - 0.3 1.5 0.6 85.6
18 E3E5 (6:1) 10 2 - - - - 0.3 1.5 0.6 85.6
19 ESHPC (1:1) - 6 6 - - - 0.3 1.5 0.6 85.6
20 ESHPC (2:1) - 8 4 - - - 0.3 1.5 0.6 85.6
21 ESHPC (3:1) - 9 3 - - - 0.3 1.5 0.6 85.6
22 ESHPC (5:1) - 10 2 - - - 0.3 1.5 0.6 85.6

[47
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F In vitro Evaluation of Orally Fast Dissolving Films

1. Physical appearances

Color, transparency, flexibility and integrity of the film bases were visually observed.
Ease of detachment from glass in the preparation process was also inveétigated.

2. Determination of film thickness

The thickness of 2 x 3 cm2 films was determined using a micrometer (Starrett,
USA), which has a sensitivity of 0.001 mm. Thickness was measured at five different points,
one point at film center and others around the central point. The results were recorded as
the mean of five measurements.

3. Determination of film weight

The weight of film bases was investigated using an analytical balance (Mettler
Toledo, Switzerland), that has a sensitivity of 0.00001 g. The measurement was performed
in 5 samples and the results were showed in the mean of five measurements.

4. Determination of surface and cross section morphology

The surface and cross section morphology of polymer films was observed by usin'g
a scanning electron microscope (Joel, Japan). The films were mounted on a metal stub and
coated with gold. The films were imaged with a 15 kV electron beam with an appropriate
magnification.

5. Determination of mechanical properties of film bases

Mechanical properties of test films were measured by using a tensile testing
machine (Tinius Olsen®, Model H5KS 1509) equipped with 10 N tension load cell. The
mechanical properties studied includéd the tensile strength, percent elongation at break,
work of failure, and Young’s modulus. The procedure employed was based on the guideline
of the American Society for Testing and Material (1995).

The film specimens were cut into small strips 2 x 30 mm by using a standard knife.
The specimens were left to expose to room humidity for 1 hour before tested. The thickness
of each strip was the average value of five separate measurements taken along the length
of the sample by using micrometer. The test specimen was carefully clamped by an upper

and lower flat-faced grip and was extended by the test machine with the condition as

follows:
Rate of grip separation = 3 mm/min
Gauge length = 5 mm
Load range = 8 Newton
Temperature = 25+2 °c
Relative humidity = 40+ 5%

In this experiment, at least five specimens were examined for one film formulation.
After the specimen was ruptured the breaking force and the change in length at the

moment of rupture were analyzed by the software-controlled program, QMat 4.10 S-Series-
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5K). The acceptable data were only those obtained from the strip that ruptured at the
bilateral section.

The tensile stress was plotted against the percent strain to give stress-strain curve,
and ultimate tensile strength as well as elongation at break was reported. The mean and
standard deviation of the values were obtained from five determinations. The ultimate
tensile strength and percent elongation at break were calculated from the following

formulas.

Tensile strength (MPa)= maximum load

original minimum cross-sectional area of the

specimen

Percent elongation extension at the moment of rupture x 100

initial gauge length of the test specimen

Work of failure (mJ) area of a curve plotting between force and extension

Young’s modulus(MPa) = tensile stress

elastic strain in tension

Figure 18 Tensile testing apparatus (H5KS 1509, Tinius® Olsen, England)
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6. In vitro determination of dissolution time of film bases
The dissolution time of film bases was determined using a modified version of the
speed of dissolution of the film in water described by Xu et al. (2002). The apparatus
consisted of glass beaker containing isotonic phosphate buffer saline pH 6.2 and stirred
with a magnetic bar at 60 + 5 cycles per minute, a heating unit equipped with a thermostat
controlling the temperature at 37 + 1 °C. A fast dissolving film base was secured on the
surface of fluid and recorded the dissolution time when the film disappeared or completely
disintegrated using stopwatch (Heuer, Switzerland), which has a sensitivity of 0.2 second.

The apparatus employed in this study is displayed in Figure 21-23.

e

3@5/ riim

| _— Magnetic Bar

Q'/ Magnetic Stirrer

Figure 19 Schematic illustration of dissolution time testing apparatus (assembled in the

Thermostat

laboratory).

Figure 20 Dissolution time testing apparatus (assembled in the laboratory).
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Figure 21 Dissolution time testing apparatus; top view (assembled in the laboratory)

G Formulation of Orally Fast Dissolving Films Containing Garcinia mangostana
Extract

From the evaluation of film bases (physical, mechanical, and dissolution time), it
was found that all formulations of the film consisting of HPMC 3 cps and HPC LV as
polymer mixture had appropriate properties both mechanical properties and fast dissolution
time and thus were selected to use in the further formulation.

According to the microbiological study of the Garcinia mangostana extract, the
optimal concentration in the film against Staphylococcus aureus ATCC 25923 was obtained
from the dose of about 100 times of MIC in a specimen of 2 x 3 cm2 size. The formulations

of orally fast dissolving film containing Garcinia mangostana extract are shown in Table 10.

Table 9 The formulations of orally fast dissolving films containing Garcinia mangostana

extract consisting of HPMC 3 cps and HPC LV as polymers. All substances are shown in %

wiw.
Formulation code
Substances
E3HPC E3HPC E3HPC E3HPC
(Yow/w)
2:1 31 4:1 5:1

HPMC 3 cps 8 9 9.6 10
HPC LV 4 3 2.4 2
Garcinia mangostana

0.216 0.216 0.216 0.216
extract
Acesulfame K 0.3 0.3 0.3 0.3
Menthol 1.5 1.5 1.5 1.5
Eucalyptus oil 0.6 0.6 0.6 0.6

60% v/v ethanol 85.4 85.4 85.4 85.4
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H Characterization of Orally Fast Dissolving Films Containing Garcinia mangostana
Extract

1. Determination of general characteristics of films

Physical appearances, thickness, weight, surface morphology, mechanical
properties and dissolution time of the films containing Garcinia mangostana extract were
investigated as the same: apparatus and procedures of film bases.

2. Determination of differential scanning calorimetric thermograms

Differentials scanning calorimetric thermograms were recorded with a differential
scanning calorimeter (DSCBZZG, Mettler Toledo, Switzerland), which is instrument for
thermal analysis. A highly sensitive ceramic sensor in DSC instrument is used to measure
the difference between the heat flows to the sample and reference crucibles. The standard
type pan for DSC measurement is aluminum crucible standard 40 LU. Indium (melting point
156.6 °C) was used to calibrate the instrument. An accurately weighed amount of 3-5 mg of
the sample was placed into an aluminum crucible. Then the aluminum crucible was sealed
with the lid under the pressure of the plunger by using crucible sealing press. After sealing,
the aluminum crucible was placed on a DSC sensor in the furnace. Samples were heated
ranging from —50 to 220 ‘Cata heating rate of 10 °C/min. All tests were performed under a

nitrogen atmosphere.

Figure 22 Differential scanning calorimeter (DSC8228, Mettler Toledo, Switzerland).
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Figure 23 Aluminum crucible standard 40 LU (a) and crucible sealing press (b).

Figure 24 DSC sensor (a) sample pan and (b) reference pan

3. In vitro dissolution study of Garcinia mangostana extract orally fast

dissolving films

3.1 Select medium for dissolution study

Selection of an appropriate dissolution medium is important to maintain sink
condition during the dissolution study. Sodium lauryl suifate was used to enhance drug
solubility in dissolution medium. The solubility study of extract was performed by adding
excess amount of the extract into each screw-capped tube containing 5 ml of isotonic
phosphate buffer pH 6.2 and sodium lauryl sulfate ranging from 0 to 1.0 % w/v. The tubes
were continuously rotated using rotary shaker at 37+0.5 °C for 72 hr to achieve equilibrium.
Then the suspensions were centrifuged and the supernatants were withdrawn and filtered
through 0.45 llm nylon membrane syringe filters. The filtrates were appropriately diluted
and analyzed by HPLC. All solubility determinations were carried out in triplicate.

3.2 In vitro dissolution study
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Dissolution study of orally fast dissolving films containing Garcinia mangostana

extract was determined using a modified dissolution testing apparatus. The apparatus
consisted of a glass beaker containing 20 mi of 1.0% sodium lauryl sulfate in isotonic
phosphate buffer pH 6.2 as the dissolution medium and stirred with a magnetic bar at 100 +
5 cycles per minute, a heating unit equipped with a thermostat controlling the temperature
at 37 + 1 °C. A film product (2 x 3 cm) was secured by placing in a basket before being
immersed into the glass beaker and a 3 ml of the dissolution medium was sampled at 1, 3,
5, 7, 10, 15, 30, 45 and 60 minutes. Then the sample was cooled down to ambient
temperature, 2.0 ml of sample was pipetted into test tube containing 0.4 ml of clotrimazole
stock solution and 1.6 ml of methanol. The solution was filtered through 0.45 {im nylon
membrane and analyzed for mangostin content using HPLC as the same previously

described conditions. The apparatus employed in this study is displayed in Figure 27.

i
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— Magnetic Bar

O/Z Magnetic Stirrer

Figure 25 Modified dissolution testing apparatus (assembled in the laboratory)

4. Determination of content uniformity

The content uniformity of Garcinia mangostana extract in the orally fast dissolving
films was quantitatively determined by mean of peak area ratio by HPLC method. The film
was cut into ten small pieces (2 x 3 cm2) with an accurate weight. Each piece was
determined for the amount of mangostin. They are individually tested for their content
uniformity. Each piece was analyzed by dissolving in 10 ml volumetric flask containing
mobile phase and shaken at room temperature until the film was completely dissolved.
Then 1.0 ml of stock internal standard was added into the flask, finally adjusted volume to
10 ml. The solution was filtered through 0.45 lim nylon membrane and analyzed using the
HPLC method described previously. The percentage of active drug within the test films was

calculated from the calibration curve.
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| Stability Study of Mangostin in Orally Fast Dissolving Films Containing Garcinia
mangostana Extract

The film preparations (2 x 3 sz) were stored in glass vials, which were tightly
sealed with rubber closure and aluminum caps at 40+2 °C and the humidity at 75+5 %RH
for three months (Carstensen, 1990). The amounts remaining of mangostin were
determined in triplicate at initial, 1, 2, and 3 month periods. The analysis of mangostin in
film samples followed the previously described HPLC method. Triplicate samples of each
test preparation were randomly drawn and analyzed compared with purified extract solution.
J In Vitro Antimicrobial Activity of Orally Fast Dissolving Films Containing Garcinia
mangostana Extract

All formulations of orally fast dissolving films containing Garcinia mangostana extract
were evaluated for their in vitro antimicrobial effect against Staphylococcus aureus ATCC
25923 and Streptococcus mutans ATCC KPSK, that are commonly microorganisms found
in oral cavity.

1. Antimicrobial activity of films

Antimicrobial activity of films was determined by agar diffusion using Mueller Hinton
agars (Difco, USA). The method was previously standardized by adjusting the microbial
incubation at 0.5 Mcfarland, 1 x 108 cells/ml.

After adjusting the turbidity of the inoculum suspension, a sterile swab was dipped
into the suspension and pressed the swab on the inside wall of tube to remove excess
inoculum from the swab. The inoculum was swabbed over the entire agar surface in three
different directions to ensure an even distribution of the inoculum. Five-mm diameter disks
were cut from different films and placed on Mueller Hinton agars using sterile forceps. The
agar plates were cooled down at 25 °C for 3 hours to allow diffusion of the extract and then
incubated at 37 OC, 24 hours for Staphylococcus aureus ATCC 25923 and 48 hr, 37 °C in
CO, for Streptococcus mutans ATCC KPSK,. Each formulation was performed in triplicate.
After incubation, the diameters of the zones produced by antimicrobial inhibition of bacterial
growth were measured using Vernier caliper (Macoh, China). Data are expressed as growth
inhibitory zone diameter in millimeter (Lorian, 1991; Mahon and Manuselis, 2000; Sebti,
Broughton, and Coma, 2003).

The negative control groups of this experiment were polymer films without any
additives and films base formulations without extract. Commercial product strips A, and the
prepared film of cetylpyridinium chloride and chlorhexidine diacetate at the same
concentration of extract were the positive control.

2. Antimicrobial activity of solution of films

The films were cut into 2 x 3 cm and dissolved with 2 ml of isotonic phosphate
buffer pH 6.2 as simulated saliva. The films solutions were dropped into the sterile stainless

steel cups that placed on Mueller Hinton agars swapped with inoculum (1 x 108 cells/ml).



51

The plates were cooled down at 25 °C for 3 hours to allow diffusion of the extract and then
incubated at 37 oC, 24 hr for Staphylococcus aureus ATCC 25923 and 48 hr, 37 °Cin CO,
for Streptococcus mutans ATCC KPSK,. Each formulation was performed in triplicate, After
incubation, the inhibition zone diameters were determined by Vernier caliper in millimeter.

The antimicrobial activity of orally fast dissolving films containing extract were
compared with positive control as commercial product strips A, commercial mouth wash
product B, containing essential oils, and commercial mouth wash product C, contained
0.12% w/v of chlorhexidine gluco.nate, prepared film with cetylpyridinium chloride and film
with chlorhexidine diacetate at the same concentration with extract. The negative control
was isotonic phosphate buffer pH 6.2, polymer film without any additives, and film base
without Garcinia mangostana extract.
K Statistical Analysis

The data of dissolution time, tensile strength, percent elongation, work of failure,
percentage of drug dissolution and amount of mangostin remaining after the stability study
were analyzed by statistically using one-way analysis of variance (ANOVA). When a
significant difference (p<0.05) was indicated, the data were subjected to multiple
comparison by Duncan test to compare the difference. The statistical package for the social

sciences (SPSS) program version 11.0 was used in this study.

PART Il MONOGLYCERIDE-BASED DRUG DELIVERY SYSTEMS (LIQUID

CRYSTALLINE) CONTAINING Garcinia mangostana EXTRACT
L . Preparation of Monoglyceride-Based Drug Delivery System
1. Monoglyceride-Based Drug Delivery System
Monoglyceride-based drug delivery system is based on the ability of mixture of
monoglyceride and triglyceride to form liquid crystals when in contact with water.
Monoglyceride-based drug delivery systems were developed by using glyceryl monooleate,
triglycerides and water. Triglycerides used in this study were sesame oil, soybean oil and
olive oil. ‘ _
Monoglyceride-based drug delivery systems were prepared on a weight by weight
(w/w) basis by weighing the three components in screw-capped tubes and vigorously mixed
using vortex mixer for 5 min. The samples were heated at 45+0.5 °C and occasionally
mixed for 30 min. The samples were stored at room temperature for 1 week before further
studies.
2. Physical Characterization
2.1 Polarized Light Microscopy
A drop of samples was placed on a glass slide and examined for the liquid
crystalline phases under the polarized light microscope (Eclipse E200, Nikon, Japan).

Anisotropic liquid crystalline phases, such as hexagonal, lamella and reversed hexagonal
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phases, are optically birefringent. This property can be used for studying such phases with
polarizing microscopy. On the other hand, isotropic phases (e.g. micellar and reversed
micellar solutions and cubic phases) are nonbirefringent and generate a dark background
when investigated under the polarizing microscope.

2.2 Physical Stability
The samples that could form reversed hexagonal phases were evaluated for
their physical stability by heating-cooling cycle. The samples were stored in a hot air oven
at 45+0.5 °C for 48 hr, and then placed in a refrigerator at 4+0.5 °C for 48 hr. The heating-
cooling cycle was repeated for 6 cycles.
M. Formulation of Garcinia mangostana Extract Monoglyceride-Based Drug Delivery
System
The most stable samples from the study in topic C 2.2, with the equilibrium water
content, were selected. Since a mixture of glyceryl monooleate and oil with drug comes into
contact with water, hydration progresses and the formulation turns into a liquid crystalline
state with high viscosity. The equilibrium water content means the maximum water uptake
without causing phase separation. Monoglyceride-based drug delivery systems were
prepared by weighing the three components and 2% Garcinia mangostana extract in screw-
capped tubes and then followed method as described in C1.
N. Characterization of Garcinia mangostana Extract Monoglyceride-Based Drug
Delivery System
1. Determination of Physicochemical Properties
The physicochemical properties of formulations before and after incorporating the
Garcinia mangostana extract were determined as follows:
1.1 Physical Appearances
The physical appearances of formulations such as color, clarity and phase
separation were observed.
1.2 pH Measurement
The pH of formulations was measured by using pH meter (Model 420A,
Orion, USA). The measurements were done in triplicate.
1.3 Viscosity Measurement
The viscosity of formulations was determined by using cone and plate
viscometer (Brookfield viscometer, Scientific Industries, USA.). The determination of the
viscosity was performed by applying about 0.5 ml of sample to the lower plate of the
viscometer. The cone CP-40 was used. The measurements were performed in triplicate.
1.4 Polarized Light Microscopy
A drop of samples was placed on a glass slide and examined for the liquid

crystalline phases under polarized light microscope. The polarized light photomicrographs
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were recorded by digital camera (Coolpix 5400, Nikon, Japan) to compare the liquid
crystalline phases before and after adding the extract.

