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ABSTRACT 

Gastroesophageal reflux disorders (GERD) along with peptic ulcers are most common 

health problems in developing countries. The present study aimed to evaluate the raft 

forming bilayer tablets of sustained release (SR) pantoprazole sodium sesquihydrate (PSS) 

and immediate release (IR) domperidone maleate (DM). The box behnken design (BBD) 

was used with three independent and dependent variables. The independent variables were 

sodium alginate (X1), pectin (X2) and HPMC K100M (X3) while the dependent variables 

were percentage drug release at 2 (Y2), 4 (Y4) and 8 h (Y8). The powdered blend and 

prepared granules of SR and IR layer were evaluated for their micromeritic properties. The 

bilayer tablets were evaluated for thickness, diameter, weight variation, hardness, friability 

and disintegration time. The alginate-pectin rafts were evaluated for their physical, 

chemical and swelling properties. The alginate-pectin rafts were characterized by their 

strength, weight, volume, resilience, reflux resistance, thickness, buffering capacity, 

neutralizing capacity, floating lag time (FLT) and total floating time (TFT). The alginate 

and pectin contents within the raft, acid neutralization capacity (ANC), neutralization 

profile and effect of raft structure on the neutralization profile of alginate-pectin rafts were 

evaluated. The drug release studies of PSS and DM were carried out in simulated gastric 

fluid (SGF) pH 1.2. The release kinetics of PSS was determined by different in vitro 

kinetics models such as zero order, first order, higuchi and Korsmeyer-peppas model. The 

release kinetics of DM was calculated by zero order, first order and weibull model. The 

drugs, polymers, bilayer tablets and alginate-pectin rafts were further characterized by 

Fourier Transform Infrared Spectroscopy (FTIR), X-ray Diffractometry (XRD), 

Differential Scanning Calorimetry (DSC) and Scanning Electron Microscopy (SEM). The 

High Performance Liquid Chromatography (HPLC) method was developed for the 

separation of PSS and DM by using C18 column with UV detection at 285 nm in mobile 

phase as well as in rabbit’s plasma. Assay of the bilayer tablets were performed by already 

developed HPLC methods in mobile phase as well as in rabbit’s plasma. The optimized 

formulation R9 was selected on the basis of the physico-chemical characteristics of 

alginate-pectin raft, release pattern and release kinetics. The accelerated stability studies 

were performed on optimized formulation R9 for a period of 6 months in stability chamber 

at 40 ºC temperature and 75±5 % relative humidity. Albino rats were used for the 
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histopathological examination of rat’s stomach by aspirin ulcer induced method of the test 

and reference formulation. Albino rabbits were used to study the pharmacokinetics of PSS 

and DM. The prepared bilayer tablets were evaluated for in vivo analysis on healthy albino 

rabbits using Latin square crossover design. The time to reach maximum concentration of 

PSS and DM in plasma (tmax), maximum concentration of PSS and DM (Cmax), area under 

the curve (AUC) from 0-t and 0-∞, area under the first movement curve (AUMC) and mean 

residence time (MRT) were calculated. The non-compartmental analysis was used to 

calculate the pharmacokinetic parameters using PK solver Microsoft excel adds in 

program. The statistical approaches such as descriptive statistics, ANOVA and tukey test 

were used. In ANOVA all results were considered statistically significant if the p value 

was less than 0.05. the tukey test was used for means of different groups means. The PSS 

release at 2 h (Y2), 4 h (Y4) and 8 h (Y8) were ranged from 16.58±0.090-47.78±0.121 %, 

45.12±0.102-69.19±0.163 % and 77.45±0.021-98.76±0.071 % respectively. The physical 

tests of all compressed formulations were within pharmacopoeial limits. The alginate-

pectin raft was effectively formed in SGF pH 1.2. Observed raft strength of optimized 

formulation R9 was 6.43±0.019 g, reflux resistance was 2490±0.004 g, thickness of raft 

was 4.8±0.245 cm and raft resilience was found to be greater than 480 min. Rapid FLT i.e. 

