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KEY WORDS :  ORAL FAST DISINTEGRATING DOSAGE FORMS / TASTE MASKING / 

ION EXCHANGE RESINS/ CYCLODEXTRINS / NON-STEROIDAL ANTI-

INFLAMMATORY DRUGS / GARCINIA MANGOSTANA 

 WIPADA SAMPRASIT : DEVELOPMENT OF TASTE-MASKED ORAL FAST 

DISINTEGRATING DOSAGE FORMS.  THESIS ADVISORS : ASSOC. PROF. PRANEET 

OPANASOPIT, Ph.D.  ASSOC. PROF. PRASERT AKKARAMONGKOLPORN, Ph.D.  AND 

ASSOC. PROF. RUCHADAPORN KAOMONGKOLGIT, Ph.D.  227 pp. 

 
 Taste-masked oral fast disintegrating dosage forms including oral disintegrating tablet (ODT) and oral 

disintegrating film (ODF) were developed for systemic and local drug delivery. Ion exchange resin (Dowex® 1x2-200) and 

cyclodextrin (Hydroxypropyl β-cyclodextrin (HPβCD)) were applied for taste-masked ODT. Several non-steroidal anti-

inflammatory drugs (meloxicam (MX), piroxicam (PRX), ibuprofen (IBP) and ketoprofen (KP)) were selected to complex with 
HPβCD for enhancing drug loading onto Dowex® resin. Drugs formed 1:1 stoichiometric inclusion complex with HPβCD and 

their solubility was increased. The increase of MX solubility in the presence of HPβCD provided the high MX loading onto the 

resin (MX resinate). The various forms of MX (free drug, MX resinate, MX/HPβCD complexes and the mixture of MX resinate 

and MX/HPβCD complexes) were used to prepare the taste-masked MX ODTs by direct compression and evaluated for the 

properties of ODTs. The MX forms of 1:2 weight ratio of MX resinate and MX/HPβCD complexes presented the accepted 

ODT requirements. The MX content in the ODTs was within the assay limit specified in the USP MX tablet monograph. The 

success in taste masking, rapid disintegration time and dissolution was achieved in this ODT. The taste-masked MX ODFs 

and taste-masked Garcinia mangostana (GM) extract and α–mangostin ODFs were prepared by electrospinning for systemic 

and local action, respectively. For systemic delivery, MX was loaded into the polyvinyl pyrrolidone (PVP)/HPβCD nanofiber 

mats by dissolving in the dimethylformamide and electrospinning process. The morphology of MX ODFs was determined 
using scanning electron microscopy (SEM); physical and mechanical properties were studied. The MX content, disintegration 

time, MX release and cytotoxicity of ODFs were investigated. In vivo studies were performed in healthy human volunteers. 

The results indicated that the diameters of taste-masked MX ODFs were in the range of 167 to 274 nm without the MX 

crystals in the structure. The taste-masked MX ODFs rapidly disintegrated and facilitated the burst release of MX. The 

desirable disintegration time and mouth feel of ODFs in the oral cavity was observed with the less cytotoxicity. The good 
taste of MX ODFs was presented when menthol and aspartame were incorporated in the formulation. This finding indicated 

the benefits of ODFs, compared to ODTs that presented the grittiness feel. For local delivery, GM extract and α–mangostin 

were chosen as model drugs for the reduction of dental caries pathogens (Streptococcus mutans and Streptococcus 

sanguinis). The chitosan (CS) and thiolated chitosan (CS-SH) blended polyvinyl alcohol (PVA) were used as the polymer. 

The GM extract and α–mangostin were incorporated into CS/PVA or CS-SH/PVA solution and electrospun to obtain ODFs. 
The diameters of GM extract and α–mangostin ODFs were in the range of 137 to 392 nm with good physical and mechanical 

properties. The mucoadhesion of GM extract and α–mangostin-loaded CS-SH/PVA ODFs was better than the CS/PVA 

ODFs. These ODFs rapidly released active substances, which had the synergistic antibacterial activity. The loaded GM 

extract and α–mangostin led to a more rapid decrease in the bacteria numbers with the less cytotoxicity. The in vivo test 

indicated the rapid disintegration and mucoadhesion without any bitterness and grittiness in the oral cavity In addition, the 
reduction of Streptococcus spp. and Lactobacillus spp. number in the oral cavity was observed. The stability studies 

indicated that taste-masked MX ODTs, taste-masked MX ODFs, and taste-masked GM extract and α–mangostin ODFs were 

stable at least for 6 months. In summary, taste-masked oral disintegrating dosage forms have the potential for systemic and 

local drug delivery to increase the convenience and palatability of poorly water-soluble drugs with a bitter taste and to 

maintain oral hygiene by reducing the bacterial growth in the saliva, which causes the development of dental caries. 
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 พฒันาเภสชัภณัฑก์ลบรสชนิดแตกตวัเร็วในช่องปากไดแ้ก่ ยาเมด็แตกตวัในช่องปาก (โอดีที) และฟิลม์แตกตวัในช่องปาก (โอ
ดีเอฟ) สาํหรับนาํส่งยาแบบทวัร่างกายและแบบเฉพาะที เรซินแลกเปลียนไอออน (โดแวกซ ์1×2-200) และไซโคลเดกซท์ริน (ไฮดรอกซีโพรพิล
เบตา้ไซโคลเดกซท์ริน (เอชพีเบตา้ซีดี)) นาํมาใชส้าํหรับเตรียมยาเมด็กลบรสแตกตวัในช่องปาก โดยเลือกยาแกอ้กัเสบชนิดไม่ใช่สเตอรอยดเ์ป็น
ยาตน้แบบ (มีลอ็กซิแคม (เอม็เอกซ)์ ไพโรซิแคม (พีอาร์เอกซ)์ ไอบูโพรเฟน (ไอบีพี) และคีโตโพรเฟน (เคพี)) ในการเกิดสารประกอบเชิงซอ้น
กบัเอชพีเบตา้ซีดีเพือเพิมการบรรจุยาในเรซินโดแวกซ ์ ยาเกิดสารประกอบเชิงซอ้นในอตัราส่วนปริมาณสมัพนัธ์ 1:1 กบัเอชพีเบตา้ซีดีและมีผล
เพิมค่าการละลายของยา ซึงการเพิมค่าการละลายของยาเอม็เอกซเ์มือมีเอชพีเบตา้ซีดีส่งผลใหเ้พิมการบรรจุยาเอม็เอกซใ์นเรซิน (เอม็เอกซเ์รซิ
เนต) เอม็เอกซโ์อดีทีเตรียมโดยการตอกอดัโดยตรงจากเอม็เอกซห์ลายแบบ (ยาอิสระ เอม็เอกซเ์รซิเนต สารประกอบเชิงซอ้นเอม็เอกซ์/เอชพีเบตา้
ซีดี และสารผสมของเอม็เอกซเ์รซิเนตและสารประกอบเชิงซอ้นเอม็เอกซ์/เอชพีเบตา้ซีดี) และประเมินสมบติัของเอม็เอกซโ์อดีที โดยตาํรับที
เตรียมจากเอม็เอกซเ์รซิเนตและสารประกอบเชิงซอ้นเอม็เอกซ์/เอชพีเบตา้ซีดีในอตัราส่วน 1:2 โดยนาํหนกั มีสมบติัตามขอ้กาํหนดของโอดีที 
ปริมาณเอม็เอกซใ์นโอดีทีเป็นไปตามขอ้กาํหนดยาเมด็ในเภสชัตาํรับสหรัฐอเมริกา จึงประสบความสาํเร็จในการพฒันาตาํรับโอดีทีทงัในเรือง
การกสบรส เวลาในการแตกตวัและการปลดปล่อยยาอยา่งรวดเร็ว พฒันาเอม็เอกซโ์อดีเอฟและสารสกดัจากเปลือกมงัคุดและแอลฟา-แมงโกส
ทินโอดีเอฟโดยเตรียมจากอิเลก็โทรสปินนิงสาํหรับออกฤทธิทวัร่างกายและเฉพาะที ตามลาํดบั สาํหรับการนาํส่งยาแบบทวัร่างกายนนั เตรียม
โดยบรรจุเอม็เอกซใ์นพอลีไวนิลไพโรลิโดน (พีวีพ)ี/เอชพีเบตา้ซีดีโดยละลายในไดเมทิลฟอร์มาไมดแ์ละผา่นกระบวนการอิเลก็โทรสปินนิง 
ศึกษาสณัฐานวิทยาของเอม็เอกซโ์อดีเอฟดว้ยกลอ้งจุลทรรศนอิ์เลก็ตรอนแบบส่องกราด (เอสอีเอม็) สมบติัทางกายภาพและเชิงกล ปริมาณเอม็
เอกซ์ เวลาในการแตกตวัและความเป็นพิษต่อเซลลข์องเอม็เอกซโ์อดีเอฟ การศึกษาในร่างกายทาํในอาสาสมคัรสุขภาพดี ผลการศึกษาพบวา่เอม็
เอกซ์โอดีเอฟมีขนาดเสน้ผา่นศูนยก์ลางอยูใ่นช่วง 167 ถึง 274 นาโนเมตร โดยปราศจากผลึกเอม็เอกซใ์นโครงสร้าง เอม็เอกซ์โอดีเอฟแตก
ตวัอยา่งรวดเร็วและทาํใหเ้กิดการปลดปล่อยเอม็เอกซอ์ยา่งฉบัพลนั ในอาสาสมคัรสุขภาพดีพบวา่เอม็เอกซโ์อดีเอฟแตกตวัเร็วและใหค้วามรู้สึกดี
ในช่องปากตลอดจนความเป็นพิษต่อเซลลต์าํ เอม็เอกซโ์อดีเอฟทีเติมเมนทอลและแอสพาร์แทมจะมีรสชาติทีดีขึน และโอดีเอฟมีขอ้ดีกวา่โอดีที
ตรงทีไม่ใหค้วามรู้สึกสากในช่องปาก สาํหรับการนาํส่งยาแบบเฉพาะทีนนั เลือกใชส้ารสกดัจากเปลือกมงัคุดและแอลฟา-แมงโกสทินเป็นยา
ตน้แบบสาํหรับตา้นเชือก่อโรคฟันผุ (สเตรปโตคอ็กคสั มิวแทนส์ และสเตรปโตคอ็กคสั แซงกวินิส) ในช่องปาก พอลิเมอร์ทีใชคื้อไคโตซาน (ซี
เอส) และไทโอเลตไคโตซาน (ซีเอส-เอสเอช) ผสมกบัพอลีไวนิลแอลกอฮอล ์(พีวีเอ) เตรียมโดยบรรจุสารสกดัจากเปลือกมงัคุดและแอลฟา-แมง
โกสทินในสารละลายซีเอส/พีวีเอ หรือ ซีเอส-เอสเอช/พีวีเอ และผา่นกระบวนการอิเลก็โตรสปินนิงใหไ้ดโ้อดีเอฟ สารสกดัจากเปลือกมงัคุดและ
แอลฟา-แมงโกสทินโอดีเอฟทีเตรียมไดมี้ขนาดเสน้ผา่นศูนยก์ลางอยูช่่วง 137 ถึง 392 นาโนเมตร โดยมีสมบติัทางกายภาพและเชิงกลทีดี 
แผน่ฟิลม์สารสกดัจากเปลือกมงัคุดและแอลฟา-แมงโกสทินทีเตรียมจากซีเอส-เอสเอช/พีวีเอ ยึดติดเยือเมือกดีกวา่แผน่ฟิลม์ทีเตรียมจากซีเอส/พีวี
เอ โอดีเอฟนีใหก้ารปลดปล่อยสารออกฤทธิอยา่งรวดเร็วและเสริมฤทธิตา้นเชือแบคทีเรีย โดยการบรรจุสารสกดัจากเปลือกมงัคุดและแอลฟา-
แมงโกสทินในแผน่ฟิลม์ทาํใหจ้าํนวนแบคทีเรียลดลงเร็วขึน และมีความเป็นพิษต่อเซลลต์าํ การทดสอบในอาสาสมคัรสุขภาพดีพบวา่สารสกดั
จากเปลือกมงัคุดและแอลฟา-แมงโกสทินโอดีเอฟแตกตวัอยา่งรวดเร็วและยึดติดเยือเมือกในช่องปาก โดยปราศจากรสขมและความรู้สึกสากใน
ช่องปาก นอกจากนนัยงัพบการลดจาํนวนลงของเชือแบคทีเรียสเตรปโตคอ็กคสัและแลก็โตบาซิลลสัในช่องปาก การศึกษาความคงตวัพบวา่เอม็
เอกซ์ โอดีที เอม็เอกซโ์อดีเอฟ สารสกดัจากเปลือกมงัคุดและแอลฟา-แมงโกสทินโอดีเอฟ มีความคงตวัอยา่งนอ้ยเป็นเวลา 6 เดือน สรุปไดว้า่
เภสชัภณัฑก์ลบรสชนิดแตกตวัเร็วในช่องปากนีมีศกัยภาพสาํหรับการนาํส่งยาทงัแบบทวัร่างกายและแบบเฉพาะที เพือเพิมความสะดวกและ
ความพึงพอใจในการใชย้าละลายนาํนอ้ยทีมีรสขม และเพือควบคุมสุขลกัษณะช่องปากโดยการลดการเจริญเติบโตของเชือก่อโรคฟันผุในนาํลาย
ซึงเป็นสาเหตุของการเกิดฟันผุ 
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CHAPTER 1 

INTRODUCTION 

1.1 Statement and significance of the research problem 

 Drug delivery system (DDS) is the method of administering a therapeutic 

substance to achieve a therapeutic effect in humans or animals body and improve the 

efficacy and safety of drugs by controlling the rate, time and place of release in the 

body (Jain, 2008). The routes of administration are classified by anatomical routes 

such as oral, pulmonary, parenteral, transmucosal and transdermal drug delivery. The 

most common route of drug delivery is oral administration which has an advantage of 

ease of administration, pain avoidance and widespread acceptance by patients. Solid 

dosage forms are the most widely used dosage forms because of their convenience in 

terms of self-administration, ease in manufacturing and development, good physical 

and chemical stability (Sameer, Yi, and Ajay, 2009). However, limitation of these 

dosage forms are inconvenient administration especially for geriatric and pediatric 

patients experiencing difficulty in swallowing tablets or capsules, which leads to poor 

patient compliance and performance of healthcare (Gohel et al., 2004). Tablets need 

to pass the process of swallowing, disintegration and dissolution before drug 

absorption (Loy, 2009). To overcome this problem, new drug delivery systems are 

developed that are known as oral fast disintegrating dosage forms. 

 Oral fast disintegrating dosage forms are known as oral fast dispersing 

dosage forms and fast disintegrating dosage forms.  These are solid dosage forms that 

can be dissolved or disintegrated quickly with saliva in the oral cavity, resulting in 

solution or suspension without the need for the administration of water (Hirani, 

Rathod, and Vadalia, 2009). Generally, they disintegrate within 60 s or less, and the 

drug is made active at the oral cavity or is absorbed through the oral mucosal tissues 

or the gastrointestinal (GI) tract. These delivery systems have many more advantages 

than the conventional solid dosage forms. For example, disintegration by saliva before 

swallowing leads to their suitability for geriatric and pediatric patients, rapid drug 

absorption through pre-gastric absorption from the mouth, pharynx and esophagus 

thus, resulting in rapid drug therapy intervention. These benefits of dosage forms 
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increase the patient compliance, onset of action and bioavailability. The first dosage 

forms have been developed that are known as oral disintegrating tablets (ODTs). The 

benefits of ODTs lead to wider acceptability. However, the fear of taking solid tablets 

and the risk of choking for certain patient population still exist despite their short 

dissolution and disintegration time. Therefore, oral disintegrating films (ODFs) are 

developed. Basically the ODFs can be considered as a thin film containing the drugs 

which is intended to be place on the tongue for rapid disintegration or dissolution in 

the oral cavity (Dixit and Puthli, 2009). They combine all advantages of tablets along 

with liquid dosage forms. The larger surface area leads to rapid disintegration and 

dissolution and their flexibility make the ease of transportation and storage. The 

desired characteristics of these dosage forms are having suitable disintegration time 

and pleasant taste. To provide rapid disintegration, dosage forms are commonly 

formulated with water soluble excipients or disintegrants. Taste masking is necessary 

because most drugs have a bitter taste which can make patients poorly compliant to 

produced dosage forms. Current taste-masking methods, including using sweeteners 

and flavors, are not sufficient. Thus, the techniques to avoid the bitter drug coming 

into contact with the taste bud have been developed such as complexation, 

microencapsulation, and ion exchange resins (Bhise, Shaikh, and Bora, 2008). 

 Ion exchange resins are water insoluble cross-linked polymers carrying ion 

exchangeable groups (Singh et al., 2007). They have the ability to exchange their 

counter ions of equal charge for other counter ions in the surrounding medium 

reversibly and stoichiometrically (Srikanth et al., 2010). Therefore, ionized drugs can 

exchange to counter ions and attach ion exchange resins, yielding “drug resinate.” The 

drug resinate does not contact with the taste buds of a patient, and so its bitter taste is 

masked during administration. In the GI tract, the loaded drug releases from the 

resinate by exchanging with counter ions in the GI fluid (Irwin, Belaid, and Alpar, 

1987). The efficiency of drug loading onto ion exchange resin mainly depends on the 

degree of acidity (or alkalinity), crosslinking and particle size of ion exchange resin. 

Moreover, it also depends on the property of loaded drug such as solubility, ionic 

strength, molecular size (Anand, Kandarapu, and Garg, 2001). Among these factors, 

the solubility plays the most important role in drug loading onto the ion exchange 

resin since the loading cannot proceed without drug dissolving and ionization. Thus, 
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low solubility critically limits drug loading onto the ion exchange resin. The pH 

adjustment and co-solvent techniques are always adopted to improve the drug 

solubility. However, these techniques use lots of acidic or basic and organic chemicals 

which are harmful to drug stability, person and environment. Furthermore, the use of 

cosolvency is limited regarding the suppression of resin ionization. In addition, drug 

resinate can provide the controlled release of drug and delay the onset of action which 

is the limitation of drug resinate (Burke, Mendes, and Jambhekar, 1986). 

 Cyclodextrins are cyclic oligosaccharides with lipophilic cavity and a 

hydrophilic outside surface. These compounds have ability to form the inclusion 

complex by taking up the whole molecule or some non-polar part into cyclodextrin 

cavity (Brewster and Loftsson, 2007). The inclusion complex is usually more 

hydrophilic and rapidly wetting than free drug, and it enhances the dissolution and 

bioavailability of the drug. However, there is a lack of scientific reports regarding 

further applications of solubility enhancement by cyclodextrins. Cyclodextrins 

possibly may have applicable potential for enhancing drug loading onto ion exchange 

resin by increasing solubility of loaded drug and reduces the unpleasant odor and taste 

by encapsulating the drug molecules at the molecular level. 

 The objectives of this study were to study the cyclodextrin complexation, 

the effect of cyclodextrin on drug loading onto ion exchange resin and used their 

properties for development of taste-masked ODTs. Hydroxypropyl β-cyclodextrin 

(HPβCD) was selected and used as a cyclodextrin for this study. Drug/HPβCD 

complex was prepared in solution state and then was loaded onto Dowex®1×2-200 

resin. Drug resinate was characterized to confirm its interaction by scanning electron 

microscope (SEM), differential scanning calorimeter (DSC) and X-ray powder 

diffractometer (XRD). The non-steroidal anti-inflammatory drugs (NSAIDs) 

(meloxicam (MX), piroxicam (PRX), ibuprofen (IBP) and ketoprofen (KP)) were 

selected as model drugs in order to examine the effect of drug structure on inclusion 

complex formation. MX was used as a model drug to study the effect of HPβCD on 

drug loading onto ion exchange resin. The condition with the highest drug loading 

was selected to prepare taste-masked MX ODTs. MX has poor aqueous solubility and 

bitter taste. Thus, this study was focused on the development of taste-masked MX 

ODTs using combinations of ion exchange resins and HPβCD to mask the bitter taste 

   ส
ำนกัหอ

สมุดกลาง



4 
 

 

and enhance dissolution of drug. ODTs containing various MX forms (free drug, MX 

resinate, MX/HPβCD complexes, and the mixture of MX resinate and MX/HPβCD 

complexes) were prepared and evaluated for properties including MX content, weight 

variation, hardness, friability, disintegration time and MX release profiles. In vivo 

studies were also conducted to investigate the disintegration time, taste masking effect 

and texture of the taste-masked MX ODTs in healthy human volunteers. 

 For the ODFs, they can be prepared with hydrophilic polymers, by either 

the film casting or hot melt extrusion method (Douroumis, 2011). The polymer fiber 

materials with diameters in the nanometer range (nanofiber mats) are attractive for 

ODFs formulation. They have a large surface area to volume ratio to obtain the rapid 

disintegration and dissolution time (Huang et al., 2003). Electrospinning is a viable 

technique to produce nanofibers that can be further developed into a continuous 

production of nanofiber mats from polymer solution. The high voltage is applied to a 

capillary containing a polymer solution. A droplet of polymer solution then forms at 

the tip of the capillary. When electrostatic forces overcome the surface tension of the 

polymer solution, the solution is continuously ejected from the tip and move towards 

a collector, solvent evaporates and fiber mat is collected on the collector (Bhardwaj 

and Kundu, 2010). Thus, electrospinning process is a good choice for development as 

ODFs. The ODFs can be designed to deliver systemic and local level of drug. A non-

mucoadhesive patch, fast disintegration and dissolution time of ODFs results in the 

rapid drug release in the mouth and leads to the fast systemic absorption of drugs. 

However, these ODFs have been used for local action and rapid disintegration for 

mucoadhesive systems in the oral cavity. To achieve rapid disintegration, dissolution 

and drug release, an appropriate water soluble polymer is necessary. Polyvinyl 

pyrrolidone (PVP) and polyvinylalcohol (PVA) are water-solublepolymers that can 

provide these features. However, PVP has the hygroscopic nature that induces water 

absorption up to 40 % of its weight and may subsequently result in unstable ODFs 

(Haaf, Sanner, and Straub, 1985). HPβCD does not only form an inclusion complex 

but it may also improve PVP stability. The cage-like supramolecular structure of 

HPβCD may protect PVP form humidity and moisture. Moreover, HPβCD may have 

potential for reducing the unpleasant taste by encapsulating the drug molecules at the 

molecular level. PVA does not only dissolve in the water but it also shows 
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mucoadhesive force in the buccal mucosa by the forming of hydrogen bonding. The 

mucoadhesive force makes the ODFs adhere to buccal mucosa for local drug delivery. 

Chitosan (CS) is a copolymer of N-acetyl-D-glucosamine and D-glucosamine that is 

produced by alkaline deacetylation of chitin. The cationic CS can bind to mucins via 

electrostatic interactions with the anionic sialic acid moieties to produce 

mucoadhesive force. However, the adhesion is non-specific and suffers short retention 

times. Also, the interactions between polymers and tissues are weak due to the non-

covalent bonding. From this problem, leads to synthesize the second generation 

mucoadhesive polymers having the free thiol groups on the polymeric backbone. The 

polymer forms the disulfide bonds between the cysteine residues of mucins and 

polymers, contributing to the interactions for mucoadhesion (Langoth, Kalbe, and 

Bernkop-Schnürch, 2003). CS is one of polymers that can conjugate with the 

molecules containing the free thiol groups on the primary amino groups of CS. This 

conjugation enhances the mucoadhesive property of CS. 

 The pericarp of mangosteen (Garcinia mangostana Linn.;GM) has been 

used as medicinal agent for centuries in the treatment of skin infections, wounds and 

amoebic dysentery (Pedraza-Chaverri et al., 2008). GM pericarp contains a variety of 

xanthones, benzophenones, flavonoids, anthocyanins, tannins such as α–, β–, γ–

mangostin, garcinone E, 8-deoxygartanin and gartanin which have pharmaceutical 

functions, including antibacterial, antifungal and antiviral activities (Sundaram et al., 

1983). In antibacterial activity, the extraction of α–mangostin from GM has 

demonstrated active antimicrobial activities against S. aureus and Enterococcus spp. 

(Phongpaichit et al., 1994). However, there is a lack of scientific reports that indicate 

the antibacterial activities against oral pathogens of the pericarp of GM, especially for 

crude extracts. Streptococcus mutans (S. mutans) is a major causative agent for dental 

caries, which may cause tooth demineralisation owing to the adherence to tooth 

surfaces forming biofilms, and convert fermentable carbohydrates into acid that 

dissolve the hard, crystalline structure of the teeth, resulting in carious lesions 

(Quivey, Kuhnert, and Hahn, 2001). It is also with Streptococcus sanguinis (S. 

sanguinis) which is a member of the pioneer species in dental plaque formation 

(Frandsen, Pedrazzoli, and Kilian, 1991; Hotta et al., 1998). Several Lactobacillus 

spp. have been associated with dental caries, although these bacteria are normally 
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symbiotic in humans and found in the gut flora (Keohane, Ryan, and Shanahan, 

2009). Therefore, the eradication of these bacteria is important for the prevention of 

dental caries. GM extract might have a potential to reduce the numbers of dental 

caries pathogens. 

 This study also proposed to the development of taste-masked ODFs for the 

systemic and local drug delivery. For systemic application, MX and PVP were chosen 

as a model drug and polymeric membrane, respectively. The MX-loaded PVP 

nanofiber mats as ODFs were developed by the electrospinning process. The 

incorporation of HPβCD was conducted to improve the stability of PVP nanofiber 

mats and the palatability of ODFs. The ODFs were characterized by SEM, DSC, XRD 

and texture analyzer. The taste-masked MX ODFs properties were evaluated for MX 

content, disintegration time, MX release characteristics, cytotoxicity and stability. In 

vivo studies were also conducted to investigate the disintegration time, taste masking 

effect and texture of the taste-masked MX ODFs in healthy human volunteers. For 

local drug delivery, GM extract and α-mangostin were selected as model drugs for 

dental caries prevention by the reduction of S. mutans and S. sanguinis. The two 

extraction solvents (95 % ethanol and 70 % acetone) from the pericarp of GM were 

investigated. The polymeric membranes of CS were incorporated with 

ethylenediaminetetraacetic acid (EDTA) and PVA without using organic solvents or 

acids to provide the rapid disintegration and mucoadhesion at the buccal mucosa. The 

thiolated chitosan (CS-SH) was synthesised and used as a mucoadhesive polymer to 

enhance mucoadhesive force, compared to CS. CS does not only have mucoadhesive 

property but also antibacterial activity. The efficacy of the antibacterial combination 

of CS with EDTA and CS-EDTA with GM extract was examined using a 

checkerboard assay. The taste-masked GM extract and α-mangostin-loaded CS/PVA 

and CS-SH/PVA ODFs were developed by the electrospinning process. The 

morphology, physical and mechanical properties were observed. The ODFs were 

evaluated for properties that included GM extract content, swelling, mucoadhesion, in 

vitro release, antibacterial activity, cytotoxicity and stability. In vivo disintegration, 

mucoadhesion, taste masking effect and antibacterial activity were also studied in 

healthy human volunteers. 
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1.2 Objective of this research 

 1.2.1 To investigate the drug/HPβCD complexation and the effect of 

HPβCD on drug loading onto ion exchange resin. 

 1.2.2 To fabricate the taste-masked MX ODTs using the combination of 

ion exchange resins and HPβCD to mask the bitter taste and enhance the dissolution 

of MX. 

 1.2.3. To develop the taste-masked ODFs using the electrospinning 

process for systemic and local drug delivery. 

 1.2.4 To evaluate the drug content, drug release, disintegration time, 

cytotoxicity, taste, in vivo studies and stability of oral fast disintegrating dosage 

forms. 

1.3 The research of hypothesis 

 1.3.1 Drug solubility is increased by HPβCD inclusion complex which can 

enhance drug loading onto ion exchange resin. 

 1.3.2 The taste-masked MX ODTs can be prepared with good properties 

using the ion exchange resins and HPβCD. 

 1.3.3 The electrospun taste-masked ODFs can be used for systemic and 

local drug delivery. 

 1.3.4 The oral disintegrating dosage forms present good characteristics 

with the rapid disintegration, degree of tast masking and stability. 
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2.1 Oral fast disintegrating dosage forms 

 2.1.1 Definition 

 The oral fast disintegrating dosage forms have been known as the dosage 

forms providing the more convenience of taking the medication. These are the solid 

dosage forms that dissolve or disintegrate with the saliva in the mouth for easy 

swallowing and administration of active pharmaceutical ingredients (Fu et al., 2004). 

When the dosage form is placed in the mouth, saliva causes it to dissolve or 

disintegrate rapidly within 60 s so the saliva contains the dissolved or dispersed 

medicament.The patient then swallows the saliva medicament mixture and it reaches 

the gastrointestinal (GI) tract. The drug may get absorbed from the mouth, pharynx, 

esophagus and GI tract. Also, the saliva medicament mixture is active in the oral 

cavity for local action. These characteristics of dosage forms are highly desirable for 

the pediatric and geriatric patients, as well as the patients who prefer the convenience 

of readily administered dosage forms. They are as fast dissolve, rapid dissolve, rapid 

melt and quick dispersible dosage forms. 

2.1.2 Advantages of dosage forms 

 Oral fast disintegrating dosage forms contain the advantages of solid and 

liquid dosage forms. The good stability, accurate dosing, ease of manufacturing and 

easy handling by patients are the advantages of solid dosage forms (Habib, Khankari, 

and Hontz, 2000). For the advantages of liquid dosage forms, these dosage forms 

possess easy administration and no risk of suffocation resulting from physical 

obstruction by a dosage form (Fu et al., 2004). Furthermore, they have the additional 

advantages as follows. 

 1. Improved patient compliance 

 The compliance from pediatric, geriatric and bedridden or 

developmentally disabled patients increases due to the easy administration of dosage 

forms. In addition, patients who have little or no access to water and difficulty in 

swallowing tablets can easily administer these dosage forms. 

 2. Rapid onset of action and may offer an improved bioavailability 

   ส
ำนกัหอ

สมุดกลาง



11 
 

 
 

 The dosage forms disintegrate or dissolve inside the mouth, drugs may be 

absorbed in the buccal mucosa, mouth, pharynx, esophagus and GI tract. Thus, the 

rapid drug therapy and increased bioavailability may be possible. Also this can avoid 

the first pass metabolism of drug. 

 3. Good mouth feel 

 The good feel of taking these dosage forms helps to change the basic view 

of medication drugs. 

 2.2.3 Limitations of dosage forms 

 1. Low drug loading 

 The fabrication of dosage forms is limited by the amount of drug. Drugs 

with the large dose are difficult to formulate with these dosage forms. The dosage 

forms should be low weight and small size. The United States Food and Drug 

Administration (U.S. FDA) recommends that weight of tablet should not exceed 500 

mg (U.S. FDA, 2008). The easiest size of tablet to swallow is 7-8 mm (Hirani, 

Rathod, and Vadalia, 2009). In the case of films, the weight should be less than 150 

mg or the size is 25-40 mm in the length, 20-30 mm in the width, 5-20 cm2 in the area 

and 50-200 μm in the thickness. 

 2. Patient groups 

 Patients who take anticholinergic drugs and patients with Sjögren's 

syndrome or dryness of the mouth due to the decreased saliva production may not be 

good candidates for oral fast disintegrating dosage forms (Shaikh, Khirsagar, and 

Quazi, 2010). 

 3. Stability of dosage forms 

 These dosage forms require the high water soluble excipients that may 

have hygroscopic property in nature, make these dosage forms to be kept in dry place 

or require the special packaging. Moreover, tablets are made of either porous and soft-

molded matrices or compressed into tablets with the low compression force, which 

makes the tablets friable and brittle, difficult to handle, and requiring special packing 

that may add to the cost (Hirani, Rathod, and Vadalia, 2009; Nagar et al., 2011). 
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 2.1.4 Consideration for oral fast disintegrating dosage forms 

 To develop oral fast disintegrating dosage forms, the important ingredients 

including the pharmaceutical active ingredients and excipients should have the 

optimal characteristics to allow the fast disintegration and/or dissolution. 

  2.1.4.1 Pharmaceutical active ingredients 

  The characteristics of drug which can be developed the oral fast 

disintegration dosage forms are listed below (Reddy et al, 2002). 

  1. The drug should free from the bitter or unacceptable taste. However, 

the bitter drug can be diminished by passing the taste masking process before the 

development of these dosage forms. 

  2. The dose should be less than 20 mg to formulate the dosage forms 

with a good size. 

  3. If the drug needs to be absorbed at pregastric site, it should dissolve 

in the water, should have small to moderate molecular weight, unionized fraction at 

the oral cavity pH and have ability to diffuse, partition and permeate into the oral 

mucosal tissue and the epithelium of upper GI tract. 

  In addition, the fabrication of dosage forms with anticholinergic drugs 

is limited because it may render the unsuitable drug interaction by causing the mouth 

dryness and the decrease in saliva production. This may delay the disintegration and 

dissolution of dosage forms. 

  2.1.4.2 Pharmaceutical excipients 

  The ideal pharmaceutical excipients for oral fast disintegrating dosage 

forms should have the following properties (Nagar et al., 2011). 

   1. Disperse or dissolve in the oral cavity within 60 s. 

   2. Having the taste masking property and a pleasant mouth feel. 

   3. Enable the sufficient drug loading. 

   4. Remain a good property when the humidity and temperature 

change. 
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 2.1.5 Types of oral fast disintegrating dosage forms 

 The function and concept of oral fast disintegrating dosage forms are 

similar and can be classified into 4 subtypes. 

  1. Oral disintegrating tablets (ODTs) 

  ODTs are designed to dissolve or disintegrate rapidly on contact with 

saliva, thus eliminating the need to chew the tablet, swallow an intact tablet, or take 

the tablet with liquids. The characteristics of products include the low tablet weight, 

small tablet size, highly soluble components and rapid disintegration. The Center for 

Drug Evaluation and Research (CDER) developed the definition of ODTs in 1998 as 

“A solid dosage form containing medicinal substances which disintegrates rapidly, 

usually within a matter of seconds, when placed upon the tongue” (U.S. FDA, 2008). 

The European Pharmacopoeia has defined these tablets as tablets that can be placed in 

the mouth where they disperse rapidly within 3 min in the mouth before swallowing 

(European Directorate for quality of Medicines, 1998). The disintegration time for 

ODTs generally ranges from a few seconds to about a minute. 

  2. Orally disintegrating mini-tablets (ODMTs) 

  Mini-tablets are defined as tablets with a diameter equal to or smaller 

than 2-3 mm (Lennartz and Mielck, 1998). Figure 2.1 shows the mini-tablets size and 

the geometrical proportion of tablets. Mini-tablets can be filled into capsules or used 

as ophthalmic inserts.  Furthermore, mini-tablets can be used as a dosage forms for 

young children with the rapid disintegration within 60 s (Orally disintegrating mini-

tablets (ODMTs)). These formulations are preferred for infants and toddlers. The 

small size of mini-tablets and the rapid disintegration time prevent the spitting out 

tablets from children (Stoltenberg and Breitkreutz, 2011). 

 

 
 

 Figure 2.1 Mini-tablets size. 
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Source: Lennartz, P., and J. B. Mielck. (1998). “Minitabletting: improving the 

compactability of paracetamol powder mixtures.” International Journal 

of Pharmaceutics 172: 75–85. 

 

  3. Capsule-based fast disintegrating dosage forms (Modified 

conventional hard gelatin capsules and Fastcaps) 

  Fast disintegrating capsules can be prepared by the modification of 

conventional hard gelatin capsules (Ciper and Bodmeier, 2006). The perforation and 

vacuum-drying of conventional hard capsules was conducted to promote the small 

holes and the low moisture content of capsule, respectively. The small holes cause the 

rapid ingress of water and a fast disintegration, whereas the low moisture content of 

capsule results in the brittle capsules which easily break up within the oral cavity 

(tongue movement). Fastcaps were developed using the gelatin of low strength and 

the additives (sugar or PEG) to improve mechanical and dissolution properties (Ciper 

and Bodmeier, 2005). These capsule-based fast disintegrating dosage forms provide 

the higher drug loading compared to other fast disintegrating dosage forms. The solid 

or semisolid or liquid drug forms can be possibly loaded into the vacuum-drying 

capsules and fastcaps. 

  4. Oral disintegrating films (ODFs) 

  ODFs have been developed to solve the fear of taking solid tablets or 

capsules and the risk of choking. They are also called as fast dissolving films that are 

very thin films with pharmaceutical ingredients and the excipients. The film is placed 

on the tongue or any mucosal surface, wet by saliva and rapidly dissolves or 

disintegrates to release the active drugs (Nagar et al., 2011). 

 2.1.6 The desired characteristics dosage forms 

 The dosage forms should contain the characteristics as listed below (Fu et 

al., 2004; Kumar, Sharma, and Sharma, 2011). 

 1. The fast dissolving or disintegration should be within 60 s in the oral 

cavity. The disintegrated materials should become a soft paste, suspension or liquid to 

provide a pleasing mouth feel and make an active in the oral cavity or smooth 

swallowing. 
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 2. The dosage forms dissolve or disintegrate in the mouth, the drug will 

partially dissolve in close to the taste bud. Thus, an acceptable taste or the absence of 

undesirable taste should be achieved by taste masking technology. 

 3. The mechanical strength and the process to achieve the rapid 

disintegration are inversely related, it is considerable to find the optimal mechanical 

strength that allows fast disintegration while the dosage forms are stable during 

packing and transportation. 

 4. The dosage forms contain the highly water soluble excipients for the 

enhancement of disintegration time. Thus, it is challenge to design the dosage forms 

with the low sensitivity to the temperature and humidity of storage condition. A good 

manufacturing process and packaging to protect the dosage forms should be created 

with an acceptable cost. 

2.2 Oral disintegrating tablets (ODTs) 

 ODTs are tablets containing the pharmaceutical active ingredients and 

excipients that dissolve or disintegrate in the mouth within 60 s. The performance of 

ODTs depends on the approach and technology used in their manufacture. The 

evaluation measures have been designed to characterize the ODTs. 

 2.2.1 Approaches for fast disintegration and dissolution 

 There are three approaches to develop the fast disintegration and 

dissolution including the maximizing the porous structure of the ODTs, incorporation 

of the appropriate disintegrants and using the highly water soluble excipients (Goel et 

al., 2008; Kumar, Sharma, and Sharma, 2011). The ODTs with very light and high 

porous structures allow the immediate water penetration into the tablets. When an 

ODT is placed on the tongue, the tablet rapidly dissolves or disintegrates and 

immediately releases the pharmaceutical active ingredient (Douroumis, 2011; Fu et 

al., 2004,). Figure 2.2 shows the porous structure of ODTs. 

 Disintegrants are agents that add to the ODTs formulation to promote the 

breakup of tablet into smaller fragments in an aqueous environment and then result in 

a solution or suspension of drug. The selection of the type and concentration of 

disintegrants plays an important role in the disintegration and dissolution of ODTs. 
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There are four major mechanisms for tablet disintegration including swelling, 

capillary action (wicking), deformation and repulsion mechanisms, as shown in Table 

2.1. In addition, fast disintegration of ODTs can be achieved using effervescent 

systems which the reaction between the acid and base, generating the pressure of 

carbon dioxide within the tablet. The acids include citric acid, tartaric acid, malic acid 

fumaric acid and succinic acid, whereas the bases are the carbonate sources including 

sodium bicarbonate, sodium carbonate, potassium bicarbonate and potassium 

carbonate. 

 

 
 

Figure 2.2 The porous structure of ODTs made by Zydis® technology. 

Source: Douroumis, D. (2011). “Orally disintegrating dosage forms and taste-

masking technologies.” Expert Opinion on Drug Delivery 8, 5 (May): 

665–675. 

 

Table 2.1 Disintegration mechanisms. 

Disintegration 
mechanisms Action 

Swelling Disintegrants swell in contact with water, causing the adhesiveness of 
tablet is overcome and the tablet fall apart 

Capillary action 
(wicking) 

Disintegrants act to enhance porosity and provide the pathways for 
water penetration into tablets. Water is drawn up or wicked through 
capillary action and rupture the interparticulate bonds, causing the 
tablets break apart. 

Deformation Disintegrants return to their original shape when expose to the water, 
and then break up the tablet form. 

Repulsion 
The electric repulsive forces between disintegrants particles are the 
mechanism for disintegration. Water is drawn into the pores and 
particles repel each other. 
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Source: Kumar, D. V., I. Sharma, and V. Sharma. (2011). “A comprehensive 

review on fast dissolving tablet technology.” Journal of Applied 

Pharmaceutical Science 1, 5: 50–58. 

 

 Superdisintegrants also play the major role in the ODTs disintegration. 

They are more effective at the lower concentrations. Once they contact with water, 

ODTs swell, hydrate and disintegrate. There are three major superdisintegrants, as 

presented in Table 2.2. 

 

Table 2.2 Superdisintegrants. 

Superdisintegrants Trade name Mechanism Concentration 
(% w/w) 

Crosscarmellose 
sodium 

Ac-Di-Sol®, 
Primellose® 

swells 4-8 folds in < 10 s 
capillary action 0.5-5 

Crosspovidone Kollidon®, 
Polyplasdone® 

capillary action and return 
to original size 0.5-5 

Sodium starch 
glycolate 

Explotab®, 
Primogel® swells 7-12 folds in <30 s 2-8 

 

Source: Kumar, D. V., I. Sharma, and V. Sharma. (2011). “A comprehensive 

review on fast dissolving tablet technology.” Journal of Applied 

Pharmaceutical Science 1, 5 (July): 50–58. 

 

 Ion exchange resins, water insoluble cross-linked polymers carrying ion 

exchangeable groups, have the excellent swelling property that is interested to use as 

disintegrants. The resins provide the high water uptake capacity and swelling 

properties, thus the tablets swell up when the tablets are exposed to water and then 

tablets soften and disintegrated (Singh et al., 2007). Moreover, the highly water 

soluble excipients including water soluble polymers, saccharides, sugar alcohols, and 

water soluble diluents promote the rapid disintegration and dissolution of ODTs. 

   ส
ำนกัหอ

สมุดกลาง



18 
 

 
 

 2.2.2 Technologies for manufacture of ODTs 

 The technologies used to manufacture ODTs can be classified by the 

manufacture method as conventional and patented technologies, as shown in Figure 

2.3. Moreover, the technologies of ODTs can be sorted by the heating processes that 

are technologies employing heating process and technologies not employing heating 

process (Figure 2.3). 

 

 
 

Figure 2.3 The technologies of ODTs preparation. 

 

  2.2.2.1 Technologies employing heating process 

  The techniques using the heating process can be used for the 

thermolabile drugs. The several techniques are listed below. 

  1. Cotton candy process 

  The cotton candy process is the Flashdose® patented technology that 

involves the preparation of a drug matrix as floss or cotton candy fiber. The matrix 

comprises of the drug and saccharides or polysaccharides which is made by flash 

melting and centrifuge force. The manufacturing process can be divided into the 4 

steps. First, the blend of drug and saccharides or polysaccharides is done before the 

floss processing. The materials are heated sufficiently to create an internal flow that 

forces the materials move to the exit with the centrifugal force in the spinning head. 

Then, the masses are immediately cooled and continuously flowed until solidified. 
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Third, the flosses are chopped to a smaller particle size. Finally, the chopped floss 

fibers are blended with the excipients and compressed into tablets (Sastry, 

Nyshadham, and Fix, 2000). This process creates the highly porous ODTs that are 

very pleasant mouth feel. However, this technique uses the large amount of excipients 

in the relation to the drug that increase the size of final ODTs. 

  2. Hot melt extrusion 

  Hot melt extrusion is a process for ODTs production that is also used 

for taste masking of drugs. The process involves that materials are rotated by screw 

under elevated temperature through a die into a product of uniform shape 

(Douroumis, 2011). This technique can be scaled up due to a few processing steps. 

  3. Tablet molding 

  Tablet molding is the process that the powder mixture is moistened with 

a solvent (ethanol or water) and the mixture is molded into tablets under the low 

pressure. After the solvent is removed by air drying, the highly porous structure of 

ODTs is achieved (Fu et al., 2004). In addition, the tablets can be prepared by the heat 

molding. This is the preparation of a suspension of drug with agar and sugar, and then 

pours in the blister packaging wells. The suspension is solidified at room temperature 

and dried at 30 °C under vacuum (Kumar, Sharma, and Sharma, 2011). WOWTAB® 

is one of patented technology that uses the combination of low and high-moldability 

saccharides to produce ODTs by tablet molding. The tablets are made by the 

compression, passed to a heating process, humidified and dried to produce the highly 

porous ODTs. However, this technique is cost-ineffective, time-consuming and 

requires the several steps (Douroumis, 2011). 

  4. Sublimation 

  The ODTs from sublimation process contain the sublimation 

ingredients such as camphor, ammonium bicarbonate, benzyl alcohol, menthol, 

naphthalene, urea, urethane and phthalic anhydride that are later removed via 

sublimation, resulting in highly porous ODTs. The sublimation temperature ranges 

from 40-60 °C for menthol and thymol or at 80 °C for 30 min for camphor (Sastry, 

Nyshadham, and Fix, 2000). 
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  2.2.2.2 Technologies not employing heating process 

  These techniques of unused heating process are extremely useful for 

heat sensitive and biological drugs. The several techniques are listed below. 

  1. Freeze drying (lyophillization) 

  Freeze drying is the process in which water is sublimed from the frozen 

product. This technique creates the greater porosity that provides the shorter 

disintegration and dissolution time. Generally, the pharmaceutical active ingredient is 

dissolved or dispersed in the aqueous solution of polymer. The mixture is poured in 

the blister packaging wells, passed through liquid nitrogen to freeze and kept under 

low pressure to continue freeze drying process. This technique is done at non-elevated 

temperature, therefore the drug is stable during the processing. However, the 

technique is expensive, time consuming and poor stability (Kumar, Sharma, and 

Sharma, 2011). There are three patented technologies that use freeze drying for 

manufacture of ODTs (Douroumis, 2011). In the Zydis® technology, the drug is 

dissolved or dispersed in the matrix of polymer and then dried by freeze drying 

process. The Lyoc® technology is the freeze drying of oil in water emulsion of drug 

and excipients. The Quicksolv® technology is similar to the Zydis®, where a drug 

disperses in matrix components, but the water removal from the frozen matrix can be 

performed either by freeze drying or submerging frozen product in the solvent 

(alcohol or acetone). 