2. Determination of Injectability through the Syringe

The injectability through the syringe was performed to ensure that the formulations
could be administered by syringe into a periodontal pocket. Since the high-viscous
formulations had stiffness and could not be administered by syringe, the low-viscous
formulations were used in this study. When they are in contact with the fluid in the oral
cavity, the formulation turns into a liquid crystalline state and changes to a semi-solid at the
injection sites.

The water-free formulations with low viscosity were evaluated for injectability by
administering through a syringe with 23-gauge tip needle. The viscosity of formulations was
also determined by using cone and plate viscometer in triplicate.

3. In vitro Liquid Crystalline Phase Formation Study

This study was performed to ensure that the formulations could form liquid
crystalline phases with high viscosity upon dilution with water. The study was modified from
Scherlund et al. (2001). The test was conducted within a screw-capped tube at the
temperature 37+0.5 °C using water bath. The water-free formulations 0.5 ml was added into
2 mil of water then the liquid crystal formation was detected by polarized light microscopy.

4. In vitro Release Study

4.1 Solubility Study of the Receiver Fluid

Selection of an appropriate receiver fluid is important to maintain sink
condition during the release study. Ethanol was used to enhance drug solubility in receiver
fluid. Excess amount of the extract was put into each screw-capped tube containing 5 ml of
pH 7.4 phosphate buffer and ethanol in pH 7.4 phosphate buffer ranging from 0 to 35%.
The tubes were continuously rotated at 37+0.5 °C for 48 hr to achieve equilibrium. Then the
suspensions were centrifuged and the supernatants were withdrawn and filtered through
0.45 pum cellulose acetate syringe filters. The filtrates were appropriately diluted and
analyzed by UV spectrophotometer (UV-1601, Shimadzu, Japan). All solubility
determinations were carried out in triplicate.

4.2 In vitro Release Study

The in vitro release study was performed using modified Franz diffusion cell
which consists of a donor compartment and a receiver compartment (Figure 26). The
cellophane membrane was placed between two compartments of modified Franz diffusion
cell. The membrane was soaked in the medium before use. The receiving compartment
contained 14 ml of 35% v/v ethanol in pH 7.4 phosphate buffer which was maintained at
37+0.5 °C by a circulating water jacket. The receptor fluid and membrane were equilibrated
to the desire temperature for 1 hr before the release study. After equilibration, 0.1 g of the

sample was carefully placed into the donor compartment using a syringe and then covered
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with paraffin film to prevent evaporation. The receptor fluid was continuously mixed by
magnetic stirring bar at 600 rpm throughout the time of release study. Any air bubbles
formed under the preparation had necessarily been removed before the experiment was
started. Four specimens of each formulation were examined.

Samples of 5 ml were taken from the receiver medium at certain time
intervals (1, 3, 6, 9, 12, 24, 36 and 48 hr) via the sampling port of diffusion cell. The
receiver medium was removed by using a syringe and the receiver compartment was
replaced with the same amount of medium to keep the constant volume during the
experiment. All receiver solutions taken were analyzed concentrations of mangostin in the

medium by using UV spectrophotometer at 243 nm.
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Figure 26 A schematic illustration of the two compartment of Franz diffusion cell

The amount of drug release was calculated by multiplying the drug
concentration with the receiver volume. The percentage of drug release was calculated by

the following equation:
% drug release = (A, / Ag) x 100

where A, is the cumulative released amount of drug at a particular time; Ay is the initial
amount of drug.
4.3 Assay of In vitro Release
The determination of amount of mangostin release was performed by UV
spectrophotometry due to rapidity and convenience.
5. Differential Scanning Calorimetric (DSC) Method
The DSC thermogram of samples was determined by using differential scanning
calorimeter (D808226, Mettler Toledo, Switzerland). A highly sensitive ceramic sensor in
DSC instrument is used to measure the difference between the heat flows to the sample

and reference crucibles. The standard type of pan for DSC measurement is aluminum
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crucible standard 40 pl. An accurately weighed amount of 3-5 mg of the samples was
placed in an aluminum crucible. Then the aluminum crucible was sealed with the lid under
the pressure of the plunger by using crucible sealing press. After sealing, the aluminum
crucible was placed on a DSC sensor in the furnace. Samples were heated from -20 to 250
°C at a heating rate of 10 °C/min. All tests were performed under a nitrogen atmosphere.

6. Determination of Antimicrobial Activity of Garcinia mangostana Extract
Monoglyceride-Based Drug Delivery System

Streptococcus mutans KPSK, is a representative of bacteria in the dental plaque.
The effectiveness of formulations against Streptococcus mutans KPSK, was evaluated
using agar diffusion method. The efficacy was determined by the diameter of inhibition zone.

The principle of agar diffusion method is dependent upon the inhibition of the growth
of bacteria on the surface of an inoculated agar plate, by the antimicrobial agent that
diffuses into the surrounding medium.

Mueller Hinton Agar medium was prepared by adding 19 g of the agar to 500 ml of
distilled water and boiled to dissolve the medium completely. After that the sterilization was
performed by autoclaving at 12110.5 °C for 15 min. Each agar plate was prepared by
pouring 30 ml of the medium to Petri dish with a diameter of 10 cm and allowed to solidify
at room temperature. The depth of agar was approximately 4 mm. Then the agar plates
were perforated by using a 56 mm diameter cylindrical tube to make a hole for filling the
samples.

The inoculum was prepared by picking the isolated 48 hr colonies of Streptococcus
mutans KPSK, into broth and letting the inoculum grow for 12 hr. Then 5 ml of the inoculum
was transferred to new broth (100 ml) and grown for 4 hr to reach mid-exponential growth
phase. The inoculum was compared for the turbidity equivalent to the McFarland No.0.5
standard (1.5><108 CFU/ml) to provide an appropriate growth of the microorganism for
testing the antimicrobial activity. The method for determining the turbidity of McFarland
No.0.5 standard was done by using spectrophotometer. The cuvette of inoculum was
placed in the spectrophotometer and read the absorbance at 600 nm, the absorbance of
the inoculum should be approximately 0.015. If the suspension was too dense, the inoculum
was diluted with additional sterile broth. The standardized inoculum suspensions should be
used within 15 min of preparation.

After adjusting the turbidity of the inoculum suspension, a sterile swab was dipped
into the suspension and rotated the swab several times with a firm pressure on the inside
wall of the flask above the fluid level to remove excess inoculum from the swab. The
inoculum was swabbed over the entire agar surface in three different directions to ensure
an even distribution of the inoculum. The plate was allowed to dry at room temperature for
5-10 min. The formulations were placed into the holes of agar about 4-5 holes/plate. Each

formulation was performed in triplicate. Then the plates were incubated at 37+0.5 °C for 24
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hr in CO, water jacketed incubator (Forma Scientific, Inc., USA). After incubation, the
diameters of the zones produced by antimicrobial inhibition of bacterial growth were
measured using Vernier caliper (Komsri, 1997; Mahon and Manuselis, 2000).

7. Determination of Partition Coefficient of Garcinia mangostana Extract
The partition coefficient (P) is defined as the ratio of the equilibrium concentrations
of a dissolved substance in a two-phase system consisting of two largely immiscible

solvents. In the case of n-octanol and water

F)ow = Cn—octanol

CW&!EI’

The partition coefficient therefore is the quotient of two concentrations and is usually
given in the form of its logarithm to base ten (log P).

The most common method for determining partition coefficient is the shake flask
method. In this technique, the candidate drug is shaken between n-octanol and water layers,
from which an aliquot is taken and analyzed.

Before the partition coefficient was determined, the two solvents were mutually
saturated by shaking at the room temperature. Two stock bottles were shaken for 24 hr on
a mechanical shaker, one containing n-octanol and a sufficient quantity of water, and the
other containing water and sufficient quantity of n-octanol. Then the two bottles were let to
allow the phase separation.

The test solution was prepared in n-octanol with a concentration of 5 mg/ml of
mangostin. Five millilitres of the two solvents prepared as described above were filled into
screw-capped tubes. The tubes were continuously rotated at room temperature for 48 hr to
achieve equilibrium. Then the tubes were let to allow the phase separation. The partition
coefficient was determined by analyzing the concentrations of mangostin in both phases by
using UV spectrophotometer at 243 nm. All partition coefficient determinations were carried
out in triplicate (OECD 107, 1995).

0. Stability Study of Garcinia mangostana Extract Monoglyceride-Based Drug Delivery
System

The stability study was performed by heating-cooling cycle. The samples were
placed in a closed container and stored in a hot air oven at 45+0.5 °C for 48 hr, and then
placed in a refrigerator at 4+0.5 °C for 48 hr. The heating-cooling cycle was repeated for 6
cycles. The physicochemical properties were determined in the same method as described
in E1 and the determination of amount of mangostin was performed by HPLC method. The
analysis of samples followed the method described in B3. The amount of mangostin was
determined in triplicate at the initial and after the stability study.

P. Statistical Analysis
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The data of viscosity, percentage of drug release, coefficient of determination of the
release kinetic, the Higuchi release rate constant and amount of mangostin remaining after
the stability study were analyzed by one-way analysis of variance (ANOVA). When a
significant difference (P<0.05) was indicated, the data were subjected to multiple
comparison by Fisher's least significant difference (LSD) test to compare the difference.
The statistical package for the social sciences (SPSS) program version 12.0 was used in

this study.



CHAPTER il
RESULTS AND DISCUSSION

PART I: Extraction, Identification, Quanlitative and Quantitative Analysis And

Antibacterial activity of Garcinia mangostana fruit hulls
A. Extraction of Active Constituents from Garcinia mangostana

The crude extract of Garcinia mangostana was obtained by maceration of four
kilograms of the dried fruit hull powder with ethyl acetate for extraction of non polar
substances. The ethyl acetate extract was brownish viscous liquid, which was concentrated
by using a rotary evaporator. Then the extract was crystallized into yellow crystal and
ground into fine powder for further studies (Figure 28). The photomicrograph of yellow bright
needle shaped crystalline of mangostin obtained is shown in Figure 27. The weight of final

yield was 324.5 g, which was calculated as 7.47% yield.

|
|
1

Figure 27 Photograph of fine powder of Garcinia mangostana extract

B. Identification and Determination of Active Constituents from Garcinia mangostana

1. Differential scanning calorimetric (DSC) method

The information from differential scanning calorimetric (DSC) method can be used for
compound identification or in an estimation of purity. The melting point of a substance is
defined as the temperature at which the solid phase exists in equilibrium with its liquid
phase (Brittain, 1995).

The accurately weighed amount of the extract was placed into an aluminum pan and
the run was performed at the heating rate of 10 °C/min in the temperature ranging from —50
to 220 °C under nitrogen atmosphere. The experiment was performed in triplicate. The DSC
thermogram of the extract showed an endothermic melting peak with a broad range of
temperature at 165.04-166.80 ‘c (Figure 28), while the melting point of mangostin which
was reported as 181.6-182.6 ‘c (Gopalakrishnan, Banumathi, and Suresh, 1997; Budavari,



59
2001). This result indicated that the extract might contain a mixture of other constituents

such as 8-desoxygartanin (mp 155-156 oC), BR-xanthone (mp 180-182 OC), gartanin (mp
164-166 C), or 3-mangostin (mp 178-179 “C).
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Figure 28 DSC thermogram of Garcinia mangostana extract (sample weight 3.27 mg)

2. Thin layer chromatographic (TLC) method

The isolated compound from dried fruit hull extract was identified by TLC. The
chromatogram of the compound was compared to the standard mangostin as shown in
Figure 29. In this chromatogram, the Rf value of the extract was equal to the standard
mangostin at the value of 0.60. Based on this data, major composition of this extract was

mangostin.

Figure 29 TLC chromatogram of (a) standard mangostin and (b) Garcinia mangostana

extract.
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3. High performance liquid chromatographic (HPLC) method

The developed HPLC system was applied to analyze the extract from dried fruit hulls
of Garcinia mangostana. It was found that the extract had similar chromatogram to the
standard mangostin. However, in the same concentration the extract gave the peak area
ratio of 55.86 + 0.22 % of the standard mangostin. This result is consistent with the
information from DSC that the extract might contain a mixture of other compounds.

3.1 Validation of HPLC method

The validation of analytical method is the process by which it is established that the
performance characteristics of the method meet the requirements for the intended analytical
applications. The performance characteristics are expressed in term of analytical
parameters. For HPLC assay validation, these include specificity, linearity, accuracy and
precision.

3.1.1 Specificity

The specificity of an analytical method is its ability to measure the analyte accurately
and with specificity in the presence of other components in the sample.

The internal standard technique was performed by determining the peak area ratio of
mangostin to clotrimazole (internal standard) to give the complete separation, appropriate
resolution and sharp peaks of all components. The methanol-water mixture of 87% by
volume was used as the mobile phase. The typical chromatograms of blank solution, internal
standard solution, mangostin standard solution and Garcinia mangostana extract solution are
shown in Figure 30-35.

The retention times of internal standard solution, mangostin standard solution and
Garcinia mangostana extracf solution were around 5.073, 8.844, 8.872 min, respectively. In
addition, there was no interference from other components in the chromatogram.

3.1.2 Linearity

The linearity of an analytical method is its ability to elicit test results that are directly,
or by a well-defined mathematical transformation, proportional to the concentration of analyte
in samples within a given range. The linearity is usually expressed in terms of the variance
around the slope of the regression line calculated according to an established mathematical
ralationship from test resuits obtained by the analysis of samples with varying concentrations
of analyte. The calibration plot of mangostin concentrations versus the peak area ratios of
mangostin and its internal standard, clotrimazole illustrated the linear correlation in the
concentration range studied of 1-40 Lig/ml (Figure 37). The coefficient of determination (R2)
of this line was 0.9999. These results indicated that HPLC method was acceptable for

quantitative analysis of mangostin in the range studied.
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Figure 31 HPLC chromatogram of internal standard solution (clotrimazole).
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Figure 32 HPLC chromatogram of mangostin standard solution.
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Figure 33 HPLC chromatogram of Garcinia mangostana extract solution.
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Figure 34 HPLC chromatogram of mixture of the extract and internal standard.
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Figure 35 HPLC chromatogram of mixture of mangostin and internal standard.

3.1.3 Accuracy

The determination of accuracy was performed by analyzing five sets of three

concentration (8.0, 25.0, 35.0 lg/ml). The inversely estimated concentration and

percentages of analytical recovery of each drug concentration are shown in Table 11 and

Table 12, respectively. All percentages of analytical recovery were in the range of 98.82 —

62
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100.42 %, which indicated that this method could be used for analysis of mangostin in all

concentrations studied with high accuracy.

Mean peak area ratio
I
wn
o
|

y = 0.0592x + 0.0087

0.50 1 R? = 0.9999
000 - [ ] ] | ) e
0 10 20 30 40 50

Concentration of mangostin (mcg/ml)

Figure 36 Calibration curve of mangostin by HPLC method

Table 10 The inversely estimated concentrations of mangostin by HPLC method

Concentration Inversely estimated concentration (jlg/ml)
Mean + SD
(kg/mi) Set 1 Set 2 Set 3 Set 4 Set 5
8 7.9687 8.0675 7.9516 8.1124 8.0675 8.0335+0.07
25 247167 24.7683 24.8054 24.5531 24.6809 24.7049+0.10
35 34.6363 34.6929 34.8002 34.5115 34.6929 34.6668+0.11

Table 11 The percentage of analytical recovery of mangostin by HPLC method

Concentration % Analytical recovery
Mean + SD
(Hg/ml) Set 1 Set 2 Set 3 Set 4 Set 5
8 99.61 100.84 99.39 101.40  100.84 100.42+0.87
25 98.87 98.07 99.22 98.21 98.72 98.82+0.39
35 98.96 99.12 99.43 98.60 99.12 99.05+0.30

3.1.4 Precision
The precision of an analytical method is the degree of agreement among individual
test results when the method is applied repeatedly to multiple samplings of a homogeneous
sample. The precision of an analytical method is usually expressed as the standard

deviation or relative standard deviation (coefficient of variation) of a series of measurements.



64

Table 12 and Table 13 illustrate the data of within run precision and between run
precision, respectively. All coefficient of variation values were small, 0.32-0.85% and 0.66-
1.43%, respectively. The coefficient of variation of an analytical method should generally be
less than 2%. Therefore, the HPLC method was precise for quantitative analysis of

mangostin in the range studied.

Table 12 Data of within run precision by HPLC method

Concentration Peak area ratio

Mean SD  %CV
(LLg/ml) Set 1 Set 2 Set 3 Set 4 Set 5

0.480 0.489 0.484

8 4 0.4863 0.4794 0 0.4863 3 0.00 0.85
1.471 1.462 1.471

25 9 14750 14772 2 1.4698 2 0.01 0.39
2.059 2.051 2.061

35 2 2.0625 2.0689 8 2.0625 0 0.01 0.30

Table 13 Data of between run precision by HPLC method

Concentration Peak area ratio Mean SD
(LLg/mi) Set1 Set2 Set3 Set4  Sets %CV
8 04876 0.4783 0.4696 0.4796 04734 04777 0.01 1.43
25 14648 1.4785 14832 14688 14595 14710 0.01 0.66
35 2.0946 2.0523 2.0548 2.0685 2.0536 2.0648 0.02 0.87

In conclusion, the analysis of mangostin by HPLC method developed in this study
showed good specificity, linearity, accuracy and precision. Thus this method was used for
the determination of the content of mangostin in this study.