55 s was observed and delayed 8 h TFT was observed in R9 optimized formulation. The 

buffering and neutralizing capacity were 11.20±1.01 meq and 6.5±0.56 meq respectively. 

The percent contents of sodium alginate and pectin of R9 formulation were found to be 

99.20 % and 97.20 % respectively. The ANC, duration of neutralization and nature of R9 

alginate-pectin raft were 8.0±0.356 (p value is less than 0.001), 100 min and absorbent. 

The R9 formulation showed 97.98 % swelling at 8 h (p=0.001). The cumulative percentage 

release of optimized formulation R9 was found to be 98.76 % for PSS and 98.45% for DM. 

The PSS followed the first order kinetics and non-fickian diffusion was observed as value 

of n was greater than 0.7 in korsmeyer-peppas. The release kinetics of DM showed first 

order release and weibull model indicated the parabolic shape of drug release curve. FTIR 

spectra of drugs, polymers, bilayer tablets and raft showed no interaction between them. 

The XRD presented diffraction lines indicates crystalline nature of drugs and 

disappearance of the diffraction lines in bilayer tablets and raft indicates the drugs were 

uniformly distributed. DSC thermograms showed endothermic peaks at 250 ºC for PSS and 
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220 ºC for DM. SEM images showed porous nature of raft. The SEM images of bilayer 

tablets showed compact nature of tablets and SEM micrograph of the raft showed a highly 

porous surface, this indicate the diffusion of the drug from raft to the surface. The 

separation of PSS and DM with good resolution and retention time less than 7 min were 

attained in mobile phase as well as in plasma. Quadratic outcome of flow rate, composition 

of mobile phase and pH of buffer on retention time (p ˂0.001) and percentage recoveries 

of PSS and DM (p =0.0016) were significant. The regression values obtained from linearity 

curve of PSS and DM were 0.999 and 0.9994 respectively. Percentage recoveries of PSS 

and DM were ranged from 96.79 to 99.52 % and 95.51 to 99.52 % respectively. The assay 

of optimized R9 formulation showed the percentage of PSS and DM were found to be 

98.89±0.5 % and 99.89±0.5 % respectively. The stability studies showed the bilayer tablets 

and alginate-pectin rafts were stable under accelerated conditions for up to 6 months. 

Histopathological studies showed the optimized R9 formulation possessed more anti-

ulcerant activity as compared to the marketed products of PSS. The tmax of the test and 

reference formulations of DM were 1.00±0.093 h and 1.00±0.120 h respectively. Observed 

Cmax of the test formulation of DM was 15.11±1.608 µg/ml, which was greater as compared 

to reference formulation i.e. 12.06±1.234 µg/ml. The AUC(0-t) and AUC(0-∞) of the test 

formulation of DM was 59.02±2.240 µg×h/ml and 80.15±6.042 µg×h/ml respectively. 

AUC(0-t) and AUC(0-∞) of the reference formulation of DM was 56.31±1.406 µg×h/ml and 

78.94±5.939 µg×h/ml respectively. The tmax for the test formulation of PSS was 8.00±2.135 

h (P=0.0001) and the tmax of the reference was 4.00±1.301 h (P=0.0024). The peak plasma 

concentration of PSS of R9 test and reference formulation were 48.06±0.347 µg/ml and 

46.31±0.398 µg/ml respectively. The observed AUC(0-t) of PSS of the R9 test formulation 

was 525.39±3.437 µg×h/ml which was higher than the AUC(0-t) of reference formulation 

i.e. 364.63±2.014 µg×h/ml indicating the bioavailability of test formulation was higher 

than the reference formulation. AUC(0-∞) values of test and reference formulations of PSS 

were 554.61±8.974 µg×h/ml and 394.14±7.239 µg×h/ml respectively. One-way ANOVA 

was applied on pharmacokinetic data and value of p was less than 0.05 and results were 

statistically significant. The obtained p value of tmax and Cmax were 0.0011 and 0.0024 

respectively indicates the results are statistically significant. AUC(0-t) and AUC(0-∞) showed 

p value less than 0.05 indicates the results are statistically significant. 
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CHAPTER 1 

1. INTRODUCTION  
Oral route of drug administration is considered to be the most suitable and ideal way for 

treatment of any diseased condition. The oral route is safe, economical, ease in 

administration, painless and convenient for repeated and prolonged use. Dosage forms such 

as tablets, syrup, elixir, suspension, emulsion and capsules are administered orally [1, 2]. 