  2. Direct compression 

  Direct compression is the simplest technique to prepare ODTs due to 

the less processing steps and cost-effectiveness. The basic of direct compressed ODTs 

is the use of superdistegrants, effervescent system or highly water soluble excipients. 

Orasolv® technology uses an effervescent system to release carbon dioxide gas upon 

contact with water. Moreover, this technique presents a positive organoleptic 

sensation and stimulates the saliva production which aids in disintegration and 

dissolution (Douroumis, 2011). However, the effervescent excipient is hygroscopic so 

the manufacture requires the humidity control and the protection of final ODTs. 

Flashtab® technology is the compression of granular excipients and 

superdisintegrants. Advatab® technology uses the external lubrication system on each 
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ODT to decrease the mechanical strength of ODTs and provide fast disintegration (Fu 

et al., 2004). 

 2.2.3 Evaluations of ODTs 

 The compressed ODTs should be passed the evaluation of blends such as 

the angle of repose, bulk density, tapped density and compressibility index before 

compression process. For the ODTs, the parameters mentioned in the Pharmacopoeias 

need to be assessed, along with some special tests. 

 The appearance of ODTs, the size, shape and color is essential for patient 

acceptance. The ODTs diameter and thickness are important characters of 

reproducing tablets that can be measured by micrometer. The weight variation is 

carried out in order to ensure uniformity in the weight of ODTs (Nagar et al., 2011). 

The hardness indicates the strength of tablets that measures the force required to break 

the tablet across test it. Friability is the loss of ODTs weight in the container due to 

removal of fine particles from the surface. The test is conducted by friabilitor to 

determine the ability of ODTs to withstand abrasion in packaging, handling and 

transport. The Pharmacopoeial limit of friability for a tablet is not more than 1 %. 

 The wetting time and water absorption ratio involve the disintegration of 

ODTs that help in the evaluation of disintegration. The short wetting time implies the 

quick disintegration of ODTs (Hirani, Rathod, and Vadalia, 2009). A small piece of 

double fold tissue is placed in a petridish containing artificial saliva. An ODT is 

placed on this paper. The time required for the complete wetting is recorded and noted 

as the wetting time. The wetted tablet is then reweighted and the water absorption 

ratio is determined by the difference in the tablet weight before and after the test. 

 The methods for evaluation of disintegration can be divided into two 

methods. First, the in vivo disintegration time is determined using healthy human 

volunteers. The disintegration time is noted by placing an ODT on the tongues. The 

volunteers are allowed to move the tablets against the upper roof of the mouth with 

the tongue to cause a gentle tumbling action on the tablet without biting on it or 

tumbling it from side to side (Fu et al., 2004). However, this method is limited by the 

ethics and the safety of volunteers, leading to development of the in vitro 

disintegration test. Due to the extreme conditions in disintegration volume and 
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agitation of the conventional disintegration apparatus, several new in vitro apparatus 

have been developed. 

 The modified USP dissolution apparatus 2 was applied to measure 

disintegration time as shown in Figure 2.4 (Bi et al., 1996). The 900 mL of water was 

maintained in the cylindrical vessel at 37 °C and a paddle stirred at 100 rpm. An ODT 

was put on the bottom of a sinker, which was placed in the middle of the vessel and 

hung by a hook to the lid of the vessel with a distance of 8.5 cm. Disintegration time 

was determined at the point at which tablet disintegrated and passed through the 

screen of the sinker completely. The mesh of sinker was 3-3.5 mm in height and 3.5-5 

mm in width. However, this apparatus used the large volume of medium and strong 

agitation that might interfere the obtained disintegration time. 

 

 
 

Figure 2.4 The modified USP apparatus 2 for disintegration test of ODTs. 

Source: Bi, Y. et al. (1996). “Preparation and evaluation of a compressed tablet 

rapidly disintegrating in the oral cavity.” Chemical and Pharmaceutical 

Bulletin 44, 11 (November): 2121–2127. 

 

 Morita et al. (2002) developed the apparatus with CCD camera. The 

camera was used to record the continuous picture of the time course of disintegration. 
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The disintegration apparatus consisted of a plastic cell partitioned into two parts 

(Figure 2.5). The inner tank contained a stirring bar, a grid fabricated from stainless-

steel and 200 mL of water at 37 °C. The outer tank is a tank of circulation of 

thermostated water. The ODTs was put on the grid. The pictures of tablet 

disintegration from CCD camera enabled the calculation of the surface area of each 

ODT at any time points. However, this apparatus had a limitation of absence of any 

mechanical stress as placing in the oral cavity that receives some mechanical stress 

produced by the tongue. 

 

 
 

Figure 2.5 The apparatus with CCD camera for disintegration test of ODTs. 

Source: Morita, Y. et al. (2002). “Evaluation of the disintegration time of rapidly 

disintegrating tablets via a novel method utilizing a CCD camera” 

Chemical and Pharmaceutical Bulletin 50, 9 (September): 1181–1186. 

 

 A modified disintegration apparatus based on a shaking water bath was 

designed (Fu et al., 2006). The 6 mL of Sorenson’s buffer pH 6.8 at 37 °C was placed 

inside the vessel in such way that 2 mL was below the sieve and 4 mL was above the 

sieve. An ODT was placed on the sieve (10 mesh, 2 mm) and then shaken. The time at 

which the particle passed through the sieve was taken as a disintegration time. This 

method also had the absence of any mechanical stress as placing in the mouth that 

might present the unrelated disintegration time with in vivo test. 

 Narazaki et al. (2004) designed a new disintegration method that received 

some mechanical stress produced by the tongue in the human mouth. Figure 2.6 

shows an illustration of the apparatus. The ODTs was placed on the wire gauze, 
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slightly immersed in the water at 37 °C and then compressed by the shaft at 10 rpm 

and 15 g. The ODTs disintegrated into the water and the time for the complete 

disintegration was recorded by a stopwatch. 

 

 
 

Figure 2.6 The apparatus of rotary shaft method for ODTs. 

Source: Narazaki, R. et al. (2004). “A new method for disintegration studies of 

rapid disintegrating tablet.” Chemical and Pharmaceutical Bulletin 52, 6 

(June): 704–707. 

 

 However, the above disintegration apparatus did not cohere with the actual 

happening in the oral cavity upon administration of ODTs. An ODT is immediately 

wetted form both sides by the tongue but these methods provided the dried of upper 

surface of ODTs. In order to better simulate the oral disintegration of ODTs, 

Abdelbary et al. (2005) modified the apparatus that provided the ODTs to be placed 

on a movable platform and the disintegrating materials were gradually eliminated. 

The texture analyzer was designed as shown in Figure 2.7. The apparatus was 

calibrated with a 5 kg load-cell and fitted with a flat-bottomed cylindrical stainless 

steel probe (P/25, 12 mm in diameter and 25 mm in height). The disintegration 

apparatus composed of the movable platform that was controlled by the elastic spring. 
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A perforated grid was placed on the movable platform. The artificial saliva was filled 

as a disintegration medium till the upper of the grid. An ODT was placed on the grid. 

The probe descended until a force was detected where it got in contact with the ODT 

placed on the grid and pushed the system downward, an ODT started disintegrating. 

The disintegrating materials detached pass through the holes of grid during the test. 

The texture analyzer measured the distance as an ODT was compressed while 

submerged in the medium as a function of time to determine the starting and ending 

disintegration time. 

 

 
 

Figure 2.7 The modified texture analyzer for disintegration time evaluation of ODTs. 

Source: Abdelbary, G. et al. (2005). “Determination of the in vitro disintegration 

profile of rapidly disintegrating tablets and correlation with oral 

disintegration.” International Journal of Pharmaceutics 292, 1–2 

(March): 29–41. 

 

 The dissolution method for ODTs is the same as that of conventional 

tablets. The dissolution condition for the drugs is available in the USP. The USP 

dissolution apparatus 2 with a speed of paddle of 50 rpm seem to be common choice 

for the dissolution test. The taste and mouth sensation is critical topics to evaluate for 

ODTs. An ODT is tested by placing on the tongue of healthy human volunteers. The 

volunteer’s opinion for the taste is rated by giving the numeric score values. Also, the 

mouth feel is recorded. For the stability studies, the ODTs are subjected to stability 

study under ICH guidelines to assess their stability. 

   ส
ำนกัหอ

สมุดกลาง



26 
 

 
 

2.3 Oral disintegrating films (ODFs) 

 The concept of ODFs is interested to be an alternative to conventional 

tablets. These ODFs have been used for local action, rapid release products and for 

mucoadhesive systems. The polymeric materials employed for preparation, the 

manufacturing processes and the evaluation techniques are important. 

 2.3.1 Formulations of ODFs 

 The excipients used in the formulation of ODFs are listed below. 

 1. Polymers 

 Polymer is the major component of ODFs that can be used alone or in 

combination to obtain the desired properties such as the disintegration, dissolution and 

stability. Generally, the water soluble polymer is preferred for the preparation of 

ODFs. Examples of water soluble polymers include natural gums, polyethylene oxide, 

derivatives of cellulose, polyvinyl pyrroridone and polyvinyl alcohol. Moreover, the 

polymer should be non-toxic and non-irritant. The mucoadhesive polymer can be used 

in the formulation to adhere the ODFs to buccal mucosa including cellulose 

derivatives like hydroxypropyl methylcellulose, chitosan, and polyvinyl alcohol. The 

second generation mucoadhesive polymers of thiolated polymers are the polymer 

consisting of the free thiol groups on the polymer backbone. They can form disulfide 

bonds with cysteine-rich subdomains of mucus glycoproteins to improve 

mucoadhesion. The covalent attachment of a cysteine residue and a polymer of choice 

like chitosan have been created (Salamat-Miller, Chittchang, and Johnston, 2005). 

Mueller et al. (2012) synthesized thiolated chitosans with the different types of 

immobilized thiol ligand as shown in Figure 2.8. They found a significantly enhanced 

mucoadhesive time on the mucosa of all thiolated chitosans compared to the 

unmodified chitosan. The position for the synthesis of thiolated chitosans is the 

primary amino groups of chitosan that is attached to the sulfhydryl agents via the 

formation the amide or amidine bonds. For the formation of amide bond, the 

carboxylic acid group of sulfhydryl agents (cysteine and thioglycolic acid) reacts with 

the primary amino group of chitosan by a water soluble carbodiimide. The pH is 

maintained below 5 to prevent the formation of disulfide bond by the air oxidation. In 

the case of amidine bonds, a-iminothiolane is used as a coupling reagent (Bernkop-
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Schnürch, Hornof, and Guggi, 2004). The amount of thiol groups in the thiolated 

chitosans can be determined by Ellman’s reagent. 

 

 
 

Figure 2.8 The structure of thiolated chitosans. 

Source: Mueller, C. et al. (2012). “Thiolated chitosans: In vitro comparison of 

mucoadhesive oroperties.” Journal of Applied Polymer Science 124, 6 

(June): 5046–5055. 

 

 2. Plasticizers 

 Plasticizers like glycerol, propylene glycol and low molecular weight 

polyethylene glycols improve the flexibility and reduce the brittleness of the ODFs by 

reducing the glass transition temperature of the polymer. The selection of plasticizer 

depends on the compatibility with the drug, polymer and other excipients. 
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 3. Active pharmaceutical ingredients 

 Generally, 5-30 % of active pharmaceutical ingredients can be loaded into 

the ODFs that can be dissolved or dispersed in the film. The drugs with the bitter taste 

need to be masked before manufacturing process. 

 4. Sweetening and flavoring agents 

 Sweetening and flavoring agents are used to improve the palatability of the 

ODFs. The sweetening agents can be obtained from natural and synthetic sources. The 

natural sweeteners are sucrose, dextrose, fructose and glucose. Polyhydric alcohols 

like sorbitol and mannitol can be used in combination to improve mouth feel and 

cooling sensation. The artificial sweeteners such as saccharin, aspartame, acesulfame-

K and sucralose have been used for the ODFs in the case of diabetic patients. 

 2.3.2 Technologies for manufacture of ODFs 

 The ODFs can be prepared either by hot melt extrusion or solvent casting 

technique. In the hot melt extrusion process, the drug and excipients are mixed in dry 

state and rotated by screw under elevated temperature and then extruded out in the 

molten state. The melted material is forced through a flat extrusion die that presses 

into the desired film. The ODFs are further cooled and cut to the desired size. The 

overall hot melt extrusion process is shown in Figure 2.9. However, the thermal 

degradation of drug and excipients during the process should be concerned.  

 Another technique for ODFs is solvent casting process. The drug is 

dissolved or suspended in the solution of polymers and excipients. The mixture is 

spread out onto a continuous roll to get the desired film thickness and passed through 

a drying process. The dried film is cut to the desired size (Dixit and Puthli, 2009). 

This method is benefit for manufacturing ODFs containing the heat sensitive drugs 

due to the low temperature used. However, the residue solvent in the ODFs may 

happen. 
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Figure 2.9 The hot melt extrusion for ODFs. 

Source: Particle sciences. (2010) “Dissolving films.” Technical Brief 3: n. pag. 

 

 The hot melt extrusion and solvent casting process can create the air 

bubbles during the process that may be entrapped in the ODFs. These limitations and 

disadvantages lead to develop the new technique. The polymer fiber materials with 

diameter in the nanometer range (nanofiber mats) can be used as the film for oral 

disintegrating dosage forms. The large surface areas of nanofiber mats provide the 

rapid disintegration or dissolution time of ODFs. 

 2.3.3 Electrospun nanofiber mats 

 Nanofibers are the polymer fibers with diameters in nanometer range. 

These fibers can be prepared by several methods such as drawing, template synthesis, 

phase separation, self-assembly and electrospinning process. Electrospinning is a 

technique that creates fibers with very small diameters. The electrospinning set 

consists of a metallic capillary tube through which a polymer solution is pumped, the 

electrical force with the high voltage applies to the polymer solution. When the 

electrostatic repulsion is higher than the surface tension of polymer solution, the 

polymer solution is injected into the collector and solvent evaporates during the 

process. Figure 2.10 presents the schematic of electrospinning process. The fiber 

diameter and morphology is influenced by the solution parameters (viscosity, 

conductivity and surface tension), processing parameters (electronic field, feed rate 
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and collector set up) and ambient parameters (temperature and humidity) (Bhardwaj 

and Kundu, 2010; Subbiah et al., 2005), as summarized in Table 2.3. 

 

 
 

Figure 2.10 The schematic of electrospinning process. 

 

Table 2.3 Electrospinning parameters on fibers morphology. 

Parameter Effect on the fibers morphology 
Solution parameters 

Viscosity low: generation of beads, high: increase in fiber 
diameter and bead free 

Polymer 
concentration 

increase in fiber diameter with increase of 
concentration 

Molecular weight of 
polymer 

reduction in the number of beads with increase of 
molecular weight 

Conductivity decrease in fiber diameter with increase in conductivity 
Surface tension no conclusive link with fiber morphology 

Processing parameter 
Applied voltage decrease in fiber diameter with increase in voltage 

Distance between 
tip and collector 

generation of beads with too small and too large 
distance, minimum distance required for uniform fibers 

Feed rate decrease in fiber diameter with decrease in feed rate, 
generation of beads with too high feed rate 

Ambient parameter 
Humidity high humidity results in circular pores on the fibers 

Temperature increase in temperature results in decrease in fiber 
diameter 
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Source: Bhardwaj, N., and Kundu, S. C. (2010) “Electrospinning: A fascinating 

fiber fabrication technique.” Biotechnology Advances 28, 3 (May–June): 

325–347. 

 

 The electrospun nanofiber mats can be applied in medical field for tissue 

engineering, wound dressings and drug delivery. For drug delivery applications, the 

flexibility and large surface area of nanofiber mats made them utilize for ODFs 

formulation. Also the rapid drug release (burst release) within an hour has been 

reported. The mechanism of drug release for nanofibers may be either diffusion or 

erosion or combinations (Siepmann and Peppas, 2001). The most drugs loading in the 

nanofibers structure is direct electrospining of drug/polymer blends. The drug can be 

solutions, suspension or emulsion in the polymer solution. It is obvious that blending 

polymer solutions with the drugs must be considered to affect the properties of the 

electrospun fibers (Meinel et al., 2012). Generally, the nanofiber mats are 

characterized into three categories, geometrical, mechanical and chemical 

characterizations. 

 Geometrical characterization is associated with the structure and 

morphology of nanofiber mats including fiber diameter, diameter distribution and 

fiber morphology. The scanning electron microspopy (SEM) is used to observe the 

fiber morphology and detect fiber diameter. SEM requires the attachment of nanofiber 

mats to a copper stub by carbon tape and gold or platinum coating before observation 

that may damage the nanofibers and alter the diameter reading. However, SEM 

remains a fast method and requires a small sample for observing the fibers. To obtain 

the information of crystallinity of nanofiber mats, X-ray diffraction, differential 

scanning spectroscopy (DSC) have been used. 

 The chemical characterization of nanofiber mats can be conducted by 

Fourier transform infra-red (FTIR) and nuclear magnetic resonance (NMR) that 

determine the polymer structure and intermolecular interaction of polymer. Moreover, 

Raman spectroscopy with FTIR has been applied for the study of the changes that 

may take place at the molecular level (Bhardwaj and Kundu, 2010). 
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 The mechanical properties of nanofiber mats can be studied by applying 

tensile test loads to the single nanofiber mats. The nanofiber mats are cut into 

rectangular shape and tested to obtain the Young’s modulus, tensile strength and 

strain at break point (Ramakrishna et al., 2005). 

 2.3.4 Evaluations of ODFs 

 The quality of ODFs must be examined as below. 

 1. The appearance of ODFs 

 The size, shape and color of ODFs are important for patient acceptance. 

The weight and thickness are characters for reproducing films. The thickness can be 

measured by micrometer at different locations (Dixit and Puthli, 2009). 

 2. Tensile strength and percent elongation 

 Tensile strength is the maximum stress applied to a point at which the 

ODFs break. The elongation is the strain of ODFs that stretch when the stress is 

applied. These evaluations indicate the ability of ODFs to withstand during handling, 

transport and storage. 

 3. Disintegration time 

 The disintegration time of ODFs can be done by the in vitro and in vivo 

disintegration test. The in vivo test using healthy human volunteers is limited by the 

ethics and safety of volunteers like in the case of ODTs so the in vitro tests have been 

developed. Furthermore, the disintegration measurement set for ODTs cannot be 

applied to ODFs. Thus, researchers have proposed a disintegration/dissolution time 

test using both a slide frame and Petri dish method (Patel, Liu, and Brown, 2012). In 

the slide frame method, an ODF is lay on a Petri dish and one drop of distilled water 

is added onto the ODF using a pipette, the time taken for the drop to disintegrate or 

dissolve the film is recorded. The second method is Petri dish method where 2 mL of 

distilled water is poured in a Petri dish. Then, an ODF is placed on the surface of the 

water and the time taken for the ODF to disintegrate or dissolve the film is recorded. 

Figure 2.11 shows the disintegration test for ODFs. However, there is no significant 

difference of disintegration time between two methods. 

 

   ส
ำนกัหอ

สมุดกลาง



33 
 

 
 

 
 

Figure 2.11 Schematic representation of disintegration for ODFs; (a) slide frame 

method and (b) petri dish method. 

 

 4. Drug content and dissolution test 

 The assay of drug content is determined by the standard assay of 

Pharmacopoeia. The limit of content uniformity is 85-115 %. The dissolution test of 

ODFs can be performed by the standard basket or paddle apparatus described in the 

Pharmacopoeia. 

 5. Taste and mouth sensation evaluation 

 The ODFs need to have acceptance of organoleptic palatable 

characteristics in the oral cavity such as the sweetness and flavor. The taste evaluation 

can be tested in healthy human volunteers by the same method as the ODTs. In 

addition, the in vitro methods can be utilized. The taste sensors apparatus with the 

modified pharmacopoeial drug release method is used. The electronic tongue 

measurements have been designed to evaluate the taste of taste masking formulation 

(Dixit and Puthli, 2009). 

 6. Stability test 

 The ODFs are stored under ICH guideline (25 °C, 60 % RH and 40 °C, 75 

% RH) to assess their stability. During storage period, the ODFs should be checked 
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for their morphological properties, tensile properties, drug content and dissolution 

behavior. 

2.4 Taste masking 

 2.4.1 Taste sensation 

 The organoleptic properties is attributed to the taste, odor and qualities 

such as mouth feel. Taste refers to a perception arising from the stimulation of taste 

buds present on the surface of the tongue (Ayenew et al., 2009). Humans can 

distinguish five components of taste: sourness, saltiness, sweetness, bitterness and 

umami. The sweet taste receptors are located on the tip of the tongue, sour and salty 

tastes are perceived by the receptors on the both edges of the tongue, the bitter taste 

receptors are concentrated at the back of the tongue and umami taste receptors are 

located all over the tongue. Umami, is the Japanese term for the deliciousness, and is 

produced by monosodium glutamate contained in seaweeds, disodium inosinate in 

meat and fish, and disodium guanylate in mushrooms (Gupta et al., 2010). The taste 

receptors map is shown in Figure 2.12. The taste response results from a chemical 

stimulation of taste buds on the tongue. The process begins with the interaction of 

soluble tastant with taste receptor cells in the taste bud that locate on the papillae. 

Taste receptor cells are organized into the groups of 40-100 cells, which form taste 

buds. The sweet and bitter tastant bind with G-protein coupled receptor, while salty 

and sour tastant bind with membrane ionic channel (Figure 2.12). These bindings 

stimulate the intracellular levels of secondary messengers which activate ion channels 

and then cause the release of neurotransmitters. The nerve impulse and signal of taste 

are sent to the brain by the facial, glossopharyngeal and vagus nerve and tastes are 

detected (Gowthamarajan, Kulkarni, Kumar, 2004). 
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Figure 2.12 The tongue and the process of sensing taste involves papillae that contain 

taste buds. The taste buds are made up of taste cells with receptors that 

bind to specific molecules. 

Source: Midura, M. (2012) On the road to sweetness: A clear-cut destination?. 

accessed April, 10 2015, available from 

http://www.yalescientific.org/2012/11/on-the-road-to-sweetness-a-clear-

cut-destination/ 

 

 Taste is an important parameter in the oral drug administration, especially 

in oral disintegrating dosage forms. After the dosage forms disintegrate or dissolve in 

the saliva, the soluble bitter drug remains in the oral cavity until it is swallowed or 

made an activity in the oral cavity. If the drug has a bitter taste, it may interact with 

taste receptor and present the bitter taste. The undesirable bitter taste is one of the 

problems that are encountered with drugs. A bitter taste is commonly found in the 

drugs that contain the nitro groups and the presence of two or more nitro groups in a 

molecule. Moreover, the ester of aromatic acid, lactones and sulfur containing 

aliphatic compounds also exhibit the bitter taste (Gowthamarajan, Kulkarni, Kumar, 

2004). Thus, taste masking is a potential tool for the improvement of patient 

compliance. 
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 2.4.2 Taste masking technologies 

 The different taste masking technologies have been used to improve the 

taste of products. The ideal taste masking technologies should provide the drugs 

without grittiness and with good mouth feel. The amount of taste masking materials 

used in the dosage forms should be kept low to avoid excessive increase in dosage 

forms size (Fu et al., 2004; Kumar, Sharma, and Sharma, 2011). The taste masking 

technologies are listed below. 

 1. Addition of sweeteners and flavors 

 This technique is the simplest approach to improve palatability and mouth 

feel. Sweeteners and flavors are commonly used in alone or combination with other 

taste masking technologies. They can be from natural or synthetic sources. The 

effervescent agents have been also employed for use as taste masking agents (Sohi, 

Sultana, and Khar, 2004). However, this technique is insufficient for extremely bitter 

drugs (Ayenew et al., 2009). 

 2. Solubility modification 

 The reduction of drug solubility in the oral cavity can reduce the bitterness 

by the decrease of free drug that stimulates taste receptor. The applying of buffering 

excipients is one of approaches to decrease the solubility of pH-dependent solubility 

drug (Douroumis, 2007). Many drugs are less soluble at pH different from the pH 

value of the mouth. The pH is changed to the pH that presents the lowest drug 

solubility by incorporating the buffering excipients. Drugs are insufficiently 

solubilized to be available to taste if the equilibrium concentration is below the taste 

threshold (Fu et al., 2004). However, it is applicable only to those drugs that have a 

pH-dependent solubility. An alternative method used to reduce drug bitterness is 

chemical modification such as the derivatisation of drug and the use of free base drug 

that has low water solubility. This modification makes the drug less sensitive to the 

taste buds. Ion exchange resins are water insoluble polymer with cationic or anionic 

functional groups. The ionized drug can be bound to the resin, forming drug-resin 

complex or drug resinate. The dissociation of drug does not occur under the salivary 

pH so the bitter taste does not present. When the drug resinate comes in contact with 

gastrointestinal fluids, the complex is broken down quickly. The drug is released into 
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the solution and then absorbed, while the resin passed through the GI tract without the 

absorption (Gowthamarajan, Kulkarni, Kumar, 2004). 

 3. Physical barrier 

 The use of physical barrier for taste masking can be called as the coating. 

The physical barrier coated on the pharmaceutical active ingredients prevents the 

dissolution of drug in the mouth. The coated drug particles are swallowed before the 

taste is perceived in the mouth. The common technology is fluidized bed coating. The 

powdered drug are fluidized in an expansion chamber by means of heated, high-

velocity air and the drug are coated with a coating solution introduced usually from 

the top as a spray through a nozzle (Gowthamarajan, Kulkarni, Kumar, 2004). The 

coating material can be a polymeric solution or molten materials. Hydrophobic 

polymers, hydrophilic polymers, lipids and sweeteners can be used as coating 

materials, either alone or in combination, as a single or multi-layer coat to achieve the 

taste masking (Ayenew et al., 2009). Various polymers such as polyvinyl pyrrolidone, 

hydroxyethyl cellulose, ethyl cellulose, bees wax, carnuba wax and shellac are used as 

candidate coating agents. An alternative physical barrier is spray drying. The drug and 

coating polymer are dissolved in an organic solvent and then spray dried. The 

supercritical fluid can be used to prepare taste masked microparticles by a one-step 

process. The drug and polymer are dissolved in an organic solvent and then sprayed 

into a high-pressure chamber filled with supercritical carbon dioxide (Douroumis, 

2007). However, this method is expensive for the application. The limitation of 

coating is the masked drug particles can be left in the oral cavity with a gritty and 

sandy texture due to the insoluble membrane. Thus, the microencapsulation of drug is 

extensively applied in the order to achieve more pleasant dosage forms. The thin 

coating to small drug particle is prepared by phase separation (Fu et al., 2004). 

 Another way to mask the bitter taste of drug is the cyclodextrin 

complexation. The bitter drug molecule can be fit into the central cavity of 

cyclodextrin that decrease the amount of drug exposed to the taste bud, thereby 

reducing the perception of bitter taste. This method is suitable for low dose drugs 

(Sohi, Sultana, and Khar, 2004). The solid dispersion is the dispersion of drug in an 

inert solid carrier. The solid carrier can be molten or prepared in polymeric solution 
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that will be solidified or evaporated to be the drug granules. The dispersion of drug in 

the polymer and sugar is also useful for taste masking (Douroumis, 2007). 

 4. Blocking of taste receptor (Ayenew et al., 2009) 

 The use of bitter blockers (adenosine monophosphate) reduces the bitter 

taste by the binding with the G-protein coupled receptor. Moreover, the lipoproteins 

composed of phosphatidic acid and β-lactaglobulin can inhibit the taste nerve 

responses to the bitter substance. The potentiators such as thaumatine, neohesperidine 

dihydrochalcone and glycyrrhizin can increase the perception of sweet and mask the 

unpleasant after taste. They can be used in the combination with the sweeteners to 

potentiate the palatable taste and to avoid an unacceptable after taste of sweeteners. 

 2.4.3 Taste masking evaluation 

 The primary method for taste evaluation is continuous human sensory 

evaluation. The taste masked particles or dosage forms are tested by placing on the 

tongue of healthy human volunteers. The volunteer’s opinion for the taste is rated by 

giving the numeric score values. However, this method is impractical for early stage 

drug development due to the expensive cost, the possible toxicity of drugs and the 

ethics. In addition, taste assessment of human is affected by differently developed 

senses of taste and individual preference (Woertz et al., 2010). Animal models may be 

valid but it is hardly representative for human taste sensation. Therefore, taste-sensing 

analytical devices have been conducted that is electronic tongue (e-tongue). This 

analytical system provides a fast and simple assessment. It can detect the non-volatile 

or low-volatile molecules and dissolved compounds that are responsible for taste 

sensation. The apparatus consists of an array of specific, selective, chemical sensor 

with high stability and cross-sensitivity to the different species on the solution, an 

appropriate method of pattern recognition and multivariate calibration of data 

processing (Gupta et al., 2010). The probe membranes, transducer and computer 

systems of e-tongue mimic the human perception of taste buds, neural transmission 

and brain, respectively. The taste perception is based on the recognition of activated 

sensory nerve patterns by the brain that is achieved by the e-tongue statistical 

software.  
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 The seven potentiometric chemical sensor probes are placed into the liquid 

sample for analysis and the dissolved compounds are measured. The sensors are made 

to mimic the human perception of taste and can distinguish between sweet, salt, sour 

and bitter. One sensor can distinguish between inorganic contaminations in water and 

substances with similar taste with distinct tastes. The Ag/AgCl probe is used as a 

reference electrode. Each probe is coated by the organic membrane and ion selective 

field-effect-transistor which allow for the measurement of voltage difference between 

each sensor and the reference electrode as shown in Figure 2.13 (Li, Naini, and 

Ahmed, 2007). The example of lipids and plasticizers used for the membrane of 

sensors are shown in Table 2.4. By varying the coating material of the seven sensors, 

the selective probes can be obtained according to taste substance. The binding of taste 

molecules and the chemically sensitive membrane generates a change in membrane 

potential. The different information of each sensor correlates to the taste attribute and 

then the taste responses are combined and generate a unique response. The taste 

analysis can be processed within 2-3 minutes. Most of the detection threshold sensors 

are similar or even better than those of human receptor.  

 The several publications reported that e-tongue could detect the taste 

masking of bitter taste by using sweeteners, ion exchange resin, cyclodextrins and pH 

modification (Li, Naini, and Ahmed, 2007; Woertz et al., 2010; Zheng and Keeney, 

2006). Furthermore, Harada, T. et al. (2010) demonstrated that the e-tongue 

successfully evaluated the taste of ODTs formulation with the disintegration testing 

apparatus. The results of e-tongue showed the good agreement with the taste results of 

human sensation testing. 
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Figure 2.13 The potentiometric chemical sensor probes (the ion sensitive surface, the 

source and drain) and the reference electrode for taste evaluation. 

Source: Li, L., V. Naini, and S. U. Ahmed. (2007) “Utilization of a modified 

special-cubic design and an electronic tongue for bitterness masking 

formulation optimization.” Journal of Pharmaceutical Sciences 96, 10 

(October): 2723–2734. 

 

Table 2.4 The example of lipids and plasticizers used for the membrane of sensors 

Target taste of 
sensor probe Lipid Plasticizer 

Umami 1) Trioctyimethylammomium chloride 
2) Phosphoric acid di(2-ethylhexyl) ester Di-n-octylphenyl phosphonate 

Saltiness 1) Tetradodecyl ammonium bromide 
2) Cetyl alcohol Di-n-octylphenyl phosphonate 

Sourness 
1) Trioctyimethylammomium chloride 
2) Phosphoric acid di(2-ethylhexyl) ester 
3) Oleic acid 

Di-n-octylphenyl phosphonate 

Astringency Tetradodecyl ammonium bromide Di-n-octylphenyl phosphonate 
Acidic bitterness Tetradodecyl ammonium bromide 2-Nitro phenyloctyl ether 

Basic bitterness Phosphoric acid di(2-ethylhexyl) ester 1) Bis(1-butylpentyl) adipate 
2) Tributyl o-acetylcitrate 

 

Source: Harada, T. et al.  (2010) “A new method for evaluating the bitterness of 

medicines in development using a taste sensor and a disintegration testing 

apparatus.” Chemical and Pharmaceutical Bulletin 58, 8 (August): 

1009–1014. 
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2.5 Ion exchange resins and taste masking application 

 Ion exchange resins are insoluble polymers that contain acidic or basic 

functional groups and have the ability to exchange their counter ions with surrounding 

ions. There are two principal parts: a polymer matrix and a functional group. 

Typically ion exchange resins are based on cross-linked polystyrene with cross-

linking agent that is usually divinyl benzene. The resins are prepared as spherical 

beads (Figure 2.14). The acid or basic functional groups are introduced after 

polymerization including (Singh et al., 2007): 

 –COOH, which is weekly ionized to –COO- 

 –SO3H, which is strongly ionized to –SO3
- 

 –NH2, which weakly attracts proton to form –NH3
+ 

 –NR3
+, which has a strong, permanent charge (R stands for organic group). 

These groups are sufficient to allow selection of a resin either weak or strong positive 

or negative charge. There are four major groups of ion exchange resins that are strong 

cationic exchange resins, weak cationic exchange resins, strong anionic exchange 

resins and weak anionic exchange resins (Sohi, Sultana, and Khar, 2004). Their 

function groups are displayed in Table 2.5. The strong ion exchange resins are 

available for exchange over the entire pH range. In another resins, weak cationic 

exchange resins function at pH above 6.0, while the weak anionic exchange resins 

function well below pH 7.0. The properties of ion exchange resins are summarized 

and listed in Table 2.6 (Guo, Chang, and Hussain, 2009). 
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Figure 2.14 Ion exchange resins. 

 

Table 2.5 The major groups of ion exchange resins. 

Ion exchange resins Strong Weak 
Cationic exchange resin –SO3H, ionizes to –SO3

- –COOH, ionizes to –COO- 

Anionic exchange resins –NR3
+ –NH2 attracts proton to form –NH3

+ 

 

Table 2.6 Properties of ion exchange resins 

Properties Description 
Exchange 
capacity 

An ability to take up exchangeable counter ions or drug and refer to the 
number of ionic groups per weight or volume (meq/g or meq/mL). 

Degree of 
cross-
linking 

The percent of divinyl benzene used in the polymerization refers to the 
degree of cross-linking: 
< 2 % w/w: low mechanical strength 
>16 % w/w: resistance to swell 
The increase in degree of cross-linking results in the decrease in porosity, 
swelling and rate of ion exchange reaction. 

Ionizaton 

The strong acid cation and strong base anion exchange resins are free to 
exchange with the ion in the any pH. 
The ionization of weak acid cation and weak base anion exchange resins 
depends on the pKa value of functional groups. 
The pKa of weak cation exchange resin containing sulfonic, phosphoric or 
carboxylic acid exchange groups is <1, 2–3, and 4–6, respectively. 
Anion exchangers with quaternary, tertiary, or secondary ammonium 
groups have apparent pKa values of >13, 7–9, and 5–9, respectively. 

Particle 
size 

The decrease of resin size decreases the time required for the ion exchange 
reaction to reach equilibrium with a surrounding solution. 
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 2.5.1 Drug resin complex (drug resinate) 

 Drug loading onto the ion exchange resins have been called as drug resin 

complex or drug resinate. Drug in an ionic form is mixed with the appropriate ion 

exchange resin to exchange with the counter ion and form drug resinate. The basic 

drugs ionize to cation drug that can exchange with the counter ion of cationic 

exchange resins, while the acidic drug can exchange with anionic exchange resins 

(Figure 2.15). The drug and resin are attached by an electrostatic interaction. 

 

 
 

Figure 2.15 Drug resin complex or drug resinate. 

 

 The use of ion exchange resin as drug resinate for taste masking can be 

applied. Drug resinate prevents or delays the drug release in the saliva, making the 

drug unavailable for the taste sensation. As the drug resinate enters the upper GI tract, 

the drug release takes place (Anand, Kandarapu, and Garg, 2001). However, the 

application of ion exchange resin can retard the release of drug. Thus, this limitation 

should be concerned and the careful selection of resins is important to achieve the 

taste masking without any affecting the drug release. Generally, the less cross-linked 

resins are optimal for taste masking application. Ion exchange resins have found 

application not only as taste masking agent, but also in a number of areas (Singh et 

al., 2007). These resins can be used for improving drug stability, solubility and 

modifying drug release. Moreover, they can be used as disintegrant due to swelling 

property. 
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 The preparation of drug resinate is performed by two general methods 

(Anand, Kandarapu, and Garg, 2001; Guo, Chang, and Hussain, 2009). First is 

column process that drug resinate is formed by passing a drug solution through the 

resins-packed column until the effluent drug concentration is same as the eluent 

concentration. Another process is batch process that the resins are stirred into the drug 

solution until the equilibrium is established. After either process, the resin must be 

washed to remove the un-associated drug and passed the drying process. The column 

process can provide the maximum efficiency of drug loading but the batch process is 

much simpler and quicker to carry out. 

 Several factors affect to the performance of drug resinate (Anand, 

Kandarapu, and Garg, 2001). For obtaining high drug loading onto the resins, the 

resin should have the high ion exchange capacity, low degree of cross linking and 

small particle size. The drugs must be dissolved and ionized. The low molecular 

weight drugs give higher drug loading and use the less time required for the ion 

exchange reaction to reach equilibrium. The processing condition also affect to the 

drug resinate. The pH, temperature, mixing speed and contact time between the drugs 

and resins should be optimized. The drug resinate normally contains not more than 50 

% w/w of bound drug (Guo, Chang, and Hussain, 2009). 

 2.5.2 Evaluation and characterization of drug resinate 

 The elution method is performed for the determination of drug content in 

the drug resinate. The 5-10 % w/v of hydrogen chloride, sodium chloride or 

potassium chloride is generally used for eluting drug in the drug resinate. Then the 

drug content in the elution is subsequently determined (Guo, Chang, and Hussain, 

2009). 

 The molecular properties of drug resinate can be characterized as 

geometrical and chemical characterization. The surface morphology of drug resinate 

is observed by SEM. The X-ray diffraction and DSC have been used for geometrical 

characterization. The disappearance of drug melting point is found by DSC analysis in 

the drug resinate. The halo pattern of X-ray diffraction indicates the amorphous state 

of drug resinate. The chemical characterization can be done by FTIR to demonstrate 

   ส
ำนกัหอ

สมุดกลาง



45 
 

 
 

the interaction between drug and resin. These evaluation and characterization can 

indicate the drug is dispersed in the resin (Pisal et al., 2004). 

 2.5.3 Dowex® 1×2 resin 

 Dowex® is trade name of strong ion exchange resins of the dow chemical 

company. There are both cationic and anionic exchange resins with different mesh 

particle sizes 50, 100, 200 and 200-400 and cross-linking include 2, 4 and 8. They are 

synthesized by the polymerization of styrene and divinyl benezene with the different 

functional groups (Figure 2.16). 

 

 
 

Figure 2.16 Synthesis of Dowex® ion exchange resins. 

Source: The dow chemical company. (2015) DOWEX™ fine mesh spherical ion 

exchange resins for fine chemical and pharmaceutical column 

separations. accessed April, 14 2015, available from 

http://msdssearch.dow.com/PublishedLiteratureDOWCOM/dh_006f/0901

b8038006f232.pdf?filepath=liquidseps/pdfs/noreg/177-

01509.pdf&fromPage=GetDoc 

 

 Three types of resins include strong cationic exchange resins designed as 

Dowex® 50W, type I strong anionic exchange resins designed as Dowex® 1 and type 
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II strong anionic exchange resins designed as Dowex® 2. The “× number” describes 

the degree of cross linking. Therefore, Dowex® 1×2 is a type I strong anionic 

exchange resin containing 2 % divinyl benzene. 

2.6 Cyclodextrins (CDs) 

 Cyclodextrins (CDs) are cyclic oligosaccharides containing six (αCD), 

seven (βCD), eight (γCD), nine (δCD), ten (εCD) or more (α-linked-α-D-

glucopyranose units (Vyas, Saraf, and Saraf, 2008). CDs have the shape of a truncated 

cone with the lipophilic central cavity and hydrophilic outside surface. The chemical 

structure and a truncated cone of βCD are shown in Figure 2.17. The hydroxyl groups 

are located on the cone exterior with the primary hydroxyl groups at the narrow edge 

and the secondary hydroxyl groups at the wider edge. The central cavity is lined with 

skeletal carbons and ethereal oxygens of the glucose residue (Brewster and Loftsson, 

2007). The natural CDs (αCD, βCD and γCD), in particular βCD have limited 

aqueous solubility due to the strong binding of CD molecules in the crystals state, 

leading to substitute the hydrophilic, hydrophobic and ionic groups. These derivatives 

are produced by aminations, esterifications or etherifications of primary and 

secondary hydroxyl groups of CDs. The solubility of derivatives is increased by the 

substitution that transforms the crystalline CDs into amorphous mixture. The 

derivatives of CD are used for pharmaceutical application as listed in Table 2.7. 

However, βCD and its derivatives are the most accessible and useful. 

 

 
 

Figure 2.17 The chemical structure and a truncated cone of βCD. 

Source: Loftsson, T, et al. (2005) “Cyclodextrins in drug delivery.” Expert 

Opinion on Drug Delivery 2, 2 (March): 335–351. 
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Table 2.7 Structure and physiochemical properties of the derivatives of CD. 

CDs Substitution* R=H or MW** 
Cavity 

diameter 
(nm) 

Solubility 
(mg/mL) 

αCD - -H 972 0.47-0.53 145 
βCD - -H 1135 0.60-0.66 18.5 
Hydroxypropyl β-
cyclodextrin (HPβCD) 0.65 -CH2CHOHCH3 1400  >600 

β-cyclodextrin sulfobutyl 
ether sodium salt (SBβCD) 0.9 -(CH2)4SO2

-Na+ 2163  >500 

Randomly methylated β-
cyclodextrin (RMβCD) 1.8 -CH3 1312  >500 

γCD - -H 1297 0.75-0.83 232 
Hydroxypropyl γ- 
cyclodextrin (HPγCD) 0.6 -CH2CHOHCH3 1576  >500 

*Average number of substitution per glucose repeat unit and ** Molecular weight 

 

Source: Vyas, A., S. Saraf and S. Saraf. (2008) “Cyclodextrin based novel drug 

delivery systems.” Journal of Inclusion Phenomena Macrocyclic 

Chemistry 62, 1–2 (October): 23–42. 

 

 2.6.1 Inclusion complex formation 

 CDs have ability to form inclusion complexes with a very wide range 

compounds by a molecular complexation (Valle, 2004). The guest molecule or its 

hydrophobic part is held within the central cavity of CD (Figure 2.18). Only 

appropriate sized molecule can enter to form inclusion complexes. For complexation 

in solution, the cavity of CDs is occupied by the included water molecules both in 

crystalline state as well as in aqueous solution (Szejtli and Szente, 2005). The main 

driving force for complexation is the release of enthalpy-rich water molecules form 

the central cavity. Water molecules are displaced by the more hydrophobic molecule. 

In the solid state, CDs contain water about 13-14 % w/w that is located or bound with 

CD molecules or is included into the hydrophobic cavity as the crystal water and 

inclusion water, respectively (Szejtli and Szente, 2005). The inclusion complex is the 

substitution of water by a more hydrophobic drug. The complex formation of solid 

state is slower process to reach equilibrium than the solution. The process depends on 

the degree of dispersion of drug and CD. The interaction between the guest molecule 
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and CD are van der Waals interaction, hydrophobic interaction and hydrogen bonding 

without covalent bonding. Furthermore, the inclusion complex is a dynamic 

equilibrium that depends on how well the guest-CD complex fit together. Drug 

molecule to be complexed with CD should have the structure consists of more than 

five atoms (C, P, S or N) but less than five condensed rings, melting point temperature 

below 250 °C, solubility in water less than 10 mg/mL and molecular weight between 

100 and 400 (Vyas, Saraf, and Saraf, 2008). The inorganic compounds and the large 

molecules such as protein and enzyme are not suitable for complexation. 

 

 
 

Figure 2.18 The model of drug and CDs complex formation (salicylic acid and βCD). 

 

 The drug inclusion complexes modify the physicochemical properties of 

drug that are benefit for drug molecules such as solubility enhancement, stabilization 

of labile drugs and taste masking effect. In addition, CDs can be used to reduce 

gastrointestinal drug irritation, prevent drug-drug and drug-excipient interaction 

(Loftsson et al., 2005). The bitter taste of drug can be reduced when drugs form 

inclusion complex with the appropriate CDs. The drugs in the complex molecules 

cannot react with the taste buds in the oral cavity and no bitter taste is perceived. The 

CDs are to prevent the contact between the drug and taste receptor and also interact 

and paralyze the gate-keeper proteins of taste buds (Szejtli and Szente, 2005). For the 

solubility enhancement, CDs can increase the apparent drug solubility and dissolution 

rate by forming the hydrophilic shield, making the rapid wetting and dissolution of 

drug. Moreover, CDs convert the drug into the amorphous state in the CD carrier in 

the solid state (Loftsson, Brewster, and Másson, 2004). 
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 The preparation of inclusion complex is performed in the solution and 

solid state. The excess amount of drug is placed in the CD solution. The resulted 

suspensions are stirred until equilibrium is reached. The mixture is then centrifuged 

and filtered to remove uncomplexed drug. Several techniques are used to form 

inclusion complexes in the solid state (Valle, 2004). Dry mixing is a simple technique 

that drug and CD is mixed together. Co-precopitation is a widely used method that 

CD is dissolved in the water and drug is added while stirring with CD solution. The 

drug/CD complexes will be exceeded, precipitated and collected by decanting, 

centrifugation or filtration. Slurry complexation is technique that CD is not necessary 

to dissolve completely to form a complex. The water is added at 50-60 % of CD to 

provide a saturated CD in the solution. The drug will complex with CD in the solution 

and drug/CD complex saturates in the water phase. The complexes are precipitated 

and the solid CDs will dissolve and continue to saturate to water phase to form the 

complex. The complex can be prepared by a small amount of water that added to form 

a paste and mixed by a mortar and pestle (paste complexation or kneading). The damp 

mixing and heating process used little or no added water. The drug and CD are mixed 

in seal container and heat to 100 °C. Moreover, the drug/CD complexes can be 

prepared by a continuous system of extrusion. 