4. UV Spectrophotometric Method

1. Validation of UV spectrophotometric method

The validation of analytical method is the process for evaluation that the method is
suitable and reliable for the intended analytical applications. The analytical parameters used
for the UV spectrophotometric assay validation were specificity, linearity, accuracy and
precision.

1.1 Specificity
The UV validation absorption spectrum of mangostin is shown the maximum
absorbance at the wavelength of 243 nm. Therefore, the detection of mangostin was
performed at this wavelength (Hiranras, 2001).

1.2 Linearity
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The calibration curve of mangostin in absolute ethanol was shown in Figure 40.
Linear regression analysis of the absorbances versus the corresponding concentrations was
performed and the coefficient of determination (Rz) was calculated as 0.9999. The
calibration data were found to be linear with excellent coefficient of determination. These
results indicated that UV spectrophotometric method was acceptable for quantitative analysis
of mangostin in the range studied.

1.3 Accuracy

Mangostin solutions were prepared at the concentration of 3.0, 5.4, 7.8 lg/ml in
five sets. Each individual sample was analyzed by UV spectrophotometer. The inversely
estimated concentrations and percentages of analytical recovery of each drug concentration
are shown in Table 15 and 16, respectively. All percentages of analytical recovery were in
the range of 98.54-99.45%, which indicated the high accuracy of this method. Thus, it could

be used for analysis of mangostin in all concentrations studied.
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Figure 37 Calibration curve of mangostin by UV spectrophotometric method.

Table 14 The inversely estimated concentrations of mangostin by UV spectrophotometric

method
Concentration Inversely estimated concentration (Llg/ml)
Mean + SD
(Hg/ml) Set1  Set2  Set3  Set4  Set5
3.0 29922 29778 29490 29974  2.9895 2.9812 + 0.02
5.4 54092 53922 53490 54026  5.2980 5.3702 + 0.05

7.8 7.6693 9.6915 7.6967 7.6641 7.7085 7.6860 + 0.02
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Table 15 The percentage of analytical recovery of mangostin by UV spectrophotometric

method
Concentration % analytical recovery
Mean + SD
(Ug/ml) Set 1 Set2  Set3 Set4  Set5
3.0 99.74 99.26 98.30 99.91 99.65 99.37 + 0.65
5.4 100.17 99.85 99.06 100.05 98.11 99.45 + 0.86
7.8 98.32 98.61 98.68 98.26 98.83 98.54 + 0.24

1.4 Precision

The precision of mangostin analyzed by UV spectrophotometric method were
determined both within run precision and between run precision as illustrated in Tables 16-
17. All coefficients of variation values were very low, as 0.24-0.87% and 0.62-1.13%,
respectively. The coefficient of variation of an analytical method should generally be less
than 2%. Therefore, the UV spectrophotometric method was precise for quantitative analysis

of mangostin in the range studied.

Table 16 Data of within run precision by UV spectrophotometric method

Concentration Absorbance Mean SD
(Mg/ml) Set1 Set2  Set3 Setd Set5 %CV
3 0.2294 02283 0.2261 0.2298 0.2292 0.2286 0.001 0.65
54 04143 04130 04097 04138 0.4058 04109 0.004 0.87
7.8 0.5872 05889 0.5893 0.5868 0.5902 0.5885 0.001 0.24

Table 17 Data of between run precision by UV spectrophotometric method

Concentration Absorbance Mean SD
(Ltg/ml) Set 1 Set 2 Set 3 Set 4 Set5 %CV

3 0.2255 0.2248 0.2296 0.2231 0.2278 0.2262 0.003 1.13

5.4 0.413 . 04155 0.4201 04119 0.4162 04153 0.003 0.77

7.8 0.5877 0.5921 0.5861 0.5823 0.5848 0.5866 0.004 0.62

In conclusion, the analysis of mangostin in by UV spectrophotometric method
developed in this study showed good specificity, linearity, accuracy and precision. Thus this

method was used for the determination of the content of mangostin in the solubility study.

C. Determination of Solubility of Garcinia mangostana Extract
The solubility of Garcinia mangostana extract in hydroalcoholic mixtures at various
concentrations of ethanol at ambient temperature are shown in Table 19. The solubility

values expressed were the mean + S.D. of three determinations. The sharp increase in the
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solubility of extract was observed as increasing ethanol content as cosolvent to the

medium (Figure 39).
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Figure 38 Solubility of mangostin of Garcinia mangostana extract in various concentrations

of ethanol

Table 18 The solubility of Garcinia mangostana extract

Solvent Solubility (mg/ml) + SD
40% ethanol in water 2.5399 + 0.33
50% ethanol in water 9.5396 + 0.65
60% ethanol in water 25.0200 + 0.98
70% ethanol in water 85.5552 + 2.84
80% ethanol in water 205.2323 + 3.05

Figure 39 Solubility of mangostin of Garcinia mangostana extract in various concentrations

of ethanol

D. Determination of Antimicrobial Activities of Garcinia mangostana Extract

1. Determination of minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC)

The experiment was performed with three series of extract. After incubation the MIC
was determined visually as the lowest concentration that inhibited bacterial growth, which
was demonstrated by the absence of turbidity. The MIC of the extract 3 Llg/ml for

Staphylococcus aureus ATCC 25923 and 1.5 Llg/ml for Streptococcus mutans ATCC KPSK,
(Table 20).
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The MBC was determined the lowest concentration of an antimicrobial agent that
killed the test bacteria. The MBC of the extract was 4 Llg/ml for Staphylococcus aureus
ATCC 25923 and 3 Llg/ml for Streptococcus mutans ATCC KPSK, (Table 20).

From the study, it was interesting that the MIC and MBC values of the extract
against Streptococcus mutans ATCC KPSK, were lower than that against Staphylococcus
aureus ATCC 25923. This result implied that Garcinia mangostana extract had a higher
activity against Streptococcus mutans ATCC KPSK,; than against Staphylococcus aureus
ATCC 25923. This finding is consistent to the previous study reported by Hiranras (2001).

2. Determination of solvent effect on bacterial growth inhibition

From the previous study, it was found that mangostin has poor solubility in water and
high solubility in ethanol (Budavari, 2001; Hiranras, 2001). Thus, in this present work,
ethanol was selected to solubilize the extract. The minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) of ethanol against Staphylococcus aureus
ATCC 25923 was 5.9375% v/v and 23.75% vlv, respectively. The minimum concentration of
ethanol that showed the inhibitory effect against Streptococcus mutans ATCC KPSK, was
found to be 11.875% v/v and showed bactericidal effect at 23.75% v/iv. The MIC and MBC
of ethanol against two types of tested bacteria was higher than of the extract. These results
showed that the ethanol content of the extract solution in this experiment did not interfere

the MIC and MBC of the extract.

Table 19 The MIC and MBC of extract and ethanol on various types of bacteria.

MBC MIC of ethanol MBC of
Types of bacteria MIC (LLg/ml)
(LLg/mi) (Yoviv) ethanol (%v/v)

Staphylococcus

3 4 5.9375 23.75
aureus ATCC 25923
Streptococcus

1.5 3 11.875 23.75
mutans KPSK,

PART Il FAST DISSOLVING ORAL STRIPS CONTAING Garcinia mangostana
EXTRACT

E. Formulation of Orally Fast Dissolving Films Base

From the preliminary studies, appropriated type and concentration of cellulose
polymers were investigated to obtain fast dissolving films with satisfactory appearance, good
integrity, and which were easily detached from the glassy plate after drying with flexibility
and no breakage. Consequently, three types of cellulose were employed for the study
including HPMC 3 cps, HPMC 5 c¢ps, and HPC.

1. In vitro evaluation of orally fast dissolving films



69

1.1 Physical characteristics of orally fast dissolving film bases

In this experiment, the films were prepared by solvent casting method on glassy
plates. The films were cut into 2 x 3 cm that appropriate for place on the tongue (Xu et al.,
2002; Szeles et al.,, 2004). The physical characteristics of orally fast dissolving films were
transparent, glossy, flexible, sticky and easy to peel off from the glass flat plate as shown in
Table 21.

From the result, it was found that the film formula that consisted of 3 plasticizers,
PEG 400, PG and glycerin at 15% total amount of plasticizers per total amount of polymers
was too moist and soft that caused self-adhering characteristic. it might be that all
plasticizers are polyol substances, thus they have moisture absorption characteristic.
Additionally, the film formulations already incorporated volatile oil which may soften and
moisten the film. This finding is consistent with a previous study that the pullulan film
products containing sorbitol, glycerin or both were easily broken into pieces, or could be too
moist and/or self-adhering but they could produce films that rapidly dissolved in the oral
cavity (Mcgregor, Homan, and Gravina, 2004).

The characteristics of film consisting of only HPC as film former were translucent,
too soft, highly sticky and difficult to detach from flat glass plate but they were flexible. While
the HPMC film was transparent and easy to peel. Therefore, for improving ease of peeling
of HPC film, the combination of film formers between HPC and HPMC could provide the
films that were easier to detach than HPC film alone. These findings agree with the previous
study by Taweekunthum (2001), that used the combined polymers between HPMC 15 cps
and HPC HV (high viscosity).

Focus on HPMC films, this study found that the film prepared from HPMC 5 cps
provided more fransparent and colorless than one from HPMC 3 cps. It may be due to the
yellow-white color of HPMC 3 cps powder. Additionally, HPMC 5 cps (E5) film was more
flexible than HPMC 3 cps (E3) film.

1.2 Thickness of orally fast dissolving films

There are many studies that discuss the thickness of fast dissolving or breath
freshening films. Many studies reported that the appropriate thickness of the fast dissolving
film should be in range from 35 to 45 lim and not more than 70 llm (Marco and Fausto,
2004). While another patent claimed that the film preferably has a thickness about 40-60
im (Szeles et al., 2004). Additionally, Xu et al. (2002) reported that the film has a thickness

ranging from about 15 to about 80 Lim, and preferably about 30 to 60 Llm.



Table 20 Physical characteristics of fast dissolving film bases
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Ease of
Formulas Transparency  Glossiness Flexibility Stickiness
peeling

PEG/PG ++ ++ +++ ++ ++4+
PEG/GLY ++ ++ ++ ++ +4++
PEG/PG/GLY ++ ++ ++ +++ 44+
PEG ++ ++ ++ + +++
PG/GLY ++ ++ ++ ++ +++
GLY ++ ++ ++ + +++
PG ++ ++ +++ + +++
E3 ++ ++ + + ++4+
ES +++ +++ ++4+ + +++
HPC + + +++ +++ +
E3HPC (2:1) ++ ++ +++ + +++
E3HPC (3:1) ++ ++ +++ + +++
E3HPC (4:1) ++ ++ +++ + +++
E3HPC (5:1) ++ ++ +++ + 44
E3ES (1:1) ++ +++ +++ + +++
E3ES (2:1) ++ +++ +++ + +++
E3ES5 (3:1) ++ +4++ +++ + +++
E3ES5 (5:1) ++ +++ +++ + +++
ESHPC (1:1) ++ +++ +++ ++ ++
ESHPC (2:1) ++ +++ +++ + +++
ESHPC (3:1) ++ +++ +++ + +++
ESHPC (5:1) ++ +++ +++ + +++

The symbols of (+) and (-) mean the appearance and no appearance, respectively. The

number of the symbols of (+) means a degree of the appearance of the specified property.

1.3 Weight variation of orally fast dissolving films

Many patents claimed that the weight of orally fast dissolving films should be in

the range of 30 to 100 mg (Pearce, 2003) but another patent claimed that weight variation

should be between 25 and 35 mg (Marco and Fausto, 2004). It shows in Table 23 shoWs

the average weights of all test films which ranged from 20.18+0.50 to 31.60+1.62 mg.
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Table 21 The average thickness of the prepared fast dissolving film bases (n=5, each

sample was measured at 5 locations).

Formulas Average thickness + SD. (llm) Mean
No. 1 No. 2 No. 3 No. 4 No. 5 + 8D

PEG/PG 40.2+1.30 40.0+1.22  37.842.17 37.841.92 40.2+0.45 39.2+1.28
PEG/GLY 41.242.59 426+1.95 39.0+245 412+1.79 39.2+1.30 40.6+1.52
PEG/PG/GLY 448+1.30 50.4+2.61 48.8+1.30 49.0+1.58 46.0+2.55 47.8+2.32
PG 41.8+148 39.4+1.14 384+1.14 39.0+1.87 384+1.14 39.4+1.41
PG/GLY 39.2+1.64 38.2+1.30 354+0.55 37.4+2.51 - 37.8+0.84 37.6+1.40
GLY 35.6+0.55 36.0+0.71  36.2+0.84 34.6+0.55 38.0+1.00 36.1+1.24
PEG 34.0+0.00 33.6+0.55 324+2.19 33.2+1.10 35.8+2.84  33.8+1.26
E3 38.6+1.82 40.6+2.19 39.6+1.95 42.8+1.30 422+1.48 40.8+1.75
E5 38.0+0.71 37.8+0.84 38.0+1.00 40.0+1.41 40.4+1.34 38.8+41.25
HPC 39.6+2.88 38.2+1.92 39.642.07 39.6+1.67 40.2+1.30 39.4+0.74
E3HPC (2:1) 36.2+0.84 38.4+0.55 39.2+0.84 38.4+1.14 37.8+0.45  38.0+1.12
E3HPC (3:1) 35.2+0.45 35.4+0.55 39.8+41.30 38.0+1.00 38.4+0.55 37.4+2.00
E3HPC (4:1) 35.0+0.00 34.6+0.55 34.0+0.71 34.2+0.84 350+2.35 34.6+0.46
E3HPC (5:1) 37.8+1.48 35.8+0.84 354+1.14 348+0.84 36.4+0.55 36.0+1.14
E3E5 (1:1) 37.0+1.10 37.2+1.00 37.8+1.10 38.440.55 36.6+1.52  37.4+0.71
E3E5 (2:1) 34.0+0.71 36.4+0.55 35.0+0.71 38.0+1.58 34.841.48 356+1.58
E3E5 (3:1) 40.6+0.55 34.8+0.45 35.8+1.30 36.6+1.67 37.0+1.00 37.0+2.20
E3E5 (5:1) 38.0+0.00 37.6+1.14 38.6+1.52 36.2+2.17 354+1.14  37.2+1.32
E5HPC (1:1) 36.4+0.55 36.4+2.30 358+1.10 38.8+1.30 36.4+0.55 36.8+1.17
ESHPC (2:1) 36.6+1.14 36.0+1.22 35.8+1.30 41.0+0.00 36.8+0.45 37.2+2.14
E5HPC (3:1) 36.8+0.45 36.0+1.22 35.6+0.89 37.6+0.55 37.8+1.30  36.8+0.96
E5HPC (5:1) 32.2+0.45 33.840.45 33.0+1.22 33.240.84 32.6+0.55  33.0+0.61
Commercie! 41.2+41.79 37.4+1.34 40.4+2.07 43.8+1.48 41.0+2.12 40.8+2.29

product strips A
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Table 22 Weight variation of orally fast dissolving films (n=5).

Formulas Weight (mg) + SD %CV
PEG/PG 26.46 + 0.11 4.20
PEGI/GLY 2590 + 0.75 2.91
PEG/PG/GLY 31.60 + 1.62 5.13
PG 2434 + 0.62 2.53
PEG 21.92 +0.97 4.42
PG/GLY 2422 + 1.66 6.85
GLY 24.08 + 1.78 7.37
E3 26.91 + 1.21 4.48
ES 23,63 +1.72 7.31
HPC 20.18 + 0.50 2.46
E3HPC (2:1) 2343 +0.29 1.24
E3HPC (3:1) 22.67 + 1.46 6.43
E3HPC (4:1) 2146 + 1.12 5.23
E3HPC (5:1) 23.61 +1.04 4.43
E3ES5 (1:1) 25.88 + 0.83 3.19
E3E5 (2:1) 23.71 +1.22 5.15
E3ES5 (3:1) 2543 + 1.96 7.70
E3ES5 (6:1) 24.42 + 1.80 7.35
ESHPC (1:1) 23.65 + 0.86 3.63
ESHPC (2:1) 2517 + 1.54 6.11
ESHPC (3:1) 25.04 + 0.55 2.20
ESHPC (5:1) 21.90 + 0.25 1.13
Commercial product strips A 28.83 + 0.77 2.67

1.4 Mechanical properties of orally fast dissolving films
Mechanical properties including percent strain at point of break, Young’s modulus,
ultimate tensile strength and work of failure are presented in Table 24 and Figures 40-47.
Focused on percent strain at point break, the results showed that the film from HPC
had the high percent strain at break value. This represented to the elasticity characteristic
but it was too soft when focused in tensile strength. This finding is consistent with the tensile
property study that it had very low tensile strength and Young’'s modulus indicating it was
soft, tough and weak (Taweekunthum, 2001).
The film consisted of HPMC 3 cps with 3 plasticizers including PEG 400, PG,
and glycerin showed the lowest tensile strength and work of failure comparing with the

HPMC 3 cps film without any plasticizer and with one or two types of plasticizers. This data
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supported the physical characteristics of this film that these polyol type plasticizers made
the film too soft and easily broke into pieces.