Considering this fact, tablets are the most favored and appropriate dosage form. It is their 

chemical and physical stability, accurate dosage, and easy way of releasing the drug that 

has attracted the attention of many of the researchers in their favor. These solid, oral dosage 

forms are being trusted when it comes to their ability to deliver the appropriate amount of 

drug in targeted fashion for improving the therapeutic effectiveness of the drug [3]. Apart 

from these facts, there are other justifiable factors that make the oral route preferable for 

the patients, and oral drug delivery systems are economical, easy to store, carriage and 

ready to be administered. However, these oral formulations face several problems due to 

diverseness of the gastrointestinal (GI) mucosa [4]. In addition, different factors alter the 

absorption of the drugs thought the GI track, decreased bioavailability and effectiveness 

are remained challenge for the pharmaceutical scientist. Among these factors, normal flora, 

pH, enzymes and GI transit time, are the utmost significant features of consideration for 

the growth of successful dosage form. The conventional dosage forms are unable to 

overcome the challenges imposed upon by the GI tract [5]. The conventional dosage forms 

are unsuitable for those drugs which are to be absorbed from the upper half part of the GI 

tract and does not hold the capacity to face gastric emptying. Another element that factors 

in ‘list of shortcomings’ of the oral solid dosage forms is the ‘gastric retention’. It fails to 

retain in the gastric domain for considerable period of time [6]. This retention failure has 

led to the efforts in developing alternate gastroretentive systems. 

In a bid to overcome these disadvantages, researchers have effectively developed other 

delivery systems that can control the release of drugs and residence time in gastric region. 

The gastroretentive systems are designed to be retained in the stomach for considerably 

long period of time, during which they are able to release the drug on targeted and 

controlled basis. The gastroretentive drug delivery systems (GRDDS) can increase the 
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therapeutic effectiveness of a drug through the reduction of more than one physiological 

factors [7, 8]. 

1.1. Gastroretentive drug delivery system (GRDDS) 
Gastroretentive drug delivery systems (GRDDs) are designed to be retained inside the 

stomach for extended period of time, enhancing the bioavailability of the absorbed drugs. 

GRDDs include high and low density systems, bio-adhesive systems, swelling systems, 

magnetic systems, floating ion exchange resins and raft forming drug delivery systems as 

shown in Figure 1.1 [9-11]. High density delivery systems also called non-effervescent 

system have higher density than the stomach contents. The density of delivery system 

greater than 2.5 g/cm3 is necessary for residence of dosage from in the body of stomach. 

The high density systems are difficult to manufacture and formulation difficult to achieve 

density greater than 2.5 g/cm3 [12]. The delivery system has density less than 1 g/cm3 float 

on the stomach contents. The retention approach through low density system improves the 

bioavailability of drugs and also helpful for those drugs which have the propensity of being 

absorbed from the stomach or upper half part of intestine. The low density system requires 

greater quantity of fluid in the stomach and sometime stick with the stomach wall [13]. In 

bioadhesive system, the delivery system binds to the epithelial cells of gastric mucosa 

which improve the residence time of the drug in the stomach. The adhesion of delivery 

system is achieved by the incorporation of bioadhesive polymers. However, the 

bioadhesive system remain unable to withstand the turnover of mucin of stomach, 

continuous removal of mucus layer as well as high hydration of stomach decreases the 

polymer bioadhesion [14]. While, in magnetic systems, the delivery system contains tiny 

magnet and external magnet is also placed on abdomen after the administration of delivery 

system. The position of the magnet placed on abdomen is not always accurate and no better 

patient compliance has been seen to be achieved [15]. The ion exchange resin system is 

loaded with negatively charged drug and bicarbonate ions and released the drug slowly. 

