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บทคดัย่อ 

 

 วตัถุประสงค์ของวิทยานิพนธ์นี0 คือพฒันา ประเมินคุณลักษณะและประเมิน

คุณสมบติัในการยึดเกาะเยื�อเมือกของไคโตซาน พอลิไวนิลไพโรลิโดน หรือ พีวีพี เจลาตินชนิดเอ 

เจลาตินชนิดบีและพอลิเมอร์ผสมกบัไคโตซานในอตัราส่วนของปริมาตรต่างๆโดยเนน้การประเมิน

คุณสมบติัการยดึเกาะเยื�อเมือกและการยดึเกาะกบัเซลลเ์ป็นสาํคญั  สาํหรับในส่วนของพอลิเมอร์ที�มี

คุณสมบติัของการยึดเกาะเยื�อเมือกและการยึดเกาะกบัเซลล์ที�ดีจะถูกเลือกนาํมาเป็นสารเคลือบใน

สูตรตาํรับที�เป็นยาอะม็อกซีซิลินในรูปแบบของเม็ดบีดของแคลเซียมอลัจิเนต  จากการศึกษาโดย

การวดัความหนืดของสารละลาย การศึกษาด้วยเครื�องวดัผิวสัมผสัและการศึกษาการยึดเกาะของ

เซลล์เอชทียี�สิบเกา้จะพบวา่สารพอลิเมอร์ผสมของไคโตซานและพีวีพีแสดงให้เห็นวา่มีคุณสมบติั

ในการยึดเกาะเยื�อเมือกและคุณสมบติัในการยึดเกาะกบัเซลล์ที�ดี อีกทั0งยงัดีกวา่สารพอลิเมอร์ผสม

ของไคโตซานและเจลาติน ดงันั0นสารพอลิเมอร์ผสมของไคโตซานและพีวีพีจึงถูกเลือกมาใชเ้พื�อ

เป็นสารเคลือบยาอะม็อกซีซิลินในรูปแบบของเม็ดบีด  นอกจากนี0 จากการศึกษายงัพบวา่สารพอลิ
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เมอร์ผสมของไคโตซานและพีวีพีในอตัราส่วนของปริมาตรที�เท่ากบั 5:5 ให้ผลในการยึดเกาะเยื�อ

เมือกและคุณสมบติัในการยึดเกาะกบัเซลล์ที�ดีมากกวา่สารพอลิเมอร์เดี�ยวและสารพอลิเมอร์ผสม

ของไคโตซานและพีวพีีในอตัราส่วนอื�นๆ  จากการศึกษาการลา้งออกเพื�อประเมินคุณสมบติัในการ

ยึดเกาะเยื�อเมือกของเม็ดบีดที�เคลือบพบว่าให้ค่าที�ดีกวา่แบบเม็ดบีดที�ไม่เคลือบอย่างมีนัยสําคญั  

การศึกษาทางดา้นสเปกโทรสโคปีดว้ยเทคนิคดิฟฟิวรีเฟลกแตนซ์อินฟราเรดสเปกโทรสโคปีเพื�อดู

อนัตรกิริยาของพอลิเมอร์ พอลิเมอร์ผสมและพอลิเมอร์ผสมกบัมิวซินสามารถบ่งชี0 ถึงอนัตรกิริยาซึ� ง

เป็นปัจจยัหนึ�งของคุณสมบติัในการยดึเกาะเยื�อเมือก  จากการศึกษาดว้ยกลอ้งจุลทรรศน์อิเล็กตรอน

แบบส่องกราดพบวา่พื0นผิวของเม็ดบีดที�มีการเคลือบจะมีลกัษณะที�เรียบกวา่แบบเม็ดบีดที�ไม่มีการ

เคลือบ  นอกจากนี0 เม็ดบีดที�มีการเคลือบยงัพบวา่มีคุณสมบติัในการควบคุมการปลดปล่อยตวัยาได้

และกลไกในการปลดปล่อยตวัยาจะเป็นแบบซุปเปอร์เคสสองซึ�งเป็นผลมาจากการพองตวัอยา่งมาก

และรวดเร็วของเม็ดบีดของอลัจิเนต  รูปแบบของยาอะม็อกซีซิลินในรูปแบบของเม็ดบีดที�มีการ

เคลือบดว้ยพอลิเมอร์ที�มีคุณสมบติัที�ดีในการยึดเกาะเยื�อเมือกและยึดเกาะกบัเซลล์มีศกัยภาพในการ

ที�จะนาํไปพฒันาในรูปแบบยาที�ใชใ้นการรักษาการติดเชื0อเฮลิโคแบคเตอร์ไพโรไลได ้    
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ABSTRACT 

 
 The purposes of this thesis were to develop, characterize and evaluate 

mucoadhesive polymer of chitosan (C), poly(vinylpyrrolidone) (PVP), gelatin type A, 

gelatin type B and their blends with chitosan at various volume ratio with an emphasis 

on assessing their muco- and bioadhesive properties.  These materials with good 

muco- and bioadhesive properties were used to coat calcium alginate beads containing 

amoxicillin (AMX).  Viscosity measurements, texture analysis, and HT29 cell 

adhesion evaluation of these materials demonstrated that C/PVP blends showed a 

good mucoadhesive and bioadhesive properties when compared to chitosan/gelatin 

blends and these blends were selected for an AMX bead coating materials.  Moreover, 

the C/PVP at a volume ratio of 5/5 had optimum muco/bioadhesive properties when 

compared to chitosan, PVP and blends at other ratios.  Wash-off tests indicated that 

mucoadhesive property of coated AMX alginate beads was significantly higher than 

uncoated beads.  Diffuse reflectance infrared Fourier transform spectroscopy 

(DRIFTS) was used to study the interactions of all polymer or polymer blends with 

mucin, since such interactions may be important factors that cause mucoadhesion.  

Scanning electron microscopy (SEM) revealed that the surfaces of coated beads were 
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smoother than those of uncoated beads.  All the coated AMX alginate beads were able 

to afford a controlled release of AMX.  The release mechanism for AMX from these 

beads exhibited super case II transport, probably as a result of rapid and extensive 

swelling of the alginate beads. These coated AMX alginate beads show potential for 

development of appropriate formulations which exhibit high gastroretention and also 

possibly useful for the treatment of Helicobacter pylori infections. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Physiology of the stomach 

 

The stomach has its main role as a food reservoir, where ingested food 

is processed into a chyme in the presence of HCl and excreted pepsin begins digestion 

The stomach is divided into three anatomical regions.  The uppermost part is the 

fundus region, which produces slow contractions.  The largest part is the body, which 

acts as a reservoir for ingested food, and liquids and the lowest part of the stomach is 

the antrum (Figure 1.1).  The mid- to upper portion of the stomach wall produces 

weak peristaltic constrictor waves that move toward the antrum about once every 15 

to 20 seconds.  The propagation of these constrictor waves becomes more intense and 

provide a powerful peristaltic action potential, that forces the antral content toward 

the small intestine.  The stomach has a gastric emptying time of about 2 h then, after 

stomach emptying for several hours or more, another type of intense contraction 

occurs, called hunger contractions.  They are rhythmical peristaltic contractions in the 

body of the stomach [1, 2].   
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Figure 1.1 Physiologic anatomy of the stomach [2] 

 

 

The structure of stomach wall (Figure 1.2) consists of 3 parts, mucosa 

layer, submucosa layer, and muscular layers that include both circular and 

longitudinal muscle layers.  The mucosa of the stomach is thick and has many gastric 

glands.  The human stomach secretes between 1.0 and 1.5 L of gastric juice per day.  

This gastric juice is highly acidic because of its hydrochloric acid content and is rich 

in enzymes, thus the gastric pH is about 1.5 [2].  The mucosa layer is covered with a 

thick tenacious mucus that is secreted by the columnar cells of the epithelium.  

Gastric mucus is a glycoprotein, that lubricates food masses, facilitates movement 

within the stomach, and its major role is to form a protective layer against gastric acid 

and proteolytic enzymes.  The submucosa layer of the stomach contains many 

lymphocytes that help to protect against invading agents.  The muscular layer is the 
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powerful layer that produces the wave of peristaltic contractions responsible for 

gastric emptying [2].  

 

 

 

 

Figure 1.2 Structure of the stomach wall [2] 

 

 

1.2 Mucosal surface and mucin 

 

 The mucosa or the mucus membrane is the surface tissue that lines the 

stomach wall and provides protection and acts as a lubricating gel of sticky viscous 

fluid throughout the gastrointestinal tract.  This viscous fluid called mucus is secreted 

by the goblet cells in the epithelium or by special exocrine glands.  The mucus forms 
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a diffusion barrier between the luminal and the cell surface that could bind bacteria, 

parasites, and viruses and plays an important role by interacting with and modulating 

the immune response, inflammation, and for protecting the mucosa from the external 

environment [3].  The gel forming properties of mucus is due to the presence of 

macromolecular components that are responsible for the viscous and elastic gel-like 

properties called mucin.   Mucin possesses a linear protein core with a high serine and 

threonine content that are highly glycosylated by oligosaccharide side chains.  These 

oligosaccharide side chains consist primarily of N-acetylgalactosamine, N-

acetylglucosamine, fucose, galactose, sialic acid (N-acetyl neuraminic acid) and traces 

of mannose and sulfate [3].  The typical structure of a mucin molecule consists of 

several subunits connected by disulfide bridges.  The oligosaccharide chains 

consisting of 5-15 monomers exhibit branching and are attached to the protein core by 

O-glycosidic bonds to the hydroxyl side chains of serine and threonine and are 

arranged in a “bottle brush” configuration around the protein core as shown in Figure 

1.3 [4].  Other terminal residues in the oligosaccharide side chains are sialic acid, 

which has an axial carboxyl group.  Mucus is negatively charged at neutral pH and 

uncharged at acidic pH.  Numerous hydroxyl and carboxyl groups on mucin 

molecules can form hydrogen bonding with other polymer molecules. 
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Figure 1.3 Diagram of mucin molecules.  Several subunits are bound through 

cysteine-rich domains (S) that form disulfide bridges (S-S).  Thick bars represent the 

highly glycosylated domains 

 

 

1.3 Helicobacter pylori 

 

 In 1984 Warren and Marshall found a small curved and S-shaped 

bacillus in gastric biopsy specimens.  The bacterium was closely associated with the 

surface epithelium, both within and between the gastric pits.  These bacteria were 

often found in chronic gastritis and active chronic gastritis but these curved bacilli 

were often present in large numbers and found growing between the cells of the 

surface epithelium.  These bacilli survived in the surface of the stomach in spite of the 

pH gradient from acid in the gastric lumen to near neutral in the mucosal vessels as 

shown in Figure 1.4.  The bacteria grew in close contact with the epithelium, 

presumably near the neutral end of this gradient, and were being partly protected by 
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the overlying mucus.  Initially these bacteria were named Campylobacter pylori 

because of their shape [5, 6].    

 

 

 

Figure 1.4 Schematic diagrams of Helicobacter pylori infection [7] 
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 Nowadays, Campylobacter pylori has been reclassified as Helicobacter 

pylori.  H. pylori is a Gram-negative spiral-shaped bacteria and is estimated to infect 

more than half of the world’s population, predominantly in developing countries.  H. 

pylori has a long latent period of subclinical infection during which it causes gastric 

mucosal inflammation and progressive mucosal damage.  This bacteria is now well 

established as the cause of the gastritis-associated gastrointestinal diseases such as 

gastric ulcer, duodenal ulcer, gastric cancer and gastric mucosal-associated lymphoid 

tissue (MALT) lymphoma (MALToma) [8].  The incidence of H. pylori infections in 

developing countries has been reported since 1995 and continues to be high at 

between 3% and 10% per year [9].   

 Peptic ulcer disease is a problem of the gastrointestinal tract 

characterized by mucosal damage due to an increase of pepsin and gastric acid 

secretion.  These problems usually occur in the stomach and proximal duodenum and 

rarely occur in the lower esophagus, the distal duodenum or the jejunum [10].  This 

disease has been a major threat to the world’s population over the past two centuries 

with a high morbidity and substantial mortality [11].  The symptoms of peptic ulcer 

disease   include epigastric discomfort, especially for pain relieved by food intake or 

antacids and pain that causes awakening at night or that occurs between meals, and 

results in a loss of appetite and weight [10].  Several environmental and host factors 

contribute to the formation of peptic ulcer such as increasing gastric acid secretion 

and weakening of the mucosal barrier.  Environmental factors can help to induce 

peptic ulcer such as smoking, excessive alcohol use and drug use especially for non-

steroidal anti-inflammatory drugs (NSAID).  Emotional stress and psychosocial 

factors are the host factors most frequently identified as important contributors to 
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ulcer pathogenesis [11].  Moreover, a bacterial infection by H. pylori can induce 

peptic ulcer disease.  The uses of NSAID and infection by H. pylori are the 

predominant causes of peptic ulcer disease, however more than 50% of the world’s 

population has a chronic H. pylori infection of the gastric mucosa, yet only 5-10% of 

those infected develop ulcers [11].  The epidemiology of peptic ulcer disease in 

Thailand was reported during 1981 to 1988 with the prevalence rate remained fairly 

constant at around 111 to 112 per 100,000 populations during that period based on 

hospitalized case.  The death rates of peptic ulcer cases based on national data 

between 1977 and 1987 fell slightly from 3.4 to 1 per 100,000 populations and deaths 

were higher in males than in female [12].   

 Although H. pylori is associated with gastric ulcer, most infected 

people (> 70%) are asymptomatic [13].  Thus an accurate diagnostic of H. pylori 

infection are important to identify the gastric ulcer with H. pylori infection for 

choosing the appropriate treatment.  The diagnostic procedures for H. pylori are 

classified into two methods, an invasive test and non-invasive test.  The invasive test 

is based on biopsy or endoscopy techniques such as histological examination, culture 

and a rapid urease test and the non-invasive techniques include serology, the urea 

breath test, urine/blood or detection of H. pylori antigen in stool specimens.  Both of 

these techniques seem to be accurate for the diagnosis of H. pylori.  However, a single 

test (with the exception of culture) is not sufficient to provide a diagnosis of infection 

thus at least two different tests are used for confirmation [14].  In addition both 

techniques of diagnosis have been reported to have the same degree of accuracy for 

detecting H. pylori [15, 16].   
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1.4 Treatment of Helicobacter pylori 

 

 The guidelines for treating H. pylori infection are triple line drug 

therapy that is a combination of an anti-acid secreting agent and antibiotic drugs.  

Many antibacterial agents have a very low minimum inhibitory concentration (MIC) 

against H. pylori in culture yet no single agent is effective in vivo when administered 

alone.  The two main causes for drug ineffectiveness include the instability of some 

antibiotics at the low pH of the gastric acid and because the antibiotic never reaches 

an effective inhibitory concentration at the site of H. pylori colonized in the stomach 

epithelium because of it being protected by the mucus and the short residence time of 

the antibiotic in the stomach [17].  Even with the correct use of the triple drug 

combination, infection cannot be eradicated in up to 23% of patients [18].  The 

empirical regimens for treatment H. pylori infection are classified into two types of 

drug administration, sequential therapy and concomitant therapy.  The sequential 

therapy does involve changing the number or type of drugs during the therapy period.  

The concomitant therapy all drugs are administered for the entire duration of the 

therapy.  The recommended primary therapies for H. pylori infection for a 

concomitant therapy include a proton pump inhibitor (PPI), clarithromycin, and 

amoxicillin, or metronidazole (clarithromycin based triple therapy) for 14 days or a 

PPI or H2 antagonist agent, bismuth, metronidazole and tetracycline (bismuth 

quadruple therapy) for 10 – 14 days.  Or a sequential therapy consists of a PPI and 

amoxicillin for 5 days followed by a PPI, clarithromycin, and tinidazole for an 

additional 5 days may provide an alternative to clarithromycin-based triple or bismuth 

quadruple therapy [19].  Moreover the several effective regimens for treatment of H. 
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pylori published as clinical treatment guidelines are summarized in Table 1.1 [20].  

These regimens are generally effective except in areas with a high prevalence (≥20 – 

30%) of clarithromycin resistance, or dual clarithromycin and metronidazole 

resistance and have a more than 95% rate of treatment success in patients infected 

with susceptible strains and should still achieve a high eradication rate (>85%) in 

patients infected with antimicrobial-resistant strains [20]. 

  Numerous studies have shown that the risk of ulcer recurrence is 

markedly reduced after successful eradication of H. pylori.  After successful H. pylori 

eradication, recrudescence or re-infection may happen.  In Thailand the risk of H. 

pylori re-infection is low only about 3% although in some developing countries there 

is a much higher prevalence of H. pylori infection [21].   
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Table 1.1 The regimens for Helicobacter pylori therapy 2011 to 2012 [20] 

Treatment Drugs, dosages and duration 

Concomitant therapy Amoxicillin (1 g), clarithromycin (500 mg), and 

tinidazole (500 mg) or metronidazole (500 mg) plus a 

PPI all given twice daily for 10–14 days 

Sequential therapy Amoxicillin (1 g) plus a PPI twice daily for 5 days, 

followed by clarithromycin (500 mg) and tinidazole 

(500 mg) or metronidazole (500 mg) plus a PPI all 

twice daily for a further 5 days (total 10 days) 

Sequential–concomitant 

therapy 

Amoxicillin (1 g) plus a PPI twice daily for 7 days, 

followed by amoxicillin (1 g), clarithromycin (500 

mg) and tinidazole (500 mg) or metronidazole (500 

mg) for a further 7 days (total 14 days) 

Bismuth quadruple therapy Bismuth subsalicylate or bismuth subcitrate and 

tetracycline hydrochloride (500 mg) both four times 

daily with meals and at bedtime plus metronidazole 

(500 mg) or tinidazole (500 mg) three times daily 

with meals and a PPI twice daily for 10 days, or 

preferably 14 days.  
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1.5 Strategy of drug delivery for treatment of Helicobacter pylori 

 

 Treatment guidelines for H. pylori infections explain that levels of 

clarithromycin in gastric juice, mucosa and serum have been found that are above the 

minimum inhibitory concentration (MIC) for up to six hours following oral dosing 

with a triple therapy regime (omeprazole, clarithromycin, amoxicillin) but only for 

two hours in the gastric mucosa following a 1 g dose of amoxicillin [22].  Strategies 

to increase amoxicillin effectiveness include administration of high oral doses (up to 1 

g three times daily) in order to attain high local concentrations of antibiotic in the 

stomach [23].  Another reason for an ineffective treatment with antibiotics is the 

instability of the antibiotics such as amoxicillin and clarithromycin in gastric acid 

[24].  The minimum inhibitory concentration of amoxicillin against H. pylori 

including sensitive and resistance strains is from 8 - 256 µg/L and implies that if a 

successful local delivery were achieved, then lower doses of antibiotic may be 

effective [25].  The essential reason for unsuccessful eradication is the lack of 

residence time of the antimicrobial agents in the stomach so that an effective 

concentration of antibiotics at the site of infection cannot be achieved in the gastric 

mucous layer or epithelial cell surfaces where the H. pylori exist, [26, 27].  

Conventional tablets or capsules are, in general, used for eradication therapy but these 

preparations do not remain in the stomach for long.  Therefore, it is difficult to reach 

the minimum inhibitory concentrations within the gastric mucus in which the H. 

pylori has colonized [28, 29].  It has been proposed that a local delivery could 

increase drug levels in the gastric mucus and mucosa to allow for effective 

bactericidal levels and extend the contact time of the drugs with the organism.  This 
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has been demonstrated with a 1 h topical treatment of antibiotic, which was delivered 

directly to the stomach via a naso-gastric tube and achieved a high cure rate of 96% 

[30].  This reason leads to the need to develop an oral dosage form with a prolonged 

gastric residence time sufficient to eradicate H. pyroli.   

 There is a need to develop gastric retentive systems that can 

overcoming the challengers of the physiological barriers present in the human 

gastrointestinal tract.   In addition to the thick protective mucus layer, gastrointestinal 

motility patterns are another factor to overcome fo effective drug delivery to the 

stomach.  In the fasting state following the digestive phase of approximately 2 h, 

when the last of the digestible food has left the stomach there are so called 

housekeeper contractions that occur with strong contractions to ensure removal of all 

indigestive residues through an open pylorus.  All the mobility patterns of the stomach 

in the fasting state are shown in Figure 1.5 [2].  Thus a drug delivery system must be 

able to resist the forces of the fasting state mobility for an extended period.  In the fed 

state, the stomach turns the food into sizes of less than 1 mm, which is then emptied 

to the duodenum.  The composition of the food determines its residence time in the 

stomach with liquids emptying rapidly and solids much more slowly.  Small particles 

(<1 mm) may pass rapidly into the small intestine with the liquid component whereas 

larger particles will take longer to reach this size.  Gastric residence time is generally 

much longer in the fed rather than in the fasting state [2]. 
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Figure 1.5 The mobility patterns of the stomach in fasted state 

 

 

 Another challenging factor is the natural turnover of mucus at the 

mucosal site that is possibly the biggest barrier for mucoadhesive drug delivery 

systems.  The turnover time for mucus limits the residence time of the mucoadhesive 

polymers on the mucus layer.  Mucoadhesive polymers become detached from the 

surface during turnover.  The turnover rate may be different in the presence of 

mucoadhesive systems.  Mucus turnover does leave a substantial amount of soluble 

mucin molecules on the epithelial membrane that can interact with a mucoadhesive 

polymer. The mucin turnover time is between 47 - 270 min [31].  The gastric 

residence time of a dosage form is also influenced by posture, age, gender, disease 

status and concomitant medication such as omeprazole [32].  Several drug delivery 

formulations have been explored to increase the gastric retention time including high 
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density and magnetic systems, but the three main systems are floating systems, 

bio/mucoadhesive systems and swelling systems [33]. 

  

 

1.6 Bioadhesive/mucoadhesive drug delivery system 

 

 The term bioadhesion has been used to describe the ability of some 

synthetic and biological macromolecules and hydrocolloids to adhere to a biological 

tissues or surface [34].  Whereas the interactions that occur primarily with the mucus 

layer and materials is referred as mucoadhesion.  For drug delivery purposes, the term 

bioadhesion implies attachment of a drug carrier system to a specified biological 

location or defined as a substance that is capable of interacting with biological 

materials and being retained on them or holding them together for extended periods of 

time [35].  Leung and Robinson [36] described mucoadhesion as the interaction 

between a mucin surface and a synthetic or natural polymer.  Mucoadhesion should 

not be confused with bioadhesion; in bioadhesion, the polymer is attached to a 

biological membrane and if the substrate is a mucus membrane then the term 

mucoadhesion is used.   

 Bioadhesives are classified into three types based on the presence or 

absence of non-biological (artificial) materials in the adhesion process rather than on 

the mechanisms of bioadhesion.  Type I refers to the bioadhesion of two biological 

substrates such as cell fusion and cell aggregation, type II refers to the bioadhesion of 

cells onto an artificial material such as culture dishes or adhesion to a variety of 

substances including metals, woods and type III refers to the adhesion of artificial 
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substances to biological substrates such as the adhesion of polymers to a mucosal 

epithelium, skin or soft tissues [35].  The type III bioadhesion has been intensively 

investigated by several research groups and has led to the development of 

mucoadhesive drugs.  The systems containing mucoadhesive water-soluble polymers, 

that become adhesive on hydration, can be used for targeting a drug to a particular 

region of the body for extended periods of time.  Several types of mucosal layers line 

the regions of the body including gastrointestinal tract, urogenital tract, airways, ear, 

nose and eyes. Thus, the mucoadhesive drug delivery systems could be designed 

specifically for buccal, oral, vaginal, rectal, nasal and ocular routes of administration 

[37].   

 The mucoadhesive drug delivery systems have three distinct 

advantages when compared to conventional dosage forms [38].  Firstly, the 

mucoadhesive systems, which are readily localized in the region to which they have 

been applied, can improve and enhance the bioavailability of several drugs such as 

amoxicillin [28], clarithromycin [39] or even a large molecules such as calcitonin [40] 

or insulin [41].  Secondly, these dosage forms can facilitate an intimate contact with 

an underlying absorption surface resulting in better absorption.  Lastly, they can 

prolong the residence time at the site of application to permit a once or twice a day 

dosing.     
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1.6.1 Mechanisms and mucoadhesion theories 

 

 Mechanisms for mucoadhesion were first proposed in 1988 by 

Duchěne and co-worker [42].  The first stage involves an intimate contact between a 

mucoadhesive compound and a mucus surface that results from a good wetting of the 

bioadhesive surface or from the swelling of the mucoadhesive polymer.  In the second 

stage, after contact is established, penetration of the mucoadhesive polymer chain into 

the tissue surface or interpenetration of the chains of the mucoadhesive polymer and 

the mucus occurred.  Then, weak chemical bonds could be formed during the final 

stage.  

 The theories developed to try to understand and explain the adhesive 

performance of adhesives have been adapted to gain an understanding of 

bio/mucoadhesion. The five main theories proposed to explain the mucoadhesion 

phenomena are the wetting, adsorption, diffusion, electrical and fracture theories.  

None of these theories can explain mucoadhesion on its own for all the different 

pharmaceutical formulations but several of these theories can be combined to obtain a 

unified picture of the mucoadhesive process [37]. 
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1.6.1.1 Wetting theory of mucoadhesion 

  

 The wetting theory is perhaps the oldest established theory of 

adhesion.  The wetting theory is predominantly applicable to liquid bioadhesive 

systems. It analyzes adhesive and contact behavior in terms of the ability of a liquid or 

paste to spread over a biological system.  It is best applied to liquid or low-viscosity 

bioadhesives.  The wetting theory calculates the work of adhesion as expressed in 

terms of surface and interfacial tensions [35, 43].   

 

 

1.6.1.2 Diffusion theory of mucoadhesion 

 

 The concept of interpenetration and entanglement of mucoadhesive 

polymer chains and mucus chains producing semi-permanent adhesive bonds is 

supported by the diffusion theory.  It is believed that bond strength increases with the 

interpenetration of the polymer chains into the mucin chains and reaches a sufficient 

depth. Penetration of polymer chains into the mucus network depended on the 

concentration gradients and diffusion coefficient.  The existence of concentration 

gradients will drive the polymer chains of the mucoadhesive polymer into the mucus 

network and the mucin chains into the mucoadhesive matrix until an equilibrium 

penetration depth is achieved as shown in Figure 1.6 [42].  In this theory, the 

mucoadhesive polymer and mucus should have a similar chemical structure in which 

to have good solubility and give the strongest mucoadhesive bond [44]. 
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Figure 1.6 Schematic representation of the diffusion theory of mucoadhesion before 

contact (A), upon contact (B) and after contact for a period of time (C) 

 

 

1.6.1.3 Adsorption theory of mucoadhesion 

 

 According to the adsorption theory, after an initial contact between two 

surfaces, the material adhered because of surface forces between molecules at the two 

surfaces.  Two types of chemical bonds resulting from these forces can be 

distinguished.  Firstly, primary chemical bonds of a covalent nature are undesirable in 

mucoadhesion because their high strength may result in permanent bonds.  Secondly, 

secondary chemical bonds that have many different forces of attraction, including 
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electrostatic force, van der Waals force, hydrogen bonds and hydrophobic interactions 

[35].   

 

 

1.6.1.4 Electrical theory of mucoadhesion 

 

 The electrical theory hypothesis relies on the assumption that the 

mucoadhesive material and the target biological material have different electrical 

structures.   An electron transfer develops from the contact between the two materials 

because of the differences in their electronic structures.  The bioadhesive force is 

believed to be due to the forces of attraction across this electrical double layer.  The 

system is charged when the adhesive and substrate are in contact and discharged when 

they are separated [3]. 

 

 

1.6.1.5 Fracture theory of mucoadhesion 

 

 The most applicable theory for studying mucoadhesion through 

mechanical measurements is the fracture theory.  This theory is related to the 

separation of two surfaces after adhesion and the fracture strength is regarded as equal 

to the adhesive strength.  The fracture theory deals only with analyzes of the forces 

required to separate the two surfaces after adhesion, it does not assume or require 

entanglement, diffusion or interpenetration for polymer chains [3].  Thus, it is 

appropriate for being mainly used for calculation of the adhesive bonds for a rigid or 
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semi-rigid formulation [37].  A schematic diagram of the fracture theory of 

mucoadhesion is illustrated in Figure 1.7 [3]. 

 

 

 

 

Figure 1.7 Schematic diagrams showing the progression of mucoadhesive fracture 

 

 

 The interrelation between the mucoadhesive theories of mucoadhesive 

and properties of mucoadhesive materials is illustrated in Figure 1.8.  The overlapping 

areas between the circles indicate how and to what extent the mucoadhesive theories 

are connected to the material properties [45].  As visualized in Figure 1.8, first the 

mucoadhesive swells (wetting theory) and then molecular bonding (electronic and 

adsorption theories) occurs due to the formation of non-covalent bonds within the 

mucus–mucoadhesive interface.  Next spatial conformation (diffusion theory) is 

introduced to achieve an interpenetration between the mucus and mucoadhesive 

layers.  Then molecular bonding continues with the formation of new non-covalent 

and covalent bonds inside the mucus–mucoadhesive interface.  The rheological 
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properties are an indication of the extent of covalent molecular bonding and spatial 

conformation [45].   

 

 

 

 

Figure 1.8 Schematic diagram of the interrelations between mucoadhesive theories 

(red circle) and properties of mucoadhesive materials (blue circle) 

 

 

1.7 Polymers suitable for mucoadhesive drug delivery system 

 

 Three major categories of polymers have been used with some success 

as mucoadhesive agents: hydroxyl-containing, carboxyl-containing and other 

polymers mostly with charged species.  These characteristics will lead to forming 

strong hydrogen bond interactions or strong ionic interactions between the 
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mucoadhesive polymer and mucin [34].  To overcome the relatively short GI 

residence time and improve the localization for a controlled or sustained release of 

drug delivery system, mucoadhesive polymers that can adhere to the mucin/epithelial 

surface are effective and lead to significant improvement in oral drug delivery [35].  

Polymers that adhere to a mucin-epithelial surface can be classified into three broad 

categories: (i) polymers that become sticky when placed in water and owe their 

mucoadhesion or stickiness; (ii) polymers that adhere through nonspecific, non-

covalent interactions which are primarily electrostatic in nature (although hydrogen 

and hydrophobic bonding may be significant) and (iii) polymers that bind to specific 

receptor sites on the cell surface.  All three polymer types can be used for improving 

drug delivery [35].   

 An ideal polymer for mucoadhesive drug delivery systems should have 

the following characteristics: (i) the polymer and its degradation products should be 

nontoxic, compatible with the environment, be non-irritant and non-absorbable from 

the GI tract, (ii) it should be easily to administer, (iii) it possesses a high drug/polymer 

ratio, (iv) it should be easy and inexpensive to fabricate, (v) it has a good mechanical 

strength, (vi) it should preferably form a strong non-covalent bond with the mucus or 

epithelial cell surface, (vii) it should adhere quickly to moist tissue and possess some 

site specificity and (viii) the polymer must not decompose on storage or during the 

shelf life of the dosage form [43, 46].  Furthermore, it can be concluded that the most 

appropriate mucoadhesive polymer, should be a cationic and anionic polymers that 

will bind more effectively than neutral polymer.  Polyanionic polymers were better 

than polycationic ones in terms of binding/potential toxicity and water-insoluble 

polymers that give a greater flexibility in dosage form design compared to rapidly or 
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slowly dissolving water-soluble polymers.  Anionic polymers with sulfate groups 

bound more effectively than those with carboxylic groups.  The degree of binding was 

proportional to the charge density on the polymer and polymers with high binding 

included carboxymethyl cellulose, gelatin, hyaluronic acid, carbopol and 

polycarbophil [35].  In addition, carboxylated polyanions appear to be better than 

sulfated polyanions when both mucoadhesiveness and toxicity are considered [47].   

 Polymers used for mucoadhesion can be classified by the source; 

synthetic and natural polymers.  Some of the commonly used polymers for modern 

mucoadhesive drug delivery systems are briefly described below. 

 

 

1.7.1 Poly(vinyl pyrrolidone)  

 

 Poly(vinyl pyrrolidone) or PVP is a synthetic neutral polymer 

consisting essentially of linear 1-vinyl-2-pyrrolidinone groups, the differing degree of 

polymerization of which results in polymers of various molecular weights.  The 

chemical structure of PVP is shown in Figure 1.9 [48].  It is characterized by its 

viscosity in aqueous solution, relative to that of water, expressed as a K-value, in the 

range of 10–120.  The K-value is calculated using the Fikentscher’s equation (Eq. 1.1) 

[49]: 
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where z is the relative viscosity of the solution of concentration c (in %w/v) and k is 

the K-value x 10
-3

. The approximate molecular weights for different PVP grades are 

shown in Table 1.2 [48]. 

 

 

 

Figure 1.9 Chemical structure of poly(vinyl pyrrolidone) 

 

Table 1.2 Approximate molecular weights for different grades of PVP 

K-value Approximate molecular weight 

12 2,500 

15 8,000 

17 10,000 

25 30,000 

30 50,000 

60 400,000 

90 1,000,000 

120 3,000,000 
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 PVP has been used in pharmaceutical formulations for many years, 

primarily in solid dosage forms.  In tableting, PVP solutions are used as binders in 

wet granulation processes.  PVP is used as a solubilizing agent for oral and parenteral 

formulations, and has been shown to enhance dissolution of poorly soluble drugs from 

solid dosage forms as a solid dispersion technique [50, 51].  PVP solutions may also 

be used as coating agents, binders or film forming agent when coating active 

pharmaceutical ingredients on a support such as sugar beads.  Moreover, PVP is 

additionally used as a suspending, stabilizing, or viscosity-increasing agent in a 

number of topical and oral suspensions and solutions [48].  For the safety of PVP after 

being consumed orally, PVP may be regarded as essentially nontoxic since it is not 

absorbed from the GI tract or mucous membranes.  PVP additionally has no irritant 

effect on the skin and causes no sensitization [48].    

 PVP has been widely used in mucoadhesive drug development such as 

mucoadhesive hydrogels, mucoadhesive microsphere, mucoadhesive gels or buccal 

patches [52-54].  Due to its properties, PVP has been used as a viscosity-increasing 

agent that can alter the rheology characteristics of hydrogels to extend the residence 

time of hydrogel adherence to mucus membranes [55], improve drug delivery carriers 

such as microspheres by forming a complex with other polymer molecule with the 

carbonyl groups of PVP via strong hydrogen bonds [52, 56] and utilize the films 

formed for mucoadhesive buccal patches [54].  The use of PVP can enhance both of 

the mucoadhesive properties and dissolution of poorly soluble drugs [57].  The 

addition of the hydrophilic polymer PVP promotes faster dissolution by increasing the 

surface wettability and consequently water penetration within the matrix leading to an 



27 

 

increase of the water-soluble content [58].  Moreover, PVP has also shown some 

bioadhesive properties with human epithelial cell cultures [47].           

 

 

1.7.2 Chitosan 

 

 Chitosan is the N-deacetylated product of the polysaccharide chitin 

found in a wide range of natural sources such as crustaceans, fungi, insects and some 

algae. It is a polymer of poly (N-acetyl-β-D-glucosamine) as shown in Figure 1.10 

[59].  Manufactured chitosan is usually obtained from crustaceans (crab, krill and 

crayfish), especially because a large amount of their exoskeleton is available as a 

byproduct of food processing [60].   

 When the degree of deacetylation of chitin reaches about 50% 

(depending on the origin of the polymer), it becomes soluble in aqueous acidic media 

and is called chitosan.  The solubilization occurs by protonation of the NH2 function 

of the D-glucosamine repeat unit, whereby the polysaccharide is converted to a 

polyelectrolyte in an acidic medium [59].  Chitosan is insoluble in water, alkali and 

organic solvents, but soluble in most solutions of organic acids when the pH of the 

solution is less than 6.  Acetic and formic acids are two of the most widely used acids 

for dissolving chitosan.  Some dilute inorganic acids, such as nitric acid, hydrochloric 

acid, perchloric acid, and H3PO4, can also be used to prepare a chitosan solution, but 

only after prolonged stirring and warming [61].  Chitosan is of importance in the 

pharmaceutical field due to its unique polymeric cationic characteristics, good 

biocompatibility, nontoxicity and its biodegradability.  Chitosan has been proposed as 
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a useful excipient for either the sustained release of water-soluble drugs and for 

enhancing the bioavailability of poorly water-soluble compounds [62, 63].   

 

 

 

Figure 1.10 Chemical structure of chitin (poly (N-acetyl-β-D-glucosamine)) (a), 

chitosan (poly (D-glucosamine)) (b) repeat units and structure of partially acetylated 

chitosan (c) 
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 Chitosan exhibits strong mucoadhesive properties due to the formation 

of hydrogen and ionic bonds between the positively charged amino groups of chitosan 

and the negatively charged sialic acid residues of the mucin glycoproteins [64].  

Furthermore, chitosan enhanced drug or peptides permeability through the mucosal 

surface [65, 66].  Thus, mucoadhesive formulations using chitosan have been 

intensively studied for prolonging the residence times of the delivery system such as a 

mucoadhesive microsphere [67], mucoadhesive gel [68], mucoadhesive film [69] or 

mucoadhesive bead [70].  It has been reported that the higher the molecular weight of 

chitosan the better is its ability to promote its mucoadhesive properties [71].  

Furthermore, chitosan also has antibacterial activity and acts to enhance absorption, 

thus chitosan is a good candidate polymer for drug delivery [72, 73].      

 

 

1.7.3 Gelatin 

 

 Gelatin is a natural polymer that is derived from collagen, and 

commonly used for pharmaceutical and medical applications because of its 

biodegradability and biocompatibility in physiological environments [74].  Two 

different types of gelatin can be produced depending on the method of collagen 

pretreatment prior to the extraction process.  In the preparation of gelatin from animal 

skins (gelatin type B), it is necessary to remove the hairs attached to the pelt, and this 

is usually accomplished by treatment with aqueous alkali-lime water [75].  This 

extraction process targets the amide groups of asparagine and glutamine and 

hydrolyses them into carboxyl groups, thus converting many of these residues to 
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aspartate and glutamate [74].  The treatment of bones for the preparation of gelatin 

(gelatin type A) may involve the removal of mineral salts by treatment with dilute 

acid [75].  This dilute acidic extraction process, in contrast to the acidic pre-treatment 

does little to affect the amide groups present [74].  The two extraction processes of 

gelatin result  in electrically different gelatin molecules  This is because the alkaline 

processed gelatin possesses a greater proportion of carboxyl groups rendering it 

negatively charged, whereas the acidic process produces a positively charged [74].  

Gelatin A with an isoelectric point of between 7 and 9, whereas gelatin B obtained by 

alkaline hydrolysis has an isoelectric point of between 4.7 and 5.3 [76].   

 Gelatin has been reported to have bioadhesive [77] and mucoadhesive 

properties that can prolong the residence time of any delivery system [76].  The 

bioadhesive or mucoadhesive properties of native gelatin are quite low, thus blending 

of gelatin with other polymer or modified gelatin have been reported to improve these 

properties for enhancing residence times [78].  Several mucoadhesive formulations 

using gelatin have been developed such as microsphere [76, 78], mucoadhesive 

tablets [79] and mucoadhesive films [80].   