Focused on the films that were combination of HPMC 5 cps and HPC LV, it was
found that the ultimate tensile strength and Young’s modulus values increased as increasing
the proportion of HPMC 5 cps in the films. Inversely, they showed decreasing of percentage
of elongation significantly (p<0.05). Therefore, the combination of HPMC 5 cps and HPC LV
as film formers provided the films that were more stronger and rigid than HPC alone.

While combining film with HPMC 3 cps and HPC LV exhibited increasing of
tensile strength and Young's modulus, percent elongation at break and work of failure
decreased. These results indicated that mixed polymers of HPMC 3 cps and HPC LV were
more hard, rigid and brittle than HPC film. In addition, all ratios of these mixed polymers
gave no remarkable difference in percent elongation at break of films (p>0.05).

The films that consisted of HPMC 3 c¢ps and HPMC 5 cps showed sharply
decreasing trend of tensile strength, percent elongation and work of failure when proportion
of HPMC 3 cps increased. This finding revealed that the amount of HPMC 3 cps have a

great effect on mechanical properties of films of HPMC 5 cps and 3 cps combination.



Table 23 Mechanical properties of orally fast dissolving films (n=5).

Tensile % Strain at Young's Work of failure
Formulas strength +SD  point of break + modulus + SD + SD.(mJ)
(MPa) SD (%) (MPa)

PEG/PG 40.84 + 1.24 16.57 + 2.16 385.60 + 15.20 1.65 + 0.36
PEG/GLY 35.26 + 1.50 11.91 + 0.78 374.94 + 9.90 0.86 + 0.12
PEG/PG/GLY 2470 + 0.83 12.90 + 1.00 323.14 + 719 0.70 + 0.12
PG 47.34 + 1.59 19.76 + 1.31 386.02 + 10.58 2.38 + 0.23
PG/GLY 34.46 + 1.41 14.59 + 1.21 344.96 + 14.92 1.31+0.23
GLY 52.24 + 0.98 27.37 + 0.44 41212 + 11.47 3.99 + 0.23
PEG 46.53 + 1.69  18.98 + 1.41 376.74 + 25.08 2.00 + 0.37
E3 4359 +3.82 1435+0.51 431.50 + 14.96 1.23 +0.14
ES 7238 +8.04 25442 +476 442,14 + 16.68 52.84 + 7.86
HPC 10.43 + 0.75 59.00 + 1.96 179.56 + 15.82 211 +0.14
E3HPC (2:1) 42.86 + 1.61 14.90 + 1.03 405.36 + 10.26 1.21 + 0.16
E3HPC (3:1) 4517 + 3.91 14.50 + 0.98 397.40 + 28.17 1.24 + 0.27 -
E3HPC (4:1) 4753 +0.77 15.04 + 042  442.28 + 9.08 1.23 + 0.07
E3HPC (5:1) 4713 +2.84 1374 +1.23  443.80 + 12.57 1.19 + 0.18
E3ES (1:1) 65.06 + 4.03 220.84 + 9.15 463.02 + 17.20 46.13 +5.88
E3ES (2:1) 59.40 + 2.04 105.20 + 7.06  440.22 + 13.48 2248 + 742
E3ES (3:1) 63.72 + 3.16  53.32 + 10.37 468.32 + 24.83 9.64 + 2.09
E3E5 (5:1) 54.80 + 1.90 49.44 + 4.16 433.06 + 25.92 7.19 + 0.99
ESHPC (1:1) 22.20 + 0.36 18.02 + 1.17 335.6 + 22.30 1.03 + 0.08
ESHPC (2:1) 32.75 + 1.43 31.48 + 145 379.9 + 21.30 292 +0.25
ESHPC (3:1) 3546 + 0.57 27.12+064  406.3 + 13.49 2.57 + 0.11
ESHPC (5:1) 49.10 + 1.02 36.80 + 1.67 452.12 + 17.52 454 + 0.25
Commercial 4913 + 142 16.74 + 0.90 483.60 + 10.07 1.97 + 0.20

product strips A
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Figure 39 Tensile strength of orally fast dissolving film bases in formulation of HPMC 3 cps
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of HPMC 3 cps with various plasticizers.
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1.5 Dissolution time of orally fast dissolving films

The dissolution time of the film is the most important properties for customer or
patient’s acceptance and it is a critical criteria for selecting film base to formulate the film
containing Garcinia mangostana extract. Xu et al.(2002) defined that the fast dissolving
strips were quickly dissolved in less than 30-40 seconds but in another patent claimed that
the films should dissolved or disintegrated completely within 60 seconds in oral cavity
(Szeles et al., 2004). In this experiment, in vitro speed of dissolution of films was determined
by a modified method from Xu et al.(2002), explaining that the dissolution time was the time
which the film disappeared or completely disintegrated. The dissolution time study was
performed in 5 replications.

In this study, commercial product strips A, the commercial fast dissolving breath
strip, was used as control for selecting the film base to formulate the fast dissolving film
containing Garcinia mangostana extract. It was found that all formulations of E3HPC were
not significantly different in dissolution time from commercial product strips A (p>0.05).

The film formula that gave the fastest dissolution was HPC and the film which gave
the latest dissolution time was HPMC 5 cps and HPMC 3 cps dissolved faster than HPMC 6
cps about 6 times. This finding is similar to the result from the previous investigation by Xu
et al.(2002) that films prepared using high viscosity grade of HPMC dissolved appreciably

slower than a film prepared using lower viscosity grade.
F. Formulation of Orally Fast Dissolving Films Containing Garcinia mangostana Extract

From the results of evaluation of film bases, the optimal formulas which appropriate
properties such as good physical characteristic, suitable mechanical properties, and fast
disintegrating time were selected to formulate orally fast dissolving films containing Garcinia
mangostana extract. These formulas including E3HPC in proportion of 2:1, 3:1, 4:1, and 5:1
were selected. The concentration of extract employed in the formulations was about 0.15%
w/w of dried film base. That is the film of 2 x 3 cm2 contained an approximate weight of
181.61 |lg of mangostin of extract. The physical properties of four formulations were
depicted in Table 29. As a result, all formulations were clear and yellow color due to the

color of extract. Other physical appearances of each formulation were similar to film bases.



Table 24 Dissolution time of fast dissolving films (n=5).
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Dissolution time (sec)

Formulas Mean + SD % CV
No.1 No.2 No.3 No.4 No.5

PEG/PG 191 186 191 167 173 181.6 + 10.99 6.05
PEG/GLY 156 206 181 206 165 182.8 + 22.99 12.58
PEG/PG/GLY 357 322 345 386 330 348.0 + 25.17 7.23
PG 195 216 192 222 182 2014 + 16.91 8.39
PG/GLY 443 371 495 431 414 430.8 + 45.08 10.46
GLY 280 266 330 320 328 304.8 + 29.69 9.74
PEG 280 323 328 272 315 303.6 + 25.77 8.49
E3 205 182 224 182 211 200.8 + 18.49 9.21
ES 1278 1092 1228 1207 1270 1215.0+ 7476  6.15
HPC 73 80 64 53 55 65.0 + 11.55 17.78
E3HPC (2:1) 133 118 129 123 104 121.4 + 11.28 9.29
E3HPC (3:1) 82 100 99 130 126 107.4 + 20.17 18.78
E3HPC (4:1) 83 90 123 88 128 102.4 + 21.31 20.81
E3HPC (5:1) 125 131 141 139 130 133.2 + 6.65 4.99
E3E5 (1:1) 218 232 205 352 245 2504 + 58.74  23.46
E3E5 (2:1) 143 200 179 191 158 1742 + 23.49 1348
E3ES5 (3:1) 161 188 202 204 219 194.8 + 21.86 11.22
E3E5 (5:1) 197 285 179 195 190 209.2 + 4294  20.53
ESHPC (1:1) 168 204 213 149 141 175.6 + 31.50 17.94
ESHPC (2:1) 267 193 197 211 201 213.8 + 30.48 14.26
ESHPC (3:1) 200 249 320 200 316 257.0 + 59.19  23.03
ESHPC (5:1) 235 269 265 160 305 246.8 + 54.51 22.09
Commercial

109 132 158 96 121.0 + 2439  20.16

product strips A

110

Table 25 Formulation of orally fast dissolving films containing Garcinia mangostana extract

Formulation code (% w/w)

Composition .
E3HPC 2:1 E3HPC 3:1 E3HPC 4:1 E3HPC 5:1

HPMC 3 cps 8 9 9.6 10
HPC LV 4 3 24 2
Acesulfame K 0.3 0.3 0.3 0.3
Menthol 1.5 1.5 1.5 1.5
Eucalyptus oil 0.6 0.6 0.6 0.6
Garcinia mangostana

0.216 0.216 0.216 0.216
extract
60% ethanol 85.6 85.6 85.6 85.6
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Table 26 Physical characteristics of orally fast dissolving films containing Garcinia

mangostana extract

Ease of
Formulas Transparency Glossiness  Flexibility stickiness

peeling
E3HPC (2:1) ++ ++ +++ + +++
E3HPC (3:1) ++ ++ +++ + 4+
E3HPC (4:1) ++ ++ +++ + +++
E3HPC (5:1) ++ ++ +++ + +++

The symbols of (+) and (-) show the appearance and no appearance, respectively. The

number of the symbols of (+) means a degree of the appearance of the specified property.

Figure 47 Orally fast dissolving films; (a) films containing Garcinia mangostana extract and

(b) film bases

G. Characterization of Orally Fast Dissolving Films Containing Garcinia mangostana
Extract

1. Surface morphology

The surface morphology of the four formulations containing Garcinia mangostana
extract was observed by using scanning electron microscope (SEM). From the
photomicrographs of cross-sectional area of E3HPC film bases, it was found that E3HPC
(3:1) film exhibited dense, smooth and homogeneous texture.

All formulations of the prepared films from combination of HPMC 3 cps and HPC LV
showed rough surface with many pores. This result is consistent with the finding from
Taweekunthum (2001) that observed surface topography of film consisted of HPMC 15 cps
and HPC.
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Comparison of fast dissolving film containing Garcinia mangostana extract with its

film base in all formulations, it indicated that the incorporation of extract into films caused a

slight increase of surface roughness and porosity (Figure 29-32).

STREC ISKL

(@) (b)
Figure 48 The photomicrographs of surface morphology of orally fast dissolving films in
formulation E3HPC (2:1); (a) Film base and (b) film containing Garcinia mangostana extract

{Magnification x 500)

STREC 15KU ¢ ; STRECO 135K0Q

@) (b)
Figure 49 The photomicrographs of surface morphology of orally fast dissolving films in
formulation E3HPC (3:1); (a) film base and (b) film containing Garcinia mangostana extract

(Magnification x 500)
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Figure 50 The photomicrographs of surface morphology of orally fast dissolving films in
formulation E3HPC (4:1); (a) film base and (b) film containing Garcinia mangostana extract

(Magnification x 500)
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Figure 51 The photomicrographs of surface morphology of orally fast dissolving films in
formulation E3HPC (5:1); (a) film base and (b) film containing Garcinia mangostana extract

(Magnification x 500)
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2. Physicochemical characterization

2.1 Differential thermal analysis

The DSC thermograms of the ingredients in formulation consisting of HPMC 3
cps, HPC LV, acesulfame potassium, menthol, and eucalyptus oil in temperature range of
-50 to 220 c’C, heating rate 10 °C/minute are shown in Figures 33-34. The physical mixtures
of formulation without and with extract are shown in Figures 35 and 36. The DSC
thermogram of Garcinia mangostana extract displayed its endothermic peak at 165.75 +
0.93°C (Figure 30). The DSC thermogram of menthol showed endothermic peak at 46.91 °‘c
but no observation of melting point of acesulfame potassium due to its melting point is 250
°c (Rowe, Sheskey, and Weller, 2003). However, no peaks were found in the orally fast
dissolving films with and without Garcinia mangostana extract (Figures 37-39). These results
indicated that extract and other ingredients changed to either molecular dispersed or

amorphous form.

Figure 52 DSC thermograms of film former in powder form in the range of —50 to 220 °c;

(a) HPMC 3 cps (sample weight 3.19 mg); (b) HPC LV (sample weight 3.15 mg)
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Figure 63 DSC thermograms of additive compounds in the range of —50 to 220 0C; (a)
Menthol (sample weight 2.36 mg); (b) Acesulfame potassium (sample weight 3.32 mg) (c)
Eucalyptus oil (sample weight 2.50 mg); (d) HPMC 3 cps (sample weight 3.19 mg); (e) HPC
LV (sample weight 3.15 mg)
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Figure 54 DSC thermograms of physical mixtures of substances in film base formula in the
temperature range of —-50 to 220 °C; consisted of HPMC 3 cps (sample weight 3.11 mg),
HPC LV (sample weight 1.74), Acesulfame potassium (sample weight 0.64), Menthol
(sample weight 1.06), and Eucalyptus oil (sample weight 0.32 mg)
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Figure 556 DSC thermograms of physical mixtures of substances in film containing extract
formula in the temperature range of -50 to 220 °C; consisted of HPMC 3 cps (sample
weight 2.73 mg), HPC LV (sample weight 1.16), Acesulfame potassium (sample weight
1.25), Menthol (sample weight 1.34), Eucalyptus oil (sample weight 0.44 mg), and Garcinia

mangostana extract (sample weight 0.29 mg)
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Figure 56 DSC thermograms of orally fast dissolving film bases in the temperature range of
-50 to 220 °C; (a) E3HPC (2:1) (sample weight 5.07 mg); (b) E3HPC (3:1) (sample weight
4.70 mg); (c) E3HPC (4:1) (sample weight 4.96 mg); (d) E3HPC (5:1) (sample weight 4.93

mg)
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Figure 57 DSC thermograms of films in formulation of E3HPC (2:1) and (3:1) in the

temperature range of —50 to 220 0C; (a) EBHPC (2:1) film base (sample weight 5.07 mg); (b)

E3HPC (2:1) containing Garcinia mangostana extract (sample weight 4.60 mg); (c) E3HPC

(3:1) film base (sample weight 4.70 mg); (d) E3HPC (3:1) containing Garcinia mangostana

extract (sample weight 5.00 mg); (e) Garcinia mangostana extract (sample weight 3.27 mg)
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Figure 58 DSC thermograms of films in formulation of E3HPC (4:1) and (5:1) in the

temperature range of —50 to 220 0C; (a) EBHPC (4:1) film base (sample weight 4.96 mg); (b)

E3HPC (4:1) containing Garcinia mangostana extract (sample weight 5.32 mg); (¢c) E3HPC

(5:1) film base (sample weight 4.93 mg); (d) E3HPC (5:1) containing Garcinia mangostana

extract (sample weight 5.30 mg); (e) Garcinia mangostana extract (sample weight 3.27 mg)
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3. Weight variation of orally fast dissolving films containing Garcinia
mangostana extract

The resuits of weight variation are presented in Appendix C. It shows in Table 30

that the weight of all test films was within the limit as 21.25+0.52 to 24.39+0.56 mg.

Table 27 Weight variation of orally fast dissolving films containing Garcinia mangostana

extract

Formulas Average weight + SD (mg) %CV
E3HPC (2:1) 21.25 + 0.52 243
E3HPC (3:1) 24.39 + 0.56 2.31
E3HPC (4:1) 23.92 + 0.82 3.43
E3HPC (5:1) 2413 + 0.65 2.71

4. Thickness of orally fast dissolving films containing Garcinia mangostana
extract
The results of thickness of films are presented in Appendix C. It shows in Table 31

that the thickness of all test films was within the limit as 35.4+0.48 to 38.3+0.88 LLm.

Table 28 The average thickness of the orally fast dissolving films containing Garcinia

mangostana extract (n=5 each sample was measured at 5 locations).

Average thickness + SD. (llm) Mean
Formulas
No. 1 No. 2 No. 3 No. 4 No. 5 + SD
E3HPC
) 35.2+1.10 35.6+1.52 36.2+1.30 35.0+0.71 35.2+0.45 35.4+0.48
(2:1
E3HPC
36.4+1.34  36.8+0.45 35.4+0.89 37.6+1.14 36.6+1.14 36.6+0.79
(3:1)
E3HPC
36.8+1.10 39.0+1.00 38.6+0.89 38.8+1.10  38.2+1.10 38.3+0.88
(4:1)
E3HPC

35.6+0.55 35.0+1.22 36.6+1.34 354+055 354+1.14  35.6+0.60
(5:1)

5. Mechanical properties of orally fast dissolving films containing Garcinia
mangostana extract

Mechanical properties of films showed in values of tensile strength, percentage of
elongation at break, Young’s modulus and work of failure (Table 29). From the results, it
was found that the ultimate tensile strength and Young's modulus values of fast dissolving

films containing Garcinia mangostana extract were highly than of film bases in all
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formulations. It indicated that the films containing Garcinia mangostana extract were rigid
and harder than film bases. While percent elongation and work of failure values of film
bases were more than of film containing extract. These results suggested that film bases
were tougher than its film containing extract (Figure 61-64).

Table 29 Mechanical properties of orally fast dissolving films containing Garcinia

mangostana extract (n=5).