 The factors affecting to inclusion complex formation is the factors from 

CDs, drugs and preparation processing. The different drug structure can be formed 

inclusion with different CDs. Also, the number of glucose units determines the 

internal diameter of CD cavity. Based on the internal diameter, αCD can complex 

with low molecular weight molecules with aliphatic side chains, βCD can complex 

with aromatics and heterocycles and γCD can accommodate large molecules such as 

macrocycles and steroids (Valle, 2004). The ionized drugs show the less 

complexation than unionized and neutral drugs in the case of neutral CDs. When the 

CD and drug carry opposite charge, the complexation is increased but decreased when 

they carry the same charge (Challa et al., 2005). The increasing temperature decreases 

the complexation by a reduction of drug/CD interaction forces such as van der Waals 

and hydrophobic forces. The addition of small amounts of water soluble polymers 
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enhances CD solubilization and CD complexation. However, the additives may 

compete with drug molecules for CD cavities and decrease the complexation. 

 2.6.2 Study and characterization of inclusion complex 

 The measurement of stability constant of complex (Kc) is important for the 

study of inclusion complex that observe the change in physicochemical properties of 

drug by increasing the CD concentration. The physicochemical properties include 

aqueous solubility, chemical reactivity, molar absorptivity, NMR chemical shifts, 

calorimetric titration, freeze point depression and liquid chromatography 

chromatographic retention times (Valle, 2004). Phase solubility is one of analytical 

method that as described by Higuchi and Connors (1965). The drug solubility is 

monitored when the excess drug is added to an increased concentration of CD and 

mixed until equilibrium is reached. A phase solubility diagram is constructed by 

plotting between drug solubility expressed as molar concentration and CD molar 

concentration (Figure 2.19 (a)). The graphs are divided into two mains categories, A 

and B types. The A type curves are the formation of soluble inclusion complexes that 

are subdivided into AL, AP and AN for linear increases of drug solubility, positively 

deviating isotherm and negatively deviating isotherm, respectively. The B types are 

the formation of inclusion complexes of poor solubility that are subdivided into BS 

and BI for the limited solubility and insoluble complexes, respectively. If the slope of 

AL type is less than 1, the complexation forms 1:1 stoichiometric inclusion complex 

between drug and CD. The AP type suggests the formation of higher order complexes 

that can be evaluated by curve fitting. The AN type are problematic and difficult to 

interpret. In general, the water soluble CDs form A type phase solubility profiles and 

1:1 stoichiometric inclusion complex (Loftsson et al., 2005). The Kc can be calculated 

from the slope and the intrinsic solubility of drug (S0) as the equation in Figure 2.19 

(a). The value of Kc is most often between 50 and 2000 M-1 with a mean value of 129, 

490 and 355 M-1 for αCD, βCD and γCD, respectively. 

 The continuous variation method is used to determine stoichiometric of 

inclusion complex. This method monitors the change of spectrophotometric properties 

such as the absorbance and NMR chemical shifts of drug when it forms the inclusion 

complex. The difference in the property between the presence and absence of CD is 
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plotted against molar fraction of drug. If there is no complexation, a linear 

relationship is observed (Figure 2.19 (b)). If the complexes are forms, the values will 

pass through a maximum as shown in Figure 2.19 (b). The maximum value presents 

the stoichiometric ratio of inclusion complex (Sinko, 2011). In addition, the inclusion 

complex in the solution state can be studied by observing the shift of UV-visible 

spectrum and the change of electrochemical properties such as conductivity. 

 

 
 

Figure 2.19 (a) The Phase solubility diagram and (b) continuous variation plot. 

 

 The molecular properties of inclusion complex can be characterized as 

geometrical and chemical characterization. The disappearance of drug melting point is 

found by DSC analysis in the complex. The disappearance of diffraction peak is 

observed by of X-ray diffraction, indicating the amorphous state of complex. The 

chemical characterization can be conducted by FTIR and NMR. The FTIR peak of 

drug is decreased by the masking of CD that demonstrates the interaction between 

drug and CD. The interaction behavior of drug and CD can be investigated by NMR. 

CDs give a shift of central cavity proton (interior protons) when the drug is included 

into central cavity (Mehta, Bhasin, and Dham, 2008). 
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 2.6.3 Hydroxypropyl β-cyclodextrin (HPβCD) 

 Hydroxypropyl β-cyclodextrin (HPβCD) is a hydroxylalkyl derivative of 

βCD. The average substitution number of 0.65 per glucose unit shows the best 

complexing properties (Challa et al., 2005). HPβCD are accepted to use in 

pharmaceutical field of European and United States pharmacopoeias. In general, it 

cannot be hydrolyzed by human salivary and pancreatic amylases (Brewster and 

Loftsson, 2007). Also, it is considered non-toxic at low to moderate oral and 

intravenous doses due to lack of absorption from the GI tract (Valle, 2004). The 

clinical studies reported that HPβCD was well tolerated and safe in the majority of 

patients receiving HPβCD at daily oral doses of 4-8 g for at least 2 weeks (Gould and 

Scott, 2005). 

2.7 Non-steroidal anti-inflammatory drugs (NSAIDs) 

 Non-steroidal anti-inflammatory drugs (NSAIDs) are a class of drugs that 

provides analgesic, antipyretic and anti-inflammatory effects. The target enzyme for 

the action of NSAIDs is cyclooxygenase (COX) to prevent the substrate arachidonic 

acid binding to COX enzyme and inhibit prostaglandin synthesis (Luger et al., 1996). 

They inhibit the activity of both COX-1 and COX-2 enzymes. COX-1 enzyme is 

located on normal cells in order to produce prostaglandins to regulate normal 

physiological processes including maintenance of renal function, mucosal protection 

in GI tract and pro-aggragatory thromboxane A2 in the platelets (Conaghan, 2012). In 

contrast, COX-2 is induced in inflammatory cells that have a role in the pain, 

inflammation and fever (Cashman, 1996) The inhibition of COX-2 activity represents 

the most likely mechanism of action for NSAIDs, so the ratio of inhibition of COX-1 

to COX-2 of each NSAID should determine the possible adverse effects such as 

gastrointestinal bleeding and ulcers. NSAIDs are usually used for the treatment of 

acute or chronic pain, acute gout pain, osteoarthritis and rheumatoid arthritis. 

 NSAIDs can be classified according the COX selectivity, pharmacological 

properties and chemical structure. Most NSAIDs act as nonselective competitive 

reversible inhibitors of COX. However, meloxicam, celecoxib and etoricoxib are 

selective COX-2 inhibitors. The half-life can be used to categorize the NSAIDs. 

NSAIDs are divided into two groups that are the short half-life (< 6 h) and long half-
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life (> 6 h) NSAIDs. This provides a guide to dosing with short half-life NSAIDs such 

as ibuprofen generally administered every 6–8 h and longer half-life NSAIDs such as 

meloxicam and celecoxib administered once or twice daily (Conaghan, 2012). 

 NSAIDs can be classified based on the chemical structure. Table 2.8 

shows the chemical structural classification of NSAIDs. Generally, they have 

chemical similarity that is lipid soluble, water insoluble and weak acid. After oral 

administration, they are well absorbed from GI tract and provide high bioavailability. 

However, the variations of efficacy are due to the differences in their physicochemical 

properties such as ionization constant (pK), solubility and partition coefficient (log P). 

Most NSAIDs are weak acids with pK values ranging from 3 to 5. In addition, log P 

of NSAIDs give an indication of their lipophilicity (Luger et al., 1996). 

 

Table 2.8 The chemical structural classification of NSAIDs. 

NSAIDs structure Example drugs 
Salicylates aspirin, salicylic acid 

Propionic acid derivatives iburpofen, Naproxen, ketoprofen 
Acetic acid derivatives indomethacin, sulindac, diclofenac 
Enolic acid derivatives piroxicam, meloxicam, tenoxicam 

Anthranilic acid derivatives mefinamic acid 
Selectiive COX-2 inhibitors celecoxib, etoricoxib 

 

2.8 Garcinia mangostana (GM) 

 Garcinia mangostana (GM, mangosteen) is a tropical tree from India, 

Myanmar, Malaysia, Philippines and Thailand. The mangosteen fruit is known as the 

queen of fruits due to the one of best taste tropical fruits. The pericarp of mangosteen 

fruits has been used as a medicinal agent in Southeast Asia for treatment of skin 

infections, inflammation, diarrhea and amoebic dysentery (Pedraza-Chaverri et al., 

2008). The pericarp of GM contains a variety of phenolic compounds such xanthones, 

tannins and flavonoids that have pharmacological activities. Xanthanes is a class of 

polyphenolic compounds including α-, β-, and γ-mangostins, garcinone E, 8-

deoxygartanin and gartanin that have antioxidant (Palakawong et al., 2010), 

antitumoral (Kosem et al., 2013), anti-inflammatory (Chen, Yang, and Wang, 2008) 
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antiallergy (Chairungsrilerd et al., 1996), antibacterial (Iinuma et al., 1996) and 

antifungal (Gopalakrishnan, Banumathi, and Suresh, 1997) activities. The 

pharmacological activities are associated with their tricyclic structure and varied by 

the position of substituents. Tannins are phenolic compounds found in GM pericarp 

that have astringent and antibacterial activities (Pothitirat et al., 2009). 

 In antibacterial activity, α-mangostin was found to have antibacterial 

activity against Enterococci and methicillin resistant Staphylococcus aureus (MRSA) 

(Sakagami et al., 2005). The review of Pedraza-Chaverri et al (2008) reported 

antibacterial activity of GM pericarp against Staphylococcus aureus, Pseudomonas 

aeruginosa, Salmonella typhimurium, Bacillus subtilis, Salmonella enteritidis, 

Mycobacterium tuberculosis, Propionibacterium acnes, Staphylococcus epidermidis 

and Escherichia coli. 

 The method for GM extraction is one of important concerns to study 

pharmacological activity. The different methods and solvents of extraction provide 

the various types and amounts of active substituents. The extraction of plant material 

can be done by various extraction procedures (Azmir et al., 2013). Most of techniques 

are based on the extracting power of different solvents in use and the application of 

heat and mixing. The polarity of targeted compounds should be concerned to select 

the solvent. Moreover, the environmental safety, human toxicity and financial 

feasibility should also be considered. The classical techniques are Soxhlet extraction, 

maceration and hydrodistillation. The Soxhlet extraction is widely used for extracting 

bioactive compounds form natural sources. The dry plant is placed in a thimble that is 

then placed in distillation flask containing the solvent. The solution of thimble is 

aspirated by a siphon that unloads the solution back in to the distillation flask. The 

extracted solution is remained in the distillation flask and solvent passes back to the 

solid bed of plant. The process runs repeatedly until the extraction is completed. 

Maceration is the simplest extraction technique. Generally, the small particle of plant 

is mixed with the solvent and macerated in a closed vessel. To separate the impurity, 

the macerated solvent is filtrated and then evaporated to obtain the extract. 

Hydrodistillation can be divided into water distillation, water and steam distillation 

and direct steam distillation. The water and steam act as the extraction solvent to get 

   ส
ำนกัหอ

สมุดกลาง



55 
 

 
 

free bioactive compounds. In addition, the non-conventional methods such as the use 

of ultrasound, pulsed electric field, enzyme digestion, microwave and supercritical 

fluids have been used for extraction to reduce the organic solvent, operational time 

and get the better yield. 

2.9 Dental caries 

 Dental caries is one of the most prevalent oral diseases of human. It is a 

localized, progressive demineralization of the hard tissue of the crown and root 

surfaces of teeth, and destruction of organic substance of the teeth, which often leads 

to cavitation (Figure 2.20). The demineralization is caused by the acidic by products 

form bacteria fermentation of dietary carbohydrates such as sucrose, fructose and 

glucose. Two groups of bacteria are responsible for initiating caries are mutans 

streptococci (Streptococcus mutans and Streptococcus sobrinus) and Lactobacillus 

spp. (Chen and Wang, 2010). The fermentation of carbohydrates occurs within 

bacteria-laden gelatinous material called dental plaques that adhere to tooth surfaces 

and becomes colonized by bacteria. Streptococcus sanguinis is a member of the 

pioneer species in dental plaque formation that involves in the development of human 

dental caries (Frandsen, Pedrazzoli, and Kilian, 1991). Three main factors (dietary 

carbohydrate, cariogenic bacteria and patient factor) influence the development of 

caries. 

 

 
 

Figure 2.20 The tooth structure and dental caries lesion. 
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Source: Higham, S. (2015). Caries process and prevention strategies: The host. 

accessed April, 18 2015, available from http://www.dentalcare.com/en-

US/dental-education/continuing-

education/ce370/ce370.aspx?ModuleName=coursecontent&PartID=2&Sec

tionID=-1 

 

 Dental caries is a dynamic process of demineralization and 

reminineralization (Chen and Wang, 2010). In the case of high carbohydrate intake, 

heavily colonised by S. mutans and poor oral hygiene, the demineralization process is 

over than reminineralization that may develop the caries. In the demineralization, the 

produced acids diffuse into the tooth through the water amongst the hydroxyapatite 

crystals which are the major composition of tooth enamel and dentin. The calcium and 

phosphate of tooth are dissolved and transferred into the surrounding aqueous, 

causing the lesion and cavitation of teeth. The remineralization is the natural repair 

process for non-cavitated carious lesions that calcium and phosphate from saliva or 

other topical sources diffuse into the tooth, builds on existing crystal remnants. 
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 2.9.1 Dental caries prevention 

 The maintenance for good dental health with reducing the risk of caries 

can be done by avoiding frequent consumption of carbohydrates between the meals, 

tooth brush twice a day and flossing. For high caries risk, the rinse with fluoride 

mouthwash is recommended (CDC, 2010). Fluoride helps the process of 

remineralization. To prevent the acid accumulation and the demineralization for caries 

development, the antibacterial agents such as chlorhexidine, cetylpyridimium chloride 

and triclosan are used. These are generally delivered by mouthwashes or toothpastes. 

Chlorhexidine inhibits bacterial growth and biofilm formation. However, it has bitter 

taste and its positive charge can bind to various surfaces including enamel, 

hydroxyapatite and mucous membranes, leading to an undesirable side effect. 

Triclosan is usually delivered as toothpaste that can reduce the plaque. However, the 

poor water solubility and low retention in the oral cavity have limited its effectiveness 

and the application for prevention of dental caries. Many natural antibacterial 

substances have been applied as alternative agents for this application. Licorice 

extract containing saponins, flavonoids, isoflavones, coumarins and stilbenoids (Ahn 

et al., 2012) and Curcuma xanthorrhiza extract (Kim et al., 2008) exhibit the 

antibacterial activity against S. mutans and bacterial biofilm. Trachyspermum ammi 

containing essential oil reduces the biofilm formation in rat (Khan et al., 2012) 

Duailibe, Goncalves, and Ahid (2007) reported a reduction of S. mutans number when 

the mouthwash of propolis extract was applied in the human oral cavity. 

 2.9.2 Measurement of S. mutans and Lactobacillus spp. 

 The level of S. mutans and Lactobacillus spp. in the saliva indicate the risk 

for dental caries that is helpful for prevention and treatment of caries. The quantity of 

S. mutans and Lactobacillus spp. can be conducted by spread the saliva on the specific 

agars. The number of bacteria is determined as CFU/mL. Mitis salivarius agar is used 

to differentiate among species of Streptococcus and the close genus Enterococcus in 

the oral cavity. The trypan blue in the media is absorbed by the bacterial colonies, 

causing the blue colonies. The crystal violet and potassium Tellurite inhibit the 

growth of gram negative bacteria. Streptococcus spp. colonies are small blue colonies 
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(Figure 2.21 (a)). Lactobacillus MRS agar is used for the isolation of Lactobacillus 

from the other bacteria. The media contains polysorbate, acetate, magnesium and 

manganese, which act as special growth factors for Lactobacillus as well as a rich 

nutrient base. Lactobacillus spp. appears as large, white colonies embedded in or on 

the agar (Figure 2.21 (b)). 

 

 
 

Figure 2.21 The growth of (a) Streptococcus spp.and (b) Lactobacillus spp. on 

specific media. 

 

 Recently, there is the commercial semi-quantitative determination of S. 

mutans and Lactobacillus spp. that is called as strip mutans test and lactobacilli test, 

respectively (Lactobacilli test, 2015; Strip mutans test, 2015). The strip mutans test is 

a kit including a plastic strip with one side prepared to promote saliva and bacterial 

adhesion, a broth for incubation, bacitracin tablets for making the broth selective and 

paraffin tablets for chewing to stimulate saliva secretion. For the measuring, the 

person to be sampled chews paraffin for one minute. The paraffin is removed and a 

plastic strip is rotated 10 times over the tongue and then removed. The strip is 

incubated at 37 °C for 48 h and the numbers of adherent colonies are given a score 

between 0 and 3 to indicate low to high S. mutans level. The class 2 and 3 levels 

indicate the high risk for dental caries. In the same way as strip mutans test, 

lactobacilli test is kit including a dip slide which on each side has a selective agar for 

lactobacilli, a broth for incubation, an evaluation chart with show the number of 
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lactobacilli, a cup, a funnel and paraffin tablets for chewing to stimulate saliva 

secretion. For the measuring, the person chews a piece of paraffin for one minute. The 

saliva is then spat out in a cup and poured over both side of slide. The slide is 

incubated at 37 °C for 4 days and the numbers of adherent colonies are given with the 

chart. The number of lactobacilli is more than 105 CFU/mL, indicating the high risk 

for dental caries. Figure 2.22 shows the assessment level of S. mutans and 

Lactobacillus spp. on the commercial mutans and lactobacilli strip, respectively. 

 

 
 

Figure 2.22 The assessment level of (a) S. mutans and (b) Lactobacillus spp. on the 

commercial mutans and lactobacilli strip. 
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3.1 Materials 

α-Mangostin (Sigma Aldrich®, St. Louis, MO, USA) 

Chitosan (CS, degree of deacetylation 0.85, MW 110 kDa) (Sigma 

Aldrich®, St. Louis, MO, USA) 

Ethylenediamine-tetraacetic acid (EDTA) (Sigma Aldrich®, St. Louis, 

MO, USA) 

Hydroxypropyl β-cyclodextrin (HPβCD) with molar substitution 0.6, 

(Sigma Aldrich®, St. Louis, MO, USA) 

Ibuprofen (IBP) (Sigma Aldrich®, St. Louis, MO, USA) 

Ketoprofen (KP) (Sigma Aldrich®, St. Louis, MO, USA) 

Meloxicam (MX) (Siam Pharmaceutical Co., Ltd, Bangkok, Thailand) 

Pericarps of Garcinia mangostana (GM) (a farm in Chantaburi Province, 

Thailand in 2012) 

Piroxicam (PRX) (Sigma Aldrich®, St. Louis, MO, USA) 

Poly(styrene-co-divinylbenzene) with dimethylamine functional group in 

the chloride form (Dowex®1×2-200) (Sigma Aldrich®, St. Louis, MO, USA) 

Polyvinyl alcohol (PVA; degree of polymerization  1600, degree of 

hydrolysis  97.5 99.5 mol%, average MW = 77,000-82,000 g/mol) (Fluka, Buchs, 

Switzerland) 

Polyvinylpyrroridone (PVP, MW ~ 1,300,000) (Sigma Aldrich®, St. Louis, 

MO, USA) 

All other chemicals 

1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDAC) 

(Sigma Aldrich®, St. Louis, MO, USA) 

3-(4,5-Dimethythiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) 

(Sigma Aldrich®, St. Louis, MO, USA) 

4,5’-Dithio-bis-(2-nitrobenzonic acid) (DTNB) (Sigma Aldrich®, St. 

Louis, MO, USA) 

Acetone (RCI Labscan Limited, Bangkok, Thailand) 

Acetronite HPLC grade (RCI Labscan Limited, Bangkok, Thailand) 

Amphotericin B (GIBCO®, Grand Island, NY, USA) 
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Anthrone (Sigma-Aldrich®, St. Louis, MO, USA) 

Aspartame (Bangkok Lab & Cosmetic Co., Ltd., Ratchaburi, Thailand) 

Benzyl alcohol (BzOH) (Sigma Aldrich®, St. Louis, MO, USA) 

Bovine serum albumin (BSA) (Sigma-Aldrich®, St. Louis, MO, USA) 

Brain Heart Infusion (BHI) (BBL®, MD, USA) 

Chlorhexidine (Sigma-Aldrich®, St. Louis, MO, USA) 

Crospovidone (Kollidon® CL, BASF, Ludwigshafen, Germany) 

Cysteine hydrochloride (Sigma-Aldrich®, St. Louis, MO, USA) 

Dimethylformamide (DMF) (RCI Labscan Limited, Bangkok, Thailand) 

Dimethyl sulphoxide (DMSO) (Fisher Scientific, UK Limited, UK) 

Disodium hydrogen phosphate (Ajax Finechem Australia, New Zealand) 

Dulbecco's modified eagle medium (DMEM) (GIBCO®, Grand Island, 

NY, USA) 

Ethanol (RCI Labscan Limited, Bangkok, Thailand) 

Excised porcine buccal mucosa (slaughterhouse in 2013) 

Ferric chloride (Sigma-Aldrich®, St. Louis, MO, USA) 

Fetal bovine serum (FBS) (GIBCO®, Grand Island, NY, USA) 

Folin-Ciocalteu (Fluka, Buchs, Switzerland) 

Gallic acid (Fluka, Buchs, Switzerland) 

Glucose (Faculty of Pharmacy, Silpakorn University, Nakhon Pathom, 

Thailand) 

Human gingival fibroblast (HGF) (explants of gingival tissue attached to 

non-carious, freshly extracted third molar, Ethical approval was obtained Naresuan 

University) 

Human keratinocyte cell line (HaCaT) (the American Type Culture 

Collection (ATCC), Rockville, MD, USA)  

Hydrochloric acid (37%) (Scharlau Chemie S.A., Spain) 

Icing sugar (Faculty of Pharmacy, Silpakorn University, Nakhon Pathom, 

Thailand) 

Lactobacillus MRS agar (Difco, USA) 

L-glutamine (200 mM) (GIBCO®, Grand Island, NY, USA) 
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Magnesium chloride (Ajax Finechem Australia, New Zealand) 

Magnesium stearate (Faculty of Pharmacy, Silpakorn University, Nakhon 

Pathom, Thailand) 

Mannitol (Merck, Darmstadt, Germany) 

Menthol (Faculty of Pharmacy, Silpakorn University, Nakhon Pathom, 

Thailand) 

Methanol (RCI Labscan Limited, Bangkok, Thailand) 

Microcrystalline cellulose (Comprecel® M102 D+, Mingtai Chemical, 

Taiwan) 

Mitis salivarius agar (Difco, USA) 

N, N dimethylformamide (DMF, 99.8%) (Brightchem Sdn Bhd, Malaysia) 

Orthophosphoric acid (Fluka, Buchs, Switzerland) 

Penicillin (GIBCO®, Grand Island, NY, USA) 

Phosphoric acid (Fisher Scientific, UK Limited, UK) 

Polyethylene glycol 400 (PEG 400) (Faculty of Pharmacy, Silpakorn 

University, Nakhon Pathom, Thailand) 

Poly(styrene-co-divinylbenzene) sodium sulfonate (Amberlite® IRP-69) 

(Sigma Aldrich®, St. Louis, MO, USA) 

Potassium chloride (Ajax Finechem Australia, New Zealand)  

Potassium dihydrogen phosphate (Ajax Finechem Australia, New Zealand) 

Sodium bicarbonate (BDH AnalaR®, VWR International Ltd. England) 

Sodium chloride (Ajax Finechem Australia, New Zealand) 

Sodium dihydrogen phosphate (Ajax Finechem Australia, New Zealand) 

Sodium dodecylsulfate (Fisher Scientific, UK Limited, UK) 

Sodium hydroxide pellet (Ajax chemicals, New South Wales, Australia) 

Spray dried lactose (Super-Tab® 11SD, DMV-fonterra excipients GmbH 

& Co., Germany) 

Streptococcus mutans (S. mutans) A32-2 (Faculty of Dentistry, Naresuan 

University, Phitsanulok, Thailand) 

Streptococcus sanguinis (S. sanguinis) ATCC 10556 (Faculty of Dentistry, 

Naresuan University, Phitsanulok, Thailand) 
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Streptomycin (GIBCO®, Grand Island, NY, USA) 

Sulfuric acid (H2SO4) (98%) (Mallinckrodt Baker Inc., USA) 

Tannic acid (Merck, Darmstadt, Germany) 

Triethanolamine (Ajax Finechem Australia, New Zealand) 

Trisodium phosphate (Ajax Finechem Australia, New Zealand) 

Trypsin-EDTA (0.25 %) solution (GIBCO®, Grand Island, NY, USA) 

3.2 Equipments 

1.5 mL microcentifuge tube (Eppendorf ,  Corning Incorporated, NY, 

USA) 

15, 50 mL centrifuge tubes-sterile (Biologix Research Company, KS, 

USA) 

Analytical balance (Sartorious CP224S and CP3202S; Scientific 

Promotion Co., Ltd., Bangkok, Thailand) 

Automatic autoclave (Model: LS-2D, Scientific Promotion Co., Ltd., 

Bangkok, Thailand) 

Beaker (Pyrex, USA) 

Brookfield viscometer (Model: DV-III ultra, Brookfield Engineering 

Laboratories, Inc., MA, USA)  

Centrifuge (HERMLE Z300K: Labnet; Lab Focus Co., Ltd., Bangkok, 

Thailand) 

CO2 incubator (Heraeus HERA Cell 240, Heraeus Holding GmbH., 

Germany) 

Conductivity meter (Model: ECTestr11+, Eutech Instruments Pte Ltd, Ayer 

Rajah Crescent, Singapore) 

Dialysis bag (CelluSep® MWCO (12-14 kDa), Membrane Filtration 

Products, USA) 

Differential scanning calorimeter (DSC, Pyris Sapphire DSC, PerkinElmer 

instrument, USA) 

Drop shape analyzer (FTA 100, First Ten Angstroms Inc, Portsmount, VA, 

USA) 

Freeze-dryer (Model: Freezone 2.5, LABCONCO, USA) 
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Freezer/Refrigerator -20 °C, -80 °C 

Gamma high voltage research device (Ormond Beach, Florida, USA) 

Genesis10 UV-visible spectrophotometer (Thermo Spectronic, NY, USA) 

Glass syringe 5 mL  

Hand hydrolic press machine (Specac P/N 15011/25011, UK) 

High performance liquid chromatography (HPLC) instrument (Agilent 

1100 series, Agilent Technologies, USA) 

Hot air oven (WTB Binder, Germany) 

Image analysis software (JMicrovision V.1.2.7, Switzerland) 

Laminar air flow (BIO-II-A, Telstar Life Science Solutions, Spain) 

Magnetic stirrer (Framo, Germany) 

Micrometer (Sylvac S229, Switzerland) 

Micropipette 2–20 μL, 20–200 μL, 100–1000 μL, 1–5 mL, and 

micropipette tip 

Monsanto hardness tester (Sheetal Scientific Industries, Mumbai, India) 

pH meter (Horiba compact pH meter B-212, Japan) 

Roche friabilator (Yeoheng Co., Thailand) 

Sartorius membrane filter 0.22 μm 

Scanning electron microscope (SEM, Camscan Mx2000, England) 

Shaking incubator (SHEL LAB, Model: SI4, Gibtahi Co., Ltd., Bangkok, 

Thailand) 

SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL) 

Syringe pump (Model: NE-300, New Era Pump Systems Inc., NY, USA) 

Texture analyzer (TA.XT plus, Stable Micro Systems, UK)  

USP disintegration testing apparatus (Sotax DT3, Switzerland) 

USP dissolution testing apparatus II (type PTW, Pharmatest, Germany) 

UV-visible spectrophotometer (NanoVue®, GE Healthcare, UK) 

UV-visible spectrophotometer (PG Instrument, Oasis Scientific Inc., 

USA). 

VertiSep® AQS C18 column (250 mm × 4.6 mm, 5 μm particle size) 

Volumetric flask (Pyrex, USA) 
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Vortex mixer (Model: Labnet, USA) 

Water bath (HETOFRIG CB60; Heto High Technology of Scandinevia, 

Birkerod, Denmark) 

Well-plate (48 and 96 Well plate) (Corning Incorporated, NY, USA) 

X-ray powder diffractometer (model Miniflex II, Rigaku Co., Japan) 

3.3 Methods 

 3.3.1 Drug/HPβCD complexation 

  3.3.1.1 Equilibrium time studies 

  An excess amount of each model drugs (MX, PRX, IBP and KP) was 

added to 15 mM HPβCD solution at pH 6. The resulted suspensions were placed and 

shaken in a horizontal shaker (30 rpm) at 25 °C until the equilibration was reached. 

Aliquots were withdrawn at several time, and centrifuged to analyze the dissolved 

drug using UV-visible spectrophotometer at wavelength of 362, 357, 222 and 259 nm 

for MX, PRX, IBP and KP, respectively. 

  3.3.1.2 Stoichiometric characterization of inclusion complex 

  The stoichiometry of inclusion complex was determined by the phase 

solubility and continuous variation methods. The phase solubility method was 

conducted according to Higuchi and Connors (1965) as follows. An excess amount of 

each model drug (MX, PRX, IBP and KP) was weighed and placed in microcentrifuge 

tube containing 1 mL of deionized water and the increasing amount of HPβCD (in the 

range of 0 - 15 mM). The samples were placed and shaken in a horizontal shaker (30 

rpm) at 25 ºC until the equilibration was reached. Samples were collected and 

centrifuged to quantify the dissolved drug using UV-visible spectrophotometer at 

wavelength of 362, 357, 222 and 259 nm for MX, PRX, IBP and KP, respectively. 

The phase solubility studies were carried out at pH 3, 5, 6, 7 and 8. The stability 

constant of complex (Kc) was calculated according to equation 3.1: 
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where slope is the slope of phase solubility diagram which plots between drug 

solubility expressed as molar concentration and HPβCD molar concentration, and S0 

is the drug solubility without HPβCD. 

  The continuous variation method was performed (Job, 1928). 

Equimolar stock solutions of drug and HPβCD were prepared, and then proportionally 

mixed to obtain solutions containing various molar ratios of drug and HPβCD. The 

total concentration of these solutions was kept constant. After stirring for 24 h at 25 

ºC, the absorbance of drug solution was measured and the difference in absorbance 

between the presence and absence of HPβCD (∆A) was plotted against molar fraction 

of drug (R) computed from the following equation 3.2: 

 
  The UV–visible spectra of each drug solutions containing various 

concentrations of HPβCD (in the range of 0-15 mM) were recorded at 25 C from 

wavelengths of 200 to 400 nm. A drug solution without HPβCD was used as a 

control. HPβCD solutions at different concentrations were used as blank solutions. 

  The conductivity of each drug solutions containing various 

concentrations of HPβCD (in the range of 0-15 mM) was measured using a 

conductivity meter. The difference in conductivity of drug solutions between the 

absence and presence of HPβCD was determined. 

 

 3.3.2 The effect of HPβCD on drug loading onto ion exchange resin 

  3.3.2.1 Saturated concentration of loading solution 

  MX was selected as model drug and loaded onto the resin to study the 

effect of HPβCD on drug loading. Firstly, saturated solutions of MX with and without 

HPβCD were prepared as follows. An excess amount of MX was added to phosphate 

buffer pH 8 with and without 15 mM HPβCD. The samples were vigorously shaken in 

a horizontal shaker (30 rpm) at 25 ºC for 24 h. The samples were centrifuged and 

filtered through a 0.45 μm membrane filter to remove undissolved solid. The 

dissolved MX was assayed by UV–visible spectrophotometer at wavelength of 362 
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nm. MX loading was conducted by a single batch process (Kunin, 1963). The 

saturated MX solutions with and without HPβCD were equilibrated with Dowex® 

resin at 0.5:1, 1:1 and 2:1 weight ratio of MX to resin for 72 h, which was entirely 

performed on a horizontal shaker (30 rpm) at 25 ºC. After equilibration, the MX 

solution was filtered through a 0.45 μm membrane filter and assayed by UV–visible 

spectrophotometer at wavelength of 362 nm. The percentage of MX loading on the 

resin is calculated using the following equation 3.3: 

 
where MXIN and MXEQ are the MX content at the initial and after equilibration, 

respectively. W is the resin used content for MX loading. 

  3.3.2.2 Fixed concentration of loading solution 

  To study the influence of HPβCD on drug loading onto ion exchange 

resin, the concentration of MX in loading solution was fixed according to intrinsic 

solubility while that of HPβCD was entirely fixed at 15 mM. These studies were 

carried out at pH 8. The MX solutions with HPβCD were equilibrated with Dowex® 

resin at 0.5:1, 1:1 and 2:1 weight ratio of MX to resin and then performed with the 

same process as described in section 3.3.2.1. 

  3.3.2.3 Characterizations 

   3.3.2.3.1 The HPβCD amount (Brooks, Griffin, and Kattan, 1986). 

   To confirm that HPβCD had the absence of binding with MX 

resinate, the amount of HPβCD before and after MX loading was quantified by 

anthrone reaction. The anthrone reagent was prepared by dissolving 0.2 g of anthrone 

(0.2 % w/v) in 100 mL of 72 % sulfuric acid, protected from light and used within 12 

h. Three milliliters of anthrone reagent was added to each test tube containing 0.6 mL 

of standard glucose, HPβCD, samples and blank. The test tubes were placed at 4 °C 

for 10 min. Subsequently, test tubes were incubated in boiling water bath for 12 min. 

After heating, a cooling step treatment for 20 min at room temperature was performed 

before measuring absorbance at 628 nm using UV–visible spectrophotometer. 
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   3.3.2.3.2 Geometrical characterizations 

   The surface morphology of MX, Dowex® resin and MX loaded 

onto resin (MX resinate) were examined. The samples were attached to aluminium 

stubs with double side adhesive carbon tape then gold coated with a sputter coater and 

examined using a SEM. 

   The particle size of Dowex® resin and MX resinate were 

determined by using image analysis software, collected 10 measurements for each 

sample. 

   The powder X-ray pattern of MX, Dowex® resin and MX resinate 

were recorded using a X-ray powder diffractometer. Sample was irradiated with 

monochromatized CuKa radiation after passing through Nickel filters and then was 

analyzed between 5° and 45° (2θ). The voltage and current applied were 30 kV and 15 

mA, respectively. 

   The thermal behavior of MX, Dowex® resin and MX resinate were 

determined by DSC. Sample (2-4 mg) was placed in a seal aluminum pan and 

crimped with its cover to provide hermetically sealed samples. The heating rate was 

10 °C/min. All measurements were obtained over 25-300 °C under nitrogen flow at 

20 mL/min. 

 3.3.3 Development of taste-masked MX ODTs 

  3.3.3.1 MX resinate 

  The MX resinate was prepared by a single batch process in the 

condition with the highest MX loading. The percentage of MX loading on the resin 

was determined by an elution method (Sriwongjanya and Bodmeier, 1997). The MX 

resinate (3 mg) was accurately weighed and placed in a volumetric flask that contain 

50 mL of 2 N KCl solution. The mixture was stirred magnetically for 24 h and the 

eluted MX was assayed by spectrophotometer. The MX loading (% w/w) of the MX 

resinate was calculated with the equation 3.4: 

where MXEL and W are the amounts of eluted MX and resin, respectively. 

   ส
ำนกัหอ

สมุดกลาง



72 
 

 
 

  3.3.3.2 MX/HPβCD complexes 

  MX and HPβCD were mixed at 1:1 molar ratio that was blended in a 

plastic bottle for 10 min. The MX/ HPβCD complexes were characterized using X-ray 

powder diffractometer and DSC as described in section 3.3.2.3.2. 

  3.3.3.3 The mixture ratio of MX resinate and MX/HPβCD complex 

  The MX resinate and MX/HPβCD complexes were mixed at 1:0.5, 1:1, 

and 1:2 weight ratios of MX resinate to MX/HPβCD complexes. Each ratio was 

blended in a plastic bottle for 10 min. 

  3.3.3.4 In vitro MX release of powders 

  The MX resinate, MX/HPβCD complexes and the mixture of MX 

resinate and MX/HPβCD complexes, as powders containing an equivalent dose (7.5 

mg) of MX, were evaluated with in vitro MX release profiles. In vitro MX release 

studies were performed to mimic the condition as GI tract. Firstly, the 0.1 N HCl (pH 

1.2, 750 mL) was conducted to mimics the stomach condition for 2 h using a USP 

dissolution testing apparatus II at 37 ± 0.5 °C with a rotation speed of 50 rpm. After 2 

h, the pH was changed to pH 6.8 to maintain the condition as the small intestine by 

the addition of 250 mL of a 0.20 M solution of trisodium phosphate, which was 

equilibrated to 37 °C. The MX release was measured at predetermined times; samples 

of medium (5 mL) were collected and replaced with fresh medium, and analyzed by 

UV-visible spectrophotometer at wavelengths of 345 and 362 nm for pH 1.2 and 6.8, 

respectively. The mixture of resinate and MX/HPβCD complexes with the highest 

MX release profile was used to formulate the ODTs. 

  3.3.3.5 Preparation of taste-masked MX ODTs 

  Several ODTs containing equivalent doses (7.5 mg) of MX in the free 

drug, MX resinate, MX/HPβCD complexes and the mixture of MX resinate and 

MX/HPβCD complexes were developed. Fixed amounts of mannitol (10 %) and icing 

sugar (10 %) were used as sweetening agents. Super-Tab® 11SD was used as a direct 

compression filler due to its water solubility and safety. However, using Super-Tab® 

11SD alone as a filler caused unacceptable hardness. Therefore, Comprecel® M102 

D+ was selected as additional filler to improve hardness of tablets, and it was fixed at 
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20 % w/w. Two types of super-disintegrants, 5 % Kollidon®CL and ion exchange 

resins (Amberlite® IRP-69), were used to achieve rapid tablet disintegration. The 

amount of Amberlite® IRP-69 was varied from 0-20 % w/w. All materials, except 0.5 

% w/w of magnesium stearate that was used as a lubricant, were blended in a plastic 

bottle for 10 min. Then, the lubricant was added and materials were mixed for an 

additional 3 min. A portion of the mixture was accurately weighed (200 mg), 

transferred to a hand hydraulic press machine, and compressed at a constant force 

(29.4 kN) using stainless steel flat-face punches with a diameter of 9.53 mm. 

  3.3.3.6 Evaluations of taste-masked MX ODTs 

   3.3.3.6.1 MX content 

   The amount of MX in a tablet was determined by crushing the 

tablet in a mortar. Then, the crushed powder was weighed and transferred into a 250 

volumetric flask, and 2 N KCl, pH 8, solution was added to adjust the volume. The 

mixture was stirred magnetically for 24 h. The supernatant was filtered and assayed 

by UV-visible spectrophotometer at the wavelength of 362 nm. The MX content was 

calculated and expressed as % labeled amount. 

   3.3.3.6.2 Weight, thickness, diameter, hardness, and friability 

   The ODTs were evaluated for uniformity of weight, thickness, 

diameter hardness, and friability. Tablets were individually weighed on an analytical 

balance, and the average weight and standard deviation were calculated. The 

thickness and diameter were measured by a micrometer. The hardness was measured 

with a Monsanto hardness tester. The friability was determined with a Roche 

friabilator. Twenty tablets were weighed (W1) and placed into the friabilator, which 

rotated at 25 rpm for 4 min. The tablets were then reweighed after removal of fines 

(W2), and the friability was calculated according to equation 3.5: 

 

   3.3.3.6.3 In vitro disintegration time 

   In vitro disintegration of ODTs in artificial saliva was determined 

using a USP disintegration testing apparatus. The artificial saliva consisted of 2.38 g 
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Na2HPO4, 0.19 g KH2PO4, and 8.0 g NaCl in 1000 mL of deionized water, which was 

adjusted to pH 6.8 with phosphoric acid (Peh and Wong, 1999). The medium was 650 

mL and maintained at 37 ± 0.5 °C throughout the test. Six tablets were placed into a 

basket rack assembly and covered with a transparent plastic disc. The disintegration 

time was the time required for the ODTs to disintegrate completely and pass through 

the screen of the basket-rack assembly. 

   A modified method developed by Fu, et al. (2006) was used to 

determine the disintegration time of tablets simulating the conditions similar to mouth 

cavity. The 6 mL of artificial saliva was placed inside vessel in such way that 2 mL of 

artificial saliva was below the sieve and 4 mL above the sieve. The tablet was placed 

on the sieve no 10 (size 2.00 mm) and the whole assembly was then placed on a 

shaker (50 rpm). The time at which all the particles passed through the sieve was 

taken as a disintegration time of the tablet. 

   3.3.3.6.4. Wetting time 

   The wetting time was measured by a procedure that simulated the 

physiological conditions under the surface of a moist tongue (Bi et al., 1996). A piece 

of paper tissue was folded twice and placed in a 10 cm diameter plastic dish 

containing 10 mL of artificial saliva. A tablet was placed at the center of the folded 

paper, and the time required for the water to diffuse from the wetted absorbent paper 

throughout the entire tablet was recorded as the wetting time. The images of the tablet 

were recorded at several times until the tablets were completely wetted. 

   3.3.3.6.5 In vitro MX release study 

   In vitro MX release studies of ODTs were performed using the 

same method described above in section 3.3.3.4. 

   3.3.3.6.6 In vivo disintegration time and taste masking evaluation 

   In vivo disintegration time and taste evaluation of ODTs was 

performed with six healthy human volunteers. A blind test was chosen for this study. 

This study was approved by an Investigational Review Board (Human Studies Ethics 

Committee, Faculty of Pharmacy, Silpakorn University, approval no. 9-2556). Each 

volunteer randomly took one ODT and kept on their tongue, the time required for 
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complete disintegration of ODTs was recorded as in vivo disintegration time and the 

bitterness after ODTs completely disintegrated was determined immediately. 

Afterward, the volunteer rinsed their oral cavity with water without swallowing the 

disintegrated material and then took another formulation. The taste was evaluated and 

assigned a numerical value, i.e., 0 = tasteless, 0.5 =aftertaste, 1.0 = slight bitter, 1.5 = 

slight to moderate bitter, 2.0 = moderate bitter, 2.5 = moderate to strong bitter, 3 = 

strong bitter and 3.5 = very strong bitter, respectively. Along with the taste evaluation, 

a simultaneous observation of the mouth feel (grittiness or smoothness) was also 

noted to assess the quality of ODTs. 

 3.3.4 Development of taste-masked MX ODFs 

  3.3.4.1 MX solubility studies 

  Solubility of MX in various single solvents (USP buffer solution pH 3, 

6 and 8, PEG 400, DMF and BzOH), binary solvent mixtures of USP buffer solution 

pH 3, 6 and 8 with ethanol at 1:1 volume ratio and ternary solvent mixtures (USP 

buffer solution pH 8/ethanol (1:1) with PEG 400, DMF and BzOH from 0 to 100 % 

v/v) was determined.  

  An excess amount of MX was added in microcentrifuge tube containing 

each solvent and then was shaken in a horizontal shaker (30 rpm). After stirring for 72 

h at 25 °C, samples were collected and centrifuged to quantify the dissolved MX 

using UV-visible spectrophotometer at wavelength of 362 nm. The solvent mixture 

with the highest MX solubility was used to formulate the ODFs. 

  3.3.4.2 PVP/HPβCD nanofiber mats 

   3.3.4.2.1 Preparation of PVP/HPβCD nanofiber mats 

   The 10 % w/v PVP solution was prepared by dissolving PVP in 

DMF, followed by stirring for 24 h at room temperature. To determine the optimum 

amount of HPβCD for developing stable and uniform PVP/HPβCD composite 

nanofibers, the difference amount of HPβCD was added into PVP solution that was 

varied from 0-150 mM. The viscosity, conductivity and surface tension of 

electrospinning solution was measured before preparing the nanofiber mats via 

   ส
ำนกัหอ

สมุดกลาง



76 
 

 
 

electrospinning process. All of electrospinning solution was contained in a 5-mL glass 

syringe connected with a 20-gauge, stainless steel needle (external diameter = 0.9 mm 

and internal diameter = 0.6 mm) at the nozzle. The needle was connected to the 

emitting electrode of positive polarity of a gamma high voltage research device. The 

electric potential was fixed at 15 kV. The nanofiber mats were collected as-spun on an 

aluminum foil that was covered on a rotating collector. The rotating diameter and 

speed were 6 cm and 400 m/min, respectively. The electrospinning process was 

conducted at 25 ± 2 °C, 60 ± 5 % relative humidity (RH), and the collection distance 

was fixed at approximately 20 cm. The solution feeding rate was fixed at 0.45 mL/h 

using a syringe pump during processing. 

   3.3.4.2.2 Characterizations of PVP/HPβCD nanofiber mats 

   The morphology and diameter of PVP/HPβCD nanofiber mats 

were determined using a SEM. A small section of nanofiber mats were attached to 

aluminium stubs with double side adhesive carbon tape then gold coated with a 

sputter coater before SEM observations. The average diameter of nanofiber mats were 

analyzed by using image analysis software at collection of 50 measurements for each 

sample from SEM images. The morphology and diameter of each nanofiber mat was 

examined after preparation and keeping for 1 month at room temperature. 

  3.3.4.3 Taste-masked MX-loaded PVP/HPβCD nanofiber mats or 

taste-masked MX ODFs 

   3.3.4.3.1 Preparation of taste-masked MX ODFs 

   MX was loaded into 10 % w/v PVP solution containing 110 mM 

HPβCD at intrinsic solubility concentration (25 mg/mL) by magnetic stirrer for 24 h. 

Menthol and aspartame were used as flavoring agent and sweetening agent, 

respectively. The amount of menthol was varied from 0-5 % w/v and the aspartame 

was varied from 0-0.5 % w/v. The solution was measured the MX solubility, 

viscosity, conductivity and surface tension before preparing nanofiber mats as ODFs 

via electrospinning process according described in section 3.3.4.2.1. 
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   3.3.4.3.2 Characterizations of taste-masked MX ODFs 

   The taste-masked MX ODFs were geometrically characterized as 

described in section 3.3.2.3.2. The diameter of ODFs was measured using the image 

analysis software, collected 50 measurements for each sample. 