 

 

1.7.4 Sodium Alginate 

 

 Alginates are natural polysaccharide polymers isolated from brown 

seaweed.  The seaweed is extracted with a dilute alkaline solution that solubilizes the 

alginic acid present [81].  The alginic acid can then be converted to a salt of which 

sodium alginate is the major form currently in use.  Alginic acid is a linear polymer 
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consisting of two sugar monomers D-mannuronic acid (M block) and L-guluronic 

acid (G block) residues that are arranged in the polymer chain in blocks as shown in 

figure 1.11 [81].  Alginate forms gel or precipitates with divalent cations and 

multivalent cations especially with Ca
2+

 ions.  The mechanism of gel formation of an 

alginate will be discussed later in Chapter 6.  Due to the properties of an alginate that 

allows it to form gels in the presence of calcium ions, alginate has been used 

extensively for drug carrier systems.  The polymer matrix of an alginate gel can play a 

significant role in the design of a controlled release product based on the diffusion 

mechanism [81].   

 Alginate also shows mucoadhesive properties and is used as a drug 

carrier for mucoadhesive drug delivery systems such as an alginate bead [82-85].  

Alginate beads have the advantages of being nontoxic with high biocompatibility 

[86].  Another advantageous property is their inability to re-swell in acidic 

environment while they easily re-swell in an alkaline environment, so acid-sensitive 

drugs incorporated into the beads would be protected from the gastric juice [87].  

Thus, alginate beads have been used as an entrapment matrix for drugs, cells or 

proteins.  For mucoadhesive drug delivery systems, several alginate bead formulations 

have been modified to enhance the mucoadhesive properties by coating with another 

mucoadhesive polymer [85] or by forming  a complex with another polymer during 

bead formation  [88].   
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Figure 1.11 Chemical structure of alginate block types consisting of D-mannuronic 

acid (M) and L-guluronic acid (G) 

 

 

1.8 Evaluation of Mucoadhesion    

 

 Several test methods for studying mucoadhesion have been reported.  

These tests are necessary not only to screen a large number of candidate 

mucoadhesive materials, but also to study their mechanisms.  The test methods can be 

classified into two major categories; (i) direct methods and (ii) indirect methods [89]. 
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1.8.1 Direct methods 

 

 A direct determination of the mucoadhesion ability may involve a 

quantitative determination of the force required to detach the mucoadhesive from the 

surface.  An alternative approach is the determination of another quantitative 

parameter such as the time required to detach the mucoadhesive from the surface 

when the polymer is subject to a constant applied force [89].  The direct methods for 

mucoadhesion evaluation are described as follow. 

 

 

1.8.1.1 Tensile strength assay 

 

 The detachment force in tensile strength assays is determined using 

either a commercially available instrument such as a materials testing machine or a 

texture analyzer as depicted in Figure 1.12 [90].  Methods using tensile strength have 

usually examined the force necessary to separate the two surfaces after a 

mucoadhesive bond has been established.  Briefly, the mucoadhesive material under 

examination is attached to a surface of a solid support.  The test material was then 

lowered onto the biological substrate and left for a certain period to allow interaction 

between the material and the biological tissue.  After this period, the solid support is 

raised at a constant rate until total detachment occur.  The results are usually 

presented as the maximum detachment force (MDF) or the area under the force – 

distance curve representing the total work of adhesion [89].  This technique was 

widely used to measure the force of mucoadhesion for several formulated systems 
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such as a mucoadhesive patch [90], mucoadhesive gel [91], mucoadhesive tablet [92] 

and mucoadhesive film [93].   

 

 

 

 

Figure 1.12 Mucoadhesive testing system utilizing the texture analyzer equipment 
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1.8.1.2 Dynamic assay under shear forces 

 

 The dynamic assay using shear force was used to determine the 

residence time of the mucoadhesive system on the biological tissue while applying a 

shear force such as movement, rotating of the solid support or wash off method [65, 

71, 94, 95].  For this technique the shear forces were applied by the movement of the 

solid support with the biological tissue attached with a mucoadhesive formulation.  

The quantitative measured parameter is the time until detachment, disintegration 

and/or erosion of the tablets is observed.  Another dynamic assay is the continuous 

flow assay that quantifies the ability of a polymer to maintain binding with the 

mucosal surface under shear forces subjected as a continuous flow.  This method was 

first introduced by using glass spheres coated with the tested polymer and a known 

amount of particles was placed on fresh mucus attached to the floor of the flow cell 

for a fixed time in a humid environment to allow hydration of the polymer and 

prevent drying of the tissue.  The experiments were performed by washing the 

mucosal surface with a flowing phosphate buffer or dilute hydrochloric acid solution 

at a constant rate for a fixed time.  The percentage of beads washed away was 

determined by weighing the wash solution after drying, and the results were expressed 

as an index of mucoadhesion calculated from the percentage of particles retained on 

the tissue [95].  A schematic diagram of the continuous flow assay is shown 

illustrated in Figure 1.13. 
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Figure 1.13 Schematic illustration of the experiment set up used for the continuous 

flow assay 

 

 

1.8.1.3 Cell adhesion assay 

 

 The cell adhesion assay has been report for mucoadhesion evaluation 

by using cell culture techniques [96, 97].  Several cell culture types were used to 

determine the mucoadhesive properties of polymer film such as human intestinal 

epithelium cell line (HT29) [96], mouse embryo fibroblast and chondrocyte cell line 

[97].  For this technique, cell line was seed on the polymer film then incubated for 

allow cell to attach for a period of time then quantified the amount of cell attach on 

the polymer surface.  The quantitative measured parameter for this technique is the 

amount of cell attachment on mucoadhesive materials.       
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1.8.2 Indirect methods  

  

 An indirect determination of the mucoadhesive properties is used to 

characterize the physicochemical properties or studies the interactions between the 

mucoadhesive and the mucin.  Some results from these techniques are correlated with 

the force of mucoadhesion.  The indirect methods for mucoadhesion evaluation were 

described as follow. 

 

 

1.8.2.1 Viscosity or rheology measurement 

 

 The use of viscosity or rheology measurements is the technique for the 

study of flow and deformation of materials, and offers a straightforward means to 

monitor the strength of the interaction and to predict the mucoadhesion ability [89].  

The interaction between mucin and the mucoadhesive polymer that leads to enhance 

the total resistance to the flow exerted by chain entanglement, non-covalent bonds 

such as hydrogen, electrostatic and hydrophobic bonding interactions [98].  These 

interactions can be monitored by viscosity or rheology changes.  The synergistic 

effect of the polymer – mucin system appears to be an outcome of molecular 

interactions and can be converted to the force of mucoadhesion [98].  This technique 

is useful for screening various polymers [89].  Therefore, this technique should not be 

used as a standalone method for detecting mucoadhesive properties of polymer – 

mucin systems.       
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1.8.2.2 Spectroscopic method 

 

 In a similar way to rheology measurements spectroscopic methods 

detect mucus – polymer interactions at the molecular level.  Analysing a Fourier 

transform infrared spectroscopy (FTIR) trace is a useful technique used to identify 

interactions between polymers and mucin.  Changes in the spectrum will be observed 

as a result of H-bonding between the mucin and the polymer.  This technique provides 

the mechanism of an interaction between the polymer and mucin at the molecular 

level.  Other spectroscopic or microscopic method have  been reported for observing 

mucoadhesive properties such as X-ray photoelectron spectroscopy (XPS) [99], 

atomic force microscopy (AFM) [100], fluorescence techniques [96] and confocal 

laser microscopy [101]. 

 

 

1.9 Study and aims for developing mucoadhesive drugs for eradication of 

Helicobacter pylori  

 

 The development of mucoadhesive drug delivery systems has been 

intensively studied for several years since the guidelines for H. pylori eradication has 

failed due to physiological barriers or resistance to antimicrobial agents, a short 

residence time of antimicrobial agents in the stomach or even to the stability of 

antimicrobial agents in the acidic conditions in the stomach [102].   To overcome 

these problems, a high dose of antibiotics is necessary or devising a way to increase 

the residence time of an antimicrobial agent in the stomach.  After the report of a 
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complete eradication of H. pylori due to an extended gastric residence time of the 

antimicrobial agent, several researchers have focused on increasing the residence time 

of the delivery system for eradication of H. pylori [30].   

 Several mucoadhesive formulations for H. pylori eradication were 

developed for delivering antimicrobial agents to the stomach with an extended 

residence time.  For example, mucoadhesive microspheres of amoxicillin prepared by 

the spray-chilling method demonstrated a greater anti H. pylori activity than 

conventional suspensions by increasing the residence time.  This result established 

that a topical action of amoxicillin on the gastric mucus played an important role in 

the clearance of H. pylori [28].  Another research work using mucoadhesive 

microspheres of amoxicillin using carbopol 934P as the mucoadhesive material and 

ethyl cellulose as carrier system showed high mucoadhesion properties, high drug 

entrapment efficiency up to 56%, exhibited sustained release properties and was more 

effective against H. pylori [103].  A floating mucoadhesive microsphere of 

clarithromycin was made from ethyl cellulose and carbopol 934P.  This system 

showed both mucoadhesive and floating properties and provided a sustained release 

and a better eradication of H. pylori [104].  A mucoadhesive bead of calcium alginate 

coated with chitosan used as a drug carrier demonstrated high mucoadhesive 

properties and prolonged the residence time of the delivery system compared with 

uncoated bead [85].  This formulation also showed a sustained release characteristic 

by the diffusion mechanism [105].  All of these mucoadhesive formulations may 

provide therapeutic concentration at a much lower dose, and may also reduce adverse 

effects. 
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1.10 The aim of this study 

 

 The aims of this study are to find the most suitable polymers with 

mucoadhesive properties including chitosan, gelatin and PVP and their blends.  These 

polymers have been previously reported to have good mucoadhesive or bioadhesive 

properties and these polymer blends may provide the synergistic effect of 

mucoadhesion.  Several techniques are used to determine the mucoadhesive or 

bioadhesive properties of the polymer and polymer blends such as viscosity 

measurement, spectroscopic techniques, texture analysis, cell culture techniques, 

wash-off technique.  A bead formulation is also selected for study due to the high 

entrapment efficiency up to 90% and use of amoxicillin as a model drug [106].  From 

the literature reviews, there have been no reports for mucoadhesive beads coated with 

polymer blends thus the amoxicillin bead formulation coated with suitable polymer 

blend may provide better mucoadhesive properties than a single polymer coated bead.  

All amoxicillin mucoadhesive beads are studied for their gastric residence time 

efficiency for eradication and drug release.      
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CHAPTER 2 

 

 

Evaluation of mucoadhesive polymers using viscosity measurements 

 

 

2.1  Introduction and objectives 

 

 An evaluation of mucoadhesion by using viscosity measurement is a 

simple rheological method for the in vitro assessment of mucoadhesive bond 

strengths.  Interactions of mucin and polymer produce physical chain entanglements 

and non-covalent intermolecular interactions including electrostatic, hydrogen 

bondings and hydrophobic interactions.  These interaction forces are identical to those 

involved in the process of mucin – polymer adhesion that produce a resistance to an 

exerted flow, that can be monitored by measuring the change of viscosity in a mucin – 

polymer system.  Several authors have suggested that rheological synergism between 

polymer and mucin can be used as an in vitro parameter to determine the 

mucoadhesive properties of the material [107-110].  Rheological data from these 

reports have been interpreted on a molecular basis involving physical and chemical 

interactions.  In fact, both physical and chemical bond energies in mucin – polymer 

interactions can be transformed into mechanical energy or work and this work causes 

changes in the shape or arrangement of macromolecules and is the basis for the 

changes in viscosity.  A simple procedure to assess the force of mucoadhesion was 
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proposed by Hassan and Gallo. They proposed the viscosity component of 

mucoadhesion (ηenhance) that could be obtained by Eq. 2.1 [111]: 

 

 ηt  =  ηm  +  ηp  +  ηenhance     (2.1) 

 

where ηt is the viscosity of the system, ηm and ηp are the individual viscosities of 

mucin and polymer, respectively.  All parameters, ηt, ηm, and ηp are measured at the 

same concentration, temperature, time, and shear rate.  Consequently, the force of 

mucoadhesion (F) represent the additional intermolecular friction force per unit area 

and was determined by Eq. 2.2 [111]: 

 

 F  =   ηenhanceσ      (2.2) 

 

where σ is the shear rate (s-1) and ηenhance is based on the experimentally measured 

value.  

 

 The aim of this study was to investigate the mucoadhesion of  mucin 

with various polymers including chitosan (C), poly(vinylpyrrolidone) (PVP), gelatin 

type A (GA), gelatin type B (GB), and polymer blends of C/PVP, C/GA, C/GB at 

various volume ratios through viscosity measurements performed on the  polymers 

alone and on their mixtures with mucin.    
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2.2  Experimental methods 

 

2.2.1 Materials 

 

Chitosan with an average viscosity, molecular weight of 300,000 – 

500,000 Da with a 75% – 85% degree of deacetylation was obtained from Fluka 

(GmbH, Buchs).  Gelatin type A from porcine skin with a bloom strength of 225 and 

gelatin type B from bovine skin with a bloom strength of 300 were from Sigma (St. 

Louis, MO).  PVP K-90 (Kollidon 90), with an average molecular weight (Mw) of 

1,100,000, was kindly supplied by BASF, Thailand.  Mucin Type 2 from porcine 

stomach was from Sigma (St. Louis, MO).  All other reagents were of analytical 

grade.   

 

 

2.2.2 Sample preparations 

 

The chitosan (C) stock solution (2% w/v) was prepared by dissolving 

chitosan (2.0 g) in 0.05 M hydrochloric acid solution (100 mL).  

poly(vinylpyrrolidone) (PVP), gelatin type A (GA), and gelatin type B (GB) (2.0 g) 

were dissolved in water (100 mL) to obtain stock solutions with a final concentration 

of 2%w/v.  Mucin solutions at concentrations of 15% w/v were prepared by 

dispersing the dried mucin (15.0 g) in water (100 mL).  All polymers, and mucin 

solutions were continually stirred for 4 h at room temperature until completely 
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dissolved.  Polymer blends of C/PVP, C/GA, and C/GB were prepared by mixing the 

2% w/v polymer stock solutions in the volume ratio of 1/9, 3/7, 5/5, 7/3, and 9/1.  All 

polymer blends were gently mixed using a reciprocating shaker until homogeneous.  

The mixtures of polymer and mucin were prepared by blending 5 mL of mucin 

solution (15%w/v) with 2 mL of polymer or polymer blend solutions.  The final 

volume of the mixtures was adjusted with water to 8 mL.  Subsequently, the mixture 

was mixed using a reciprocating shaker until a homogeneous dispersion was obtained.  

The final concentrations of polymers, polymer blends and mucin solutions were 0.5, 

0.5 and 9.375% w/v, respectively.  These mixtures of mucin-polymers and mucin-

polymer blends were equilibrated at 25.0 ± 0.1 °C for 1 h before analysis.  All sample 

were freshly prepared for viscosity measurement. 

 

 

2.2.3 Viscosity measurement 

 

 All viscosity measurements were performed using a Brookfield model 

DV-III Ultra programmable viscometer (Brookfield Engineering Laboratories, Inc., 

USA) with SC4-18 spindle and a small sample adaptor, at 25.0 ± 0.1 °C.  A schematic 

of the instrument setup is shown in Figure 2.1.  Samples were allowed to equilibrate 

for 1 minute before the test.  The apparent viscosity at a shear rate of 15.84 s-1 was 

selected for comparison.  All viscosity measurements were performed in triplicate. 

The flow behavior of the polymer or polymer blend with and without mucin is 

described by the consistency index (Kc) or non-Newtonian index (n) using the power 

law (Eq. 2.3): 
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 τ  =  Kcγn       (2.3) 

 

where τ is the shear stress, and γ is the shear rate.  The consistency index (Kc) or non-

Newtonian index (n) was obtained directly from the Rheocal version 3.1 software 

package. 

 

 

 

       

 

Figure 2.1 Schematic of viscosity measurement using the Brookfield viscometer with 

SC4-18 spindle and a small sample adaptor 
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2.2.4 Statistical analysis 

 

Analysis of variance (ANOVA) was performed using the SPSS version 

10.0 for Windows (SPSS Inc., USA). Post hoc testing (p<0.05) of the multiple 

comparisons was performed by Tukey’s test. 

 

 

2.3 Results and discussion 

 

2.3.1 Viscosity characterization 

 

The fluid flow behavior of polymer, polymer blends, mucin and 

combinations of polymer and mucin was evaluated.  The plots of apparent viscosity of 

polymer, polymer blends or mucin alone and a combination of polymer and mucin 

versus shear rate are shown in Figure 2.2 and 2.3, respectively.  For a Newtonian 

liquid, viscosity remains constant over a wide range of shear rates, whereas the liquids 

in which viscosity varies with shear rate are called non‐Newtonian liquids.  A 

pseudoplastic fluid is a non-Newtonian liquid that demonstrates a decrease in 

viscosity as the shear rate increases. All combination systems of polymer or polymer 

blends and mucin also displayed a shear thinning or pseudoplastic flow behavior 

where viscosity decreased with an increasing rate of shear.  During the increasing rate 

of shear, the polymer chains become disentangled and the hydrogen bonds may be 

broken resulting in a reduction in viscosity.  
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The flow behavior index (n) and the consistency index (Kc) were 

calculated from the plots of shear stress versus shear rate (Eq. 2.3).  The exponent n 

from the power law model is an indication of the departure from Newtonian behavior.  

For pseudoplastic fluids, 0 < n < 1, and for dilatant fluids, n > 1.  As n approaches 1, 

flow becomes less shear dependent, and n = 1 for a Newtonian flow.  The flow 

behavior and consistency index of the polymer, polymer blends, mucin alone and its 

combination with mucin are shown in Table 2.1.  The flow behavior index of the 

polymer, polymer blends and combination systems corresponded to the shear thinning 

flow behavior (pseudoplastic flow).  The shear thinning behavior of the polymer, 

polymer blend, and combinations of polymer blend and mucin solutions can be 

rationalized in terms of polymer entanglements, where (under shear) the rate of 

disentanglement exceeded the rate at which the new entanglements formed, and led to 

a reduction in the crosslinking density and, as a consequence, the viscosity decreased 

[112].  The trend of exponent n of the polymer and polymer blends was demonstrated 

to increase after mixing with mucin, and seemed to be more Newtonian in behavior.  

The viscosity decreased when increasing a shear rate indicated that the combination of 

polymer or polymer blend and mucin increased the chain flexibility of the polymer 

and possibly promoted interactions between the polymer and mucin molecules [113, 

114].      
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Figure 2.2 Apparent viscosity of chitosan (C), poly(vinylpyrrolidone) (PVP), gelatin 

type A (GA) or gelatin type B (GB) and their blends at different volume ratio at 

various shear rates  
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Figure 2.3 Apparent viscosity of chitosan (C), poly(vinylpyrrolidone) (PVP), gelatin 

type A (GA) or gelatin type B (GB) with mucin and their blend at different volume 

ratio with mucin at various shear rates 
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Table 2.1 Flow behavior index (n) and consistency index (Kc) derived from the power 

law model of the chitosan (C), poly(vinylpyrrolidone) (PVP), gelatin type A (GA), 

gelatin type B (GB) and their blend at different volume ratio with and without mucin, 

n = 3 

Sample 
Flow behavior index (n) Consistency index (Kc) 

Polymer Polymer + mucin Polymer Polymer + mucin 

Chitosan 0.68 ± 0.01 0.58 ± 0.05 35.32 ± 1.29 419.19 ± 81.90 

C/PVP 9/1 0.59 ± 0.01 0.58 ± 0.08 44.61 ± 0.98  423.28 ± 120.80 

C/PVP 7/3 0.60 ± 0.01 0.64 ± 0.01 36.44 ± 1.62    335.65 ± 7.29 

C/PVP 5/5 0.38 ± 0.01 0.61 ± 0.01 66.86 ± 3.18    376.68 ± 8.30 

C/PVP 3/7 0.51 ± 0.02 0.57 ± 0.05 36.57 ± 3.17 438.38 ± 86.77 

C/PVP 1/9 0.33 ± 0.02 0.62 ± 0.07 57.82 ± 4.04 366.78 ± 91.74 

PVP 0.63 ± 0.02 0.65 ± 0.05 13.95 ± 0.69 316.44 ± 63.34 

C/GA 9/1 0.69 ± 0.01 0.67 ± 0.03 26.33 ± 0.99 286.05 ± 28.96 

C/GA 7/3 0.59 ± 0.05 0.68 ± 0.07 33.26 ± 5.98 272.32 ± 71.83 

C/GA 5/5 0.53 ± 0.02 0.70 ± 0.01 36.49 ± 2.61 248.51 ± 9.10 

C/GA 3/7 0.37 ± 0.01 0.70 ± 0.05 55.37 ± 3.74 246.63 ± 46.47 

C/GA 1/9 0.63 ± 0.01 0.70 ± 0.05 21.19 ± 0.84 241.02 ± 37.75 

GA 0.60 ± 0.00 0.71 ± 0.00 51.90 ± 0.57 239.91 ± 1.45 

C/GB 9/1 0.63 ± 0.00 0.66 ± 0.06 41.64 ± 0.05 300.76 ± 69.22 

C/GB 7/3 0.76 ± 0.02 0.65 ± 0.06 20.13 ± 1.59 316.61 ± 71.93 

C/GB 5/5 0.67 ± 0.01 0.65 ± 0.02 21.93 ± 1.15 318.71 ± 24.53 

C/GB 3/7 0.46 ± 0.03 0.66 ± 0.00 39.50 ± 4.64 304.06 ± 1.67 

C/GB 1/9 0.47 ± 0.01 0.69 ± 0.05 32.38 ± 0.72 263.84 ± 53.76 

GB 0.22 ± 0.06 0.71 ± 0.04 68.43 ± 17.21 233.29 ± 32.39 
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2.3.2 Effect of mucin on viscosity enhancement 

 

Enhancement of the viscosity (ηenhance) of a single polymer with mucin 

is shown in Figure 2.4.  For a single polymer, chitosan had the highest ηenhance value. 

The high values of viscosity enhancement indicated that the system demonstrated 

good viscosity synergism and interactions between polymers and mucin.  The 

increased ηenhance values of the combination systems of polymer or polymer blends 

with mucin are shown in Figure 2.5.  The ηenhance values of the polymer blend of 

C/PVP, C/GB at a volume ratio of 5/5 and 3/7 were significantly higher than the other 

blends and the single polymer whereas C/GA at a volume ratio of 9/1 was 

significantly higher than for other blends but lower than for chitosan.   

 Two different types of gelatin can be produced depending on the 

method by which collagen was pretreated, prior to the extraction process.  The 

alkaline processed gelatin, (type B), has the amide group of asparagine and glutamine 

converted to aspartate and glutamate, respectively thus rendering it negatively 

charged with an isoelectric point of 5.0.  In contrast, the acidic processed gelatin (type 

A) does not significantly affect the amide groups present so it is positively charged 

with an isoelectric point of 8.8 [115-117].  The gelatin containing carboxylic acid (-

COOH) and amino (-NH2) groups has been observed for the strong interactions with 

chitosan which replace the macromolecular chain-water interactions [118].  The GB 

containing the abundant of carboxylic acid (-COOH) groups may strongly interacted 

with amino (-NH2) group on the chitosan molecules, whereas, the GA containing a lot 

of amino (-NH2) groups resulting to weak interaction with chitosan.  Thus, the 

mixture of these polymer blends with mucin solution showed the viscosity 



52 

enhancement of C/GB blends that is higher than for the C/GA blends can be ascribed 

to the strong interaction between GB and chitosan and leading to resistance to flow 

and to deformation when apply the shear force than the C/GA does.  However, both of 

the C/GA and C/GB also has an interaction with the mucin molecules [119].  For 

C/PVP blends system, PVP is a neutral soluble polymer and as the amide groups of 

PVP remain unchanged at various pH values this indicated that the interactions might 

be by hydrogen bonding produced between the hydroxyl or amino groups of chitosan 

and the amide groups of PVP. 

 

 

 

Figure 2.4 Viscosity enhancement (ηenhance) of chitosan (C), poly(vinylpyrrolidone) 

(PVP), gelatin type A (GA) or gelatin type B (GB) with mucin (n = 3) 
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Figure 2.5 Viscosity enhancement (ηenhance) of chitosan (C), poly(vinylpyrrolidone) 

(PVP), gelatin type A (GA) or gelatin type B (GB) with mucin and their blend at 

different volume ratio with mucin (n = 3) 
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2.3.3 Force of mucoadhesion 

 

A mucoadhesive force is required between a drug device and a 

mucosal surface to successfully retain the device and retard the natural clearance 

processes.  The force of mucoadhesion was calculated from the equation expressed in 

Eq. 2.2 using a single shear rate of 15.84 s-1 to compare the mucoadhesion force, 

because the viscosity at this shear rate could be determined for all samples.  Figure 

2.6 shows the force of mucoadhesion of a single polymer with mucin.  According to 

the highest viscosity enhancement value of chitosan, the highest mucoadhesion force 

was obtained from chitosan with mucin.  This result indicated that chitosan was a 

better mucoadhesive polymer than PVP, GA and GB.  The mucoadhesion force of the 

polymer blends with mucin are shown in Figure 2.7, the mucoadhesion force in the 

polymer blends of C/PVP at a volume ratio of 5/5 were the highest, whereas the 

polymer blends of C/GB at a volume ratios of 5/5 and 3/7 were significantly higher 

than other blends and a single polymer.  The strong interaction or high mucoadhesion 

force of the polymer blends was dependent on the interaction between the polymer 

and mucin molecules and polymer chain flexibility [120].  Chitosan and PVP are 

linear molecules and can more easily interpenetrate the mucin random coil than can 

gelatin, which is a branched macromolecule.  In the combination system of C/PVP, 

both of chitosan and PVP can be formed a good polymer network and there might be 

a strong synergistic mucoadhesive interaction of the polymer blend and mucin.  For 

C/GA and C/GB blends, the polymer network forming of C/GB is better than the 

polymer network of C/GA due to their interaction between chitosan and gelatin 

described in Section 2.3.2.  Thus the polymer blends of C/GB show a synergistic 
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effect of mucoadhesion.  The ratios of polymer blends of C/PVP and C/GB at 5/5 and 

3/7 show a force of mucoadhesion higher than other blend can be described by the 

optimum functional groups that provide a high amount of an interaction between 

polymer blend and mucin.  These results indicate that the chitosan blend with PVP or 

GB at these ratios was able to interact strongly with mucin.    

 

 

 

Figure 2.6 Force of mucoadhesion of the combination system of chitosan (C), 

poly(vinylpyrrolidone) (PVP), gelatin type A (GA) or gelatin type B (GB) with mucin 

(n = 3) 
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Figure 2.7 Force of mucoadhesion of the combination system of chitosan (C), 

poly(vinylpyrrolidone) (PVP), gelatin type A (GA) or gelatin type B (GB) with mucin 

and their blend at different volume ratio with mucin (n = 3) 
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2.4  Conclusions 

 

  In this investigation, chitosan, PVP, GA and GB all showed some 

interaction with mucin.  Polymer blends of chitosan and PVP had a strong interaction 

with mucin, especially for the blend of a 5/5 volume ratio that had the highest 

mucoadhesive force.  The mucoadhesive interaction between the polymer or polymer 

blends and mucin was investigated by using viscosity measurements to study the 

chain interpenetrations of the mucoadhesive polymers with mucin.  The viscosity 

measurement was a simple method for evaluation of mucoadhesion but this technique 

unambiguously measures only the mechanical properties, that is, the resistance to 

flow and to deformation, of the polymers and how the resistance changes in the 

presence of mucin.  In some cases, especially for a strong gel polymer such as 

carbopol show a negative values for the synergism parameters, and the positive values 

of the synergism parameters are only seen with weak gels [121].  Furthermore, it does 

not give any direct information on what happens at the interface [122], Hagerstrom 

and co-worker [121, 123] concluded that rheological method should not be used as a 

stand-alone method for determining the mucoadhesive properties of polymer-mucin 

mixtures so other techniques including spectroscopy study, texture analyzer etc. were 

performed to confirm the mucoadhesion of the polymers.         
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CHAPTER 3 

 

 

Evaluation of the interactions between polymer - polymer and 

polymer - mucin using Diffuse Reflectance Infrared Fourier 

Transform Spectroscopy (DRIFTS) 

 

 

3.1  Introduction and objectives 

 

An evaluation of mucoadhesion through a study of the intermolecular 

interactions between polymer and mucin is useful for describing the qualitative bond 

strength of their molecules.  Spectroscopic investigation of a mucoadhesive polymer 

is used in several techniques such as x-ray photoelectron spectroscopy, ion scattering 

spectroscopy, infrared spectroscopy, etc. and several research articles have discussed 

only the interaction between the polymer blends [124-127], a single polymer with 

mucin [128], and surface analysis of the mucoadhesive polymer and the mucin [129, 

130].  Spectroscopic studies of the interactions of the polymer blend and mucin are 

useful for describing the mechanisms of mucoadhesion synergism of polymer blends 

with mucin using a viscosity study.  The use of spectroscopic techniques may provide 

further insights into the mechanism of mucoadhesion of molecules at the molecular 

level.  
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 A study of the interaction of polymer – polymer and polymer – mucin 

was evaluated using FT-IR with the diffuse reflectance mode using an abrasive pad 

because chitosan film is difficult to grind to a powder and prepared as a KBr disc.  

The diffuse reflectance is a good sampling tool for powdered or crystalline materials 

in the mid-IR and NIR spectral ranges which the main advantages are an informative 

and both qualitative and quantitative within a seconds of measurement [131].  Diffuse 

reflectance relies upon the focused projection of the spectrometer beam into the 

sample where it is reflected, scattered and transmitted through the sample material.  

The back reflected, diffusely scattered light (some of which is absorbed by the 

sample) is then collected by the accessory and directed to the detector optics [132] as 

shown in Figure 3.1. 

 

 

 

 

Figure 3.1 The projection of the spectrometer beam into the sample of diffuse 

reflectance mode 
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 The raw diffuse reflectance spectra will appear different from its 

transmission equivalent (stronger than expected absorption from weak IR bands), 

thus, the theory to correlation of reflection and transmission data to the scattering and 

absorption properties of a material will be used.  The Kubelka – Munk conversion can 

be applied to a diffuse reflectance spectrum to compensate for these differences.  This 

conversion is available in most FTIR software packages.  The Kubelka – Munk 

equation is expressed as Equation 1: 

 

f (R) =
(1− R)2

2R
=

k
s     (1) 

 

where R is the absolute reflectance of the sampled layer, K is the molar absorption 

coefficient and s is the scattering coefficient. A small amount of the sample can be 

collected by abrasion on a diamond or silicon carbide (SiC) abrasion disk as shown in 

Figure 3.2 and analyzed immediately using the diffuse reflectance accessory [132]. 

 The aim of this study was to investigate the interaction between 

polymer – polymer of the polymer blends of C/PVP, C/GA, C/GB at various volume 

ratios and polymer – mucin of C/mucin, PVP/mucin, GA/mucin and GB/mucin.  
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Figure 3.2 Abrasive disc for DRIFTS measurement 

 

 

3.2  Experimental methods 

 

3.2.1 Materials 

 

All materials and chemical reagents were use as same as described in 

section 2.2.1.   
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3.2.2 Sample preparations 

 

All polymer stock solutions and polymer blends were prepared as same 

as described in section 2.2.2.  For DRIFTS study the mucin solutions were prepared at 

the concentrations of 2% w/v by dispersing the dried mucin (2.0 g) in water (100 mL).  

The mixture of polymer and mucin were prepared by mixing equal volumes of a stock 

solution of polymer or polymer blend with a stock solution of mucin.  All samples 

were cast on a polystyrene disc and dried in an oven at 60 °C for 8 h and kept in 

desiccators before measurement.  

 

 

3.2.3 DRIFTS measurement 

 

 The study of interactions between mucin and polymer or mucin and 

polymer blend were performed on a Spectrum One FTIR spectrometer (Perkin-Elmer, 

Massachusetts, USA), using the diffuse reflectance accessory with a supplied sample 

cup holder.  All samples were prepared using an abrasive disc to abrasion on a surface 

of polymer film and measured using DRIFTS technique.  In the attempt to obtain an 

acceptable signal/noise ratio, the spectra were recorded from 4400 to 450 cm-1 by 

averaging 64 scans at 4 cm-1 of resolution.  All reflectance spectra were converted to 

the Kubelka – Munk (KM) unit and analyzed using the PerkinElmer Spectrum for 

Windows version 5.02 software package. 
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3.3 Results and discussion 

 

3.3.1 DRIFTS of single polymer characterization 

  

 Chitosan, (1-4)-2-amino-2-deoxy-β-D-glucan, contains amino and 

hydroxyl groups on its backbone, and both can be served as a proton donors/proton 

acceptors in hydrogen bonding interactions between chitosan molecules or between 

chitosan and other polymers.  The infrared spectrum of chitosan shows an amino band 

(NH bending) at 1517 cm-1 and a small carbonyl (C=O) stretching peak at 1615 cm-1 

according to some residue of an acetyl group in chitosan.  In addition, chitosan 

displays a broad peak at around 3400 cm-1 resulting from the N-H and O-H vibrations, 

as shown in Figure 3.3.   
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Figure 3.3 DRIFTS spectrum of chitosan 
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 The molecule of PVP contains a proton acceptor group of an amide 

carbonyl with a strong characteristic peak of an amide carbonyl (C=O) at 1698 cm-1 

and a C-N stretching peak at 1288 cm-1 (Figure 3.4).  PVP is a very hydrophilic 

polymer with a large amount of trace moisture in the molecule that results in an 

infrared spectrum of PVP with a broad peak of O-H stretching from moisture in the 

molecule at around 3400 – 3100 cm-1.   
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Figure 3.4 DRIFTS spectrum of poly(vinylpyrrolidone) (PVP) 

 

 

Figures 3.5 and 3.6 show the infrared spectra of GA and GB, 

respectively.  Gelatin may be defined as a protein made soluble by hydrolysis of 

collagen derived from the skin, the white connective tissue and bones of animals.  The 

amino acid composition of gelatin has a high contents of glycine, proline,  

hydroxyproline and alanine [133].  Gelatin molecules contain a proton donor at their 
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amine and hydroxyl groups with a broad peak at 3400 cm-1 being attributed to N-H 

and O-H stretching, the peaks at 1697 - 1702 and 1566 - 1570 cm-1 are assigned to 

carbonyl and amide band, respectively [134].  Furthermore, the two different types of 

gelatin show similar infrared spectra.   
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Figure 3.5 DRIFTS spectrum of gelatin type A (GA) 
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Figure 3.6 DRIFTS spectrum of gelatin type B (GB) 

 

 

Mucin is characterized by dense O-linked glycans that arise from N-

acetyl galactosamine conjugated to serine or threonine residues on the amino acid 

backbone [135].  The mucin molecules contains several amino and carboxyl groups, 

depicted as a proton donor and proton acceptor group, respectively.  Sialic acid was 

found to be an integral part of many mucin molecules [136].  A mucin spectrum is 

shown in Figure 3.7 with the broad band at 3400-3100 cm-1 masking many stretching 

vibrations of an amino N-H and amide N-H and the primary amine deformation 

(expected 1600 cm-1) is masked by the stronger carbonyl stretching peak at 1692 cm-1 

attributable to carboxylic groups from the sialic acid side chain, and an amide band at 

1562 cm-1 [128].  The narrow bands at 1076 and 1038 cm-1 are assigned to the C-N 

stretching vibrations for the primary and secondary α-carbons of the primary amines. 
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Figure 3.7 DRIFTS spectrum of mucin 

 

 

3.3.2 DRIFTS of polymer blends characterization 

 

The polymer interactions of C/PVP, C/GA, and C/GB were observed 

as a peak shift of C=O stretching peak in the polymer blends.  According to the 

molecular structure of chitosan and PVP, the hydrogen bonding interaction between 

chitosan and PVP could be formed at both hydroxyl and amine functional groups of 

chitosan and with the amide groups of PVP.  Chitosan also forms hydrogen bonding 

interactions with gelatin between hydroxyl and amine groups of chitosan with amide 

groups of gelatin.  

Figure 3.8 shows the spectra of a polymer blend of C/PVP with various 

ratios.  Although the peak corresponding to the N-H stretching of chitosan was 

interfered with by the broad band of O-H stretching, the C=O stretching (carbonyl 
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peak) of polymer blends of C/PVP were observed.  The carbonyl peak is mostly 

shifted to the lower wavenumber of 1674-1694 cm-1 for C/PVP blends to indicate an 

interaction between PVP and chitosan.  This result indicates that the amide carbonyl 

of PVP was involved in hydrogen bonding with the amine or hydroxyl group of 

chitosan and shifts the carbonyl peak position of PVP to a lower wavenumber.  

According to the previous work, the interaction between chitosan and PVP also 

observed between amine or hydroxyl group of chitosan and carbonyl group of PVP 

and hydrogen bonding interaction prefer to form between the proton acceptor (C=O) 

of PVP and the proton donor group (C6-OH) group of chitosan [137].  Furthermore, 

several composition ratios of C/PVP show a similar in their spectra of polymer 

blends.  
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Figure 3.8 DRIFTS spectra of polymer blends of chitosan (C) and poly(vinyl-

pyrrolidone) (PVP) at various volume ratios 
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The DRIFTS spectra of C/GA, and C/GB are shown in Figures 3.9, 

and 3.10, respectively.  The carbonyl peaks in the spectra of the polymer blends of 

C/GA, and C/GB were observed with slightly shifted to a lower wavenumber due to 

the hydrogen bonding interaction between the amide of gelatin with an amine or 

hydroxyl group of chitosan.  The carbonyl peak shift in the polymer blend of C/GB 

was shifted more than that for the polymer blends of C/GA.  This indicated a higher 

interaction of C/GB than C/GA.  Different composition ratios of chitosan/gelatin also 

show the similar spectra. 

The carbonyl stretching observed from C/PVP blends showed the 

highest shifts and this could be due to a higher interaction between chitosan and PVP 

compared to that between the chitosan and gelatin.  These molecular interaction 

results obtained by the DRIFTS studies substantiate the view that the polymer blends 

of C/PVP show higher interactions than the C/GA and C/GB.  And the rank order of 

polymer interaction is C/PVP > C/GB > C/GA blends.   
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Figure 3.9 DRIFTS spectra of polymer blends of chitosan (C) and gelatin type A 

(GA) at various volume ratios  
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Figure 3.10 DRIFTS spectra of polymer blends of chitosan (C) and gelatin type B 

(GB) at various volume ratios 

 

 

chitosan 

C/GB 9/1 

C/GB 7/3 

C/GB 5/5 

C/GB 3/7 

C/GB 1/9 

GB 



 

 

73 

3.3.3 DRIFTS of the combination systems of polymer with mucin 

characterization 

 

 Polymers/mucin systems of C/mucin, PVP/mucin, GA/mucin, and 

GB/mucin were investigated for any hydrogen bonding interactions.  The interaction 

between polymers and mucin was also observed in the combination system of 

polymer and mucin. 