Ultimate tensile % Strain at Young's Work of failure
Formulas strength +SD point of break modulus +SD(mJ)
(MPa) +SD (%) +SD (MPa)
E3HPC (2:1) 44.02 + 1.01 13.36 + 0.55  429.24 + 13.58 1.04 + 0.08
E3HPC (3:1) 49.10 + 0.5 13.38 + 0.34  465.72 + 13.36 1.21 + 0.08
E3HPC (4:1) 52.00 + 2.24 13.62 + 0.79  477.08 + 14.02 1.22 + 0.1
E3HPC (5:1) 47.44 + 118 13.58 + 0.79  443.72 + 21.30 1.11 + 0.09
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Figure 59 Tensile strength of orally fast dissolving films; [ film bases; film containing

Garcinia mangostana extract
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Figure 61 Young’s modulus of orally fast dissolving films;
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6. In vitro dissolution time of orally fast dissolving films containing Garcinia
mangostana extract

The method for observing the dissolution time of films in this study was modified
from Xu et al.(2002). Unlike the film bases, when the film containing the extract floated on
the surface of isotonic phosphate buffer pH 6.2 at temperature 37 oC, it disintegrated into
many small pieces and gave yellow and cloudy solution. This observation may be due to the
extract has poor solubility in this buffer. Therefore, the dissolution time of the film containing
extract in this study was the time that film completely disintegrated into small pieces. From
the result of dissolution time of fiims, it was found that the films containing extract
disintegrated slower than film bases in all formulations. It may be due to hydrophobic
characteristic of the extract interfered hydrophilic group in polymers to bind with water
molecule. Only E3HPC (2:1) films containing extract were not significantly different in

dissolution time from commercial product strips A (p>0.05).

Table 30 Dissolution time of orally fast dissolving films containing Garcinia mangostana

extract (n=5).

Dissolution time (sec)
Formulas Mean + SD % CV
No. 1 No.2 No.3 No.4 No.b

E3HPC (2:1) 102 128 140 132 114 123.2 + 15.14 12.29
E3HPC (3:1) 460 432 485 490 507 474.8 + 29.25 6.16
E3HPC (4:1) 367 435 384 402 430 403.6 + 29.19 7.23
E3HPC (5:1) 209 222 160 180 160 186.2 + 28.34 15.22

7. Content uniformity of orally fast dissolving films containing Garcinia
mangostana extract

The dosage-unit uniformity was determined by assay of 10 individual units (2 x 3
cm2) using the HPLC method. The percentage content of mangostin was calculated based
on mangostin content at 181.61 pg/strip. Table 31 informs that the drug content in the 10
individual units of prepared orally fast dissolving films lied within the range of 85.0-115.0% of
labeled amount with the relative standard deviation (RSD) was less than 6.0%. Therefore,
these fast dissolving films containing Garcinia mangostana extract met the requirement of
content uniformity (USP 26/NF 21, 2003).

8. In vitro dissolution study of orally fast dissolving films containing Garcinia
mangostana extract

8.1 Selection of dissolution medium
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Table 31 The average of the percent content of mangostin in the prepared fast dissolving

films (n=10).

Formulas %content + SD % Labeled amount + SD %RSD
E3HPC (2:1) 170.68 + 0.43 93.98 +2.37 2.52
E3HPC (3:1) 193.13 + 0.75 106.34 + 4.15 3.80
E3HPC (4:1) 179.50 + 0.59 98.84 + 3.26 3.30
E3HPC (5:1) 184.80 + 0.58 101.75 + 3.19 3.14

Due to the pH of saliva fluid was reported in the range from 5.8 to 7.4
(Rathbone, 1996), therefore, isotonic phosphate buffer pH 6.2 was used in this study.
However, mangostin was poorly soluble in this medium, sodium lauryl sulfate was added
into the medium to enhance drug solubility. In this study, sodium lauryl sulfate ranging form
0-1.0% was added into the dissolution medium and the solubility of mangostin was
determined. The results showed that the solubility of mangostin was increased as a function
of sodium lauryl sulfate concentration (Table 32). The solubility of mangostin in isotonic
phosphate buffer pH 6.2 was 0.5606 Llg/ml and in the present of 1.0% sodium lauryl sulfate,
the solubility was increased to 952.314 |lg/ml, which was the lowest concentration of

sodium lauryl sulfate that was able to maintain the sink condition in the dissolution study.

Table 32 Solubility of mangostin in isotonic phosphate buffer pH 6.2 without and with

various concentrations of sodium lauryl sulfate (SLS)

Medium Solubility (Lig/ml)
isotonic phosphate buffer pH 6.2 0.5606 + 0.095
isotonic phosphate buffer pH 6.2 + 0.1% SLS 73.339 +2.78
isotonic phosphate buffer pH 6.2 + 0.2% SLS 137.535 + 3.64
isotonic phosphate buffer pH 6.2 + 0.3% SLS 145.247 + 3.89
isotonic phosphate buffer pH 6.2 + 0.4% SLS 171.908 + 9.52
isotonic phosphate buffer pH 6.2 + 0.5% SLS 241123 + 7.53
isotonic phosphate buffer pH 6.2 + 0.75% SLS 449.074 + 3.1
isotonic phosphate buffer pH 6.2 + 1.0% SLS 952.314 +15.57

8.2 In vitro dissolution study

In vitro drug release study are frequently used to gain information about the
release profiles of active ingredients in the formulation development. In the present work, the
release study of all formulations were carried out using a modified dissolution apparatus and
isotonic phosphate buffer pH 6.2 with 1.0% sodium lauryl sulfate as a dissolution medium.
The amounts of drug release were analyzed using HPLC. The validation results were shown

in the previous part.
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The dissolution profiles were plotted between the cumulative amounts of
mangostin released from orally fast dissolving films in different ratios of HPMC 3 cps and

HPC LV combination versus time as shown in Figures 44-47.
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Figure 63 Dissolution profile of mangostin from orally fast dissolving film in formulation

E3HPC (2:1)

100.00
90.00
80.00 -
70.00 4
60.00 4
50.00
40.00 1
30.00 4
20.00 4
10.00

0.00 L L] L] L] LJ L]

0 10 20 30 40 50 60

% dissolution

Time (min)

Figure 64 Dissolution profile of mangostin from orally fast dissolving film in formulation

E3HPC (3:1)
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Figure 65 Dissolution profile of mangostin from orally fast dissolving film in formulation

E3HPC (4:1)
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Figure 66 Dissolution profile of mangostin from orally fast dissolving film in formulation

E3HPC (5:1)

From the result, it was found that mangostin rapidly released into the dissolution
medium. About 80% of labeled amount was released within 3 minutes for E3HPC (2:1) and
E3HPC (5:1) and within 5 and 7 minutes for E3HPC (4:1) and E3HPC (3:1), respectively.
These findings may support the observation from scanning electron micrographs as shown
previously that the fast dissolving films containing Garcinia mangostana extract with
combination of HPMC 3 cps and HPC LV as film formers provided porous and spongy-like
surface. Therefore, the high porosity of these films might affect the fast release rate.

In addition, the film formers, both HPMC 3 cps and HPC LV are hydrophilic

polymers. They have ability to absorb water, thereby promoting the dissolution. Moreover,
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the hydrophilic polymers would leach out and, hence, create more pores and channels for
the drug to diffuse out of the patches (Wong, Yuen, and Peh, 1999).

Drug molecules are released from hydrocolloid matrices by the following 3
mechanisms:

1. Water induced relaxation of the polymer matrix

2. Erosion of the polymer gel layer surrounding the matrix dosage form

3. Diffusion of drug molecules through the swollen gel layer

The relative significance of these three mechanisms depends on the properties
of the drugs and polymers. Drug release mechanism can generally be expressed by the

following equation:

In this equation, n is the diffusional exponent for the drug release, k is the
dissolution rate constant giving a measure of the velocity of drug release and Q is the
cumulative amount of drug release in a certain time interval (t).

The cellulose ether derivatives swell infinitely by absorbing water and
concomitantly dissolve from the surface of the system. When polymer swelled the void
spaces were increased with the polymer unfolded and the coil hydrated. The drug release
from the systems occurs by diffusion of the molecules across these voids of the polymer
matrix and also by the polymer from the surface. However, the viscosity of the gel
determines the mechanism of the drug release from these systems. The high viscosity in the
pores serves to retard the diffusion of the drug at the early stages of release. While
hydration of the low molecular weight polymer occurred rapidly. After this period, significant
erosion of the surface due to the convective movement of the solvent past the film was
observed. The eroded particles exposed greater surface area for drug release, resulting in a
progressive increase in release rate. Therefore, the release of drug from the low molecular
weight and less viscous polymers (shorter chain length) is controlled by the dissolution of
the polymer and follows zero order kinetics and the mechanism involved is erosion or
relaxation controlled (n=1) (Lapidus and Lordi, 1968; Korsmeyer et al., 1983; Repka et al.,
2005). |

Zero-order equation : Q= Qg + kot

where Q, is the amount of drug dissolved in time t, Q; is the initial amount of drug in the
solution (most times, Qy = 0) and k; is the zero order release constant.

Mockel and Lippold (1993) reported that drug release slowed down with
increasing degree of viscosity of the gel forming polymer. The exponent n decreased from 1
to approx. 0.5 with increasing solution viscosity. The release from low molecular weight

polymers with a lower degree of viscosity proceeded according to zero-order Kkinetics,
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whereas a higher viscosity resulted in drug release showing an approximately square root
of time dependency. For the polymers with the same chemical structure, the dissolution rate
decreased with rising molecular weight which can be accounted for by the increase in the
thickness of the swollen layer.

This agreed with Taweekunthum (2001) who reported that the drugs would be
trapped into more viscous hydrated films more than in lower viscous hydrated films resulting
in reduction in drug release. Since the polymer systems utilized in this study were low
viscous, which eroded easily in a few minutes so films exhibited an initial burst effect that
would be advantageous for rapid onset of action.

In this study, the zero-order kinetics was applicable for the fast dissolving films
containing Garcinia mangostana extract, as amount released versus time when plotted with
the obtained dissolution data at initial part were linear. Although, the fastest and highest of
mangostin release rate was observed in formulation E3HPC (5:1), the analysis of data
showed that there was no statistically significant difference at initial stage (1 and 3 minutes)

and overall of percentage of drug release in all formulations (p>0.05).

Table 33 Zero order kinetic parameters of mangostin release from orally fast dissolving films

containing Garcinia mangostana extract

Zero-order plot

Formulations 5
ko R
E3HPC (2:1) 11.5440 0.8656
E3HPC (3:1) 7.5746 0.8985
E3HPC (4:1) 8.8800 0.9220
E3HPC (5:1) 14.8090 0.8786

H. Antimicrobial Activity of Orally Fast Dissolving Films Containing Garcinia
mangostana extract

All formulations of orally fast dissolving fiims containing Garcinia mangostana extract
were tested against microorganisms commonly found in oro-dental infections namely
Staphylococcus aureus ATCC 25923 and Streptococcus mutans ATCC KPSK; using agar
diffusion method.

1. Antimicrobial activity of dried films

The dried fast dissolving films containing Garcinia mangostana extract with diameters
of 5.50 mm were place on Mueller Hinton agar plates that were swabbed with inoculum in
concentration 10B cells/ml. It was found that films disintegrated and spread around due to
the films absorbed water in agar medium, therefore the clear zone was observed as shown
in Figures 48-52 and Table 34. This result suggested that the film containing extract had

antimicrobial activity against both test bacteria. However, the inhibition zone that exerted
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from films containing Garcinia mangostana extract was less than from film containing
cetylpyridinium chloride and chlorhexidine diacetate in the same concentration of extract and
same formulation of film. These results may be due to the solubility of cetylpyridinium
chloride and chlorhexidine diacetate in water were more than of extract. It was possible that
cetylpyridinium chloride and chlorhexidine diacetate could more diffuse in agar medium than
extract. The water solubility of cetylpyridinium chloride and chlorhexidine diacetate are 1 in
20 and 1 in 55 of water (Rowe, Sheskey, and Weller, 2003), whereas the solubility of extract
is 0.028+0.0045 mg/mi (Hiranras, 2001). Additionally, cetylpyridinium chloride and
chlorhexidine diacetate have much lower MIC value than that of extract.

From observation of commercial product strips A films, it was found that the area of
films was less dense than that around on agar medium but it was not completely clear zone
as shown in Figure 69(a). This might reveal that commercial product strips A had no
antibacterial activity in this test.

Due to the flavoring agents of all formulas were menthol and eucalyptus oil, which
has antimicrobial effect, especially menthol can inhibit both Staphylococcus aureus and
showed weak activity against Streptococcus mutans at MIC value of 400 |Lg/ml (Iscan et al.,
2002; Trivedi and Hotchandani, 2004). Therefore, the polymeric films (only film formers
without any additives) and film bases (had additives) of all ratios of formulas were prepared
and also test the antimicrobial activity for the control study. It was found that the polymeric
film did not show any clear zone but the film base exhibited the reduction of growth of both
bacteria due to dense of bacteria under film was less than around. This considerable
experimental evidence suggested that was antimicrobial effect of additives in formulation
such as menthol and eucalyptus oil.

To clarify the amount of extract in formulation that may affect in vitro antimicrobial
activity test, the film containing extract in 2, 4, and 6 times of one of standard formula
E3HPC (5:1) were prepared, but film that had 6 times of amount of extract was very brittle
and easy to break. The analysis of antimicrobial activity results showed that there was no

statistically significant difference between amount of mangostin in E3HPC (5:1) film (p>0.05).



Table 34 Antimicrobial activity of fast dissolving film using agar diffusion method (n=3)

Film formulations

Inhibition zone (Mm+SD)

Staphylococcus aureus

Streptococcus mutans

ATCC 25923 KPSK,
Fast dissolving film containing
Garcinia mangostana extract
E3HPC (2:1) 8.23+1.36 6.67+0.29
E3HPC (3:1) 7.13+0.78 7.20+0.58
E3HPC (4:1) 7.55+0.60 6.17+0.45
E3HPC (5:1) 8.35+0.26 5.88+0.30
E3HPC (5:1) extract x 2 7.02+0.63 5.85+0.33
E3HPC (56:1) extract x 4 6.82+0.76 5.72+0.34
E3HPC (5:1) extract x 6 7.52+0.60 5.85+0.25
Commercial product strips A 0.00 0.00
Fast dissolving film containing
cetylpyridinium chloride
E3HPC (2:1) 35.93+6.82 - 32.65+2.41
E3HPC (3:1) 37.65+3.31 36.12+2.83
E3HPC (4:1) 35.92+1.26 30.25+7.97
E3HPC (5:1) 41.03+1.93 29.55+2.86
Fast dissolving film containing chlorhexidine diacetate
E3HPC (2:1) 24.40+1.19 27.97+0.65
E3HPC (3:1) 24.27+1.10 26.83+1.50
E3HPC (4:1) 24.47+3.07 29.08+0.38
E3HPC (5:1) 24.43+2.18 27.67+1.22

* Average of diameters of film sample were 5.50 mm.

2. Antimicrobial activity of solution of fast dissolving film

The solution of fast dissolving film consisted of a fast dissolving film completely
dissolve or disintegtated in 2 ml of isotonic phosphate buffer pH 6.2 as simulated saliva. The
film solution was dropped in sterile cup that place on Mueller Hinton agar swabbed with 108
cells/ml of inoculum. The results found that no inhibition zone was observed in isotonic
phosphate buffer pH 6.2, polymeric film and film base as negative control. Commercial
product strips A film solution also showed no inhibition zone, while commercial mouth wash

product B, consisted of high antiseptic volatile oil, and , commercial mouth wash product C
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consisted of 0.12% w/v of chlorhexidine gluconate, exhibited antimicrobial activity against
both types of bacteria (Table 34).

As the same result from dried films, the solution of fast dissolving film containing
Garcinia mangostana extract had higher antimicrobial activity against Staphylococcus aureus
ATCC 25923 than Streptococcus mutans ATCC KPSK, This was a inversely result that from
in the study of cetylpyridinium chloride and chlorhexidine diacetate.