   The tensile strength of the ODFs was evaluated using a texture 

analyzer with 5 kg load cell equipped with tensile grips holder. The samples were cut 

into a rectangular shape (6  35 mm). The thicknesses of these samples ranged from 

20-30 μm. The speed was 0.5 mm/s. 

   3.3.4.3.3 Evaluations of taste-masked MX ODFs 

    3.3.4.3.3.1 MX content 

    The amount of MX in ODFs was determined by dissolving 

the ODFs (150 mg) in 50 mL of artificial saliva pH 6.8. The mixture was stirred 

magnetically for 24 h. The supernatant was filtered and assayed by UV-visible 

spectrophotometer at the wavelength of 362 nm. The loading efficacy (%) and the 

loading capacity (%) of MX were calculated using equations 3.6 and 3.7, respectively.  

 

 
where La is the amount of MX that was embedded in the nanofiber mats, Lt is the 

theoretical amount of MX (obtained from the feeding condition) incorporated into the 

nanofiber mats and W is the weight of the nanofiber mats. 

    3.3.4.3.3.2 Disintegration time 

    The disintegration of taste-masked MX ODFs was examined 

by a procedure that simulated the physiological conditions under the surface of a 

moist tongue (Bi et al., 1996). A piece of paper tissue was folded twice and placed in 

a 10 cm diameter plastic dish containing 10 mL of artificial saliva. An ODF was 

placed at the center of the folded paper, and the time required for the water to diffuse 

from the wetted absorbent paper throughout the entire ODF was recorded as the 
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disintegration time. The images of the ODFs were recorded at several times until the 

ODFs were completely disintegrated. 

    3.3.4.3.3.3 In vitro MX release study 

    The release characteristic of MX from ODFs containing an 

equivalent dose (7.5 mg) of MX was investigated in artificial saliva pH 6.8. The taste-

masked MX ODFs was accurately weighed and placed into 100 mL of release 

medium at 37 ± 0.5 °C and shaken at speed of 150 rpm. The MX release was 

measured at predetermined times; samples (5 mL) were withdrawn and replaced with 

fresh medium, and analyzed by UV-visible spectrophotometer at wavelength of 362 

nm. The obtained data were carefully calculated to determine the cumulative amount 

of MX release from the specimens at each immersion time point. 

    3.3.4.3.3.4 Cytotoxicity 

    The cytotoxicity of MX powder and taste-masked MX ODFs 

was evaluated to HGF and HaCaT. HGF were obtained from explants of gingival 

tissue attached to non-carious, freshly extracted third molars. All patients gave 

informed consent for tissue collection. Ethical approval for the study was obtained 

from Naresuan University (COE No. 55 02 04 0024). Cells were cultured in DMEM 

supplemented with 10 % FBS, 2 mM L-glutamine, 100 IU/mL penicillin, 100 μg/mL 

streptomycin and 5 μg/mL amphotericin B at 37 °C in a humidified atmosphere of 95 

% air and 5 % CO2. The MX powder and taste-masked MX ODFs were sterilized by 

UV radiation for 1 h before testing. Each cell were seeded at 25,000 cells per well of 

48-well plates. When the cultures reached confluence, cells were treated with MX 

powder at concentrations ranging from 0 to 1200 μg/mL in a serum-free medium 

(SFM) and subsequently incubated for 24 h. For taste-masked MX ODFs, when the 

cultures reached confluence, the SFM were replaced and then the ODFs were put onto 

the wells. The cells were incubated for 1, 3 and 5 min. After treatment, the 

cytotoxicity was examined by MTT assay. This assay was based on the reduction of 

the yellow tetrazolium salt to purple formazan crystals by dehydrogenase enzymes 

secreted from the mitochondria of metabolically active cells. The amount of purple 

formazan crystal formation was proportional to the number of viable cells. The cells 
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were incubated with 200 μL of a MTT solution (0.5 mg/mL in DMEM without phenol 

red) in a CO2 incubator for 1 h. The solution was then removed and 500 μL of DMSO 

was added to dissolve the formazan crystals. The cell viability (%) was calculated 

based on the absorbance at 570 nm using Genesis10 UV-visible spectrophotometer. 

Viability of non-treated control cells was arbitrarily defined as 100 %. 

    3.3.4.3.3.5 In vivo disintegration time and taste masking 

evaluation 

    In vivo disintegration time and taste masking evaluation of 

ODFs were performed using the same method described above in section 3.3.3.6.6. 

 3.3.5 Development of taste-masked GM extract and α–mangostin 

ODFs 

  3.3.5.1 GM extraction 

  Fresh pericarp was first cleaned to remove any residual compost and 

washed thoroughly to remove impurities. After washing, the samples were chopped 

into small pieces and dried in a hot air oven at 50 °C for 24 h. Then the dried samples 

were milled into powder by blender. The powdered pericarp was separately macerated 

with 70 % acetone or 95 % ethanol at 25 °C until the extraction was exhausted. The 

extracts were filtered through a Whatman no. 1 filter paper under suction. The filtrate 

was concentrated on water bath and evaporated solvent with a vacuum rotary 

evaporator. 

  3.3.5.2 Standardizations of GM extract 

   3.3.5.2.1 The α-mangostin content 

   The α–mangostin was determined using HPLC. A VertiSep® AQS 

C18 column (250 mm × 4.6 mm, 5 μm particle size) with a C18 guard column was 

used. The elution was performed using gradient solvent systems that consisted of 

acetonitrile (mobile A) and 0.1 % v/v ortho phosphoric acid (mobile B) with a flow 

rate of 1 mL/min at room temperature (Pothitirat et al., 2009). The gradient program 

was as follows: 70 % A for 0–15 min, 70 % A to 75 % A in 3 min, 75% A to 80% A 

in 1 min, constant at 80 % A for 6 min, and 80 % A to 70% A in 1 min. The 
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wavelength of the UV–visible detector was set at 320 nm. The amount of α–

mangostin in each crude extract was calculated using the calibration curve of standard 

α–mangostin which was expressed as milligrams per gram of the extract. The standard 

solution of α–mangostin was prepared by dissolving an accurately weigh of 10 mg of 

α mangostin in 10 mL of methanol in a volumetric flask. Various concentrations of α–

mangostin were diluted to obtain final concentrations in the range of 5–200 μg/mL 

with methanol. The extraction of each sample was prepared as sample solution by 

dilution of crude extracts with methanol at a concentration of 1000 μg/mL. 

   3.3.5.2.2 Total phenolic compounds content 

   The content of total phenolic compounds was determined using 

Folin-Ciocalteu procedure (Singleton, Orthofer, and Lamuela-Raventós, 1999). Each 

sample of crude extract (0.5 mg/mL) 25 μL was mixed with 1.25 mL of the Folin-

Ciocalteu reagent (10 % v/v) and 1 mL of sodium bicarbonate solution (7.5 % w/v). 

The mixture was blended well and incubated at 45 °C for 15 min. The absorbance of 

the mixture was measured at 765 nm using a UV–visible spectrophotometer. The 

content of total phenolic compounds was calculated using the calibration curve of 

standard gallic acid and expressed as milligrams of gallic acid equivalents (GAE) per 

gram of the extract. 

   3.3.5.2.3 Total tannins content 

   The content of total tannins was assayed by protein precipitation 

method (Silber and Fellman, 2006). Bovine serum albumin (2 mg) and 1 mL of each 

crude extract solution (5 mg/mL) was mixed and kept for 20 min at room temperature. 

The mixture was centrifuged for 15 min at 10000 rpm and then, the supernatant was 

removed. The precipitate was dissolved with 4 mL of sodium dodecylsulfate and 

triethanolamine. The 10 mM of ferric chloride (1 mL) was added and the mixture was 

incubated for 15 min. The absorbance of the mixture was measured at 510 nm using a 

UV–visible spectrophotometer. The total tannins content was calculated using the 

calibration curve of standard tannic acid and expressed as milligrams of tannic acid 

equivalents (TAE) per gram of the extract. 
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  3.3.5.3 Determination of antibacterial activity 

   3.3.5.3.1 Antibacterial activity of single compound 

   The antibacterial activity of GM extract, CS, EDTA and CS-EDTA 

was tested against S. mutans and S. sanguinis using a broth dilution technique. The 

minimum inhibitory concentration (MIC) and the minimum bactericidal concentration 

(MBC) values were determined. The GM extract, CS and EDTA were dissolved in 

DMSO, 0.5 % acetic acid and distilled water, respectively. The CS-EDTA was 

prepared by dissolving CS and EDTA in distilled water at a weight ratio of 2:1. The 

bacterial strains were grown in BHI broth at 37 °C with 5 % CO2 atmosphere for 24 h 

before used. The serial two fold dilutions of each sample were prepared with BHI 

broth. The culture of each bacterial strain was added and adjusted to 1–2 × 106 

colony-forming units (CFU)/mL in the serial dilutions. After 24 h incubation, the 

bacterial growth was observed for turbidity. The MIC was defined as the lowest 

concentration presented in clear well and no turbidity by visual inspection. An aliquot 

of 100 μL from dilution tubes without turbidity was inoculated on BHI agar plates. 

The plates were then incubated for appearance of bacterial growth for 24 h. The MBC 

was defined as the lowest concentration of crude extract that reduced the number of 

viable bacteria by 99.9 % (Hindler, 2000). BHI broth with bacterial suspension and 

solvent was served as the negative controls and 0.2 % w/v chlorhexidine was used as 

positive control. 

   3.3.5.3.2 Efficacy of antibacterial combination 

   Checkerboard assay was used to evaluate the antibacterial efficacy 

of the combination of CS with EDTA and CS-EDTA with GM extracts on the growth 

of S.mutans and S. sanguinis (White et al., 1996). Briefly, different concentrations of 

antibacterial agents were prepared in 96-well plates. The concentration of each agent 

in combination ranged from 1/32 times the MIC to 4 times the MIC. The tested strain 

was added and adjusted to 1–2 × 106 CFU/mL in the combinations. After 24 h 

incubation at 37 °C with 5 % CO2 atmosphere, the bacterial growth was observed for 

turbidity. Fractional inhibitory concentration (FIC) was calculated for each agent in 

each combination according to equation 3.8: 

   ส
ำนกัหอ

สมุดกลาง



82 
 

 

 

 
 

where MICA
alone and MICB

alone are the MIC of A and B when acting alone, MICA
comb 

and MICB
comb are MIC of A and B when acting combination, respectively. The FIC is 

interpreted as synergistic when it is ≤ 0.5, antagonistic when is > 4, and FIC result of 

> 0.5 but ≤ 4 is considered indifferent. 

  3.3.5.4 Synthesis and characterization of CS-SH 

  The CS-SH was synthesized following as the preparation procedures as 

applied for chitosan-N-acetyl cysteine conjugate (Schmitz, 2008). The CS (500 mg) 

were dissolved in 1 % v/v HCl and then adjusted to pH 5 with 2 N NaOH. 

Additionally 4 g of cysteine were dissolved in 50 mL of deionized water. The 

carboxylic acid groups of cysteine were activated with 150 mM of EDAC for 20 min. 

The pH was adjusted within the range of 4-5 and was maintained during the 

experiment.  After stirring at room temperature for 6 h, the CS-SH was isolated in the 

dark by dialyzing with 1 mM HCl and 1 % w/v NaCl for 3 days. The sample was 

frozen and lyophilized at -49 °C and 0.07-0.09 bar. 

  The amount of thiol group on the CS-SH was determined 

photometrically with Ellman’s reagent. First, 50 μL of Ellman’s reagent (4 mg of 

DTNB dissolved in 1 mL of 0.1 M phosphate buffer pH 8 and 1 mM EDTA) was 

added into the test tube and then 2.5 mL of 0.1 M phosphate buffer pH 8 and 1 mM 

EDTA was added. The 250 μL of standard cysteine solution and sample (10 mg of 

CS-SH hydrated in 750 μL of 0.1 M phosphate buffer pH 8 and 1 mM EDTA) were 

added and mixed together in the separated tube. All tubes were incubated at room 

temperature for 15 min. Thereafter, the absorbance of sample was measured at a 

wavelength of 412 nm. Cysteine standards were used to calculate the amount of thiol 

groups immobilized on the CS-SH. 
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  3.3.5.5 Preparation of taste-masked GM extract and α–mangostin 

ODFs 

  The 2 % w/v CS or CS-SH solution were prepared by dissolving CS or 

CS-SH with EDTA in distilled water at the weight ratio of 2:1. The 10 % w/v PVA 

solution was prepared by dissolving PVA in distilled water at 80 °C and then allowing 

the solution to stir for 4 h. The 2 % w/v CS or CS-SH solution was mixed with a 10 % 

w/v PVA solution at weight ratios of 30:70. GM extracts or α-mangostin was added to 

CS/PVA or CS-SH/PVA solution at various concentrations by stirring for 24 h. The 

solution was measured the viscosity, conductivity and surface tension before 

preparing nanofiber mats as ODFs via electrospinning process according described in 

section 3.3.4.2.1. 

  3.3.5.6 Characterizations of taste-masked GM extract and α–

mangostin ODFs 

  The taste-masked GM extract and α–mangostin ODFs were 

geometrically and mechanically characterized as described in section 3.3.4.3.2. 

  3.3.5.7 Evaluations of taste-masked GM extract and α–mangostin 

ODFs 

   3.3.5.7.1 GM extract content 

   The amount of GM extract and α-mangostin in an ODF was 

determined by dissolving an ODF (1 mg) in 1 mL of methanol for 24 h. Then, the 

solution was analyzed the amount of α-mangostin in an ODF using HPLC according 

described in section 3.3.5.2.1. The loading efficacy (%) and the loading capacity (%) 

of the GM extract were calculated. 

   3.3.5.7.2 Swelling study 

   The swelling degree of ODFs was investigated in 2 mL of artificial 

saliva pH 6.8 at room temperature for 1 h according to follow equation 3.9: 

where M is the weight of each ODF after submersion in the artificial saliva for 1 h, 

Md is the initial weight of the ODF in its dry state. 
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   3.3.5.7.3 Mucoadhesive study 

   Mucoadhesive force of ODFs was carried out by a texture analyzer 

with 50 N load cell equipped with mucoadhesive holder. The ODFs were cut into a 

rectangular shape (10  10 mm) and attached to the cylindrical probe (10 mm in 

diameter) by double-sided adhesive tape. Freshly excised porcine buccal mucosa was 

cut and put in Kreb’s buffer. The Kreb’s buffer consisted of 1.8 g glucose, 0.0468 g 

MgCl2, 0.34 g KCl, 7.0 g NaCl, 0.1 g Na2HPO4 and 0.18 g NaH2PO4 in 1000 mL of 

deionized water (Krebs and Henseleit, 1932). Before testing, the tissue was 

equilibrated at 37 ± 0.5 °C for 15 min and placed onto the holder stage of 

mucoadhesive holder. Then, the 500 μL of artificial saliva was added onto buccal 

mucosa for 1 min. The probe with the ODF was contacted onto buccal mucosa with 3 

g of force for 1 min and the hydrated ODF was then withdrawn. The maximum force 

required to separate the probe from tissue was recorded from Texture Exponent 32 

software. 

   3.3.5.7.4 In vitro GM extract release study 

   The GM extract release was investigated in the mixture solvent of 

artificial saliva and methanol (50:50) The 10 mg of ODFs were cut and placed into 10 

mL of release medium. The medium was maintained at 37 ± 0.5 °C with the speed of 

150 rpm throughout the test. At a given time point, each 1 mL of sample solution was 

withdrawn and an equal amount of the fresh medium was refilled. The amount of GM 

extract in sample solutions was analyzed by HPLC as described in section 3.3.5.2.1. 

The obtained data were carefully calculated to determine the cumulative amount of 

GM extract release from the specimens at each immersion time point. 

   3.3.5.7.5 In vitro antibacterial activity 

   The taste-masked GM extract and α-mangostin ODFs were 

evaluated for MIC and MBC values against S. mutans and S. sanguinis. The mats at 

the weights of 0.1, 0.2, 0.5, 1, 2, 3, 4 and 5 mg/mL were sterilised by UV radiation for 

1 h and then were put onto the bacterial suspensions. The process was followed as 

section 3.3.5.3.1. The rate of bactericidal activity was examined by time kill assay. 

Bacterial cells were cultured in BHI broth and were adjusted to 1–2 × 106 CFU/mL. 
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The cells were treated with taste-masked GM extract and α-mangostin ODFs at a 

concentration of MBC of blank mats. At indicated time of incubation, 100 μL of 

sample were collected at 0, 30, 60, 120, 180 and 240 min. The serial 10 fold dilutions 

of samples in BHI broth (101, 102, 103 folds) were made and 100 μL of aliquot from 

dilution tubes were inoculated by spread plate method on BHI agar plates. The 

numbers of viable bacteria were counted after incubation for 24–48 h. Cultivation of 

bacteria in BHI broth was used as a control for bacterial growth at each time point. 

The viable colonies of each strain were calculated to determine CFU/mL and graph of 

time against the numbers of viable colonies were plotted. 

   3.3.5.7.6 Cytotoxicity 

   The cytotoxicity of GM extract, α-mangostin powder and taste-

masked GM extract and α-mangostin ODFs were conducted as described in section 

3.3.4.3.3.4. The tested concentration of GM extract and α-mangostin powder was 

ranged from 0 to 5 μg/mL and 0 to1 μg/mL, respectively. For the taste-masked GM 

extract and α-mangostin ODFs, the HGF and HaCaT cells were incubated for 15, 30, 

60, 120 and 240 min. The cells were also determined the long term cytotoxicity by 

rinsing the cells with phosphate buffer pH 7.4 at the end of testing. Then the SFM 

were replaced and re-incubated for 24, 48 and 72 h. After treatment, the cytotoxicity 

was examined by MTT assay. 

   3.3.5.7.7 In vivo study 

   In vivo antibacterial activity was performed with six healthy human 

volunteers. This study was approved by an Investigational Review Board (Human 

Studies Ethics Committee, Faculty of Pharmacy, Silpakorn University, approval no. 

9-2556). The volunteers had no signs of oral disease, no evidence of gingivitis and an 

absence of active caries. None of the subjects received antibiotics or topical 

antiseptics during the previous 30 days. Each volunteer took one taste-masked GM 

extract or α-mangostin ODF. The ODF was adhered to buccal mucosa. The time 

required for complete disintegration and the period time of adhesion were recorded as 

in vivo disintegration time and in vivo mucoadhesion time, respectively. The 

bitterness and mouth feel of ODFs was determined using the same method described 
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above in section 3.3.3.6.6. Non-stimulated saliva samples (2 mL) were collected using 

the spitting method from each participant at baseline and at 15, 30 and 60 min during 

experiments. Afterward, the volunteer rinsed their oral cavity with water without 

swallowing the disintegrated material. The 2 mL of saliva was reserved for 

microbiological measurements by 104 folds dilution with phosphate buffer at pH 6.8. 

Aliquots (20 μL) of the dilution were spreaded on to mitis salivarius agar and 

lactobacillus MRS agar. Incubation of the samples was performed in an atmosphere of 

5 % CO2 with at 37 °C. After incubation for 48 h, the total number of CFU/mL was 

determined. The number of bacteria at baseline was arbitrarily defined as 100 %. A 

graph of the time against the numbers of viable bacteria was plotted, and the viable 

cells at each time point were expressed as the percentage of bacteria at baseline. 

 3.3.6 Stability 

 The stability test of ODTs and ODFs were evaluated according to ICH 

guideline under accelerated  condition (40 ± 2 °C and 75 ± 5 % RH) comparing with 

long term condition (25 ± 2 °C and 60 ± 5 % RH) for 6 months. The ODTs 

appearances, MX content and in vitro dissolution were determined after 1, 3 and 6 

months storage. The SEM morphology, diameter and content of ODFs were observed 

after keeping for 1, 3 and 6 months. 

 3.3.7 Statistical analysis 

 All experimental measurements were collected in triplicate. Data were 

expressed as mean  standard deviation (SD). Statistical significance of differences 

was examined using independent samples t-test and one-way analysis of variance 

(ANOVA) (SPSS version 16.0 for Windows (SPSS Inc., USA)). The difference in 

taste values was analyzed by using Wilcoxon signed rank test. Differences of p < 0.05 

were considered statistically significant. 
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4.1 Drug/HPβCD complexation 

 4.1.1 Equilibrium time studies 

 The central cavity of HPβCD provides a lipophilic environment; the 

suitably drug molecules can enter to form an inclusion complex. The structures of 

MX, PRX, IBP and KP, members of non-steroidal anti-inflammatory drugs 

(NSAIDs), were used as model drugs with the poorly aqueous solubility. They have 

hydrophobic properties due to a heterocyclic ring that can form inclusion complexes 

with HPβCD, resulting in solubility enhancement. The structure and physicochemical 

properties of model drugs are presented in Table 4.1. The main driving force of 

complex formation is the displacement of enthalpy-rich water molecules from the 

cavity of HPβCD by hydrophobic drugs present in the solution (Strickley, 2004). The 

increased solubility from HPβCD reached dynamic equilibrium at 8, 4, 2 and 2 h for 

MX, PRX, IBP and KP, respectively, as presented in Figure 4.1. The longest 

equilibrium time of MX corresponded to the larger molecule (presented as molecular 

weight) of MX (351.41), compared to PRX (331.35), KP (254.38) and IBP (206.28) 

(Liu, 2008). 

 

Table 4.1 Structures and physicochemical properties of model drugs. 

Drugs Structure MW pKa Log P 

MX 

 
 

 351.41 1.09, 4.18 3.43 

PRX 

 

331.35 1.86, 5.46 3.10 

IBP 
 
 
 

206.28 4.4 3.60 

KP 
 
 
 

254.38 4.5 0.97 
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Figure 4.1 Drug solubility at the various times for equilibrium time studies; (□) MX, 

(■) PRX, (∆) IBP and (▲) KP. 

 

 4.1.2 The effect of pH and drug structure on drug/HPβCD 

complexation 

 The phase solubility diagram for drug/HPβCD systems at pH 3, 5, 6, 7 and 

8 is shown in Figure 4.2. The phase solubility study is useful for investigating the 

inclusion complex because it gives not only the increased solubility but also the 

stability constant of resultant complex (Higuchi and Kristiansen, 1970). In diagrams 

of all pH, the drug solubility increased linearly with increasing the concentration of 

HPβCD, and thus the stability constant (Kc) could be calculated from the slope as 

presented in Table 4.2. These results demonstrated that pH and drug structure 

influenced on the degree of HPβCD inclusion complex formation and hence solubility 

(Loftsson et al., 2002). 

 MX and PRX are a class of enolic acid derivatives that have analogous 

ionization behavior; each has two dissociation constants (pKa) (Luger et al., 1996). 

The first (pKa1) is 1.09 and 1.86 for the dissociation of enolic acid of MX and PRX, 

respectively. The second (pKa2) is 4.18 and 5.46, corresponding to the protonation of 

heterocyclic nitrogen for MX and PRX, respectively. Therefore, the isoelectric point 

(pI), computed from (pKa1+pKa2)/2 (Hilal, Karickhoff, and Carreira, 1999), of MX 
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and PRX was 2.63 and 3.66, respectively. The drugs are cationic at pH < pI, are 

zwitterion at pH = pI and are anionic at pH > pI. IBP and KP are propionic acid 

derivatives containing a carboxylic group with a dissociation constant (pKa) of 4.4 

and 4.5, respectively. These two drugs are anionic at pH > pKa. Therefore, the 

increase in pH from 3 to 8, the ionization of drug increased and their solubility was 

also increased. However, the increase in ionization of drug (by the increase of pH) 

decreased the Kc (Table 4.2). It indicated that the inclusion complex formation to 

improve the solubility was less predominated at the higher pH. The charged drugs 

might interact weakly with HPβCD compared to the non-ionized or zwitterion drug 

(Higuchi and Kristiansen, 1970), thus resulting in the decrease in Kc. The non-ionized 

or zwitterion of drugs has no charge or a totally neutral charge, causing the more 

hydrophobic than the ionized drug, preferably included into the lipophilic cavity of 

HPβCD (Xiliang et al., 2003). Therefore, it could be concluded that the dominant 

mechanism for the solubility enhancement was the complex formation at acidic pH; 

while, was the combination of complex formation and ionization of drug at neutral 

and basic pH. The preferred complex orientation is that one, in which the heterocyclic 

ring of drug is located near the wider rim with the HPβCD and hydrogen bonds of 

hydroxyl groups at the wider rim of HPβCD. Moreover, extra hydrogen bonds are 

formed between the drug and hydroxy groups of HPβCD in the case of the anionic 

and zwitterionic complexes (Snora et al, 2006). 

 HPβCD generally formed inclusion complexes with enolic acid derivatives 

(MX and PRX) to a greater extent than propionic acid derivatives (IBP and KP), 

except at pH 3. The Kc values of the enolic acid derivatives were higher than with the 

propionic acid derivatives (Table 4.2). MX and PRX, containing the heterocyclic ring 

of enolic acid and heterocyclic nitrogen, were more suitable for HPβCD central cavity 

than IBP and KP, which have a less heterocyclic ring. Moreover, the lipophilicity (log 

P) of the enolic acid derivatives (3.43 and 3.10 for MX and PRX, respectively) are 

higher than the propionic acid derivatives (3.60 and 0.97 for IBP and KP, 

respectively). The high log P value of the drug exhibits the greater affinity of the 

lipophilic compounds towards the less polar internal cavity of HPβCD compared to 

water (Waters et al., 2010). However, at pH 3, propionic acid derivatives (IBP and 
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KP) were greater in Kc than enolic acid derivatives (MX and PRX). This pH, IBP and 

KP were non-ionized; while MX and PRX were protonated into anion and cation, 

respectively. Therefore, IBP and KP formed inclusion complex at the large extent 

than MX and PRX at pH 3, resulting in the higher Kc. 

 

 
 

Figure 4.2 Phase solubility diagrams of drug/HPβCD at (♦) pH 3, (◊) pH 5, (▲) pH 6, 

(Δ) pH 7 and (■) pH 8; (a) MX, (b) PRX, (c) IBP and (d) KP. 

 

Table 4.2 The stability constant of complexes (Kc) of drug/HPβCD at various pH. 

pH 
Kc (M-1) 

MX PRX IBP KP 
3 451.24 ± 1.78 352.25 ± 1.62 510.02 ± 21.66 507.07 ± 3.84 
5 262.56 ± 6.16 316.62 ± 0.97 144.23 ± 16.45 86.89 ± 1.20 
6 181.56 ± 3.77 243.05 ± 2.36 31.68 ± 1.98 10.17 ± 1.13 
7 36.20 ± 3.87 50.50 ± 1.16 17.11 ± 1.21 5.97 ± 0.25 
8 33.34 ± 5.26 45.1 8± 1.69 6.88 ± 1.32 3.05 ± 0.16 

 

 To compare the complex of enolic acid derivatives (MX and PRX), the Kc 

of MX and PRX was different although the log P of enolic acid derivatives were 

similar. This was due to the effect of pH and ionization of drugs. PRX had a greater 
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Kc than MX, except at pH 3. At pH 5-8, PRX (pI = 3.66) likely less ionized to be 

anionic than that MX (pI =2.63), thus preferring to form the inclusion complex (Liu, 

2008). However, PRX (pI = 3.66) was protonated into cation; while, MX (pI =2.63) 

ionized into anion at pH 3. The difference between pH and pI of PRX was higher than 

MX. No matter the type of charge, this indicated that the electrical strength of PRX 

was greater than MX. Therefore, PRX formed inclusion complex at a less extent than 

MX at pH 3, resulting in the lower Kc. In the case of propionic acid derivatives (IBP 

and KP), both pKa were similar, but the log P were different. Therefore, the higher Kc 

of IBP compared to KP could be explained by the much higher log P of IBP. 

However, propionic acid derivatives also presented the ionization dependent to Kc of 

their complexes. The Kc was decreased when the ionization of drugs increased (Table 

4.2). 

 4.1.3 Stoichiometric characterization of inclusion complex 

 The inclusion complex was characterized by the phase solubility, 

continuous variation, spectroscopic and electrochemistry methods (Singh et al., 2010). 

The phase solubility study showed that the drug solubility increased linearly with 

increasing the concentration of HPβCD (Figure 4.2). These results identified AL type 

in the inclusion complex formation. The slopes of the straight lines at different pH 

values were less than 1, assuming 1:1 stoichiometric inclusion complex between drug 

and HPβCD was formed (Obaidat, Khanfar, and Khawam, 2009). 

 According to the continuous variation method, the molar fraction of drug 

(R) was plotted against the difference in drug absorbance between the presence and 

absence of HPβCD. The value of R where the difference in drug absorbance was its 

maximum indicated the stoichiometry of formed inclusion complex (Sinko, 2011). In 

the presence of HPβCD, the chromophore of drug was transferred from an aqueous 

medium to the non-polar central cavity of HPβCD. Thus, the molecular interaction 

between the drug molecule and HPβCD and the resulting exclusion of solvate water 

molecules induced structural modification and hence the free movement of electrons 

onto different energy levels, finally causing the difference in absorbance between the 

drug in the presence and absence of HPβCD (ΔA) plotted against the molar fraction of 

drug (R).  If no complexation between drug and HPβCD occurs, a linear relationship 
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between the difference in absorbance (ΔA) and the molar fraction of drug (R) will 

take place. The complexation occurred when increasing the molar fraction of drug 

(R), where the difference in absorbance (ΔA) reached the highest values with a 

decrease by any further increment of the molar fraction of drug (R). The maximum 

difference in absorbance presented the highest molecular interaction between the drug 

molecule and HPβCD. The results of the continuous variation plots are shown in 

Figure 4.3. The obtained profiles exhibited a symmetrical shape in which the 

maximum difference in drug absorbance was observed at R = 0.5, revealing that the 

1:1 stoichiometric inclusion complex was formed. This result was in agreement and 

confirmation with the stoichiometry based on the phase solubility study (Mura et al., 

1998). 

 

 
 

Figure 4.3 Continuous variation plots for drug/HPβCD from absorbance 

measurements; (a) MX, (b) PRX, (c) IBP and (d) KP. 

 

 Figure 4.4 shows UV–visible spectra of drugs with and without presence 

of HPβCD. The UV-Visible spectra of drugs without of HPβCD had maximum 

wavelength at 362, 357, 222 and 259 nm, respectively. In the presence of HPβCD, the 
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spectra showed an increase in the absorption intensity. This effect increased with 

increasing the concentration of HPβCD. Moreover, the spectra presented a shift of 

maximum peak when the HPβCD concentration increased. These two effects resulted 

from drug/HPβCD complexation by which the chromophore of drug was transferred 

from an aqueous medium to non-polar central cavity of HPβCD. With this regard, the 

molecular interaction between drug molecule and HPβCD accompanying with the 

exclusion of solvate water molecules induced structural modification and hence free 

movement of electrons onto different energy levels, finally causing the shift of 

maximum peak effects (Mehta, Bhasin, and Dham, 2008; Singh et al., 2010). 

However, no large shifts were observed in the characteristic peaks of drug from the 

addition of HPβCD, which indicated the absence of strong bonding between drug 

molecule and HPβCD such as covalent bonding. 

 

 
 

Figure 4.4 UV–visible spectra of drug solution containing HPβCD; (a) MX, (b) PRX, 

(c) IBP and (d) KP. 

 Figure 4.5 shows the difference in conductivity of drugs with and without 

HPβCD when increasing HPβCD concentration. The presence of HPβCD presented a 
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negative effect on the conductivity, which decreased with increasing concentration of 

HPβCD. An increase in the difference of conductivity was observed when increasing 

the concentration of HPβCD, thus affirming the evidence of interaction between drug 

and HPβCD (Cabaleiro-Lago et al., 2006). The included drug was expected to have 

less mobility than the free drug and hence be less effective as charge carrier 

(Cabaleiro-Lago et al., 2006; Mehta, Bhasin, and Dham, 2008). These results were in 

agreement with the phase solubility, continuous variation and spectroscopic method 

and confirmed the evidence of drug/HPβCD conplex. However, when pH was raised 

the conductivity showed a decrease of the difference in conductivity between the 

presence and absence of HPβCD, resulting from the increase of ionization and ionic 

entities (Mehta, Bhasin, and Dham, 2008) which presented the less extent of included 

drug into the HPβCD central cavity. The high electrical strength of drug with the 

increasing the pH formed the less inclusion complex than the less ionized drug at the 

low pH. This supported the above finding that the Kc decreased with increasing pH. 

 

 
 

Figure 4.5 The different conductivity of drugs in the presence and absence of the 

various amount of HPβCD at (♦) pH 3, (◊) pH 5, (▲) pH 6, (Δ) pH 7 and 

(■) pH 8; (a) MX, (b) PRX, (c) IBP and (d) KP. 
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4.2 The effect of HPβCD on drug loading onto ion exchange resin 

 MX was selected as a model drug and loaded onto the resin to study the 

effect of HPβCD on drug loading. From the phase solubility results, the 15 mM 

HPβCD at pH 8 exhibited the highest MX solubility, and the Kc value of MX/ HPβCD 

complex at pH 8 was low, indicating the high amount of ionized MX to form MX 

resinate, so this condition was chosen for enhancing drug loading onto an ion 

exchange resin. The MX loading was studied into 2 topics as follows: 

 4.2.1 Saturated concentration of loading solution 

 The saturated MX solution with and without 15 mM HPβCD at pH 8 were 

loaded onto Dowex® 1x2-200 resin in the weight ratio of 0.5:1, 1:1 and 2:1 that was 

carried out by a single batch process. Dowex® 1x2-200 is strong anion exchange resin 

which highly ionizes and can be used over the entire pH range. The MX loading was 

essentially a process of diffusion of ions between the resin and surrounding MX 

solution (Pisal, et al., 2004). Once the resin was placed in the loading solution, the 

dissolved MX in ionized form (MX-) exchanged for counter ion (Cl-), and bound the 

resin (RN(CH3)3Cl) via ion exchange reaction (Eq. 4.1), forming MX resinate 

(RN(CH3)3MX) until equilibrium. Therefore, the efficiency of MX loading mainly 

depends on the property of loaded MX e.g. solubility, charge (Guo, Chang, and 

Hussain, 2009; Singh, et al., 2007). 

 

 
 

 For preparation of MX loading onto resin or MX resinate, it is desirable to 

increase the loading efficiency in order to reduce loss of MX, use of excipients and 

minimize size of final dosage forms (Jeong and Park, 2008). The increase of drug 

concentration, solubility and volume of water soluble drug increased loading 

efficiency (Akkaramongkolporn, Kulvanich, and Pathipvanich, 2006; Sriwongjanya 

and Bodmeier, 1997). However, the aqueous solubility of MX was limited. 

MX/HPβCD complex could enhance MX solubility as above described. The MX 

solution concentration for the initial process was 3.29 ± 0.18 and 4.82 ± 0.05 mM, 

without and with 15 mM HPβCD, respectively. The MX loading processes were 
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prepared for 72 h to reach a dynamic equilibrium between the MX in the ionized form 

(MX-) and MX resinate (RN(CH3)3MX). 

 Figure 4.6 (a) presents MX loading onto resin with and without HPβCD. 

MX loading with HPβCD was higher than that without HPβCD at the weight ratio of 

0.5:1 and 1:1 MX to resin. The increased MX loading resulted from the increased MX 

solubility and hence concentration of MX in loading solution. In the case of 2:1 

weight ratio of MX to resin, there was no significant difference in MX loading 

between with and without HPβCD. This might be due to the resin was saturated with 

MX and reached the maximum exchange capacity of the resin. These results indicated 

that the applying HPβCD is a good choice to improve MX loading onto the resin in 

the case of the low weight ratio of MX to resin. No matter the absence and presence 

of HPβCD, MX loading on resin was influenced by the weight ratio of MX to resin. 

The order of MX loading was 2:1 > 1:1 > 0.5:1 weight ratio. This was due to the 

lower quantity of binding sites of resin, thus resulting in more MX concentration and 

hence percentage of MX loaded in the resultant resinate. 

 

 
 

Figure 4.6 The percentage of MX loading onto Dowex® resin (□) saturated MX 

solution, (■) saturated MX solution with HPβCD and (■) fixed MX 

concentration with HPβCD at various weight ratio of MX and resin; (a) 

saturated concentration of MX and (b) fixed concentration of MX. 
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 4.2.2 Fixed concentration of loading solution 

 The MX concentration in loading solution was fixed according to intrinsic 

solubility, which was 3.29 mM; while that of HPβCD was entirely fixed at 15 mM 

and pH 8. The percentages of MX loading are shown in Figure 4.6 (b). At equivalent 

MX concentration, the presence of HPβCD had no effect on the extent of MX loading. 

The MX concentration was the main factor that influenced to MX loading onto the 

resin. 

 4.2.3 Characterizations 

 HPβCD did not have any binding with MX resinate. The anthrone reaction 

revealed that amount of HPβCD after the MX loading process at all weight ratio was 

not significantly decreased from the solution before MX loading (Figure 4.7). The 15 

mM HPβCD in the loading solution was constant during the MX loading process. 

MX/HPβCD complexes are in dynamic equilibrium with MX and HPβCD molecules 

(Brewster and Loftsson, 2007), so the release of MX from HPβCD to bind with the 

resin was equilibrium process.  The HPβCD delivered MX from the solution to bind 

with the resin, forming MX resinate via ion exchange reaction until a dynamic 

equilibrium was reached, and then remained in the loading solution. 

 

 
 

Figure 4.7 The amount of HPβCD in MX loading solution before and after MX 

loading process at the various weight ratio of MX to resin. 
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 The morphologies of MX, Dowex® resin, MX resinate at 0.5:1, 1:1 and 2:1 

weight ratio of MX and resin with and without HPβCD were investigated by SEM, 

and the results are provided in Figure 4.8. MX (Figure 4.8 (a)) had rod-like and plate-

like particles, and the resins (Figure 4.8 (b)) had a spherical shape before and after 

MX loading with and without HPβCD. The SEM images of the MX resinate revealed 

a smooth surface without MX crystals. The particle sizes of resin after MX loading 

were larger than that before loading due to the pushing and extension of polymer 

matrix of resin from the loaded MX molecules, making increased of the size of MX 

resinate. Furthermore, Dowex  1 2 resin has a low degree of crosslinking and high 

flexibility, so the increase in particle sizes was clearly observed. The particle size of 

the resin was small (142.11 ± 11.01 μm) and then increased after MX loading to 

151.90 ± 13.41 and 154.48 ± 8.41 μm for the weight ratios of 0.5:1 without and with 

HPβCD, respectively. At the 1:1 weight ratio of MX to resin, the particle sizes were 

also increased to 153.94 ± 7.98 and 166.52 ± 13.48 μm for the MX loading without 

and with HPβCD, respectively. Also, at the 2:1 weight ratio of MX to resin, the 

particle sizes were increased to 160.72 ± 12.90 and 161.06 ± 13.19 μm for the MX 

loading without and with HPβCD, respectively. 

 Figure 4.9 (a) shows the XRD patterns of MX, Dowex  resin and MX 

resinate at 0.5:1, 1:1 and 2:1 weight ratios of MX and resin with and without HPβCD. 

MX had a number of sharp peaks with the dominant characteristic peak at 26.1 (2θ), 

suggesting that MX possessed a crystalline structure. The XRD pattern of the Dowex® 

resin showed a halo pattern that indicated an amorphous state. The molecular state of 

all MX resinates showed a halo pattern and the absence of MX peaks.  

 The DSC thermograms of MX, resin and MX resinate studied by DSC 

analysis, are shown in Figure 4.9 (b). MX had a sharp endothermic peak at 264 C 

and a gradual exotherm at 268 C, indicating MX melting and recrystallization. The 

DSC curve of the resin showed an endotherm at 202.9 C, indicating the melting point 

of resin, while thermal behavior of the MX resinate showed an endotherm at the range 

of 194.2-198.3 °C, showing the melting point of resin without the melting point of 

MX, indicating formation of MX resinate. The slight shift to higher endothermic 

temperature might be due to the effect of loaded MX onto the resin. The results from 
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the amount of HPβCD before and after MX loading, SEM, XRD and DSC confirmed 

that HPβCD did not form any binding with MX resinate and the loaded MX was 

dispersed monomolecularly in the resin bead. The molecular state of MX in the 

resinate changed from the crystalline to the amorphous state. 

 

 
 

Figure 4.8 SEM images (100x) and particle sizes of (a) MX, (b) Dowex® resin, MX 

resinate at 0.5:1 weight ratio of MX to resin (c) without and (d) with 

HPβCD, MX resinate at 1:1 weight ratio of MX to resin (e) without (f) and 

with HPβCD, and MX resinate at 2:1 weight ratio of MX to resin (g) 

without and (h) with HPβCD. 

   ส
ำนกัหอ

สมุดกลาง



102 
 

 
 

 
 

Figure 4.9 (a) X-ray patterns and (b) DSC thermograms of (1) MX, (2) Dowex® resin, 

(3) MX resinate (MX:resin, 0.5:1) (4) MX resinate (MX:resin, 0.5:1) with 

HPβCD, (5) MX resinate (MX:resin, 1:1) (6) MX resinate (MX:resin, 1:1) 

with HPβCD, (7) MX resinate (MX:resin, 2:1) and (8) MX resinate 

(MX:resin, 2:1) with HPβCD. 

4.3 Development of taste-masked MX ODTs 

 4.3.1 In vitro dissolution test of MX powders 

 The highest MX loading onto the resin was occurred at the weight ratio of 

2:1 of MX to resin with and without HPβCD at pH 8. The resin was saturated with 

MX and reached the maximum exchange capacity of resin (Sriwongjanya and 

Bodmeier, 1997). Thus, the applying HPβCD was not necessary to improve MX 

loading, therefore the MX resinate at 2:1 weight ratio without HPβCD was chosen for 

development of taste-masked MX ODTs. Under this condition, the MX content was 

49.69 ± 0.35 % w/w of MX to resinate, according to an elution method. 

 HPβCD could form the 1:1 stoichiometric inclusion complex with MX to 

improve MX solubility. Therefore, the physical mixtures of MX and HPβCD, or 

MX/HPβCD complexes in the molar ratio of 1:1, were selected for development of 

taste masked MX ODTs. MX and HPβCD would form MX/HPβCD complexes for the 

improvement of MX solubility (Jug and Bećirević-Laćan, 2004). The XRD 

diffractograms of MX, HPβCD and MX/HPβCD complexes are shown in Figure 4.10 

(a). MX has a number of sharp peaks, suggesting MX possesses a crystalline 
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structure. The XRD pattern of HPβCD and MX/HPβCD complexes revealed the halo 

pattern, indicating amorphous state of HPβCD and its complexes.The alteration of 

MX crystal structure to an amorphous state presented the evidence of inclusion 

complexation. The DSC profiles of MX, HPβCD and MX/HPβCD complexes are 

demonstrated in Figure 4.10 (b). The thermal curve of MX was typical of a crystalline 

substance with a sharp fusion endotherm at 264 °C. MX/HPβCD complexes showed 

smooth curves with an absence of MX melting point peaks, suggesting the formation 

of inclusion complex. 

 

 
 

Figure 4.10 (a) X-ray patterns and (b) DSC thermograms of MX, HPβCD and 

MX/HPβCD complexes. 

 The MX resinate and MX/HPβCD complexes were also prepared at 1:0.5, 

1:1, and 1:2 weight ratios of MX resinate to MX/HPβCD complexes by blending for 

10 min. 

 The in vitro dissolution profiles of MX resinate, MX/HPβCD complexes 

and the powdered mixtures of MX resinate and MX/HPβCD complexes containing an 

equivalent dose (7.5 mg) of MX are shown in Figure 4.11. MX in the resinate form 

was released by an ion exchange process between the anion in the release medium and 

the loaded MX. Then, the MX diffused through the cross-linked structure of resin. 

There was incomplete MX release due to the equilibration of the ion exchange release 

process. Thus, the mixtures of MX resinate and MX/HPβCD complexes at various 

ratios were developed to achieve complete MX release compared to MX/HPβCD 

complexes. The MX release at 6 h for the 1:0.5, 1:1, and 1:2 weight ratios of resinate 

to MX/HPβCD complexes was 75, 80 and 100 %, respectively. These results revealed 
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that MX release increased when the portion of MX/HPβCD complexes increased, due 

to the combination of increasing of MX release by MX/HPβCD complexes via 

complexation and MX release from the MX resinate (Jug and Bećirević-Laćan, 2004). 

In addition, HPβCD in the powder might enhance the release of MX from MX 

resinate and change the equilibrium of ion exchange process. When MX was released 

from MX resinate, its molecule could be formed inclusion complex with HPβCD, 

catalyzed the ion exchange release process and then caused the higher MX release. 

Complete MX release within 6 h was obtained for the mixture with a 1:2 weight ratio 

of MX resinate and MX/HPβCD complexes. Therefore, the mixture with a 1:2 weight 

ratio of MX resinate and MX/HPβCD complexes was used to formulate taste-masked 

MX ODTs. 

 
 

Figure 4.11 Dissolution profiles of MX resinate, MX/HPβCD complexes, and MX 

resinate and MX/HPβCD complexes mixture powders at various ratios; (●) 

MX resinate, (■) MX/HPβCD complexes, (▲) the mixture at 1:0.5, (□) 1:1 

and (Δ) 1:2 weight ratio of MX resinate to MX/HPβCD complexes. 
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 4.3.2 Preparation of taste-masked MX ODTs 

The taste-masked MX ODTs containing an equivalent dose of MX (7.5 

mg) in various forms (free drug (ODT1), MX resinate (ODT2), MX/HPβCD 

complexes (ODT3), and the mixture with a 1:2 weight ratio of MX resinate and 

MX/HPβCD complexes (ODT4)) were formulated. The taste-masked MX ODT 

formulations are summarized in Table 4.3. 

 

Table 4.3 Composition of taste-masked MX ODTs. 