 DRIFTS spectra of the combination system of C/mucin and 

PVP/mucin are shown in Figures 3.11 and 3.12, respectively.  The peak position of 

the amine group of all C/mucin and PVP/mucin combination systems could not be 

observed due to the broad band of O-H stretching.  However, the carbonyl peak of all 

C/mucin combination system was observed to shift to a lower wavenumber from the 

1692 cm-1 of sialic acid from mucin to 1690 – 1683 cm-1.  These results indicated that 

hydrogen bonding interactions were occurring between the proton acceptor, C=O, of 

sialic acid with the amine or hydroxyl groups of chitosan.  All PVP/mucin 

combination systems showed a carbonyl peak with a slightly shift to a lower 

wavenumber from 1698 cm-1 (assigned to C=O of PVP) to 1696 – 1692 cm-1.  This 

result indicated that the C=O of PVP could be formed hydrogen bonding with the 

amine groups of mucin.  The carbonyl peak shift of the C/mucin system seemed to be 

higher than PVP/mucin system that are probably due to the high proton donor group, 

amine and hydroxyl groups of chitosan, thus, chitosan having more hydrogen bonding 

interaction sites with mucin.            
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Figure 3.11 DRIFTS spectra of combination system of chitosan (C) with mucin at 

various volume ratios 

chitosan 

C/mucin 9/5 

C/mucin 7/5 
 

C/mucin 5/5 
 

C/mucin 3/5 
 

C/mucin 1/5 
 

mucin 



 

 

75 

 

Figure 3.12 DRIFTS spectra of combination system of poly(vinylpyrrolidone) (PVP) 

with mucin at various volume ratios 
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 Figures 3.13 and 3.14 show the DRIFTS spectra of the combination 

system of GA/mucin and GB/mucin, respectively.  The carbonyl peak of all 

gelatin/mucin systems has a slightly shift to a lower wavenumber.  Gelatin contains 

amino and amide groups on the molecules that play an important role by becoming 

involved in the hydrogen bonding interaction with the sialic acid of mucin.  

Furthermore, gelatin with a high content of primary amino groups shows good 

characteristics for producing gastric mucoadhesive properties in vitro [138].   

 The carbonyl peak position of all polymer/mucin combination systems 

showed the highest peak shift with C/mucin.  The interactions observed from the 

carbonyl peak shift of the gelatin/mucin systems seems to be similar for GA and GB, 

however, the peak shift of the PVP/mucin combination systems are higher than the 

gelatin/mucin systems. This result indicated that chitosan has a stronger interaction 

with mucin than the other polymers.  The rank order of interaction with mucin is 

chitosan > PVP > GA or GB. 
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Figure 3.13 DRIFTS spectra of combination system of gelatin type A (GA) with 

mucin at various volume ratios 
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Figure 3.14 DRIFTS spectra of combination system of gelatin type B (GB) with 

mucin at various volume ratios 
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 The DRIFTS spectra of all polymer/polymer and polymer/mucin 

combination systems show an intermolecular interaction via hydrogen bonding.  The 

C/PVP blends show strong interactions between chitosan and PVP due to the high 

carbonyl peak shift and each polymer also has high interaction with mucin as depicted 

in Figure 3.15(A).  Although, GA and GB have a weak interaction with mucin due to 

there being observed only a slight shift of the carbonyl peak in gelatin/mucin 

combination systems as shown in Figure 3.15(B), GB has a greater interaction with 

chitosan than GA due to a higher carbonyl peak shift in the C/GB blends.  

Furthermore, the carbonyl stretching of mixtures of the polymer blend of C/PVP has a 

larger shift than the C/GA and the C/GB. 

 Moreover the spectra of ternary mixture of polymer blend of C/PVP, 

C/GA and C/GB at various volume ratios with mucin also investigated.  Polymer 

blends of C/PVP with mucin at volume ratio of C/PVP/mucin of 9/1/5, 7/3/5, 5/5/5, 

3/7/5 and 1/9/5 are shown in Figure 3.16, 3.17, 3.18, 3.19 and 3.20, respectively.  The 

possibility of hydrogen bonding interaction in ternary mixture can be formed between 

(1) carbonyl of PVP with amine or hydroxyl groups of chitosan, (2) carbonyl of PVP 

with amine groups of mucin or (3) carboxylic groups of mucin with amine or 

hydroxyl groups of chitosan.  Thus, the complication of hydrogen bonding interaction 

in ternary mixture of C/PVP/mucin cannot be identified from the DRIFTS spectra of 

ternary mixture and the peak of N-H stretching cannot be observed due to the broad of 

O-H stretching peak.  Most of ternary mixtures of C/PVP/mucin were observed the 

carbonyl peak shifted to the lower wavenumber of about 1695 cm-1 when compare to 

carbonyl peak observed from PVP.  These carbonyl peak positions were observed at 

higher wavenumber than that observed from C/PVP and C/mucin and can be 
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suggested by the interaction of three components system of C/PVP/mucin may 

deviate from the two components system due to the interfering of hydrogen bonding 

interaction from the third component.  The DRIFTS spectra of ternary mixture of 

C/PVP/mucin can describe the hydrogen bonding interactions in the three components 

system. 
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Figure 3.15 Schematic interaction diagram of polymer blends of chitosan and 

poly(vinylpyrrolidone)  (PVP) with mucin (A) and polymer blends of chitosan and 

gelatin with mucin (B) 
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Figure 3.16 DRIFTS spectra of chitosan (C), poly(vinylpyrrolidone) (PVP), mucin, 

polymer blend of C/PVP (9/1), binary mixtures of C/mucin (9/5) and PVP/mucin 

(1/5) and ternary mixture of C/PVP/mucin at 9/1/5 volume ratio  
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Figure 3.17 DRIFTS spectra of chitosan (C), poly(vinylpyrrolidone) (PVP), mucin, 

polymer blend of C/PVP (7/3), binary mixtures of C/mucin (7/5) and PVP/mucin 

(3/5) and ternary mixture of C/PVP/mucin at 7/3/5 volume ratio  
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Figure 3.18 DRIFTS spectra of chitosan (C), poly(vinylpyrrolidone) (PVP), mucin, 

polymer blend of C/PVP (5/5), binary mixtures of C/mucin (5/5) and PVP/mucin 

(5/5) and ternary mixture of C/PVP/mucin at 5/5/5 volume ratio 

 

 

PVP 

chitosan 

mucin 
 

PVP/mucin 5/5 
 

C/mucin 5/5 
 

C/PVP 5/5 
 

C/PVP/mucin 5/5/5 
 



 

 

84 

 

Figure 3.19 DRIFTS spectra of chitosan (C), poly(vinylpyrrolidone) (PVP), mucin, 

polymer blend of C/PVP (3/7), binary mixtures of C/mucin (3/5) and PVP/mucin 

(7/5) and ternary mixture of C/PVP/mucin at 3/7/5 volume ratio 
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Figure 3.20 DRIFTS spectra of chitosan (C), poly(vinylpyrrolidone) (PVP), mucin, 

polymer blend of C/PVP (1/9), binary mixtures of C/mucin (1/5) and PVP/mucin 

(9/5) and ternary mixture of C/PVP/mucin at 1/9/5 volume ratio 
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 The ternary components systems of C/GA/mucin and C/GB/mucin at 

different volume ratios are shown in Figure 3.21 – 3.25 and Figure 3.26 – 3.30, 

respectively.  For the three components system of chitosan/gelatin/mucin, the 

hydrogen bonding interaction can be formed between (1) carboxylic groups of gelatin 

with amine or hydroxyl groups of chitosan, (2) carboxylic group of mucin with amine 

or hydroxyl groups of chitosan, (3) carboxylic group of mucin with amine groups of 

gelatin or (4) amine group of mucin with carboxylic group of gelatin.  The DRIFTS 

spectra of chitosan/gelatin/mucin system cannot observe the N-H stretching peak due 

to the broad of O-H stretching peak, thus, only carbonyl peak shifted was observed 

from ternary components system.  Because the carbonyl peaks of mucin and gelatin 

are close together so these peak shifted observed in ternary components system cannot 

be identified the hydrogen bonding occurred at whether carboxylic group of mucin or 

gelatin.  The carbonyl peak of C/GA/mucin and C/GB/mucin were shifted to lower 

wavenumber of 1697 – 1685 cm-1 and 1698 – 1674 cm-1 when compare to carbonyl 

peak observed from GA or GB, respectively.  Some of these carbonyl peak positions 

were observed at higher wavenumber than that observed from C/GA and GA/mucin 

or C/GB and GB/mucin and these results can concluded that with additional the third 

compound may be interfere the hydrogen bonding interaction of the binary 

components system.  
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Figure 3.21 DRIFTS spectra of chitosan (C), gelatin type A (GA), mucin, polymer 

blend of C/GA (9/1), binary mixtures of C/mucin (9/5) and GA/mucin (1/5) and 

ternary mixture of C/GA/mucin at 9/1/5 volume ratio 
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Figure 3.22 DRIFTS spectra of chitosan (C), gelatin type A (GA), mucin, polymer 

blend of C/GA (7/3), binary mixtures of C/mucin (7/5) and GA/mucin (3/5) and 

ternary mixture of C/GA/mucin at 7/3/5 volume ratio 
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Figure 3.23 DRIFTS spectra of chitosan (C), gelatin type A (GA), mucin, polymer 

blend of C/GA (5/5), binary mixtures of C/mucin (5/5) and GA/mucin (5/5) and 

ternary mixture of C/GA/mucin at 5/5/5 volume ratio 
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Figure 3.24 DRIFTS spectra of chitosan (C), gelatin type A (GA), mucin, polymer 

blend of C/GA (3/7), binary mixtures of C/mucin (3/5) and GA/mucin (7/5) and 

ternary mixture of C/GA/mucin at 3/7/5 volume ratio 
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Figure 3.25 DRIFTS spectra of chitosan (C), gelatin type A (GA), mucin, polymer 

blend of C/GA (1/9), binary mixtures of C/mucin (1/5) and GA/mucin (9/5) and 

ternary mixture of C/GA/mucin at 1/9/5 volume ratio 
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Figure 3.26 DRIFTS spectra of chitosan (C), gelatin type B (GB), mucin, polymer 

blend of C/GB (9/1), binary mixtures of C/mucin (9/5) and GB/mucin (1/5) and 

ternary mixture of C/GB/mucin at 9/1/5 volume ratio 
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Figure 3.27 DRIFTS spectra of chitosan (C), gelatin type B (GB), mucin, polymer 

blend of C/GB (7/3), binary mixtures of C/mucin (7/5) and GB/mucin (3/5) and 

ternary mixture of C/GB/mucin at 7/3/5 volume ratio 
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Figure 3.28 DRIFTS spectra of chitosan (C), gelatin type B (GB), mucin, polymer 

blend of C/GB (5/5), binary mixtures of C/mucin (5/5) and GB/mucin (5/5) and 

ternary mixture of C/GB/mucin at 5/5/5 volume ratio 
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Figure 3.29 DRIFTS spectra of chitosan (C), gelatin type B (GB), mucin, polymer 

blend of C/GB (3/7), binary mixtures of C/mucin (3/5) and GB/mucin (7/5) and 

ternary mixture of C/GB/mucin at 3/7/5 volume ratio 
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Figure 3.30 DRIFTS spectra of chitosan (C), gelatin type B (GB), mucin, polymer 

blend of C/GB (1/9), binary mixtures of C/mucin (1/5) and GB/mucin (9/5) and 

ternary mixture of C/GB/mucin at 1/9/5 volume ratio 

 

 

 

 

GB 

chitosan 

mucin 
 

GB/mucin 9/5 
 

C/mucin 1/5 
 

C/GB 1/9 
 

C/GB/mucin 1/9/5 
 



 

 

97 

 In summary, of the binary mixture systems of polymer blends and 

polymer blends with mucin, C/PVP, C/mucin and PVP/mucin show the highest 

intermolecular interaction according to the high polymer interaction and the high 

interaction between polymer and mucin.  Binary mixture systems of GB show 

intermolecular interactions that are higher than for the binary mixture systems of GA.  

These interaction results can help to describe the mechanism of mucoadhesion of the 

polymer blend and polymer/mucin systems and could be referred to the viscosity 

phenomenon of polymer blend with mucin.  The rank order of interaction of polymer 

blends with mucin is C/PVP > C/GB > C/GA, and these results agree with the 

viscosity study in Chapter 2.  Although the DRIFTS spectra of ternary mixture cannot 

identified the specific hydrogen bonding interaction due to the combination and 

complication of hydrogen bonding formation in ternary components system, the 

DRIFTS spectra of ternary mixture show an interfering of the third component on the 

carbonyl peak position in binary mixture and can be summarized that all three 

components can form a hydrogen bonding in the ternary mixture. 

 

 

3.4  Conclusions 

 

 In this study, the mucoadhesive interactions of polymer blends and 

polymer/mucin systems were investigated using a spectroscopic technique.  All 

polymer blends and polymers/mucin systems show intermolecular interaction via 

hydrogen bonding.  

  Polymer blends of C/PVP show high intermolecular interactions and 
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also represent high interaction with mucin.  Gelatins have weak interactions in the 

polymer blend and in binary mixtures with mucin, however, interaction of the 

polymer blends and polymer/mucin of the GB seem to be higher than the polymer 

blends of the GA.  The infrared spectra of polymer blends and polymer/mucin 

systems can provide information of molecular interaction mechanisms in ternary 

mixtures of polymer blend/mucin systems.  These results explain that intermolecular 

bonding such as hydrogen bonding and van der Waals interaction play key roles in the 

attraction forces between mucin and polymer.  The strong mucoadhesion of polymer 

blends is described well by intermolecular hydrogen bonding and is in agreement with 

the viscosity study of the polymer or polymer blends with mucin in Chapter 2.  The 

results obtained from this study support the diffusion theory of mucoadhesion 

mechanisms.       
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CHAPTER 4 

 

 

An in vitro evaluation of mucoadhesive polymer using the tensile 

strength test method 

 

 

4.1 Introduction and objectives 

 

 The issue of maintaining a proper dosage of a drug over an extended 

period of time on a mucous tissue by adhesive interactions has attracted the attention 

of many investigators.   In the pharmaceutical field, these efforts have been mainly 

dedicated to improve or control drug absorption or for a local effect by targeting 

specific mucosal tissues of the human body. Theories for the interpretation of the 

interaction between polymeric materials and the surface of a mucosal tissue have been 

investigated using several methods.  Several techniques for the in vitro determination 

of the mucoadhesion have been reported and most of them have been based on the 

tensile strength measurement [139-141].  The mechanisms of mucoadhesion at an 

interface are comprised of two stages.  Initially, wetting of the mucoadhesive surface 

forms an intimate contact with the mucosal gel.  The second stage is the penetration of 

the mucoadhesive molecules into the mucus gel network, followed by the formation 

of secondary chemical bonds between the mucus and the mucoadhesive polymer 

[142].  
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 Although, there are several theories that can explain the mucoadhesion 

mechanisms, in isolation, none of these theories can explain mucoadhesion by the 

many and varied pharmaceutical formulations that have been developed.  Indeed, 

mucoadhesion probably results from a combination of several mechanisms.  

Consequently, some researchers prefer to divide the adhesion process into sequential 

phases, each of which is associated with a different mechanism as shown in Figure 

4.1.  First, the dosage form wets and swells (wetting theory), after which non-covalent 

(physical) bonds are created within the mucus/polymer interface (electronic and 

adsorption theories).  Then, the polymer and protein chains interpenetrate (diffusion 

theory) and entangle together, to form further non-covalent (physical) and covalent 

(chemical) bonds (electronic and adsorption theories) [143].   

 

 

 

 

Figure 4.1 Schematic mucoadhesion mechanism of polymer film on mucosal tissue 
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 An evaluation of the mucoadhesion using the tensile strength test 

usually examines the force necessary to separate two surfaces after mucoadhesive 

bonding has occurred.  The tensile strength test using a texture analyzer has been 

reported for studying the mechanical characteristics of the mucoadhesion of the 

polymers and the other dosage forms such as tablet [144], pellet [145], film [146], gel 

[146], dry particle [147] etc.  The strength of the mucoadhesion using this technique 

was evaluated through the measure of the maximum force required to separate the 

polymer or dosage form from the surface of substrate after contact at a specified time 

and force, and the work of adhesion is calculated.  Many parameters such as test 

speed of the probe, contact time and trigger force affect the result.  However, some 

research workers have reported that validation of the test parameters under porcine 

gastric stomach using texture analyzer are useful and these parameter were used in 

this study [146].    

 The objective of this study was to investigate the mucoadhesive force 

using mucoadhesion to the porcine stomach tissue by various polymer films including 

chitosan (C), poly(vinylpyrrolidone) (PVP), gelatin type A (GA), gelatin type B (GB), 

and polymer blends of C/PVP, C/GA, C/GB at various volume ratios.    
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4.2 Experimental methods 

 

4.2.1 Materials 

 

All materials and chemical reagents in this experiment were used as 

the same as described in Section 2.2.1.   

 

 

4.2.2 Sample preparations 

 

  All polymer and polymer blends solution were prepared with the same 

method that described in Section 2.2.2.  Polymers and polymer blends films were 

prepared by casting fully mixed polymer or polymer blend solutions on a polystyrene 

plate then dried in an oven at 60 °C for 8 h.  These samples were kept in desiccator 

and used for a texture analyzer measurement. 

 

 

4.2.3 Texture analyzer measurement 

 

 A texture analyzer, TA-XT2 (Stable Micro System, Haslemere, UK), 

equipped with a 5 kg load cell and a mucoadhesive rig was used for all tensile 

strength measurement.  A schematic of the mucoadhesive force determination using 

the texture analyzer is shown in Figure 4.2.  All polymer blend films were cut into a 

circle shape with a diameter of 1 cm and fixed onto the upper cylindrical probe of 1 
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cm diameter of the instrument using double sided adhesive tape.  A porcine stomach 

tissue was obtained from the animal immediately after slaughter at a local slaughter 

house (Faculty of Natural Resources, Prince of Songkla University).  The tissue was 

washed with deionized water to remove undigested food, kept in 4 °C and used within 

6 h.  The underlying connective tissues were subsequently removed to isolate the 

mucosal membrane.  Stomach tissue was cut into a square shape and fixed to a 

mucoadhesive rig on the instrument stage.  The film attached to the upper probe was 

wet with 50 µL of deionized water and then lowered to contact the tissue with a 

constant speed of 1 mm/s.  The film made contact with the tissue at a constant force of 

0.08 N for 2 min.  After a definite time of contact, the film was slowly withdrawn 

upward at a constant speed of 1 mm/s until contact between the surfaces ceased.  

 

 

             

Figure 4.2 The mucoadhesive rig accessory and schematic of the mucoadhesive force 

measurement using the texture analyzer: upper cylindrical probe (1), polymer film (2), 

porcine stomach tissue (3), mucoadhesive rig (4) 

1 
2 

3 

4 
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 The detailed information required for determination of the 

mucoadhesion using this instrument consisted of three basic steps as shown in Figure 

4.3 [148].  The first step was the move to contact, when the upper cylindrical probe 

with the attached polymer film sample was moved in the direction of the porcine 

stomach tissue at a constant speed (1 mm/s).  At contact, the movement was stopped 

when the pressure of the cylindrical probe reached 0.08 N.  After a definite time of 

contact, the cylindrical probe began to move in the opposite direction at a constant 

velocity (1 mm/s) and stopped when the cylindrical probe became completely 

detached from the porcine stomach tissue. 

  

 

 

Figure 4.3 Stages for determination of the mucoadhesive interaction using the texture 

analyzer 
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The force – distance curve during the upward movement of the film were obtained 

directly from the Texture Expert software.  The area under the force – distance curve 

was calculated as being due to the work of mucoadhesion (Figure 4.4).  In order to 

confirm reproducibility and validity of the data obtained, the determination of samples 

was performed 6 to 10 times, and the contact area of the porcine stomach tissue was 

changed for each sample film. 

 
 

 
 

 
Figure 4.4 Typical plot of force versus distance data from the texture analyzer and 

area under curve is represented work of adhesion  

 

 

 

 

Area Under Curve = 
Work of adhesion 
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4.2.4 Statistical analysis 

  

 Analysis of variance (ANOVA) was performed using SPSS for 

Windows version 10.0 (SPSS Inc., USA).  Post hoc testing (p<0.05) of the multiple 

comparisons was performed by Turkey’s test.  

 

 

4.3 Results and discussion 

 

 
4.3.1 Mucoadhesion of a single polymer  

  

 The work of adhesion of C, PVP, GA, and GB is shown in Figure 4.5.  

The work of mucoadhesion of chitosan is significantly the highest and GB also shows 

better mucoadhesion than GA. This is in agreement with results from viscosity study 

in Chapter 2.  The hydrated state with a sufficient amount of water will promote a 

mucoadhesive network and exposes available adhesive sites for bond formation and 

enhances polymer chain mobilization for interpenetration, thus polymer behavior 

seems to be similar to the viscosity study [149].  Although PVP shows a better 

mucoadhesion than gelatin in the viscosity study, the work of mucoadhesion on 

porcine gastric tissue seem to be lower and this result maybe explained by the 

characteristic of PVP.  A polymer film of PVP is water soluble, while chitosan, 

gelatin A, and gelatins B are insoluble during an ambient test (25 °C) with the texture 

analyzer.  Thus PVP becomes soluble and slippery from mucin, resulting in its 
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adhesive properties being lost since the polymer dissolves in the available water [150, 

151].  Another factor is the water movement between the mucoadhesive polymer and 

mucus at the interface.  Water transfer may be associated with the mucoadhesive 

properties; rapid water movement increases the adhesive properties [142].  Yoshioka 

et al. [152] represented water mobility as indicated by the water activity of gelatin 

being higher than for PVP.    
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Figure 4.5  The work of adhesion of a single polymer of chitosan, poly(vinylpyrro-

lidone) (PVP), gelatin type A (GA) and gelatin type B (GB) on porcine gastric tissue 
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4.3.2 Mucoadhesion of polymer blends 

 

 The work of mucoadhesion of the polymer blend of C/PVP, C/GA, and 

C/GB are shown in Figures 4.6, 4.7, and 4.8, respectively.  The work of 

mucoadhesion of polymer blend of C/PVP is higher than that for chitosan or PVP, 

especially for the C/PVP blend at a volume ratio of 5/5 is statistical significantly.  The 

work of mucoadhesion of the polymer blends of chitosan and gelatin seem to be lower 

than that for chitosan.  The work of mucoadhesion of the polymer blend of C/PVP is 

higher than that for the blends of chitosan with GA or GB.  Hydrogen bonds between 

the polymers and the polymers with mucin may cause the high mucoadhesion of 

C/PVP.  According to the previous studies in Chapter 3, hydrogen bond formation 

occurred after polymer chain interpenetration at the initial stage of an intimate contact 

between the polymer and mucosal surface and 2 min of contact time of the polymer 

and mucin is enough to form secondary chemical bonds [142, 146, 153].  
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Figure 4.6 The work of adhesion of chitosan (C) and poly(vinylpyrrolidone) (PVP) 

and their blend at various volume ratio on porcine stomach tissue (n = 6 – 10) 
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Figure 4.7 The work of adhesion of chitosan (C) and gelatin type A (GA) and their 

blend at various volume ratio on porcine stomach tissue (n = 6 – 10)  

* 

C/GA 9/1 C/GA 7/3 C/GA 5/5 C/GA 3/7 C/GA 1/9 GA chitosan 

C/P 9/1 C/P 7/3 C/P 5/5 C/P 3/7 C/P 1/9 PVP chitosan 



 110 
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Figure 4.8 The work of adhesion of chitosan (C) and gelatin type B (GB) and their 

blend at various volume ratio on porcine stomach tissue (n = 6 – 10) 

 
 
 
 The mucoadhesive properties of polymer blends of chitosan and PVP 

are in agreement with the viscosity measurements, the DRIFTS study, and the texture 

analyzer study.  The results from the viscosity study and the texture analyzer seem to 

be different for the polymer blend of C/GB, that is, the mucoadhesion of the polymer 

blend from the viscosity result is higher than from the texture analyzer when 

compared with the single polymer.  These results can be described with the 

intermolecular interaction study (Chapter 2) that the interaction between chitosan and 

gelatin show a weak interaction and in between gelatin and mucin also show a weak 

interaction, thus, polymer blend of C/GA or C/GB do not show any synergistic effects 

on texture analysis study.  There are several mechanisms and theories that might 

explain the described mucoadhesion and those most commonly presented in 

C/GB 9/1 C/GB 7/3 C/GB 5/5 C/GB 3/7 C/GB 1/9 GB chitosan 
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conjunction with mucoadhesion are the absorption, diffusion, electronic, fracture and 

wetting theories.  In some situations, the viscosity measurement is not described well 

for mucoadhesion especially by the electronic theory.  The negative interaction due to 

a strong interaction does not produce a strengthening of the macroscopic rheological 

behavior [154].  The texture analyzer is based on measuring the force or work 

required to detach the formulation from the tissue that are quite similar to the in vivo 

situation [155].  Due to the fact that the viscosity measurement (Chapter 2) and 

spectroscopy study (Chapter 3) have demonstrated a significant high mucoadhesion 

and high interaction of the C/PVP blend at a 5/5 ratio, the texture analyzer techniques 

results of C/PVP blend at these ratio also show the high mucoadhesive. 

 

 

4.4 Conclusions 

 

 The texture analysis method is a suitable method for comparing new 

mucoadhesive polymers.   This technique provides a direct measure of the force of a 

mucoadhesive polymer on a mucus tissue that is similar to the in vivo gastric 

situation.  In this study, the mucoadhesive properties of the polymer and polymer 

blends are related to their intermolecular interaction and physicochemical properties.  

The polymer blends of C/PVP show a potential for development in applications of 

mucoadhesive drug delivery systems.  
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CHAPTER 5 

 

 

An in vitro cell adhesion assay to measure bioadhesion of 

mucoadhesive polymer  

 

 

5.1 Introduction and objectives 

 

 The use of polymers as bioadhesives (adhering to epithelium) and 

mucoadhesive (adhering to mucus) offer significant potential for a prolonged and 

local drug release [156].  There are several intestinal models for a mucoadhesion 

study that adequately provide a mucus gel lining in the gastro intestinal tract to which 

adherence can be measured such as goat [157], pig [158], rabbit [159], and rat 

stomach [160].  For a bioadhesion study, samples were assessed by their binding to a 

plastic plate [161-164], and a silicone elastomer [165].  However adhesion to these 

preparations occurred in sub-optimal physiological conditions.  To overcome this 

problem, cell adhesion assays have been introduced to measure bioadhesion.  The cell 

adhesion properties of chitosan were intensively studied using several cell type such 

as fibroblast cells [166, 167], primary chick dorsal root ganglion cells [168] and 

human osteosarcoma cells [169].  The covering of a culture plate surface with gelatin 

was used to facilitate attachment of a variety of cell types for use in binding assays 

[170].  Cell culture techniques are useful for studies on bioadhesion and the method 
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described here can allow for testing in conditions that are similar to those in normal 

physiological condition with the cell monolayer represented the gastrointestinal 

environment.  The physicochemical properties of biomaterials are important for cell 

adhesion.  Modification of polymer architecture to bring about more specific 

properties relevant to wider range of application is a challenge for drug delivery 

systems. 

 In this study a cell culture technique was used to measure bioadhesion 

of a polymer and polymer blends using HT29 monolayers.  HT29 monolayers are 

used as an in vitro cell culture model of the human intestinal epithelium, as these 

monolayers are not covered with a mucus layer, and therefore, adherence of the 

polymers to these monolayers can be considered as “bioadhesion”.  The objective of 

this study was to investigate the bioadhesion of polymers through the relative cell 

adhesion assay of HT29 cells on various polymers film including chitosan (C), 

poly(vinylpyrrolidone) (PVP), gelatin type A (GA), gelatin type B (GB), and polymer 

blends of C/PVP, C/GA, C/GB at various volume ratios.    

 

 

5.2 Experimental methods 

 

5.2.1 Materials 

 

All materials and chemical reagents used were the same as those 

described in Section 2.2.1.  All tissue culture reagents were from Gibco (Biosciences, 
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Dublin, Ireland).  The ultra low attachment 96 well plate was from Corning Costar 

(Cat. #3474).   

 

 

5.2.2 Cell culture 

 

HT29 cells (passage 121–128) were obtained from the American Type 

Culture Collection (ATCC, VA, USA).  The cells were grown and sub-cultured in the 

Dulbecco’s Modified Eagles Medium (DMEM) containing 10% fetal calf serum, 1% 

non-essential amino acids and 1% L-glutamine at 5% CO2, 95% O2 at 37 °C.  

 

 

5.2.3 Cell adhesion assay 

 

 All polymer and polymer blend solutions were prepared by the same 

method as in Section 2.2.2.  All single polymers and polymer blend solutions (100 

µL) were cast on an ultra low attachment 96 well plate (Corning Costar Cat. #3474).  

The plate was then dried in an oven at 40 °C for 8 h then neutralized with 100 µL of 

0.05N NaOH and dried again in an oven at 40 °C for 2 h.  Subsequently, 100 µL of 

trypsinize HT29 cell suspension was added in each well.  The plates were incubated 

for 3 h to allow for cell attachment on the polymer.  Afterwards, the cells were 

washed with phosphate buffered saline three times to remove all non-attached cells.  

Attached cells on the polymer were quantified using 3-(4,5-dimethyltiazol-2-yl)-2,5-
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diphenyl-tetrazolium bromide (MTT) test.  The procedures used are illustrated in 

Figure 5.1.   

 

 

 

Figure 5.1 Method procedures for cell adhesion analysis 

 

 

 For the quantification assay of cell attachment, in brief, the MTT 

solution (100 µL) was added to each well and the plate was incubated for 3 h.  The 

formation of a purple formazan from MTT by the mitochondrial reductase in a living 

cell was dissolved with dimethyl sulfoxide (DMSO) (100 µL) and quantified using the 

DTX-880 multimode detection microplate reader (Beckman Coulter, Fullerton, USA) 

at 570 nm.  The schematic reaction for the formation of formazan is depicted in 

Figure 5.2.  The percent relative cell attachment of HT29 cells onto a polymer film 

was calculated by subtracting the formazan values obtained using non-polymer coated 
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plates and comparing this with the formazan values obtained prior to washing that 

represented 100% cell attachment.  
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Figure 5.2 Schematic reaction of formazan formation by mitochondria reductase from 

living cells  

 

 

5.2.4 Statistical analysis 

  

 Analysis of variance (ANOVA) was performed using SPSS for 

Windows version 10.0 (SPSS Inc., USA).  Post hoc testing (p<0.05) of the multiple 

comparisons was performed by Turkey’s test.   
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5.3 Results and discussion 

 

 
5.3.1 Bioadhesion of single polymers  

  

 The relative HT29 cell adhesion to chitosan, PVP, gelatin A, and 

gelatin B compared with control group (with no film) is shown in Figure 5.3.  HT29 

cells adhesion is higher for chitosan film than for PVP, and gelatin.  Chitosan has 

been reported to support cell adhesion so it is not surprising that chitosan shows the 

highest cell adhesion [171, 172].  Although PVP has not been reported to have 

bioadhesive properties, this result demonstrated some bioadhesion to PVP.  PVP is 

also widely used in mucoadhesive formulations however it allows for only poor 

attachment of cells to a surface film [173, 174].  PVP films provide a poor surface for 

binding of HT29 cells possibly due to it properties.  PVP film is more easily soluble 

and swollen with water than chitosan and gelatin thus HT29 cell interactions with 

PVP may be lower.  Gelatin possesses some bioadhesive characteristic and there have 

been some reports that cell adhesion on unmodified gelatin film is weak [175].  Two 

types of gelatin used (Type A and B) produced similar results for adhesion of HT29 

cell and these were in agreement with results observed for adhesion of fibroblast cells 

on a gelatin scaffold [176].  However bioadhesive materials with unmodified 

physicochemical properties can probably interact with a cell or a soft tissue through 

hydrogen bonding between their functional groups of biomaterials and amino or 

hydroxyl group of the cell molecules [175].  The result in this study indicated that for 
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the single unmodified bioadhesive polymer, the rank orders of the relative HT29 cell 

adhesion were chitosan > gelatin type B or gelatin type A > PVP.      
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Figure 5.3  Percent relative HT29 cell attachment on single polymer films of chitosan, 

poly(vinylpyrrolidone) (PVP), gelatin type A (GA) and gelatin type B (GB) compared 

to the  control (n=4) *P < 0.05  

 

 

5.3.2 Bioadhesion of polymer blends 

 

 The relative cell adhesion to the polymer blends of C/PVP, C/GA, and 

C/GB are shown in Figure 5.4, 5.5, and 5.6, respectively.  Some of the polymer blends 

had more cells attached than for the single polymers.  The relative cell adhesion of 

HT29 on polymer blend films of C/PVP, C/GA, and C/GB were similar.  The C/PVP 

blends at a volume ratio of 5/5 produce the highest bioadhesion.  From the results of 

* 
* 
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the viscosity study (Chapter 2) and texture analyzer study (Chapter 4), chitosan and 

PVP at volume ratio of 5/5 also produced excellent mucoadhesion.  In addition, PVP 

had a mucoadhesion property and the mucoadhesion was enhanced when it was 

blended with other polymers [177, 178].  In this case, PVP blended with chitosan also 

had enhanced bioadhesion.   

 

 

0

20

40

60

80

100

%
R

el
at

iv
e 

ce
ll 

ad
he

si
on

Control chitosan C/PVP 9/1 C/PVP 7/3 C/PVP 5/5 C/PVP 3/7 C/PVP 1/9 PVP  

Figure 5.4 Percent relative HT29 cell attachment on chitosan (C), poly(vinylpyrro-

lidone) (PVP) and their blends of C/PVP film compared with control (n=4) *P < 0.05  

 

 

 C/GA and C/GB blends at a volume ratio of 3/7 produced the highest 

cell attachment.  Although C/GB at a volume ratio of 3/7 produced the highest cell 

adhesion but did not represent any significant difference compared to the single 

polymer, this result demonstrated the potential of using polymer blend for enhancing 

* 



 120 

bioadhesive properties.  This result indicated that polymer blends of chitosan and 

gelatin promote cell adhesion in term of “bioadhesion", although, they have weak 

adhesion to mucus.  These results of the ability of polymer blends of C/GA or C/GB 

to enhance cell attachment have been previously reported [179].  The improving of 

biological activity or enhancement of cell adhesion by chitosan blended with gelatin 

may be due to the fact that gelatin containing Arg – Gly – Asp (RGD)-like sequences 

can promotes cell adhesion and migration by forming a polyelectrolyte complex 

[179].  Furthermore, chitosan and gelatin blends also have been reported to have 

excellent biocompatibility with osteblastic cell cultures [180].  
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Figure 5.5 Percent relative HT29 cell attachment on chitosan (C), gelatin type A (GA) 

and their blends of C/GA film compared with control (n=4) *P < 0.05 
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Figure 5.6 Percent relative HT29 cell attachment on chitosan (C), gelatin type B (GB) 

and their blends of C/GB film compared with control (n=4) *P < 0.05 

 

 

5.4 Conclusions 

 

 The modified bioadhesive polymers by blending with other polymer 

can enhance cell adhesion when compare with the single polymer [181-183].  

Although polymer blends of chitosan and gelatin show excellent bioadhesive 

properties, C/PVP blends are excellent for improving both mucoadhesive and 

bioadhesive properties and have been selected for further studies.  
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CHAPTER 6 

 

 

Amoxicillin mucoadhesive bead preparation and properties 

 

 

6.1 Introduction and objectives 

 

 Amoxicillin is an antibacterial drug used against Helicobacter pylori in 

triple-line drug therapy.  Due to the two main causes for drug ineffectiveness include 

the instability of some antibiotics at the low pH of the gastric acid and short residence 

time of the antibiotic in the stomach [184].  In order to improve the efficacy of anti H. 

pylori agents, the residence time of the drug in the stomach should be extended.  

Kimura et al. successfully treated patients to eliminate H. pylori infection by using a 

balloon catheter for retention of the drugs by the stomach for up to 1 h [185].  Several 

researchers have proposed and developed a local drug delivery in the stomach such as 

a floating-bioadhesive formulation [186, 187], bioadhesive microspheres [188, 189], 

mucoadhesive beads [190].  These drug delivery systems can increase the gastric 

residence time of anti H. pylori agents and allow more contact time of the drugs so 

they can penetrate through the gastric mucus layer and act locally at the infectious 

sites.  Mucoadhesive beads can be used to increase the gastro-retentive time of the 

drugs and consequently they may be able to improve the efficacy against H. pylori.  In 

addition in an attempt to increase the stability of amoxicillin, concomitant use of a 

proton pump inhibitor or H2-receptor antagonist such as omeprazole, lanzoprazole, 
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cimetidine or ranitidine according to the triple-line drug therapy are required.  These 

agents can raise the gastric pH to 3 – 5, hence, the buffer solution used in this study 

was at pH 4.    

 Amoxicillin is the β-lactam antibiotic that is useful and frequently 

prescribed antimicrobial agents with the mechanism of action: inhibition of synthesis 

of the bacterial peptidoglycan cell wall [191].  The structure of amoxicillin is shown 

in Figure 6.1.  Amoxicillin is off-white crystalline powder with water solubility of 4 

mg/ml, instable in the acidic pH and most stable in aqueous solutions of pH 4 – 7 

[192, 193].   

 

 

Figure 6.1 Chemical structure of amoxicillin 

 

 

 In this study mucoadhesive beads were prepared using alginate as the 

matrix, followed by coating them with chitosan, PVP, and a polymer blend of C/PVP. 

In this study amoxicillin was used as the model drug.  The drug loading capacity was 

investigated, and morphology was determined using a scanning electron microscope 

(SEM).  
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6.2 Experimental methods 

 

6.2.1 Materials 

 

All materials and chemical reagents used were the same as those 

described in Section 2.2.1.  Alginic acid sodium salt from brown algae with a 

viscosity (2% solution at 25°C) of 250 cps, and amoxicillin trihydrate (AMX) were 

purchased from Sigma (St. Louis, MO, USA).  All reagents were of analytical grade.   

 

 

6.2.2 Mucoadhesive bead preparations  

 

 Coating solutions of chitosan, PVP, and chitosan – PVP blends at a 

1.5% w/v were prepared by dissolving 1.5 g of chitosan in 0.05 M hydrochloric acid 

solution to 100 mL. An amount of 1.5 g of PVP was dissolved in 100 mL of water to 

obtain a final concentration of 1.5% w/v.  Chitosan and PVP solutions were 

continually stirred for 4 h until completely dissolved.  Polymer blends of C/PVP were 

prepared by mixing the 1.5% w/v of polymer solutions in the volume ratios of 1/9, 

3/7, 5/5, 7/3, and 9/1.  All polymer blends were gently mixed using a reciprocating 

shaker until homogeneous.  