Table 35 Antimicrobial activity of solution of fast dissolving film using agar diffusion method

(n=3)

Inhibition zone (mm+SD)

Film formulations Staphylococcus aureus Streptococcus mutans

ATCC 25923 KPSK,

Fast dissolving film containing Garcinia mangostana extract

E3HPC (2:1) 8.43+0.58 6.82+0.33
E3HPC (3:1) 8.58+1.06 6.87+0.39
E3HPC (4:1) 9.13+0.13 8.03+2.30
E3HPC (5:1) 10.47+1.09 7.48+1.42
E3HPC (5:1) extract x 2 12.13+2.66 7.78+1.56
E3HPC (5:1) extract x 4 13.55+1.98 8.27+2.01
E3HPC (5:1) extract x 6 12.33+0.19 9.5656+3.18
Commercial product strips A 0.00 0.00
Commercial mouth wash 13.58+4.68 6.06+0.04
product B
Commercial mouth wash 18.4840.65 24.45+1.95
product C
Fast dissolving film containing cetylpyridinium chloride
E3HPC (2:1) 10.55+0.78 15.47+1.00
E3HPC (3:1) 12.72+2.08 13.39+0.88
E3HPC (4:1) 15.02+4.32 16.97+0.98
E3HPC (5:1) 14.52+3.86 17.15+0.58
Fast dissolving film containing chlorhexidine diacetate
E3HPC (2:1) 18.70+0.40 20.90+2.68
E3HPC (3:1) 18.42+0.78 23.18+1.40
E3HPC (4:1) 17.90+0.17 24.17+1.07
E3HPC (5:1) 16.42+0.43 22.10+1.43

* Average diameters of sterile cups were 6.0 mm.
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Figure 67 Agar diffusion test of fast dissolving film against Staphylococcus aureus ATCC
25923; (a) Commercial product strips A; (b) to (e) film containing extract in amount of 2, 4, 6

and 1 times, respectively

Figure 68 Agar diffusion test of fast dissolving film against Staphylococcus aureus ATCC

25923; (a) Chlorhexidine diacetate film; (b) film containing Garcinia mangostana extract
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Figure 69 Agar diffusion test of fast dissolving film against Streptococcus mutans ATCC

KPSK,; (a) film with extract; (b) Commercial product strips A

Figure 70 Agar diffusion test of fast dissolving film against Streptococcus mutans ATCC

KPSKj;; (a) film with extract; (b) film with chlorhexidine diacetate
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Figure 71 Agar diffusion test of fast dissolving film against Streptococcus mutans ATCC

KPSK;; (a) to (d) film containing extract in amount of 2, 4, 6 and 1 times, respectively

Figure 72 Agar diffusion test of fast dissolving film solution against Staphylococcus aureus
ATCC 25923; (a) film with extract; (b) film base; (c) polymeric film without additives; (d) film

containing cetylpyridinium chloride
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Figure 73 Agar diffusion test of fast dissolving film solution against Streptococcus mutans
ATCC KPSKy; (a) film with extract; (b) film base; (¢) polymeric film without additives; (d) film

containing cetylpyridinium chloride

I. Stability Study of Orally Fast Dissolving Films Containing Garcinia mangostana
Extract

The stability study of Garcinia mangostana extract in orally fast dissolving films was
performed by triplicate samples of four formulations. It individually packed in glass vials,
which tightly sealed with rubber closures and aluminium caps and stored at 40 OC, 75 %RH
for three months. At the initial time, first, second and third month, the films were sampled
and assayed for the remaining mangostin content. The physicochemical properties and the
amount of mangostin of orally fast dissolving films in stability test were determined using
differential scanning calorimetry (DSC) and high performance liquid chromatography (HPLC),
respectively.

1. Physicochemical stability study

The orally fast dissolving films containing Garcinia mangostana extract change in the
physicochemical properties of the film was observed from DSC thermograms.

As the results of the DSC thermograms of all formulations, no change in DSC
thermograms between three months of stability study (at the initial time, first, second and
third month) was observed. These results indicated that all formulations did not change in

physicochemical properties after the stress condition for 3 months (Figure 55-58).
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Figure 74 DSC thermograms of films in formulation E3HPC (2:1) containing Garcinia
mangostana extract after stress condition (40 °C, 75% RH) in the temperature range of —-50
to 220 0C; (a) at initial time (sample weight 4.96 mg); (b) at first month (sample weight 4.89
mg); (c) at second month (sample weight 5.04 mg); (d) at third month (sample weight 4.77

mg).
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Figure 75 DSC thermograms of films in formulation E3HPC (3:1) containing Garcinia
mangostana extract after stress condition (40 °c, 75% RH) in the temperature range of -50
to 220 0C; (a) at initial time (sample weight 5.00 mg); (b) at first month (sample weight 4.65
mg); (c) at second month (sample weight 4.98 mg); (d) at third month (sample weight 4.92

mg).
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Figure 77 DSC thermograms of films in formulation E3HPC (4:1) containing Garcinia
mangostana extract after stress condition (40 oC, 75% RH) in the temperature range of -50
to 220 °C; (a) at initial time (sample weight 5.32 mg); (b) at first month (sample weight 5.05
mg); (c) at second month (sample weight 5.02 mg); (d) at third month (sample weight 4.98

mg).

Figure 77 DSC thermograms of films in formulation E3HPC (5:1) containing Garcinia
mangostana extract after stress condition (40 oC, 75% RH) in the temperature range of —50
to 220 °C; (a) at initial time (sample weight 5.30 mg); (b) at first month (sample weight 5.01
mg); (c) at second month (sample weight 5.05 mg); (d) at third month (sample weight 4.95

mg).
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2, Chemical stability study

The amounts of mangostin containing in film formulations were assayed by HPLC at
0, 1, 2 and 3 month. The analytical method, which employed in this investigation was the
HPLC method as previously described. In addition, the percentage loss of mangostin and
percentage labeled amount after the exposure to heat and high humidity (40 0C, 75 %RH) at
each time interval and the end of storage were also calculated.

As the results, all orally fast dissolving films appeared to be stable due to their
percentage loss of mangostin was less than 10 % of the initial value (Carstensen, 1990). It
was found that E3HPC (4:1) degraded with the highest extent, however, its percentage loss
of mangostin was only 8.00% at the end of storage, while E3HPC (2:1) degraded with the
least extent at 3.70% (Tables 36 and 37). From the analysis of data, it indicated that the
remaining amount and amount of drug'loss of mangostin in the all formulations after stability
study were no statistically significant difference (p>0.05).

Table 36 Amount of mangostin in four film formulations at initial time, first, second and third

month after stability study

Amount of mangostin + SD (Llg) Percentage
formulation loss of
initial 1" month 2nd month 3rd month mangostin*
E3HPC (2:1) 175.9145.95 172.41+1.75 167.58+2.59 169.41+4.24 3.70
E3HPC (3:1) 195.83+4.50 194.37+2.86 185.93+1.92 180.92+6.51 7.61
E3HPC (4:1) 186.56+3.82 184.68+0.59 177.51+2.68 171.64+3.13 8.00
E3HPC (5:1) 186.31+3.03 187.01+5.38 182.37+6.56 173.22+8.83 7.03
Table 37 Percentage labeled amount of mangostin in film in stability test
% Labeled amount + SD Percentage
Formulation loss of
initial 1" month " month 3" month mangostin®
E3HPC (2:1) 96.86+3.28 94.93+0.96 92.28+1.43 93.28+2.34 3.70
E3HPC (3:1) 107.83+248 107.03+1.57 102.38+1.06 99.62+3.58 7.61
E3HPC (4:1) 102.73+2.10 101.69+0.32 97.74+1.47 94.51+1.72 8.00
E3HPC (5:1) 102.59+1.67 102.97+2.96 100.42+3.61 95.38+4.86 7.03

*Percentage loss of mangostin = Initial — Final % labeled amount x 100

Initial % labeled amount

Since there was no the investigation on degradation kinetics of mangostin reported,
the interpretation of the results is limited. Moreover, its degradation products have never

been reported.
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PART 1l MONOGLYCERIDE-BASED DRUG DELIVERY SYSTEMS (LIQUID

CRYSTALLINE) CONTAINING Garcinia mangostana EXTRACT
J. Preparation of Monoglyceride-Based Drug Delivery System

1. Monoglyceride-Based Drug Delivery System

Monoglyceride-based drug delivery systems were developed by the ability of glyceryl
monooleate and triglycerides to form liquid crystals in contact with water. Liquid crystalline
phases were formed under the conditions used in this study. Partial phase diagrams of

these liquid crystalline systems are displayed in Figures 59-61.

°/o wiw
sesame oil

% wiw glyceryl monooleate

Figure 78 Ternary phase diagram of glyceryl monooleate-sesame oil-water system; (O)
lamellar phase (L); (O) reversed hexagonal phase (H,), (B) reversed hexagonal phase (Hy)

+ aqueous; (A) isotropic, 1-phase; and (A) isotropic, 2-phase

% wiw
soy bean oil

% wiw glyceryl monooleate

Figure 79 Ternary phase diagram of glyceryl monooleate-soybean oil-water system; (O)
lamellar phase (Ly); (O) reversed hexagonal phase (H,); (B) reversed hexagonal phase (H,)

+ aqueous; (A) isotropic, 1-phase; and (A) isotropic, 2-phase
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% wiw
olive oil

% wiw glyceryl monooleate

Figure 80 Ternary phase diagram of glyceryl monooleate-olive oil-water system; (O) lamellar
phase (Ly); (3) reversed hexagonal phase (H,); (B) reversed hexagonal phase (H,) +

aqueous; (A) isotropic, 1-phase; and (A) isotropic, 2-phase

In this study, partial phase diagrams were used because the outer area could not
give the 1-phase liquid crystals. The ternary phase diagram of glyceryl monooleate-sesame
oil-water system gave the area of one-phase liquid crystalline more than other two systems
using soybean oil and olive oil. Although the differences in phase behavior were found by
using various oils, these differences were generally small. The phase behavior of these
systems is similar to the system (monoolein-sesame oil-water) studied by Norling et al.
(1992). However, the precise locations of the phase boundaries in the diagram differed
slightly.

2. Physical Characterization

2.1 Polarized Light Microscopy

The formation and structure of liquid crystalline phases were identified under
polarized light microscopy. Liquid crystals formed by glyceryl monooleate, water and
triglycerides content not more than 4% had liquid crystal structures conformable to a lamellar
structure established by Makai et al. (2003) as shown in Figure 62. When increasing the
triglycerides content from 6% to 15%, liquid crystal structures were changed which structure
similar to a reversed hexagonal phase observed by Geraghty et al. (1996) (Figure 63). The
difference in triglycerides, sesame oil, soybean oil or olive oil, showed the same pattern of
liquid crystalline phases under polarized light microscope. These results might be from the
small amount of triglycerides compared to glyceryl monooleate which was the main
component and had the ability to form liquid crystals. In this study, there had been a dark
background under polarized light microscope which could not be identified to cubic phase or
reversed micellar by this method. From the resuits, the formation and structure of liquid
crystalline phases depended on the characteristic of the amphiphilic compounds and the

ratio of the components in the phase diagram.
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(a) system containing sesame oil

(b) system containing soybean oil

(c) system containing olive oil

Figure 81 Polarizing microscopic images of the lamellar phases; as observed at x100
magnification

2.2 Physical Stability

The samples that could form reversed hexagonal phases were selected for
this study due to their favorable sustained release (Norling et al., 1992). Under the heating-
cooling cycle, the samples with water content lower than 30% did not show any changes in
physical appearances. While the samples with water content 35% showed phase separation
after the stress condition. The reason is that increasing water content, it tends to be two-

phase separation according to the phase diagram.
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N (a) system containing sesame oil

(b) system containing soybean oil

(c) system containing olive oil

Figure 82 Polarizing microscopic images of the reversed hexagonal phases; as observed

at x100 magnification

K. Formulation of Garcinia mangostana Extract Monoglyceride-Based Drug Delivery
System

The monoglyceride-based drug delivery systems were composed of mixtures of
monoglyceride, triglycerides from vegetable oils and water. The relative amount of
monoglyceride and vegetable oil in the composition for formulation of the reversed
hexagonal liquid crystalline phase may vary over a considerable range. Generally, the
vegetable oil is present in an amount sufficient to improve the flow characteristics of the
composition upon release from the dosing device and induce the formation of a stable
reversed hexagonal liquid crystalline phase upon contact with an aqueous liquid. Generally,
the vegetable oil and monoglyceride are presented in a weight ratio of 1:99 to 30:70
vegetable oil to monoglyceride, most preferably from 5:95 to 15:85, based upon the
combined weight of the monoglyceride and vegetable oil (Lading et al., 1992).

In this present work, monoglyceride-based drug delivery systems were constructed in

the ratio of 8:62:30 and 12:58:30 (triglyceride: monoglyceride: water). Two percent of
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mangostin extract was then incorporated into the samples. These ratios were chosen due to
the water content of 30% gave the equilibrium water content and a separate water phase
outside the liquid crystalline phase was not found. While the ratio of triglyceride between 8%
and 12% resulted in the formation of the reversed hexagonal phases.

The differences in type and ratio of triglycerides were prepared to compare the effect
of triglycerides on the physicochemical properties and in vitro drug release. The formulations
used in this study are shown in Table 38. Formulations 1 to 3 and formulations 4 to 6
contained ftriglyceride: monoglyceride: water in the ratio of 8:62:30 and 12:58:30,

respectively.

Table 38 Formulation of monoglyceride-based drug delivery system

Composition Formulation

(% wiw) 1 2 3 4 5 6
GMO 60.76 60.76 60.76 56.84 56.84 56.84
Sesame oll 7.84 - - 11.76 - -
Soybean oll - 7.84 - - 11.76 -
Olive oil - - 7.84 - - 11.76
Water 29.40 29.40 29.40 29.40 29.40 29.40
Mangostin + 2.00 2.00 2.00 2.00 2.00 2.00

L. Characterization of Garcinia mangostana Extract Monoglyceride-Based Drug
Delivery System
1. Determination of Physicochemical Properties
The physicochemical properties of formulations before and after incorporating the
Garcinia mangostana extract were determined as follows:
1.1 Physical Appearances
The physical appearances of formulations such as color, clarity and phase
separation were observed. The color of monoglyceride-based drug delivery systems was
light yellow, according-to the color of glyceryl monooleate. After incorporation of mangostin
extract, the color of formulations changed to dark yellow due to the deep yellow color of
mangostin. The formulations before and after incorporation of mangostin extract were clear
with some air bubbles due to the process of mixing, which disappeared when left to stand
overnight. Phase separation and precipitation were not observed after incorporation of the
mangostin extract. Different formulations showed the similar physical appearances.
1.2 pH Measurement
The pH of monoglyceride-based drug delivery systems before and after
incorporation of mangostin extract was in the range of 5.42-5.60 and 5.68-5.84, respectively

(Table 39). These results indicated that after incorporation of mangostin extract the pH
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values were slightly increased. The reason could not be clearly explained. Formulations 1 to

6 had the pH values in the same range.

Table 39 pH of formulation before and after incorporation of mangostin extract

pH
Formulation
Base With mangostin
1 5.564+0.01 5.84+0.00
2 5.60+0.01 5.79+0.01
3 5.42+0.01 5.68+0.01
4 5.567+0.01 5.84+0.00
5 5.54+0.01 5.82+0.00
6 5.44+0.01 5.73+0.01

1.3 Viscosity Measurement

The viscosity values of monoglyceride-based drug delivery systems before

and after incorporation of mangostin extract were in the range of 4758.94-5160.06 and

4824.34-5325.74 cps, respectively (Table 40). The viscosity of formulations with mangostin

extract was slightly higher than that without the extract. The formulations with 8% triglyceride

" content (formulation 1-3) had higher viscosity than 12% triglyceride content (formulation 4-6).

Analysis of data indicated that there was statistically significant difference between two
groups (P<0.05). However, all of the formulations are high-viscous enough to sustain

release of drug at the injection sites.

Table 40 Viscosity of formulation before and after incorporation of mangostin extract

Viscosity (cps)

Formulation :

Base With mangostin
1 5160.06+49.38 5236.36+29.49
2 5140.44+23.58 5325.74+54.46
3 4979.12+46.40 5075.04+63.07
4 4874.48+29.49 4918.08+47.16
5 4826.52+17.30 4887.56+49.52
6 4758.94+22.97 4824.34+38.32

1.4 Polarized Light Microscopy

Photomicrographs of monoglyceride-based drug delivery systems before and

after incorporation of mangostin extract are shown in Figures 64-65. The polarizing

microscopic images showed similar pattern of liquid crystalline phases which indicated that
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mangostin extract did not affect the liquid crystal structure of the formulations. Different

formulations also showed similar patterns of liquid crystalline phases.

(2) (b)

(©) (d)
Y

(e) W

Figure 83 Polarizing microscopic images of formulation 1-3 before and after incorporation of
mangostin extract; (a) and (b) formulation 1; (c) and (d) formulation 2; and (e) and (f)

formulation 3, as observed at x 100 magnification

2. Determination of Injectability through the Syringe

Due to their high viscosity and stiffness, liquid crystalline phases are difficult to
administer through a syringe. Therefore, the low-viscous states are used and triggered to the
high-viscous states by dilution with fluid in the oral cavity.

In this study, the injectability of low-viscous state formulations was determined by
administer through the syringe with 23-gauge tip needle. The viscosity values of the
formulations are shown in Table 14. Triglycerides have been reported to lower the melting
point and improve the flow properties of glyceryl monooleate (Norling et al., 1992; Okonogi
et al.,, 2004). As a result, the formulations with 12% triglyceride content could reduce the
viscosity and improve the flow properties of the formulation more than 8% triglyceride

content. Analysis of data indicated that there was statistically significant difference in the
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viscosity values between two groups (P<0.05). However, these viscosities were all low

enough to be administered through the syringe with 23-gauge tip needle.

(a)

(e)

(d)

0

Figure 84 Polarizing microscopic images of formulation 4-6 before and after incorporation of

mangostin extract; (a) and (b) formulation 4; (c) and (d) formulation 5; and (e) and (f)

formulation 6, as observed at x 100 magnification

Table 41 Viscosity of low-viscous state formulation

Formulation

Viscosity (cps)

1

o W N

178.22+1.82
165.14+2.91
166.99+1.47
150.04+1.05
140.99+1.52
140.88+1.31
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3. In vitro Liquid Crystalline Phase Formation Study

The in situ transition from a low-viscous state to the required high-viscous liquid
crystalline phase after administration is important to the use of liquid crystalline phases for
drug delivery. There are several parameters which may be used for triggering a transition in
situ after administration. For glyceryl monooleate, the high-viscous liquid crystalline phases
were formed upon contact with excess water.