Ingredient (mg) ODT1 ODT2 ODT3 ODT4 ODT5 ODT6 
MX 7.5 - - - - - 
MX resinate - 15 - 5 - 5 
MX/HPβCD complexes - - 7.5/29.45 5/19.65 7.5/29.45 5/19.65 
Mannitol (10 %) 20 20 20 20 20 20 
Icing sugar (10 %) 20 20 20 20 20 20 
Comprecel® M102 D+ (20 %) 40 40 40 40 40 40 
Kollidon® CL (5 %) 10 10 10 10 10 10 
Amberlite® IRP-69 (20 %) - - - - 40 40 
Magnesium stearate (0.5 %) 1 1 1 1 1 1 
Super-Tab® 11SD q.s. to 200 200 200 200 200 200 

 

 The results showed that the MX formulationss affected the disintegration 

time and hardness of ODTs (Figure 4.12). The disintegration times were longer and 

ODTs were harder for ODTs formulated with MX/HPβCD complexes (ODT3) and 

the mixture with a 1:2 weight ratio of MX resinate and MX/HPβCD complexes 

(ODT4) than for ODTs formulated with the free drug and MX resinate (ODT1 and 

ODT2). The disintegration time was prolonged with increasing the hardness that was 

caused by the strengthening stronger attractive intermolecular forces among the 

particles in the ODTs, which increased the hardness, hindered water penetration and 

prolonged the disintegration time (Sheshala et al., 2011). HPβCD in ODT3 and ODT4 

contained waters of crystallization (14 %) that increased binding among the particles, 

thus producing stronger ODTs (Fenyresi et al., 1984). This also had implications for 

the disintegration time of ODTs, and the disintegration time increased with the 

increasing of HPβCD concentration (Ghorab et al., 2004). Disintegration times were 

slightly longer for ODT3 than ODT4 because this ODT contained more HPβCD than 

ODT4. 
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Figure 4.12 Disintegration times (bar graph) and hardness (dot graph) of taste-masked 

MX ODTs. 

 

 Regardless of the formulations, ODTs containing HPβCD had 

unexpectedly long disintegration times (ODT3 and ODT4). The Amberlite® IRP-69 

was added to improve the disintegration times. Figure 4.13 shows disintegration times 

of ODTs containing various amounts of Amberlite® IRP-69. Disintegration times of 

ODTs decreased with increasing amounts of Amberlite® IRP-69 (up to 20%). This 

was due to the increase in water uptake and swelling with Amberlite® IRP-69 

concentration (Rudnic et al., 1982). However, increasing Amberlite® IRP-69 above 20 

% not only decreased the disintegration time but also caused an unacceptable gritty 

sensation in the mouth and poor hardness that caused ODTs erosion during handling 

and storage. Therefore, 20 % was the optimal level of Amberlite® IRP-69 for taste-

masked MX ODTs containing MX/HPβCD complexes (ODT5) and mixtures of MX 

resinate and MX/HPβCD complexes (ODT6). However, the ODTs containing 

MX/HPβCD complexes disintegrated more slowly than ODTs containing a 1:2 weight 

ratio of MX resinate and MX/HPβCD complexes. 
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Figure 4.13 Disintegration times of taste-masked MX ODTs with different amounts of 

Amberlite® IRP-69 (□) ODT3 and (■) ODT4. 

 

 4.3.3 Evaluations of taste-masked MX ODTs 

 The ODT1, ODT2, ODT5, and ODT6 were selected and evaluated for the 

optimal ODTs. There were no significant difference in the weight, thickness, 

diameter, and hardness of these ODTs (Table 4.4). The hardness was approximately 3 

kg/inch2, and the friability was below the acceptable limit (< 1%), indicating that 

hardness was high enough to withstand erosion during handling and storage. ODT1, 

ODT2, and ODT6 disintegrated rapidly within 60 s in both conditions of in vitro test, 

the acceptable limit for ODTs. The rapid disintegration of ODTs was due to the 

Kollidon® CL and Amberlite® IRP-69 which acted as superdisintegrants. Kollidon® 

CL has wicking ability that is a principal disintegration mechanism (Kornblum and 

Stoopak, 1973), while Amberlite® IRP-69 has a combination of wicking and swelling 

properties for disintegration (Akkaramongkolporn et al., 2008). When the ODT was 

exposed to water, the Kollidon® CL and Amberlite® IRP-69 pulled water through 

capillaries and the resin swelled, and the ODT softened and disintegrated. Moreover, 

Comprecel® M102 D+ has properties that contribute to ODT disintegration by 

wicking and swelling mechanisms (Jivraj, Martini, and Thomson, 2000; Kornblum 

and Stoopak, 1973). However, the disintegration time of ODT5 was longer than 60 s 
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although the ODTs contained the Amberlite® IRP-69. This result implies that the 

binding properties of HPβCD that hindered water penetration dominated the effect of 

Amberlite® IRP-69 on ODTs disintegration time (Sheshala et al., 2011). 

 The wetting behavior of ODTs was determined by measurement of wetting 

time. These times (Table 4.4) corresponded with the in vitro disintegration times. 

ODT1 and ODT2 were completely wetted within a minute, while the wetting times 

were longer for ODT5 and ODT6 due to the HPβCD in ODTs (Fenyresi et al., 1984). 

The images of ODTs at several times during the wetting test were shown in Figure 

4.14. ODTs absorbed the water and swelled without losing their shape. They softened 

and their size increased. This result indicated that the disintegration was affected by 

the wicking and swelling properties of the Kollidon® CL and Amberlite® IRP-69. The 

wicking property relates to the porosity and correlates with the wetting behavior of 

ODTs (Jinichi et al., 2006). 

 For the in vivo study, the in vivo disintegration times of ODTs were 

slightly longer than the in vitro times, due to the very small volume of human saliva 

(< 1 mL) that penetrated the ODTs, relative to the large volume of disintegration 

medium (Narazaki et al., 2004). The taste evaluation of taste-masked MX ODTs was 

evaluated, compared to the free drug (ODT1) reference (Table 4.5). The level of bitter 

taste from ODT2 and ODT6 was significantly lower than ODT1 (p value < 0.05 

analyzed from Wilcoxon signed rank test). Conversely, the level of bitter taste of 

ODT5 was lower than ODT1, but it was not significantly different from ODT1. This 

finding revealed that the ODTs with MX resinate (ODT2) and the mixture with a 1:2 

weight ratio of MX resinate and MX/HPβCD complexes (ODT6) successfully masked 

the bitter taste of MX, while the MX/HPβCD complexes in ODT5 had the trivial 

effect. However, all ODTs had a grittiness feel along the taste evaluation due to the 

disintegrating materials from the ODTs. 
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Table 4.4 Evaluation of parameters of taste-masked MX ODTs. 

Formulation Weight (mg) 
(n=20) 

Thickness 
(mm) 

(n=20) 

Diameter 
(mm) 

(n=20) 

Hardness 
(kg/inch2) 

(n=20) 

Friability 
(%) 

In vitro DT (s) (n=6)  
Wetting 

time (min) 
(n=3) 

In vivo DT  
(s)  (n=6) 

MX content 
(% LA) (n=3) 650 mL of 

medium 
6 mL of 
medium 

ODT1 199.16 ± 3.27 2.03 ± 0.03 9.61 ± 0.02 2.39 ± 0.39 0.99 46.17 ± 13.59 49.17 ± 4.62 1.03 ± 0.11 50.00 ± 11.98 106.51 ± 1.49 
ODT2 202.99 ± 5.81 2.09 ± 0.15 9.64 ± 0.05 3.00 ± 0.18 0.77 30.17 ± 1.94 32.50  ± 11.24 0.76 ± 0.11 42.17 ± 5.19 103.01 ± 4.62 

ODT5 200.31 ± 3.72 2.06 ± 0.07 9.60 ± 0.01 2.70  ± 0.39 0.62 133.00 ± 6.93 140.67  ± 7.58 3.21 ± 0.85 89.67 ± 15.16 100.62 ± 3.24 
ODT6 207.43 ± 3.75 2.05 ± 0.06 9.60 ± 0.01 2.94  ± 0.27 0.80 44.00 ± 3.58 45.17  ± 11.13 2.29 ± 0.14 62.67 ± 21.27 99.78 ± 3.16 

 

 
 

Figure 4.14 The images of taste-masked MX ODTs at several times during the wetting test. 
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Table 4.5 Taste evaluation of taste-masked MX ODTs. 

Volunteers 
Bitter level* 

ODT1 ODT2 ODT5 ODT6 
1 2.0 1.0 2.0 1.0 
2 1.0 0 1.0 1.0 
3 2.0 1.0 2.0 0 
4 2.0 0 1.0 1.0 
5 2.0 0 2.0 0 
6 2.0 1.0 2.0 1.0 

* 0 = tasteless, 0.5 =aftertaste, 1.0 = slight bitter, 1.5 = slight to moderate bitter, 2.0 = 

moderate bitter, 2.5 = moderate to strong bitter, 3.0 = strong bitter and 3.5 = very 

strong bitter 

 

 The MX content of all ODTs was within the assay limit (90-110 %) 

specified in the USP MX tablet monograph. The dissolution profiles of ODTs, 

compared to the marketed product (Mobic®) are shown in Figure 4.15. All ODTs, 

except ODT2 released less than 20 % of MX due to its poor solubility at acidic pH 

values (0.1 N HCl). The MX release increased when the pH was changed to pH 6.8 

due to its greater solubility and ionization. The ODTs containing the free drug 

(ODT1) released approximately 60 % of MX within 6 h, which was less than the 

ODT2, ODT5 and ODT6. The ODTs containing MX resinate (ODT2) released 

approximately 80 % of MX within 6 h, which was more than the free drug (ODT1). 

This was due to the hydrophilicity of ion exchange resin which allowed aqueous 

solutions to enter the three-dimensional resin structure and rapidly hydrate the MX 

resinate, thus enhancing the dissolution rate (Guo, Chang, and Hussain, 2009). The 

anions such as chloride and phosphate ions in the release medium displaced the 

loaded MX from MX resinate via ion exchange reactions (Eq. 4.2), and the MX 

diffused through the cross-linked resin and was then released. Moreover, the state of 

MX in the MX resinate was amorphous state which might enhance the dissolution rate 

(Akkaramongkolporn, Yononemochi, and Terada, 2000). However, MX from ODT2 

was not completely released. The equilibrium between the MX in the release medium 

and MX in the MX resinate was occurred via the ion exchange reaction. 
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Figure 4.15 The release profiles of MX from taste-masked MX ODTs in the 0.1 N 

HCl for 2 h and then changed to pH 6.8; (●) Mobic®, (▲) ODT1, (■) 

ODT2, (Δ) ODT5 and (□) ODT6. 

 

 The ODTs with MX/HPβCD complexes (ODT5) and the mixture with a 

1:2 weight ratio of MX resinate and MX/HPβCD complexes (ODT6) provided the 

complete MX release within 6 h. HPβCD in the formulation enhanced MX dissolution 

via the forming of inclusion complex with MX at a 1:1 stoichiometric ratio during the 

ODTs disintegration and dissolution. The MX/HPβCD complexes were more 

hydrophilic and wetted more rapidly than the free drug, resulting in the more rapid 

and higher MX release. Also, the combination of MX release by the MX/HPβCD 

complexes and MX resinate via inclusion complexes and ion exchange reactions of 

ODT6 achieved in the complete MX release within 6 h. The complete MX release of 

ODT5 and ODT6 was similar to the release of Mobic®, but the dissolution rate of 

ODT5 and ODT6 was slightly slower than the Mobic® due to the diffusion of the MX 

through the tortuous cross-linked structure of resin and HPβCD (Jeong and Park, 

2008). 
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 From the evaluation results, only ODTs containing the 1:2 weight ratio of 

MX resinate and MX/HPβCD complexes (ODT6) successfully masked the bitter taste 

of MX and enhanced MX dissolution. Therefore, ODT6 was the best taste-masked 

MX ODTs formulation. 

4.4 Development of taste-masked MX ODFs 

 4.4.1 MX solubility 

 The MX solubility in the various single solvents and binary solvent 

mixtures are presented in Figure 4.16 (a). MX presented a poor solubility in USP 

buffer solution and USP buffer solution/ethanol (1:1) at low pH. The amount of the 

soluble MX increased as the pH increased, corresponding to the MX ionization. 

Although the MX solubility improved after pH adjustment, but it remained low for the 

preparation of MX-loaded nanofiber mats as taste-masked MX ODFs. Therefore, the 

organic solvent was used as a ternary solvent mixture to enhance MX solubility. A 

series of USP buffer at pH 8/ethanol (1:1) and organic solvent (BzOH, DMF and PEG 

400) were prepared from 0 to 100 % v/v. MX solubility appeared to increase when the 

amount of organic solvent was increased (Figure 4.16 (b)). The highest solubility was 

observed in DMF (25 mg/mL). Therefore, DMF was selected as the solvent for 

development of taste-masked MX ODFs. 

 4.4.2 PVP/HPβCD nanofiber mats 

 The PVP nanofiber mats with the various amounts of HPβCD were white 

sheet which could be observed by visual inspection. The SEM images and the 

diameter of PVP/HPβCD nanofiber mats after preparation and storing for 1 month are 

displayed in Figure 4.17. The PVP nanofiber mats were hygroscopic and rapidly fused 

together under room temperature both after preparation and after storing for 1 month. 

These results indicated the physical instability of PVP alone, and it was necessary to 

improve the stability of PVP nanofiber mats. The nanofibers morphologies were 

improved after the incorporation of HPβCD. Under SEM, the hygroscopic effect of 

PVP mats was decreased when HPβCD was increased both after preparation and after 

storing for 1 month. HPβCD had the cage-like supramolecular structure that improves 

stability of PVP (Challa et al., 2005). However, the low concentration of HPβCD (10 
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mM) was not enough to protect PVP from humidity, leading to a fusion of the PVP 

mats. The nanofiber mats were physically stable with no fusion when the HPβCD 

concentration was higher than 10 mM. Also, the bead-free nanofiber mats appeared 

from the mats containing 110-150 mM HPβCD. Therefore 110 mM was the optimal 

concentration of HPβCD to obtain the stable and bead-free nanofiber mats for 

development of taste-masked MX ODFs. 

 

 
 

Figure 4.16 MX solubility (a) in various single solvents, binary solvent mixtures of 

USP buffer solution pH 3, 6 and 8 with ethanol (1:1) and (b) ternary 

solvent mixtures of USP buffer solution pH 8/ethanol (1:1) with various 

ratios (0-100 % v/v) of (■) BzOH, (♦) DMF and (▲) PEG 400. 
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 The factors affecting the nanofibers morphology were the viscosity, 

conductivity and surface tension of electrospinning solution. The added HPβCD 

affected the solution parameters, as shown in Table 4.6. The increase in viscosity and 

the decrease in conductivity were observed when HPβCD was gradually increased, 

while the surface tension was unchanged. The strong intermolecular interaction 

between PVP and HPβCD, causing the increase of viscosity, led to fewer beaded 

fibers and allowed uniform fibers without beads to form (Zhang, Chen, and Diao, 

2011). The increase of viscosity did not only affect the decrease of bead fiber, but also 

increased the diameter of fibers. The increase of viscosity meant a higher amount of 

polymer chain entanglement in the solution, the electrospinning jet will be able to 

fully stretch the solution with the solvent molecule distributed among the polymer 

chains, causing the increase of nanofiber diameter (Zong et al., 2002). In the case of 

conductivity, the decrease in conductivity resulted in a lower charge carrying capacity 

of the solution, so subjecting it to lower tension with the applied electric field and an 

increase in the diameter of nanofibers. The diameter of PVP/HPβCD nanofiber mats 

was increased when the amounts of HPβCD were increased. 

 

Table 4.6 Solution parameters of PVP/HPβCD electrospinning solutions containing 

various concentrations of HPβCD. 

HPβCD 
(mM) 

Viscosity 
(mPas) 

Conductivity 
(μS/cm) 

Surface tension 
(mN/m) 

0 215.38 ± 0.76 4.53 ± 0.55 34.69 ± 0.16 
10 223.67 ± 1.31 4.27 ± 0.55 34.33 ± 0.39 
30 235.09 ± 0.75 3.90 ± 0.20 32.39 ± 0.47 
50 239.94 ± 6.08 3.70 ± 0.17 31.93 ± 0.36 
70 244.99 ± 11.28 3.43 ± 0.31 32.63 ± 0.42 
90 246.22 ± 3.89 3.03 ± 0.21 33.69 ± 0.55 

110 243.29 ± 2.26 2.23 ± 0.21 31.82 ± 0.37 
130 241.49 ± 5.79 2.03 ± 0.06 32.17 ± 0.12 
150 251.63 ± 23.37 2.03 ± 0.07 32.71 ± 0.46 
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Figure 4.17 SEM images (5000x) and diameter of PVP/HPβCD nanofiber mats with 

different amounts of HPβCD (a) after preparation and (b) after storing for 

1 month. 
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 4.4.3 Preparation of taste-masked MX ODFs 

 The MX was loaded into a PVP/HPβCD solution, as shown in Table 4.7. 

The viscosity, conductivity and surface tension of the electrospinning solutions before 

electrospinning are listed in Table 4.8. 

 

Table 4.7 Composition of MX-loaded PVP/HPβCD electrospinning solutions. 

Ingredient (%) ODF1 ODF2 ODF3 ODF4 
MX - - 2.5 2.5 
PVP 10 10 10 10 

HPβCD* 15.2 15.2 15.2 15.2 
menthol - 5 - 5 

aspartame - 0.5 - 0.5 
DMF q.s. to 100 100 100 100 

*HPβCD 110 mM equivalent to 15.2 % 

 

Table 4.8 Solution parameters of MX-loaded PVP/HPβCD electrospinning solutions. 

Formula Viscosity (mPas) Conductivity (μS/cm) Surface tension (mN/m) 
ODF1 243.29 ± 2.26 2.23 ± 0.21 32.39 ± 1.36 
ODF2 516.22 ± 19.81 11.80 ± 0.30 34.04 ± 2.28 
ODF3 562.00 ± 5.90 35.50 ± 0.26 33.76 ± 0.30 
ODF4 891.18 ± 11.43 65.20 ± 1.85 33.29 ± 1.49 

 

 The viscosity and conductivity of solution were higher when MX, menthol 

and aspartame were added, while the surface tension was unchanged. The hydrogen 

bonding of polymeric solutions was increased by the addition of MX, menthol and 

aspartame that might increase the intermolecular interaction of PVP/HPβCD solvent 

systems and increase their viscosity (Broumand et al., 2014). Also, the increase in 

ionic salts and charge density from MX, menthol and aspartame caused the increase 

of conductivity. These viscosity and conductivity had a significant effect on the 

morphologies of taste-masked MX ODFs, as shown in Figure 4.18. Generally, an 

increase in viscosity results in a larger nanofiber diameter. Conversely, an increase in 

the conductivity causes a decrease in the diameter. From the results, the conductivity 

was the dominant effect on ODF morphologies due to the 3-20 times higher in the 
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conductivity, when the MX, menthol and aspartame were added. The taste-masked 

MX ODFs was smaller than those blank ODFs. Moreover, the nanofibers of taste-

masked MX ODFs were smooth and uniform without crystals of MX in the structure. 

Therefore, the MX was favorably incorporated into the PVP/HPβCD nanofiber mats 

and prepared as taste-masked MX ODFs. 

 

 
 

Figure 4.18 SEM images (5000x) and diameter of blank ODFs (ODF1 and ODF2) and 

taste-masked MX ODFs (ODF3 and ODF4). 

 

 4.4.4 Characterizations of taste-masked MX ODFs 

 Figure 4.19 (a) shows the X-ray patterns of MX, blank ODFs and taste-

masked MX ODFs. As the above described, MX had a number of sharp peaks, 

indicating that MX possesses a crystalline structure. The blank ODFs and taste-

masked MX ODFs showed a halo pattern, indicating their amorphous state. The state 

of MX was converted from a crystalline state into an amorphous state. The DSC 

analysis analyzed to support these results, are shown in Figure 4.19 (b). MX showed 

the sharp peak at 264 C and a gradual exotherm at 268 C, corresponding to the 

melting point of MX and its recrystallization, respectively (Saleem, Bala, and Aeajaz, 

2010). The blank ODFs (ODF1 and ODF2) presented the absence of endothermic and 
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exothermic peaks, indicating the low moisture contents of ODFs, and the HPβCD 

could prevent the mats from absorbing humidity (Chang et al., 2014). The peak of 

MX was not observed in any taste-masked MX ODFs, confirming the results of X-ray 

patterns that MX changed from the crystalline state to the amorphous state. 

 

 
 

Figure 4.19 (a) X-ray patterns and (b) DSC thermograms of MX, blank ODFs (ODF1 

and ODF2) and taste-masked MX ODFs (ODF3 and ODF4). 

 

 Table 4.9 shows the tensile strength of blank ODFs and taste-masked MX 

ODFs. The tensile stress described the mechanical property of ODFs that was the 

resistance of ODFs to a force tending to tear it apart. This force was measured as the 

maximum tension that the ODFs could withstand without tearing (Sudhakar, Kuotsu, 

and Bandyopadhyay, 2006). The tensile strength of each ODF was determined from 
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its composition. The addition of MX, menthol and aspartame into the ODFs decreased 

the tensile strength. This might be caused by the alteration of the interaction between 

PVP and HPβCD. However, these tensile strengths were high enough to withstand 

tearing during handling and storage. 

 

Table 4.9 The tensile strength of blank ODFs (ODF1 and ODF2) and taste-masked 

MX ODFs (ODF3 and ODF4). 

Formulation Tensile stress (MPa) 
ODF1 2.82 ± 0.35 
ODF2 1.66 ± 0.20 
ODF3 1.57 ± 0.48 
ODF4 0.86 ± 0.42 

 

 4.4.5 Evaluations of taste-masked MX ODFs 

 The amount of MX in each ODF determined as the loading efficacy and 

loading capacity, are listed in Table 4.10. The loading efficiency of MX in the ODFs 

was 80-100 %. The ODFs containing menthol and aspartame (ODF4) had the lower 

loading efficiency due to the decrease in MX solubility in the electrospinning solution 

by salting out effect (Hansson, Andersson, and Leufvén, 2001). However, the loading 

capacity for MX in the ODFs was 9.28 and 10.29 %, revealing excellent incorporation 

of MX in the ODFs. MX was not eliminated during the electrospinning process under 

the high electric voltage (Kim et al., 2007). The MX dose for delivery was 7.5 mg 

which appeared on 70 to 80 mg of taste-masked MX ODFs. 

 The in vitro disintegration time (DT) of taste-masked MX ODFs is also 

displayed in Table 4.10, and their images during the disintegration test are presented 

in Figure 4.20. The taste-masked MX ODFs were completely wetted, disintegrated 

and lost their original shape approximately 14 s. The addition of menthol and 

aspartame did not affect to the disintegration time.  These ODFs absorbed a large 

amount of artificial saliva and dissolved while losing their shape. The porous 

structures of nanofibers in the ODFs provided the penetration of artificial saliva by 

capillary force, causing the rapid disintegration and dissolution. 
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Table 4.10 The loading efficiency, loading capacity and in vitro disintegration time of 

taste-masked MX ODFs. 

Formulation Loading efficiency (%) Loading capacity (%) In vitro DT (s) 
ODF3 100.69 ± 1.27 10.29 ± 0.09 14.0 ± 1.7 
ODF4 80.86 ± 1.74 9.28 ± 0.15 13.7 ± 2.5 

 

 

 
 

Figure 4.20 The images of taste-masked MX ODFs at several times during the 

disintegration test. 

 

 The in vitro release profiles of taste-masked MX ODFs, compared to the 

MX powder and the marketed product (Mobic®) are shown in Figure 4.21. The MX 

powder released approximately 30 % of MX within 120 min, which was due to its low 

aqueous solubility. The taste-masked MX ODFs provided the complete MX release 

within 120 min. These indicated the burst release of MX from the ODFs. In the 

artificial saliva, the ODFs disintegrated, dissolved and liberated MX from the ODFs. 

The increase in dissolution rate of ODFs resulted from the increase in surface area of 

nanofibers. Moreover, HPβCD in the ODFs enhanced the MX release by the forming 

of a 1:1 stoichiometric MX/HPβCD inclusion complex during the ODFs 

disintegration and dissolution. The free form MX was released and its inclusion 

complex was taken place. During the dissolution, the free form of MX and 

MX/HPβCD inclusion complex was equilibrated. Also, the MX state was amorphous 

which enhanced the rate of MX release (Hamori et al., 2014). The addition of menthol 

and aspartame did not affect the MX release behavior. There was no significant 
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difference of MX release between ODF3 and ODF4. Additionally, the complete MX 

release of ODF3 and ODF4 was better than the release of Mobic®. 

 

 
 

Figure 4.21 The release profiles of MX from taste-masked MX ODFs in artificial 

saliva pH 6.8; (■) MX powder, (□) Mobic®, (●) ODF3 and (○) ODF4. 

 

 4.4.6 Cytotoxicity 

 The cytotoxicity of MX powder and taste-masked MX ODFs was 

investigated to HaCaT and HGF cells. The half maximal inhibitory concentration 

(IC50) of MX was determined as displayed in Figure 4.22. The MX concentration 

dependent cytotoxicity was observed and its IC50 was 312.05 and 93.92 μg/mL for 

HaCaT and HGF cells, respectively. HGF cells required the lower IC50 than HaCaT 

cells due to the sensitivity of primary cells. These values showed the MX 

concentration that could be toxic to the 50 % cells. However, these values were lower 

than the MX concentration in the taste-masked MX ODFs (7.5 mg in 200 μL of each 

well (equal to 375,000 μg/mL)). These concentrations would be toxic to both cells 

within 24 h. Thus, the taste-masked MX ODFs should be used in the oral cavity for 

less than 24 h. From the in vitro disintegration time results, the taste-masked MX 

ODFs disintegrated within 60 s, indicating the ODFs were in the oral cavity less than 
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60 s and the disintegrated materials will be swallowed into the GI tract. Thus, the 

cytotoxicity of taste-masked MX ODFs was evaluated for 5 min. The blank ODFs 

(ODF1 and ODF2) and taste-masked MX ODFs (ODF3 and ODF4) containing a 7.5 

mg of MX were put onto each well and incubated for 1, 3 and 5 min. The percentage 

of cell viability of blank ODFs and taste-masked MX ODFs was shown in Figure 

4.23. There was no significant decrease in cell viability when both cells were 

incubated with all ODFs for 1, 3 and 5 min, compared to the control. These results 

indicated that all ODFs did not affect to the viability of both HaCaT and HGF cells 

within 5 min of incubation. Also, the addition of menthol, aspartame and MX into the 

ODFs was not toxic to both cells. The taste-masked MX ODFs were safe for 5 min. 

 

 
 

Figure 4.22 The percentage of cell viability in (▲) HaCaT and ( ) HGF cells of MX 

powder from 0 to 1200 μg/mL and incubating for 24 h. 
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Figure 4.23 The percentage of cell viability in (a) HaCaT and (b) HGF cells of blank 

(ODF1 and ODF2) and taste-masked MX ODFs (ODF3 and ODF4) 

incubating for (□) 1, (■) 3 and (■) 5 min. 

 4.4.7 In vivo study 

 The in vivo disintegration time for ODF3 and ODF4 was 55.6 ± 29.5 and 

36.5 ± 16.4 s, respectively. These in vivo disintegration times were less than 60 s that 

were in the optimal disintegration time for the oral disintegrating dosage forms 

(Hirani, Rathod, and Vadalia, 2009). Moreover, these in vivo times of ODFs were in 

agreement with the in vivo times of ODTs that were longer than the in vitro times. 

This was caused by the small volume of human saliva that penetrated the ODFs, 

relative to the large volume of disintegration medium (Narazaki et al., 2004). The 

taste evaluation of taste-masked MX ODFs is shown in Table 4.11. The level of bitter 

taste from ODF3 was very strong bitter, indicating HPβCD had a trivial effect on taste 

masking. These results were in agreement with taste-masked MX ODTs, which 

reported the taste-masked MX ODTs (ODT5) containing MX/HPβCD complexes 

could not successfully mask the bitter taste. The addition of menthol and aspartame in 

the ODFs (ODF4) improved the taste of product. Menthol not only suppressed the 

bitter taste but also provided a cooling and mild anesthetic effect (Sharma et al., 

2007). The level of bitter taste from ODF4 was significantly lower than ODF3 (p 

value < 0.05 analyzed from Wilcoxon signed rank test). These results demonstrated 

that the added menthol and aspartame could improve the taste of MX. Moreover, the 

smoothness during the use of ODFs was observed. This finding indicated the benefits 
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of ODFs, compared to ODTs that presented the grittiness along the use of ODTs. 

Therefore, ODF4 was selected as an optimal ODF. 

 

Table 4.11 Taste evaluation of taste-masked MX ODFs. 

Volunteers Bitter level* 
ODF3 ODF4 

1 3.5 2.5 
2 3.5 2.0 
3 3.5 1.5 
4 3.5 1.0 
5 3.5 2.0 
6 3.5 1.5 

* 0 = tasteless, 0.5 =aftertaste, 1.0 = slight bitter, 1.5 = slight to moderate bitter, 2.0 = 

moderate bitter, 2.5 = moderate to strong bitter, 3.0 = strong bitter and 3.5 = very 

strong bitter 

4.5 Development of taste-masked GM extract and α–mangostin ODFs 

 4.5.1 GM extract 

 The pericarp of GM was macerated by two types of solvents (70 % 

acetone and 95 % ethanol). These two solvents were the combined solvent of water 

with dielectric constants of 38.04 and 27.01, respectively (Sinko, 2011). The 

compositions of extract depended on the polarity of solvent but did not effect to the 

extraction yield (Azmir et al., 2013). The extraction yields were 19.02 ± 2.05 and 

18.97 ± 2.69 % from 70 % acetone and 95 % ethanol extractions, respectively. The 

GM extract contained the xanthones with a skeleton of a xanthene-9-one, which had 

biological activities (Suksamrarn et al., 2006). The α–mangostin is the major 

xanthone in the extract that has remarkable biological activities. The α–mangostin 

structure is shown in Figure 4.24, a tricyclic aromatic ring is a major chemical 

structure that presents non-polar property. Therefore, α–mangostin is insoluble in 

water but is soluble in a variety of non-polar solvents, ranging in polarity from 

methanol to hexane (Yichu and Zhang, 2010). Furthermore, the phenolic compounds 

and tannin compounds of GM could be extracted by these solvents. 
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Figure 4.24 The structure of α–mangostin. 

 

 The amount of α–mangostin, total phenolic compounds and total tannins 

from GM extract of 70 % acetone and 95 % ethanol are shown in Table 4.12. The 95 

% ethanol extract contained the 4 times higher in α–mangostin content than that 70 % 

acetone. The 95 % ethanol has lower dielectric constant than that 70 % acetone which 

might be suitable for α–mangostin solubility, resulting in the higher α–mangostin 

content. In addition, this solvent had good efficiency in degrading of plant cell, 

promoted greater amount of endocellular material in the extract (Pothitirat et al., 

2009; Walker, 2007). The amount of phenolic compounds was corresponded to the 

content of α–mangostin. The 95 % ethanol extraction showed the higher in total 

phenolic contents. However, the total tannins of 95 % ethanol extract were 

significantly lower than that 70 % acetone. This result suggested the influence of 

water content in extraction solvents (Azmir et al., 2013). The amount of water in 

acetone extraction solvent (30 %) was greater than ethanol solvent (5 %). Therefore, 

water soluble tannins were extracted on at a much more extent in acetone than 

ethanol. 
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Table 4.12 The amount of α–mangostin, total phenolic compounds and total tannins 

of GM extract. 

Extraction 
solvent 

α–Mangostin 
(mg/g extracts) 

Total phenolic compounds 
(mg GAE/g extracts) 

Total tannins 
(mg TAE/g extracts) 

70 % acetone 36.02 ± 0.20 437.17 ± 16.58 226.45 ± 14.19 
95 % ethanol 131.52 ± 0.65 481.19 ± 5.51 158.77 ± 1.08 

 

 4.5.2 Antibacterial activity 

 Table 4.13 presents the MIC and MBC of GM extract, CS, EDTA and CS-

EDTA solutions against S. mutans and S. sanguinis. The MIC and MBC revealed that 

the compounds had antibacterial activity against S. mutans and S. sanguinis. The 

MBC were 2-4 times higher than that MIC, indicating the agents were bacteriostatic at 

the low concentration and bactericidal at the higher concentration (Tong et al, 2011). 

The GM extract from 95 % ethanol extraction had the best activity against the tested 

bacteria, and the activity ranking was 95 % ethanol GM extract > 70 % acetone GM 

extract > CS-EDTA > EDTA > CS. To compare between these two GM extraction, 

the antibacterial activity of GM extract depended on the extraction solvent. The 95 % 

ethanol extract had the greater antibacterial substances, including α–mangostin and 

total phenolic compounds, resulted in the higher antibacterial activity. Thus, the 

ethanolic GM extract was selected to do the further experiment and prepare the taste-

masked GM extract ODFs. The possible antibacterial mechanism originated from the 

active compounds was reported. The α–mangostin was targeted to the cell membrane; 

it induced a rapid dissipation of membrane potential and subsequently caused 

considerable leakage of intracellular components (Koh et al., 2013). Moreover, it also 

induced rapid bacterial membrane disruption and caused structural damage to the 

cytoplasmic membrane (Koh et al., 2013). In the case of phenolic compounds, they 

primarily caused the rapid disruption of the cell membrane or non-ionic surfactant 

type of action which disrupted at the lipid-protein interface (Greenberg, Dodds, and 

Tian, 2008). Tannins had astringent and protein precipitation properties that could 

induce complexation with proteins, enzymes, substances and metal ions of bacteria 

(Akiyama et al., 2001). This complexation of tannins was found to be inhibitory to the 
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growth of bacteria by the impediment of vital functions, including the ribonucleotide 

precursor of DNA and the cell division process. 

 

Table 4.13 Antibacterial activity of active substances. 

Active substances 
Susceptibility of active substances to bacteria 

MIC (μg/mL) MBC (μg/mL) 
S. mutans S. sanguinis S. mutans S. sanguinis 

70 % acetone GM extract 6.25 3.12 25 12.5 
95 % ethanol GM extract 1.56 1.56 6.25 6.25 

CS 310 310 1250 625 
EDTA 250 250 500 250 

CS-EDTA 156 78 310 156 
 

 The combined activity of CS and EDTA (CS-EDTA) showed the second 

antibacterial activity. Generally, EDTA was used as a metal chelator. In this study, the 

carboxyl group of EDTA could form a complex with CS by decreasing the positive 

charge of CS, causing the soluble CS in the aqueous solution. Also, EDTA enhanced 

the activity of CS. The lower in MIC and MBC of CS-EDTA than CS and EDTA are 

displayed in Table 4.13. CS had the cationic charge of amino groups that interfered 

with the anionic part of the bacterial cells, such as N-acetylmuramic acid, sialic acid 

and neuraminic acid (El-Sharif and Hussain, 2011). Moreover, CS could alter 

permeability (Sudarshan, Hoover, and Knorr, 1993) and suppress the bacterial growth 

by inhibiting the enzyme via a chelating transition metal ion, thereby causing 

impairment of their exchanges with the medium. EDTA inhibited the growth of 

bacteria by inhibiting the enzymes that require cations as cofactors, such as Mg2+, 

Ca2+ and Fe2+ (Banin, Brady, and Greenberg, 2006). 

 The effective combination of CS and EDTA was evaluated using a 

checkerboard assay. The FIC indexes on tested bacteria were ≤ 0.5 (Table 4.14), 

indicating the synergistic antibacterial activity of CS and EDTA against S. mutans and 

S. sanguinis. The checkerboard assay was also determined for the combined activity 

of 95 % ethanol GM extract and CS-EDTA. The FIC indexes were 0.5 that indicated 

the synergistic antibacterial activity of GM extract and CS-EDTA. Therefore, these 
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three compounds were used for the preparation of GM ODFs to enhance the 

antibacterial activity. 

 

Table 4.14 The fractional inhibitory concentration (FIC) index of the antibacterial 

combination. 

Antibacterial combination Bacteria FIC index Combination effect 
CS + EDTA S. mutans 0.3 synergy 
CS + EDTA S. sanguinis 0.5 synergy 

CS-EDTA + GM extract S. mutans 0.5 synergy 
CS-EDTA + GM extract S. sanguinis 0.5 synergy 

 

 4.5.3 Preparation of taste-masked GM extract and α–mangostin ODFs 

 The CS and CS-SH were used as the mucoadhesive polymers with PVA to 

enhance mucoadhesive property of ODFs. The CS-SH was synthesized by the 

reaction between the carboxylic acid of cysteine and the primary amino group of CS 

under the amide bond, which contained 469.75 ± 2.82 μmol of thiol groups per one 

gram of CS-SH. 

 An equivalent amount (0, 1, 3 and 5 % w/w α-mangostin to polymer) of 

GM extract was added to CS/PVA and CS-SH/PVA solutions, while α-mangostin (0, 

1, 3 and 5 % w/w α-mangostin to polymer) was added to CS-SH/PVA solution. The 

viscosity, conductivity and surface tension of these solutions were determined before 

preparing taste-masked GM extract ODFs via electrospinning process, as shown in 

Table 4.15. 
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Table 4.15 Solution parameters of GM extract and α-mangostin (0, 1, 3 and 5 % w/w α-mangostin to polymer)-loaded CS/PVA and CS-

SH/PVA solution. 

Solution 
(%w/w α-mangostin) 

Viscosity (mPas) Conductivity (μS/cm) Surface tension (mN/m) 
GM extract α-mangostin GM extract α-mangostin GM extract α-mangostin 

CS/PVA CS-SH/PVA CS-SH/PVA CS/PVA CS-SH/PVA CS-SH/PVA CS/PVA CS-SH/PVA CS-SH/PVA 
0 164.5 ± 1.6 230.4 ± 0.7 230.4 ± 0.7 867.3 ± 52.3 2363.2 ± 55.1 2363.3 ± 55.1 55.2 ± 0.9 54.5 ± 1.2 54.5 ± 1.2 
1 181.3 ± 1.2 232.1 ± 3.2 242.3 ± 0.6 779.0 ± 20.1 1933.0 ± 16.5 2260.0 ± 20.0 54.3 ± 0.6 49.4 ± 0.1 57.2 ± 0.6 
3 191.9 ± 4.6 253.2 ± 0.7 252.9 ± 3.2 798.7 ± 38.2 1855.3 ± 24.4 2220.0 ± 43.6 47.1 ± 1.9 46.6 ± 0.1 58.4 ± 0.1 
5 190.3 ± 0.5 267.1 ± 0.7 265.9 ± 3.3 811.3 ± 7.6 1773.0 ± 9.5 1998.0 ± 149.3 45.0 ± 0.8 44.5 ± 0.1 58.3 ± 0.1 
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 The CS-SH had the greater viscosity (Mueller et al., 2013) and polarity 

than CS, causing the higher viscosity and conductivity of CS-SH/PVA solution, 

compared with the CS/PVA solution, while the surface tension was not different. The 

viscosity and conductivity of the solution had a significant effect on the ODFs 

morphology and their nanofiber diameter, as shown in Figure 4.25. The CS-SH/PVA 

solution was 3 and 2 times higher in conductivity and viscosity compared with 

CS/PVA, respectively. This indicated the effect of conductivity was dominant. The 

blank CS-SH/PVA ODFs had the smaller in nanofiber diameter than the blank 

CS/PVA ODFs (Figure 4.25 (a) and (e)). The viscosity and conductivity of GM 

extract and α-mangostin-loaded CS/PVA and CS-SH/PVA solutions was changed 

from the blank solution. The viscosity was gradually increased when the amount of 

GM extract and α-mangostin increased. Conversely, the conductivity was decreased. 

The change in these parameters affected the nanofiber diameter of ODFs. It was found 

that diameter increased when increased the amount of GM extract and α-mangostin 

(Figure 4.25). These were due to the increased viscosity and reduced conductivity of 

the solution. The results of CS/PVA and CS-SH/PVA ODFs were corresponding. 

However, the taste-masked GM extract and α-mangostin-loaded CS-SH/PVA ODFs 

remained smaller in the nanofiber diameter compared with the CS/PVA nanofibers. 

All ODFs were smooth surface in the nanometer range without any crystals from GM 

extract and α-mangostin, indicating that these two active substituents were sufficiently 

incorporated within the ODFs. 

 4.5.4 Characterizations of taste-masked GM extract and α–mangostin 

ODFs 

 The taste-masked GM extract and α-mangosin-loaded CS/PVA and CS-

SH/PVA ODFs were geometrically characterized by X-ray powder diffractometer and 

DSC. The X-ray pattern of the α-mangosin powder and all ODFs are shown in Figure 

4.26. The diffractogram of α-mangostin exhibited a number of sharp peaks, which 

indicated the crystalline nature of α-mangostin. The blank CS/PVA and CS-SH/PVA 

ODFs showed the halo pattern, which indicated the amorphous state of ODFs. In 

addition, no α-mangosin peak was found in the diffractogram of taste-masked GM 

extract and α-mangosin-loaded CS/PVA and CS-SH/PVA ODFs. The diffractogram 
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of taste-masked GM extract and α-mangosin-loaded ODFs showed the halo pattern 

and the disappearance of α-mangostin crystalline peaks, indicating that α-mangostin 

was converted from a crystalline to an amorphous state. 

 

 
 

Figure 4.26 X-ray patterns of α-mangostin and taste-masked GM extract and α-

mangostin-loaded CS/PVA and CS-SH/PVA ODFs. 

 

 The DSC results supported the results of X-ray powder diffractometer and 

the DSC thermograms are displayed in Figure 4.27. The thermogram of α-mangostin 

powder displays a sharp endothermic peak at 180 C which corresponded to its 

melting point. The board endothermic peak of the blank CS/PVA and CS-SH/PVA 

ODFs was approximately 192 C that indicated their melting points. The slight 

increase in melting points of taste-masked GM extract and α-mangosin-loaded 

CS/PVA and CS-SH/PVA ODFs was observed that ranged from 192 - 209 C. These 

might be due to the interaction between the loaded GM extract and α-mangosin with 

the polymer of ODFs, causing the shift of their melting points. However, the ODFs 

did not exhibit the peak of α-mangostin, which indicated that the GM extract and α-

mangostin in the ODFs changed from the crystalline to the amorphous state. These 

results were corresponding to the data from X-ray pattern of the ODFs. 
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Figure 4.27 DSC thermograms of α-mangostin and taste-masked GM extract and α-

mangostin-loaded CS/PVA and CS-SH/PVA ODFs.  

 

 The tensile strength of ODFs was evaluated to represent the mechanical 

strength of ODFs, which was similar to the case of taste-masked MX ODFs. Table 

4.16 shows the tensile strength of ODFs that were in the range of 4.24 - 5.22 MPa. 

The substitution of cysteine groups on the CS might reduce the mechanical property, 

resulting in the slight lower tensile strength of CS-SH/PVA ODFs than that CS/PVA 

ODFs. Furthermore, the GM extract and α-mangostin provided the slight decrease in 

the tensile strength. These might cause the polymer chain disruption of the ODFs. 

However, this tensile strength was high enough to withstand tearing during handling 

and storage. 

 

Table 4.16 Tensile strength of taste-masked GM extract and α-mangostin-loaded 

CS/PVA and CS-SH/PVA ODFs. 

ODFs 
(% w/w 

α-mangostin) 

Tensile strength (MPa) 
GM extract-loaded 

CS/PVA ODFs 
GM extract-loaded 
CS-SH/PVA ODFs 

α-Mangostin-loaded 
CS-SH/PVA ODFs 

0 5.22 ± 0.72 4.60 ± 0.36 4.60 ± 0.36 
1 5.21 ± 0.47 4.26 ± 0.24 4.60 ± 0.34 
3 4.93 ± 0.56 4.44 ± 0.31 4.24 ± 0.26 
5 4.42 ± 0.53 4.32 ± 0.23 4.30 ± 0.41 
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 4.5.5 Evaluations of taste-masked GM extract and α–mangostin ODFs 

 The content of GM extract and α-mangostin in each ODF was determined 

as the amount of α-mangostin which was used as a marker. The loading efficacy and 

loading capacity are listed in Table 4.17. The loading efficiency of taste-masked GM 

extract and α-mangostin in the ODFs was 60-80 %, indicating the limited 

incorporation of active compounds into the ODFs. The GM extract including α-

mangotin and phenolic compounds are low water solubility (Aisha et al., 2012; Yichu 

and Zhang, 2010), and they might be precipitated during electrospinning process. 

However, the increase in the initial amount of GM extract and α-mangostin caused an 

overall increase in the amount of GM extract and α-mangostin in the ODFs. The 

results demonstrated that GM extract and α-mangostin were not eliminated during the 

electrospinning process under the high electric voltage (Kim et al., 2007). The loading 

capacity of GM extract and α-mangostin in the ODFs was 0.65-3.65 %. 

 

Table 4.17 The loading efficiency and loading capacity of taste-masked GM extract 

and α-mangostin-loaded CS/PVA and CS-SH/PVA ODFs. 

ODFs 
(% w/w 

α-mangostin) 

Loading efficiency (%) Loading capacity (%) 
GM extract-

loaded 
CS/PVA 

ODFs 

GM extract-
loaded CS-
SH/PVA 

ODFs 

α-Mangostin-
loaded CS-
SH/PVA 

ODFs 

GM extract-
loaded 

CS/PVA 
ODFs 

GM extract-
loaded CS-
SH/PVA 

ODFs 

α-Mangostin-
loaded CS-
SH/PVA 

ODFs 
1 70.27 ± 1.38 69.75 ± 0.76 65.97 ± 0.16 0.65 ± 0.01 0.65 ± 0.01 0.65 ± 0.01 

3 74.94 ± 0.03 61.86 ± 0.05 61.76 ± 0.03 1.83 ± 0.01 1.51 ± 0.01 1.80 ± 0.01 

5 79.68 ± 0.13 73.10 ± 0.50 76.72 ± 0.17 2.89 ± 0.01 2.65 ± 0.02 3.65 ± 0.01 

 

Table 4.18 The swelling and mucoadhesive properties of taste-masked GM extract 

and α-mangostin-loaded CS/PVA and CS-SH/PVA ODFs. 