Alginate beads were prepared as previously described with some 

modifications [190].  In brief, the alginate solution was prepared by stirring the 

mixture of alginate (2.0 g) and water (100 mL) for 4 h.  AMX (5.0 g) was then 

dispersed in the alginate solution and the mixture was continually stirred for 20 min.  
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Subsequently, the mixture was dropped into a gently agitated 2% w/v solution of 

calcium chloride using a syringe with the needle gauge number of 23.  After 

continuous stirring for 10 min, the beads were separated by filtration and washed with 

water and dried in an oven at 40 °C for 8 h.  Afterward, the dried alginate beads were 

coated with 1.5% w/v of chitosan, PVP or C/PVP blend solutions by immersing dried 

bead into these solutions for 10 min.  Subsequently, the coated beads were again dried 

in the oven at 40 °C for 8 h.  A schematic of the preparation procedure for the 

amoxicillin loaded mucoadhesive bead is depicted in Figure 6.2.  All of AMX beads 

were kept in desiccator before further study.    

 

 

Figure 6.2 Preparation procedures for amoxicillin (AMX) loaded mucoadhesive beads  
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6.2.3 Drug loading capacity 

  

 The AMX loading capacity in the alginate bead was quantitatively 

determined by immersing 0.015 g of dried beads in 80 mL of pH 4 phosphate buffer 

prepared with 0.1 M KH2PO4, using either KOH or phosphoric acid to adjust the pH 

to 4.0, to dissolve the AMX dispersed inside the bead.  AMX beads were continually 

stirred using a magnetic stirrer for 5 h then sonicated for 20 min.  The magnetic bar 

was removed, thoroughly rinsed, and the phosphate buffer was added to 100 mL.  The 

solution was collected and the AMX content was analyzed using 8452A HP Diode 

Array spectrophotometer (Hewlett Packard, California, USA) at 230 nm.  Moreover 

high performance liquid chromatography (HPLC) was also used to check the 

degradation products of AMX.  HPLC analyse was perform on Jasco PU-2080 single 

pump equipped with Jasco UV-1575 photodiode array detector using Ascentis C18 

HPLC column (15cm x 4.6 mm, 5 µm).  All chromatogram were obtained using 

Water 740 Data Module integrator system.  The mobile phase for HPLC system was 

prepared in according to the United State Pharmacopeia (USP33) [194], in brief, 6.8 

g/L of monobasic potassium phosphate in water at pH 5 was mixed with acetonitrile 

to volume ratio of 24:1.  AMX was detected using a maximum wavelength of 230 nm 

with flow rate of 1.0 mL/min and injection volume of 20 µL.  Standard solutions of 

AMX for analyse with UV and HPLC techniques were prepared in the concentration 

range of 0.4 – 200 µg/mL and covered all of samples concentration.  All the 

experiments were carried out in triplicate.  The percentage of drug loading was 

calculated using the following equation. 

 



 127 

� 

%Drug loading =
Actual drug content

Theoretical drug content
× 100   (1) 

   

 

6.2.4 Scanning electron microscope (SEM)  

  

 The morphology of the uncoated and coated AMX beads was observed 

using a JSM-6400 scanning electron microscope (Jeol, Tokyo, Japan) at an 

accelerated voltage of 20 kV.  The samples were mounted on metal stubs using a 

double-sided adhesive tape.  All samples were coated with gold using a direct current 

sputtering technique.  

 

 

6.2.5 Bead size analysis 

 

Uncoated AMX beads were dispersed in methanol and the diameter of 

uncoated AMX beads were measured with a Beckman Coulter LS230 equipped with a 

Small-Volume Module Plus and Beckman Coulter Particle Characterization software 

version 3.29 (USA).  All experiment was performed in triplicate. 
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6.2.6 Swelling study of dried beads 

 

  Swelling studies of uncoated and coated AMX dried beads were 

performed in 0.1M phosphate buffer, pH 4, at 37.0 ± 0.5 °C. An accurate weight of 

the beads of about 15.2 – 16.40 g was immersed in a buffer solution with slight 

agitation with a shaker.  The beads were removed periodically from the solution, 

blotted to remove excess liquid, and weighed on an electronic balance.  The swelling 

ratio or percentage of weight change was determined using the following equation 

[195, 196]: 

 

%weight change = Wt −Wd

Wt

×100    (2) 

 

where Wt is the weight of the swollen beads at time t, and Wd is the weight of dried 

beads.  The experiments were performed in triplicate. 

 

 

6.2.7 Mucoadhesive properties of AMX beads using wash-off method 

  

 An in vitro evaluation of the mucoadhesive properties of the AMX 

coated bead was carried out using the wash-off method from porcine stomach tissue.  

The stomach tissue from a freshly slaughtered pig was washed with physiological 

saline and attached to a microscopic slide.  Thirty AMX coated beads were spread in 

contact with the stomach using a pressure of 25 g on the microscopic slide for 2 min 
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[197].  The mucoadhesive property of the polymer coated bead was measured by 

connecting the prepared slide with the arm of a QC-21 disintegration test system 

(Hanson Research, Chatsworth, USA).  AMX coated beads were forced to wash off 

under the reciprocating motion of the disintegration apparatus in 8000 mL phosphate 

buffer, pH 4.0, at 37 ± 0.5 °C.  This test was performed for 3 h and the number of 

AMX coated bead remaining attached to the porcine stomach was counted every 30 

min.  

 

 

6.2.8 Statistical analysis 

  

 Analysis of variance (ANOVA) was performed using the SPSS version 

10 for Windows (SPSS Inc., USA).  Post hoc testing (p<0.05) of the multiple 

comparisons was performed by Tukey’s test.  A profile analysis of the bead swelling 

and wash-off was analyzed using multivariate ANOVA (MANOVA) with repeated 

measurements.  In these models, the percentage weight change and percentage beads 

remaining were dependent variables, different groups were the independent variable 

and time was the repeated factor.  Firstly, MANOVA was applied when the 

hypothesis on groups was tested from the means or level of the curve profiles and the 

hypothesis on time x groups interaction was interpreted as parallelism or shape of the 

curve profiles.  The Wilks lambda statistic was preferred to obtain p-values in the 

MANOVA test [198-200].  Subsequently, Tukey’s post hoc multiple comparison tests 

were performed for the average across the levels of the within-subject factors.  For 

multivariations, the post hoc tests were performed for each dependent variable 
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separately [201].  For the second step, if there were any significantly differences 

shown from the MANOVA, ANOVA was applied to test separately at each time point 

to see the differences between the groups. 

 

 

6.3 Results and discussion 

 

 
6.3.1 Drug loading capacity 

 

The stability of amoxicillin has been reported at several pH values of 

buffered aqueous solutions including gastric juice.  Amoxicillin was most stable at a 

pH of between 4 – 7 with half-lives of more than 153.1 h [192].   Thus the analysis of 

amoxicillin after extraction in pH 4 phosphate buffer for 5 h was performed by UV-

visible spectrophotometry.  The standard curves of AMX for UV and HPLC system 

are shown in Figure 6.3(A) and 6.3(B), respectively.  The UV spectra of standard and 

sample AMX solutions were shown in Figure 6.4(A) and 6.4(B), respectively.  In 

addition the chromatogram of AMX solution did not show any degradation peak of 

AMX as shown in Figure 6.5.  Drug loading of the AMX bead, calculated based on 

the uncoated beads, was 76.49%.  
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Figure 6.3 The standard curve of amoxicillin solution obtained from UV-visible 

spectrophotometer (A) and high performance liquid chromatography (HPLC) (B) 
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Figure 6.4 The UV spectra of standard (A) and sample (B) of amoxicillin  
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Figure 6.5 Chromatograms of standard (A) and sample (B) of amoxicillin at different 

concentration 

 

 

6.3.2 Uncoated and coated amoxicillin bead morphology  

  

 Alginate beads were formed in the presence of calcium ions (Ca2+) at 

junctions in the G-G sequence rich chain region, which is called the “egg box” 

junction as depicted in Figure 6.6.  As a result, the calcium-alginate beads shrank in 

A 

A 

B 

B 
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size when dried [202].  The AMX wet beads just after preparation were found to be 

spherical in shape, but upon drying in air at room temperature their spherical nature 

was lost, as is evident from the SEM in Figure 6.7.   

 

 

 

Figure 6.6 Schematic of calcium-alginate bead formation  

 

 

 The diameter of the uncoated AMX beads were measured with a 

Beckman Coulter LS230 equipped with a Small-Volume Module Plus and Beckman 

Coulter Particle Characterization software version 3.29 (USA) was 1.23 ± 0.25 mm.  

SEM micrographs of uncoated and coated beads are shown in Figure 6.7 and Figure 

6.8, respectively.  The uncoated beads had a rough surface (Figure 6.7), whereas, the 

surfaces of coated beads with C/PVP blend, chitosan, and PVP were smooth (Figs 6.8 

a-g).  The smooth surface is evidence for the presence of a polymer film that was 

coated on the surface of the alginate bead.  Furthermore, there is no visible porous 
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characterisic for either uncoated or coated beads as viewed by SEM micrographs.  

This result is in agreement with Elzatahry et al. [190], where C - PVP coated alginate 

beads  showed a smoother surface than non-coated beads. 

 The poly-cationic nature of the chitosan molecule leads to a strong 

interaction with negatively charged alginate.  The electrostatic interaction of the 

carboxylic acid groups of alginate with the amine group of chitosan form when the 

alginate is dropped into the chitosan solution and results in the formation of a 

membrane.  PVP also has a hydrogen bonding interaction with chitosan and alginate 

thus the interaction of the coating polymer solution on the AMX beads can be formed 

by ionic interactions between the anionic alginate and the cationic chitosan and 

hydrogen bonding between the alginate and PVP.  The proposed binding mechanism 

of coated AMX beads can be described by the schematic interactions between alginate 

and chitosan or PVP at the interphasic membrane as shown in Figure 6.9 [203].   
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Figure 6.7  Scanning electron micrographs of amoxicillin (AMX) uncoated bead with 

slighly oval shape of AMX bead (X60) (a) and surface of AMX uncoated bead 

(X750) (b) 

 

a 

b 
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Figure 6.8  Scanning electron micrographs of amoxicillin (AMX) coated bead with 

polymer (X750) of chitosan (C) (a), poly(vinylpyrrolidone) (PVP) (g) and their blends 

of 9/1 (b), 7/3 (c), 5/5 (d), 3/7 (e) and 1/9 (f)  

a b 

c d 

e f 

g 
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Figure 6.9 Schematic of the binding mechanism of coated amoxicillin beads 

 

 

6.3.3 Swelling of dried bead 

 

 The swelling behavior of the uncoated and coated AMX beads in pH 4 

phosphate buffer is displayed in Figure 6.10.  The swelling of dry beads is mainly 

attributed to the hydration of the hydrophilic group of alginate, chitosan and PVP.  In 

this case free water penetrates inside the beads in order to fill the inert pores among 

the polymer chains, so contributes to a greater degree of swelling [203].   

 

Alginate 
network

Interphasic
membrane

Ca2+

Ca2+

Ca2+

Alginate 
network

Interphasic
membrane

Ca2+

Ca2+

Ca2+

Hydrogen
bonding

Hydrogen
bonding



 139 

 
 

Figure 6.10 Swelling behavior of coated amoxicillin (AMX) beads with chitosan (C), 

poly(vinylpyrrolidone) (PVP) and their blends at various volume ratios compared 

with the control of uncoated AMX bead(mean ± S.D., n=3) 

 

 

 The MANOVA analysis of the level and shape after swelling of the 

AMX bead profiles is shown in Table 6.1.  The MANOVA analysis observed test 

statistic for level, Wilk’s Lambda test for time, leads to rejection of the hypothesis of 

homogeneity of the group means, thus the level of all profiles are different (P<0.05).  

The hypothesis on the effect of the time x group interaction, which is interpreted as 

parallelism or the shape of the profiles, indicated that the different percentage weight 

change is constant at any two points of time considered, was rejected, i.e., the 

swelling profiles were not parallel.  The Wilk’s Lambda values indicated significant 

differences between the shapes of the swelling profiles of the AMX beads.  

Furthermore, post hoc analyses of multiple comparison of swelling profiles were 
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pairwise compared and indicated significant differences between the uncoated and 

coated AMX beads (P<0.05).  The result from the MANOVA, level and shape 

comparisons, can be summarized in that the coated AMX bead group showed similar 

swelling profiles (P>0.05).  Subsequently, ANOVA with the Dunnett’s test was 

performed to see the different percentage weight change at each time level as reported 

in Table 6.2.   

 

 

Table 6.1 Statistical results of time and the time x group interaction effect obtained 

from the MANOVA of swelling of the amoxicillin (AMX) beads 

Effect Wilks’ Lambda p 

time 0.001 <0.001 

time x group 0.001 <0.001 
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Table 6.2 Statistical results of the percentage weight change at each time level 

obtained from ANOVA  

Time (min) Comparison (Dunnett’s test) Difference p 

30 Chitosan Bead 227.53333 <0.001 
 C/PVP 9/1 Bead 150.92667 <0.001 
 C/PVP 7/3 Bead 158.70000 <0.001 
 C/PVP 5/5 Bead 95.28000 0.001 
 C/PVP 3/7 Bead 102.60333 <0.001 
 C/PVP 1/9 Bead 40.00333 0.197 
 PVP Bead 31.74333 0.395 

60 Chitosan Bead 362.39667 <0.001 
 C/PVP 9/1 Bead 279.78000 <0.001 
 C/PVP 7/3 Bead 301.84333 <0.001 
 C/PVP 5/5 Bead 237.55667 <0.001 
 C/PVP 3/7 Bead 279.39333 <0.001 
 C/PVP 1/9 Bead 131.96000 0.008 
 PVP Bead 170.63000 0.001 

90 Chitosan Bead 342.30333 <0.001 
 C/PVP 9/1 Bead 258.07000 0.002 
 C/PVP 7/3 Bead 305.90000 <0.001 
 C/PVP 5/5 Bead 171.41667 0.036 
 C/PVP 3/7 Bead 298.14333 <0.001 
 C/PVP 1/9 Bead 142.33333 0.098 
 PVP Bead 212.43333 0.008 

120 Chitosan Bead 324.35333 <0.001 
 C/PVP 9/1 Bead 208.96667 0.001 
 C/PVP 7/3 Bead 247.30000 <0.001 
 C/PVP 5/5 Bead 193.81333 0.002 
 C/PVP 3/7 Bead 229.63667 <0.001 
 C/PVP 1/9 Bead 133.19667 0.035 
 PVP Bead 195.61000 0.002 

180 Chitosan Bead 153.24333 0.005 
 C/PVP 9/1 Bead 121.26667 0.026 
 C/PVP 7/3 Bead 166.39333 0.002 
 C/PVP 5/5 Bead 129.81667 0.017 
 C/PVP 3/7 Bead 186.19667 0.001 
 C/PVP 1/9 Bead 100.94000 0.076 
 PVP Bead 171.22333 0.002 

240 Chitosan Bead 87.81333 0.085 
 C/PVP 9/1 Bead 82.18333 0.116 
 C/PVP 7/3 Bead 123.00667 0.011 
 C/PVP 5/5 Bead 96.65000 0.052 
 C/PVP 3/7 Bead 140.61667 0.004 
 C/PVP 1/9 Bead 97.09667 0.050 
 PVP Bead 167.05667 0.001 
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 Almost all the coated AMX beads with different ratios of chitosan-

PVP show significantly different weight changes from the uncoated AMX beads 

(P<0.05).  The percentage weight change of the coated AMX bead in pH 4 phosphate 

buffer is higher than the uncoated bead over the first 120 min then after 180 min, 

some coated beads show a similar weight change to the uncoated bead.  The swelling 

of the coated beads was higher than for the uncoated beads.  The hydration of the 

hydrophilic groups of chitosan and PVP may induce the higher swelling of the coated 

beads compared to the uncoated beads, another important factor that influences their 

swelling behavior at pH 4 is that protonization of the amino groups of chitosan creates 

a repulsive force between the polymer chain of chitosan and causes a swelling of the 

chitosan membrane. Thus, coated alginate beads swell more than the uncoated beads 

as previously observed for chitosan coated dried beads [203].  

 

 

6.3.4 Mucoadhesive properties of AMX beads using wash-off  

  

 The up-down movement of the arm of the disintegration equipment in 

pH 4 phosphate buffer is simulated to a stomach movement.  All AMX beads were 

counted every 30 min and reported as percentage attached to the porcine stomach 

tissue.  The percentage of uncoated and coated AMX beads attached to the mucosa at 

pH 4.0 is presented in Figure 6.11.   
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Figure 6.11 The in vitro wash-off test for uncoated and coated amoxicillin (AMX) 

beads with chitosan (C), PVP (P) and their blends at various volume ratios (mean ± 

S.D., n=3). 

 

 

 Uncoated AMX beads show the lowest attachment against porcine 

stomach tissue at 3 h.  The MANOVA analysis of the level and shape result of AMX 

wash-off profiles is shown in Table 6.3.  The MANOVA analysis observed test 

statistic for level, Wilk’s Lambda test for time, show the different levels of the 

swelling profiles (P<0.05).  The parallelism or shape in accordance to the time x 

group interaction effect indicated that the wash-off profiles were not parallel.  Wilk’s 

Lambda values indicated significant differences between the shapes of the wash-off 

profiles of the AMX beads.  Furthermore, post hoc analyses of the multiple 

comparisons of wash off profiles were pairwise compared and indicated significant 

differences between the coated and uncoated AMX bead profiles (P<0.05).  Wash-off 
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profiles of all coated AMX beads with difference chitosan-PVP ratios had the same 

level and shape. Thus, ANOVA with Dunnett’s test was performed to see if there 

were differences of the percentage bead remaining at each time level of coated beads 

comparing to the uncoated beads as reported in Table 6.4. 

 

 

Table 6.3 Statistical results of time and time x group interaction effects obtained from 

the MANOVA of the amoxicillin (AMX) bead wash-off profiles 

Effect Wilks’ Lambda p 

time 0.046 <0.001 

time x group 0.017 0.018 

 

 

 The percentage of beads remaining for all coated beads was 

significantly higher than for the uncoated beads after 30 min.  The remaining 

uncoated beads decreased rapidly after 30 to 180 min.  Even though not statistically 

significant for the coated AMX bead, the coated beads with C/PVP at 5/5 volume 

ratio exhibited the slowest wash off after 3 h.  An interesting property was that the 

coated beads remained intact during the 180 min at pH 4 even though the swelling 

ratio was very high, while the uncoated beads only maintained their integrity for about 

30 min.  The results of the wash-off test indicated that chitosan, PVP, and their blends 

demonstrated a good mucoadhesive property.  C/PVP blends at 5/5 volume ratio 

produced the highest mucoadhesion as determined from the results from the viscosity 
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measurement, texture analyzer, HT29 cell adhesion, and wash off method.  The 

coating polymers on the AMX beads can enhance the retention time of the drug 

formulation at the stomach surface.   
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Table 6.4 Statistical results of percent bead remaining at each time level obtained 

from ANOVA  

Time (min) Comparison (Dunnett’s test) Difference p 

30 Chitosan Bead 33.33333 <0.001 
 C/PVP 9/1 Bead 32.22222 <0.001 
 C/PVP 7/3 Bead 33.33333 <0.001 
 C/PVP 5/5 Bead 33.33333 <0.001 
 C/PVP 3/7 Bead 28.88889 <0.001 
 C/PVP 1/9 Bead 33.33333 <0.001 
 PVP Bead 28.88889 <0.001 

60 Chitosan Bead 47.77778 <0.001 
 C/PVP 9/1 Bead 47.77778 <0.001 
 C/PVP 7/3 Bead 51.11111 <0.001 
 C/PVP 5/5 Bead 50.00000 <0.001 
 C/PVP 3/7 Bead 42.22222 <0.001 
 C/PVP 1/9 Bead 51.11111 <0.001 
 PVP Bead 44.44444 <0.001 

90 Chitosan Bead 50.00000 <0.001 
 C/PVP 9/1 Bead 52.22222 <0.001 
 C/PVP 7/3 Bead 54.44444 <0.001 
 C/PVP 5/5 Bead 53.33333 <0.001 
 C/PVP 3/7 Bead 46.66667 <0.001 
 C/PVP 1/9 Bead 55.55556 <0.001 
 PVP Bead 47.77778 <0.001 

120 Chitosan Bead 48.88889 <0.001 
 C/PVP 9/1 Bead 48.88889 <0.001 
 C/PVP 7/3 Bead 57.77778 <0.001 
 C/PVP 5/5 Bead 56.66667 <0.001 
 C/PVP 3/7 Bead 48.88889 <0.001 
 C/PVP 1/9 Bead 53.33333 <0.001 
 PVP Bead 47.77778 <0.001 

150 Chitosan Bead 48.88889 <0.001 
 C/PVP 9/1 Bead 48.88889 <0.001 
 C/PVP 7/3 Bead 64.44444 <0.001 
 C/PVP 5/5 Bead 65.55556 <0.001 
 C/PVP 3/7 Bead 50.00000 <0.001 
 C/PVP 1/9 Bead 58.88889 <0.001 
 PVP Bead 50.00000 <0.001 

180 Chitosan Bead 48.88889 <0.001 
 C/PVP 9/1 Bead 52.22222 <0.001 
 C/PVP 7/3 Bead 65.55556 <0.001 
 C/PVP 5/5 Bead 71.11111 <0.001 
 C/PVP 3/7 Bead 48.88889 <0.001 
 C/PVP 1/9 Bead 66.66667 <0.001 
 PVP Bead 56.66667 <0.001 
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 The schematic interaction of coated beads with mucin is depicted in 

Figure 6.12.  During the coated AMX beads became attached to porcine stomach 

tissue, swelling of the beads resulted in polymer chain entanglement and 

interpenetration into the mucin thus forming hydrogen bonding between the polymer 

and mucin and leading to drug retention at the stomach wall.  In addition, coated 

beads using these single polymers and their blends may be able to provide gastro-

retention, which would facilitate local drug delivery to the stomach wall.   

 

 

 

Figure 6.12 Schematic interaction mechanism of coated amoxicillin (AMX) bead with 

mucin  
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6.4 Conclusions 

 

 The coating of AMX beads with polymer blends of C/PVP exhibit 

much improved adhesion to the mucus compared to the uncoated beads.  The alginate 

beads coated with these materials have a high potential for their utilization to increase 

the gastro-retentive times of various drugs via mucoadhesion.  Coated AMX beads 

have a potential to remain intact and attached to the stomach for more than 3 h.  

Coated AMX-alginate beads may be useful for a more effective eradication of H. 

pylori infections, especially since it has previously been demonstrated that a 1 h 

contact with antibiotics can effectively remove these microorganisms [185].  
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CHAPTER 7 

 

 

Drug release study of amoxicillin from alginate beads  

 

 

7.1 Introduction and objectives 

 

 The formulations of mucoadhesive drug agents are interesting because 

they are designed as drug delivery systems that can  prolong the residence time of the 

drug at the site of absorption and  facilitate an intimate contact with the underlying 

absorptive surface to enhance the drugs bioavailability [204].  Mucoadhesive drug 

delivery systems such as the monolithic (or matrix) type and the reservoir type  (or 

membrane bound) have drug release characteristics that control the rate of drug 

release and transport [205].  Bead formulation using an alginate polymer matrix show 

a more sustained release of the drug compared to a pure drug [206].  The release 

kinetics of the drug from the matrices may be affected by several factors such as 

swelling of the polymer, drug diffusion from the polymer matrices, polymer erosion 

and geometry of the matrices [207].  Kinetic models of the drug release from   

alginate matrices can be estimated using several kinetic models such as zero order, 

first order, Higuchi, Korsmeyer-Peppas, Hixson-Crowell and Baker-Lonsdale models 

(Higuchi’s model for spherical matrices) [208].  The mathematical models for all 

release kinetics are shown in Table 7.1 [209-211]. 
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Table 7.1 Mathematical models of release kinetic 

Function Equation 

Zero order %diss = kt 

Korsmeyer-Peppas %diss = ktn 

First order %diss = 100(1-e-kt) 

Higuchi %diss = kt0.5 

Hixson-Crowell %diss =100 1− 1− kt
4.6416

⎛
⎝⎜

⎞
⎠⎟
3⎡

⎣
⎢

⎤

⎦
⎥  

Baker-Lonsdale 2
3
1− 1−%diss

100
⎛
⎝⎜

⎞
⎠⎟

2
3

⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥
− %diss

100
⎛
⎝⎜

⎞
⎠⎟ = kt  

  

   

 Several applied methods were used to compare the dissolution profiles 

of drug release such as those ANOVA-based, model-dependent and model-

independent methods.  All the methods are useful and capable of comparing 

dissolution profiles.  The ANOVA-based method and model-dependent methods have 

more detail and are represented by the curve profile but for the model-independent 

methods, the difference factor, ƒ1, and similarity factor, ƒ2, were calculated to 

compare all dissolution profiles.  Although the model-independent method seem to be 

easier to apply and interpret, this method may not adequately represent the curve.  The 

evaluation of model-independent methods is complicated and requires an acceptable 

model approach including statistical analysis of the curve fitting parameters [209, 

212].  An applied method to compare the dissolution profiles for this study has been 
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based on the analysis of variance (ANOVA) methods.  Multivariate ANOVA 

(MANOVA) was performed for the level and shape approach.  From MANOVA, the 

hypothesis of group means was represented by the level and the hypothesis on the 

time x group interaction effect is referred to as parallelism or the shape of the profiles 

[212].  The dissolution profiles were tested for their difference levels and shape of the 

profile using ANOVA-based methods and also provided informative of the 

dissolution profile behavior.    

 In this study the characteristics of the release of amoxicillin from 

mucoadhesive in pH 4 phosphate buffer.  The release profiles of the amoxicillin were 

fitted to various kinetic models and the dissolution profiles were compared using the 

ANOVA based method.  

   

 

7.2 Experimental methods 

 

7.2.1 Materials 

 

Potassium dihydrogenphosphate (KH2PO4) was from Univar 

(Australia).  Potassium hydroxide and phosphoric acid were from RCI Labscan 

(Thailand).  All other reagents were of analytical grade.   
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7.2.2 Drug release study 

 

 The releases of AMX from uncoated and coated beads with various 

ratios of chitosan-PVP were selected for this study due to their good mucoadhesive 

properties.   All drug release study was determined using a VK 7000 dissolution tester 

(Vankel Industries, Edison, NJ, USA) with a USP27 apparatus 2 at pH 4.  Phosphate 

buffer (pH 4), consisting of 0.1 M KH2PO4, using either KOH or phosphoric acid to 

adjust the pH to 4.0, was prepared as the dissolution medium.  This medium (200 mL) 

was maintained at 37.0 °C ± 0.5 °C during the test.  Approximately 20 mg of beads 

were used in each experiment.  Samples (5 mL) were taken at 6, 12, 18, 24, 30, 40, 

60, 90, 120, and 180 min and replaced with 5 mL of fresh medium.  Amoxicillin was 

most stable at pH 4 – 7 with a half-life of more than 153.1 h [213].  The amount of 

AMX released from in the samples at pH 4 was determined using an 8452A HP Diode 

Array spectrophotometer (Hewlett Packard) at 230 nm.  High performance liquid 

chromatography (HPLC) was also performed to check the possibility of degraded 

products of AMX, which might interfere with the analysis of AMX using the simple 

UV assay.  The analysis method for AMX using UV spectrophotometer and HPLC 

were described in Section 6.2.3.  However, no degradation peaks were detected for 

samples at pH 4.  Thus, at this pH the more simple UV spectrometric method was 

used for the analysis of all dissolution samples.  These dissolution tests were 

performed in triplicate.   
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7.2.3 Statistical analysis 

  

 All drug release results were fitted to several mathematical release 

models using the Sigmaplot for Windows version 11 (Systat Software Inc., USA).  

Analysis of variance (ANOVA) was performed using SPSS version 10 for Windows 

(SPSS Inc., USA).  Post hoc testing (p<0.05) of the multiple comparisons was 

performed by Tukey’s test.  Profile analysis of the drug release was analyzed using 

multivariate ANOVA (MANOVA) with repeated measurements.  In these models, the 

percentage of drug released was a dependent variable, groups were independently 

variable and time was the repeated factor.  First, MANOVA was applied with the 

hypothesis on groups being tested from their means or the level of the profiles and the 

hypothesis on the time x groups interaction was interpreted as parallelism or from the 

shape of the profiles.  The Wilks lambda statistic was preferred to obtain p-values in 

MANOVA [209, 212, 214].  Subsequently, Tukey’s post hoc multiple comparison 

tests were performed for the average across the levels of the within-subjects factors.  

For multivariate analysis, the post hoc tests were performed for each dependent 

variable separately [215].  For the second step, if there were any significantly 

differences from MANOVA, ANOVA with post hoc analysis using Dunnet’s or 

Turkey’s test was applied to test separately at each time point to recognise the 

differences between groups. 
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7.3 Results and discussion 

 

 
7.3.1 Drug release 

 

The triple line drug therapy guideline for treatment of gastric ulcer 

with a Helicobacter pylori infection used a proton pump inhibitor or H2 receptor 

antagonists in a combination with antibiotics for eradication of H. pylori.  These 

agents can raise the gastric pH to 3-5 and can therefore improve amoxicillin stability, 

hence, the drug release studies were performed at a pH of 4 [216, 217].  AMX 

released from the uncoated and coated beads were compared with an AMX powder as 

shown in Figure 7.1. The AMX release profiles from the beads showed a sustained 

release characteristic when compared with the release from the AMX powder.    The 

AMX powder showed high solubility at the initial time and seemed to be completely 

dissolved in about 30 min whereas the release of AMX from the coated and uncoated 

beads was complete in about 2.5 h.  Kimura et al. [218] have reported that at least 1 h 

of local amoxicillin dissolved was enough for the treatment of H. pylori infection, 

thus, the bead formulation has a potential for H. pylori eradication.  
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Figure 7.1 Dissolution profiles of amoxicillin (AMX) powder and AMX from 

uncoated and coated beads with chitosan (C), poly(vinylpyrrolidone) (PVP) and their 

blends of C/PVP at various volume ratios at pH 4 (mean ±	 S.D., n=3) 

 

 

 The MANOVA analyses of the level and shape results of the AMX 

dissolution profiles are shown in Table 7.2.  The observed MANOVA analysis test 

statistic for the level or the Wilk’s Lambda test for time led to rejection of the 

hypothesis of homogeneity of the group means, thus the level of all dissolution 

profiles are different (P<0.05).  The hypothesis on the time x group interaction effect, 

which is interpreted as parallelism or the shape of the profiles, indicated that the 

different percentage release change is constant at any two points of time considered, 

was also rejected, i.e., the release profiles were not parallel.  The Wilk’s Lambda 

values indicated significant differences between the shapes of dissolution profiles of 

the AMX beads.  Furthermore, post hoc analyses of the multiple comparisons of the 
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release profiles were pairwise compared and indicated significant differences between 

uncoated and coated AMX beads (P<0.05).  The Turkey’s post hoc analysis of the 

MANOVA analysis shows significant differences (P<0.05) in the level and shape 

between coated, C/PVP 9/1, and uncoated beads.  Furthermore, pairwise comparisons 

of the beads coated with C/PVP 9/1 and PVP also showed significant differences 

between the level and shape approaches.  Subsequently, ANOVA together with the 

Turkey’s test was performed to see the differences of the percentage release at each 

time level of the uncoated bead, C/PVP 9/1 and PVP (Table 7.3).   

 

 

Table 7.2 Statistical results of time and the time x group interaction effect obtained 

from MANOVA of the dissolution profiles of the amoxicillin (AMX) beads 

Effect Wilks’ Lambda p 

time 0.001 <0.001 

time x group 0.001 0.007 
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Table 7.3 Statistical results of percentage release at each time level of the uncoated 

bead, C/PVP 9/1 and poly(vinylpyrrolidone) (PVP) obtained from ANOVA  

Time (min) Comparison (Turkey’s test) Difference p 

6 C/PVP 9/1 Uncoated bead 4.25673 0.013 

 C/PVP 9/1 PVP 3.51394 0.052 

12 C/PVP 9/1 Uncoated bead 7.33628 0.010 

 C/PVP 9/1 PVP 6.75608 0.019 

18 C/PVP 9/1 Uncoated bead 8.74835 0.010 

 C/PVP 9/1 PVP 8.17208 0.017 

24 C/PVP 9/1 Uncoated bead 11.05225 0.001 

 C/PVP 9/1 PVP 9.06775 0.006 

30 C/PVP 9/1 Uncoated bead 11.15690 0.005 

 C/PVP 9/1 PVP 10.79330 0.006 

40 C/PVP 9/1 Uncoated bead 11.68512 0.007 

 C/PVP 9/1 PVP 12.62811 0.003 

60 C/PVP 9/1 Uncoated bead 10.10668 0.023 

 C/PVP 9/1 PVP 13.10415 0.002 

90 C/PVP 9/1 Uncoated bead 5.80311 0.537 

 C/PVP 9/1 PVP 12.64147 0.011 

120 C/PVP 9/1 Uncoated bead 1.87294 0.994 

 C/PVP 9/1 PVP 11.00991 0.009 

180 C/PVP 9/1 Uncoated bead 0. .96162 1.000 

 C/PVP 9/1 PVP 8.99965 0.008 
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 The AMX coated bead C/PVP 9/1 showed a lower level of its 

dissolution profile than the uncoated bead during the first 60 min due to the polymer 

coating film on the bead that retarded the drug release from the alginate bead.  The 

bead coating with PVP showed a higher level of dissolution profile than the C/PVP 

9/1 coated bead presumably due to the water solubility of the PVP that induced water 

absorption and increased the swelling of the bead.  The dissolution profiles of most of 

the coated bead showed a similar level and shape of their dissolution profiles and 

these results can be ascribed to the high swelling of the bead in the dissolution 

medium that exceeded the strength of the coating polymer and led to the disruption of 

the polymeric coating on the bead as depicted in Figure 7.2 [219].      

 

 

 

 

Figure 7.2 Polymeric coating disruption of amoxicillin (AMX) coated bead in 

dissolution medium 
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 The AMX release behavior from AMX beads were fitted to several 

kinetic models.  The data of AMX release kinetics for the Korsmeyer-Peppas equation 

model were used for examining only the first 60% of the release curves [220].  The 

statistical curve fitting results are reported in Table 7.4.  Although uncoated beads 

were well fitted to the Hixon-Crowell equation model, most of the release kinetic 

profiles of the AMX beads best fitted with the Korsmeyer-Peppas equation model.  

The uncoated bead release kinetics indicated that the surface erosion or changes in the 

surface area of the bead relative to the drug diffusion inside the bead was 

predominantly best fitted to the Hixson-Crowell model [221, 222].  Moreover, the 

Korsmeyer-Peppas release kinetic model has been observed for alginate beads and the 

similar release profiles for the AMX from the result of the MANOVA analysis, thus, 

the Korsmeyer-Peppas model was used for discussion [223].  The Korsmeyer-Peppas 

or power law equation model can classify the mechanism of drug transport based on 

the diffusional release exponent (n) value as Fickian diffusion (Case I) (n = 0.5), non-

Fickian (anomalous) diffusion (0.5 < n < 1.0), Case II transport (n = 1.0) and Super 

Case II transport (n > 1.0) [224].  As listed in Table 7.4, the n values were higher than 

1 indicating that the release process is by Super Case II transport.  This transport 

mechanism is the system controlled by swelling of the polymer that releases the drug.   

In these systems the drug was dissolved or dispersed in the polymer solution then the 

solvent was removed leaving the drug dispersed in the polymer matrix.  In this state 

there is no drug diffusion in the solid phase until the dissolution medium penetrated 

into the polymer matrix.  Therefore, the swollen polymer allowed the drug to diffuse 

outward as depicted in Figure 7.3 [225].  As a result of the high swelling of these 
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uncoated or coated dried alginate beads, the coated materials have not much influence 

on the release of AMX from the beads.  Thus for these dried beads, the release 

profiles of the uncoated or coated beads were similar.  These phenomena have been 

previously observed for coated dried beads [226, 227].         
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Table 7.4 Kinetic analysis of the release data of amoxicillin derived from several kinetic equation models  

Sample 

Release kinetics 

First order Higuchi Hixson-Crowell Baker-Lonsdale Korsmeyer-Peppas 

r2 k r2 k r2 k r2 k r2 k n 

Uncoated bead 0.9602 0.0156 0.8920 7.1962 0.9826 0.0044 0.8380 0.0014 0.9739 0.9501 1.0231 

Chitosan 0.9167 0.0137 0.8502 7.2912 0.9512 0.0039 0.7658 0.0012  0.9708 0.3203 1.2575 

C/PVP 9/1 0.9170 0.0125 0.8285 6.8875 0.9505 0.0036 0.7508 0.0010 0.9789 0.1617 1.4115 

C/PVP 7/3 0.9208 0.0140 0.8617 7.4036 0.9549 0.0040 0.7751 0.0012 0.9816 0.4182 1.1964 

C/PVP 5/5 0.9250 0.0145 0.8696 7.5157 0.9596 0.0041 0.7822 0.0013 0.9952 0.4553 1.1795 

C/PVP 3/7 0.9220 0.0145 0.8655 7.5135 0.9566 0.0041 0.7781 0.0013 0.9878 0.4233 1.1985 

C/PVP 1/9 0.9083 0.0147 0.8530 7.6397 0.9453 0.0042 0.7619 0.0013 0.9875 0.3068 1.2830 

PVP 0.9290 0.0169 0.8961 8.1165 0.9617 0.0048 0.8043 0.0016 0.9953 0.7111 1.1051 

161 
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Figure 7.3 An idealized release system controlled by swelling 

 

 

7.4 Conclusions 

 

 The bead formulation using an alginate produces a sustained release of 

amoxicillin for local eradication of H. pylori.  The complete release of the drug was 

obtained after about 2.5 h and that is sufficient delay for treatment of H. pylori 

infections [218].  The release of amoxicillin from the bead was described by the 

diffusion of the drug from the swelling polymer matrix by a Super Case II transport 

mechanism.  This amoxicillin mucoadhesive bead formulation has the potential for 

development as a mucoadhesive drug delivery system due to the long retention time 

in the stomach with a sustained release. 
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CHAPTER 8 

 

 

Summary and conclusions 

 

   

 Mucoadhesive/bioadhesive drug delivery systems have been described 

for use in several applications and sites of action such as buccal, vaginal, eye, 

stomach, colon etc.  Several polymers have been selected for these delivery systems 

especially natural polymers, due to their biocompatibility, biodegradability and safety 

for humans. Chitosan has often been used for mucoadhesive/bioadhesive drug 

delivery systems because of its antibacterial activity and ability to improve drug 

absorption by its ability to provide a tight binding to cells.  Gelatin has also been 

reported to increase cell adhesion and has the potential for forming a 

mucoadhesive/bioadhesive drug delivery system.  Although poly(vinylpyrrolidone) 

(PVP) is a synthetic polymer, it has  been  used for several pharmaceutical 

applications as a film forming agent or binder for formulations of medicinal tablets.  

Use of these polymer blends of chitosan, gelatin and PVP may enhance or provide a 

much more effective mucoadhesion when compared with single polymers.   