This study was conducted with the low-viscous state formulations. After addition of
the formulation into excess water, the liquid crystalline phase was detected by polarized light
microscopy. As a result, all formulations could be transformed to the high-viscous liquid
crystalline phase. The changes were found within 15 min after addition. Photographs from
polarized light microscope showed the liquid crystals were formed and could be detected in
15 min (Figure 66). These results agreed with Scherlund et al. (2001), although there was a
difference in liquid crystalline phase drug delivery system. Scherlund et al. suggested that in
presence of a large amount of water, the samples take up the water immediately and form
optically anisotropic phase, 30 min is enough to form the most of this phase.

The water uptake study of monoglyceride from Chang and Bodmeier (1997) showed
that the water uptake initially increased rapidly and then leveled off and approached the
equilibrium water content. The rapid swelling of the monoglyceride matrices indicated that
the formation of the liquid crystalline phase was the fast process. These results were
consistent with previous study. Geraghty et al. (1996) suggested that the rate of water
uptake was inversely proportional to their initial water content. The hydration of
monoglyceride containing 0% initial water content was observed within the first 15 min while
the samples formulated with 40% water content did not hydrate or swell significantly as they
already contained their equilibrium water content.

In conclusion, the in vitro study showed that low-viscous state formulations could be
transformed to high-viscous liquid crystalline states upon dilution with water. Therefore it is
possible to form this state after in vivo application.

4. In Vitro Release Study

4.1 Solubility Study of the Receiver Fluid

Although the pH of gingival crevice and periodontal pocket were reported in the
mean of 6.92+0.03 (Eggert et al., 1991), the most of in vitro release studies of drugs used in
periodontal pocket used pH 7.4 phosphate buffer for the medium (Roskos et al., 1995;
Esposito et al., 1996; Jones et al, 1997; Sendil et al., 1999; Schwach-Abdellaoui et al.,
2001, 2002). Therefore, pH 7.4 phosphate buffer was used in this study. Because of the
poor solubility of mangostin in this medium, ethanol was added into the medium to enhance
drug solubility. In this present work, ethanol ranging from 0-35% was added into the receiver
fluid and examined the solubility of mangostin. The results showed that the solubility of

mangostin was increased as a function of ethanol concentrations (Table 42).
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(f)

Figure 85 Polarizing microscopic images of in vitro liquid crystalline phase formation after

dilution with water; (a) formulation 1; (b) formulation 2; (c) formulation 3; (d) formulation 4;

(e) formulation 5; and (f) formulation 6, as observed at x 100 magnification

The solubility of mangostin in pH 7.4 phosphate buffer was 0.0234+0.0030 mg/ml

and in the present of 35% ethanol the solubility was increased to 1.1277+0.0886 mg/ml,

which was able to maintain the sink condition in the release study.

Table 42 Solubility of mangostin in pH 7.4 phosphate buffer and various concentrations of

ethanol in pH 7.4 phosphate buffer

Solvent

Solubility (mg/ml)

pH 7.4 phosphate buffer
pH 7.4 phosphate buffer+10% ethanol
pH 7.4 phosphate buffer+20% ethanol
pH 7.4 phosphate buffer+25% ethanol
pH 7.4 phosphate buffer+30% ethanol
pH 7.4 phosphate buffer+35% ethanol

0.0234+0.0030
0.0559+0.0047
0.1008+0.0109
0.1965+0.0230
0.4550+0.0568
1.1277+0.0886
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4.2 In vitro Release Study

In vitro drug release methods are frequently used to gain information about
the release profiles of active ingredients in the formulation development. In the present work,
two compartment Franz diffusion cells were used for the experiments. The amounts of drug
release were analyzed using UV spectrophotometer. The validation methods are shown in
the following part.

The release profiles were plotted between the cumulative amounts of drug
release versus time as shown in Figures 40-41. The release data are presented in Appendix
B. All formulations could sustain the release of drug over a period of 48 hr. These results
were consistent with previous reports. Norling et al. (1992) reported that the reversed
hexagonal form of monoglyceride-based drug delivery system could give a sustained release
of drug over a period of 48 hr while the cubic form showed a complete release in 24 hr.
Because of the diffusion pathway is more obstructed in the reversed hexagonal form than in
the cubic one, which has connected water channels. The closed water channels of the
reversed hexagonal phase slow down the diffusion of dissolved drug through the matrix. /In
vivo results from Esposito et al. (1996) showed that monoglyceride-based drug delivery
system was persistent in the periodontal pockets with 80% of the initial level after 8 hr of
application.

In the present study, various oils showed similar release profiles but there
was a slight difference in the percentages of drug release. The highest drug release was
obtained from the formulations with sesame oil, followed by soybean oil and olive oil,
respectively. However, analysis of data indicated that there was no statistically significant
difference (P>0.05) in overall percentages of drug release. The formulations with 8%
triglycerides content showed less percentage of drug release at the beginning of the release
profiles than the formulations with 12% triglycerides content but overall percentages of drug
release were similar in the range of 91.97-94.46%. In addition, the formulations with 8%
triglycerides content did not show more prolonged release over a period of study. These
data indicated that increasing triglycerides content of the formulations could improve the flow
properties and injectability of the formulation into the periodontal pockets but did not affect
the release-controlling mechanism of the drug delivery system.

Several mathematical models have been used to describe the release of the
drug. The release data obtained from this study were plotted according to the following
models to describe the mechanism of drug release: zero-order kinetics, first-order kinetics,
and Higuchi diffusion model where the cumulative amount of drug release per unit surface

area is directly proportional to the square root of time.

Zero-order equation: Q, = Qq - kot
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First order equation: /n Q,=In Qg - kit
. . . 12
Higuchi’s equation: Q, = kut

where Q, is the amount of drug release at time t, k; is the zero-order release rate constant,
ki is the first-order release rate constant, and ky is the diffusion rate constant.

The kinetic parameters for zero-order, first-order and Higuchi model during
the initial 24 hr were calculated and are presented in Table 16. The zero-order plot, the first-
order plot and the Higuchi plot are shown in Figures 40-41, Figures 42-43 and Figures 44-
45, respectively. The release data of mangostin tend to follow Higuchi model rather than the
other two models, because the highest coefficient of determination (Rz) was obtained with
the Higuchi model. Analysis of data showed that there was statistically significant difference
(P<0.05) in coefficients of determination between the three models. Moreover, analysis of
variance by regression showed a significant difference (P<0.05) in coefficients of
determination of the Higuchi model, which indicated the correlation of % cumulative release
and square root of time. The highest Higuchi release rate constant was obtained from the
formulations with olive oil. Analysis of data indicated that the Higuchi release rate constant
of the formulations with olive oil was statistically significant difference (P<0.05) than the
formulations with sesame oil and soybean oil but there was no statistically significant
difference (P>0.05) in the release rate constant between the formulations with sesame oil
and soybean oil.

The mechanism of diffusion controlled release (Higuchi, 1961, 1963) was
dominated by the penetration of the medium into the drug matrix through the channels of the
liquid crystalline phase, and then the drug was presumed to leach out by gradually
dissolving into the permeating medium and diffusing from the matrix along the channels filled
with the extracting medium. Thus, the release behavior of drug was expected to be
governed by the solubility and diffusion coefficient of the drug in the liquid crystalline phase.

This mechanism was explained by Higuchi’s equation as follows:

Q = [DE(A-EC)Cll
T

where Q is the amount of drug release after time t per unit exposed area, D is the diffusion
coefficient of the drug in the matrix, € is the porosity of the matrix, T is the tortuosity factor
of the matrix, A is the total amount of drug in the matrix per unit volume, and C; is the
solubility of drug in the matrix.

The result from this study conformed to many reports which suggested that

the release mechanism from monoglyceride-based drug delivery system followed square
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root of time kinetics indicating that the rate of release was diffusion controlled (Geraghty et
al., 1996; Chang and Bodmeier, 1997; Komsri, 1997; Helledi and Schubert, 2001). However,
other studies showed that monoglyceride-based drug delivery system could be followed
zero-order and first-order kinetics (Burrows, Collett and Attwood, 1994). These data
indicated that the similar liquid crystalline system could demonstrate different release profiles.
These depend on several factors including a wide range of drug, solubility and concentration

of the incorporated drug substance.

Table 43 Kinetic parameters of mangostin release from monoglyceride-based drug delivery

system
Zero-order plot First-order plot Higuchi plot
Formulation 3 2 5
kO R k1 R kH R
1 2.5407 0.8806 0.0488 0.7528 16.1968 0.9791
2 2.6269 0.8845 0.0541 0.7572 16.6843 0.9761
3 2.8727 0.8570 0.0667 0.6816 18.4496 0.9671
4 2.6607 0.9046 0.0473 0.7977 16.7773 0.9840
5 2.7437 0.9068 0.0504 0.7908 17.2936 0.9856
6 3.0679 0.8834 0.0647 0.7337 19.4843 0.9748
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Figure 86 Release profiles of mangostin from monoglyceride-based drug delivery system

containing triglyceride: monoglyceride: water in the ratio of 8:62:30
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Figure 87 Release profiles of mangostin from monoglyceride-based drug delivery system

containing triglyceride: monoglyceride: water in the ratio of 12:58:30
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Figure 88 First-order plot of mangostin from monoglyceride-based drug delivery system

containing triglyceride: monoglyceride: water in the ratio of 8:62:30
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Figure 89 First-order plot of mangostin from monoglyceride-based drug delivery system

containing triglyceride: monoglyceride: water in the ratio of 12:58:30
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Figure 90 Higuchi plot of mangostin from monoglyceride-based drug delivery system

containing triglyceride: monoglyceride: water in the ratio of 8:62:30
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Figure 91 Higuchi plot of mangostin from monoglyceride-based drug delivery system

containing triglyceride: monoglyceride: water in the ratio of 12:58:30

5. Differential Scanning Calorimetric (DSC) Method

DSC is a thermal analysis method for detecting changes in physical or chemical
properties of materials as a function of temperature. The hydrocarbon chains of amphiphilic
molecules are subjected to undergoing a transformation from an order (gel) state to a more
disorder (liquid crystalline) state. These changes have been characterized by DSC which
requires the input of additional thermal energy show up as endothermic peaks on heating.

In the temperature range of -20 to 60 °C, DSC thermograms of liquid crystalline state
showed broad endothermic peaks at temperature range of -10 to 0 °C (Figures 73-74). Both
samples with and without mangostin showed similarly in pattern of the peaks and
temperature range. No other endothermic peak was observed within the studied temperature
range. The presence of these peaks was possible that a phase tfransition occurred. In this
study, DSC thermograms presented two endothermic peaks which might be correspond to
the gel to liquid crystal transition and the pretransition peaks, which was due to a
rearrangement of the molecules in the structure (Koyama et al., 1899). Chang and Bodmeier
(1996) reported that the phase transitions of glyceryl monooleate-water mixtures were below
room temperature. This suggested that the liquid crystalline phase should remain physically
stable in the studied temperature range without phase transformation. Therefore, they could
be stored at room temperature. In addition, the study showed the transition temperature
decreased from 25 °C to 7 °C when the water content increased from 0% to 30%. Helledi
and Schubert (2001) reported that no phase transition of the liquid crystalline phase from
glyceryl monooleate was detected in the temperature range of 20 to 70 °C both samples
with and without addition of drug. These results demonstrated that the drug can be

incorporated into the liquid crystalline phase without causing phase transition.
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In the temperature range of -20 to 250 °C, the DSC thermograms of liquid crystalline
state both formulations with and without mangostin showed endothermic peaks at
temperature range of 123.94 to 133.45 °C (Figures 52-57), while the DSC thermogram of
pure compounds used in this study (Figure 49) did not present the peaks in that temperature
range. The presence of these peaks was possible that the water was desolvated from the
bound water in liquid crystalline state. In the samples containing mangostin, the melting
peak of mangostin in the temperature range of 179 to 180 °C as described in Figure 23 was
not found. The possible explanation is that mangostin was incorporated into the liquid crystal
structures and could not be detected.
In conclusion, the liquid crystalline phase remained physically stable in the studied
temperature range without phase transformation. In addition, mangostin does not influence
the transition behavior and can be incorporated into the liquid crystalline phase without

causing phase transition.
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Figure 92 DSC thermogram of pure compounds in the temperature range of -20 to 250 °C;
(a) glyceryl monooleate (sample weight 4.36 mg); (b) sesame oil (sample weight 3.76 mg);

(c) soybean oil (sample weight 3.34 mg); and (d) olive oil (sample weight 3.58 mg)
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Figure 93 DSC thermogram of formulation 1-3 in the temperature range of -20 to 60 °C; (a)
formulation 1 with mangostin (sample weight 4.00 mg); (b) formulation 1 without mangostin
(sample weight 4.04 mg); (c) formulation 2 with mangostin (sample weight 4.12 mg); (d)
formulation 2 without mangostin (sample weight 4.11 mg); (e) formulation 3 with mangostin

(sample weight 4.08 mg); and (f) formulation 3 without mangostin (sample weight 4.20 mg)
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Figure 94 DSC thermogram of formulation 4-6 in the temperature range of -20 to 60 °C; (a)

formulation 4 with mangostin (sample weight 4.04 mg); (b) formulation 4 without mangostin

(sample weight 4.03 mg); (c) formulation 5 with mangostin (sample weight 4.17 mg); (d)

formulation 5 without mangostin (sample weight 4.12 mg); (e) formulation 6 with mangostin

(sample weight 4.07 mg); and (f) formulation 6 without mangostin (sample weight 4.08 mg)
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Figure 95 DSC thermogram of formulation 1 in the temperature range of -20 to 250 °C; (a)
formulation 1 with mangostin (sample weight 4.00 mg); and (b) formulation 1 without

mangostin (sample weight 4.03 mg)
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Figure 96 DSC thermogram of formulation 2 in the temperature range of -20 to 250 °C; (a)

formulation 2 with mangostin (sample weight 3.81 mg); and (b) formulation 2 without

mangostin (sample weight 3.91 mg)
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Figure 97 DSC thermogram of formulation 3 in the temperature range of -20 to 250 °C; (a)

formulation 3 with mangostin (sample weight 3.89 mg); and (b) formulation 3 without

mangostin (sample weight 3.85 mg)
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Figure 98 DSC thermogram of formulation 4 in the temperature range of -20 to 250 °C; (a)

formulation 4 with mangostin (sample weight 3.71 mg); and (b) formulation 4 without

mangostin (sample weight 3.98 mg)

Aexo
\ T
® LY 4 integral 4116.80 mJ
normalized -257.28 Jg*-1
Onset 122.00 °C
Peak 12394 °C
Endset 125.41 °C
V— Y 4
] (b)
Integral -1238.24 mJ
normalized -308.79 Jg*-1
Onset 124.58 °C
Peak 126.07 °C
20 Endset 128.82°C
Wg*-1
X
X
T ¥ T T T 7 T T T T T T T T T T ¥ T ] T | S T T T T T L
-20 0 20 40 80 80 100 120 140 160 180 200 220 240 °C
Lab: Phaima METTLER TOLEDO STAR® SW 7.00

Figure 99 DSC thermogram of formulation 5 in the temperature range of -20 to 250 °C; (a)

formulation 5 with mangostin (sample weight 3.90 mg); and (b) formulation 5 without

mangostin (sample weight 4.01 mg)
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Figure 100 DSC thermogram of formulation 6 in the temperature range of -20 to 250 °C; (a)
formulation 6 with mangostin (sample weight 4.17 mg); and (b) formulation 6 without

mangostin (sample weight 4.15 mg)

6. Determination of Antimicrobial Activity of Garcinia mangostana Extract
Monoglyceride-Based Drug Delivery System

It is well documented that dental caries and the progression to periodontal diseases
begin with an accumulation of bacteria in dental plaque. The main microorganism linked with
dental plaque seems to be Streptococcus mutans.

From previous unpublished data performed by Torrungruang, K., and Vichienroj, P.,
Department of Periodontology, Faculty of Dentistry, Chulalongkorn University, it was found
that Garcinia mangostana extract derived from this study exhibited antimicrobial activity
against Streptococcus mutans KPSK, and Porphyromonas gingivalis W50, the microbial
species associated with dental caries and periodontal diseases, respectively. The minimum
concentration (MBC) of

inhibitory concentration (MIC) and minimum bactericidal

Streptococcus mutans KPSK, and Porphyromonas gingivalis W50 are shown in Table 22.

Table 44 MIC and MBC of Garcinia mangostana extract on Streptococcus mutans KPSK,

and Porphyromonas gingivalis W50

Types of bacteria MIC (pg/mt) MBC (pg/mi)
Streptococcus mutans KPSK; 0.625 1.250
Porphyromonas gingivalis W50 20 40
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The agar diffusion method is the method for determining the antimicrobial
susceptibility pattern of a bacterial strain. A filter paper disk, a hole, a porous cup or an
open-ended cylinder containing measured quantities of drug is placed on a solid medium
that has been heavily seeded with the test organisms. In this study, the antimicrobial activity
against Streptococcus mutans KPSK, was examined by using a hole for placed the samples.
When bacterial multiplication proceeds more rapidly than the drug can diffuse, the bacterial
cells that are not inhibited by the antimicrobial will continue to multiply until a lawn of growth
is visible and no zone of inhibition appears around the hole. When the antimicrobial is
present in inhibitory concentrations, no growth will appear in the zone around the hole.