ODFs (% w/w 
α-mangostin) 

Degree of swelling (%) Mucoadhesive force (g) 
GM extract-

loaded 
CS/PVA 

ODFs 

GM extract-
loaded CS-
SH/PVA 

ODFs 

α-Mangostin-
loaded CS-
SH/PVA 

ODFs 

GM extract-
loaded 

CS/PVA 
ODFs 

GM extract-
loaded CS-
SH/PVA 

ODFs 

α-Mangostin-
loaded CS-
SH/PVA 

ODFs 
0 124.4 ± 25.7 195.7 ± 11.9 195.7 ± 11.9 11.58 ± 0.28 22.62 ± 0.04 22.62 ± 0.04 
1 105.0 ± 7.0 76.3 ± 9.4 160.3 ± 18.4 11.52 ± 0.15 22.49 ± 0.11 22.45 ± 0.21 
3 90.4 ± 16.9 67.2 ± 12.6 80.1 ± 29.6 11.56 ± 0.08 22.55 ± 0.07 22.49 ± 0.14 
5 53.9 ± 24.4 54.5 ± 7.0 69.5 ± 21.4 11.54 ± 0.03 22.56 ± 0.04 22.49 ± 0.07 
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 The swelling of ODFs is the important property for the mucoadhesive 

property (Sudhakar, Kuotsu, and Bandyopadhyay, 2006). The ODFs were wetted, 

disintegrated and swelled at the interface between the ODFs and the mucus layer to 

provide mucoadhesion. The swelling degree and in vitro mucoadhesive force of ODFs 

are presented in Table 4.18. The blank ODFs provided the higher swelling degree 

than that taste-masked GM extract and α-mangostin-loaded ODFs. After that, the 

swelling degree subsequently decreased when the amount of GM extract and α-

mangostin increased. These findings could be explained as follows. The CS, CS-SH 

and PVA are hydrophilic polymers that have rapid water diffusion and swelling, 

resulting in the high swelling degree. In addition, the blank CS-SH/PVA ODFs 

showed the higher swelling degree than the blank CS/PVA ODFs. The substitution of 

cysteine groups on the CS might enhance the swelling property of polymer. When 

GM extract and α-mangostin was incorporated in the ODFs, the hydrophobic 

characteristic of ODFs was increased that resulted from the hydrophobic property of 

GM extract and α-mangostin, causing the decrease of swelling degree. However, the 

mucoadhesive property was not direct variation with the swelling degree, the 

mucoadhesive forces depended on the kind of polymer of ODFs. The mucoadhesive 

force of CS-SH/PVA ODFs (22 g) was 2 times higher than the CS/PVA ODFs (11 g) 

(Table 4.17). This was due to the higher in mucoadhesive property of CS-SH than CS. 

The CS-SH contained the free thiol group, which introduced the sulfhydryl groups for 

crosslinking via the formation of disulphide bonds with the cysteine rich of the mucus 

glycoprotein (Salamat-Miller, Chittchang, and Johnston, 2005). This covalent 

interaction has the higher force than the non-covalent interaction that is characteristic 

of CS and PVA. The CS and PVA mostly provide the hydrogen bonds, hydrophobic 

and electrostatic interactions. Thus, CS-SH had the benefit to enhance the 

mucoadhesive property of ODFs. Moreover, the loaded GM extract and α-mangostin 

in the ODFs did not reduce the mucoadhesive force of ODFs. The mucoadhesive 

force was constant when the GM extract and α-mangostin was increased from 1 - 5 % 

w/w α-mangostin to polymer. 
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Figure 4.28 The release profiles of α-mangostin from (a) taste-masked GM extract 

CS/PVA ODFs, (b) taste-masked GM extract CS-SH/PVA ODFs and (c) 

taste-masked α-mangostin CS-SH/PVA ODFs; (■) 1, ( ) 3 and (▲) 5 % 

w/w α-mangostin to polymer. 

 

 The in vitro release of α-mangostin from taste-masked GM extract and α-

mangostin-loaded CS/PVA and CS-SH/PVA ODFs at the different amount of GM 
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extract and α-mangostin was investigated and the release profile is presented in Figure 

4.28. The α-mangostin release profiles of all ODFs seem to be similar, there were no 

differences in the release profiles between the taste-masked GM extract and α-

mangostin-loaded CS/PVA and CS-SH/PVA ODFs in various amounts of the GM 

extract and α-mangostin. The burst release of α-mangostin was observed from the 

ODFs. The 80 % of α-mangostin released from the ODFs within 60 min. Then, the 

complete α-mangostin release subsequently occurred within 240 min. From these 

results, it could be indicated that the increase in the surface area of ODFs by the 

creation of nanofibers provided the burst release of α-mangostin. The high surface 

area made the high water penetration through the empty spaces between the 

nanofibers, resulting in the easy release of α-mangostin release from the ODFs. Also 

the CS, CS-SH and PVA swelled and the α-mangostin was solvated, leached and 

released from the ODFs. The main mechanism of α-mangostin was the diffusion as 

well as the degradation of polymer carriers (Sill and Recum, 2008). Moreover, the 

electrospinning process left the α-mangostin in an amorphous state, facilitating α-

mangostin dissolution in the release medium. 

 For the antibacterial activity, the ODFs still retained the effective activity 

after the electrospinning process. They exhibited the MIC and MBC against S. mutans 

and S. sanguinis in the milligram range (Table 4.19 and 4.20), indicating the potential 

antibacterial activity. The activity was a concentration dependent when the GM 

extract and α-mangostin in the ODFs was increased. The lower MIC and MBC was 

appeared with the increasing of GM extract and α-mangostin which was resulted from 

the increase of active substitutions such as α-mangostin, phenolic compounds and 

tannins. However, the loading only α-mangostin in the CS-SH/PVA ODFs showed the 

lower antibacterial activity than the loading of GM extract that included α-mangostin, 

phenolic compounds and tannins. These three components in the ODFs promoted the 

better antibacterial activity with the lower MIC and MBC. 

 The blank CS/PVA and CS-SH/PVA ODFs also inhibited and destroyed S. 

mutans and S. sanguinis. The CS, CS-SH and EDTA in the ODFs had the 

antibacterial activity, as previously described. Nevertheless, the CS-SH/PVA ODFs 

presented slightly weaker activity than CS/PVA ODFs. The cysteine conjugation at 

   ส
ำนกัหอ

สมุดกลาง



138 
 

 
 

the primary amino groups of CS reduced the free cationic charge of the amino groups 

that interfered with the anionic component of the bacterial cells (Han et al., 2012). 

However, the amino group of CS-SH was not completely substituted, there were some 

amino groups that interacted with the bacterial cells and exhibited the MIC and MBC 

values. The MBC values were in agreement with the MIC values, but they were 1-5 

times higher than the MIC. These indicated that ODFs were bacteriostatic at the low 

concentration and bactericidal at the higher concentration (Tong et al., 2011). 

 

Table 4.19 The MIC values of taste-masked GM extract and α-mangostin-loaded 

CS/PVA and CS-SH/PVA ODFs. 

ODFs 
(%w/w 

α-mangostin) 

MIC (mg/mL) 

S. mutans S. sanguinis 
GM extract-

loaded 
CS/PVA 

ODFs 

GM extract-
loaded CS-
SH/PVA 

ODFs 

α-Mangostin-
loaded CS-
SH/PVA 

ODFs 

GM extract-
loaded 

CS/PVA 
ODFs 

GM extract-
loaded CS-
SH/PVA 

ODFs 

α-Mangostin-
loaded CS-
SH/PVA 

ODFs 
0 2 3 3 1 2 2 
1 0.5 1 2 0.5 0.5 2 
3 0.2 0.5 1 0.2 0.2 1 
5 0.1 0.2 0.5 0.1 0.1 0.5 

 

Table 4.20 The MBC values of taste-masked GM extract and α-mangostin-loaded 

CS/PVA and CS-SH/PVA ODFs. 

ODFs 
(%w/w 

α-mangostin) 

MBC (mg/mL) 

S. mutans S. sanguinis 
GM extract-

loaded 
CS/PVA 

ODFs 

GM extract-
loaded CS-
SH/PVA 

ODFs 

α-Mangostin-
loaded CS-
SH/PVA 

ODFs 

GM extract-
loaded 

CS/PVA 
ODFs 

GM extract-
loaded CS-
SH/PVA 

ODFs 

α-Mangostin-
loaded CS-
SH/PVA 

ODFs 
0 3 4 4 2 3 3 
1 2 2 3 1 2 3 
3 1 1 2 0.5 1 2 
5 0.5 0.5 1 0.2 0.5 1 

 

 From these results, it could be concluded that the ODFs containing GM 

extract had a good antibacterial activity against both bacterial pathogens. The CS-

SH/PVA ODFs showed slightly lower activity than CS/PVA ODFs but they had a 

benefit to enhance mucoadhesion. When the ODFs submerged into the bacterial 

suspension, the GM extract was released from the ODFs and interacted with the 

bacterial cells. The CS, CS-SH and EDTA were also released (El-Sharif and Hussain, 
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2011) and actively presented the synergic activity against the bacterial cells with the 

GM extract. 

 The time kill assay of a fixed concentration of ODFs was conducted to 

study the effect of GM extract and α-mangostin on the rate of bactericidal activity 

(Eckert et al., 2006). The concentration of ODFs was fixed according to the MBC of 

the blank ODFs, which was 3 and 4 mg/mL for the taste-masked GM extract and α-

mangostin-loaded CS/PVA and CS-SH/PVA ODFs, respectively. The viable cells in 

S. mutans and S. sanguinis were counted after contact with the ODFs at the various 

time points. The time kill curves for S. mutans and S. sanguinis are illustrated in 

Figure 4.29, respectively. The cultivation of S. mutans and S. sanguinis alone was 

used as the negative control, with growth increasing as a function of time. The curve 

of the treated S. mutans by the taste-masked GM extract and α-mangostin-loaded 

CS/PVA and CS-SH/PVA ODFs were similar, the viable cells were rapidly decreased 

with an increasing the time of incubation. In addition, the curve of S. sanguinis also 

showed the similar patterns. Both bacterial cells were inhibited and killed by all ODFs 

within 240 min of contact that related to the release of α-mangostin, CS, CS-SH and 

EDTA from the ODFs. When the contact time increased, the release amounts of α-

mangostin, CS, CS-SH and EDTA were increased. These incidents caused the 

increase in the interaction between the bacterial cells and active agents, thus 

enhancing the number of cell deaths. 

 An increase of GM extract and α-mangostin in the CS/PVA and CS-

SH/PVA ODFs led to a more rapid decrease in the S. mutans and S. sanguinis number 

(Figure 4.29). The 1, 3 and 5 % w/w α-mangostin of ODFs exhibited significantly 

faster S. mutans killing activity than the blank ODFs did at 30, 60 and 120 min (p < 

0.05). However, there was no significant difference in the bacterial cells number 

between the 1, 3 and 5 % w/w α-mangostin of ODFs at these time points. In the case 

of S. sanguinis, it was killed more quickly than S. mutans (Li et al., 2013). The cells 

were rapidly killed within 30 min and all cells were eliminated within 120 min by all 

ODFs. The loaded GM extract and α-mangostin in the ODFs showed the slight 

increase of the S. sanguinis killing rate. At the longer time contact (180 and 240 min), 

the S. mutans and S. sanguinis cells were all died by the taste-masked GM extract and 
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α-mangostin-loaded CS/PVA and CS-SH/PVA ODFs. These results indicated that the 

advantage of the loaded GM extract α-mangostin was not only the enhancement of the 

antibacterial activity but also improvement of the killing rate. Moreover, the addition 

of a small amount of GM extract α-mangostin was enough to improve the bacterial 

killing rate. 

 

 
 

Figure 4.29 Time kill curve of S. mutans and S. sanguinis, ( ) untreated (control) and 

treated with the taste-masked GM extract and α-mangostin-loaded 

CS/PVA and CS-SH/PVA ODFs with the different amounts of GM extract 

and α-mangostin; (■) 0, (▲) 1, (●) 3 and (□) 5 % w/w α-mangostin to 

polymer. 

   ส
ำนกัหอ

สมุดกลาง



141 
 

 
 

 4.5.6 Cytotoxicity 

 The cytotoxicity of GM extract, α-mangostin powder and taste-masked 

GM extract and α-mangostin ODFs was conducted to HaCaT and HGF cells. The IC50 

of GM extract and α-mangostin within 24 h was determined as displayed in Figure 

4.30. The IC50 curves indicated the GM extract and α-mangostin concentration 

dependent cytotoxicity. The GM extract concentration of 1.93 and 1.66 μg/mL would 

be toxic to 50 % of HaCaT and HGF cells, respectively. For α-mangostin, the IC50 

value was 0.27 and 0.14 μg/ml for HaCaT and HGFs cells, respectively. These results 

indicated GM extract was safer than α-mangostin, and HGF cells were more sensitive 

than HaCaT cells. However, these IC50 were lower than the GM extract and α-

mangostin concentration in the taste-masked GM extract and α-mangostin-loaded 

CS/PVA and CS-SH/PVA ODFs (α-mangostin ranged from 20-146 μg/mL in the 

various amounts of GM extract and α-mangostin in the ODFs). These concentrations 

would be toxic to both cells within 24 h. Thus, the ODFs should be used in the oral 

cavity for less than 24 h. From the in vitro α-mangostin release from the ODFs and 

the time kill curves, the ODFs were benefit in the oral cavity for 240 min. Thus, the 

cytotoxicity of ODFs was evaluated for 240 min. 

 

 
 

Figure 4.30 The percentage of cell viability in (a) HaCaT and (b) HGF cells of (■) 

GM extract and (▲) α-mangostin powder from 0 to 1 μg/mL and 

incubation for 24 h. 
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 The acute cytotoxicity was assessed by the incubation of each cell with the 

ODFs for 15, 30, 60, 120 and 240 min. The concentration of ODFs was fixed 

according to the MBC of the blank ODFs, which was 3 and 4 mg/mL for the taste-

masked GM extract and α-mangostin-loaded CS/PVA and CS-SH/PVA ODFs, 

respectively. The results of the acute cytotoxicity are shown in Figure 4.31. 

 The cytotoxicity of taste-masked GM extract-loaded CS/PVA and CS-

SH/PVA ODFs was conducted to study the effect of polymer base type on 

cytotoxicity. There were no differences in cytotoxicity between the taste-masked GM 

extract-loaded CS/PVA and CS-SH/PVA ODFs (Figure 4.31 (a-d)). The pattern of 

both cells viability between the taste-masked GM extract-loaded CS/PVA and CS-

SH/PVA ODFs containing the different amounts of GM extract were similar. It was 

found that no significant difference in HaCaT cell viability was observed between the 

blank CS/PVA and CS-SH/PVA ODFs with the control cell within 240 min of 

treatment. However, there was a significant decrease in the HaCaT cell viability at the 

longer contact time when the ODFs contained the GM extract compared with the 

control cell. The HaCaT cell viability was significantly decreased at 240, 120 and 120 

min when the cells were treated with the taste-masked GM extract-loaded CS/PVA 

and CS-SH/PVA ODFs at the amount of 1, 3 and 5 % w/w α-mangostin of GM 

extract, respectively, indicating the HaCaT cells were existed for 240, 120, 60 and 60 

min in the 0, 1, 3 and 5 % w/w α-mangostin of taste-masked GM extract-loaded 

CS/PVA and CS-SH/PVA ODFs, respectively. The increase in the concentration of α-

mangostin, as well as GM extract in the ODFs and the higher α-mangostin release at 

the longer time, increased the cytotoxicity by the apoptosis mechanism (Nakagawa et 

al., 2007). Although the higher GM extract loading in the CS/PVA and CS-SH/PVA 

ODFs presented the HaCaT cytotoxicity at the longer time contact but they could be 

safely used in the shorter time. The cytotoxicity of taste-masked GM extract and α-

mangostin-loaded CS-SH/PVA ODFs was also determined to study the effect of the 

loaded GM extract and α-mangostin on cytotoxicity. The loading of α-mangostin in 

the CS-SH/PVA ODFs showed the absence of significant decrease in HaCaT cell 

viability when the cells were incubated with ODFs for 15, 30, 60, 120 or 240 min, 

compared with the viability of the control cell (Figure 4.31 (e)). These results 
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indicated that the loading of α-mangostin had the lower HaCaT cytotoxicity than that 

GM extract at equivalent doses of α-mangostin. The GM extract not only contained α-

mangostin but also phenolic compounds and tannins that might increase the HaCaT 

cytotoxicity. 

 The HGF cytotoxicity of all ODFs presented the similar pattern to the 

HaCaT results (Figure 4.31 (b, d and f)). The viable cell number was reduced in the 

longer time contact. A significant decrease in HGF cell viability was observed when 

the cells were incubated by all ODFs for 120 and 240 min, compared with the control 

cell, indicating the HGF cells were existed for 60 min in the taste-masked GM extract 

and α-mangostin-loaded CS/PVA and CS-SH/PVA ODFs. These results supported the 

higher sensitivity of HGF cells than that HaCaT cells. Thus, the cytotoxicity of ODFs 

was dependent on the survival of HGF cells. The taste-masked GM extract and α-

mangostin-loaded CS/PVA and CS-SH/PVA ODFs were safely used in the oral cavity 

for 60 min. 
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Figure 4.31 The percentage of cell viability in HaCaT and HGF cells for acute 

cytotoxicity of blank, taste-masked GM extract and α-mangostin-loaded 

CS/PVA and CS-SH/PVA ODFs; incubation for (□) 15, ( ) 30, ( ) 60, ( ) 

120 and (■) 240 min. * statistically significant (p < 0.05). 

 

 The long term cytotoxicity of ODFs was also studied by the removal of the 

medium, rinsing the treated cells with a phosphate buffer solution after 60 min of an 

acute cytotoxicity test. The SFM were refilled and re-incubated for 24, 48 and 72 h. 

The percentage of HaCaT and HGF cell viability for long term cytotoxicity is 
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summarized in Figure 4.32. The cell viability of both HaCaT and HGF was not 

significantly different from the control at 24, 48 and 72 h for any taste-masked GM 

extract and α-mangostin-loaded CS/PVA and CS-SH/PVA ODFs, indicating the 

ODFs would be less cytotoxic at 72 h after using the ODFs for 60 min in the oral 

cavity. 

 

 
 

Figure 4.32 The percentage of cell viability in HaCaT and HGF cells for long term 

cytotoxicity of blank, taste-masked GM extract and α-mangostin-loaded 

CS/PVA and CS-SH/PVA ODFs; incubation for (□) 24, ( ) 48 and (■) 72 

h. 
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 4.5.7 In vivo study 

 The small amounts of GM extract and α-mangostin could enhance the 

antibacterial activity and the bacterial killing rate of the ODFs. Also, these ODFs 

were less cytotoxicity within 60 min. Thus, the 1 % w/w taste-masked GM extract and 

α-mangostin-loaded CS/PVA and CS-SH/PVA ODFs were selected to study in vivo 

for 60 min. After an ODF was taken, the in vivo disintegration time and in vivo 

mucoadhesion time were recorded, as presented in Table 4.21. The in vivo 

disintegration time of all ODFs was less than 60 s that were in the optimal 

disintegration time for the oral disintegrating dosage forms (Hirani, Rathod, and 

Vadalia, 2009). When the ODFs disintegrated, the disintegrated materials adhered at 

the buccal mucosa. The 1 % w/w taste-masked GM extract and α-mangostin-loaded 

CS-SH/PVA ODFs provided a longer mucoadhesion time than that CS/PVA ODFs 

(Table 4.21). These results supported the in vitro mucoadhesive study that showed the 

force for the detachment of the CS-SH/PVA ODFs from the porcine mucosa was 

higher than that with the CS/PVA ODFs. The CS-SH polymer improved the 

mucoadhesion via the mechanism described above. The taste and mouth feeling of 

ODFs was also evaluated during the in vivo study. The bitter level of ODFs is shown 

in Table 4.22. The bitterness and grittiness was not observed in any ODFs. The ODFs 

were smooth along the test, indicating the ODFs may be gladly used by patients. 

 

Table 4.21 The in vivo disintegration time and in vivo mucoadhesion time of taste-

masked GM extract and α-mangostin-loaded CS/PVA and CS-SH/PVA 

ODFs. 

ODFs In vivo DT (s) In vivo mucoadhesion time (min) 
1 % w/w GM extract-
loaded CS/PVA ODFs 58.5 ± 9.4 1.9 ± 0.6 

1 % w/w GM extract-
loaded CS-SH/PVA ODFs 52.2 ± 14.0 6.4 ± 2.5 

1 % w/w α-mangostin-
loaded CS-SH/PVA ODFs 47.9 ± 15.8 5.2 ± 1.0 
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Table 4.22 Taste evaluation of taste-masked GM extract and α-mangostin-loaded 

CS/PVA and CS-SH/PVA ODFs. 

Volunteers 

Bitter level* 
1 % w/w GM 
extract-loaded 
CS/PVA ODFs 

1 % w/w GM 
extract-loaded CS-

SH/PVA ODFs 

1 % w/w α-
mangostin-loaded 

CS-SH/PVA ODFs 
1 0 0 0 
2 0 0 0 
3 0 0 0 
4 0 0 2.0 
5 0 0 0 
6 0 0 0 

* 0 = tasteless, 0.5 =aftertaste, 1.0 = slight bitter, 1.5 = slight to moderate bitter, 2.0 = 

moderate bitter, 2.5 = moderate to strong bitter, 3.0 = strong bitter and 3.5 = very 

strong bitter 

 

 The in vivo antibacterial performance of 1 % w/w taste-masked GM 

extract and α-mangostin-loaded CS/PVA and CS-SH/PVA ODFs was determined as 

the reduction of viable bacterial number in the oral cavity. The percentages of viable 

Streptococcus spp. and Lactobacillus spp. number compared to the number of bacteria 

at baseline after treated with the ODFs are presented in Figure 4.33. There was no 

significant difference in antibacterial activity between these three ODFs. The effective 

antibacterial activity of ODFs was observed, the number of Streptococcus spp. and 

Lactobacillus spp. was significantly reduced than the baseline during the three 

sampling times at 15, 30 and 60 min. The rapid reduction of the bacterial number was 

provided at the beginning of using the ODFs. The active substituents released, while 

the ODFs disintegrated and adhered to the buccal mucosa, and then reacted to the oral 

bacteria. After the ODFs were detached from the mucosa, the antibacterial activity 

had been continued for 60 min. The 80 % reduction of Streptococcus spp. and 

Lactobacillus spp. was appeared after the application of ODFs. These results 

indicated the ODFs had antibacterial activity not only in vitro but also in vivo. 
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Figure 4.33 The percentage of viable bacterial number after treated with taste-masked 

GM extract and α-mangostin-loaded CS/PVA and CS-SH/PVA ODFs in 

the oral cavity at the various time points; (■) Streptococcus spp. and (♦) 

Lactobacillus spp. 
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 The 1 % w/w taste-masked GM extract and α-mangostin-loaded CS/PVA 

and CS-SH/PVA ODFs presented the good properties including the smooth 

nanofibers with the good mechanical strength, swelling, mucoadhesion, antibacterial 

activity and the less cytotoxicity without the bitter taste and grittiness feeling in the 

oral cavity. However, the 1 % w/w taste-masked GM extract and α-mangostin-loaded 

CS-SH/PVA ODFs had the higher mucoadhesive property than that with CS/PVA 

ODFs. Therefore, 1 % w/w taste-masked GM extract and α-mangostin-loaded CS-

SH/PVA ODFs were selected as the optimal formulation. 

4.6 Stability 

 The taste-masked MX ODTs (ODT6), taste-masked MX ODFs (ODF4) 

and 1 % w/w taste-masked GM extract and α-mangostin-loaded CS-SH/PVA ODFs 

were stored under accelerated condition comparing with long term condition for 6 

months. There were no significant changes in the appearance of ODT6. Their MX 

content is shown in Table 4.23. The MX content of the stored ODT6 was within the 

assay limit (90-110 %) specified in the USP MX tablet monograph under both 

conditions. The in vitro dissolution profiles of ODT6 after storage in the different 

conditions are presented in Figure 4.34. The dissolution patterns of fresh and stored 

ODT6 were similar for 6 months under both conditions. The results obtained from this 

study led to assume that the ODT6 was stable for 6 months under long term and 

accelerated condition. 

 

Table 4.23 The MX content (% LA) of ODT6 after maintenance under long term and 

accelerated condition. 

Condition Storage time (month) 
0 1 3 6 

Long term 99.78 ± 3.16 100.15 ± 0.21 99.50 ± 1.99 99.99 ± 2.76 
Accelerated 99.78 ± 3.17 101.48 ± 2.11 100.58 ± 0.18 100.51 ± 2.12 
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Figure 4.34 Dissolution profiles of MX from ODT6 after maintenance under (a) long 

term condition and (b) accelerated condition for (♦) 0, (■) 1, (▲) 3 and (●) 

6 months. 

 

 The SEM morphologies of taste-masked MX ODFs (ODF4) at the initial, 

1, 3 and 6 months of storage are shown in Figure 4.35. The nanofibers of ODF4 were 

smooth without the crystal of MX under long term condition for 6 months. The some 

crystals were observed in the stored ODF4 under accelerated conditions. The high 

temperature and humidity of accelerated condition might cause the change of state 

from amorphous to crystalline state. The average nanofibers diameter of the stored 

ODFs was slight difference from the initial ODFs (Figure 4.35). However, they were 

in the nanometer range of 160-200 nm. The remaining MX content of the stored 

ODF4 was not significant difference from the initial ODF4 (Figure 4.36). The MX 

content of the stored ODF4 was within 90-110 % of the initial amount. These results 

suggested that the lower temperature and humidity of long term conditions were 

desirable condition for keeping of ODF4. The ODF4 was physically stable for 6 

months. 
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Figure 4.35 SEM images (5000x) and diameter of ODF4 after maintenance under 

(upper panel) long term condition and (lower panel) accelerated condition 

for 0, 1, 3 and 6 months. The white arrows show the crystals on the ODF. 

 

 
 

Figure 4.36 The percentage of the remaining MX content in the ODF4 after 

maintenance under (■) long term condition and (▲) accelerated condition 

for 0, 1, 3 and 6 months, compared to the MX content in the ODF4 after 

preparation. 
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 The SEM image and diameter of the 1 % w/w taste-masked GM extract 

and α-mangostin-loaded CS-SH/PVA ODFs after preparation and storage for 1, 3 and 

6 months are presented in Figure 4.37. The morphologies of these ODFs were similar 

under both conditions. The nanofibers were smooth without the crystal of α-

mangostin in either condition for 6 months. The average diameter of ODF was 

slightly changed from the initial ODF, but they were in the nanometer range of 140-

200 nm and 140-170 nm for 1 % w/w taste-masked GM extract and α-mangostin-

loaded CS-SH/PVA ODFs, respectively. The percentage of remaining α-mangostin 

content in the ODFs compared to the initial α-mangostin content is shown in Figure 

4.38. The α-mangostin content was 80-110 % of the initial amount during 6 months 

storage of both conditions. There was no significant difference in the α-mangostin 

amount between the time periods of storage in either condition. Furthermore, the 

accelerative storage exhibited a slight lower α-mangostin content compared with the 

long term storage in the case of 1 % w/w taste-masked GM extract-loaded CS-

SH/PVA ODFs. From these results, it can be assumed that the storage in the lower 

temperature and humidity provided the suitable condition of 1 % w/w taste-masked 

GM extract and α-mangostin-loaded CS-SH/PVA ODFs compared with the higher 

temperature and humidity. The ODFs were physically stable for 6 months. 
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Figure 4.37 SEM images (5000x) and diameter of 1 % w/w (a) taste-masked GM 

extract and (b) taste-masked α-mangostin-loaded CS-SH/PVA ODFs after 

maintenance under (upper panel) long term condition and (lower panel) 

accelerated condition for 0, 1, 3 and 6 months. 
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Figure 4.38 The percentage of the remaining α-mangostin content in 1 % w/w (a) 

taste-masked GM extract and (b) taste-masked α-mangostin-loaded CS-

SH/PVA ODFs after storage under (■) long term condition and (▲) 

accelerated condition for 0, 1, 3 and 6 months, compared to the α-

mangostin content in the ODF after preparation. 

 

   ส
ำนกัหอ

สมุดกลาง



 
 

155 

CHAPTER 5 

CONCLUSIONS 

5.1 Development of taste-masked ODTs 

 5.1.1 Drug loading onto ion exchange resin 

 The drug/HPβCD complextion was prepared to enhance drug loading onto 

ion exchange resin of the low water soluble drugs. The NSAIDs members (MX, PRX, 

IBP and KP) formed 1:1 stoichiometric inclusion complex with HPβCD and their 

solubility was significantly increased at various pH. The dominant mechanism for the 

solubility enhancement was the complex formation at acidic pH; while, was the 

combination of complex formation and ionization of drug at neutral and basic pH. The 

lipophilic with non-ionized or zwitterion drug interacted well with HPβCD compared 

to the ionized drug. The increase of MX solubility in the presence of 15 mM HPβCD 

at pH 8 provided the high MX loading onto the Dowex® 1x2-200 resin (MX resinate) 

at the low weight ratio of MX to resin (0.5:1 and 1:1 MX to resin). At the high weight 

ratio (2:1) of MX to resin, the MX/HPβCD complex did not improve the MX loading 

due to the reach of the maximum exchange capacity of the resin. Moreover, HPβCD 

did only the delivery of MX to bind with the resin, forming MX resinate without the 

binding with the MX resinate. The 15 mM HPβCD in the loading solution was 

constant during the MX loading process. The morphology of MX resinate was 

spherical shape without the MX crystals. Their particle size slightly increased from 

that before MX loading. MX was dispersed in the resin bead in the amorphous state. 

This finding presents a novel application of HPβCD to facilitate the preparation of ion 

exchange-based drug delivery systems of poorly water-soluble drugs. 

 5.1.2 Taste-masked MX ODTs 

 The taste-masked MX ODTs were successfully prepared using the various 

forms of MX. The weight, thickness and diameter of these ODTs were no significant 

differences. The hardness and friability were within the acceptable limit that was high 

enough to withstand erosion during handling and storage. The MX content was within 

the assay limit specified in the USP MX tablet monograph. However, the MX forms 
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affected the ODTs properties including the disintegration time, the dissolution profiles 

and the taste evaluation. The only ODTs containing the 1:2 weight ratio of MX 

resinate and MX/HPβCD complexes presented the accepted ODTs requirements. The 

success in taste masking, rapid disintegration time and MX dissolution was achieved 

in the ODTs containing the MX forms of 1:2 weight ratio of MX resinate and 

MX/HPβCD complexes, mannitol, icing sugar, comprecel® M102 D+, kollodon® CL, 

amberite® IRP-69, magsium stearate and Super-Tab® 11SD. However, taste-masked 

MX ODTs had a grittiness feel from the disintegrating materials during the 

application. This ODT was stable for 6 months. This finding indicated the produced 

ODTs convenient, palatable and advantageous for poorly water-soluble drugs with 

bitter taste. 

5.2 Development of taste-masked ODFs 

 5.2.1 Taste-masked MX ODFs 

 The electrospun ODFs were successfully prepared for systemic drug 

delivery. MX could be loaded into the PVP/HPβCD nanofiber mats by dissolving in 

the DMF and electrospining process. HPβCD improved the stability of PVP and 

created bead-free nanofiber mats for development of taste-masked MX ODFs. The 

fibers of taste-masked MX ODFs were smooth in the nanometer range without the 

MX crystals in the structure. The X-ray patterns and DSC analysis indicated the taste-

masked MX ODFs were amorphous state. The tensile strength of taste-masked MX 

ODFs was high enough to withstand tearing during handling and storage. The taste-

masked MX ODFs were completely wetted, rapidly disintegrated and facilitated the 

burst release of MX that was similar to the release of Mobic®. The desirable 

disintegration time and texture of taste-masked MX ODFs in the oral cavity was 

observed with the less cytotoxicity. The good taste of MX ODFs was presented when 

menthol and aspartame were incorporated in the formulation. This finding indicated 

the benefits of ODFs, compared to ODTs that presented the grittiness along the use of 

ODTs. 
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 5.2.2 Taste-masked GM extract and α–mangostin ODFs 

 The electrospun ODFs were successfully prepared for local drug delivery. 

GM extract as well as α–mangostin was effective against dental caries pathogens (S. 

mutans and S. sanguinis). The antibacterial activity was varied by the different 

extraction solvents and the distinction in the contents of the compounds among 

extracts. The ethanolic extract with the greater in α–mangostin and phenolic 

compounds was found to be superior antibacterial activity compared to the acetone 

extract. The combination of CS with EDTA and GM extract with CS-EDTA had the 

synergistic antibacterial activity. Taste-masked GM extract and α–mangostin-loaded 

CS/PVA and CS-SH/PVA ODFs were successfully prepared by an electrospinning 

process. The ODFs were smooth in the nanometer range. The α-mangostin was 

converted from a crystalline into an amorphous state. The ODFs provided the suitable 

properties such as mechanical strength, swelling and mucoadhesion. The 

mucoadhesive property of taste-masked GM extract and α–mangostin-loaded CS-

SH/PVA ODFs was better than the CS/PVA ODFs. These ODFs rapidly released the 

active substances, which had excellent synergistic antibacterial activity on dental 

caries pathogens. Moreover, the loaded GM extract and α-mangostin led to more 

rapid decrease in the S. mutans and S. sanguinis numbers. These ODFs were less 

cytotoxicity. The in vivo study presented the rapid disintegration and mucoadhesion of 

ODFs without any bitterness and grittiness. Also, these ODFs could reduce the 

number of Streptococcus spp. and Lactobacillus spp. in the oral cavity. 

 The ODFs for systemic and local drug delivery were stable under the low 

temperature and humidity of long term conditions for 6 months. Thus, these ODFs 

have the potential to be promising candidates for systemic and local drug delivery to 

increase the convenience and palatability of poorly water-soluble drugs with a bitter 

taste and to maintain oral hygiene by reducing the bacterial growth in the saliva, 

which causes the development of dental caries. 

 In summary, the oral disintegrating dosage forms including ODTs and 

ODFs were successfully prepared for systemic and local application with the good 

characteristics. 
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1. Calibration curve of drugs 

Table A. 1 Calibration curves of drugs at the various pH. 

Drug MX PRX IBP KP 

pH 3 Equation y = 1.1449x-0.0606 y = 1.015x-0.280 y = 0.341x-0.185 y = 1.145x-0.271 
R2 0.9976 0.9996 0.9997 0.9994 

pH 5 Equation y = 1.1472x-0.0553 y = 0.901x-0.195 y = 0.369x-0.233 y = 1.112x-0.248 
R2 0.9981 0.9955 0.9997 0.9994 

pH 6 Equation y = 36.491x-0.1254 y = 206.38x-0.2333 y = 0.105x-0.180 y = 1.061x-0.221 
R2 0.9992 0.9999 0.9995 0.9998 

pH 7 Equation y = 1.384x-0.0662 y = 0.936x-0.244 y = 0.109x-0.199 y = 1.031x-0.165 
R2 0.9991 0.9994 0.9995 0.9993 

pH 8 Equation y = 1.3924x-0.0176 y = 0.921x-0.238 y = 0.107x-0.189 y = 0.934x-0.070 
R2 0.9994 0.9990 0.9991 0.9922 

x = absorbance and y = concentration (mM) 

 

2. Phase solubility of drugs 

Table A. 2 Phase solubility of drug/HPβCD at pH 3. 

HPβCD 
(mM) 

Solubility (mM) 
MX PRX IBP KP 

mean SD mean SD mean SD mean SD 
0 0.06 0.01 0.31 0.03 1.08 0.01 0.71 0.04 
3 0.1 0.03 0.73 0.04 5.52 0.05 2.62 0.03 
6 0.16 0.05 0.94 0.01 6.89 0.01 3.07 0.02 
9 0.23 0.09 1.04 0.07 8.98 0.06 3.29 0.02 

12 0.34 0.04 1.41 0.01 10.42 0.01 4.24 0.02 
15 0.44 0.05 1.92 0.05 12.32 0.02 4.47 0.03 

 

Table A. 3 Phase solubility of drug/HPβCD at pH 5. 

HPβCD 
(mM) 

Solubility (mM) 
MX PRX IBP KP 

mean SD mean SD mean SD mean SD 
0 0.14 0.04 0.41 0.04 1.55 0.03 4.09 0.02 
3 0.19 0.03 0.66 0.01 6.62 0.04 4.00 0.05 
6 0.27 0.06 1.13 0.03 8.74 0.03 4.12 0.01 
9 0.42 0.05 1.65 0.01 11.21 0.03 6.12 0.01 

12 0.53 0.04 1.91 0.04 13.41 0.04 6.15 0.11 
15 0.65 0.04 1.99 0.02 15.39 0.09 7.9 0.03 

 

Table A. 4 Phase solubility of drug/HPβCD at pH 6. 

HPβCD 
(mM) 

Solubility (mM) 
MX PRX IBP KP 

mean SD mean SD mean SD mean SD 
0 0.19 0.04 0.48 0.01 36.03 0.45 24.59 0.12 
3 0.30 0.01 1.03 0.03 66.48 0.99 24.88 0.23 
6 0.40 0.01 1.51 0.04 66.35 0.61 25.07 0.36 
9 0.48 0.01 1.78 0.01 67.68 0.48 25.25 0.12 

12 0.61 0.06 1.96 0.01 73.08 0.48 25.93 0.06 
15 0.68 0.05 2.06 0.01 71.11 0.29 26.58 0.04 
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Table A. 5 Phase solubility of drug/HPβCD at pH 7. 

HPβCD 
(mM) 

Solubility (mM) 
MX PRX IBP KP 

mean SD mean SD mean SD mean SD 
0 2.15 0.22 4.19 0.01 344.59 3.85 88.1 0.39 
3 2.31 0.01 5.99 0.04 348.26 1.68 91.3 0.36 
6 2.42 0.01 6.49 0.06 364.22 0.32 102.01 0.36 
9 2.57 0.01 6.66 0.09 388.99 1.39 101.96 0.27 

12 2.97 0.01 6.92 0.04 461.28 2.52 101.13 1.25 
15 3.36 0.01 7.26 0.03 568.62 2.40 98.55 0.27 

 

Table A. 6 Phase solubility of drug/HPβCD at pH 8. 

HPβCD 
(mM) 

Solubility (mM) 
MX PRX IBP KP 

mean SD mean SD mean SD mean SD 
0 3.29 0.18 7.06 0.02 403.55 2.27 106.15 0.86 
3 3.39 0.02 7.38 0.07 581.93 6.53 118.31 0.90 
6 3.62 0.05 8.54 0.01 609.84 3.37 119.29 0.72 
9 3.74 0.02 9.15 0.03 645.98 1.98 123.63 1.73 

12 4.24 0.02 10.03 0.13 646.48 2.16 125.65 0.32 
15 4.82 0.05 10.46 0.01 650.97 1.14 133.98 1.80 

 

3. Continuous variation plots 

Table A. 7 The absorbance and the different of absorbance of continuous variation 

plots for MX/HPβCD. 

mole 
fraction 

Absorbance ∆Abs The presence of HPβCD The absence of HPβCD 
1 2 3 1 2 3 1 2 3 mean SD 

0.2 0.073 0.072 0.073 0.071 0.072 0.071 0.002 0.000 0.002 0.001 0.001 
0.3 0.106 0.105 0.105 0.101 0.101 0.101 0.005 0.004 0.004 0.004 0.001 
0.4 0.119 0.119 0.122 0.115 0.113 0.114 0.004 0.006 0.008 0.006 0.002 
0.5 0.148 0.150 0.150 0.134 0.136 0.136 0.014 0.014 0.014 0.014 0.000 
0.6 0.166 0.164 0.165 0.158 0.159 0.159 0.008 0.005 0.006 0.006 0.002 
0.7 0.181 0.182 0.183 0.178 0.179 0.181 0.003 0.003 0.002 0.003 0.001 
0.8 0.210 0.211 0.212 0.208 0.212 0.211 0.002 -0.001 0.001 0.001 0.002 

 

Table A. 8 The absorbance and the different of absorbance of continuous variation 

plots for PRX/HPβCD. 

mole 
fraction 

Absorbance ∆Abs The presence of HPβCD The absence of HPβCD 
1 2 3 1 2 3 1 2 3 mean SD 

0.2 0.048 0.048 0.049 0.046 0.047 0.047 0.002 0.001 0.002 0.002 0.001 
0.3 0.067 0.067 0.068 0.064 0.064 0.066 0.003 0.003 0.002 0.003 0.001 
0.4 0.110 0.111 0.110 0.106 0.106 0.106 0.004 0.005 0.004 0.004 0.001 
0.5 0.131 0.135 0.132 0.118 0.120 0.118 0.013 0.015 0.014 0.014 0.001 
0.6 0.141 0.141 0.142 0.129 0.131 0.131 0.012 0.010 0.011 0.011 0.001 
0.7 0.151 0.152 0.150 0.149 0.151 0.147 0.002 0.001 0.003 0.002 0.001 
0.8 0.165 0.164 0.165 0.164 0.163 0.163 0.001 0.001 0.002 0.001 0.001 
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Table A. 9 The absorbance and the different of absorbance of continuous variation 

plots for IBP/HPβCD. 

mole 
fraction 

Absorbance ∆Abs The presence of HPβCD The absence of HPβCD 
1 2 3 1 2 3 1 2 3 mean SD 

0.2 0.075 0.086 0.086 0.061 0.063 0.064 0.014 0.023 0.022 0.020 0.005 
0.3 0.124 0.123 0.125 0.089 0.086 0.087 0.035 0.037 0.038 0.037 0.002 
0.4 0.152 0.155 0.154 0.096 0.097 0.096 0.056 0.058 0.058 0.057 0.001 
0.5 0.184 0.182 0.180 0.113 0.112 0.118 0.071 0.070 0.062 0.068 0.005 
0.6 0.167 0.167 0.161 0.13 0.132 0.131 0.037 0.035 0.030 0.034 0.004 
0.7 0.155 0.157 0.159 0.138 0.141 0.142 0.017 0.016 0.017 0.017 0.001 
0.8 0.154 0.152 0.154 0.146 0.147 0.148 0.008 0.005 0.006 0.006 0.002 

 

Table A. 10 The absorbance and the different of absorbance of continuous variation 

plots for KP/HPβCD. 

mole 
fraction 

Absorbance ∆Abs The presence of HPβCD The absence of HPβCD 
1 2 3 1 2 3 1 2 3 mean SD 

0.2 0.066 0.064 0.064 0.066 0.064 0.063 0.000 0.000 0.001 0.000 0.001 
0.3 0.127 0.123 0.130 0.122 0.122 0.125 0.005 0.001 0.005 0.004 0.002 
0.4 0.201 0.203 0.199 0.193 0.195 0.195 0.008 0.008 0.004 0.007 0.002 
0.5 0.249 0.245 0.249 0.240 0.233 0.236 0.009 0.012 0.013 0.011 0.002 
0.6 0.281 0.280 0.280 0.277 0.274 0.276 0.004 0.006 0.004 0.005 0.001 
0.7 0.332 0.334 0.334 0.330 0.330 0.330 0.002 0.004 0.004 0.003 0.001 
0.8 0.402 0.402 0.402 0.400 0.400 0.400 0.002 0.002 0.002 0.002 0.000 

 

4. Conductivity of drug/HPβCD systems 

Table A. 11 The conductivity (μS) of drug/HPβCD systems at various pH. 

HPβCD (mM) 0 3 6 9 12 15 

MX 

pH 3 30.2 23.5 21.2 16.2 8.4 4.9 
pH 5 342 285 275 260 253 247 
pH 6 409 353 348 336 327 314 
pH 7 599 566 560 555 545 536 
pH 8 791 781 778 774 773 771 

PRX 

pH 3 22.5 10.8 9.1 8.6 7.2 6.3 
pH 5 254 212 205 199 185 178 
pH 6 406 357 351 331 328 317 
pH 7 591 564 558 548 539 532 
pH 8 864 834 829 820 812 800 

IBP 

pH 3 367 337 322 310 304 301 
pH 5 470 452 428 415 410 400 
pH 6 1385 1346 1310 1249 1216 1202 
pH 7 5470 5350 5240 5090 4980 4840 
pH 8 5680 5580 5490 5390 5270 5100 

KP 

pH 3 293 253 248 237 218 195.7 
pH 5 444 416 400 391 372 360 
pH 6 506 482 477 450 443 432 
pH 7 4680 4480 4430 4300 4250 4160 
pH 8 5690 5450 5410 5310 5290 5210 
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5. MX loading onto Dowex® resin 

Table A. 12 The percentage of MX loading onto resin at weight various MX to resin 

from saturated MX solution. 

Time (h) 0.5:1  1:1  2:1 
mean SD mean SD mean SD 

0 0 0 0 0 0 0 
0.5 10.4 0.1 33.2 0.6 22.5 3.7 
1 15.8 0.1 43.2 0.4 40.1 7 
2 24 0.1 47.6 0.8 57.2 0.9 
3 30.7 0.2 50.5 0.4 68 0.5 
4 34.8 0 52 7.2 75.1 4.9 
6 38.9 0 63.1 0.3 75.4 0.6 

24 40.4 0 67.5 0.2 83.6 3 
48 40.9 0 69 0.1 89.7 6.2 
72 41 0 70.5 0.2 86.4 2.8 

 

Table A. 13 The percentage of MX loading onto resin at weight various MX to resin 

from saturated MX solution with HPβCD. 

Time (h) 0.5:1  1:1  2:1 
mean SD mean SD mean SD 

0 0 0 0 0 0 0 
0.5 12.6 0.1 37.4 0.5 24.2 1.6 
1 18.8 0.1 39.1 0.4 40.2 7 
2 26.5 0.3 50.7 0 51.5 10.3 
3 30.9 0.2 55.3 1 62.2 10.4 
4 30.1 0.2 57.1 0.4 74.6 5.7 
6 31.2 0.1 62.3 0.2 73.7 3.6 

24 39.4 0.4 72.4 0.3 81.9 3.9 
48 42.3 0.4 76.7 4.5 90.6 4.9 
72 46.1 0.2 79.9 0.3 87.1 1.8 

 

Table A. 14 The percentage of MX loading onto resin at weight various MX to resin 

from the fixed MX solution with HPβCD. 