 There are multiple theories to explain the processes of 

mucoadhesion/bioadhesion; electronic, adsorption, wetting, fracture and diffusion 

theories. In isolation, none of these can fully explain the mucoadhesion properties of 

several pharmaceutical formulations.  Several analytical techniques have been 

developed to evaluate mucoadhesion in pharmaceutical products.  The analytical 
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techniques can be classified into two categories, indirect and direct methods for 

evaluation of mucoadhesion.  In this thesis the indirect method for studying 

mucoadhesion was used to assess the interactions between the mucoadhesive 

materials and mucin layers using viscosity studies (Chapter 2) and FT-IR studies 

(DRIFTS) (Chapter 3).  The direct method is to measure the force that is required to 

detach the mucoadhesive formulation from a mucosal surface using a texture analyzer 

and a cell culture technique (Chapter 4 and Chapter 5) respectively.    

 The indirect techniques for evaluation of mucoadhesion were based on 

polymer entanglement, penetration, chain diffusion and chemical interactions that are 

the key elements for the mucoadhesion process.  At the start of the mucoadhesion 

process the polymer chain and the mucin are interpenetrated and this can be 

monitored using spectroscopic techniques.  The DRIFTS analysis provided useful 

information for polymer and mucin interactions at the molecular level and this 

technique is also use for a qualitative and a quantitative method.  Although a viscosity 

study is helpful for screening the mucoadhesive polymer due to its rapid 

measurement, simplicity and ability to be completed within an hour, this technique 

has limitations because of the large variations of results obtained and cannot be used 

for a strong gel polymer.  Furthermore, the latter technique is not recommended to use 

as a stand alone method for detecting mucoadhesive properties of polymer-mucin 

mixtures.   

 The cell culture technique, texture analyzer and wash-off technique are 

direct techniques that determine a real situation of polymer attachment to the cell or 

mucus layers.  The texture analyzer may involve a quantitative determination of the 

force required to detach the mucoadhesive material from the surface.  The work of 
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mucoadhesion was calculated from the area under the force – distance curve and is 

reported in terms of the mucoadhesion properties.  For the cell culture technique the 

HT29 cells were attached directly onto the polymer surface and binding was 

quantified by measuring the amount of cell adhesion and represented in a terms of 

bioadhesion.  Although these two techniques did directly measure mucoadhesion and 

bioadhesion phenomena, the time required for these measurements of mucoadhesion 

must also be taken into consideration.  The wash-off technique is a direct technique to 

determine the mucoadhesion time under a shear force until the material became 

detached from the polymer.  Both direct and indirect techniques were used in this 

work to assess the development of a novel mucoadhesive polymer.  The advantages 

and disadvantages of several techniques used in this study for mucoadhesion 

evaluation can be summarized in Table 8.1. 
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Table 8.1 Summarize techniques for mucoadhesion evaluation used in this study 

Method Category Detail Advantages/Disadvantages 

Viscosity measurement Indirect method Study the polymer chain interpene-

tration and entanglement of mucoad-

hesive polymer and mucus 

Advantages: Quick and easy for screening the 

polymers with mucoadhesive properties 

Disadvantages: The large variation of results due to 

differences in mucin type and concentration and 

different measurement configurations 

Spectroscopic method Indirect method Study the interaction of mucoadhesive 

polymer and mucin at molecular level 

Advantages: Provide the detail of mechanisms or 

molecular interaction between mucoadhesive 

polymer and mucin 

Disadvantages: This technique does not provide the 

force of mucoadhesion  
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Table 8.1 Summarize techniques for mucoadhesion evaluation used in this study (Continue) 

Method Category Detail Advantages/Disadvantages 

Texture analyzer  Direct method Study the force necessary to separate 

the mucoadhesive formulation and the 

mucosal surface 

Advantages: Provide a direct measurement force that is an 

appropriate results for mucoadhesion evaluation  

Disadvantages: The large variation of results due to 

differences stomach tissue, thus, several repeat measure-

ments are required and instrument configurations are 

needed to be adjusted  

Cell culture Direct method Study the muco- or bioadhesive 

properties of polymer using in vitro 

cell culture  

Advantages: Represent the muco- or bioadhesive properties 

of polymer that depend on the cell culture types and this 

test is closed to gastrointestinal system 

Disadvantages: This technique is quite complicate and 

needs several reagents and instruments  
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Table 8.1 Summarize techniques for mucoadhesion evaluation used in this study (Continue) 

Method Category Detail Advantages/Disadvantages 

Wash-off method  Direct method Study the retention time of muco-

adhesive formulation against the 

mucosal surface 

Advantages: Provide a direct measurement of retention 

time of mucoadhesive formulation against mucosal 

surface under shear movement  

Disadvantages: The large variation of results due to 

differences stomach tissue, thus, several repeat measure-

ments are required  
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 From this results of the work reported in this thesis the polymer blend 

of C/PVP at a ratio of 5/5 showed good mucoadhesive and bioadhesive properties due 

to the high intermolecular interaction between chitosan and PVP, C/mucin and 

PVP/mucin that was observed using the DRIFTS technique.  Several techniques such 

as viscosity measurements, texture analysis, cell culture technique and wash-off 

technique were also used to determine and evaluate the mucoadhesive and 

bioadhesive properties of this polymer blend.  Moreover, the results from several 

techniques also demonstrated good mucoadhesive and bioadhesive properties of the 

C/PVP at a 5/5 ratio.  A bead formulation with this polymer can also sustain the 

release of amoxicillin when compared with amoxicillin powder and can prolong the 

drug release for about 2.5 h.  This may be enough for eradication of H. pylori 

infections.   

 This study has clearly demonstrated the possibility of using chitosan 

and PVP as a mucoadhesive material for oral drug delivery.  The polymer blend of 

chitosan and PVP has a synergistic effect because of its mucoadhesion properties and 

has the potential for development of mucoadhesive drug delivery vehicle.                              
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Appendix A 

Statistical analysis results of evaluation of mucoadhesive polymers 

using viscosity measurements 
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Oneway ANOVA of viscosity enhancement (ηenhance) of single polymers with mucin 

ANOVA 

nb 

 Sum of Squares df Mean Square F Sig. 

Between Groups 322.258 3 107.419 73.137 .000 

Within Groups 11.750 8 1.469   
Total 334.008 11    

 
 

Multiple Comparisons 

nb 

Tukey HSD 

(I) group4 (J) group4 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Chitosan PVP 6.83197* .98953 .001 3.6632 10.0008 

GA 13.66357* .98953 .000 10.4948 16.8324 

GB 11.16357* .98953 .000 7.9948 14.3324 

PVP Chitosan -6.83197* .98953 .001 -10.0008 -3.6632 

GA 6.83160* .98953 .001 3.6628 10.0004 

GB 4.33160* .98953 .010 1.1628 7.5004 

GA Chitosan -13.66357* .98953 .000 -16.8324 -10.4948 

PVP -6.83160* .98953 .001 -10.0004 -3.6628 

GB -2.50000 .98953 .130 -5.6688 .6688 

GB Chitosan -11.16357* .98953 .000 -14.3324 -7.9948 

PVP -4.33160* .98953 .010 -7.5004 -1.1628 

GA 2.50000 .98953 .130 -.6688 5.6688 

*. The mean difference is significant at the 0.05 level. 
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Oneway ANOVA of viscosity enhancement (ηenhance) of combination systems of 

polymer or polymer blends with mucin 

1. C/PVP 

ANOVA 

nb1 

 Sum of Squares df Mean Square F Sig. 

Between Groups 836.978 6 139.496 4262.681 .000 

Within Groups .458 14 .033   
Total 837.436 20    

 

Multiple Comparisons 

nb1 

Tukey HSD 

(I) group1 (J) group1 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

C C/P 9/1 .66657* .14770 .007 .1622 1.1709 

C/P 7/3 .08333 .14770 .997 -.4210 .5877 

C/P 5/5 -12.74723* .14770 .000 -13.2516 -12.2429 

C/P 3/7 -10.41440* .14770 .000 -10.9188 -9.9100 

C/P 1/9 -1.33300* .14770 .000 -1.8374 -.8286 

PVP 6.83197* .14770 .000 6.3276 7.3363 

C/P 9/1 C -.66657* .14770 .007 -1.1709 -.1622 

C/P 7/3 -.58323* .14770 .019 -1.0876 -.0789 

C/P 5/5 -13.41380* .14770 .000 -13.9182 -12.9094 

C/P 3/7 -11.08097* .14770 .000 -11.5853 -10.5766 

C/P 1/9 -1.99957* .14770 .000 -2.5039 -1.4952 

PVP 6.16540* .14770 .000 5.6610 6.6698 

C/P 7/3 C -.08333 .14770 .997 -.5877 .4210 

C/P 9/1 .58323* .14770 .019 .0789 1.0876 

C/P 5/5 -12.83057* .14770 .000 -13.3349 -12.3262 

C/P 3/7 -10.49773* .14770 .000 -11.0021 -9.9934 

C/P 1/9 -1.41633* .14770 .000 -1.9207 -.9120 

PVP 6.74863* .14770 .000 6.2443 7.2530 

C/P 5/5 C 12.74723* .14770 .000 12.2429 13.2516 

C/P 9/1 13.41380* .14770 .000 12.9094 13.9182 
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C/P 7/3 12.83057* .14770 .000 12.3262 13.3349 

C/P 3/7 2.33283* .14770 .000 1.8285 2.8372 

C/P 1/9 11.41423* .14770 .000 10.9099 11.9186 

PVP 19.57920* .14770 .000 19.0748 20.0836 

C/P 3/7 C 10.41440* .14770 .000 9.9100 10.9188 

C/P 9/1 11.08097* .14770 .000 10.5766 11.5853 

C/P 7/3 10.49773* .14770 .000 9.9934 11.0021 

C/P 5/5 -2.33283* .14770 .000 -2.8372 -1.8285 

C/P 1/9 9.08140* .14770 .000 8.5770 9.5858 

PVP 17.24637* .14770 .000 16.7420 17.7507 

C/P 1/9 C 1.33300* .14770 .000 .8286 1.8374 

C/P 9/1 1.99957* .14770 .000 1.4952 2.5039 

C/P 7/3 1.41633* .14770 .000 .9120 1.9207 

C/P 5/5 -11.41423* .14770 .000 -11.9186 -10.9099 

C/P 3/7 -9.08140* .14770 .000 -9.5858 -8.5770 

PVP 8.16497* .14770 .000 7.6606 8.6693 

PVP C -6.83197* .14770 .000 -7.3363 -6.3276 

C/P 9/1 -6.16540* .14770 .000 -6.6698 -5.6610 

C/P 7/3 -6.74863* .14770 .000 -7.2530 -6.2443 

C/P 5/5 -19.57920* .14770 .000 -20.0836 -19.0748 

C/P 3/7 -17.24637* .14770 .000 -17.7507 -16.7420 

C/P 1/9 -8.16497* .14770 .000 -8.6693 -7.6606 

*. The mean difference is significant at the 0.05 level. 
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2. C/GA 

ANOVA 

nb3 

 Sum of Squares df Mean Square F Sig. 

Between Groups 498.196 6 83.033 2536.269 .000 

Within Groups .458 14 .033   
Total 498.654 20    

 

Multiple Comparisons 

nb3 

Tukey HSD 

(I) group3 (J) group3 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

C C/GA 9/1 .59023* .14773 .018 .0858 1.0947 

C/GA 7/3 7.66357* .14773 .000 7.1591 8.1680 

C/GA 5/5 6.17357* .14773 .000 5.6691 6.6780 

C/GA 3/7 7.58023* .14773 .000 7.0758 8.0847 

C/GA 1/9 12.49690* .14773 .000 11.9924 13.0014 

GA 13.66357* .14773 .000 13.1591 14.1680 

C/GA 9/1 C -.59023* .14773 .018 -1.0947 -.0858 

C/GA 7/3 7.07333* .14773 .000 6.5689 7.5778 

C/GA 5/5 5.58333* .14773 .000 5.0789 6.0878 

C/GA 3/7 6.99000* .14773 .000 6.4855 7.4945 

C/GA 1/9 11.90667* .14773 .000 11.4022 12.4111 

GA 13.07333* .14773 .000 12.5689 13.5778 

C/GA 7/3 C -7.66357* .14773 .000 -8.1680 -7.1591 

C/GA 9/1 -7.07333* .14773 .000 -7.5778 -6.5689 

C/GA 5/5 -1.49000* .14773 .000 -1.9945 -.9855 

C/GA 3/7 -.08333 .14773 .997 -.5878 .4211 

C/GA 1/9 4.83333* .14773 .000 4.3289 5.3378 

GA 6.00000* .14773 .000 5.4955 6.5045 

C/GA 5/5 C -6.17357* .14773 .000 -6.6780 -5.6691 

C/GA 9/1 -5.58333* .14773 .000 -6.0878 -5.0789 

C/GA 7/3 1.49000* .14773 .000 .9855 1.9945 

C/GA 3/7 1.40667* .14773 .000 .9022 1.9111 

C/GA 1/9 6.32333* .14773 .000 5.8189 6.8278 

GA 7.49000* .14773 .000 6.9855 7.9945 
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C/GA 3/7 C -7.58023* .14773 .000 -8.0847 -7.0758 

C/GA 9/1 -6.99000* .14773 .000 -7.4945 -6.4855 

C/GA 7/3 .08333 .14773 .997 -.4211 .5878 

C/GA 5/5 -1.40667* .14773 .000 -1.9111 -.9022 

C/GA 1/9 4.91667* .14773 .000 4.4122 5.4211 

GA 6.08333* .14773 .000 5.5789 6.5878 

C/GA 1/9 C -12.49690* .14773 .000 -13.0014 -11.9924 

C/GA 9/1 -11.90667* .14773 .000 -12.4111 -11.4022 

C/GA 7/3 -4.83333* .14773 .000 -5.3378 -4.3289 

C/GA 5/5 -6.32333* .14773 .000 -6.8278 -5.8189 

C/GA 3/7 -4.91667* .14773 .000 -5.4211 -4.4122 

GA 1.16667* .14773 .000 .6622 1.6711 

GA C -13.66357* .14773 .000 -14.1680 -13.1591 

C/GA 9/1 -13.07333* .14773 .000 -13.5778 -12.5689 

C/GA 7/3 -6.00000* .14773 .000 -6.5045 -5.4955 

C/GA 5/5 -7.49000* .14773 .000 -7.9945 -6.9855 

C/GA 3/7 -6.08333* .14773 .000 -6.5878 -5.5789 

C/GA 1/9 -1.16667* .14773 .000 -1.6711 -.6622 

*. The mean difference is significant at the 0.05 level. 
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3. C/GB 

ANOVA 

nb2 

 Sum of Squares df Mean Square F Sig. 

Between Groups 899.309 6 149.885 152.149 .000 

Within Groups 13.792 14 .985   
Total 913.101 20    

 

Multiple Comparisons 

nb2 

Tukey HSD 

(I) group2 (J) group2 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

C C/GB 9/1 3.67357* .81040 .007 .9064 6.4407 

C/GB 7/3 2.25690 .81040 .147 -.5103 5.0241 

C/GB 5/5 -7.24310* .81040 .000 -10.0103 -4.4759 

C/GB 3/7 -9.07643* .81040 .000 -11.8436 -6.3093 

C/GB 1/9 5.17357* .81040 .000 2.4064 7.9407 

GB 11.16357* .81040 .000 8.3964 13.9307 

C/GB 9/1 C -3.67357* .81040 .007 -6.4407 -.9064 

C/GB 7/3 -1.41667 .81040 .599 -4.1838 1.3505 

C/GB 5/5 -10.91667* .81040 .000 -13.6838 -8.1495 

C/GB 3/7 -12.75000* .81040 .000 -15.5172 -9.9828 

C/GB 1/9 1.50000 .81040 .539 -1.2672 4.2672 

GB 7.49000* .81040 .000 4.7228 10.2572 

C/GB 7/3 C -2.25690 .81040 .147 -5.0241 .5103 

C/GB 9/1 1.41667 .81040 .599 -1.3505 4.1838 

C/GB 5/5 -9.50000* .81040 .000 -12.2672 -6.7328 

C/GB 3/7 -11.33333* .81040 .000 -14.1005 -8.5662 

C/GB 1/9 2.91667* .81040 .036 .1495 5.6838 

GB 8.90667* .81040 .000 6.1395 11.6738 

C/GB 5/5 C 7.24310* .81040 .000 4.4759 10.0103 

C/GB 9/1 10.91667* .81040 .000 8.1495 13.6838 

C/GB 7/3 9.50000* .81040 .000 6.7328 12.2672 

C/GB 3/7 -1.83333 .81040 .325 -4.6005 .9338 

C/GB 1/9 12.41667* .81040 .000 9.6495 15.1838 

GB 18.40667* .81040 .000 15.6395 21.1738 
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C/GB 3/7 C 9.07643* .81040 .000 6.3093 11.8436 

C/GB 9/1 12.75000* .81040 .000 9.9828 15.5172 

C/GB 7/3 11.33333* .81040 .000 8.5662 14.1005 

C/GB 5/5 1.83333 .81040 .325 -.9338 4.6005 

C/GB 1/9 14.25000* .81040 .000 11.4828 17.0172 

GB 20.24000* .81040 .000 17.4728 23.0072 

C/GB 1/9 C -5.17357* .81040 .000 -7.9407 -2.4064 

C/GB 9/1 -1.50000 .81040 .539 -4.2672 1.2672 

C/GB 7/3 -2.91667* .81040 .036 -5.6838 -.1495 

C/GB 5/5 -12.41667* .81040 .000 -15.1838 -9.6495 

C/GB 3/7 -14.25000* .81040 .000 -17.0172 -11.4828 

GB 5.99000* .81040 .000 3.2228 8.7572 

GB C -11.16357* .81040 .000 -13.9307 -8.3964 

C/GB 9/1 -7.49000* .81040 .000 -10.2572 -4.7228 

C/GB 7/3 -8.90667* .81040 .000 -11.6738 -6.1395 

C/GB 5/5 -18.40667* .81040 .000 -21.1738 -15.6395 

C/GB 3/7 -20.24000* .81040 .000 -23.0072 -17.4728 

C/GB 1/9 -5.99000* .81040 .000 -8.7572 -3.2228 

*. The mean difference is significant at the 0.05 level. 
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Oneway ANOVA of the mucoadhesive force of a single polymer with mucin 

ANOVA 

force4 

 Sum of Squares df Mean Square F Sig. 

Between Groups 80855.444 3 26951.815 73.136 .000 

Within Groups 2948.141 8 368.518   
Total 83803.585 11    

 
 

Multiple Comparisons 

force4 

Tukey HSD 

(I) group4 (J) group4 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Chitosan PVP 108.22000* 15.67413 .001 58.0259 158.4141 

GA 216.43000* 15.67413 .000 166.2359 266.6241 

GB 176.83000* 15.67413 .000 126.6359 227.0241 

PVP Chitosan -108.22000* 15.67413 .001 -158.4141 -58.0259 

GA 108.21000* 15.67413 .001 58.0159 158.4041 

GB 68.61000* 15.67413 .010 18.4159 118.8041 

GA Chitosan -216.43000* 15.67413 .000 -266.6241 -166.2359 

PVP -108.21000* 15.67413 .001 -158.4041 -58.0159 

GB -39.60000 15.67413 .130 -89.7941 10.5941 

GB Chitosan -176.83000* 15.67413 .000 -227.0241 -126.6359 

PVP -68.61000* 15.67413 .010 -118.8041 -18.4159 

GA 39.60000 15.67413 .130 -10.5941 89.7941 

*. The mean difference is significant at the 0.05 level. 
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Oneway ANOVA of the mucoadhesive force of the polymer and polymer blends with 

mucin 

1. C/PVP 

ANOVA 

force1 

 Sum of Squares df Mean Square F Sig. 

Between Groups 210006.887 6 35001.148 4263.023 .000 

Within Groups 114.946 14 8.210   
Total 210121.833 20    

 

Multiple Comparisons 

force1 

Tukey HSD 

(I) group1 (J) group1 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

C C/P 9/1 10.56000* 2.33957 .007 2.5713 18.5487 

C/P 7/3 1.32000 2.33957 .997 -6.6687 9.3087 

C/P 5/5 -201.92000* 2.33957 .000 -209.9087 -193.9313 

C/P 3/7 -164.96333* 2.33957 .000 -172.9520 -156.9747 

C/P 1/9 -21.12000* 2.33957 .000 -29.1087 -13.1313 

PVP 108.22000* 2.33957 .000 100.2313 116.2087 

C/P 9/1 C -10.56000* 2.33957 .007 -18.5487 -2.5713 

C/P 7/3 -9.24000* 2.33957 .019 -17.2287 -1.2513 

C/P 5/5 -212.48000* 2.33957 .000 -220.4687 -204.4913 

C/P 3/7 -175.52333* 2.33957 .000 -183.5120 -167.5347 

C/P 1/9 -31.68000* 2.33957 .000 -39.6687 -23.6913 

PVP 97.66000* 2.33957 .000 89.6713 105.6487 

C/P 7/3 C -1.32000 2.33957 .997 -9.3087 6.6687 

C/P 9/1 9.24000* 2.33957 .019 1.2513 17.2287 

C/P 5/5 -203.24000* 2.33957 .000 -211.2287 -195.2513 

C/P 3/7 -166.28333* 2.33957 .000 -174.2720 -158.2947 

C/P 1/9 -22.44000* 2.33957 .000 -30.4287 -14.4513 

PVP 106.90000* 2.33957 .000 98.9113 114.8887 

C/P 5/5 C 201.92000* 2.33957 .000 193.9313 209.9087 

C/P 9/1 212.48000* 2.33957 .000 204.4913 220.4687 

C/P 7/3 203.24000* 2.33957 .000 195.2513 211.2287 
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C/P 3/7 36.95667* 2.33957 .000 28.9680 44.9453 

C/P 1/9 180.80000* 2.33957 .000 172.8113 188.7887 

PVP 310.14000* 2.33957 .000 302.1513 318.1287 

C/P 3/7 C 164.96333* 2.33957 .000 156.9747 172.9520 

C/P 9/1 175.52333* 2.33957 .000 167.5347 183.5120 

C/P 7/3 166.28333* 2.33957 .000 158.2947 174.2720 

C/P 5/5 -36.95667* 2.33957 .000 -44.9453 -28.9680 

C/P 1/9 143.84333* 2.33957 .000 135.8547 151.8320 

PVP 273.18333* 2.33957 .000 265.1947 281.1720 

C/P 1/9 C 21.12000* 2.33957 .000 13.1313 29.1087 

C/P 9/1 31.68000* 2.33957 .000 23.6913 39.6687 

C/P 7/3 22.44000* 2.33957 .000 14.4513 30.4287 

C/P 5/5 -180.80000* 2.33957 .000 -188.7887 -172.8113 

C/P 3/7 -143.84333* 2.33957 .000 -151.8320 -135.8547 

PVP 129.34000* 2.33957 .000 121.3513 137.3287 

PVP C -108.22000* 2.33957 .000 -116.2087 -100.2313 

C/P 9/1 -97.66000* 2.33957 .000 -105.6487 -89.6713 

C/P 7/3 -106.90000* 2.33957 .000 -114.8887 -98.9113 

C/P 5/5 -310.14000* 2.33957 .000 -318.1287 -302.1513 

C/P 3/7 -273.18333* 2.33957 .000 -281.1720 -265.1947 

C/P 1/9 -129.34000* 2.33957 .000 -137.3287 -121.3513 

*. The mean difference is significant at the 0.05 level. 
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2. C/GA 

ANOVA 

force3 

 Sum of Squares df Mean Square F Sig. 

Between Groups 124982.444 6 20830.407 2535.911 .000 

Within Groups 114.998 14 8.214   
Total 125097.442 20    

 

Multiple Comparisons 

force3 

Tukey HSD 

(I) group3 (J) group3 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

C C/GA 9/1 9.35000* 2.34011 .017 1.3595 17.3405 

C/GA 7/3 121.39000* 2.34011 .000 113.3995 129.3805 

C/GA 5/5 97.79000* 2.34011 .000 89.7995 105.7805 

C/GA 3/7 120.07000* 2.34011 .000 112.0795 128.0605 

C/GA 1/9 197.92000* 2.34011 .000 189.9295 205.9105 

GA 216.43000* 2.34011 .000 208.4395 224.4205 

C/GA 9/1 C -9.35000* 2.34011 .017 -17.3405 -1.3595 

C/GA 7/3 112.04000* 2.34011 .000 104.0495 120.0305 

C/GA 5/5 88.44000* 2.34011 .000 80.4495 96.4305 

C/GA 3/7 110.72000* 2.34011 .000 102.7295 118.7105 

C/GA 1/9 188.57000* 2.34011 .000 180.5795 196.5605 

GA 207.08000* 2.34011 .000 199.0895 215.0705 

C/GA 7/3 C -121.39000* 2.34011 .000 -129.3805 -113.3995 

C/GA 9/1 -112.04000* 2.34011 .000 -120.0305 -104.0495 

C/GA 5/5 -23.60000* 2.34011 .000 -31.5905 -15.6095 

C/GA 3/7 -1.32000 2.34011 .997 -9.3105 6.6705 

C/GA 1/9 76.53000* 2.34011 .000 68.5395 84.5205 

GA 95.04000* 2.34011 .000 87.0495 103.0305 

C/GA 5/5 C -97.79000* 2.34011 .000 -105.7805 -89.7995 

C/GA 9/1 -88.44000* 2.34011 .000 -96.4305 -80.4495 

C/GA 7/3 23.60000* 2.34011 .000 15.6095 31.5905 

C/GA 3/7 22.28000* 2.34011 .000 14.2895 30.2705 

C/GA 1/9 100.13000* 2.34011 .000 92.1395 108.1205 

GA 118.64000* 2.34011 .000 110.6495 126.6305 
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C/GA 3/7 C -120.07000* 2.34011 .000 -128.0605 -112.0795 

C/GA 9/1 -110.72000* 2.34011 .000 -118.7105 -102.7295 

C/GA 7/3 1.32000 2.34011 .997 -6.6705 9.3105 

C/GA 5/5 -22.28000* 2.34011 .000 -30.2705 -14.2895 

C/GA 1/9 77.85000* 2.34011 .000 69.8595 85.8405 

GA 96.36000* 2.34011 .000 88.3695 104.3505 

C/GA 1/9 C -197.92000* 2.34011 .000 -205.9105 -189.9295 

C/GA 9/1 -188.57000* 2.34011 .000 -196.5605 -180.5795 

C/GA 7/3 -76.53000* 2.34011 .000 -84.5205 -68.5395 

C/GA 5/5 -100.13000* 2.34011 .000 -108.1205 -92.1395 

C/GA 3/7 -77.85000* 2.34011 .000 -85.8405 -69.8595 

GA 18.51000* 2.34011 .000 10.5195 26.5005 

GA C -216.43000* 2.34011 .000 -224.4205 -208.4395 

C/GA 9/1 -207.08000* 2.34011 .000 -215.0705 -199.0895 

C/GA 7/3 -95.04000* 2.34011 .000 -103.0305 -87.0495 

C/GA 5/5 -118.64000* 2.34011 .000 -126.6305 -110.6495 

C/GA 3/7 -96.36000* 2.34011 .000 -104.3505 -88.3695 

C/GA 1/9 -18.51000* 2.34011 .000 -26.5005 -10.5195 

*. The mean difference is significant at the 0.05 level. 
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3. C/GB 

ANOVA 

force2 

 Sum of Squares df Mean Square F Sig. 

Between Groups 225663.200 6 37610.533 152.163 .000 

Within Groups 3460.406 14 247.172   
Total 229123.607 20    

 

Multiple Comparisons 

force2 

Tukey HSD 

(I) group2 (J) group2 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

C C/GB 9/1 58.19000* 12.83672 .007 14.3579 102.0221 

C/GB 7/3 35.75000 12.83672 .147 -8.0821 79.5821 

C/GB 5/5 -114.76000* 12.83672 .000 -158.5921 -70.9279 

C/GB 3/7 -143.77000* 12.83672 .000 -187.6021 -99.9379 

C/GB 1/9 81.95000* 12.83672 .000 38.1179 125.7821 

GB 176.83000* 12.83672 .000 132.9979 220.6621 

C/GB 9/1 C -58.19000* 12.83672 .007 -102.0221 -14.3579 

C/GB 7/3 -22.44000 12.83672 .599 -66.2721 21.3921 

C/GB 5/5 -172.95000* 12.83672 .000 -216.7821 -129.1179 

C/GB 3/7 -201.96000* 12.83672 .000 -245.7921 -158.1279 

C/GB 1/9 23.76000 12.83672 .539 -20.0721 67.5921 

GB 118.64000* 12.83672 .000 74.8079 162.4721 

C/GB 7/3 C -35.75000 12.83672 .147 -79.5821 8.0821 

C/GB 9/1 22.44000 12.83672 .599 -21.3921 66.2721 

C/GB 5/5 -150.51000* 12.83672 .000 -194.3421 -106.6779 

C/GB 3/7 -179.52000* 12.83672 .000 -223.3521 -135.6879 

C/GB 1/9 46.20000* 12.83672 .036 2.3679 90.0321 

GB 141.08000* 12.83672 .000 97.2479 184.9121 

C/GB 5/5 C 114.76000* 12.83672 .000 70.9279 158.5921 

C/GB 9/1 172.95000* 12.83672 .000 129.1179 216.7821 

C/GB 7/3 150.51000* 12.83672 .000 106.6779 194.3421 

C/GB 3/7 -29.01000 12.83672 .326 -72.8421 14.8221 

C/GB 1/9 196.71000* 12.83672 .000 152.8779 240.5421 

GB 291.59000* 12.83672 .000 247.7579 335.4221 
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C/GB 3/7 C 143.77000* 12.83672 .000 99.9379 187.6021 

C/GB 9/1 201.96000* 12.83672 .000 158.1279 245.7921 

C/GB 7/3 179.52000* 12.83672 .000 135.6879 223.3521 

C/GB 5/5 29.01000 12.83672 .326 -14.8221 72.8421 

C/GB 1/9 225.72000* 12.83672 .000 181.8879 269.5521 

GB 320.60000* 12.83672 .000 276.7679 364.4321 

C/GB 1/9 C -81.95000* 12.83672 .000 -125.7821 -38.1179 

C/GB 9/1 -23.76000 12.83672 .539 -67.5921 20.0721 

C/GB 7/3 -46.20000* 12.83672 .036 -90.0321 -2.3679 

C/GB 5/5 -196.71000* 12.83672 .000 -240.5421 -152.8779 

C/GB 3/7 -225.72000* 12.83672 .000 -269.5521 -181.8879 

GB 94.88000* 12.83672 .000 51.0479 138.7121 

GB C -176.83000* 12.83672 .000 -220.6621 -132.9979 

C/GB 9/1 -118.64000* 12.83672 .000 -162.4721 -74.8079 

C/GB 7/3 -141.08000* 12.83672 .000 -184.9121 -97.2479 

C/GB 5/5 -291.59000* 12.83672 .000 -335.4221 -247.7579 

C/GB 3/7 -320.60000* 12.83672 .000 -364.4321 -276.7679 

C/GB 1/9 -94.88000* 12.83672 .000 -138.7121 -51.0479 

*. The mean difference is significant at the 0.05 level. 

 
 

 

 

 

 

 

 



 214 

Appendix B 

Statistical Analysis Results of an in vitro evaluation of mucoadhesive 

polymer using the tensile strength test method 
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Oneway ANOVA of the work of adhesion of a single polymer  

1. Single polymer 

 
ANOVA 

work4 
 Sum of Squares df Mean Square F Sig. 

Between Groups .612 3 .204 208.458 .000 
Within Groups .019 19 .001   

Total .630 22    

 
Multiple Comparisons 

Dependent Variable: work4  
 Tukey HSD 
(I) group4 (J) group4 Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Chitosan PVP .3406262* .0173984 .000 .291704 .389548 
GA .3633453* .0189365 .000 .310099 .416592 
GB .4083926* .0189365 .000 .355146 .461639 

PVP Chitosan -.3406262* .0173984 .000 -.389548 -.291704 
GA .0227191 .0183113 .610 -.028769 .074208 
GB .0677664* .0183113 .008 .016278 .119255 

GA Chitosan -.3633453* .0189365 .000 -.416592 -.310099 
PVP -.0227191 .0183113 .610 -.074208 .028769 
GB .0450473 .0197785 .139 -.010567 .100661 

GB Chitosan -.4083926* .0189365 .000 -.461639 -.355146 
PVP -.0677664* .0183113 .008 -.119255 -.016278 
GA -.0450473 .0197785 .139 -.100661 .010567 

*. The mean difference is significant at the 0.05 level. 
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Oneway ANOVA of the work of adhesion of a combination system of polymer or 

polymer blends  

1. C/PVP 

ANOVA 
 
work  

  Sum of Squares df Mean Square F Sig. 
Between Groups 1.501 6 .250 40.865 .000 
Within Groups .178 29 .006     
Total 1.679 35       

 
Multiple Comparisons 

 
Dependent Variable: work  
Tukey HSD  

(I) group1 (J) group1 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan C/PVP 9/1 .1475500 .0553323 .143 -.027527 .322627 
  C/PVP 7/3 -.0016167 .0473837 1.000 -.151544 .148311 
  C/PVP 5/5 -.2481167(*) .0473837 .000 -.398044 -.098189 
  C/PVP 3/7 .2476353(*) .0473837 .000 .097708 .397563 
  C/PVP 1/9 .3391133(*) .0473837 .000 .189186 .489041 
  PVP .3406262(*) .0435352 .000 .202876 .478376 
C/PVP 9/1 Chitosan -.1475500 .0553323 .143 -.322627 .027527 
  C/PVP 7/3 -.1491667 .0571469 .160 -.329986 .031653 
  C/PVP 5/5 -.3956667(*) .0571469 .000 -.576486 -.214847 
  C/PVP 3/7 .1000853 .0571469 .589 -.080734 .280905 
  C/PVP 1/9 .1915633(*) .0571469 .032 .010744 .372383 
  PVP .1930762(*) .0539988 .019 .022218 .363934 
C/PVP 7/3 Chitosan .0016167 .0473837 1.000 -.148311 .151544 
  C/PVP 9/1 .1491667 .0571469 .160 -.031653 .329986 
  C/PVP 5/5 -.2465000(*) .0494907 .000 -.403094 -.089906 
  C/PVP 3/7 .2492520(*) .0494907 .000 .092658 .405846 
  C/PVP 1/9 .3407300(*) .0494907 .000 .184136 .497324 
  PVP .3422429(*) .0458195 .000 .197265 .487221 
C/PVP 5/5 Chitosan .2481167(*) .0473837 .000 .098189 .398044 
  C/PVP 9/1 .3956667(*) .0571469 .000 .214847 .576486 
  C/PVP 7/3 .2465000(*) .0494907 .000 .089906 .403094 
  C/PVP 3/7 .4957520(*) .0494907 .000 .339158 .652346 
  C/PVP 1/9 .5872300(*) .0494907 .000 .430636 .743824 
  PVP .5887429(*) .0458195 .000 .443765 .733721 
C/PVP 3/7 Chitosan -.2476353(*) .0473837 .000 -.397563 -.097708 
  C/PVP 9/1 -.1000853 .0571469 .589 -.280905 .080734 
  C/PVP 7/3 -.2492520(*) .0494907 .000 -.405846 -.092658 
  C/PVP 5/5 -.4957520(*) .0494907 .000 -.652346 -.339158 
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  C/PVP 1/9 .0914780 .0494907 .528 -.065116 .248072 
  PVP .0929909 .0458195 .419 -.051987 .237969 
C/PVP 1/9 Chitosan -.3391133(*) .0473837 .000 -.489041 -.189186 
  C/PVP 9/1 -.1915633(*) .0571469 .032 -.372383 -.010744 
  C/PVP 7/3 -.3407300(*) .0494907 .000 -.497324 -.184136 
  C/PVP 5/5 -.5872300(*) .0494907 .000 -.743824 -.430636 
  C/PVP 3/7 -.0914780 .0494907 .528 -.248072 .065116 
  PVP .0015129 .0458195 1.000 -.143465 .146491 
PVP Chitosan -.3406262(*) .0435352 .000 -.478376 -.202876 
  C/PVP 9/1 -.1930762(*) .0539988 .019 -.363934 -.022218 
  C/PVP 7/3 -.3422429(*) .0458195 .000 -.487221 -.197265 
  C/PVP 5/5 -.5887429(*) .0458195 .000 -.733721 -.443765 
  C/PVP 3/7 -.0929909 .0458195 .419 -.237969 .051987 
  C/PVP 1/9 -.0015129 .0458195 1.000 -.146491 .143465 
 

*  The mean difference is significant at the .05 level. 
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2. C/GA 

 
ANOVA 

 
work2  

  Sum of Squares df Mean Square F Sig. 
Between Groups .431 6 .072 18.667 .000 
Within Groups .112 29 .004     
Total .542 35       

 
 

Multiple Comparisons 
 
Dependent Variable: work2  
Tukey HSD  

(I) group1 (J) group1 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan C/GA 9/1 .1862433(*) .0375496 .001 .067432 .305054 
  C/GA 7/3 .2250233(*) .0375496 .000 .106212 .343834 
  C/GA 5/5 .2157093(*) .0375496 .000 .096898 .334520 
  C/GA 3/7 .2025233(*) .0375496 .000 .083712 .321334 
  C/GA 1/9 .3040973(*) .0375496 .000 .185286 .422908 
  GA .3633453(*) .0375496 .000 .244534 .482156 
C/GA 9/1 Chitosan -.1862433(*) .0375496 .001 -.305054 -.067432 
  C/GA 7/3 .0387800 .0392193 .952 -.085314 .162874 
  C/GA 5/5 .0294660 .0392193 .988 -.094628 .153560 
  C/GA 3/7 .0162800 .0392193 1.000 -.107814 .140374 
  C/GA 1/9 .1178540 .0392193 .071 -.006240 .241948 
  GA .1771020(*) .0392193 .002 .053008 .301196 
C/GA 7/3 Chitosan -.2250233(*) .0375496 .000 -.343834 -.106212 
  C/GA 9/1 -.0387800 .0392193 .952 -.162874 .085314 
  C/GA 5/5 -.0093140 .0392193 1.000 -.133408 .114780 
  C/GA 3/7 -.0225000 .0392193 .997 -.146594 .101594 
  C/GA 1/9 .0790740 .0392193 .427 -.045020 .203168 
  GA .1383220(*) .0392193 .021 .014228 .262416 
C/GA 5/5 Chitosan -.2157093(*) .0375496 .000 -.334520 -.096898 
  C/GA 9/1 -.0294660 .0392193 .988 -.153560 .094628 
  C/GA 7/3 .0093140 .0392193 1.000 -.114780 .133408 
  C/GA 3/7 -.0131860 .0392193 1.000 -.137280 .110908 
  C/GA 1/9 .0883880 .0392193 .300 -.035706 .212482 
  GA .1476360(*) .0392193 .012 .023542 .271730 
C/GA 3/7 Chitosan -.2025233(*) .0375496 .000 -.321334 -.083712 
  C/GA 9/1 -.0162800 .0392193 1.000 -.140374 .107814 
  C/GA 7/3 .0225000 .0392193 .997 -.101594 .146594 
  C/GA 5/5 .0131860 .0392193 1.000 -.110908 .137280 
  C/GA 1/9 .1015740 .0392193 .166 -.022520 .225668 
  GA .1608220(*) .0392193 .005 .036728 .284916 
C/GA 1/9 Chitosan -.3040973(*) .0375496 .000 -.422908 -.185286 
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  C/GA 9/1 -.1178540 .0392193 .071 -.241948 .006240 
  C/GA 7/3 -.0790740 .0392193 .427 -.203168 .045020 
  C/GA 5/5 -.0883880 .0392193 .300 -.212482 .035706 
  C/GA 3/7 -.1015740 .0392193 .166 -.225668 .022520 
  GA .0592480 .0392193 .736 -.064846 .183342 
GA Chitosan -.3633453(*) .0375496 .000 -.482156 -.244534 
  C/GA 9/1 -.1771020(*) .0392193 .002 -.301196 -.053008 
  C/GA 7/3 -.1383220(*) .0392193 .021 -.262416 -.014228 
  C/GA 5/5 -.1476360(*) .0392193 .012 -.271730 -.023542 
  C/GA 3/7 -.1608220(*) .0392193 .005 -.284916 -.036728 
  C/GA 1/9 -.0592480 .0392193 .736 -.183342 .064846 

*  The mean difference is significant at the .05 level. 
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3. C/GB 

ANOVA 
 
work3  

  Sum of Squares df Mean Square F Sig. 
Between Groups .614 6 .102 304.551 .000 
Within Groups .008 25 .000     
Total .623 31       

 

Multiple Comparisons 
 
Dependent Variable: work3  
Tukey HSD  

(I) group1 (J) group1 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan C/GB 9/1 .4218204(*) .0122996 .000 .382459 .461182 
  C/GB 7/3 .4197224(*) .0122996 .000 .380361 .459084 
  C/GB 5/5 .4153010(*) .0118353 .000 .377426 .453176 
  C/GB 3/7 .4184019(*) .0129649 .000 .376911 .459892 
  C/GB 1/9 .4199386(*) .0140037 .000 .375124 .464753 
  GB .4192593(*) .0122996 .000 .379898 .458621 
C/GB 9/1 Chitosan -.4218204(*) .0122996 .000 -.461182 -.382459 
  C/GB 7/3 -.0020980 .0115962 1.000 -.039208 .035012 
  C/GB 5/5 -.0065195 .0111025 .997 -.042050 .029011 
  C/GB 3/7 -.0034185 .0122996 1.000 -.042780 .035943 
  C/GB 1/9 -.0018819 .0133901 1.000 -.044733 .040969 
  GB -.0025612 .0115962 1.000 -.039671 .034549 
C/GB 7/3 Chitosan -.4197224(*) .0122996 .000 -.459084 -.380361 
  C/GB 9/1 .0020980 .0115962 1.000 -.035012 .039208 
  C/GB 5/5 -.0044214 .0111025 1.000 -.039952 .031109 
  C/GB 3/7 -.0013205 .0122996 1.000 -.040682 .038041 
  C/GB 1/9 .0002161 .0133901 1.000 -.042635 .043067 
  GB -.0004632 .0115962 1.000 -.037573 .036647 
C/GB 5/5 Chitosan -.4153010(*) .0118353 .000 -.453176 -.377426 
  C/GB 9/1 .0065195 .0111025 .997 -.029011 .042050 
  C/GB 7/3 .0044214 .0111025 1.000 -.031109 .039952 
  C/GB 3/7 .0031009 .0118353 1.000 -.034775 .040976 
  C/GB 1/9 .0046376 .0129649 1.000 -.036853 .046128 
  GB .0039583 .0111025 1.000 -.031572 .039489 
C/GB 3/7 Chitosan -.4184019(*) .0129649 .000 -.459892 -.376911 
  C/GB 9/1 .0034185 .0122996 1.000 -.035943 .042780 
  C/GB 7/3 .0013205 .0122996 1.000 -.038041 .040682 
  C/GB 5/5 -.0031009 .0118353 1.000 -.040976 .034775 
  C/GB 1/9 .0015366 .0140037 1.000 -.043278 .046351 
  GB .0008573 .0122996 1.000 -.038504 .040219 
C/GB 1/9 Chitosan -.4199386(*) .0140037 .000 -.464753 -.375124 
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  C/GB 9/1 .0018819 .0133901 1.000 -.040969 .044733 
  C/GB 7/3 -.0002161 .0133901 1.000 -.043067 .042635 
  C/GB 5/5 -.0046376 .0129649 1.000 -.046128 .036853 
  C/GB 3/7 -.0015366 .0140037 1.000 -.046351 .043278 
  GB -.0006793 .0133901 1.000 -.043530 .042172 
GB Chitosan -.4192593(*) .0122996 .000 -.458621 -.379898 
  C/GB 9/1 .0025612 .0115962 1.000 -.034549 .039671 
  C/GB 7/3 .0004632 .0115962 1.000 -.036647 .037573 
  C/GB 5/5 -.0039583 .0111025 1.000 -.039489 .031572 
  C/GB 3/7 -.0008573 .0122996 1.000 -.040219 .038504 
  C/GB 1/9 .0006793 .0133901 1.000 -.042172 .043530 

*  The mean difference is significant at the .05 level. 
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Appendix C 

Statistical Analysis Results of an in vitro cell adhesion assay to 

measure bioadhesion of mucoadhesive polymer 
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Oneway ANOVA of the relative cell adhesion of a single polymer  

1. Single polymer 

ANOVA 

r4 

 Sum of Squares df Mean Square F Sig. 