This system is time consuming and very expensive [16]. The preparation of GRDDS 

requires large number of additives not only for gastric retention but also for sustained 

release delivery of drugs. The large quantity of additives cause problem in loading of drugs, 

expansion of the final product and difficulty of the manufacturing processes. Therefor a 

new GRDDS that can solve these difficulties are desired.  
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Figure 1.1 Different technologies for gastric retention.  

1.2. Raft forming system 
Raft forming systems involve the formation of continuous layer of polymers called raft 

over the stomach contents and forms a viscous gel layer upon contact with gastric fluids 

[10]. Raft floats on the contents of the stomach because of its low density than that of the 

other stomach contents. Another important fact is that this low density raft is produced 

along with the production of CO2. It is an emerging delivery system which is suitable for 

controlled release drug delivery and targeting and is considered as the potential approach 

for esophagitis, heart burn and peptic ulcer diseases [17]. The raft has the ability to remain 

attached with the stomach for more than 48 h to facilitate the controlled release of drugs. 

Raft forming system exploits gel forming agents and alkaline carbonates and bicarbonates 

which in turn are responsible for the making of less dense layer system which floats on the 

gastric fluid [18]. The mono and divalent cations (sodium and calcium) can be used for 

crosslinking of raft forming polymers to form three dimensional gel network. Sodium 

citrate is added to the system to form complex with most of the divalent and monovalent 

cations [19]. The raft formation depends on the physico-chemical properties and the 

pathological condition for which treatment is required. The physico-chemical factors 

include lipophilicity and molecular weight and physiological factors include pH of stomach 
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contents, transport mechanism, gelation temperature and viscosity. Raft forming systems 

must possess the following criteria; slow drug release from the system, withstand the force 

of peristaltic movement, less than 1 g/cm3 density, remains within the stomach for targeted 

time period, improves the compliance of the patient, easily administration to the patient, 

the device leaves the stomach after it is done with releasing the drug in a targeted and 

controlled manner, drug have quite restricted acid solubility, drugs that are considered to 

be unstable in the acidic environment, drugs that intrinsically absorb from the stomach 

organ and first half part of the small intestine and drugs that are locally active in stomach 

[10]. 

1.3. Polymers for raft formation 
The advancement of new materials of polysaccharides is due to their benefits as low cost, 

freely available, biodegradable, non-toxic and sustainability. A variety of natural as well 

as synthetic polymers have been utilized in the formulation of these raft forming systems. 

Natural polymers like gellan gum [20], sodium alginate [21], pectin [22], chitosan [23], 

guar gum [24], xyloglucan [25] and synthetic polymers are polycaprolactone, poly (DL 

lactide-co-glycolide), poly (DL lactic acid), various grades of hydroxypropyl methyl 

cellulose (HPMC) and numerous others have been utilized in raft formation [26]. The raft 

forming polymers must be biocompatible, have pseudo plastic behavior, non-toxic, capable 

of increasing viscosity and biodegradability. 

1.3.1. Sodium alginate (SA) 

Sodium alginate, the sodium salt of alginic acid, is a biodegradable non-toxic naturally 

occurring macromolecule hydrate and swells in water but produces gel in acidic 

environment after protonation [27, 28]. Alginate as shown in Figure 1.2 consists of a linear 

copolymer of the 1, 4-glycosidically which is linked with β-D-mannuronic acid and α-L-

guluronic acid. Sodium alginate is a pH sensitive polymer stable at acidic pH but unstable 

in alkaline medium because at higher pH a rapid dissolution occur that limits its application 

and can be crosslinked by physical and chemical mechanisms[29, 30]. The SA is insoluble 

in ether, chloroform and ethanol but slowly swellable in water forming viscous solution. 
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Figure 1.2 Chemical structure of SA (1, 4-glycosidically which is linked with β-D-

mannuronic acid and α-L-guluronic acid). 