Time (h) 0.5:1  1:1  2:1 
mean SD mean SD mean SD 

0 0 0 0 0 0 0 
0.5 12.7 0.5 34.4 0.3 10.3 2.1 
1 18.6 0.4 27.9 0.6 14.4 0.9 
2 26.4 0.3 32.9 0.1 28.3 5.2 
3 30.3 0.8 38.5 0.5 39.1 4.1 
4 30.8 0.6 42.6 0.5 54.5 3.9 
6 31.1 0.4 45.6 0.4 64.8 5.4 

24 39.9 0.4 66.4 0.3 78.6 2.4 
48 42 0.1 69.3 0.3 86.1 2.3 
72 42 0.1 70.5 0.9 86.7 1.1 
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Table A. 15 The amount of HPβCD in MX loading solution before and after MX 

loading process at the various weight ratio of MX to resin. 

MX loading HPβCD (mM) 
1 2 3 mean SD 

before 13.72 14.52 15.52 14.59 0.90 
After at 0.5:1 13.05 13.31 17.52 14.63 2.51 
After at 1:1 13.40 14.42 15.58 14.47 1.09 
After at 2:1 13.00 13.70 12.97 13.22 0.41 

 

Table A. 16 Particle sizes (nm) of Dowex® resin and MX resinate at the various 

weight ratio of MX to resin with and without HPβCD. 

No. 
MX resinate 

Dowex® resin without HPβCD with HPβCD 
0.5:1  1:1  2:1 0.5:1  1:1  2:1 

1 131.43 141.28 145.28 166.60 169.48 168.98 148.82 
2 148.88 133.62 156.50 165.02 160.07 164.11 150.27 
3 143.17 131.92 148.27 165.12 155.55 198.15 154.21 
4 144.87 144.84 142.12 181.97 143.97 149.28 152.50 
5 129.97 161.76 165.74 144.44 158.49 165.97 176.73 
6 145.34 160.19 151.47 138.91 144.44 156.36 165.81 
7 131.32 158.78 149.04 160.25 158.48 175.31 144.66 
8 150.73 173.44 159.01 174.02 143.34 160.55 166.43 
9 165.16 157.09 157.39 154.76 157.64 169.81 185.36 
10 135.41 156.12 164.56 156.10 153.34 156.62 165.83 

mean 142.63 151.90 153.94 160.72 154.48 166.52 161.06 
SD 11.01 13.41 7.98 12.90 8.41 13.48 13.19 
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1. Calibration of MX at the various conditions 

Table B. 1 Calibration curve of MX at the various conditions. 

Conditions Equation R2 
pH 1.2 y = 0.0600x-0.0436 0.9990 
pH 6.8 y = 0.0582x-0.0371 0.9994 

2 N KCl y = 0.0470x-0.0750 0.9996 
2 N KCl, pH 8 y = 0.0477x-0.0694 0.9987 

x = absorbance and y = concentration (μg/mL) 

 

2. Preparation of taste-masked MX ODTs 

Table B. 2 The MX content in the MX resinate 

No. MX loading/resinate (%) 
1 49.82 
2 49.96 
3 49.30 

mean 49.69 
SD 0.35 

 

Table B. 3 Disintegration time (s) of taste-masked MX ODTs. 

No. ODT1 ODT2 ODT3 ODT4 
1 32 28 357 315 
2 33 28 366 324 
3 37 30 370 340 
4 56 31 373 352 
5 57 31 382 352 
6 62 33 426 352 

mean 46 30 379 339 
SD 14 2 24 16 
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Table B. 4 Hardness (kg/inch2) of taste-masked MX ODTs. 

No. ODT1 ODT2 ODT3 ODT4 
1 3.00 3.30 5.80 6.40 
2 2.10 3.10 6.00 6.40 
3 2.20 2.90 5.80 5.80 
4 2.10 3.00 6.00 6.00 
5 2.10 3.00 6.00 5.60 
6 2.00 3.00 5.70 5.90 
7 3.00 3.00 6.00 6.00 
8 2.90 3.30 5.80 7.80 
9 2.50 3.10 6.00 6.00 

10 2.90 3.00 6.10 6.20 
11 3.00 3.00 6.00 6.00 
12 2.80 2.60 6.70 6.00 
13 2.10 3.00 6.20 5.60 
14 2.10 3.20 6.20 6.00 
15 2.10 3.00 5.90 6.60 
16 2.20 3.00 6.10 6.00 
17 2.50 2.60 7.00 6.20 
18 2.00 2.80 6.40 6.80 
19 2.10 3.10 6.20 6.20 
20 2.10 3.00 5.80 6.00 

mean 2.39 3.00 6.09 6.18 
SD 0.39 0.18 0.32 0.48 

 

Table B. 5 Disintegration time (s) of taste-masked MX ODTs (ODT3 and ODT4) with 

different amounts of Amberlite® IRP-69 (%). 

No. ODT3 ODT4 
0% 5% 10% 15% 20% 0% 5% 10% 15% 20% 

1 357 203 168 150 126 315 158 113 67 40 
2 366 206 169 155 127 324 159 113 69 41 
3 370 208 173 157 130 340 164 115 74 42 
4 373 212 175 161 133 352 170 116 76 45 
5 382 217 177 164 138 352 171 121 81 47 
6 426 226 179 172 144 352 173 124 83 49 

mean 379 212 174 160 133 339 166 117 75 44 
SD 24 8 4 8 7 16 6 5 6 4 
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3. Evaluations of taste-masked MX ODTs 

Table B. 6 The weight, thickness, diameter and hardness of taste-masked MX ODTs. 

No. Weight (g) Thickness (mm) 
ODT1 ODT2 ODT5 ODT6 ODT1 ODT2 ODT5 ODT6 

1 202.0 203.2 197.1 205.6 2.1 2.2 2.2 2.1 
2 197.1 206.0 203.8 205.9 2.0 2.2 2.1 2.1 
3 202.9 199.3 197.7 210.9 2.0 2.3 2.1 2.1 
4 194.1 206.9 200.6 206.0 2.1 2.1 2.1 2.1 
5 198.6 214.8 197.0 207.1 2.0 2.1 2.1 2.1 
6 198.0 204.7 205.4 198.9 2.1 2.1 2.1 2.1 
7 204.1 201.0 196.9 210.7 2.0 2.2 2.1 2.1 
8 200.9 199.4 200.2 208.2 2.0 2.1 2.0 2.1 
9 199.8 202.4 197.5 212.0 2.1 2.2 2.1 2.1 

10 205.1 205.7 203.2 209.2 2.0 1.5 2.1 2.1 
11 198.1 208.2 197.9 206.2 2.1 2.1 2.1 2.1 
12 192.3 204.0 202.3 206.7 2.1 2.1 2.1 2.1 
13 199.9 199.5 203.2 206.6 2.0 2.1 2.2 2.1 
14 198.2 195.2 202.2 207.4 2.0 2.1 2.1 2.1 
15 196.6 203.3 204.9 207.2 2.0 2.2 2.0 2.1 
16 198.1 209.7 204.2 213.4 2.0 2.1 2.1 2.1 
17 202.7 201.2 206.0 213.2 2.1 2.1 2.1 2.0 
18 195.2 208.7 195.1 199.2 2.0 2.1 2.1 2.1 
19 199.5 187.5 193.8 207.1 2.0 2.1 2.1 2.1 
20 200.0 199.2 197.2 207.1 2.0 2.2 2.1 2.1 

mean 199.2 203.0 200.3 207.4 2.0 2.1 2.1 2.1 
SD 3.3 5.8 3.7 3.8 0.0 0.2 0.1 0.0 

No. Diameter (mm) Hardness (kg/inch2) 
ODT1 ODT2 ODT5 ODT6 ODT1 ODT2 ODT5 ODT6 

1 9.6 9.6 9.6 9.6 3 3.3 3 2.5 
2 9.6 9.8 9.6 9.6 2.1 3.1 2.8 3 
3 9.6 9.6 9.6 9.6 2.2 2.9 2.8 2.8 
4 9.6 9.6 9.6 9.6 2.1 3 2.2 3.2 
5 9.6 9.7 9.6 9.6 2.1 3 2.8 3 
6 9.6 9.7 9.6 9.6 2 3 3 2.9 
7 9.6 9.7 9.6 9.6 3 3 2 3 
8 9.6 9.7 9.6 9.6 2.9 3.3 3 3.1 
9 9.6 9.6 9.6 9.6 2.5 3.1 2.5 3 

10 9.6 9.7 9.6 9.6 2.9 3 2.3 3.5 
11 9.6 9.7 9.6 9.6 3 3 3.2 2.8 
12 9.6 9.6 9.6 9.6 2.8 2.6 2.2 2.7 
13 9.6 9.6 9.6 9.6 2.1 3 3 3 
14 9.6 9.6 9.6 9.6 2.1 3.2 2 2.2 
15 9.6 9.7 9.6 9.6 2.1 3 2.8 3.1 
16 9.6 9.6 9.6 9.6 2.2 3 3 3 
17 9.6 9.6 9.6 9.6 2.5 2.6 3 3 
18 9.6 9.7 9.6 9.6 2 2.8 2.3 2.8 
19 9.7 9.6 9.6 9.6 2.1 3.1 3 3.1 
20 9.7 9.6 9.6 9.6 2.1 3 3 3 

mean 9.6 9.6 9.6 9.6 2.39 3 2.7 2.94 
SD 0.0 0.1 0.0 0.0 0.39 0.18 0.39 0.27 
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Table B. 7 Disintegration time (s) of taste-masked MX ODTs with the different 

apparatus. 

No. 650 mL of medium 6 mL of medium 
ODT1 ODT2 ODT5 ODT6 ODT1 ODT2 ODT5 ODT6 

1 32 28 126 40 48 15 40 26 
2 33 28 127 41 49 23 44 40 
3 37 30 130 42 59 33 50 45 
4 56 31 133 45 48 41 53 50 
5 57 31 138 47 53 41 58 53 
6 62 33 144 49 56 42 59 57 

mean 46.17 30.17 133.00 44.00 52.17 32.50 50.67 45.17 
SD 13.59 1.94 6.93 3.58 4.62 11.24 7.58 11.13 

 

Table B. 8 Friability of taste-masked MX ODTs. 

Formula ODT1 ODT2 ODT5 ODT6 
Weight (before, g) 4.0210 4.0440 4.0005 4.0391 
Weight (after, g) 3.9810 4.0130 3.9755 4.0067 

Friability (%) 0.99 0.77 0.62 0.80 
 

Table B. 9 Wetting time (min) of taste-masked MX ODTs. 

No. ODT1 ODT2 ODT5 ODT6 
1 1.05 0.65 3.21 2.14 
2 0.92 0.87 2.36 2.33 
3 1.13 0.77 4.05 2.41 

mean 1.03 0.76 3.21 2.29 
SD 0.11 0.11 0.85 0.14 

 

Table B. 10 The MX content of taste-masked MX ODTs. 

No. ODT1 ODT2 ODT5 ODT6 
1 105.71 108.33 96.89 103.16 
2 108.23 100.11 102.39 96.90 
3 105.58 100.57 102.60 99.29 

mean 106.51 103.01 100.62 99.78 
SD 1.49 4.62 3.24 3.16 
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Table B. 11 In vivo studies of taste-masked MX ODTs. 

Volunteers In vivo disintegration Mouth feeling* 
ODT1 ODT2 ODT5 ODT6 ODT1 ODT2 ODT5 ODT6 

1 65 50 81 43 1 1 1 1 
2 30 37 71 38 1 1 0 0 
3 45 40 86 87 1 1 1 1 
4 50 38 110 88 1 1 1 1 
5 52 47 84 57 1 1 0 0 
6 58 41 106 63 1 1 1 1 

mean 50.00 42.17 89.67 62.67  0 = smoothness, 1 = grittiness 
SD 11.98 5.19 15.16 21.27 

 

Table B. 12 Dissolution profiles of Mobic®. 

Time (h) MX released (%) 
1 2 3 Mean SD 

0.0 0.00 0.00 0.00 0.00 0.00 
0.2 11.97 12.82 12.82 12.53 0.49 
0.3 15.25 15.47 15.25 15.32 0.13 
0.5 16.93 17.47 17.79 17.40 0.43 
1.0 21.03 20.72 21.17 20.97 0.23 
1.5 22.31 22.47 22.56 22.45 0.12 
2.0 23.63 23.64 23.41 23.56 0.13 
3.0 93.31 89.08 93.18 91.86 2.41 
4.0 101.67 96.60 99.17 99.15 2.54 
5.0 99.38 95.31 97.89 97.53 2.06 
6.0 99.62 94.59 98.28 97.50 2.60 

 

Table B. 13 Dissolution profiles of ODT1. 

Time (h) MX released (%) 
1 2 3 Mean SD 

0.0 0.00 0.00 0.00 0.00 0.00 
0.2 8.56 8.75 10.30 9.20 0.95 
0.3 11.92 12.26 12.93 12.37 0.52 
0.5 14.13 15.12 15.22 14.82 0.61 
1.0 18.05 18.97 19.17 18.73 0.60 
1.5 21.21 21.11 20.41 20.91 0.44 
2.0 22.65 22.58 22.03 22.42 0.34 
3.0 65.98 64.56 66.76 65.77 1.12 
4.0 70.22 71.26 72.19 71.23 0.98 
5.0 72.01 73.57 71.66 72.42 1.02 
6.0 71.55 70.97 74.53 72.35 1.91 
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Table B. 14 Dissolution profiles of ODT2. 

Time (h) MX released (%) 
1 2 3 Mean SD 

0.0 0.00 0.00 0.00 0.00 0.00 
0.2 19.17 19.97 18.02 19.06 0.98 
0.3 23.31 24.76 22.30 23.46 1.23 
0.5 25.52 28.66 25.40 26.53 1.85 
1.0 31.11 34.40 30.90 32.14 1.96 
1.5 40.67 40.16 36.11 38.98 2.50 
2.0 40.39 43.34 40.58 41.43 1.65 
3.0 71.56 70.49 70.24 70.76 0.70 
4.0 76.27 74.80 75.19 75.42 0.76 
5.0 76.53 80.75 76.07 77.78 2.58 
6.0 78.50 80.99 83.89 81.13 2.70 

 

Table B. 15 Dissolution profiles of ODT5. 

Time (h) MX released (%) 
1 2 3 Mean SD 

0.0 0.00 0.00 0.00 0.00 0.00 
0.2 11.49 10.73 10.45 10.89 0.54 
0.3 12.27 12.41 13.93 12.87 0.92 
0.5 14.35 14.37 13.69 14.14 0.38 
1.0 15.94 16.66 16.47 16.36 0.38 
1.5 17.70 18.94 18.17 18.27 0.63 
2.0 18.63 19.94 19.31 19.29 0.66 
3.0 80.94 85.19 84.57 83.57 2.30 
4.0 91.52 95.09 96.60 94.40 2.61 
5.0 93.68 95.40 98.06 95.71 2.21 
6.0 95.60 97.07 97.61 96.76 1.04 

 

Table B. 16 Dissolution profiles of ODT6. 

Time (h) MX released (%) 
1 2 3 Mean SD 

0.0 0.00 0.00 0.00 0.00 0.00 
0.2 13.04 14.10 12.61 13.25 0.76 
0.3 14.17 14.31 14.80 14.42 0.33 
0.5 15.63 15.71 15.58 15.64 0.06 
1.0 18.07 16.83 17.61 17.50 0.63 
1.5 19.98 18.69 19.32 19.33 0.64 
2.0 21.18 20.03 21.22 20.81 0.67 
3.0 85.39 85.24 84.60 85.08 0.42 
4.0 94.40 92.96 91.43 92.93 1.49 
5.0 94.82 94.96 93.44 94.41 0.84 
6.0 97.06 95.15 97.39 96.53 1.21 
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1. MX solubility 

Table C. 1 The calibration of MX at the various conditions. 

Conditions Equation R2 
USP buffer solution pH 3/Ethanol y = 22.803x-0.1528 0.9988 
USP buffer solution pH 6/Ethanol y = 26.293x-0.3339 0.9999 
USP buffer solution pH 8/Ethanol y = 18.927x-0.0990 0.9899 

Artificial saliva y* = 0.0485x+0.0109 0.9995 
x = absorbance, y = concentration (mM) and y* = concentration (μg/mL) 

 

Table C. 2 MX solubility in the various single solvents. 

Solvent Solubility (mg/mL) 
1 2 3 mean SD 

USP buffer solution pH 3 0.07 0.07 0.07 0.07 0.00 
USP buffer solution pH 6 0.16 0.16 0.16 0.16 0.00 
USP buffer solution pH 8 0.55 0.55 0.55 0.55 0.00 

BzOH 3.92 3.58 3.86 3.79 0.18 
DMF 25.71 25.03 26.15 25.63 0.56 

PEG 400 4.20 4.42 4.34 4.32 0.11 
 

Table C. 3 MX solubility in the binary solvent mixtures of USP buffer solution pH 3, 

6 and 8 with ethanol (1:1). 

Solvent Solubility (mg/mL) 
1 2 3 mean SD 

USP buffer solution pH 3/Ethanol 0.07 0.07 0.07 0.07 0.00 
USP buffer solution pH 6/Ethanol 0.16 0.16 0.16 0.16 0.00 
USP buffer solution pH 8/Ethanol 0.90 0.90 0.90 0.90 0.00 

 

Table C. 4 MX solubility (mg/mL) in ternary solvent mixtures of USP buffer solution 

pH 8/ethanol (1:1) with organic solvents. 

Co-solvent (%) 10 20 30 40 50 60 70 80 90 

BzOH 

1 1.36 1.52 1.56 1.62 1.84 2.2 2.27 2.45 2.72 
2 1.38 1.64 1.65 1.65 1.86 2.24 2.27 2.49 2.67 
3 1.33 1.48 1.66 1.64 1.79 2.26 2.29 2.42 2.76 

mean 1.36 1.55 1.62 1.63 1.83 2.23 2.28 2.45 2.72 
SD 0.03 0.08 0.06 0.02 0.03 0.03 0.01 0.04 0.04 

DMF 

1 1.36 1.42 1.62 2.45 2.81 3.69 5.09 9.91 14.94 
2 1.39 1.39 1.64 2.57 2.95 3.72 5.87 10.31 14.42 
3 1.4 1.48 1.6 2.39 2.69 3.64 4.28 9.39 14.89 

mean 1.39 1.43 1.62 2.47 2.82 3.69 5.08 9.87 14.75 
SD 0.02 0.05 0.02 0.09 0.13 0.04 0.79 0.46 0.29 

PEG 400 

1 1.46 1.59 1.68 2.58 3.18 3.2 3.85 
2 1.44 1.66 1.7 2.54 3.21 3.22 3.83 
3 1.49 1.61 1.62 2.59 3.16 3.19 3.87 

mean 1.46 1.62 1.67 2.57 3.18 3.2 3.85 
SD 0.02 0.03 0.04 0.03 0.03 0.02 0.02 
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2. PVP/HPβCD nanofiber mats 

Table C. 5 Solution parameters of PVP/HPβCD electrospinning solutions containing 

various concentrations of HPβCD. 

HPβCD (mM) 0 10 30 50 70 90 110 130 150 

Viscosity 
(mPas) 

1 214.51 224.98 235.52 245.86 232.78 250.25 245.90 235.86 233.54 
2 215.82 223.67 235.52 233.71 247.17 245.94 241.98 241.18 278.01 
3 215.82 222.36 234.22 240.25 255.02 242.48 241.98 247.42 243.33 

mean 215.38 223.67 235.09 239.94 244.99 246.22 243.29 241.49 251.63 
SD 0.76 1.31 0.75 6.08 11.28 3.89 2.26 5.79 23.37 

Conductivity 
(μS) 

1 4.00 4.00 4.10 3.60 3.70 3.10 2.00 2.00 2.10 
2 4.50 3.90 3.70 3.90 3.50 2.80 2.30 2.10 2.00 
3 5.10 4.90 3.90 3.60 3.10 3.20 2.40 2.00 2.00 

mean 4.53 4.27 3.90 3.70 3.43 3.03 2.23 2.03 2.03 
SD 0.55 0.55 0.20 0.17 0.31 0.21 0.21 0.06 0.06 

Surface 
tension 
(mN/m) 

1 34.52 34.75 32.92 31.52 32.16 33.19 31.60 32.20 32.71 
2 34.71 34.27 32.05 32.07 32.94 33.59 32.25 32.28 32.25 
3 34.84 33.97 32.20 32.21 32.80 34.28 31.62 32.04 33.16 

mean 34.69 34.33 32.39 31.93 32.63 33.69 31.82 32.17 32.71 
SD 0.16 0.39 0.47 0.36 0.42 0.55 0.37 0.12 0.46 

 

Table C. 6 Fiber diameter (nm) of PVP/HPβCD nanofiber mats containing 10-150 

mM HPβCD after preparation. 

HPBCD (mM) 
  10 30 50 70 90 110 130 150 
  121 115 152 119 151 121 193 275 278 258 256 366 280 266 442 242 
  96 147 144 102 75 113 182 327 204 252 312 269 201 286 513 220 
  119 119 115 121 94 137 122 238 351 149 222 216 505 307 289 334 
  110 78 102 60 189 170 155 212 265 320 525 400 322 318 162 325 
  110 94 107 84 170 144 182 218 391 186 170 222 292 184 270 257 
  60 113 57 107 121 152 140 122 223 224 273 254 296 309 340 312 
  102 96 197 121 133 107 146 115 252 346 298 164 363 441 262 239 
  110 110 174 144 107 161 173 177 305 210 291 191 251 244 380 253 
  136 78 137 94 119 147 136 196 211 176 362 210 184 317 398 312 
  78 119 84 94 78 156 225 238 262 293 281 122 187 260 377 286 
  102 174 96 102 110 133 219 117 283 280 265 271 345 201 289 360 
  78 113 68 127 160 94 411 139 229 310 189 206 327 244 242 396 
  96 121 119 121 119 115 192 219 262 391 404 254 360 192 270 204 
  115 133 121 115 197 133 165 155 241 288 206 339 260 226 252 272 
  127 113 68 127 160 84 192 129 323 394 298 216 292 209 803 242 
  174 94 94 121 152 119 135 291 249 338 259 269 161 243 389 372 
  127 107 162 151 144 136 272 150 252 258 310 194 192 304 287 298 
  84 187 162 147 144 144 219 182 396 290 180 281 266 260 342 279 
  78 113 121 115 133 119 165 212 234 317 199 206 285 285 215 307 
  107 115 75 107 102 107 189 253 352 166 111 188 260 374 248 321 
  137 84 127 53 102 110 232 173 134 224 291 181 244 278 340 382 
  211 60 115 147 211 94 164 204 287 224 329 162 260 264 253 213 
  94 94 133 221 156 133 268 150 241 283 324 265 270 219 400 288 
  94 132 113 94 156 127 117 173 153 260 527 217 268 337 267 312 
  107 230 75 75 170 78 164 204 257 265 233 256 202 264 246 254 
mean 114.26 115.75 131.75 192.64 265.42 284.5 274.85 331.03 
SD 33.92 34.34 30.63 58.13 63.39 97.43 72.93 126.48 
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Table C. 7 Fiber diameter (nm) of PVP/HPβCD nanofiber mats containing 10-150 

mM HPβCD after storing for 1 month. 

HPBCD (mM) 
  10 30 50 70 90 110 130 150 
  121 115 152 119 151 121 193 275 283 218 218 260 256 200 380 288 
  96 147 144 102 75 113 182 327 191 243 114 260 283 185 464 375 
  119 119 115 121 94 137 122 238 239 231 521 136 246 169 531 211 
  110 78 102 60 189 170 155 212 266 227 192 187 186 181 171 270 
  110 94 107 84 170 144 182 218 219 160 276 199 250 325 270 356 
  60 113 57 107 121 152 140 122 260 319 244 307 132 186 240 280 
  102 96 197 121 133 107 146 115 231 211 369 219 212 304 359 178 
  110 110 174 144 107 161 173 177 151 304 201 219 325 166 272 529 
  136 78 137 94 119 147 136 196 337 187 172 226 264 239 178 147 
  78 119 84 94 78 156 225 238 201 226 206 260 326 299 346 204 
  102 174 96 102 110 133 219 117 225 243 268 225 239 196 323 325 
  78 113 68 127 160 94 411 139 176 238 351 327 196 229 340 204 
  96 121 119 121 119 115 192 219 184 251 176 296 166 169 213 305 
  115 133 121 115 197 133 165 155 254 227 290 343 219 193 197 245 
  127 113 68 127 160 84 192 129 415 199 219 150 186 323 245 203 
  174 94 94 121 152 119 135 291 187 244 254 249 98 393 204 171 
  127 107 162 151 144 136 272 150 188 213 268 227 368 283 372 248 
  84 187 162 147 144 144 219 182 254 308 244 109 438 181 194 264 
  78 113 121 115 133 119 165 212 374 167 331 167 230 263 228 279 
  107 115 75 107 102 107 189 253 308 161 226 184 273 126 275 239 
  137 84 127 53 102 110 232 173 211 254 441 192 202 272 275 221 
  211 60 115 147 211 94 164 204 177 224 109 151 294 185 179 245 
  94 94 133 221 156 133 268 150 226 168 327 192 275 169 171 314 
  94 132 113 94 156 127 117 173 201 187 293 400 216 243 215 152 
  107 230 75 75 170 78 164 204 304 136 272 313 347 212 257 280 
mean 114.26 115.75 131.75 192.64 232.22 247.56 238.31 268.66 
SD 33.92 34.34 30.63 58.13 56.87 83.2 70.44 87.15 

 

3. Taste-masked MX ODFs 

Table C. 8 Solution parameters of MX-loaded PVP/HPβCD electrospinning solutions. 

Formula ODF1 ODF2 ODF3 ODF4 

Conductivity (μS) 

1 2 11.5 35.6 63.8 
2 2.3 11.8 35.2 64.5 
3 2.4 12.1 35.7 67.3 

mean 2.2 11.8 35.5 65.2 
SD 0.2 0.3 0.3 1.9 

viscosity (mPas) 

1 245.9 538.9 555.9 888.13 
2 241.98 507.5 562.44 881.59 
3 241.98 502.27 567.67 903.83 

mean 243.29 516.22 562 891.18 
SD 2.26 19.81 5.9 11.43 

surface tension 
(mN/m) 

1 30.87 31.41 34.05 31.57 
2 33.5 35.19 33.78 34.14 
3 32.79 35.51 33.46 34.16 

mean 32.39 34.04 33.76 33.29 
SD 1.36 2.28 0.3 1.49 
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Table C. 9 Fiber diameter (nm) of taste-masked MX ODFs. 

ODF1 ODF2 ODF3 ODF4 
325.49 285.71 150.94 210.95 290.75 332.65 192.42 161.21 
323.81 259.08 208.40 150.94 340.73 243.93 227.20 173.95 
357.87 269.37 204.09 120.81 217.18 307.72 119.33 196.99 
429.73 307.13 192.42 178.00 388.50 375.19 126.57 152.12 
441.81 347.59 204.09 210.95 297.53 269.37 150.94 137.36 
421.64 366.39 147.36 94.34 229.36 312.40 207.55 161.21 
369.84 285.71 270.15 152.12 339.13 265.30 120.81 152.12 
286.35 259.08 213.47 321.31 392.68 272.72 253.14 230.31 
175.61 205.15 169.81 168.76 127.78 281.23 152.12 114.77 
283.16 232.51 210.95 240.15 281.23 179.69 169.81 170.86 
240.94 242.44 220.84 204.09 301.17 385.68 161.21 185.83 
380.95 206.03 204.09 213.47 191.43 134.69 220.04 170.86 
307.13 272.72 203.21 215.13 232.51 243.93 188.68 168.76 
383.33 127.78 204.09 173.95 326.04 215.50 227.20 126.57 
310.07 137.35 264.15 264.15 323.81 265.30 137.36 150.94 
361.90 153.57 168.76 245.28 230.15 272.72 189.62 196.99 
256.26 272.72 298.33 189.62 238.67 247.62 215.13 152.12 
265.30 121.96 203.21 230.31 145.06 286.35 126.57 152.12 
288.24 78.54 203.21 262.12 198.86 153.57 120.81 161.21 
232.51 78.54 215.13 192.42 310.07 317.02 173.95 236.41 
327.71 310.07 169.81 233.38 270.72 274.71 162.31 169.81 
274.71 259.08 227.20 238.66 297.53 120.47 152.12 173.95 
198.86 326.04 227.20 168.76 323.25 248.35 161.21 162.31 
332.65 333.20 178.00 173.95 152.38 115.86 179.00 126.57 
274.71 138.67 312.32 160.10 230.15 310.07 110.02 152.12 

mean 274.54 205.70 262.17 167.65 
SD 86.00 44.96 71.08 34.24 

 

Table C. 10 The tensile strength (MPa) of blank ODFs (ODF1 and ODF2) and taste-

masked MX ODFs (ODF3 and ODF4). 

No. Tensile stress (MPa) 
ODF1 ODF2 ODF3 ODF4 

1 2.47 1.43 1.57 0.57 
2 3.17 1.76 2.05 0.66 
3 2.83 1.79 1.09 1.35 

mean 2.82 1.66 1.57 0.86 
SD 0.35 0.20 0.48 0.42 

 

 Table C. 11 The loading efficiency and loading capacity of taste-masked MX ODFs. 

No. Loading efficiency (%) Loading capacity (%) 
ODF3 ODF4 ODF3 ODF4 

1 101.95 82.24 10.18 9.33 
2 100.69 78.90 10.31 9.12 
3 99.42 81.44 10.37 9.40 

mean 100.69 80.86 10.29 9.28 
SD 1.27 1.74 0.09 0.15 
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Table C. 12 The In vitro disintegration time of taste-masked MX ODFs. 

Formula In vitro disintegration time (s) 
1 2 3 mean SD 

ODF3 16 13 13 14.0 1.7 
ODF4 14 16 11 13.7 2.5 

 

Table C. 13 Dissolution profiles of MX powder. 

Time (min) MX released (%) 
1 2 3 mean SD 

0 0.00 0.00 0.00 0.00 0.00 
1 3.24 0.33 0.73 1.43 1.58 
3 8.55 1.76 2.01 4.11 3.85 
5 12.20 3.13 3.57 6.30 5.11 
10 17.26 6.25 7.10 10.20 6.12 
15 22.89 8.95 10.15 14.00 7.72 
30 17.46 13.61 15.43 15.50 1.93 
60 25.24 22.78 25.82 24.61 1.61 

120 44.40 45.32 27.19 38.97 10.21 
 

Table C. 14 Dissolution profiles of Mobic® 

Time (min) MX released (%) 
1 2 3 mean SD 

0 0.00 0.00 0.00 0.00 0.00 
1 14.69 14.26 22.88 17.28 4.86 
3 19.55 38.29 41.38 33.08 11.81 
5 26.89 47.64 54.89 43.14 14.53 

10 46.99 59.14 68.13 58.09 10.61 
15 62.01 60.42 76.42 66.28 8.81 
30 66.78 68.61 85.39 73.59 10.26 
60 75.97 76.40 90.50 80.95 8.27 

120 79.10 78.91 91.42 83.15 7.17 
 

Table C. 15 Dissolution profiles of ODF3 

Time (min) 
MX released (%) 

1 2 3 mean SD 
0 0.00 0.00 0.00 0.00 0.00 
1 56.36 53.13 60.45 56.65 3.67 
3 64.87 73.40 57.05 65.11 8.18 
5 73.15 70.91 73.41 72.49 1.37 
10 73.57 80.40 87.48 80.48 6.96 
15 91.78 88.49 91.40 90.56 1.80 
30 97.17 100.86 98.76 98.93 1.85 
60 102.61 105.48 104.50 104.20 1.46 

120 112.06 100.76 106.80 106.54 5.66 
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Table C. 16 Dissolution profiles of ODF4 

Time (min) MX released (%) 
1 2 3 mean SD 

0 0.00 0.00 0.00 0.00 0.00 
1 58.10 58.99 57.57 58.22 0.72 
3 63.60 68.96 66.44 66.33 2.68 
5 76.79 72.68 73.76 74.41 2.13 

10 80.40 84.69 83.69 82.93 2.24 
15 84.06 90.96 88.47 87.83 3.49 
30 92.68 101.47 100.57 98.24 4.84 
60 103.46 104.14 102.95 103.52 0.60 

120 118.31 96.30 91.98 102.19 14.12 
 

Table C. 17 The percentage of HaCaT viability of MX powder incubating for 24 h. 

MX (μg/mL) HaCaT viability (%) 
1 2 3 mean SD 

0 97.282 100.078 102.641 100.000 2.680 
100 76.311 77.010 71.068 74.796 3.248 
200 59.417 54.641 64.893 59.650 5.130 
400 47.068 51.495 54.175 50.913 3.589 
800 28.427 36.117 31.573 32.039 3.866 

1200 9.786 9.087 8.971 9.282 0.441 
 

Table C. 18 The percentage of HGF viability of MX powder incubating for 24 h. 

MX (μg/mL) HGF viability (%) 
1 2 3 mean SD 

0 97.277 101.362 101.362 100.000 2.359 
100 55.915 51.830 56.298 54.681 2.477 
200 24.000 22.979 24.894 23.957 0.958 
400 6.766 6.766 6.894 6.809 0.074 
800 0.894 0.894 0.638 0.809 0.147 

 

Table C. 19 The percentage of cell viability of ODFs incubating for 1 min. 

No. HaCaT HGF 
Control ODF1 ODF2 ODF3 ODF4 Control ODF1 ODF2 ODF3 ODF4 

1 95.74 100.48 99.86 80.47 83.36 94.46 100.16 99.45 99.92 83.07 
2 100.69 87.28 86.45 85.21 81.09 100.63 101.34 100.16 82.36 77.14 
3 103.58 82.74 87.69 82.12 80.88 104.91 95.65 94.94 78.56 89.00 

mean 100.00 90.17 91.33 82.60 81.77 100.00 99.05 98.18 86.95 83.07 
SD 3.97 9.22 7.41 2.41 1.37 5.25 3.01 2.83 11.40 5.93 
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Table C. 20 The percentage of cell viability of ODFs incubating for 3 min. 

No. HaCaT HGF 
Control ODF1 ODF2 ODF3 ODF4 Control ODF1 ODF2 ODF3 ODF4 

1 99.21 88.98 84.77 88.98 83.13 98.47 81.36 83.03 73.02 87.62 
2 101.77 82.40 86.78 82.40 73.08 102.02 87.62 94.71 73.02 69.05 
3 99.03 93.54 88.61 93.54 86.24 99.51 91.79 87.83 89.92 75.94 

mean 100.00 88.31 86.72 88.31 80.82 100.00 86.93 88.53 78.65 77.54 
SD 1.53 5.60 1.92 5.60 6.88 1.82 5.25 5.87 9.76 9.39 

 

Table C. 21 The percentage of cell viability of ODFs incubating for 5 min. 

No. HaCaT HGF 
Control ODF1 ODF2 ODF3 ODF4 Control ODF1 ODF2 ODF3 ODF4 

1 102.85 84.82 87.86 80.83 80.46 102.61 86.96 86.09 73.48 72.17 
2 108.35 88.61 80.65 74.57 76.85 110.00 85.00 88.91 68.26 70.87 
3 88.80 82.54 85.77 87.86 77.61 87.39 83.26 85.00 86.09 84.35 

mean 100.00 85.33 84.76 81.09 78.30 100.00 85.07 86.67 75.94 75.80 
SD 10.08 3.07 3.71 6.64 1.90 11.53 1.85 2.02 9.16 7.43 

 

Table C. 22 In vivo studies of taste-masked MX ODFs. 

Volunteers In vivo disintegration time (s) Mouth feeling* 
ODF3 ODF4 ODF3 ODF4 

1 66 44 0 0 
2 28 20 0 0 
3 75 33 0 0 
4 87 60 0 0 
5 67 45 0 0 
6 10.8 17.2 0 0 

mean 55.6 36.5 0 = smoothness, 1 = grittiness 
SD 29.6 16.4 
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1. GM extraction 

Table D. 1 The extraction yield (%) of GM extract from the extraction solvent.  

Solvent Yield (%) 
1 2 3 mean SD 

70 % acetone 19.53 21.22 16.31 19.02 2.50 
95 % ethanol 21.57 16.19 19.16 18.97 2.69 

 

Table D. 2 Calibration curve of active compound in GM extract.  

Compound Equation R2 
α–Mangostin y* = 45.3153x*-217.17289 0.9990 
Gallic acid y = 1.1928x-0.1313 0.9992 
Tannic acid y = 1.6429x-0.2965 0.9993 

x = absorbance, x* = area, y = concentration (mg/mL) and y* = concentration (μg/mL) 

 

Table D. 3 The amount of α–mangostin, total phenolic compounds and total tannins of 

GM extract.  

No. 

α-mangostin 
(mg/g extract) 

Total phenolic compounds 
(mg GAE/g extracts) 

Total tannins 
(mg TAE/g extracts) 

70 % 
acetone 

95 % 
ethanol 

70 % 
acetone 

95 % 
ethanol 

70 % 
acetone 

95 % 
ethanol 

1 35.96 132.18 426.24 477.39 210.69 159.63 
2 35.81 131.66 456.25 487.52 238.22 159.11 
3 36.29 131.63 429.04 478.66 230.43 157.56 
4 36.03 130.63 - - - - 

mean 36.02 131.52 437.17 481.19 226.45 158.77 
SD 0.20 0.65 16.58 5.52 14.19 1.08 

 

2. Synthesis of CS-SH 

Table D. 4 The amount of thiol groups on the CS-SH.  

No. Thiol group (μmol)/g CS-SH 
1 470.32 
2 466.69 
3 472.24 

mean 469.75 
SD 2.82 
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3. Taste-masked GM extract ODFs 

Table D. 5 Solution parameters of GM extract (0, 1, 3 and 5 % w/w α-mangostin to 

polymer)-loaded CS/PVA solution. 

Solution (%w/w 
α-mangostin) 0 1 3 5 

Viscosity 
(mPas) 

1 166.2 180.1 197.2 190.2 
2 164 181.4 190.1 190.9 
3 163.2 182.4 188.5 189.9 

mean 164.5 181.3 191.9 190.3 
SD 1.6 1.2 4.6 0.5 

Conductivity 
(μS/cm) 

1 807 777 839 813 
2 900 760 794 818 
3 895 800 763 803 

mean 867.3 779 798.7 811.3 
SD 52.3 20.1 38.2 7.6 

surface tension 
(mN/m) 

1 54.4 53.6 48.7 44.1 
2 55.1 54.6 47.5 45.7 
3 56.2 54.5 45 45.4 

mean 55.2 54.2 47.1 45 
SD 0.9 0.6 1.9 0.8 

 

Table D. 6 Solution parameters of GM extract (0, 1, 3 and 5 % w/w α-mangostin to 

polymer)-loaded CS-SH/PVA solution. 

Solution (%w/w 
α-mangostin) 0 1 3 5 

Viscosity 
(mPas) 

1 231 229.3 253.7 266.4 
2 230.4 235.6 252.6 267.7 
3 229.7 231.4 253.2 267.2 

mean 230.4 232.1 253.2 267.1 
SD 0.7 3.2 0.7 0.7 

Conductivity 
(μS/cm) 

1 2300 1922 1863 1763 
2 2390 1952 1875 1782 
3 2400 1925 1828 1774 

mean 2363.3 1933 1855.3 1773 
SD 55.1 16.5 24.4 9.5 

surface tension 
(mN/m) 

1 53.3 49.5 47.3 44.5 
2 54.5 49.4 46.7 44.5 
3 55.7 49.4 45.9 44.5 

mean 54.5 49.4 46.6 44.5 
SD 1.2 0.1 0.1 0.1 
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Table D. 7 Solution parameters of α-mangostin (0, 1, 3 and 5 % w/w α-mangostin to 

polymer)-loaded CS-SH/PVA solution. 

Solution (%w/w 
α-mangostin) 0 1 3 5 

Viscosity 
(mPas) 

1 231 242.1 252 266.2 
2 230.4 242.9 256.4 269.1 
3 229.7 241.8 250.3 262.5 

mean 230.4 242.3 252.9 265.9 
SD 0.7 0.6 3.1 3.3 

Conductivity 
(μS/cm) 

1 2300 2260 2270 1866 
2 2390 2240 2200 1968 
3 2400 2280 2190 2160 

mean 2363.3 2260 2220 1998 
SD 55.1 20 43.6 149.3 

surface tension 
(mN/m) 

1 53.3 56.5 58.5 58.3 
2 54.5 57.6 58.3 58.3 
3 55.7 57.6 58.4 58.3 

mean 54.5 57.2 58.4 58.3 
SD 1.2 0.6 0.1 0.1 

 

Table D. 8 Fiber diameter (nm) of taste-masked GM extract-loaded CS/PVA ODFs. 

0 % w/w 1 % w/w 3 % w/w 5 % w/w 
306.56 201.31 320.75 262.12 351.18 479.10 483.25 280.49 
250.77 211.47 304.82 253.84 281.00 272.15 322.97 421.90 
177.32 262.35 283.65 230.31 384.88 272.15 382.05 256.63 
264.34 242.99 388.97 233.38 362.93 301.39 508.03 372.13 
292.57 280.37 340.15 283.02 311.09 299.07 403.35 430.25 
280.37 198.69 173.95 253.84 326.43 354.65 396.68 270.15 
330.69 354.65 256.63 321.31 355.14 378.48 312.32 471.70 
267.62 168.22 272.12 262.80 317.76 341.09 442.09 398.02 
206.46 167.18 298.33 309.46 317.21 452.48 339.62 421.90 
269.57 225.85 294.73 298.33 326.43 290.17 388.97 442.09 
250.77 277.87 321.31 256.63 301.97 319.40 482.15 481.04 
236.43 145.99 311.18 266.83 277.87 370.07 325.71 418.94 
185.04 190.62 266.83 316.28 421.70 290.17 322.97 398.02 
243.71 186.92 304.24 329.51 341.09 354.65 459.08 434.37 
228.16 202.18 364.40 283.02 301.39 392.52 460.62 357.99 
228.16 242.99 262.80 384.83 343.13 213.12 301.89 401.14 
206.46 185.04 264.15 266.83 431.53 292.57 519.13 440.48 
190.62 225.85 295.33 295.33 505.02 299.07 382.05 414.24 
185.04 290.17 253.84 208.40 308.27 280.37 311.18 403.79 
251.47 242.99 366.35 200.57 368.18 420.04 294.73 459.46 
195.15 186.92 324.62 295.33 408.23 331.22 285.52 396.68 
234.20 326.43 347.91 220.84 275.98 311.09 379.71 407.30 
211.47 225.85 188.68 246.01 378.48 352.67 346.88 333.81 
205.61 202.18 285.52 270.15 267.62 195.15 396.68 445.30 
254.23 192.44 304.82 298.33 299.07 506.06 346.37 489.48 

mean 231.81 284.87 338.65 392.83 
SD 45.70 46.57 65.70 66.13 
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Table D. 9 Fiber diameter (nm) of taste-masked GM extract-loaded CS-SH/PVA 

ODFs. 

0 % w/w 1 % w/w 3 % w/w 5 % w/w 
190.62 108.99 125.39 119.68 209.52 196.11 186.92 384.88 
150.70 108.99 150.70 142.35 210.39 217.18 225.08 262.35 
95.31 134.79 136.08 132.17 212.96 172.48 277.87 150.70 

100.66 119.68 160.79 145.99 191.43 222.13 142.35 411.64 
142.35 134.79 136.08 168.22 171.43 162.74 130.84 167.18 
160.79 125.39 208.98 158.60 194.25 179.69 208.98 172.33 
208.98 201.31 174.77 150.70 277.34 222.13 225.08 285.31 
145.99 132.17 150.70 125.39 148.77 190.48 205.61 224.30 
150.70 83.59 150.70 158.60 153.57 153.57 184.09 243.71 
112.15 154.13 190.62 108.99 217.18 209.52 225.85 213.12 
160.79 112.15 136.08 193.46 153.57 212.96 280.37 201.31 
142.35 134.79 119.68 130.84 107.75 242.44 192.44 169.26 
125.39 83.59 118.22 118.22 163.85 179.69 218.78 249.38 
150.70 275.98 95.31 134.79 190.48 172.48 231.20 195.15 
145.99 142.35 132.17 134.79 212.96 180.70 213.12 172.33 
158.60 130.84 167.18 119.68 152.38 187.60 225.08 217.98 
132.17 142.35 100.66 193.46 138.67 162.74 254.23 167.18 
136.08 132.17 130.84 119.68 187.60 187.60 172.33 267.62 
125.39 118.22 118.22 125.39 196.11 102.57 228.16 198.69 
132.17 119.68 119.68 132.17 180.70 248.35 281.00 134.79 
132.17 154.13 134.79 193.46 212.96 187.60 202.18 149.53 
83.59 119.68 112.15 411.21 175.61 180.70 192.44 168.22 

145.99 132.17 154.13 150.70 215.50 170.37 306.56 176.34 
149.53 125.39 145.99 108.99 229.36 152.38 243.71 187.85 
119.68 134.79 100.66 118.22 175.61 217.18 154.13 208.98 

mean 137.22 145.33 187.83 215.77 
SD 32.41 46.43 33.01 56.27 
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Table D. 10 Fiber diameter (nm) of taste-masked α-mangostin-loaded CS-SH/PVA 

ODFs. 