As a result, all formulations with and without mangostin showed no inhibition zone.
The result obtained was quite unexpected. The question was whether mangostin extract had
lost the antimicrobial activity or mangostin extract could not release from the formulation.
Therefore, mangostin extract was tested for antimicrobial activity against Streptococcus
mutans KPSK, by agar diffusion method using the same condition. Two percent of
mangostin extract in 95% ethanol, equivalent to the formulations, was used in this study.
The result showed that mangostin had an inhibition zone with a diameter of 15.33+0.29 mm,
which indicated that mangostin had an antimicrobial activity against Streptococcus mutans
KPSK,. From visual inspection, all formulations with and without mangostin could not diffuse -
into the surrounding medium, they still contained in the hole. In contrast, mangostin exiract
in 95% ethanol diffused into the medium and presented an empty hole with inhibition zone.
The probable explanation is that these formulations are oily semi-solid, which is immiscible
to aqueous solid medium. Since, mangostin extract is lipophilicity (from the following study)
therefore it likes the more lipophilic region and does not diffuse into the medium. To solve
this problem, the formulation with more hydrophilicity should be prepared. Increasing the
water content in the formulation can increase the hydrophilicity. However, the result from the
previous study indicated that the higher water content than 30% could not make the high-
viscous liquid crystalline phase, it appears to be two-phase separation. Therefore, another
aqueous formulation preparing from poloxamer 407 was used in this study.

Poloxamer 407 is a series of closely related block copolymers of ethylene oxide and
propylene oxide. Poloxamer 407 displays a temperature-induced thickening and acting as an
in situ forming drug delivery system. In this study, 2% mangostin was incorporated into
poloxamer 407 and evaluated for antimicrobial activity against Streptococcus mutans KPSK,
comparing to blank formulation, mangostin extract, 95% ethanol and 0.2% chlorhexidine.

After incubation, areas of inhibition zone were presented in all tested compounds
except blank formulation. The diameters of inhibition zone are shown in Table 45. It was
found that 0.2% chlorhexidine had the most inhibitory effect on Streptococcus mutans

KPSK, and mangostin extract had a slightly higher effect than the formulation. While 95%
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ethanol had a little effect on the antimicrobial activity which indicated that the inhibitory effect
of mangostin came from itself. Blank formulation did not show zone of inhibition which meant
there was no antimicrobial activity of poloxamer 407. These results indicated that mangostin
incorporated into the formulation can diffuse into the medium at sufficient concentration for

inhibition of the bacterial growth.

Table 45 Inhibition zone diameters of the test compounds on Streptococcus mutans KPSK,

Test compounds Inhibition zone diameter (mm)

Monoglyceride-based drug delivery system

no
with mangostin

Monoglyceride-based drug delivery system

without mangostin e
Poloxamer 407 formulation with mangostin 13.334+0.29
Poloxamer 407 formulation without mangostin no
Mangostin extract in 95% ethanol 156.33+0.29
0.2% chlorhexidine 24.00+0.00
95% ethanol 6.75+0.25

Figure 101 Agar diffusion test of monoglyceride-based drug delivery system; (a) and (b)
monoglyceride-based drug delivery system with mangostin; (c) and (d) monoglyceride-based

drug delivery system without mangostin
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Figure 102 Agar diffusion test of various compounds; (a) poloxamer 407 formulation without
mangostin; (b) poloxamer 407 formulation with mangostin; (c) mangostin extract; (d) 95%

ethanol; and (e) 0.2% chlorhexidine

7. Determination of Partition Coefficient of Garcinia mangostana Extract

The lipophilicity of an organic compound is usually described in terms of a partition
coefficient (P), which can be defined as the ratio of the equilibrium concentrations of a
dissolved substance between organic and aqueous bhases. There are many different
techniques which can be used to solve this problem. The most common method is the
shake flask method, the thorough mixing of the two phases followed by their separation in
order to determine the equilibrium concentration for the substance being examined. The n-
octanol-water system has been widely adopted as a model of the lipid phase. Lipophilic
species dissolve in the aliphatic regions of the octanol, whilst hydrophilic species are drawn
to the polar regions. The partition coefficient is usually given in a logarithmic scale, therefore,
a log P = 0 means that the compound is equally soluble in water and in the partitioning
solvent. If the compound has a log P = 5, then the compound is 100,000 times more soluble
in the partitioning solvent. A log P = -2 means that the compound is 100 times more soluble
in water, i.e., it is quite hydrophilic.

In this study, the determination of partition coefficient was performed by the shake
flask method. Garcinia mangostana extract was shaken between n-octanol and water layers,
and then the adequate volume was withdrawn and analyzed by using UV spectrophotometry.
As a result, the concentrations of mangostin in n-octanol and water phases were 4.7547 +
0.3031 mg/ml and 0.0038 + 0.0006 mg/ml, respectively. The partition coefficient is the
quotient of two concentrations and is given in the form of its logarithm to base ten (log P).
Therefore, the partition coefficient and log P of mangostin were 1251.24 and 3.10,
respectively. These data indicated that the compound was 1251.24 times more soluble in n-

octanol than in water and it was quite lipophilic.
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From the high partition coefficient of mangostin obtained from this study, it confirmed

the result of the agar diffusion method (topic E6). Mangostin is highly lipophilic that the
diffusion into the aqueous solid medium is negligible. Thus, the antimicrobial activity of

monoglyceride-based drug delivery system with mangostin could not be demonstrated.

L. Stability Study of Garcinia mangostana Extract Monoglyceride-Based Drug Delivery
System

The stability study of Garcinia mangostana extract in monoglyceride-based drug
delivery systems was performed by the stress condition using the heating-cooling cycle. The
physicochemical properties and the amount of mangostin were determined at the initial time
and after the stability study. The analytical method which employed in this investigation was
the HPLC method as previously described.

As a result by visual inspection, the color change, phase separation and precipitation
of all formulations were not observed after the heating-cooling cycle. The pH of formulations
before and after the heating-cooling cycle were similar in_the range of 5.64-5.85 and 5.70-
5.83, respectively. The viscosity values of formulations were slightly decreased compared to
those before the heat-cooling cycle. The polarizing microscopic images at the initial time and

after the stability study were not different (Figures 84-85).

Table 46 pH and viscosity of formulation before and after stability study

Before stability study After stability study
Formulation
pH Viscosity (cps) pH Viscosity (cps)
1 5.78 5203.66 5.83 5055.42
2 5.79 5262.52 5.81 5007.46
3 5.64 5109.92 5.70 4944 24
4 5.85 4937.70 5.83 4796.00
5 5.81 4933.34 5.81 4743.68
6 5.64 4830.88 5.74 4691.36
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Figure 103 Polarizing microscopic images of formulation 1-3 before and after the stability
study; (a) and (b) formulation 1; (c) and (d) formulation 2; and (e) and (f) formulation 3, as

observed at x100 magnification

Since these formulations were expected to act as an in situ forming drug delivery
system, therefore the low-viscous state formulations should be considered. In this study, the
formulations both low-viscous state and high-viscous liquid crystalline phase were analyzed
the amount of mangostin and calculated the percent remaining and percent loss of
mangostin in monoglyceride-based drug delivery systems (Tables 25-26). Analysis of data
indicated that the amount of mangostin in the formulations before and after the stability
study were significantly different (P<0.05) in both low-viscous state and high-viscous liquid
crystalline phase, however all formulations appeared to be stable due to their percentage
loss after storage was less than 10% of the initial value. In addition, there was no
statistically significant difference (P>0.05) in amount of mangostin remaining between six

formulations both low-viscous state and high-viscous liquid crystalline phase.
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Figure 104 Polarizing microscopic images of formulation 4-6 before and after the stability

study; (a) and (b) formulation 4; (¢) and (d) formulation 5; and (e) and (f) formulation 6, as

observed at x100 magnification

Table 47 Amount of mangostin in low-viscous state formulation before and after stability

study
Amount of mangostin (mg) Percent remaining  Percent loss
Formulation
Before After of mangostin of mangostin
1 19.92+0.24 19.68+0.28 98.80+1.39 1.20
2 19.93+0.19 19.66+0.15 98.65+0.73 1.35
3 20.02+0.26 19.78+0.16 98.81+0.82 1.19
4 19.85+0.29 19.65+0.21 99.00+1.07 1.00
5 20.014+0.20 19.71+0.18 98.48+0.92 1.562
6 19.95+0.25 19.78+0.23 99.18+1.15 0.82




137
Table 48 Amount of mangostin in high-viscous liquid crystalline phase formulation before

and after stability study

Amount of mangostin (mg) Percent remaining  Percent loss

Formulation
Before After of mangostin of mangostin
1 20.01+0.17 19.73+0.19 98.59+0.95 1.41
2 19.93+0.24 19.68+0.35 98.73+1.76 1.27
3 19.98+0.20 19.67+0.50 98.45+2.48 1.55
4 19.97+0.30 19.67+0.47 98.54+2.33 1.46
5 19.90+0.35 19.73+0.55 99.12+2.77 0.88
6 20.03+0.42 19.60+0.47 97.81+2.33 2.19




CHAPTER V
CONCLUSIONS

PART I: Extraction, ldentification, Quanlitative and Quantitative Analysis And
Antibacterial Activity of Garcinia mangostana Husk Extract

1. The crude extract of Garcinia mangostana could be prepared by maceration of the dried
fruit hull powder with ethyl acetate as yellow crystalline powder of mangostin.  The yield
was calculated as 7.47%.

2. The identification of mangostin was carried out by TLC and DSC. The TLC qualitative
analysis of mangostin was done by using the alumina sheet and ethyl acetate: hexane (3:1)
as mobile phase. The Rf value as compared with standard mangostin was 0.60. The DSC
thermogram showed the melting point of the crude extract at 165.04-166.80 ‘c.

3. The quantitative analyses of mangostin were developed using the HPLC and UV
spectrophotometric methods. The HPLC system using methanol: water (87:13) as mobile
phase, clotrimazole as internal standard and using UV detector at 243 nm. The UV
spectrophotometric method was carried out using the UV spectrophotometer at 243 nm. The
validation of both systems gave high specificity, linearity, accuracy and precision.

4. The solubility study of mangostin showed the low water insolubility. The water solubility

was improving with increasing ethanol content.

5. The microbiological activity of mangostin was studied. The MIC of the extract 3 [Lg/ml for
Staphylococcus aureus ATCC 25923 and 1.5 [g/ml for Streptococcus mutans ATCC
KPSK,. The MBC of the extract was 4 LLg/ml for Staphylococcus aureus ATCC 25923 and
3 [Lg/ml for Streptococcus mutans ATCC KPSK,

PART Il Formulation of fast dissolving oral strips containing Garcinia

mangostana husk exract

The fast dissolving films could open a new horizon in drug delivery systems. These thin and
flexible films rapidly dissolved in oral cavity for reasonable improved patient compliance and
convenience for use all the times without need of water.

In this study, orally fast dissolving films containing Garcinia mangostana husk extract
were developed using by solvent casting method. The effect of type and ratio of polymer on
mechanical properties, dissolution time and antimicrobial activity of formulations were
investigated. The results of this study can be concluded as follows:

1. The yellow powder of Garcinia mangostana ectract was obtained by macerating method
with ethyl acetate. The quantititive analysis of mangostin in extract by HPLC method was
55.86% wiw.

2. Garcinia mangostana extract showed antimicrobial activity against Staphylococcus aureus

ATCC 25923 and Streptococcus mutans KPSK, with the minimum inhibitory concentration
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(MIC) of 3 and 1.5 lg/ml, respectively, and minimum bactericidal concentration (MBC) of
4 and 3 Hg/ml, respectively.
3. From the results of mechanical properties of film bases, it was found that HPC LV gave
the most soft and weak film and combination with HPMC in various ratios provided the
stronger film. When increased HPMC 3 cps ratio in the combined polymers of HPMC 3 and
5 cps showed markedly decreasing the tensile strength, percentage of elongation and work
of failure. It indicated that these films were more brittle and softer than HPMC 5 cps films
alone. The effect of plasticizers on mechanical properties of HPMC 3 cps films were also
investigated. It was found that glycerin increased toughness of the film, while combination of
three plasticizers, PEG 400, PG and glycerin made the film too soft, moist and easy to
break off.
4. The dissolution time of all film bases were observed. The results showed that the films
with combination of HPMC 3 cps and HPC LV at all ratios had no statistically significant
difference from a commercial product strips A (p>0.05). Therefore, these formulations were
developed to the fast dissolving film containing Garcinia mangostana extract.
5. The study of surface morphology using by scanning electron microscope (SEM) and
physicochemical properties by differential scanning calorimeter (DSC) of fast dissolving
incorporated Garcinia mangostana extract found that the film with extract were more porous
and rougher than its film bases. From DSC thermograms of film with extract, it was found
that no peak of crystalline form of substances. This result indicated that the extract and
other ingredients changed to either molecular dispersed or amorphous form.
6. According to the results of dissolution profiles, all formulations showed the rapid release
of mangostin in simulated saliva fluid. About 80% of labeled amount of drug was released
within 3-7 minutes. These revealed that the prepared fast dissolving films containing
Garcinia mangostana extract had high efficacy of the films for rapid drug release.
7. Determination of antimicrobial activity of the films were performed and compared with
commercial product strips A strips using agar diffusion method. The results found that film
with extract exhibited antimicrobial effect against both Staphylococcus aureus ATCC 25923
and Streptococcus mutans KPSK,, while commercial product strips A strips did not show
this effect.
8. The fast dissolving films in the presence of Garcinia mangostana extract were stable
under stress condition (40 oC, 75%RH) both chemical and physicochemical properties.

From the results obtained in this study, the fast dissolving films containing Garcinia
mangostana extract that had in vitro antimicrobial activity against the oro-dental bacteria
could be developed. The prepared films had good physical appearance and were stable.
However, the further study of these films for in vitro killing time and in vivo antimicrobial
activity is necessary. That will provide a useful information to develop these fast dissolving

films to the commercialized product in the future.
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PART 1l Formulation of monoglyceride-based drug delivery systems

(liquid crystalline) containing Garcinia mangostana husk extract

In this study monoglyceride-based drug delivery systems containing Garcinia
mangostana extract were prepared. The effects of type and ratio of triglycerides on the
ternary phase diagram, physicochemical properties and antimicrobial activity of the
formulations were investigated. The results of this study can be concluded as follows:

1. Garcinia mangostana extract was obtained by maceration method with ethyl acetate. The
melting point of the extract was conformed to the melting point of mangostin. In addition,
TLC and HPLC chromatogram of the extract were similar to standard mangostin. Based on
these data, the extract was corresponded to mangostin.

2. From the ternary phase diagram, glyceryl monooleate-sesame oil-water system showed
more area of one-phase liquid crystals than systems containing soybean oil and olive oil;
however, the differences were slight. The structures of liquid crystalline phases under
polarized light microscope were not influenced from using different oils while the ratio of oils
affected these liquid crystals.

3. Monoglyceride-based drug delivery systems could be prepared from the ratio of
triglyceride: monoglyceride: water as 8:62:30 and 12:58:30 with good physical appearances.
After incorporating Garcinia mangostana extract, the physicochemical properties were not
changed.

4. Monoglyceride-based drug delivery systems have the potential of acting as in situ liquid
crystalline forming drug delivery systems due to their viscosity which was initially low enough
to be administered through the syringe with 23-gauge tip needle. The systems could be
transformed to the high-viscous liquid crystalline phase upon contact with excess water.

5. From the release profiles, all of these systems could sustain the release of mangostin
over a period of 48 hr. The release kinetics followed Higuchi’s equation indicating that the
release of mangostin from these systems was diffusion controlled.

6. Various oils showed similar release profiles but different in the percentages of drug
release. The highest percentage of release was obtained from the system containing
sesame oil, followed by soybean oil and olive oil, respectively. Increasing triglycerides
content into the formulations did’.not affect the release of the delivery systems.

7. The DSC thermograms demonstrated that Garcinia mangostana extract can be
incorporated into the liquid crystalline phase of monoglyceride-based drug delivery systems
without causing phase transition.

8. Although, Garcinia mangostana extract exhibited antimicrobial activity against
Streptococcus mutans KPSK,, monoglyceride-based drug delivery systems containing the
extract did not showed the clear inhibition zone in the agar diffusion method. The probable

reason is that mangostin is a lipophilic compound and does not diffuse into the medium.
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9. Monoglyceride-based drug delivery systems in the presence of Garcinia mangostana
extract both low-viscous state and high-viscous liquid crystalline phase were stable under
the heating-cooling cycle.

From this investigation, the stable formulation of monoglyceride-based drug delivery
systems containing Garcinia mangostana extract could be developed. The in situ liquid
crystalline phase could be formed from the injectable low viscosity formulation upon contact
with water. Since this study used agar diffusion method for determination of antimicrobial
activity, the solid agar medium could not simulate the condition of fluid in the oral cavity.
Therefore, the further in vivo study should be performed to investigate the efficacy of

monoglyceride-based drug delivery systems containing Garcinia mangostana extract.
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