Between Groups 2460.374 4 615.093 6.071 .004 
Within Groups 1519.774 15 101.318   
Total 3980.148 19    

 
 

Multiple Comparisons 
r4 
Tukey HSD 

     

(I) g4 (J) g4 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

control chitosan -31.5745214* 7.1175225 .004 -53.552894 -9.596149 

PVP -7.5831365 7.1175225 .821 -29.561509 14.395236 

GA -12.2821234 7.1175225 .449 -34.260496 9.696249 

GB -22.3006365* 7.1175225 .046 -44.279009 -.322264 
chitosan control 31.5745214* 7.1175225 .004 9.596149 53.552894 

PVP 23.9913849* 7.1175225 .029 2.013013 45.969757 
GA 19.2923980 7.1175225 .099 -2.685974 41.270770 
GB 9.2738849 7.1175225 .694 -12.704487 31.252257 

PVP control 7.5831365 7.1175225 .821 -14.395236 29.561509 
chitosan -23.9913849* 7.1175225 .029 -45.969757 -2.013013 
GA -4.6989869 7.1175225 .962 -26.677359 17.279385 
GB -14.7175000 7.1175225 .283 -36.695872 7.260872 

GA control 12.2821234 7.1175225 .449 -9.696249 34.260496 
chitosan -19.2923980 7.1175225 .099 -41.270770 2.685974 
PVP 4.6989869 7.1175225 .962 -17.279385 26.677359 
GB -10.0185131 7.1175225 .632 -31.996885 11.959859 

GB control 22.3006365* 7.1175225 .046 .322264 44.279009 
chitosan -9.2738849 7.1175225 .694 -31.252257 12.704487 
PVP 14.7175000 7.1175225 .283 -7.260872 36.695872 
GA 10.0185131 7.1175225 .632 -11.959859 31.996885 

*. The mean difference is significant at the 0.05 level.   

 

 

 



 224 

 
Oneway ANOVA of the relative cell adhesion of a polymer blends 

1. C/PVP 

 
ANOVA 

r1 

 Sum of Squares df Mean Square F Sig. 

Between Groups 15318.351 7 2188.336 19.164 .000 
Within Groups 2740.545 24 114.189   
Total 18058.895 31    
 
 

Multiple Comparisons 
r1 
Tukey HSD 

     

(I) g1 (J) g1 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

control chitosan -31.5745214* 7.5561023 .007 -56.599674 -6.549369 

C/P 1/9 -14.7911443 7.5561023 .528 -39.816297 10.234008 

C/P 3/7 -47.8631365* 7.5561023 .000 -72.888289 -22.837984 

C/P 5/5 -70.5461440* 7.5561023 .000 -95.571296 -45.520992 

C/P 7/3 -34.4531365* 7.5561023 .003 -59.478289 -9.427984 

C/P 9/1 -13.9853832 7.5561023 .594 -39.010536 11.039769 

PVP -7.5831365 7.5561023 .969 -32.608289 17.442016 
chitosan control 31.5745214* 7.5561023 .007 6.549369 56.599674 

C/P 1/9 16.7833772 7.5561023 .375 -8.241775 41.808530 
C/P 3/7 -16.2886151 7.5561023 .411 -41.313768 8.736537 
C/P 5/5 -38.9716225* 7.5561023 .001 -63.996775 -13.946470 
C/P 7/3 -2.8786151 7.5561023 1.000 -27.903768 22.146537 
C/P 9/1 17.5891383 7.5561023 .320 -7.436014 42.614291 
PVP 23.9913849 7.5561023 .067 -1.033768 49.016537 

C/P 1/9 control 14.7911443 7.5561023 .528 -10.234008 39.816297 
chitosan -16.7833772 7.5561023 .375 -41.808530 8.241775 
C/P 3/7 -33.0719922* 7.5561023 .004 -58.097145 -8.046840 
C/P 5/5 -55.7549997* 7.5561023 .000 -80.780152 -30.729847 
C/P 7/3 -19.6619922 7.5561023 .203 -44.687145 5.363160 
C/P 9/1 .8057611 7.5561023 1.000 -24.219391 25.830914 
PVP 7.2080078 7.5561023 .977 -17.817145 32.233160 

C/P 3/7 control 47.8631365* 7.5561023 .000 22.837984 72.888289 
chitosan 16.2886151 7.5561023 .411 -8.736537 41.313768 
C/P 1/9 33.0719922* 7.5561023 .004 8.046840 58.097145 
C/P 5/5 -22.6830075 7.5561023 .096 -47.708160 2.342145 
C/P 7/3 13.4100000 7.5561023 .642 -11.615152 38.435152 
C/P 9/1 33.8777534* 7.5561023 .003 8.852601 58.902906 



 225 

PVP 40.2800000* 7.5561023 .000 15.254848 65.305152 
C/P 5/5 control 70.5461440* 7.5561023 .000 45.520992 95.571296 

chitosan 38.9716225* 7.5561023 .001 13.946470 63.996775 
C/P 1/9 55.7549997* 7.5561023 .000 30.729847 80.780152 
C/P 3/7 22.6830075 7.5561023 .096 -2.342145 47.708160 
C/P 7/3 36.0930075* 7.5561023 .002 11.067855 61.118160 
C/P 9/1 56.5607608* 7.5561023 .000 31.535608 81.585913 
PVP 62.9630075* 7.5561023 .000 37.937855 87.988160 

C/P 7/3 control 34.4531365* 7.5561023 .003 9.427984 59.478289 
chitosan 2.8786151 7.5561023 1.000 -22.146537 27.903768 
C/P 1/9 19.6619922 7.5561023 .203 -5.363160 44.687145 
C/P 3/7 -13.4100000 7.5561023 .642 -38.435152 11.615152 
C/P 5/5 -36.0930075* 7.5561023 .002 -61.118160 -11.067855 
C/P 9/1 20.4677534 7.5561023 .168 -4.557399 45.492906 
PVP 26.8700000* 7.5561023 .029 1.844848 51.895152 

C/P 9/1 control 13.9853832 7.5561023 .594 -11.039769 39.010536 
chitosan -17.5891383 7.5561023 .320 -42.614291 7.436014 
C/P 1/9 -.8057611 7.5561023 1.000 -25.830914 24.219391 
C/P 3/7 -33.8777534* 7.5561023 .003 -58.902906 -8.852601 
C/P 5/5 -56.5607608* 7.5561023 .000 -81.585913 -31.535608 
C/P 7/3 -20.4677534 7.5561023 .168 -45.492906 4.557399 
PVP 6.4022466 7.5561023 .988 -18.622906 31.427399 

PVP control 7.5831365 7.5561023 .969 -17.442016 32.608289 
chitosan -23.9913849 7.5561023 .067 -49.016537 1.033768 
C/P 1/9 -7.2080078 7.5561023 .977 -32.233160 17.817145 
C/P 3/7 -40.2800000* 7.5561023 .000 -65.305152 -15.254848 
C/P 5/5 -62.9630075* 7.5561023 .000 -87.988160 -37.937855 
C/P 7/3 -26.8700000* 7.5561023 .029 -51.895152 -1.844848 
C/P 9/1 -6.4022466 7.5561023 .988 -31.427399 18.622906 

*. The mean difference is significant at the 0.05 level.   
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2. C/GA 

 
ANOVA 

r2 

 Sum of Squares df Mean Square F Sig. 

Between Groups 23620.781 7 3374.397 26.997 .000 
Within Groups 2999.773 24 124.991   
Total 26620.553 31    
 
 

Multiple Comparisons 
r2 
Tukey HSD 

     

(I) g2 (J) g2 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

control chitosan -31.5745214* 7.9053947 .011 -57.756500 -5.392543 

C/GA 1/9 -57.4681365* 7.9053947 .000 -83.650115 -31.286158 

C/GA 3/7 -82.5392942* 7.9053947 .000 -108.721273 -56.357316 

C/GA 5/5 -54.4081365* 7.9053947 .000 -80.590115 -28.226158 

C/GA 7/3 -56.0852547* 7.9053947 .000 -82.267233 -29.903276 

C/GA 9/1 -9.7256365 7.9053947 .915 -35.907615 16.456342 

GA -12.2821234 7.9053947 .772 -38.464102 13.899855 
chitosan control 31.5745214* 7.9053947 .011 5.392543 57.756500 

C/GA 1/9 -25.8936151 7.9053947 .054 -52.075594 .288363 
C/GA 3/7 -50.9647728* 7.9053947 .000 -77.146751 -24.782794 
C/GA 5/5 -22.8336151 7.9053947 .120 -49.015594 3.348363 
C/GA 7/3 -24.5107333 7.9053947 .078 -50.692712 1.671245 
C/GA 9/1 21.8488849 7.9053947 .152 -4.333094 48.030863 
GA 19.2923980 7.9053947 .268 -6.889581 45.474377 

C/GA 1/9 control 57.4681365* 7.9053947 .000 31.286158 83.650115 
chitosan 25.8936151 7.9053947 .054 -.288363 52.075594 
C/GA 3/7 -25.0711577 7.9053947 .067 -51.253136 1.110821 
C/GA 5/5 3.0600000 7.9053947 1.000 -23.121979 29.241979 
C/GA 7/3 1.3828818 7.9053947 1.000 -24.799097 27.564860 
C/GA 9/1 47.7425000* 7.9053947 .000 21.560521 73.924479 
GA 45.1860131* 7.9053947 .000 19.004035 71.367992 

C/GA 3/7 control 82.5392942* 7.9053947 .000 56.357316 108.721273 
chitosan 50.9647728* 7.9053947 .000 24.782794 77.146751 
C/GA 1/9 25.0711577 7.9053947 .067 -1.110821 51.253136 
C/GA 5/5 28.1311577* 7.9053947 .029 1.949179 54.313136 
C/GA 7/3 26.4540395* 7.9053947 .046 .272061 52.636018 
C/GA 9/1 72.8136577* 7.9053947 .000 46.631679 98.995636 
GA 70.2571708* 7.9053947 .000 44.075192 96.439149 

C/GA 5/5 control 54.4081365* 7.9053947 .000 28.226158 80.590115 
chitosan 22.8336151 7.9053947 .120 -3.348363 49.015594 
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C/GA 1/9 -3.0600000 7.9053947 1.000 -29.241979 23.121979 
C/GA 3/7 -28.1311577* 7.9053947 .029 -54.313136 -1.949179 
C/GA 7/3 -1.6771182 7.9053947 1.000 -27.859097 24.504860 
C/GA 9/1 44.6825000* 7.9053947 .000 18.500521 70.864479 
GA 42.1260131* 7.9053947 .000 15.944035 68.307992 

C/GA 7/3 control 56.0852547* 7.9053947 .000 29.903276 82.267233 
chitosan 24.5107333 7.9053947 .078 -1.671245 50.692712 
C/GA 1/9 -1.3828818 7.9053947 1.000 -27.564860 24.799097 
C/GA 3/7 -26.4540395* 7.9053947 .046 -52.636018 -.272061 
C/GA 5/5 1.6771182 7.9053947 1.000 -24.504860 27.859097 
C/GA 9/1 46.3596182* 7.9053947 .000 20.177640 72.541597 
GA 43.8031313* 7.9053947 .000 17.621153 69.985110 

C/GA 9/1 control 9.7256365 7.9053947 .915 -16.456342 35.907615 
chitosan -21.8488849 7.9053947 .152 -48.030863 4.333094 
C/GA 1/9 -47.7425000* 7.9053947 .000 -73.924479 -21.560521 
C/GA 3/7 -72.8136577* 7.9053947 .000 -98.995636 -46.631679 
C/GA 5/5 -44.6825000* 7.9053947 .000 -70.864479 -18.500521 
C/GA 7/3 -46.3596182* 7.9053947 .000 -72.541597 -20.177640 
GA -2.5564869 7.9053947 1.000 -28.738465 23.625492 

GA control 12.2821234 7.9053947 .772 -13.899855 38.464102 
chitosan -19.2923980 7.9053947 .268 -45.474377 6.889581 
C/GA 1/9 -45.1860131* 7.9053947 .000 -71.367992 -19.004035 
C/GA 3/7 -70.2571708* 7.9053947 .000 -96.439149 -44.075192 
C/GA 5/5 -42.1260131* 7.9053947 .000 -68.307992 -15.944035 
C/GA 7/3 -43.8031313* 7.9053947 .000 -69.985110 -17.621153 
C/GA 9/1 2.5564869 7.9053947 1.000 -23.625492 28.738465 

*. The mean difference is significant at the 0.05 level.   
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3. C/GB 

 
ANOVA 

r3 

 Sum of Squares df Mean Square F Sig. 

Between Groups 11618.275 7 1659.754 6.710 .000 
Within Groups 5936.427 24 247.351   
Total 17554.703 31    
 
 

Multiple Comparisons 
r3 
Tukey HSD 

     

(I) g3 (J) g3 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

control chitosan -31.5745214 1.1120952 .132 -68.406145 5.257102 

C/GB 1/9 -27.8209284 1.1120952 .242 -64.652552 9.010695 

C/GB 3/7 -66.5256365* 1.1120952 .000 -103.357260 -29.694013 

C/GB 5/5 -56.3054247* 1.1120952 .001 -93.137048 -19.473801 

C/GB 7/3 -34.2556365 1.1120952 .081 -71.087260 2.575987 

C/GB 9/1 -37.8463091* 1.1120952 .041 -74.677932 -1.014686 

GB -22.3006365 1.1120952 .499 -59.132260 14.530987 
chitosan control 31.5745214 1.1120952 .132 -5.257102 68.406145 

C/GB 1/9 3.7535931 1.1120952 1.000 -33.078030 40.585216 
C/GB 3/7 -34.9511151 1.1120952 .072 -71.782738 1.880508 
C/GB 5/5 -24.7309033 1.1120952 .373 -61.562527 12.100720 
C/GB 7/3 -2.6811151 1.1120952 1.000 -39.512738 34.150508 
C/GB 9/1 -6.2717877 1.1120952 .999 -43.103411 30.559836 
GB 9.2738849 1.1120952 .989 -27.557738 46.105508 

C/GB 1/9 control 27.8209284 1.1120952 .242 -9.010695 64.652552 
chitosan -3.7535931 1.1120952 1.000 -40.585216 33.078030 
C/GB 3/7 -38.7047081* 1.1120952 .035 -75.536332 -1.873085 
C/GB 5/5 -28.4844964 1.1120952 .218 -65.316120 8.347127 
C/GB 7/3 -6.4347081 1.1120952 .999 -43.266332 30.396915 
C/GB 9/1 -10.0253807 1.1120952 .983 -46.857004 26.806243 
GB 5.5202919 1.1120952 1.000 -31.311332 42.351915 

C/GB 3/7 control 66.5256365* 1.1120952 .000 29.694013 103.357260 
chitosan 34.9511151 1.1120952 .072 -1.880508 71.782738 
C/GB 1/9 38.7047081* 1.1120952 .035 1.873085 75.536332 
C/GB 5/5 10.2202118 1.1120952 .981 -26.611412 47.051835 
C/GB 7/3 32.2700000 1.1120952 .117 -4.561623 69.101623 
C/GB 9/1 28.6793274 1.1120952 .212 -8.152296 65.510951 
GB 44.2250000* 1.1120952 .011 7.393377 81.056623 

C/GB 5/5 control 56.3054247* 1.1120952 .001 19.473801 93.137048 
chitosan 24.7309033 1.1120952 .373 -12.100720 61.562527 
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C/GB 1/9 28.4844964 1.1120952 .218 -8.347127 65.316120 
C/GB 3/7 -10.2202118 1.1120952 .981 -47.051835 26.611412 
C/GB 7/3 22.0497882 1.1120952 .513 -14.781835 58.881412 
C/GB 9/1 18.4591157 1.1120952 .711 -18.372508 55.290739 
GB 34.0047882 1.1120952 .085 -2.826835 70.836412 

C/GB 7/3 control 34.2556365 1.1120952 .081 -2.575987 71.087260 
chitosan 2.6811151 1.1120952 1.000 -34.150508 39.512738 
C/GB 1/9 6.4347081 1.1120952 .999 -30.396915 43.266332 
C/GB 3/7 -32.2700000 1.1120952 .117 -69.101623 4.561623 
C/GB 5/5 -22.0497882 1.1120952 .513 -58.881412 14.781835 
C/GB 9/1 -3.5906726 1.1120952 1.000 -40.422296 33.240951 
GB 11.9550000 1.1120952 .956 -24.876623 48.786623 

C/GB 9/1 control 37.8463091* 1.1120952 .041 1.014686 74.677932 
chitosan 6.2717877 1.1120952 .999 -30.559836 43.103411 
C/GB 1/9 10.0253807 1.1120952 .983 -26.806243 46.857004 
C/GB 3/7 -28.6793274 1.1120952 .212 -65.510951 8.152296 
C/GB 5/5 -18.4591157 1.1120952 .711 -55.290739 18.372508 
C/GB 7/3 3.5906726 1.1120952 1.000 -33.240951 40.422296 
GB 15.5456726 1.1120952 .849 -21.285951 52.377296 

GB control 22.3006365 1.1120952 .499 -14.530987 59.132260 
chitosan -9.2738849 1.1120952 .989 -46.105508 27.557738 
C/GB 1/9 -5.5202919 1.1120952 1.000 -42.351915 31.311332 
C/GB 3/7 -44.2250000* 1.1120952 .011 -81.056623 -7.393377 
C/GB 5/5 -34.0047882 1.1120952 .085 -70.836412 2.826835 
C/GB 7/3 -11.9550000 1.1120952 .956 -48.786623 24.876623 
C/GB 9/1 -15.5456726 1.1120952 .849 -52.377296 21.285951 

*. The mean difference is significant at the 0.05 level.   
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Appendix D 

Statistical analysis results of amoxicillin mucoadhesive bead 

preparation and properties 
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MANOVA  

1. MANOVA analysis of the swelling of dry beads 

General Linear Model 
 
Within-Subjects Factors 
Measure:MEASURE_1 

time 
Dependent 

Variable 
1 t0 
2 t30 
3 t60 
4 t90 
5 t120 
6 t180 
7 t240 

 
 

Between-Subjects Factors 

 Value Label N 
group 1 Bead 3 

2 Chitosan 3 
3 C/PVP 9/1 3 
4 C/PVP 7/3 3 
5 C/PVP 5/5 3 
6 C/PVP 3/7 3 
7 C/PVP 1/9 3 
8 PVP 3 

 
Multivariate Testsc 

Effect Value F Hypothesis df Error df Sig. 
time Pillai's Trace .999 2725.062a 6.000 11.000 .000 

Wilks' Lambda .001 2725.062a 6.000 11.000 .000 
Hotelling's Trace 1486.398 2725.062a 6.000 11.000 .000 
Roy's Largest Root 1486.398 2725.062a 6.000 11.000 .000 

time * group Pillai's Trace 2.947 2.206 42.000 96.000 .001 
Wilks' Lambda .001 3.949 42.000 55.047 .000 
Hotelling's Trace 29.041 6.454 42.000 56.000 .000 
Roy's Largest Root 21.415 48.948b 7.000 16.000 .000 

a. Exact statistic 
b. The statistic is an upper bound on F that yields a lower bound on the significance level. 
c. Design: Intercept + group  
 Within Subjects Design: time 
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Mauchly's Test of Sphericityb 
Measure:MEASURE_1 

Within 
Subjects Effect 

Mauchly's 
W 

Approx. Chi-
Square df Sig. 

Epsilona 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

time .008 66.344 20 .000 .462 .813 .167 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed 
dependent variables is proportional to an identity matrix. 
a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests 
are displayed in the Tests of Within-Subjects Effects table. 
b. Design: Intercept + group  
 Within Subjects Design: time 
 
 
 

Tests of Within-Subjects Effects 
Measure:MEASURE_1 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 
time Sphericity Assumed 21989045.901 6 3664840.984 4253.401 .000 

Greenhouse-
Geisser 

21989045.901 2.773 7930000.168 4253.401 .000 

Huynh-Feldt 21989045.901 4.880 4505870.760 4253.401 .000 
Lower-bound 21989045.901 1.000 21989045.901 4253.401 .000 

time * 
group 

Sphericity Assumed 319884.916 42 7616.308 8.839 .000 
Greenhouse-
Geisser 

319884.916 19.410 16480.202 8.839 .000 

Huynh-Feldt 319884.916 34.161 9364.144 8.839 .000 
Lower-bound 319884.916 7.000 45697.845 8.839 .000 

Error(time) Sphericity Assumed 82716.105 96 861.626   
Greenhouse-
Geisser 

82716.105 44.366 1864.391   
Huynh-Feldt 82716.105 78.081 1059.357   
Lower-bound 82716.105 16.000 5169.757   

 
 
 

Tests of Within-Subjects Contrasts 
Measure:MEASURE_1 
Source time Type III Sum of Squares df Mean Square F Sig. 
time Linear 21906369.827 1 21906369.827 13441.387 .000 

Quadratic 1992.111 1 1992.111 1.148 .300 
Cubic 52301.784 1 52301.784 167.165 .000 
Order 4 27458.573 1 27458.573 59.057 .000 
Order 5 921.431 1 921.431 5.498 .032 
Order 6 2.174 1 2.174 .003 .960 

time * group Linear 53063.356 7 7580.479 4.651 .005 
Quadratic 217918.725 7 31131.246 17.934 .000 
Cubic 22771.546 7 3253.078 10.397 .000 
Order 4 8064.101 7 1152.014 2.478 .063 
Order 5 9045.431 7 1292.204 7.711 .000 
Order 6 9021.756 7 1288.822 1.501 .236 

Error(time) Linear 26076.320 16 1629.770   
Quadratic 27774.391 16 1735.899   
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Cubic 5006.013 16 312.876   
Order 4 7439.238 16 464.952   
Order 5 2681.408 16 167.588   
Order 6 13738.733 16 858.671   

 
 

Tests of Between-Subjects Effects 
Measure:MEASURE_1 
Transformed Variable:Average 
Source Type III Sum of Squares df Mean Square F Sig. 

Intercept 46325571.784 1 46325571.784 5640.474 .000 
group 653596.318 7 93370.903 11.369 .000 
Error 131409.027 16 8213.064   

 
 
 
Post Hoc Tests 
 
group 

 
 

Multiple Comparisons 

MEASURE_1 

Tukey HSD 

(I) group (J) group Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Bead Chitosan -213.9490* 27.96778 .000 -310.7777 -117.1204 

C/PVP 9/1 -157.3133* 27.96778 .001 -254.1420 -60.4847 

C/PVP 7/3 -186.1633* 27.96778 .000 -282.9920 -89.3347 

C/PVP 5/5 -132.0762* 27.96778 .004 -228.9049 -35.2475 

C/PVP 3/7 -176.6557* 27.96778 .000 -273.4844 -79.8271 

C/PVP 1/9 -92.2186 27.96778 .068 -189.0472 4.6101 

PVP -135.5281* 27.96778 .003 -232.3568 -38.6994 

Chitosan Bead 213.9490* 27.96778 .000 117.1204 310.7777 

C/PVP 9/1 56.6357 27.96778 .496 -40.1929 153.4644 

C/PVP 7/3 27.7857 27.96778 .969 -69.0429 124.6144 

C/PVP 5/5 81.8729 27.96778 .131 -14.9558 178.7015 

C/PVP 3/7 37.2933 27.96778 .873 -59.5353 134.1220 

C/PVP 1/9 121.7305* 27.96778 .009 24.9018 218.5591 

PVP 78.4210 27.96778 .162 -18.4077 175.2496 

C/PVP 9/1 Bead 157.3133* 27.96778 .001 60.4847 254.1420 
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Chitosan -56.6357 27.96778 .496 -153.4644 40.1929 

C/PVP 7/3 -28.8500 27.96778 .962 -125.6787 67.9787 

C/PVP 5/5 25.2371 27.96778 .981 -71.5915 122.0658 

C/PVP 3/7 -19.3424 27.96778 .996 -116.1710 77.4863 

C/PVP 1/9 65.0948 27.96778 .337 -31.7339 161.9234 

PVP 21.7852 27.96778 .992 -75.0434 118.6139 

C/PVP 7/3 Bead 186.1633* 27.96778 .000 89.3347 282.9920 

Chitosan -27.7857 27.96778 .969 -124.6144 69.0429 

C/PVP 9/1 28.8500 27.96778 .962 -67.9787 125.6787 

C/PVP 5/5 54.0871 27.96778 .549 -42.7415 150.9158 

C/PVP 3/7 9.5076 27.96778 1.000 -87.3210 106.3363 

C/PVP 1/9 93.9448 27.96778 .061 -2.8839 190.7734 

PVP 50.6352 27.96778 .623 -46.1934 147.4639 

C/PVP 5/5 Bead 132.0762* 27.96778 .004 35.2475 228.9049 

Chitosan -81.8729 27.96778 .131 -178.7015 14.9558 

C/PVP 9/1 -25.2371 27.96778 .981 -122.0658 71.5915 

C/PVP 7/3 -54.0871 27.96778 .549 -150.9158 42.7415 

C/PVP 3/7 -44.5795 27.96778 .747 -141.4082 52.2491 

C/PVP 1/9 39.8576 27.96778 .833 -56.9710 136.6863 

PVP -3.4519 27.96778 1.000 -100.2806 93.3768 

C/PVP 3/7 Bead 176.6557* 27.96778 .000 79.8271 273.4844 

Chitosan -37.2933 27.96778 .873 -134.1220 59.5353 

C/PVP 9/1 19.3424 27.96778 .996 -77.4863 116.1710 

C/PVP 7/3 -9.5076 27.96778 1.000 -106.3363 87.3210 

C/PVP 5/5 44.5795 27.96778 .747 -52.2491 141.4082 

C/PVP 1/9 84.4371 27.96778 .112 -12.3915 181.2658 

PVP 41.1276 27.96778 .812 -55.7010 137.9563 

C/PVP 1/9 Bead 92.2186 27.96778 .068 -4.6101 189.0472 

Chitosan -121.7305* 27.96778 .009 -218.5591 -24.9018 

C/PVP 9/1 -65.0948 27.96778 .337 -161.9234 31.7339 

C/PVP 7/3 -93.9448 27.96778 .061 -190.7734 2.8839 

C/PVP 5/5 -39.8576 27.96778 .833 -136.6863 56.9710 

C/PVP 3/7 -84.4371 27.96778 .112 -181.2658 12.3915 

PVP -43.3095 27.96778 .772 -140.1382 53.5191 

PVP Bead 135.5281* 27.96778 .003 38.6994 232.3568 

Chitosan -78.4210 27.96778 .162 -175.2496 18.4077 

C/PVP 9/1 -21.7852 27.96778 .992 -118.6139 75.0434 

C/PVP 7/3 -50.6352 27.96778 .623 -147.4639 46.1934 
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C/PVP 5/5 3.4519 27.96778 1.000 -93.3768 100.2806 

C/PVP 3/7 -41.1276 27.96778 .812 -137.9563 55.7010 

C/PVP 1/9 43.3095 27.96778 .772 -53.5191 140.1382 

Based on observed means. 

 The error term is Mean Square(Error) = 1173.295. 

*. The mean difference is significant at the .05 level. 

 

 
 
Profile Plots 
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2. MANOVA analysis of the wash-off method 

General Linear Model 

Within-Subjects Factors 

Measure:MEASURE_1 

time 
Dependent 

Variable 
1 t0 
2 t30 
3 t60 
4 t90 
5 t120 
6 t150 
7 t180 

 

Between-Subjects Factors 
 Value Label N 

group 1 Bead 3 
2 Chitosan 3 
3 C/PVP 9/1 3 
4 C/PVP 7/3 3 
5 C/PVP 5/5 3 
6 C/PVP 3/7 3 
7 C/PVP 1/9 3 
8 PVP 3 

 
Multivariate Testsc 
Effect Value F Hypothesis df Error df Sig. 
time Pillai's Trace .954 38.173a 6.000 11.000 .000 

Wilks' Lambda .046 38.173a 6.000 11.000 .000 
Hotelling's Trace 20.822 38.173a 6.000 11.000 .000 
Roy's Largest Root 20.822 38.173a 6.000 11.000 .000 

time * group Pillai's Trace 2.092 1.224 42.000 96.000 .208 
Wilks' Lambda .017 1.823 42.000 55.047 .018 
Hotelling's Trace 12.047 2.677 42.000 56.000 .000 
Roy's Largest Root 9.019 20.615b 7.000 16.000 .000 

a. Exact statistic 
b. The statistic is an upper bound on F that yields a lower bound on the significance level. 
c. Design: Intercept + group  
 Within Subjects Design: time 
 
 
 
Mauchly's Test of Sphericityb 
Measure:MEASURE_1 

Within Subjects 
Effect Mauchly's W 

Approx. Chi-
Square df Sig. 

Epsilona 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

time .014 58.954 20 .000 .495 .885 .167 
Tests for the null hypothesis that the error covariance matrix of the orthonormalized transformed 
dependent variables is proportional to an identity matrix. 
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Mauchly's Test of Sphericityb 
Measure:MEASURE_1 

Within Subjects 
Effect Mauchly's W 

Approx. Chi-
Square df Sig. 