0 % w/w 1 % w/w 3 % w/w 5 % w/w 
190.62 108.99 196.85 199.45 223.61 123.61 152.12 110.02 
150.70 108.99 196.85 149.30 178.89 223.61 152.12 160.10 

95.31 134.79 200.31 158.22 140.00 123.61 204.09 155.59 
100.66 119.68 193.34 166.67 184.39 115.41 137.36 185.83 
142.35 134.79 182.39 158.22 172.05 126.27 173.95 160.10 
160.79 125.39 167.69 200.31 228.04 220.91 251.73 173.95 
208.98 201.31 170.73 170.73 141.42 205.91 262.80 170.86 
145.99 132.17 211.14 166.67 128.06 278.57 168.76 119.33 
150.70 83.59 107.98 152.71 123.61 141.42 179.00 169.81 
112.15 154.13 149.30 117.12 152.32 178.89 133.42 173.95 
160.79 112.15 141.03 165.63 203.96 178.89 94.34 152.12 
142.35 134.79 167.69 159.30 189.74 164.92 136.06 178.00 
125.39 83.59 190.66 107.98 134.16 121.66 179.00 94.34 
150.70 275.98 183.32 149.30 260.00 101.98 101.61 185.83 
145.99 142.35 170.73 117.12 141.42 128.06 120.81 133.42 
158.60 130.84 165.63 183.32 189.74 145.60 196.99 106.73 
132.17 142.35 183.32 185.19 141.42 178.89 238.66 147.36 
136.08 132.17 196.85 141.03 164.92 178.89 251.73 188.68 
125.39 118.22 157.13 112.64 184.39 181.11 203.21 208.40 
132.17 119.68 170.73 159.30 101.98 189.74 114.77 245.28 
132.17 154.13 158.22 167.69 170.88 164.92 155.59 114.77 

83.59 119.68 134.82 158.22 184.39 144.22 256.63 185.83 
145.99 132.17 174.70 152.71 161.25 72.11 152.12 173.95 
149.53 125.39 124.23 149.30 180.00 161.25 173.95 133.42 
119.68 134.79 124.23 190.66 223.61 89.44 137.36 155.59 

mean 137.22 163.17 164.88 166.23 
SD 32.41 26.18 42.33 42.80 

 

Table D. 11 The tensile strength of taste-masked GM extract-loaded CS/PVA ODFs. 

ODFs (% w/w α-mangostin) Tensile strength (MPa) 
1 2 3 4 mean SD 

0 5.88 4.44 5.33  -  5.22 0.72 
1 5.55 4.52 5.33 5.42 5.21 0.47 
3 4.18 5.35 4.83 5.36 4.93 0.56 
5 4.65 4.80 3.81  - 4.42 0.53 

 

Table D. 12 The tensile strength of taste-masked GM extract-loaded CS-SH/PVA 

ODFs. 

ODFs (% w/w α-mangostin) Tensile strength (MPa) 
1 2 3 4 5 mean SD 

0 5.01 4.44 4.34  -  - 4.60 0.36 
1 4.53 4.42 4.10 4.03  - 4.27 0.24 
3 4.27 4.26 4.80  -  - 4.44 0.31 
5 4.41 4.23 4.14 4.14 4.69 4.32 0.23 
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Table D. 13 The tensile strength of taste-masked α-mangostin-loaded CS-SH/PVA 

ODFs. 

ODFs (% w/w α-mangostin) Tensile strength (MPa) 
1 2 3 4 mean SD 

0 5.01 4.44 4.34  - 4.60 0.36 
1 4.79 4.21 4.78  - 4.60 0.34 
3 3.96 4.47 4.30  - 4.24 0.26 
5 3.92 4.24 4.17 4.88 4.30 0.41 

 

Table D. 14 The loading efficiency and loading capacity of taste-masked GM extract-

loaded CS/PVA ODFs. 

ODFs 
(% w/w 

α-mangostin) 

Loading efficiency (%) Loading capacity (%) 

1 2 3 mean SD 1 2 3 mean SD 

1 68.86 70.35 71.63 70.28 1.38 0.64 0.65 0.67 0.65 0.01 
3 74.91 74.97 74.93 74.94 0.03 1.83 1.83 1.83 1.83 0.01 
5 79.75 79.76 79.53 79.68 0.13 2.89 2.89 2.88 2.89 0.01 

 

Table D. 15 The loading efficiency and loading capacity of taste-masked GM extract-

loaded CS-SH/PVA ODFs. 

ODFs 
(% w/w 

α-mangostin) 

Loading efficiency (%) Loading capacity (%) 

1 2 3 mean SD 1 2 3 mean SD 

1 70.61 69.42 69.20 69.75 0.76 0.66 0.65 0.64 0.65 0.01 
3 61.81 61.87 61.91 61.86 0.05 1.51 1.51 1.51 1.51 0.01 
5 72.54 73.22 73.53 73.10 0.51 2.63 2.65 2.66 2.65 0.02 

 

Table D. 16 The loading efficiency and loading capacity of taste-masked α-

mangostin-loaded CS-SH/PVA ODFs. 

ODFs 
(% w/w 

α-mangostin) 

Loading efficiency (%) Loading capacity (%) 

1 2 3 mean SD 1 2 3 mean SD 

1 65.83 65.94 66.14 65.97 0.16 0.65 0.65 0.65 0.65 0.01 
3 61.72 61.75 61.79 61.76 0.03 1.80 1.80 1.80 1.80 0.01 
5 76.52 76.81 76.82 76.72 0.17 3.64 3.66 3.66 3.65 0.01 
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Table D. 17 The swelling degree (%) of taste-masked GM extract-loaded CS/PVA 

ODFs. 

ODFs (% w/w α-mangostin) 1 2 3 mean SD 
0 130.3 96.3 146.7 124.4 25.7 
1 102.6 112.8 99.5 105.0 7.0 
3 88.2 74.8 108.3 90.4 16.9 
5 82.0 37.7 42.0 53.9 24.4 

 

Table D. 18 The swelling degree (%) of taste-masked GM extract-loaded CS-SH/PVA 

ODFs. 

ODFs (% w/w α-mangostin) 1 2 3 mean SD 
0 185.5 208.9 192.9 195.7 11.9 
1 76.9 85.4 66.7 76.3 9.4 
3 54.3 79.5 67.7 67.2 12.6 
5 57.4 46.5 59.5 54.5 7.0 

 

Table D. 19 The swelling degree (%) of taste-masked α-mangostin-loaded CS-

SH/PVA ODFs. 

ODFs (% w/w α-mangostin) 1 2 3 mean SD 
0 185.5 208.9 192.9 195.7 11.9 
1 177.6 164.9 141.4 161.3 18.4 
3 113.0 55.5 72.0 80.1 29.6 
5 51.6 63.6 93.3 69.5 21.4 

 

Table D. 20 The mucoadhesive force (g) of taste-masked GM extract-loaded CS/PVA 

ODFs. 

ODFs (% w/w α-mangostin) 1 2 3 4 mean SD 
0 11.55 11.45 11.98 11.36 11.58 0.28 
1 11.55 11.62 11.29 11.60 11.52 0.15 
3 11.67 11.50 11.53 11.55 11.56 0.08 
5 11.55 11.57 11.52 11.52 11.54 0.03 

 

Table D. 21 The mucoadhesive force (g) of taste-masked GM extract-loaded CS-

SH/PVA ODFs. 

ODFs (% w/w α-mangostin) 1 2 3 mean SD 
0 22.61 22.59 22.66 22.62 0.04 
1 22.44 22.42 22.62 22.49 0.11 
3 22.47 22.61 22.58 22.55 0.07 
5 22.57 22.52 22.60 22.56 0.04 
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Table D. 22 The mucoadhesive force (g) of taste-masked α-mangostin-loaded CS-

SH/PVA ODFs. 

ODFs (% w/w α-mangostin) 1 2 3 4 5 mean SD 
0 22.61 22.59 22.66 - - 22.62 0.04 
1 22.44 22.24 22.66 - - 22.45 0.21 
3 22.65 22.57 22.42 22.28 22.54 22.49 0.14 
5 22.48 22.53 22.55 22.40 - 22.49 0.07 

 

Table D. 23 The release profiles of α-mangostin from 1 % taste-masked GM extract-

loaded CS/PVA ODFs. 

Time (min) α-Mangostin released (%) 
1 2 3 mean SD 

0 0.00 0.00 0.00 0.00 0.00 
30 70.43 68.25 70.53 69.74 1.29 
60 77.44 77.32 77.55 77.44 0.11 

120 84.25 83.97 84.29 84.17 0.18 
180 89.92 89.63 89.84 89.80 0.15 
240 95.24 95.93 95.35 95.50 0.37 

 

Table D. 24 The release profiles of α-mangostin from 3 % taste-masked GM extract-

loaded CS/PVA ODFs. 

Time (min) α-Mangostin released (%) 
1 2 3 mean SD 

0 0.00 0.00 0.00 0.00 0.00 
30 66.19 67.73 69.34 67.75 1.58 
60 76.15 76.28 76.29 76.24 0.08 

120 87.93 88.02 88.09 88.01 0.08 
180 90.34 90.49 90.40 90.41 0.08 
240 100.33 100.65 100.89 100.62 0.28 

 

Table D. 25 The release profiles of α-mangostin from 5 % taste-masked GM extract-

loaded CS/PVA ODFs. 

Time (min) α-Mangostin released (%) 
1 2 3 mean SD 

0 0.00 0.00 0.00 0.00 0.00 
30 66.47 66.52 66.51 66.50 0.03 
60 81.73 84.82 80.81 82.45 2.10 

120 88.27 89.32 86.34 87.97 1.51 
180 95.30 95.67 94.99 95.32 0.34 
240 97.23 97.40 96.49 97.04 0.48 
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Table D. 26 The release profiles of α-mangostin from 1 % taste-masked GM extract-

loaded CS-SH/PVA ODFs. 

Time (min) 
α-Mangostin released (%) 

1 2 3 mean SD 
0 0.00 0.00 0.00 0.00 0.00 

30 69.68 69.64 70.72 70.02 0.61 
60 79.16 78.25 79.33 78.91 0.58 

120 85.84 86.10 86.55 86.16 0.36 
180 93.94 94.47 94.40 94.27 0.29 
240 101.73 102.03 102.71 102.16 0.50 

 

Table D. 27 The release profiles of α-mangostin from 3 % taste-masked GM extract-

loaded CS-SH/PVA ODFs. 

Time (min) α-Mangostin released (%) 
1 2 3 mean SD 

0 0.00 0.00 0.00 0.00 0.00 
30 70.30 70.94 69.45 70.23 0.75 
60 75.67 74.90 77.94 76.17 1.58 

120 84.93 83.58 85.21 84.57 0.87 
180 88.95 89.45 89.46 89.29 0.29 
240 98.38 100.45 100.90 99.91 1.34 

 

Table D. 28 The release profiles of α-mangostin from 5 % taste-masked GM extract-

loaded CS-SH/PVA ODFs. 

Time (min) 
α-Mangostin released (%) 

1 2 3 mean SD 
0 0.00 0.00 0.00 0.00 0.00 

30 66.11 66.12 65.03 65.75 0.62 
60 74.61 74.63 80.50 76.58 3.40 

120 86.16 87.63 84.21 86.00 1.71 
180 96.14 96.41 95.58 96.04 0.42 
240 104.96 105.67 103.69 104.77 1.00 

 

Table D. 29 The release profiles of α-mangostin from 1 % taste-masked mangostin-

loaded CS-SH/PVA ODFs. 

Time (min) α-Mangostin released (%) 
1 2 3 mean SD 

0 0.00 0.00 0.00 0.00 0.00 
30 69.60 68.61 70.12 69.44 0.77 
60 79.83 79.64 79.25 79.57 0.30 

120 86.57 86.88 87.12 86.85 0.28 
180 93.46 93.80 94.37 93.88 0.46 
240 100.97 101.66 102.06 101.56 0.55 
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Table D. 30 The release profiles of α-mangostin from 3 % taste-masked mangostin-

loaded CS-SH/PVA ODFs. 

Time (min) α-Mangostin released (%) 
1 2 3 mean SD 

0 0.00 0.00 0.00 0.00 0.00 
30 66.41 67.53 68.33 67.42 0.97 
60 74.94 75.96 78.57 76.49 1.87 

120 87.33 86.04 88.41 87.26 1.18 
180 93.81 94.40 95.34 94.52 0.77 
240 102.07 102.31 102.70 102.36 0.32 

 

Table D. 31 The release profiles of α-mangostin from 5 % taste-masked mangostin-

loaded CS-SH/PVA ODFs. 

Time (min) α-Mangostin released (%) 
1 2 3 mean SD 

0 0.00 0.00 0.00 0.00 0.00 
30 63.93 63.61 63.66 63.73 0.17 
60 77.63 78.64 77.46 77.91 0.64 

120 92.11 91.45 91.73 91.76 0.33 
180 99.20 99.95 99.71 99.62 0.38 
240 101.88 108.61 107.40 105.96 3.59 

 

Table D. 32 Time kill curve of control and taste-masked GM extract-loaded CS/PVA 

ODFs with the different amounts of GM extract for S. mutans. 

Time 
(min) 

Control 0 % w/w 1 % w/w 3 % w/w 5 % w/w 
mean SD mean SD mean SD mean SD mean SD 

0 1670000 0 1670000 0 1670000 0 1670000 0 1670000 0 
30 1890000 220303 1583333 248261 1036667 41633 686667 15275 450000 70000 
60 1806667 198027 1453333 111505 793333 86217 463333 32146 386667 35119 

120 2470000 190088 916667 15275 506667 105040 330000 62450 176667 25166 
180 3393333 462713 376667 20817 153333 66583 130000 43589 26667 25166 
240 3953333 150788 140000 34641 126667 46188 93333 75056 6667 11547 

 

Table D. 33 Time kill curve of control and taste-masked GM extract-loaded CS-

SH/PVA ODFs with the different amounts of GM extract for S. mutans. 

Time 
(min) 

control 0 % w/w 1 % w/w 3 % w/w 5 % w/w 
mean SD mean SD mean SD mean SD mean SD 

0 1670000 0 1670000 0 1670000 0 1670000 0 1670000 0 
30 1890000 220303 1523333 150444 973333 116762 706667 40415 576667 32146 
60 1806667 198027 1196667 45092 606667 161967 533333 65064 300000 20000 
120 2470000 190088 746667 83865 413333 11547 310000 10000 150000 30000 
180 3393333 462713 186667 15275 210000 45826 133333 51316 10000 10000 
240 3953333 150788 126667 20817 140000 10000 83333 25166 10000 10000 
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Table D. 34 Time kill curve of control and taste-masked α-mangostin-loaded CS-

SH/PVA ODFs with the different amounts of GM extract for S. mutans. 

Time 
(min) 

control 0 % w/w 1 % w/w 3 % w/w 5 % w/w 
mean SD mean SD mean SD mean SD mean SD 

0 1670000 0 1670000 0 1670000 0 1670000 0 1670000 0 
30 1890000 220303 1523333 150444 1290000 79373 1223333 120554 1196667 55076 
60 1806667 198027 1196667 45092 933333 49329 853333 83865 850000 45826 
120 2470000 190088 780000 26458 346667 75056 343333 66583 166667 32146 
180 3393333 462713 186667 15275 83333 20817 86667 20817 43333 5774 
240 3953333 150788 126667 20817 83333 15275 20000 10000 3333 5774 

 

Table D. 35 Time kill curve of control and taste-masked GM extract-loaded CS/PVA 

ODFs with the different amounts of GM extract for S. sanguinis. 

Time 
(min) 

control 0 % w/w 1 % w/w 3 % w/w 5 % w/w 
mean SD mean SD mean SD mean SD mean SD 

0 870000 0 870000 0 870000 0 870000 0 870000 0 
30 780000 5774 136667 55076 83333 35119 53333 30551 10000 10000 
60 850000 30551 0 0 0 0 0 0 0 0 

120 946667 25459 13333 15275 3333 5774 0 0 0 0 
180 1553333 167077 16667 28868 0 0 0 0 0 0 
240 2506667 243181 0 0 0 0 0 0 0 0 

 

Table D. 36 Time kill curve of control and taste-masked GM extract-loaded CS-

SH/PVA ODFs with the different amounts of GM extract for S. sanguinis. 

Time 
(min) 

control 0 % w/w 1 % w/w 3 % w/w 5 % w/w 
mean SD mean SD mean SD mean SD mean SD 

0 870000 0 870000 0 870000 0 870000 0 870000 0 
30 780000 5774 276667 35119 170000 43589 143333 45092 10000 10000 
60 850000 30551 206667 161658 0 0 3333 5774 13333 23094 

120 946667 25459 30000 20000 0 0 0 0 0 0 
180 1553333 167077 30000 10000 0 0 0 0 0 0 
240 2506667 243181 0 0 0 0 0 0 0 0 

 

Table D. 37 Time kill curve of control and taste-masked α-mangostin-loaded CS-

SH/PVA ODFs with the different amounts of GM extract for S. sanguinis. 

Time 
(min) 

control 0 % w/w 1 % w/w 3 % w/w 5 % w/w 
mean SD mean SD mean SD mean SD mean SD 

0 870000 0 870000 0 870000 0 870000 0 870000 0 
30 780000 5774 443333 35119 423333 231157 346667 55076 46667 15275 
60 850000 30551 206667 161658 120000 20000 26667 5774 0 0 

120 946667 25459 30000 20000 6667 5774 16667 20817 0 0 
180 1553333 167077 30000 10000 0 0 0 0 0 0 
240 2506667 243181 0 0 0 0 0 0 0 0 
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Table D. 38 The percentage of HaCaT and HGF viability of GM extract incubating 

for 24 h. 

GM extract 
(μg/mL) 

% HaCaT cell viability % HGF cell viability 

1 2 3 mean SD 1 2 3 mean SD 
0 97.28 100.08 102.64 100.00 2.68 106.55 96.42 97.03 100.00 5.68 

0.5 87.96 88.66 87.38 88.00 0.64 76.15 81.68 81.68 79.84 3.19 
1 71.07 66.29 76.54 71.30 5.13 66.02 73.39 66.63 68.68 4.09 
2 58.72 58.49 58.83 58.68 0.18 44.52 58.65 63.25 55.48 9.76 
3 40.08 47.77 43.22 43.69 3.87 33.16 30.71 31.32 31.73 1.28 
5 15.61 6.87 20.74 14.41 7.01 19.96 3.38 2.76 8.70 9.76 

 

 

Table D. 39 The percentage of HaCaT and HGF viability of α-mangostin incubating 

for 24 h. 

α-mangostin 
(μg/mL) 

% HaCaT cell viability % HGF cell viability 
1 2 3 mean SD 1 2 3 mean SD 

0 97.28 101.36 101.36 100.00 2.36 126.75 88.00 85.25 100.00 23.21 
0.25 55.91 51.83 56.30 54.68 2.48 35.75 28.50 31.50 31.92 3.64 
0.5 24.00 22.98 24.89 23.96 0.96 1.75 0.25 1.25 1.08 0.76 
1 0.89 0.89 0.64 0.81 0.15 0.50 1.00 1.50 1.00 0.50 

 

Table D. 40 The percentage of HaCaT cell viability for acute cytotoxicity of taste-

masked GM extract-loaded CS/PVA ODFs. 

%HaCaT cell viability 1 2 3 mean SD 

15 min 

Control 91 103 105 100 8 
0% 103 99 85 96 9 
1% 99 101 93 98 4 
3% 91 99 87 93 6 
5% 107 83 103 98 13 

30 min 

Control 120 97 83 100 18 
0% 94 91 93 93 2 
1% 96 96 83 91 7 
3% 88 83 83 85 3 
5% 88 73 88 83 8 

60 min 

Control 81 107 112 100 17 
0% 86 85 103 91 10 
1% 84 96 96 92 7 
3% 97 82 91 90 7 
5% 99 91 88 92 6 

120 min 

Control 85 101 114 100 15 
0% 93 118 106 106 13 
1% 80 76 97 85 11 
3% 25 46 25 32 12 
5% 42 46 38 42 4 

240 min 

Control 100 105 95 100 5 
0% 100 114 109 108 7 
1% 18 36 36 30 10 
3% 41 41 45 42 3 
5% 18 41 27 29 11 
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Table D. 41 The percentage of HaCaT cell viability for acute cytotoxicity of taste-

masked GM extract-loaded CS-SH/PVA ODFs. 

%HaCaT cell viability 1 2 3 mean SD 

15 min 

Control 93 101 107 100 7 
0% 105 101 91 99 7 
1% 101 101 95 99 3 
3% 93 91 89 91 2 
5% 109 89 105 101 11 

30 min 

Control 117 102 81 100 18 
0% 92 89 106 96 9 
1% 97 94 81 91 8 
3% 86 81 97 88 8 
5% 86 103 86 92 10 

60 min 

Control 85 112 103 100 14 
0% 91 103 108 100 9 
1% 95 100 100 99 3 
3% 102 91 95 96 6 
5% 96 95 92 94 2 

120 min 

Control 85 101 114 100 15 
0% 97 106 101 101 4 
1% 89 101 76 89 13 
3% 21 34 46 34 13 
5% 42 21 46 37 14 

240 min 

Control 100 105 95 100 5 
0% 109 100 114 108 7 
1% 27 23 23 24 3 
3% 36 18 23 26 9 
5% 27 9 36 24 14 

 

Table D. 42 The percentage of HaCaT cell viability for acute cytotoxicity of taste-

masked α-mangostin-loaded CS-SH/PVA ODFs. 

%HaCaT cell viability 1 2 3 mean SD 

15 min 

Control 94 100 107 100 8 
0% 105 101 91 99 7 
1% 100 102 95 99 4 
3% 92 94 89 91 2 
5% 108 90 105 101 10 

30 min 

Control 117 102 81 100 18 
0% 91 90 106 96 8 
1% 97 94 81 91 8 
3% 85 81 98 88 9 
5% 86 103 86 92 10 

60 min 

Control 85 112 103 100 14 
0% 90 104 108 100 10 
1% 95 100 100 99 3 
3% 101 92 94 96 7 
5% 96 95 92 94 2 

120 min 

Control 85 101 114 100 15 
0% 97 106 101 101 4 
1% 106 114 85 101 15 
3% 101 110 89 100 11 
5% 97 97 93 96 2 

240 min 

Control 100 105 95 100 5 
0% 109 100 114 108 7 
1% 105 95 114 105 9 
3% 114 91 95 100 12 
5% 109 95 100 102 7 
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Table D. 43 The percentage of HGF cell viability for acute cytotoxicity of taste-

masked GM extract-loaded CS/PVA ODFs. 

%HGF cell viability 1 2 3 mean SD 

15 min 

Control 117 90 93 100 15 
0% 107 94 101 101 6 
1% 90 88 81 86 5 
3% 78 70 88 78 9 
5% 101 64 67 78 20 

30 min 

Control 94 108 98 100 7 
0% 102 97 87 95 8 
1% 80 97 89 89 8 
3% 75 97 89 87 11 
5% 60 80 83 74 12 

60 min 

Control 96 101 104 100 4 
0% 88 83 97 90 7 
1% 84 84 98 89 8 
3% 76 75 81 77 3 
5% 77 78 72 76 3 

120 min 

Control 99 90 110 100 10 
0% 53 66 67 62 8 
1% 57 57 55 56 1 
3% 53 52 46 50 4 
5% 41 44 42 42 2 

240 min 

Control 94 99 108 100 7 
0% 44 41 45 43 2 
1% 42 32 41 38 6 
3% 39 35 42 38 4 
5% 35 31 27 31 4 

 

Table D. 44 The percentage of HGF cell viability for acute cytotoxicity of taste-

masked GM extract-loaded CS-SH/PVA ODFs. 

%HGF cell viability 1 2 3 mean SD 

15 min 

Control 117 90 93 100 15 
0% 102 95 115 104 10 
1% 105 100 93 100 6 
3% 98 99 86 95 7 
5% 78 81 96 85 10 

30 min 

Control 94 108 98 100 7 
0% 91 91 119 100 16 
1% 78 97 91 89 10 
3% 87 80 90 86 5 
5% 76 66 88 76 11 

60 min 

Control 96 101 104 100 4 
0% 97 114 93 102 11 
1% 93 98 87 93 6 
3% 71 86 91 83 11 
5% 76 83 89 83 6 

120 min 

Control 99 90 110 100 10 
0% 59 57 57 57 1 
1% 53 47 47 49 3 
3% 46 40 44 43 3 
5% 35 38 41 38 3 

240 min 

Control 94 99 108 100 7 
0% 56 50 46 51 5 
1% 36 34 34 34 1 
3% 35 23 23 27 6 
5% 26 20 20 22 4 
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Table D. 45 The percentage of HGF cell viability for acute cytotoxicity of taste-

masked α-mangostin-loaded CS-SH/PVA ODFs. 

%HGF cell viability 1 2 3 mean SD 

15 min 

Control 117 90 93 100 15 
0% 102 95 115 104 10 
1% 96 117 109 107 11 
3% 96 101 87 95 7 
5% 100 79 107 95 14 

30 min 

Control 94 108 98 100 7 
0% 91 91 119 100 16 
1% 92 114 101 102 11 
3% 83 114 102 99 16 
5% 108 89 96 97 10 

60 min 

Control 96 101 104 100 4 
0% 97 114 93 102 11 
1% 90 96 100 95 5 
3% 91 87 83 87 4 
5% 88 91 85 88 3 

120 min 

Control 99 90 110 100 10 
0% 49 52 49 50 2 
1% 42 44 40 42 2 
3% 37 35 38 37 2 
5% 26 26 30 27 2 

240 min 

Control 94 99 108 100 7 
0% 46 50 46 47 2 
1% 44 39 34 39 5 
3% 29 24 23 26 3 
5% 23 14 21 20 5 

 

Table D. 46 The percentage of HaCaT cell viability for long term cytotoxicity of 

taste-masked GM extract-loaded CS/PVA ODFs. 

%HaCaT cell viability No. 
1 2 3 mean SD 

24 h 

Control 86 101 112 100 13 
0% 104 114 82 100 16 
1% 84 93 76 84 9 
3% 89 70 96 85 13 
5% 89 83 80 84 5 

48 h 

Control 100 99 101 100 1 
0% 98 119 107 108 11 
1% 103 98 81 94 12 
3% 99 84 87 90 8 
5% 94 85 91 90 4 

72 h 

Control 83 98 119 100 18 
0% 106 96 118 107 11 
1% 107 84 101 97 12 
3% 103 84 83 90 11 
5% 91 79 88 86 6 
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Table D. 47 The percentage of HaCaT cell viability for long term cytotoxicity of 

taste-masked GM extract-loaded CS-SH/PVA ODFs. 

%HaCaT cell viability No. 
1 2 3 mean SD 

24 h 

Control 86 101 112 100 13 
0% 101 114 112 109 7 
1% 88 88 73 83 9 
3% 83 96 93 90 7 
5% 83 96 89 89 6 

48 h 

Control 100 99 101 100 1 
0% 108 109 103 107 3 
1% 89 94 86 90 4 
3% 91 89 82 87 4 
5% 77 70 109 85 21 

72 h 

Control 83 98 119 100 18 
0% 119 115 112 115 4 
1% 103 87 78 89 12 
3% 84 91 79 85 6 
5% 91 99 91 94 4 

 

Table D. 48 The percentage of HaCaT cell viability for long term cytotoxicity of 

taste-masked α-mangostin-loaded CS-SH/PVA ODFs. 

%HaCaT cell viability No. 
1 2 3 mean SD 

24 h 

Control 86 101 112 100 13 
0% 101 114 112 109 7 
1% 97 108 119 108 11 
3% 88 108 97 98 10 
5% 114 80 80 91 20 

48 h 

Control 100 99 101 100 1 
0% 108 109 103 107 3 
1% 107 103 108 106 2 
3% 109 106 106 107 2 
5% 107 92 106 102 8 

72 h 

Control 83 98 119 100 18 
0% 119 99 112 110 10 
1% 101 106 113 107 6 
3% 115 104 92 104 11 
5% 110 101 107 106 5 

 

   ส
ำนกัหอ

สมุดกลาง



213 
 

 
 

Table D. 49 The percentage of HGF cell viability for long term cytotoxicity of taste-

masked GM extract-loaded CS/PVA ODFs. 

%HaCaT cell viability No. 
1 2 3 mean SD 

24 h 

Control 103 101 96 100 3 
0% 91 98 83 91 7 
1% 87 99 90 92 6 
3% 94 85 84 88 5 
5% 77 72 75 75 3 

48 h 

Control 99 103 98 100 3 
0% 83 94 93 90 6 
1% 81 91 95 89 7 
3% 83 91 106 93 12 
5% 92 89 83 88 4 

72 h 

Control 105 104 90 100 8 
0% 90 92 87 90 3 
1% 81 101 97 93 11 
3% 97 94 78 89 10 
5% 84 75 86 82 6 

 

Table D. 50 The percentage of HGF cell viability for long term cytotoxicity of taste-

masked GM extract-loaded CS-SH/PVA ODFs. 

%HaCaT cell viability No. 
1 2 3 mean SD 

24 h 

Control 103 101 96 100 3 
0% 93 92 94 93 1 
1% 89 91 97 92 4 
3% 82 88 96 89 7 
5% 87 90 85 87 3 

48 h 

Control 99 103 98 100 3 
0% 98 83 83 88 8 
1% 97 83 82 87 9 
3% 101 92 89 94 6 
5% 98 97 85 93 7 

72 h 

Control 105 104 90 100 8 
0% 90 86 96 91 5 
1% 96 93 81 90 8 
3% 92 84 74 84 9 
5% 84 90 85 87 3 
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Table D. 51 The percentage of HGF cell viability for long term cytotoxicity of taste-

masked α-mangostin-loaded CS-SH/PVA ODFs. 

%HaCaT cell viability No. 
1 2 3 mean SD 

24 h 

Control 103 101 96 100 3 
0% 93 92 94 93 1 
1% 86 88 94 89 4 
3% 94 85 97 92 6 
5% 91 89 84 88 4 

48 h 

Control 99 103 98 100 3 
0% 91 104 91 95 8 
1% 101 92 95 96 4 
3% 99 98 90 96 5 
5% 91 98 91 94 4 

72 h 

Control 105 104 90 100 8 
0% 90 83 88 87 4 
1% 90 91 86 89 3 
3% 92 76 85 84 8 
5% 91 80 84 85 6 

 

Table D. 52 The in vivo disintegration time of taste-masked GM extract and α-

mangostin-loaded CS/PVA and CS-SH/PVA ODFs. 

ODFs In vivo disintegration time (s) 
1 2 3 4 5 6 mean SD 

1 % w/w GM extract-loaded 
CS/PVA ODFs 67.0 50.0 44.0 60.0 65.0 65.2 58.5 9.4 

1 % w/w GM extract-loaded 
CS-SH/PVA ODFs 67.0 35.0 37.0 60.0 65.0 48.9 52.2 14.0 

1 % w/w α-mangostin-loaded 
CS-SH/PVA ODFs 44.0 40.0 32.0 70.0 65.0 36.2 47.9 15.8 

 

Table D. 53 The in vivo mucoadhesion time of taste-masked GM extract and α-

mangostin-loaded CS/PVA and CS-SH/PVA ODFs. 

ODFs In vivo mucoadhesion time (min) 
1 2 3 4 5 6 mean SD 

1 % w/w GM extract-loaded 
CS/PVA ODFs 2.0 2.5 2.3 1.4 2.3 1.1 1.9 0.6 

1 % w/w GM extract-loaded 
CS-SH/PVA ODFs 4.3 3.3 7.2 5.5 9.4 9.0 6.4 2.5 

1 % w/w α-mangostin-
loaded CS-SH/PVA ODFs 4.3 5.3 4.1 5.2 7.0 5.0 5.2 1.0 
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Table D. 54 The mouth feeling of taste-masked GM extract and α-mangostin-loaded 

CS/PVA and CS-SH/PVA ODFs. 

Volunteers 

Mouth feeling* 
1 % w/w GM 
extract-loaded 
CS/PVA ODFs 

1 % w/w GM 
extract-loaded CS-

SH/PVA ODFs 

1 % w/w α-
mangostin-loaded 

CS-SH/PVA ODFs 
1 0 0 0 
2 0 0 0 
3 0 0 0 
4 1 0 1 
5 0 0 0 
6 0 0 0 

 0 = smoothness, 1 = grittiness 
 

Table D. 55 The percentage of viable bacterial number after treated with taste-masked 

1% w/w GM extract-loaded CS/PVA ODFs in the oral cavity at the 

various time points. 

Time (min) 0 15 30 60 

Streptococcus spp. 

1 100 50 53 50 
2 100 77 54 38 
3 100 92 46 23 
4 100 55 24 13 
5 100 50 14 28 
6 100 31 9 6 

mean 100 59 33 26 
SD 0 22 20 16 

Lactobacillus spp. 

1 100 58 24 30 
2 100 49 10 7 
3 100 38 25 13 
4 100 21 12 13 
5 100 21 24 23 
6 100 25 16 9 

mean 100 35 19 16 
SD 0 15 7 9 
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Table D. 56 The percentage of viable bacterial number after treated taste-masked the 

1% w/w GM extract-loaded CS-SH/PVA ODFs in the oral cavity at the 

various time points. 

Time (min) 0 15 30 60 

Streptococcus spp. 

1 100 20 2 19 
2 100 50 12 8 
3 100 27 25 21 
4 100 11 28 11 
5 100 18 12 9 
6 100 4 56 26 

mean 100 22 22 16 
SD 0 16 19 7 

Lactobacillus spp. 

1 100 25 18 10 
2 100 31 16 19 
3 100 47 48 51 
4 100 22 56 33 
5 100 20 3 8 
6 100 38 38 13 

mean 100 30 30 22 
SD 0 10 20 17 

 

Table D. 57 The percentage of viable bacterial number after treated taste-masked the 

1% w/w α-mangostin-loaded CS-SH/PVA ODFs in the oral cavity at the 

various time points. 

Time (min) 0 15 30 60 

Streptococcus spp. 

1 100 23 16 15 
2 100 0 0 0 
3 100 30 48 35 
4 100 18 47 44 
5 100 67 7 7 
6 100 55 27 45 

mean 100 32 24 24 
SD 0 25 20 20 

Lactobacillus spp. 

1 100 24 22 17 
2 100 47 24 0 
3 100 15 8 12 
4 100 29 17 20 
5 100 50 50 25 
6 100 75 50 25 

mean 100 40 29 16 
SD 0 22 17 10 
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1. Stability of taste-masked MX ODTs (ODT6) 

Table E. 1 The MX content (% LA) of ODT6 after maintenance under long term 

condition and accelerated condition.  

No. Long term condition Accelerated condition 
1 month 3 months 6 months 1 month 3 months 6 months 

1 99.98 101.37 100.36 99.98 100.37 99.65 
2 100.38 99.74 97.07 103.89 100.69 98.95 
3 100.09 97.41 102.55 100.56 100.68 102.93 

mean 100.15 99.50 99.99 101.48 100.58 100.51 
SD 0.21 1.99 2.76 2.11 0.18 2.12 

 

Table E. 2 Dissolution profiles of MX from ODT6 after maintenance under long term 

condition for 1, 3 and 6 months. 

Time 
(h) 

MX released at 1 month (%) MX released at 3 months (%) MX released at 6 months (%) 
1 2 3 mean SD 1 2 3 mean SD 1 2 3 mean SD 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.2 14.9 12.4 13.3 13.5 1.2 11.8 10.1 12.0 11.3 1.0 11.3 13.0 12.7 12.3 0.9 
0.3 14.3 13.6 13.7 13.9 0.4 12.5 11.7 13.0 12.4 0.7 12.5 13.3 13.0 12.9 0.4 
0.5 14.9 14.9 15.6 15.2 0.4 13.8 12.9 13.9 13.5 0.6 13.7 14.6 14.2 14.2 0.5 
1.0 17.2 16.0 17.4 16.9 0.8 15.8 15.9 16.6 16.1 0.4 15.5 16.3 16.1 15.9 0.4 
1.5 19.2 17.7 19.1 18.7 0.9 17.2 16.5 17.8 17.2 0.6 17.6 17.2 17.7 17.5 0.3 
2.0 19.9 19.6 19.6 19.7 0.2 18.5 17.7 18.9 18.3 0.6 18.5 18.8 18.6 18.6 0.2 
3.0 79.4 78.3 81.4 79.7 1.6 81.9 81.6 88.8 84.1 4.1 84.7 84.8 84.5 84.6 0.2 
4.0 93.9 91.6 94.1 93.2 1.4 91.5 92.3 94.7 92.8 1.7 94.7 94.0 96.0 94.9 1.0 
5.0 95.0 93.4 94.3 94.2 0.8 92.1 85.5 94.7 90.8 4.8 96.3 95.6 98.1 96.7 1.3 
6.0 95.7 95.9 96.3 95.9 0.3 92.7 90.0 95.4 92.7 2.7 95.6 93.6 96.3 95.2 1.4 

 

Table E. 3 Dissolution profiles of MX from ODT6 after maintenance under 

accelerated condition for 1, 3 and 6 months. 

Time 
(h) 

MX released at 1 month (%) MX released at 3 months (%) MX released at 6 months (%) 
1 2 3 mean SD 1 2 3 mean SD 1 2 3 mean SD 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.2 13.7 14.9 17.6 15.4 2.0 14.4 14.3 14.1 14.2 0.1 15.5 14.8 14.9 15.0 0.3 
0.3 16.5 16.7 16.9 16.7 0.2 14.8 15.8 14.4 15.0 0.7 16.0 15.1 16.3 15.8 0.6 
0.5 16.6 17.0 17.1 16.9 0.3 14.9 17.4 17.1 16.4 1.4 17.5 16.7 17.7 17.3 0.5 
1.0 18.2 19.0 19.2 18.8 0.5 18.3 20.0 19.3 19.2 0.9 19.7 19.4 19.7 19.6 0.2 
1.5 20.5 20.7 20.6 20.6 0.1 20.1 21.2 20.7 20.7 0.6 20.8 21.1 21.5 21.2 0.4 
2.0 22.1 21.6 22.2 22.0 0.3 21.0 22.4 22.3 21.9 0.8 22.9 22.3 23.3 22.8 0.5 
3.0 71.9 74.2 80.1 75.4 4.2 83.5 87.2 88.0 86.2 2.4 82.7 75.0 79.7 79.1 3.9 
4.0 89.5 90.9 93.9 91.4 2.2 90.8 96.6 98.3 95.3 3.9 95.8 87.6 95.9 93.1 4.8 
5.0 90.4 93.3 98.1 93.9 3.9 91.4 97.9 99.0 96.1 4.1 99.4 88.8 95.8 94.7 5.4 
6.0 93.2 96.2 96.3 95.3 1.8 91.5 98.8 102.2 97.5 5.5 99.5 89.2 96.7 95.2 5.3 
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2. Stability of taste-masked MX ODFs (ODF4) 

Table E. 4 Fiber diameter (nm) of ODF4 after maintenance under long term condition 

and accelerated condition for 1, 3 and 6 months. 

Long term condition Accelerated  condition 
1 month 3 months 6 months 1 month 3 months 6 months 

135 180 178 127 162 142 145 267 360 141 224 137 
152 190 210 194 144 142 157 128 253 192 146 289 
206 116 142 211 137 169 154 199 163 90 167 197 
116 103 152 133 215 151 128 366 162 163 311 151 
170 190 208 219 178 209 163 122 177 256 304 132 
154 154 178 194 230 160 128 137 255 115 132 174 
206 176 152 248 178 177 312 128 145 231 176 136 
135 181 151 197 211 151 152 120 97 121 226 114 
154 162 137 127 152 296 116 298 252 300 251 201 
81 170 202 152 136 319 137 145 195 276 309 192 

149 133 144 119 119 154 190 236 266 242 201 192 
217 163 213 169 113 260 97 95 180 170 188 201 
310 180 161 121 133 243 111 122 245 291 227 118 
206 181 230 184 161 161 188 128 282 256 135 243 
170 172 215 189 102 172 120 133 235 166 114 283 
180 164 127 151 215 320 164 180 234 155 101 136 
188 135 174 113 262 172 275 137 205 194 243 254 
191 152 204 119 172 270 275 137 154 141 281 151 
205 145 230 194 202 114 171 114 115 171 276 160 
290 162 137 133 160 136 111 181 205 110 112 161 
135 157 121 136 264 169 95 188 262 145 202 291 
176 217 113 162 213 187 190 275 180 192 151 120 
157 196 230 202 120 187 128 154 102 192 227 169 
180 114 184 136 136 169 139 163 363 276 226 142 
172 194 201 219 202 136 305 170 161 220 192 169 

mean 170.41 170.93 181.73 169.51 201.09 192.75 
SD 39.91 37.92 52.92 64.12 65.07 59.41 

 

Table E. 5 The percentage of the remaining MX content in the ODF4 after 

maintenance under long term condition and accelerated condition, 

compared to the MX content in the ODF4 after preparation. 

No. Long term condition Accelerated  condition 
1 month 3 months 6 months 1 month 3 months 6 months 

1 114.37 94.90 92.06 101.11 91.78 94.69 
2 105.46 93.57 99.07 106.23 93.72 92.05 
3 123.19 89.26 91.48 97.29 89.65 86.65 

mean 114.34 92.57 94.20 101.54 91.72 91.13 
SD 8.87 2.95 4.22 4.49 2.03 4.10 
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3 Stability of 1 % w/w taste-masked GM extract and α-mangostin-loaded CS-

SH/PVA ODFs 

Table E. 6 Fiber diameter (nm) of 1 % w/w taste-masked GM extract-loaded CS-

SH/PVA ODFs after maintenance under long term condition and 

accelerated condition for 1, 3 and 6 months. 

Long term condition Accelerated  condition 
1 month 3 months 6 months 1 month 3 months 6 months 

128 186 194 160 170 220 176 188 205 144 127 169 
142 111 178 174 151 211 191 217 191 113 132 178 
233 152 127 160 295 203 142 116 176 110 152 133 
178 133 126 189 174 248 181 117 159 171 132 119 
146 171 104 197 263 245 188 223 202 176 133 107 
186 189 180 197 119 257 191 129 217 213 107 115 
174 108 160 208 227 268 176 217 202 222 94 96 
115 144 127 107 215 268 159 176 141 159 330 152 
189 113 127 164 189 190 202 106 186 196 203 113 
130 170 126 201 169 192 217 189 149 215 226 147 
211 192 156 169 215 220 202 144 230 188 170 211 
145 186 146 153 215 127 141 113 199 122 156 147 
208 189 133 145 211 152 133 110 196 129 211 119 
115 178 128 197 228 215 139 133 151 217 119 102 
208 162 208 165 311 203 217 116 125 188 170 80 
179 169 192 146 186 121 210 189 159 217 119 133 
186 115 227 108 280 192 186 130 109 116 147 133 
151 189 152 126 204 213 156 191 193 117 121 115 
162 187 172 103 227 208 190 213 131 222 152 152 
147 179 197 165 208 215 239 176 118 154 286 189 
178 174 145 148 186 227 105 154 135 106 115 121 
108 186 220 133 208 211 188 106 191 196 19 94 
171 127 153 121 96 174 122 196 176 229 121 75 
189 239 208 171 152 192 129 122 106 183 144 121 
169 169 126 108 110 227 217 194 189 194 121 147 

mean 165.29 158.59 204.23 167.2 170.67 141.53 
SD 31.99 33.17 45.71 38.65 38.29 50.52 

 

Table E. 7 The percentage of the remaining α-mangostin content in 1 % w/w taste-

masked GM extract-loaded CS-SH/PVA ODFs after maintenance under 

long term condition and accelerated condition, compared to the α-

mangostin content in the ODF after preparation. 

No. Long term condition Accelerated  condition 
1 month 3 months 6 months 1 month 3 months 6 months 

1 110.91 87.75 91.24 80.88 99.00 79.92 
2 111.51 92.02 90.69 81.32 83.21 103.12 
3 108.11 100.50 90.80 80.91 86.18 102.82 

mean 110.18 93.42 90.91 81.04 89.46 95.29 
SD 1.815 6.488 0.294 0.248 8.391 13.310 
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Table E. 8 Fiber diameter (nm) of 1 % w/w taste-masked α-mangostin-loaded CS-

SH/PVA ODFs after maintenance under long term condition and 

accelerated condition for 1, 3 and 6 months. 

Long term condition Accelerated  condition 
1 month 3 months 6 months 1 month 3 months 6 months 

123 161 194 161 192 169 135 128 135 151 176 164 
164 184 144 144 151 160 164 164 84 151 190 171 
133 103 137 102 167 251 164 137 118 136 69 152 
210 130 137 133 213 188 171 137 169 136 137 164 
184 159 110 194 151 151 133 157 132 151 154 103 
133 153 127 132 176 191 137 128 142 114 205 145 
126 130 133 161 192 192 205 154 132 101 103 111 
162 114 144 102 192 299 149 135 142 93 122 95 
130 171 121 144 95 151 190 181 132 160 172 172 
210 130 136 115 118 131 135 162 114 151 95 181 
161 126 161 137 218 176 122 176 142 142 259 128 
162 161 162 119 135 185 128 120 136 187 164 111 
212 117 133 152 114 125 190 95 159 154 114 95 
153 161 127 239 177 161 122 111 118 192 181 163 
153 138 169 133 101 199 122 114 114 160 139 180 
117 184 110 133 334 142 149 145 131 125 111 170 
178 153 161 119 172 112 213 176 136 234 139 170 
152 152 162 179 161 185 145 122 142 112 149 162 
164 152 151 113 101 167 154 152 195 160 205 256 
160 123 110 133 167 169 157 172 209 125 133 85 
194 207 113 194 161 132 229 164 168 176 133 122 
174 130 127 144 142 206 149 149 93 142 170 85 
200 102 152 152 135 151 135 116 120 142 120 154 
117 130 133 110 206 95 111 213 131 179 145 111 
145 68 194 147 184 192 194 194 132 161 157 145 

mean 151.22 142.88 168.78 152.1 143.27 146.76 
SD 30.9 27.75 45.87 30.04 29.43 39.68 

 

Table E. 9 The percentage of the remaining α-mangostin content in 1 % w/w taste-

masked α-mangostin-loaded CS-SH/PVA ODFs after maintenance under 

long term condition and accelerated condition, compared to the α-

mangostin content in the ODF after preparation. 

No. Long term condition Accelerated  condition 
1 month 3 months 6 months 1 month 3 months 6 months 

1 112.78 107.38 119.44 105.20 113.73 108.84 
2 96.27 97.37 98.48 106.42 95.10 107.83 
3 104.01 115.77 97.01 104.89 114.91 109.22 

mean 104.35 106.84 104.98 105.50 107.91 108.63 
SD 8.260 9.210 12.545 0.808 11.110 0.721 
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