Epsilona 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

time .014 58.954 20 .000 .495 .885 .167 
Tests for the null hypothesis that the error covariance matrix of the orthonormalized transformed 
dependent variables is proportional to an identity matrix. 
a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests 
are displayed in the Tests of Within-Subjects Effects table. 
b. Design: Intercept + group  
 Within Subjects Design: time 
 
 
 
Tests of Within-Subjects Effects 
Measure:MEASURE_1 
Source Type III Sum of Squares df Mean Square F Sig. 
time Sphericity Assumed 17161.905 6 2860.317 105.184 .000 

Greenhouse-Geisser 17161.905 2.968 5782.458 105.184 .000 
Huynh-Feldt 17161.905 5.312 3230.601 105.184 .000 
Lower-bound 17161.905 1.000 17161.905 105.184 .000 

time * group Sphericity Assumed 8056.085 42 191.812 7.054 .000 
Greenhouse-Geisser 8056.085 20.775 387.769 7.054 .000 
Huynh-Feldt 8056.085 37.186 216.643 7.054 .000 
Lower-bound 8056.085 7.000 1150.869 7.054 .001 

Error(time) Sphericity Assumed 2610.582 96 27.194   
Greenhouse-Geisser 2610.582 47.487 54.975   
Huynh-Feldt 2610.582 84.997 30.714   
Lower-bound 2610.582 16.000 163.161   

 
 
 
Tests of Within-Subjects Contrasts 
Measure:MEASURE_1 
Source time Type III Sum of Squares df Mean Square F Sig. 
time Linear 17000.595 1 17000.595 228.437 .000 

Quadratic 4.321 1 4.321 .125 .728 
Cubic 142.670 1 142.670 4.488 .050 
Order 4 1.326 1 1.326 .135 .718 
Order 5 3.726 1 3.726 .401 .536 
Order 6 9.267 1 9.267 2.748 .117 

time * group Linear 5895.966 7 842.281 11.318 .000 
Quadratic 1534.392 7 219.199 6.356 .001 
Cubic 520.910 7 74.416 2.341 .075 
Order 4 69.165 7 9.881 1.009 .461 
Order 5 26.874 7 3.839 .413 .880 
Order 6 8.778 7 1.254 .372 .906 

Error(time) Linear 1190.741 16 74.421   
Quadratic 551.764 16 34.485   
Cubic 508.642 16 31.790   
Order 4 156.710 16 9.794   
Order 5 148.765 16 9.298   
Order 6 53.960 16 3.373   
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Tests of Between-Subjects Effects 
Measure:MEASURE_1 
Transformed Variable:Average 
Source Type III Sum of Squares df Mean Square F Sig. 
Intercept 1191800.595 1 1191800.595 3706.299 .000 
group 34925.860 7 4989.409 15.516 .000 
Error 5144.974 16 321.561   
 
 
 
Post Hoc Tests 

Multiple Comparisons 

MEASURE_1 

Tukey HSD 

(I) group (J) group Mean Difference (I-J) Std. Error Sig. 
95% Confidence Interval 

Lower Bound Upper Bound 
Bead Chitosan -39.6825* 5.53397 .000 -58.8420 -20.5231 

C/PVP 9/1 -40.3175* 5.53397 .000 -59.4769 -21.1580 
C/PVP 7/3 -46.6667* 5.53397 .000 -65.8261 -27.5072 
C/PVP 5/5 -47.1429* 5.53397 .000 -66.3023 -27.9834 
C/PVP 3/7 -37.9365* 5.53397 .000 -57.0960 -18.7771 
C/PVP 1/9 -45.5556* 5.53397 .000 -64.7150 -26.3961 
PVP -39.3651* 5.53397 .000 -58.5245 -20.2056 

Chitosan Bead 39.6825* 5.53397 .000 20.5231 58.8420 
C/PVP 9/1 -.6349 5.53397 1.000 -19.7944 18.5245 
C/PVP 7/3 -6.9841 5.53397 .900 -26.1436 12.1753 
C/PVP 5/5 -7.4603 5.53397 .867 -26.6198 11.6991 
C/PVP 3/7 1.7460 5.53397 1.000 -17.4134 20.9055 
C/PVP 1/9 -5.8730 5.53397 .956 -25.0325 13.2864 
PVP .3175 5.53397 1.000 -18.8420 19.4769 

C/PVP 9/1 Bead 40.3175* 5.53397 .000 21.1580 59.4769 
Chitosan .6349 5.53397 1.000 -18.5245 19.7944 
C/PVP 7/3 -6.3492 5.53397 .936 -25.5087 12.8102 
C/PVP 5/5 -6.8254 5.53397 .910 -25.9848 12.3340 
C/PVP 3/7 2.3810 5.53397 1.000 -16.7785 21.5404 
C/PVP 1/9 -5.2381 5.53397 .976 -24.3975 13.9213 
PVP .9524 5.53397 1.000 -18.2071 20.1118 

C/PVP 7/3 Bead 46.6667* 5.53397 .000 27.5072 65.8261 
Chitosan 6.9841 5.53397 .900 -12.1753 26.1436 
C/PVP 9/1 6.3492 5.53397 .936 -12.8102 25.5087 
C/PVP 5/5 -.4762 5.53397 1.000 -19.6356 18.6833 
C/PVP 3/7 8.7302 5.53397 .756 -10.4293 27.8896 
C/PVP 1/9 1.1111 5.53397 1.000 -18.0483 20.2706 
PVP 7.3016 5.53397 .879 -11.8579 26.4610 

C/PVP 5/5 Bead 47.1429* 5.53397 .000 27.9834 66.3023 
Chitosan 7.4603 5.53397 .867 -11.6991 26.6198 
C/PVP 9/1 6.8254 5.53397 .910 -12.3340 25.9848 
C/PVP 7/3 .4762 5.53397 1.000 -18.6833 19.6356 
C/PVP 3/7 9.2063 5.53397 .708 -9.9531 28.3658 
C/PVP 1/9 1.5873 5.53397 1.000 -17.5721 20.7467 
PVP 7.7778 5.53397 .842 -11.3817 26.9372 

C/PVP 3/7 Bead 37.9365* 5.53397 .000 18.7771 57.0960 
Chitosan -1.7460 5.53397 1.000 -20.9055 17.4134 
C/PVP 9/1 -2.3810 5.53397 1.000 -21.5404 16.7785 
C/PVP 7/3 -8.7302 5.53397 .756 -27.8896 10.4293 
C/PVP 5/5 -9.2063 5.53397 .708 -28.3658 9.9531 
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C/PVP 1/9 -7.6190 5.53397 .855 -26.7785 11.5404 
PVP -1.4286 5.53397 1.000 -20.5880 17.7309 

C/PVP 1/9 Bead 45.5556* 5.53397 .000 26.3961 64.7150 
Chitosan 5.8730 5.53397 .956 -13.2864 25.0325 
C/PVP 9/1 5.2381 5.53397 .976 -13.9213 24.3975 
C/PVP 7/3 -1.1111 5.53397 1.000 -20.2706 18.0483 
C/PVP 5/5 -1.5873 5.53397 1.000 -20.7467 17.5721 
C/PVP 3/7 7.6190 5.53397 .855 -11.5404 26.7785 
PVP 6.1905 5.53397 .943 -12.9690 25.3499 

PVP Bead 39.3651* 5.53397 .000 20.2056 58.5245 
Chitosan -.3175 5.53397 1.000 -19.4769 18.8420 
C/PVP 9/1 -.9524 5.53397 1.000 -20.1118 18.2071 
C/PVP 7/3 -7.3016 5.53397 .879 -26.4610 11.8579 
C/PVP 5/5 -7.7778 5.53397 .842 -26.9372 11.3817 
C/PVP 3/7 1.4286 5.53397 1.000 -17.7309 20.5880 
C/PVP 1/9 -6.1905 5.53397 .943 -25.3499 12.9690 

Based on observed means. 
 The error term is Mean Square(Error) = 45.937. 
*. The mean difference is significant at the .05 level. 
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ANOVA 

1. ANOVA analysis of the percentage weight change of the AMX beads at t=30 

minutes 

Oneway 

ANOVA 
t30 
 Sum of Squares df Mean Square F Sig. 
Between Groups 121,757.495 7 17,393.928 34.206 .000 
Within Groups 8,136.084 16 508.505   
Total 129,893.579 23    

 
Post Hoc Tests 
 
Multiple Comparisons 
Dependent Variable: t30  
Dunnett t (2-sided) 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan Bead 227.53333* 18.41205 .000 173.6999 281.3668 
C/PVP 9/1 Bead 150.92667* 18.41205 .000 97.0932 204.7601 
C/PVP 7/3 Bead 158.70000* 18.41205 .000 104.8666 212.5334 
C/PVP 5/5 Bead 95.28000* 18.41205 .001 41.4466 149.1134 
C/PVP 3/7 Bead 102.60333* 18.41205 .000 48.7699 156.4368 
C/PVP 1/9 Bead 40.00333 18.41205 .197 -13.8301 93.8368 
PVP Bead 31.74333 18.41205 .395 -22.0901 85.5768 
*. The mean difference is significant at the 0.05 level. 
a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 
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2. ANOVA analysis of the percentage weight change of the AMX beads at t=60 

minutes 

Oneway 

ANOVA 
t60 
 Sum of Squares df Mean Square F Sig. 
Between Groups 278,914.348 7 39,844.907 22.660 .000 
Within Groups 28,134.374 16 1,758.398   
Total 307,048.721 23    

 
Post Hoc Tests 
Multiple Comparisons 
Dependent Variable: t60  
Dunnett t (2-sided) 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan Bead 362.39667* 34.23836 .000 262.2900 462.5033 
C/PVP 9/1 Bead 279.78000* 34.23836 .000 179.6733 379.8867 
C/PVP 7/3 Bead 301.84333* 34.23836 .000 201.7367 401.9500 
C/PVP 5/5 Bead 237.55667* 34.23836 .000 137.4500 337.6633 
C/PVP 3/7 Bead 279.39333* 34.23836 .000 179.2867 379.5000 
C/PVP 1/9 Bead 131.96000* 34.23836 .008 31.8533 232.0667 
PVP Bead 170.63000* 34.23836 .001 70.5233 270.7367 
*. The mean difference is significant at the 0.05 level. 
a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 
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3. ANOVA analysis of the percentage weight change of the AMX beads at t=90 

minutes 

Oneway 

ANOVA 
t90 
 Sum of Squares df Mean Square F Sig. 
Between Groups 259,902.845 7 37,128.978 8.062 .000 
Within Groups 73,691.388 16 4,605.712   
Total 333,594.233 23    

 
 
Post Hoc Tests 

Multiple Comparisons 

Dependent Variable: t90  

 Dunnett t (2-sided) 

(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Chitosan Bead 342.30333* 55.41186 .000 180.2892 504.3174 

C/PVP 9/1 Bead 258.07000* 55.41186 .002 96.0559 420.0841 

C/PVP 7/3 Bead 305.90000* 55.41186 .000 143.8859 467.9141 

C/PVP 5/5 Bead 171.41667* 55.41186 .036 9.4026 333.4308 

C/PVP 3/7 Bead 298.14333* 55.41186 .000 136.1292 460.1574 

C/PVP 1/9 Bead 142.33333 55.41186 .098 -19.6808 304.3474 

PVP Bead 212.43333* 55.41186 .008 50.4192 374.4474 

*. The mean difference is significant at the 0.05 level. 

a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 
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4. ANOVA analysis of the percentage weight change of AMX beads at t=120 

minutes 

Oneway 

ANOVA 
t120 
 Sum of Squares df Mean Square F Sig. 
Between Groups 187,850.443 7 26,835.778 9.702 .000 
Within Groups 44,258.196 16 2,766.137   
Total 232,108.638 23    

 
Post Hoc Tests 
Multiple Comparisons 
Dependent Variable: t120  
 Dunnett t (2-sided) 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan Bead 324.35333* 42.94289 .000 198.7962 449.9104 
C/PVP 9/1 Bead 208.96667* 42.94289 .001 83.4096 334.5238 
C/PVP 7/3 Bead 247.30000* 42.94289 .000 121.7429 372.8571 
C/PVP 5/5 Bead 193.81333* 42.94289 .002 68.2562 319.3704 
C/PVP 3/7 Bead 229.63667* 42.94289 .000 104.0796 355.1938 
C/PVP 1/9 Bead 133.19667* 42.94289 .035 7.6396 258.7538 
PVP Bead 195.61000* 42.94289 .002 70.0529 321.1671 
*. The mean difference is significant at the 0.05 level. 
a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 
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5. ANOVA analysis of the percentage weight change of the AMX beads at t=180 

minutes 

Oneway 

ANOVA 
t180 
 Sum of Squares df Mean Square F Sig. 
Between Groups 73,584.115 7 10,512.016 5.035 .004 
Within Groups 33,401.392 16 2,087.587   
Total 106,985.507 23    

 
Post Hoc Tests 
Multiple Comparisons 
Dependent Variable: t180  
 Dunnett t (2-sided) 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan Bead 153.24333* 37.30583 .005 44.1680 262.3187 
C/PVP 9/1 Bead 121.26667* 37.30583 .026 12.1913 230.3420 
C/PVP 7/3 Bead 166.39333* 37.30583 .002 57.3180 275.4687 
C/PVP 5/5 Bead 129.81667* 37.30583 .017 20.7413 238.8920 
C/PVP 3/7 Bead 186.19667* 37.30583 .001 77.1213 295.2720 
C/PVP 1/9 Bead 100.94000 37.30583 .076 -8.1354 210.0154 
PVP Bead 171.22333* 37.30583 .002 62.1480 280.2987 
*. The mean difference is significant at the 0.05 level. 
a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 
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6. ANOVA analysis of the percentage weight change of the AMX beads at t=240 

minutes 

Oneway 

ANOVA 
t240 
 Sum of Squares df Mean Square F Sig. 
Between Groups 51,471.989 7 7,353.141 4.439 .006 
Within Groups 26,503.698 16 1,656.481   
Total 77,975.687 23    
 
 
Post Hoc Tests 
Multiple Comparisons 
Dependent Variable: t240  
 Dunnett t (2-sided) 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan Bead 87.81333 33.23132 .085 -9.3489 184.9756 
C/PVP 9/1 Bead 82.18333 33.23132 .116 -14.9789 179.3456 
C/PVP 7/3 Bead 123.00667* 33.23132 .011 25.8444 220.1689 
C/PVP 5/5 Bead 96.65000 33.23132 .052 -.5123 193.8123 
C/PVP 3/7 Bead 140.61667* 33.23132 .004 43.4544 237.7789 
C/PVP 1/9 Bead 97.09667 33.23132 .050 -.0656 194.2589 
PVP Bead 167.05667* 33.23132 .001 69.8944 264.2189 
*. The mean difference is significant at the 0.05 level. 
a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 
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7. ANOVA analysis of the percentage beads remaining of the AMX bead at t=30 

minutes 

Oneway 

ANOVA 
t30 
 Sum of Squares df Mean Square F Sig. 
Between Groups 2,751.389 7 393.056 8.663 .000 
Within Groups 725.926 16 45.370   
Total 3,477.315 23    

 
 
Post Hoc Tests 
Multiple Comparisons 
Dependent Variable: t30  
 Dunnett t (2-sided) 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan Bead 33.33333* 5.49972 .000 17.2532 49.4135 
C/PVP 9/1 Bead 32.22222* 5.49972 .000 16.1421 48.3024 
C/PVP 7/3 Bead 33.33333* 5.49972 .000 17.2532 49.4135 
C/PVP 5/5 Bead 33.33333* 5.49972 .000 17.2532 49.4135 
C/PVP 3/7 Bead 28.88889* 5.49972 .000 12.8087 44.9691 
C/PVP 1/9 Bead 33.33333* 5.49972 .000 17.2532 49.4135 
PVP Bead 28.88889* 5.49972 .000 12.8087 44.9691 
*. The mean difference is significant at the 0.05 level. 
a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 

 
 
 
 

 

 

 

 

 

 

 

 

 



 247 

8. ANOVA analysis of the percentage beads remaining of the AMX bead at t=60 

minutes 

Oneway 

ANOVA 
t60 
 Sum of Squares df Mean Square F Sig. 
Between Groups 6,199.537 7 885.648 10.285 .000 
Within Groups 1,377.778 16 86.111   
Total 7,577.315 23    

 
 
Post Hoc Tests 
Multiple Comparisons 
Dependent Variable: t60  
 Dunnett t (2-sided) 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan Bead 47.77778* 7.57677 .000 25.6247 69.9309 
C/PVP 9/1 Bead 47.77778* 7.57677 .000 25.6247 69.9309 
C/PVP 7/3 Bead 51.11111* 7.57677 .000 28.9580 73.2642 
C/PVP 5/5 Bead 50.00000* 7.57677 .000 27.8469 72.1531 
C/PVP 3/7 Bead 42.22222* 7.57677 .000 20.0691 64.3753 
C/PVP 1/9 Bead 51.11111* 7.57677 .000 28.9580 73.2642 
PVP Bead 44.44444* 7.57677 .000 22.2914 66.5975 
*. The mean difference is significant at the 0.05 level. 
a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 
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9. ANOVA analysis of percentage beads remaining of the AMX beads at t=90 

minutes 

Oneway 

ANOVA 
t90 
 Sum of Squares df Mean Square F Sig. 
Between Groups 7,148.148 7 1,021.164 15.983 .000 
Within Groups 1,022.222 16 63.889   
Total 8,170.370 23    

 
 
Post Hoc Tests 
Multiple Comparisons 
Dependent Variable: t90  
 Dunnett t (2-sided) 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan Bead 50.00000* 6.52630 .000 30.9183 69.0817 
C/PVP 9/1 Bead 52.22222* 6.52630 .000 33.1405 71.3039 
C/PVP 7/3 Bead 54.44444* 6.52630 .000 35.3627 73.5261 
C/PVP 5/5 Bead 53.33333* 6.52630 .000 34.2516 72.4150 
C/PVP 3/7 Bead 46.66667* 6.52630 .000 27.5850 65.7484 
C/PVP 1/9 Bead 55.55556* 6.52630 .000 36.4739 74.6373 
PVP Bead 47.77778* 6.52630 .000 28.6961 66.8595 
*. The mean difference is significant at the 0.05 level. 
a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 
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10. ANOVA analysis of the percentage beads remaining of the AMX beads at 

t=120 minutes 

Oneway 

ANOVA 
t120 
 Sum of Squares df Mean Square F Sig. 
Between Groups 7,338.889 7 1,048.413 13.015 .000 
Within Groups 1,288.889 16 80.556   
Total 8,627.778 23    

 
 
Post Hoc Tests 
Multiple Comparisons 
Dependent Variable: t120  
 Dunnett t (2-sided) 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan Bead 48.88889* 7.32828 .000 27.4623 70.3154 
C/PVP 9/1 Bead 48.88889* 7.32828 .000 27.4623 70.3154 
C/PVP 7/3 Bead 57.77778* 7.32828 .000 36.3512 79.2043 
C/PVP 5/5 Bead 56.66667* 7.32828 .000 35.2401 78.0932 
C/PVP 3/7 Bead 48.88889* 7.32828 .000 27.4623 70.3154 
C/PVP 1/9 Bead 53.33333* 7.32828 .000 31.9068 74.7599 
PVP Bead 47.77778* 7.32828 .000 26.3512 69.2043 
*. The mean difference is significant at the 0.05 level. 
a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 
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11. ANOVA analysis of the percentage  beads remaining of the AMX beads at 

t=150 minutes 

Oneway 

ANOVA 
t150 
 Sum of Squares df Mean Square F Sig. 
Between Groups 9,029.630 7 1,289.947 11.101 .000 
Within Groups 1,859.259 16 116.204   
Total 10,888.889 23    

 
Post Hoc Tests 
Multiple Comparisons 
Dependent Variable: t150  
 Dunnett t (2-sided) 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan Bead 48.88889* 8.80166 .000 23.1545 74.6233 
C/PVP 9/1 Bead 48.88889* 8.80166 .000 23.1545 74.6233 
C/PVP 7/3 Bead 64.44444* 8.80166 .000 38.7100 90.1789 
C/PVP 5/5 Bead 65.55556* 8.80166 .000 39.8211 91.2900 
C/PVP 3/7 Bead 50.00000* 8.80166 .000 24.2656 75.7344 
C/PVP 1/9 Bead 58.88889* 8.80166 .000 33.1545 84.6233 
PVP Bead 50.00000* 8.80166 .000 24.2656 75.7344 
*. The mean difference is significant at the 0.05 level. 
a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 
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12. ANOVA analysis of percentage bead remaining of AMX bead at t=180 

minutes 

Oneway 

ANOVA 
t180 
 Sum of Squares df Mean Square F Sig. 
Between Groups 10,514.352 7 1,502.050 16.222 .000 
Within Groups 1,481.481 16 92.593   
Total 11,995.833 23    

 
Post Hoc Tests 
Multiple Comparisons 
Dependent Variable: t180  
 Dunnett t (2-sided) 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Chitosan Bead 48.88889* 7.85674 .000 25.9172 71.8606 
C/PVP 9/1 Bead 52.22222* 7.85674 .000 29.2506 75.1939 
C/PVP 7/3 Bead 65.55556* 7.85674 .000 42.5839 88.5272 
C/PVP 5/5 Bead 71.11111* 7.85674 .000 48.1394 94.0828 
C/PVP 3/7 Bead 48.88889* 7.85674 .000 25.9172 71.8606 
C/PVP 1/9 Bead 66.66667* 7.85674 .000 43.6950 89.6383 
PVP Bead 56.66667* 7.85674 .000 33.6950 79.6383 
*. The mean difference is significant at the 0.05 level. 
a. Dunnett t-tests treat one group as a control, and compare all other groups against it. 
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Appendix E 

Statistical analysis results of drug release study of amoxicillin from 

alginate beads 
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MANOVA  

1. MANOVA analysis of AMX bead dissolution profiles 

General Linear Model 
 
 
Within-Subjects Factors 
Measure: MEASURE_1 

factor1 Dependent Variable 
1 t0 
2 t6 
3 t12 
4 t18 
5 t24 
6 t30 
7 t40 
8 t60 
9 t90 

10 t120 
11 t180 

 
 
 
Between-Subjects Factors 
 Value Label N 
group 1 Bead 3 

2 Chitosan 3 
3 C/PVP 9/1 3 
4 C/PVP 7/3 3 
5 C/PVP 5/5 3 
6 C/PVP 3/7 3 
7 C/PVP 1/9 3 
8 PVP 3 

 
 
 
Multivariate Testsa 
Effect Value F Hypothesis df Error df Sig. 
factor1 Pillai's Trace 1.000 4,120.402b 10.000 7.000 .000 

Wilks' Lambda .000 4,120.402b 10.000 7.000 .000 
Hotelling's Trace 5,886.288 4,120.402b 10.000 7.000 .000 
Roy's Largest Root 5,886.288 4,120.402b 10.000 7.000 .000 

factor1 * group Pillai's Trace 3.852 1.591 70.000 91.000 .019 
Wilks' Lambda .000 1.987 70.000 47.633 .007 
Hotelling's Trace 26.548 2.005 70.000 37.000 .011 
Roy's Largest Root 12.377 16.091c 10.000 13.000 .000 

a. Design: Intercept + group  
 Within Subjects Design: factor1 
b. Exact statistic 
c. The statistic is an upper bound on F that yields a lower bound on the significance level. 
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Mauchly's Test of Sphericitya 
Measure: MEASURE_1 
Within Subjects 
Effect 

Mauchly's W Approx. Chi-
Square 

df Sig. Epsilonb 
Greenhouse-
Geisser 

Huynh-
Feldt 

Lower-
bound 

factor1 .000 170.720 54 .000 .282 .499 .100 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent 
variables is proportional to an identity matrix. 
a. Design: Intercept + group  
 Within Subjects Design: factor1 
b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests 
are displayed in the Tests of Within-Subjects Effects table. 

 

Tests of Within-Subjects Effects 

Measure: MEASURE_1 
Source Type III Sum of Squares df Mean Square F Sig. 
factor1 Sphericity Assumed 382323.159 10 38232.316 15,457.643 .000 

Greenhouse-Geisser 382323.159 2.823 135448.771 15,457.643 .000 
Huynh-Feldt 382323.159 4.989 76631.453 15,457.643 .000 
Lower-bound 382323.159 1.000 382323.159 15,457.643 .000 

factor1 * group Sphericity Assumed 970.080 70 13.858 5.603 .000 
Greenhouse-Geisser 970.080 19.758 49.097 5.603 .000 
Huynh-Feldt 970.080 34.924 27.777 5.603 .000 
Lower-bound 970.080 7.000 138.583 5.603 .002 

Error(factor1) Sphericity Assumed 395.738 160 2.473   
Greenhouse-Geisser 395.738 45.162 8.763   
Huynh-Feldt 395.738 79.826 4.958   
Lower-bound 395.738 16.000 24.734   

 

Tests of Within-Subjects Contrasts 

Measure: MEASURE_1 
Source factor1 Type III Sum of Squares df Mean Square F Sig. 
factor1 Linear 351617.633 1 351617.633 36,930.766 .000 

Quadratic 28465.988 1 28465.988 3,982.015 .000 
Cubic 16.795 1 16.795 5.804 .028 
Order 4 1351.382 1 1351.382 773.267 .000 
Order 5 471.880 1 471.880 688.293 .000 
Order 6 101.629 1 101.629 268.824 .000 
Order 7 283.058 1 283.058 326.447 .000 
Order 8 11.266 1 11.266 24.107 .000 
Order 9 3.397 1 3.397 7.170 .017 
Order 10 .132 1 .132 .239 .632 

factor1 * group Linear 339.425 7 48.489 5.093 .003 
Quadratic 528.520 7 75.503 10.562 .000 
Cubic 49.641 7 7.092 2.451 .065 
Order 4 21.347 7 3.050 1.745 .169 
Order 5 9.074 7 1.296 1.891 .138 
Order 6 7.633 7 1.090 2.884 .038 
Order 7 5.961 7 .852 .982 .477 
Order 8 4.219 7 .603 1.290 .316 
Order 9 2.723 7 .389 .821 .584 
Order 10 1.537 7 .220 .399 .889 

Error(factor1) Linear 152.336 16 9.521   
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Quadratic 114.378 16 7.149   
Cubic 46.303 16 2.894   
Order 4 27.962 16 1.748   
Order 5 10.969 16 .686   
Order 6 6.049 16 .378   
Order 7 13.873 16 .867   
Order 8 7.477 16 .467   
Order 9 7.580 16 .474   
Order 10 8.809 16 .551   

 

 
Tests of Between-Subjects Effects 
Measure: MEASURE_1  
 Transformed Variable: Average 
Source Type III Sum of 

Squares 
df Mean Square F Sig. 

Intercept 448384.054 1 448384.054 8,796.682 .000 
group 1517.515 7 216.788 4.253 .008 
Error 815.551 16 50.972   

 
 
Post Hoc Tests 
group 

 
Multiple Comparisons 
Measure: MEASURE_1  
 Tukey HSD 

(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 
Lower Bound Upper Bound 

Bead Chitosan 3.6202 1.75761 .477 -2.4649 9.7053 
C/PVP 9/1 6.4597* 1.75761 .033 .3746 12.5448 
C/PVP 7/3 2.8173 1.75761 .743 -3.2678 8.9024 
C/PVP 5/5 1.8986 1.75761 .952 -4.1865 7.9838 
C/PVP 3/7 2.0353 1.75761 .933 -4.0498 8.1205 
C/PVP 1/9 1.7713 1.75761 .966 -4.3139 7.8564 
PVP -2.3300 1.75761 .876 -8.4151 3.7552 

Chitosan Bead -3.6202 1.75761 .477 -9.7053 2.4649 
C/PVP 9/1 2.8395 1.75761 .736 -3.2456 8.9246 
C/PVP 7/3 -.8029 1.75761 1.000 -6.8880 5.2822 
C/PVP 5/5 -1.7216 1.75761 .971 -7.8067 4.3635 
C/PVP 3/7 -1.5849 1.75761 .982 -7.6700 4.5002 
C/PVP 1/9 -1.8489 1.75761 .958 -7.9341 4.2362 
PVP -5.9502 1.75761 .058 -12.0353 .1349 

C/PVP 9/1 Bead -6.4597* 1.75761 .033 -12.5448 -.3746 
Chitosan -2.8395 1.75761 .736 -8.9246 3.2456 
C/PVP 7/3 -3.6424 1.75761 .469 -9.7275 2.4427 
C/PVP 5/5 -4.5611 1.75761 .227 -10.6462 1.5241 
C/PVP 3/7 -4.4244 1.75761 .256 -10.5095 1.6608 
C/PVP 1/9 -4.6884 1.75761 .202 -10.7736 1.3967 
PVP -8.7897* 1.75761 .003 -14.8748 -2.7045 

C/PVP 7/3 Bead -2.8173 1.75761 .743 -8.9024 3.2678 
Chitosan .8029 1.75761 1.000 -5.2822 6.8880 
C/PVP 9/1 3.6424 1.75761 .469 -2.4427 9.7275 
C/PVP 5/5 -.9187 1.75761 .999 -7.0038 5.1664 
C/PVP 3/7 -.7820 1.75761 1.000 -6.8671 5.3031 
C/PVP 1/9 -1.0460 1.75761 .998 -7.1312 5.0391 
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PVP -5.1473 1.75761 .131 -11.2324 .9378 
C/PVP 5/5 Bead -1.8986 1.75761 .952 -7.9838 4.1865 

Chitosan 1.7216 1.75761 .971 -4.3635 7.8067 
C/PVP 9/1 4.5611 1.75761 .227 -1.5241 10.6462 
C/PVP 7/3 .9187 1.75761 .999 -5.1664 7.0038 
C/PVP 3/7 .1367 1.75761 1.000 -5.9484 6.2218 
C/PVP 1/9 -.1274 1.75761 1.000 -6.2125 5.9578 
PVP -4.2286 1.75761 .302 -10.3137 1.8565 

C/PVP 3/7 Bead -2.0353 1.75761 .933 -8.1205 4.0498 
Chitosan 1.5849 1.75761 .982 -4.5002 7.6700 
C/PVP 9/1 4.4244 1.75761 .256 -1.6608 10.5095 
C/PVP 7/3 .7820 1.75761 1.000 -5.3031 6.8671 
C/PVP 5/5 -.1367 1.75761 1.000 -6.2218 5.9484 
C/PVP 1/9 -.2641 1.75761 1.000 -6.3492 5.8211 
PVP -4.3653 1.75761 .269 -10.4504 1.7198 

C/PVP 1/9 Bead -1.7713 1.75761 .966 -7.8564 4.3139 
Chitosan 1.8489 1.75761 .958 -4.2362 7.9341 
C/PVP 9/1 4.6884 1.75761 .202 -1.3967 10.7736 
C/PVP 7/3 1.0460 1.75761 .998 -5.0391 7.1312 
C/PVP 5/5 .1274 1.75761 1.000 -5.9578 6.2125 
C/PVP 3/7 .2641 1.75761 1.000 -5.8211 6.3492 
PVP -4.1012 1.75761 .334 -10.1864 1.9839 

PVP Bead 2.3300 1.75761 .876 -3.7552 8.4151 
Chitosan 5.9502 1.75761 .058 -.1349 12.0353 
C/PVP 9/1 8.7897* 1.75761 .003 2.7045 14.8748 
C/PVP 7/3 5.1473 1.75761 .131 -.9378 11.2324 
C/PVP 5/5 4.2286 1.75761 .302 -1.8565 10.3137 
C/PVP 3/7 4.3653 1.75761 .269 -1.7198 10.4504 
C/PVP 1/9 4.1012 1.75761 .334 -1.9839 10.1864 

Based on observed means. 
 The error term is Mean Square(Error) = 4.634. 
*. The mean difference is significant at the 
 
 
Profile Plots 
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ANOVA 

1. ANOVA analysis of the percentage release from the AMX bead at t = 6 

minutes 

 

Oneway 

 
ANOVA 

t6 
 Sum of Squares df Mean Square F Sig. 
Between Groups 58.190 7 8.313 5.299 .003 
Within Groups 25.100 16 1.569   
Total 83.289 23    

 
 
Post Hoc Tests 
 
 

Multiple Comparisons 
Dependent Variable: t6  
 Tukey HSD 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Bead Chitosan 2.58596 1.02265 .251 -.9546 6.1265 

C/PVP 9/1 4.25673* 1.02265 .013 .7162 7.7973 
C/PVP 7/3 3.92497* 1.02265 .024 .3844 7.4656 
C/PVP 5/5 .46964 1.02265 1.000 -3.0709 4.0102 
C/PVP 3/7 1.83449 1.02265 .632 -1.7061 5.3751 
C/PVP 1/9 3.59824* 1.02265 .045 .0577 7.1388 
PVP .74279 1.02265 .995 -2.7978 4.2834 

Chitosan Bead -2.58596 1.02265 .251 -6.1265 .9546 
C/PVP 9/1 1.67077 1.02265 .725 -1.8698 5.2113 
C/PVP 7/3 1.33902 1.02265 .883 -2.2016 4.8796 
C/PVP 5/5 -2.11632 1.02265 .471 -5.6569 1.4243 
C/PVP 3/7 -.75146 1.02265 .994 -4.2920 2.7891 
C/PVP 1/9 1.01228 1.02265 .969 -2.5283 4.5529 
PVP -1.84317 1.02265 .627 -5.3837 1.6974 

C/PVP 9/1 Bead -4.25673* 1.02265 .013 -7.7973 -.7162 
Chitosan -1.67077 1.02265 .725 -5.2113 1.8698 
C/PVP 7/3 -.33176 1.02265 1.000 -3.8723 3.2088 
C/PVP 5/5 -3.78709* 1.02265 .032 -7.3277 -.2465 
C/PVP 3/7 -2.42224 1.02265 .318 -5.9628 1.1183 
C/PVP 1/9 -.65849 1.02265 .997 -4.1991 2.8821 
PVP -3.51394 1.02265 .052 -7.0545 .0266 

C/PVP 7/3 Bead -3.92497* 1.02265 .024 -7.4656 -.3844 
Chitosan -1.33902 1.02265 .883 -4.8796 2.2016 
C/PVP 9/1 .33176 1.02265 1.000 -3.2088 3.8723 
C/PVP 5/5 -3.45534 1.02265 .058 -6.9959 .0852 
C/PVP 3/7 -2.09048 1.02265 .485 -5.6311 1.4501 
C/PVP 1/9 -.32674 1.02265 1.000 -3.8673 3.2138 
PVP -3.18219 1.02265 .095 -6.7228 .3584 

C/PVP 5/5 Bead -.46964 1.02265 1.000 -4.0102 3.0709 
Chitosan 2.11632 1.02265 .471 -1.4243 5.6569 
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C/PVP 9/1 3.78709* 1.02265 .032 .2465 7.3277 
C/PVP 7/3 3.45534 1.02265 .058 -.0852 6.9959 
C/PVP 3/7 1.36486 1.02265 .873 -2.1757 4.9054 
C/PVP 1/9 3.12860 1.02265 .104 -.4120 6.6692 
PVP .27315 1.02265 1.000 -3.2674 3.8137 

C/PVP 3/7 Bead -1.83449 1.02265 .632 -5.3751 1.7061 
Chitosan .75146 1.02265 .994 -2.7891 4.2920 
C/PVP 9/1 2.42224 1.02265 .318 -1.1183 5.9628 
C/PVP 7/3 2.09048 1.02265 .485 -1.4501 5.6311 
C/PVP 5/5 -1.36486 1.02265 .873 -4.9054 2.1757 
C/PVP 1/9 1.76374 1.02265 .673 -1.7768 5.3043 
PVP -1.09171 1.02265 .955 -4.6323 2.4489 

C/PVP 1/9 Bead -3.59824* 1.02265 .045 -7.1388 -.0577 
Chitosan -1.01228 1.02265 .969 -4.5529 2.5283 
C/PVP 9/1 .65849 1.02265 .997 -2.8821 4.1991 
C/PVP 7/3 .32674 1.02265 1.000 -3.2138 3.8673 
C/PVP 5/5 -3.12860 1.02265 .104 -6.6692 .4120 
C/PVP 3/7 -1.76374 1.02265 .673 -5.3043 1.7768 
PVP -2.85545 1.02265 .165 -6.3960 .6851 

PVP Bead -.74279 1.02265 .995 -4.2834 2.7978 
Chitosan 1.84317 1.02265 .627 -1.6974 5.3837 
C/PVP 9/1 3.51394 1.02265 .052 -.0266 7.0545 
C/PVP 7/3 3.18219 1.02265 .095 -.3584 6.7228 
C/PVP 5/5 -.27315 1.02265 1.000 -3.8137 3.2674 
C/PVP 3/7 1.09171 1.02265 .955 -2.4489 4.6323 
C/PVP 1/9 2.85545 1.02265 .165 -.6851 6.3960 

*. The mean difference is significant at the 0.05 level. 
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2. ANOVA analysis of the percentage percentage release from the AMX bead at 

t =12 minutes 

 

Oneway 

ANOVA 
t12 
 Sum of Squares df Mean Square F Sig. 
Between Groups 108.436 7 15.491 3.576 .016 
Within Groups 69.311 16 4.332   
Total 177.747 23    

 
 
Post Hoc Tests 
 
Multiple Comparisons 
Dependent Variable: t12  
 Tukey HSD 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Bead Chitosan 3.90566 1.69940 .351 -1.9779 9.7892 

C/PVP 9/1 7.33628* 1.69940 .010 1.4527 13.2198 
C/PVP 7/3 2.94954 1.69940 .667 -2.9340 8.8331 
C/PVP 5/5 2.66492 1.69940 .761 -3.2187 8.5485 
C/PVP 3/7 2.80656 1.69940 .715 -3.0770 8.6901 
C/PVP 1/9 4.24244 1.69940 .264 -1.6411 10.1260 
PVP .58019 1.69940 1.000 -5.3034 6.4638 

Chitosan Bead -3.90566 1.69940 .351 -9.7892 1.9779 
C/PVP 9/1 3.43062 1.69940 .500 -2.4530 9.3142 
C/PVP 7/3 -.95612 1.69940 .999 -6.8397 4.9275 
C/PVP 5/5 -1.24074 1.69940 .995 -7.1243 4.6428 
C/PVP 3/7 -1.09910 1.69940 .997 -6.9827 4.7845 
C/PVP 1/9 .33678 1.69940 1.000 -5.5468 6.2204 
PVP -3.32546 1.69940 .536 -9.2090 2.5581 

C/PVP 9/1 Bead -7.33628* 1.69940 .010 -13.2198 -1.4527 
Chitosan -3.43062 1.69940 .500 -9.3142 2.4530 
C/PVP 7/3 -4.38674 1.69940 .232 -10.2703 1.4968 
C/PVP 5/5 -4.67136 1.69940 .177 -10.5549 1.2122 
C/PVP 3/7 -4.52972 1.69940 .203 -10.4133 1.3539 
C/PVP 1/9 -3.09384 1.69940 .617 -8.9774 2.7897 
PVP -6.75608* 1.69940 .019 -12.6397 -.8725 

C/PVP 7/3 Bead -2.94954 1.69940 .667 -8.8331 2.9340 
Chitosan .95612 1.69940 .999 -4.9275 6.8397 
C/PVP 9/1 4.38674 1.69940 .232 -1.4968 10.2703 
C/PVP 5/5 -.28462 1.69940 1.000 -6.1682 5.5989 
C/PVP 3/7 -.14298 1.69940 1.000 -6.0265 5.7406 
C/PVP 1/9 1.29290 1.69940 .993 -4.5907 7.1765 
PVP -2.36934 1.69940 .847 -8.2529 3.5142 

C/PVP 5/5 Bead -2.66492 1.69940 .761 -8.5485 3.2187 
Chitosan 1.24074 1.69940 .995 -4.6428 7.1243 
C/PVP 9/1 4.67136 1.69940 .177 -1.2122 10.5549 
C/PVP 7/3 .28462 1.69940 1.000 -5.5989 6.1682 
C/PVP 3/7 .14164 1.69940 1.000 -5.7419 6.0252 
C/PVP 1/9 1.57752 1.69940 .978 -4.3060 7.4611 
PVP -2.08472 1.69940 .912 -7.9683 3.7988 

C/PVP 3/7 Bead -2.80656 1.69940 .715 -8.6901 3.0770 
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Chitosan 1.09910 1.69940 .997 -4.7845 6.9827 
C/PVP 9/1 4.52972 1.69940 .203 -1.3539 10.4133 
C/PVP 7/3 .14298 1.69940 1.000 -5.7406 6.0265 
C/PVP 5/5 -.14164 1.69940 1.000 -6.0252 5.7419 
C/PVP 1/9 1.43588 1.69940 .987 -4.4477 7.3195 
PVP -2.22637 1.69940 .882 -8.1099 3.6572 

C/PVP 1/9 Bead -4.24244 1.69940 .264 -10.1260 1.6411 
Chitosan -.33678 1.69940 1.000 -6.2204 5.5468 
C/PVP 9/1 3.09384 1.69940 .617 -2.7897 8.9774 
C/PVP 7/3 -1.29290 1.69940 .993 -7.1765 4.5907 
C/PVP 5/5 -1.57752 1.69940 .978 -7.4611 4.3060 
C/PVP 3/7 -1.43588 1.69940 .987 -7.3195 4.4477 
PVP -3.66225 1.69940 .424 -9.5458 2.2213 

PVP Bead -.58019 1.69940 1.000 -6.4638 5.3034 
Chitosan 3.32546 1.69940 .536 -2.5581 9.2090 
C/PVP 9/1 6.75608* 1.69940 .019 .8725 12.6397 
C/PVP 7/3 2.36934 1.69940 .847 -3.5142 8.2529 
C/PVP 5/5 2.08472 1.69940 .912 -3.7988 7.9683 
C/PVP 3/7 2.22637 1.69940 .882 -3.6572 8.1099 
C/PVP 1/9 3.66225 1.69940 .424 -2.2213 9.5458 

*. The mean difference is significant at the 0.05 level. 
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3. ANOVA analysis of the percentage release from the AMX bead at t = 18 

minutes 

 

Oneway 

ANOVA 
t18 
 Sum of Squares df Mean Square F Sig. 
Between Groups 168.788 7 24.113 3.893 .012 
Within Groups 99.109 16 6.194   
Total 267.897 23    

 
 
Post Hoc Tests 
 

Multiple Comparisons 

Dependent Variable: t18  

 Tukey HSD 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Bead Chitosan 5.93799 2.03213 .132 -1.0976 12.9735 

C/PVP 9/1 8.74835* 2.03213 .010 1.7128 15.7839 
C/PVP 7/3 3.51005 2.03213 .672 -3.5255 10.5456 
C/PVP 5/5 4.16263 2.03213 .483 -2.8729 11.1982 
C/PVP 3/7 4.64058 2.03213 .358 -2.3950 11.6761 
C/PVP 1/9 5.28611 2.03213 .225 -1.7494 12.3217 
PVP .57627 2.03213 1.000 -6.4593 7.6118 

Chitosan Bead -5.93799 2.03213 .132 -12.9735 1.0976 
C/PVP 9/1 2.81036 2.03213 .852 -4.2252 9.8459 
C/PVP 7/3 -2.42794 2.03213 .922 -9.4635 4.6076 
C/PVP 5/5 -1.77536 2.03213 .985 -8.8109 5.2602 
C/PVP 3/7 -1.29741 2.03213 .998 -8.3330 5.7381 
C/PVP 1/9 -.65188 2.03213 1.000 -7.6874 6.3837 
PVP -5.36172 2.03213 .212 -12.3973 1.6738 

C/PVP 9/1 Bead -8.74835* 2.03213 .010 -15.7839 -1.7128 
Chitosan -2.81036 2.03213 .852 -9.8459 4.2252 
C/PVP 7/3 -5.23830 2.03213 .233 -12.2738 1.7972 
C/PVP 5/5 -4.58573 2.03213 .371 -11.6213 2.4498 
C/PVP 3/7 -4.10777 2.03213 .498 -11.1433 2.9278 
C/PVP 1/9 -3.46224 2.03213 .685 -10.4978 3.5733 
PVP -8.17208* 2.03213 .017 -15.2076 -1.1365 

C/PVP 7/3 Bead -3.51005 2.03213 .672 -10.5456 3.5255 
Chitosan 2.42794 2.03213 .922 -4.6076 9.4635 
C/PVP 9/1 5.23830 2.03213 .233 -1.7972 12.2738 
C/PVP 5/5 .65258 2.03213 1.000 -6.3830 7.6881 
C/PVP 3/7 1.13053 2.03213 .999 -5.9050 8.1661 
C/PVP 1/9 1.77606 2.03213 .985 -5.2595 8.8116 
PVP -2.93378 2.03213 .825 -9.9693 4.1018 

C/PVP 5/5 Bead -4.16263 2.03213 .483 -11.1982 2.8729 
Chitosan 1.77536 2.03213 .985 -5.2602 8.8109 
C/PVP 9/1 4.58573 2.03213 .371 -2.4498 11.6213 
C/PVP 7/3 -.65258 2.03213 1.000 -7.6881 6.3830 
C/PVP 3/7 .47795 2.03213 1.000 -6.5576 7.5135 
C/PVP 1/9 1.12349 2.03213 .999 -5.9121 8.1590 
PVP -3.58636 2.03213 .650 -10.6219 3.4492 
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C/PVP 3/7 Bead -4.64058 2.03213 .358 -11.6761 2.3950 
Chitosan 1.29741 2.03213 .998 -5.7381 8.3330 
C/PVP 9/1 4.10777 2.03213 .498 -2.9278 11.1433 
C/PVP 7/3 -1.13053 2.03213 .999 -8.1661 5.9050 
C/PVP 5/5 -.47795 2.03213 1.000 -7.5135 6.5576 
C/PVP 1/9 .64553 2.03213 1.000 -6.3900 7.6811 
PVP -4.06431 2.03213 .511 -11.0999 2.9712 

C/PVP 1/9 Bead -5.28611 2.03213 .225 -12.3217 1.7494 
Chitosan .65188 2.03213 1.000 -6.3837 7.6874 
C/PVP 9/1 3.46224 2.03213 .685 -3.5733 10.4978 
C/PVP 7/3 -1.77606 2.03213 .985 -8.8116 5.2595 
C/PVP 5/5 -1.12349 2.03213 .999 -8.1590 5.9121 
C/PVP 3/7 -.64553 2.03213 1.000 -7.6811 6.3900 
PVP -4.70984 2.03213 .342 -11.7454 2.3257 

PVP Bead -.57627 2.03213 1.000 -7.6118 6.4593 
Chitosan 5.36172 2.03213 .212 -1.6738 12.3973 
C/PVP 9/1 8.17208* 2.03213 .017 1.1365 15.2076 
C/PVP 7/3 2.93378 2.03213 .825 -4.1018 9.9693 
C/PVP 5/5 3.58636 2.03213 .650 -3.4492 10.6219 
C/PVP 3/7 4.06431 2.03213 .511 -2.9712 11.0999 
C/PVP 1/9 4.70984 2.03213 .342 -2.3257 11.7454 

*. The mean difference is significant at the 0.05 level. 
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4. ANOVA analysis of the percentage release from the AMX bead at t = 24 

minutes 

 

Oneway 

ANOVA 
t24 
 Sum of Squares df Mean Square F Sig. 
Between Groups 269.827 7 38.547 6.611 .001 
Within Groups 93.292 16 5.831   
Total 363.119 23    

 
 
Post Hoc Tests 
 
 

Multiple Comparisons 
Dependent Variable: t24  
 Tukey HSD 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Bead Chitosan 8.81406* 1.97159 .007 1.9881 15.6400 

C/PVP 9/1 11.05225* 1.97159 .001 4.2263 17.8782 
C/PVP 7/3 6.86095* 1.97159 .048 .0350 13.6869 
C/PVP 5/5 6.95037* 1.97159 .044 .1244 13.7763 
C/PVP 3/7 6.73817 1.97159 .054 -.0878 13.5641 
C/PVP 1/9 7.64547* 1.97159 .023 .8195 14.4714 
PVP 1.98450 1.97159 .967 -4.8414 8.8104 

Chitosan Bead -8.81406* 1.97159 .007 -15.6400 -1.9881 
C/PVP 9/1 2.23819 1.97159 .939 -4.5878 9.0641 
C/PVP 7/3 -1.95311 1.97159 .969 -8.7791 4.8728 
C/PVP 5/5 -1.86369 1.97159 .976 -8.6896 4.9623 
C/PVP 3/7 -2.07589 1.97159 .958 -8.9018 4.7501 
C/PVP 1/9 -1.16859 1.97159 .998 -7.9945 5.6574 
PVP -6.82957* 1.97159 .050 -13.6555 -.0036 

C/PVP 9/1 Bead -11.05225* 1.97159 .001 -17.8782 -4.2263 
Chitosan -2.23819 1.97159 .939 -9.0641 4.5878 
C/PVP 7/3 -4.19130 1.97159 .440 -11.0172 2.6346 
C/PVP 5/5 -4.10188 1.97159 .465 -10.9278 2.7241 
C/PVP 3/7 -4.31408 1.97159 .406 -11.1400 2.5119 
C/PVP 1/9 -3.40678 1.97159 .671 -10.2327 3.4192 
PVP -9.06775* 1.97159 .006 -15.8937 -2.2418 

C/PVP 7/3 Bead -6.86095* 1.97159 .048 -13.6869 -.0350 
Chitosan 1.95311 1.97159 .969 -4.8728 8.7791 
C/PVP 9/1 4.19130 1.97159 .440 -2.6346 11.0172 
C/PVP 5/5 .08942 1.97159 1.000 -6.7365 6.9154 
C/PVP 3/7 -.12278 1.97159 1.000 -6.9487 6.7032 
C/PVP 1/9 .78452 1.97159 1.000 -6.0414 7.6105 
PVP -4.87646 1.97159 .273 -11.7024 1.9495 

C/PVP 5/5 Bead -6.95037* 1.97159 .044 -13.7763 -.1244 
Chitosan 1.86369 1.97159 .976 -4.9623 8.6896 
C/PVP 9/1 4.10188 1.97159 .465 -2.7241 10.9278 
C/PVP 7/3 -.08942 1.97159 1.000 -6.9154 6.7365 
C/PVP 3/7 -.21220 1.97159 1.000 -7.0381 6.6137 
C/PVP 1/9 .69510 1.97159 1.000 -6.1308 7.5210 
PVP -4.96588 1.97159 .255 -11.7918 1.8601 
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C/PVP 3/7 Bead -6.73817 1.97159 .054 -13.5641 .0878 
Chitosan 2.07589 1.97159 .958 -4.7501 8.9018 
C/PVP 9/1 4.31408 1.97159 .406 -2.5119 11.1400 
C/PVP 7/3 .12278 1.97159 1.000 -6.7032 6.9487 
C/PVP 5/5 .21220 1.97159 1.000 -6.6137 7.0381 
C/PVP 1/9 .90730 1.97159 1.000 -5.9186 7.7332 
PVP -4.75368 1.97159 .299 -11.5796 2.0723 

C/PVP 1/9 Bead -7.64547* 1.97159 .023 -14.4714 -.8195 
Chitosan 1.16859 1.97159 .998 -5.6574 7.9945 
C/PVP 9/1 3.40678 1.97159 .671 -3.4192 10.2327 
C/PVP 7/3 -.78452 1.97159 1.000 -7.6105 6.0414 
C/PVP 5/5 -.69510 1.97159 1.000 -7.5210 6.1308 
C/PVP 3/7 -.90730 1.97159 1.000 -7.7332 5.9186 
PVP -5.66098 1.97159 .144 -12.4869 1.1650 

PVP Bead -1.98450 1.97159 .967 -8.8104 4.8414 
Chitosan 6.82957* 1.97159 .050 .0036 13.6555 
C/PVP 9/1 9.06775* 1.97159 .006 2.2418 15.8937 
C/PVP 7/3 4.87646 1.97159 .273 -1.9495 11.7024 
C/PVP 5/5 4.96588 1.97159 .255 -1.8601 11.7918 
C/PVP 3/7 4.75368 1.97159 .299 -2.0723 11.5796 
C/PVP 1/9 5.66098 1.97159 .144 -1.1650 12.4869 

*. The mean difference is significant at the 0.05 level. 
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5. ANOVA analysis of percentage release of AMX bead at t=30 minutes 

 

Oneway 

ANOVA 
t30 
 Sum of Squares df Mean Square F Sig. 
Between Groups 300.809 7 42.973 5.063 .003 
Within Groups 135.803 16 8.488   
Total 436.612 23    

 
 
 
Post Hoc Tests 
 

Multiple Comparisons 
Dependent Variable: t30  
 Tukey HSD 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Bead Chitosan 8.15451 2.37875 .053 -.0811 16.3901 

C/PVP 9/1 11.15690* 2.37875 .005 2.9213 19.3925 
C/PVP 7/3 6.90761 2.37875 .137 -1.3280 15.1432 
C/PVP 5/5 5.99028 2.37875 .255 -2.2453 14.2259 
C/PVP 3/7 6.24484 2.37875 .216 -1.9907 14.4804 
C/PVP 1/9 6.99082 2.37875 .129 -1.2448 15.2264 
PVP .36361 2.37875 1.000 -7.8720 8.5992 

Chitosan Bead -8.15451 2.37875 .053 -16.3901 .0811 
C/PVP 9/1 3.00240 2.37875 .900 -5.2332 11.2380 
C/PVP 7/3 -1.24690 2.37875 .999 -9.4825 6.9887 
C/PVP 5/5 -2.16423 2.37875 .981 -10.3998 6.0714 
C/PVP 3/7 -1.90966 2.37875 .990 -10.1453 6.3259 
C/PVP 1/9 -1.16369 2.37875 1.000 -9.3993 7.0719 
PVP -7.79090 2.37875 .071 -16.0265 .4447 

C/PVP 9/1 Bead -11.15690* 2.37875 .005 -19.3925 -2.9213 
Chitosan -3.00240 2.37875 .900 -11.2380 5.2332 
C/PVP 7/3 -4.24930 2.37875 .637 -12.4849 3.9863 
C/PVP 5/5 -5.16662 2.37875 .415 -13.4022 3.0690 
C/PVP 3/7 -4.91206 2.37875 .474 -13.1477 3.3235 
C/PVP 1/9 -4.16609 2.37875 .658 -12.4017 4.0695 
PVP -10.79330* 2.37875 .006 -19.0289 -2.5577 

C/PVP 7/3 Bead -6.90761 2.37875 .137 -15.1432 1.3280 
Chitosan 1.24690 2.37875 .999 -6.9887 9.4825 
C/PVP 9/1 4.24930 2.37875 .637 -3.9863 12.4849 
C/PVP 5/5 -.91733 2.37875 1.000 -9.1529 7.3183 
C/PVP 3/7 -.66276 2.37875 1.000 -8.8984 7.5728 
C/PVP 1/9 .08321 2.37875 1.000 -8.1524 8.3188 
PVP -6.54400 2.37875 .177 -14.7796 1.6916 

C/PVP 5/5 Bead -5.99028 2.37875 .255 -14.2259 2.2453 
Chitosan 2.16423 2.37875 .981 -6.0714 10.3998 
C/PVP 9/1 5.16662 2.37875 .415 -3.0690 13.4022 
C/PVP 7/3 .91733 2.37875 1.000 -7.3183 9.1529 
C/PVP 3/7 .25456 2.37875 1.000 -7.9810 8.4902 
C/PVP 1/9 1.00054 2.37875 1.000 -7.2351 9.2361 
PVP -5.62667 2.37875 .320 -13.8623 2.6089 
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C/PVP 3/7 Bead -6.24484 2.37875 .216 -14.4804 1.9907 
Chitosan 1.90966 2.37875 .990 -6.3259 10.1453 
C/PVP 9/1 4.91206 2.37875 .474 -3.3235 13.1477 
C/PVP 7/3 .66276 2.37875 1.000 -7.5728 8.8984 
C/PVP 5/5 -.25456 2.37875 1.000 -8.4902 7.9810 
C/PVP 1/9 .74597 2.37875 1.000 -7.4896 8.9816 
PVP -5.88124 2.37875 .273 -14.1168 2.3544 

C/PVP 1/9 Bead -6.99082 2.37875 .129 -15.2264 1.2448 
Chitosan 1.16369 2.37875 1.000 -7.0719 9.3993 
C/PVP 9/1 4.16609 2.37875 .658 -4.0695 12.4017 
C/PVP 7/3 -.08321 2.37875 1.000 -8.3188 8.1524 
C/PVP 5/5 -1.00054 2.37875 1.000 -9.2361 7.2351 
C/PVP 3/7 -.74597 2.37875 1.000 -8.9816 7.4896 
PVP -6.62721 2.37875 .167 -14.8628 1.6084 

PVP Bead -.36361 2.37875 1.000 -8.5992 7.8720 
Chitosan 7.79090 2.37875 .071 -.4447 16.0265 
C/PVP 9/1 10.79330* 2.37875 .006 2.5577 19.0289 
C/PVP 7/3 6.54400 2.37875 .177 -1.6916 14.7796 
C/PVP 5/5 5.62667 2.37875 .320 -2.6089 13.8623 
C/PVP 3/7 5.88124 2.37875 .273 -2.3544 14.1168 
C/PVP 1/9 6.62721 2.37875 .167 -1.6084 14.8628 

*. The mean difference is significant at the 0.05 level. 
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6. ANOVA analysis of percentage release of AMX bead at t=40 minutes 

 

Oneway 

ANOVA 
t40 
 Sum of Squares df Mean Square F Sig. 
Between Groups 362.536 7 51.791 5.149 .003 
Within Groups 160.944 16 10.059   
Total 523.480 23    

 
 
Post Hoc Tests 
 

Multiple Comparisons 
Dependent Variable: t40  
 Tukey HSD 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Bead Chitosan 7.84805 2.58960 .110 -1.1175 16.8136 

C/PVP 9/1 11.68512* 2.58960 .007 2.7195 20.6507 
C/PVP 7/3 7.31493 2.58960 .156 -1.6506 16.2805 
C/PVP 5/5 6.47423 2.58960 .262 -2.4913 15.4398 
C/PVP 3/7 6.19906 2.58960 .307 -2.7665 15.1646 
C/PVP 1/9 6.32761 2.58960 .285 -2.6380 15.2932 
PVP -.94299 2.58960 1.000 -9.9086 8.0226 

Chitosan Bead -7.84805 2.58960 .110 -16.8136 1.1175 
C/PVP 9/1 3.83707 2.58960 .806 -5.1285 12.8026 
C/PVP 7/3 -.53312 2.58960 1.000 -9.4987 8.4325 
C/PVP 5/5 -1.37382 2.58960 .999 -10.3394 7.5918 
C/PVP 3/7 -1.64899 2.58960 .998 -10.6146 7.3166 
C/PVP 1/9 -1.52044 2.58960 .999 -10.4860 7.4451 
PVP -8.79103 2.58960 .057 -17.7566 .1745 

C/PVP 9/1 Bead -11.68512* 2.58960 .007 -20.6507 -2.7195 
Chitosan -3.83707 2.58960 .806 -12.8026 5.1285 
C/PVP 7/3 -4.37019 2.58960 .695 -13.3358 4.5954 
C/PVP 5/5 -5.21089 2.58960 .504 -14.1765 3.7547 
C/PVP 3/7 -5.48606 2.58960 .444 -14.4516 3.4795 
C/PVP 1/9 -5.35752 2.58960 .471 -14.3231 3.6081 
PVP -12.62811* 2.58960 .003 -21.5937 -3.6625 

C/PVP 7/3 Bead -7.31493 2.58960 .156 -16.2805 1.6506 
Chitosan .53312 2.58960 1.000 -8.4325 9.4987 
C/PVP 9/1 4.37019 2.58960 .695 -4.5954 13.3358 
C/PVP 5/5 -.84070 2.58960 1.000 -9.8063 8.1249 
C/PVP 3/7 -1.11587 2.58960 1.000 -10.0814 7.8497 
C/PVP 1/9 -.98733 2.58960 1.000 -9.9529 7.9782 
PVP -8.25792 2.58960 .083 -17.2235 .7077 

C/PVP 5/5 Bead -6.47423 2.58960 .262 -15.4398 2.4913 
Chitosan 1.37382 2.58960 .999 -7.5918 10.3394 
C/PVP 9/1 5.21089 2.58960 .504 -3.7547 14.1765 
C/PVP 7/3 .84070 2.58960 1.000 -8.1249 9.8063 
C/PVP 3/7 -.27518 2.58960 1.000 -9.2407 8.6904 
C/PVP 1/9 -.14663 2.58960 1.000 -9.1122 8.8189 
PVP -7.41722 2.58960 .146 -16.3828 1.5484 

C/PVP 3/7 Bead -6.19906 2.58960 .307 -15.1646 2.7665 
Chitosan 1.64899 2.58960 .998 -7.3166 10.6146 
C/PVP 9/1 5.48606 2.58960 .444 -3.4795 14.4516 
C/PVP 7/3 1.11587 2.58960 1.000 -7.8497 10.0814 
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C/PVP 5/5 .27518 2.58960 1.000 -8.6904 9.2407 
C/PVP 1/9 .12855 2.58960 1.000 -8.8370 9.0941 
PVP -7.14204 2.58960 .175 -16.1076 1.8235 

C/PVP 1/9 Bead -6.32761 2.58960 .285 -15.2932 2.6380 
Chitosan 1.52044 2.58960 .999 -7.4451 10.4860 
C/PVP 9/1 5.35752 2.58960 .471 -3.6081 14.3231 
C/PVP 7/3 .98733 2.58960 1.000 -7.9782 9.9529 
C/PVP 5/5 .14663 2.58960 1.000 -8.8189 9.1122 
C/PVP 3/7 -.12855 2.58960 1.000 -9.0941 8.8370 
PVP -7.27059 2.58960 .161 -16.2362 1.6950 

PVP Bead .94299 2.58960 1.000 -8.0226 9.9086 
Chitosan 8.79103 2.58960 .057 -.1745 17.7566 
C/PVP 9/1 12.62811* 2.58960 .003 3.6625 21.5937 
C/PVP 7/3 8.25792 2.58960 .083 -.7077 17.2235 
C/PVP 5/5 7.41722 2.58960 .146 -1.5484 16.3828 
C/PVP 3/7 7.14204 2.58960 .175 -1.8235 16.1076 
C/PVP 1/9 7.27059 2.58960 .161 -1.6950 16.2362 

*. The mean difference is significant at the 0.05 level. 
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7. ANOVA analysis of the percentage release from the AMX bead at t = 60 

minutes 

 

Oneway 

ANOVA 
t60 
 Sum of Squares df Mean Square F Sig. 
Between Groups 355.658 7 50.808 4.977 .004 
Within Groups 163.353 16 10.210   
Total 519.011 23    

 
Post Hoc Tests 
 

Multiple Comparisons 
Dependent Variable: t60  
 Tukey HSD 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Bead Chitosan 7.21426 2.60890 .172 -1.8182 16.2467 

C/PVP 9/1 10.10668* 2.60890 .023 1.0743 19.1391 
C/PVP 7/3 6.10685 2.60890 .331 -2.9256 15.1393 
C/PVP 5/5 5.04296 2.60890 .550 -3.9895 14.0754 
C/PVP 3/7 5.01330 2.60890 .557 -4.0191 14.0457 
C/PVP 1/9 3.77455 2.60890 .823 -5.2579 12.8070 
PVP -2.99747 2.60890 .935 -12.0299 6.0349 

Chitosan Bead -7.21426 2.60890 .172 -16.2467 1.8182 
C/PVP 9/1 2.89242 2.60890 .946 -6.1400 11.9248 
C/PVP 7/3 -1.10740 2.60890 1.000 -10.1398 7.9250 
C/PVP 5/5 -2.17129 2.60890 .988 -11.2037 6.8611 
C/PVP 3/7 -2.20096 2.60890 .987 -11.2334 6.8315 
C/PVP 1/9 -3.43971 2.60890 .879 -12.4721 5.5927 
PVP -10.21173* 2.60890 .021 -19.2441 -1.1793 

C/PVP 9/1 Bead -10.10668* 2.60890 .023 -19.1391 -1.0743 
Chitosan -2.89242 2.60890 .946 -11.9248 6.1400 
C/PVP 7/3 -3.99982 2.60890 .780 -13.0322 5.0326 
C/PVP 5/5 -5.06372 2.60890 .545 -14.0961 3.9687 
C/PVP 3/7 -5.09338 2.60890 .538 -14.1258 3.9390 
C/PVP 1/9 -6.33213 2.60890 .292 -15.3646 2.7003 
PVP -13.10415* 2.60890 .002 -22.1366 -4.0717 

C/PVP 7/3 Bead -6.10685 2.60890 .331 -15.1393 2.9256 
Chitosan 1.10740 2.60890 1.000 -7.9250 10.1398 
C/PVP 9/1 3.99982 2.60890 .780 -5.0326 13.0322 
C/PVP 5/5 -1.06389 2.60890 1.000 -10.0963 7.9685 
C/PVP 3/7 -1.09356 2.60890 1.000 -10.1260 7.9389 
C/PVP 1/9 -2.33231 2.60890 .982 -11.3647 6.7001 
PVP -9.10432* 2.60890 .047 -18.1367 -.0719 

C/PVP 5/5 Bead -5.04296 2.60890 .550 -14.0754 3.9895 
Chitosan 2.17129 2.60890 .988 -6.8611 11.2037 
C/PVP 9/1 5.06372 2.60890 .545 -3.9687 14.0961 
C/PVP 7/3 1.06389 2.60890 1.000 -7.9685 10.0963 
C/PVP 3/7 -.02967 2.60890 1.000 -9.0621 9.0028 
C/PVP 1/9 -1.26842 2.60890 1.000 -10.3008 7.7640 
PVP -8.04043 2.60890 .100 -17.0729 .9920 

C/PVP 3/7 Bead -5.01330 2.60890 .557 -14.0457 4.0191 
Chitosan 2.20096 2.60890 .987 -6.8315 11.2334 
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C/PVP 9/1 5.09338 2.60890 .538 -3.9390 14.1258 
C/PVP 7/3 1.09356 2.60890 1.000 -7.9389 10.1260 
C/PVP 5/5 .02967 2.60890 1.000 -9.0028 9.0621 
C/PVP 1/9 -1.23875 2.60890 1.000 -10.2712 7.7937 
PVP -8.01077 2.60890 .102 -17.0432 1.0217 

C/PVP 1/9 Bead -3.77455 2.60890 .823 -12.8070 5.2579 
Chitosan 3.43971 2.60890 .879 -5.5927 12.4721 
C/PVP 9/1 6.33213 2.60890 .292 -2.7003 15.3646 
C/PVP 7/3 2.33231 2.60890 .982 -6.7001 11.3647 
C/PVP 5/5 1.26842 2.60890 1.000 -7.7640 10.3008 
C/PVP 3/7 1.23875 2.60890 1.000 -7.7937 10.2712 
PVP -6.77201 2.60890 .226 -15.8044 2.2604 

PVP Bead 2.99747 2.60890 .935 -6.0349 12.0299 
Chitosan 10.21173* 2.60890 .021 1.1793 19.2441 
C/PVP 9/1 13.10415* 2.60890 .002 4.0717 22.1366 
C/PVP 7/3 9.10432* 2.60890 .047 .0719 18.1367 
C/PVP 5/5 8.04043 2.60890 .100 -.9920 17.0729 
C/PVP 3/7 8.01077 2.60890 .102 -1.0217 17.0432 
C/PVP 1/9 6.77201 2.60890 .226 -2.2604 15.8044 

*. The mean difference is significant at the 0.05 level. 
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8. ANOVA analysis of the percentage release from the AMX bead at t = 90 

minutes 

 

Oneway 

ANOVA 
t90 
 Sum of Squares df Mean Square F Sig. 
Between Groups 304.228 7 43.461 3.291 .023 
Within Groups 211.314 16 13.207   
Total 515.541 23    

 
 

Post Hoc Tests 
 

Multiple Comparisons 
Dependent Variable: t90  
 Tukey HSD 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Bead Chitosan 2.68113 2.96728 .981 -7.5920 12.9543 

C/PVP 9/1 5.80311 2.96728 .537 -4.4701 16.0763 
C/PVP 7/3 3.23416 2.96728 .950 -7.0390 13.5073 
C/PVP 5/5 -.02013 2.96728 1.000 -10.2933 10.2530 
C/PVP 3/7 -.39240 2.96728 1.000 -10.6656 9.8808 
C/PVP 1/9 -1.98444 2.96728 .997 -12.2576 8.2887 
PVP -6.83836 2.96728 .348 -17.1115 3.4348 

Chitosan Bead -2.68113 2.96728 .981 -12.9543 7.5920 
C/PVP 9/1 3.12197 2.96728 .958 -7.1512 13.3951 
C/PVP 7/3 .55303 2.96728 1.000 -9.7201 10.8262 
C/PVP 5/5 -2.70127 2.96728 .981 -12.9744 7.5719 
C/PVP 3/7 -3.07354 2.96728 .961 -13.3467 7.1996 
C/PVP 1/9 -4.66557 2.96728 .759 -14.9387 5.6076 
PVP -9.51950 2.96728 .080 -19.7927 .7537 

C/PVP 9/1 Bead -5.80311 2.96728 .537 -16.0763 4.4701 
Chitosan -3.12197 2.96728 .958 -13.3951 7.1512 
C/PVP 7/3 -2.56895 2.96728 .985 -12.8421 7.7042 
C/PVP 5/5 -5.82324 2.96728 .533 -16.0964 4.4499 
C/PVP 3/7 -6.19551 2.96728 .461 -16.4687 4.0777 
C/PVP 1/9 -7.78755 2.96728 .216 -18.0607 2.4856 
PVP -12.64147* 2.96728 .011 -22.9146 -2.3683 

C/PVP 7/3 Bead -3.23416 2.96728 .950 -13.5073 7.0390 
Chitosan -.55303 2.96728 1.000 -10.8262 9.7201 
C/PVP 9/1 2.56895 2.96728 .985 -7.7042 12.8421 
C/PVP 5/5 -3.25429 2.96728 .948 -13.5275 7.0189 
C/PVP 3/7 -3.62656 2.96728 .914 -13.8997 6.6466 
C/PVP 1/9 -5.21860 2.96728 .653 -15.4918 5.0546 
PVP -10.07252 2.96728 .057 -20.3457 .2006 

C/PVP 5/5 Bead .02013 2.96728 1.000 -10.2530 10.2933 
Chitosan 2.70127 2.96728 .981 -7.5719 12.9744 
C/PVP 9/1 5.82324 2.96728 .533 -4.4499 16.0964 
C/PVP 7/3 3.25429 2.96728 .948 -7.0189 13.5275 
C/PVP 3/7 -.37227 2.96728 1.000 -10.6454 9.9009 
C/PVP 1/9 -1.96431 2.96728 .997 -12.2375 8.3089 
PVP -6.81823 2.96728 .351 -17.0914 3.4549 
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C/PVP 3/7 Bead .39240 2.96728 1.000 -9.8808 10.6656 
Chitosan 3.07354 2.96728 .961 -7.1996 13.3467 
C/PVP 9/1 6.19551 2.96728 .461 -4.0777 16.4687 
C/PVP 7/3 3.62656 2.96728 .914 -6.6466 13.8997 
C/PVP 5/5 .37227 2.96728 1.000 -9.9009 10.6454 
C/PVP 1/9 -1.59203 2.96728 .999 -11.8652 8.6811 
PVP -6.44596 2.96728 .415 -16.7191 3.8272 

C/PVP 1/9 Bead 1.98444 2.96728 .997 -8.2887 12.2576 
Chitosan 4.66557 2.96728 .759 -5.6076 14.9387 
C/PVP 9/1 7.78755 2.96728 .216 -2.4856 18.0607 
C/PVP 7/3 5.21860 2.96728 .653 -5.0546 15.4918 
C/PVP 5/5 1.96431 2.96728 .997 -8.3089 12.2375 
C/PVP 3/7 1.59203 2.96728 .999 -8.6811 11.8652 
PVP -4.85393 2.96728 .724 -15.1271 5.4192 

PVP Bead 6.83836 2.96728 .348 -3.4348 17.1115 
Chitosan 9.51950 2.96728 .080 -.7537 19.7927 
C/PVP 9/1 12.64147* 2.96728 .011 2.3683 22.9146 
C/PVP 7/3 10.07252 2.96728 .057 -.2006 20.3457 
C/PVP 5/5 6.81823 2.96728 .351 -3.4549 17.0914 
C/PVP 3/7 6.44596 2.96728 .415 -3.8272 16.7191 
C/PVP 1/9 4.85393 2.96728 .724 -5.4192 15.1271 

*. The mean difference is significant at the 0.05 level. 
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9. ANOVA analysis of the percentage release from the AMX bead at t = 120 

minutes 

 

Oneway 

ANOVA 
t120 
 Sum of Squares df Mean Square F Sig. 
Between Groups 250.642 7 35.806 3.760 .013 
Within Groups 152.372 16 9.523   
Total 403.014 23    

 

Post Hoc Tests 
 
Multiple Comparisons 
Dependent Variable: t120  
 Tukey HSD 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Bead Chitosan -1.32815 2.51969 .999 -10.0517 7.3954 

C/PVP 9/1 1.87294 2.51969 .994 -6.8506 10.5965 
C/PVP 7/3 -2.04421 2.51969 .990 -10.7678 6.6793 
C/PVP 5/5 -3.84841 2.51969 .783 -12.5720 4.8751 
C/PVP 3/7 -3.25748 2.51969 .889 -11.9810 5.4661 
C/PVP 1/9 -5.94227 2.51969 .323 -14.6658 2.7813 
PVP -9.13697* 2.51969 .037 -17.8605 -.4134 

Chitosan Bead 1.32815 2.51969 .999 -7.3954 10.0517 
C/PVP 9/1 3.20110 2.51969 .897 -5.5225 11.9247 
C/PVP 7/3 -.71606 2.51969 1.000 -9.4396 8.0075 
C/PVP 5/5 -2.52026 2.51969 .968 -11.2438 6.2033 
C/PVP 3/7 -1.92933 2.51969 .993 -10.6529 6.7942 
C/PVP 1/9 -4.61412 2.51969 .610 -13.3377 4.1094 
PVP -7.80882 2.51969 .097 -16.5324 .9147 

C/PVP 9/1 Bead -1.87294 2.51969 .994 -10.5965 6.8506 
Chitosan -3.20110 2.51969 .897 -11.9247 5.5225 
C/PVP 7/3 -3.91715 2.51969 .769 -12.6407 4.8064 
C/PVP 5/5 -5.72135 2.51969 .364 -14.4449 3.0022 
C/PVP 3/7 -5.13042 2.51969 .490 -13.8540 3.5931 
C/PVP 1/9 -7.81521 2.51969 .097 -16.5388 .9083 
PVP -11.00991* 2.51969 .009 -19.7335 -2.2864 

C/PVP 7/3 Bead 2.04421 2.51969 .990 -6.6793 10.7678 
Chitosan .71606 2.51969 1.000 -8.0075 9.4396 
C/PVP 9/1 3.91715 2.51969 .769 -4.8064 12.6407 
C/PVP 5/5 -1.80420 2.51969 .995 -10.5278 6.9194 
C/PVP 3/7 -1.21327 2.51969 1.000 -9.9368 7.5103 
C/PVP 1/9 -3.89806 2.51969 .773 -12.6216 4.8255 
PVP -7.09276 2.51969 .159 -15.8163 1.6308 

C/PVP 5/5 Bead 3.84841 2.51969 .783 -4.8751 12.5720 
Chitosan 2.52026 2.51969 .968 -6.2033 11.2438 
C/PVP 9/1 5.72135 2.51969 .364 -3.0022 14.4449 
C/PVP 7/3 1.80420 2.51969 .995 -6.9194 10.5278 
C/PVP 3/7 .59093 2.51969 1.000 -8.1326 9.3145 
C/PVP 1/9 -2.09386 2.51969 .988 -10.8174 6.6297 
PVP -5.28856 2.51969 .455 -14.0121 3.4350 

C/PVP 3/7 Bead 3.25748 2.51969 .889 -5.4661 11.9810 
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Chitosan 1.92933 2.51969 .993 -6.7942 10.6529 
C/PVP 9/1 5.13042 2.51969 .490 -3.5931 13.8540 
C/PVP 7/3 1.21327 2.51969 1.000 -7.5103 9.9368 
C/PVP 5/5 -.59093 2.51969 1.000 -9.3145 8.1326 
C/PVP 1/9 -2.68479 2.51969 .955 -11.4083 6.0388 
PVP -5.87949 2.51969 .334 -14.6030 2.8441 

C/PVP 1/9 Bead 5.94227 2.51969 .323 -2.7813 14.6658 
Chitosan 4.61412 2.51969 .610 -4.1094 13.3377 
C/PVP 9/1 7.81521 2.51969 .097 -.9083 16.5388 
C/PVP 7/3 3.89806 2.51969 .773 -4.8255 12.6216 
C/PVP 5/5 2.09386 2.51969 .988 -6.6297 10.8174 
C/PVP 3/7 2.68479 2.51969 .955 -6.0388 11.4083 
PVP -3.19470 2.51969 .898 -11.9183 5.5289 

PVP Bead 9.13697* 2.51969 .037 .4134 17.8605 
Chitosan 7.80882 2.51969 .097 -.9147 16.5324 
C/PVP 9/1 11.00991* 2.51969 .009 2.2864 19.7335 
C/PVP 7/3 7.09276 2.51969 .159 -1.6308 15.8163 
C/PVP 5/5 5.28856 2.51969 .455 -3.4350 14.0121 
C/PVP 3/7 5.87949 2.51969 .334 -2.8441 14.6030 
C/PVP 1/9 3.19470 2.51969 .898 -5.5289 11.9183 

*. The mean difference is significant at the 0.05 level. 
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10. ANOVA analysis of the percentage release from the AMX bead at t = 180 

minutes 

 

Oneway 

ANOVA 
t180 
 Sum of Squares df Mean Square F Sig. 
Between Groups 308.482 7 44.069 7.003 .001 
Within Groups 100.691 16 6.293   
Total 409.173 23    

 

Post Hoc Tests 
 

Multiple Comparisons 
Dependent Variable: t180  
 Tukey HSD 
(I) group (J) group Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Bead Chitosan -5.99104 2.04828 .132 -13.0825 1.1004 

C/PVP 9/1 -.96162 2.04828 1.000 -8.0531 6.1298 
C/PVP 7/3 -7.77443* 2.04828 .027 -14.8659 -.6830 
C/PVP 5/5 -7.00152 2.04828 .054 -14.0930 .0899 
C/PVP 3/7 -7.43844* 2.04828 .036 -14.5299 -.3470 
C/PVP 1/9 -10.45453* 2.04828 .002 -17.5460 -3.3631 
PVP -9.96126* 2.04828 .003 -17.0527 -2.8698 

Chitosan Bead 5.99104 2.04828 .132 -1.1004 13.0825 
C/PVP 9/1 5.02942 2.04828 .280 -2.0620 12.1209 
C/PVP 7/3 -1.78339 2.04828 .985 -8.8748 5.3081 
C/PVP 5/5 -1.01048 2.04828 1.000 -8.1019 6.0810 
C/PVP 3/7 -1.44740 2.04828 .996 -8.5389 5.6440 
C/PVP 1/9 -4.46350 2.04828 .411 -11.5549 2.6280 
PVP -3.97022 2.04828 .547 -11.0617 3.1212 

C/PVP 9/1 Bead .96162 2.04828 1.000 -6.1298 8.0531 
Chitosan -5.02942 2.04828 .280 -12.1209 2.0620 
C/PVP 7/3 -6.81281 2.04828 .064 -13.9043 .2786 
C/PVP 5/5 -6.03990 2.04828 .126 -13.1313 1.0515 
C/PVP 3/7 -6.47683 2.04828 .087 -13.5683 .6146 
C/PVP 1/9 -9.49292* 2.04828 .005 -16.5844 -2.4015 
PVP -8.99965* 2.04828 .008 -16.0911 -1.9082 

C/PVP 7/3 Bead 7.77443* 2.04828 .027 .6830 14.8659 
Chitosan 1.78339 2.04828 .985 -5.3081 8.8748 
C/PVP 9/1 6.81281 2.04828 .064 -.2786 13.9043 
C/PVP 5/5 .77291 2.04828 1.000 -6.3185 7.8644 
C/PVP 3/7 .33598 2.04828 1.000 -6.7555 7.4274 
C/PVP 1/9 -2.68011 2.04828 .883 -9.7716 4.4113 
PVP -2.18684 2.04828 .955 -9.2783 4.9046 

C/PVP 5/5 Bead 7.00152 2.04828 .054 -.0899 14.0930 
Chitosan 1.01048 2.04828 1.000 -6.0810 8.1019 
C/PVP 9/1 6.03990 2.04828 .126 -1.0515 13.1313 
C/PVP 7/3 -.77291 2.04828 1.000 -7.8644 6.3185 
C/PVP 3/7 -.43693 2.04828 1.000 -7.5284 6.6545 
C/PVP 1/9 -3.45302 2.04828 .696 -10.5445 3.6384 
PVP -2.95975 2.04828 .824 -10.0512 4.1317 

C/PVP 3/7 Bead 7.43844* 2.04828 .036 .3470 14.5299 
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Chitosan 1.44740 2.04828 .996 -5.6440 8.5389 
C/PVP 9/1 6.47683 2.04828 .087 -.6146 13.5683 
C/PVP 7/3 -.33598 2.04828 1.000 -7.4274 6.7555 
C/PVP 5/5 .43693 2.04828 1.000 -6.6545 7.5284 
C/PVP 1/9 -3.01609 2.04828 .811 -10.1075 4.0754 
PVP -2.52282 2.04828 .910 -9.6143 4.5686 

C/PVP 1/9 Bead 10.45453* 2.04828 .002 3.3631 17.5460 
Chitosan 4.46350 2.04828 .411 -2.6280 11.5549 
C/PVP 9/1 9.49292* 2.04828 .005 2.4015 16.5844 
C/PVP 7/3 2.68011 2.04828 .883 -4.4113 9.7716 
C/PVP 5/5 3.45302 2.04828 .696 -3.6384 10.5445 
C/PVP 3/7 3.01609 2.04828 .811 -4.0754 10.1075 
PVP .49327 2.04828 1.000 -6.5982 7.5847 

PVP Bead 9.96126* 2.04828 .003 2.8698 17.0527 
Chitosan 3.97022 2.04828 .547 -3.1212 11.0617 
C/PVP 9/1 8.99965* 2.04828 .008 1.9082 16.0911 
C/PVP 7/3 2.18684 2.04828 .955 -4.9046 9.2783 
C/PVP 5/5 2.95975 2.04828 .824 -4.1317 10.0512 
C/PVP 3/7 2.52282 2.04828 .910 -4.5686 9.6143 
C/PVP 1/9 -.49327 2.04828 1.000 -7.5847 6.5982 

*. The mean difference is significant at the 0.05 level. 
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Appendix F 

United States Pharmacopeia and National Formulary (USP33-NF28) 

of amoxicillin 
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1. Amoxicillin 
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2. Amoxicillin capsule 
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3. Amoxicillin tablet 
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