1.3.2. Pectin 

Pectin is resistant to enzyme such as amylase and protease but soluble in water causes early 

drug release. Crosslinking reaction is a rational tactic to limit its hydrophilicity as well as 

the modification of the release pattern of drug. Pectin as shown in Figure 1.3, is a naturally 

occurring polysaccharide present in the cell wall of plants and is made by uronic acid 

residues linked through α-1, 4-glycosidic bond [31]. Carboxyl groups of pectin rapidly 

form viscous gel when it comes in contact with the gastric fluid containing divalent cations. 

In the presence of water, the galacturonic acid segment of pectin form organized networks 

which leads to the formation of gel. The strength of the gel is increased in the presence of 

divalent cations such as calcium ions. The calcium ions crosslinked the organized networks 

of pectin which leads to the formation of stable raft. Calcium ions becomes an inevitable 

part of the pectin gel and this gel-like layer remains viable for prolonged period of time 

[32, 33]. Pectin possess the outstanding gelling and film forming property and extensively 

employed in pharmaceutical dosage form for controlled delivery of drugs. The excessive –

OH groups of pectin cause rapid water uptake, hydration and swelling enhance the ability 

to retard the release of drugs [34].  
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Figure 1.3 Chemical structure of pectin (uronic acid residues linked through α-1, 4--

glycosidic bond.  

1.4. Hydroxypropyl methyl cellulose K100M (HPMC K100M) 
Hydroxypropyl methyl cellulose K100M (HPMC K100M) as shown in Figure 1.4, a 

hydrophilic polymer sustained the release of drug by enhancing the viscosity of gel layer. 

HPMC K100M releases the drug from gel barrier by diffusion process [35].  

 

Figure 1.4 Chemical structure of HPMC K100M. 
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1.5. Superdisintegrants 
Many superdisintegrants such as crosslinked carboxymethyl cellulose (CMC) and sodium 

starch glycolate (SSG) as shown in Figure 1.5 and 1.6 have been used in the immediate 

release of bilayer tablets. These superdisintegrants facilitate the rapid break-up of 

immediate release layer of tablets [36]. CMC is a swellable polymer and facilitate the rapid 

disintegration of tablets. Superdisintegrants are extensively used in the formation of IR 

tablet that supports the dispersion as well as in the release of drugs. The tablets containing 

2 % SSG rapidly disintegrate within 1 min. CMC [37] and SSG are most popular 

superdisintegrants. Disintegration of orally administered tablets normally undergoes in the 

gastrointestinal mucosa. There is not a single explored mechanism which might be able to 

explain this disintegration behavior of CMC and SSG. However, the purportedly suggested 

mechanisms in this regard which try to explain such disintegration include the swelling, 

deformation recovery and liquid wicking. Both CMC and SSG absorb large quantity of 

water and promote rapid disintegration of tablets. Swelling is pointed to be the most 

significant mechanism for CMC and SSG. SSG is hygroscopic, absorb water, swell and 

show rapid burst effect. 

 

Figure 1.5 Chemical structure of CMC (acetic acid; 2, 3, 4, 5, 6-pentahydroxyhexanol).  
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Figure 1.6 Chemical structure of SSG (sodium; 2-hydroxyacetate).  

1.6. Pantoprazole sodium sesquihydrate (PSS) 
Pantoprazole sodium sesquihydrate (PSS) is chemically named as sodium 5-

(difluoromethoxy)-2-[[(3, 4-dimethoxy-2-p-methyl] sulfinyl]-1 H-benzimidazole 

sesquihydrate as shown in Figure 1.7. PSS inhibits secretion of gastric juice by irreversibly 

blocking proton pumps (H+/K+ ATPase) in the parietal cells of stomach. PPS is extensively 

prescribed in the management of gastroesophageal reflux disorders (GERD), ulceration 

and erosion of esophagus and peptic ulcer [38, 39]. PSS reach parietal cells through blood, 

diffuse into the secretary canaliculi, protonated, block proton pumps and inhibit the final 

step of secretion of gastric juice. PSS is freely absorbed from the GIT and undergo little 

first pass effect resulting in bioavailability of 77 %. 70 % of the PSS excreted through urine 

and 18 % through feces.   

 

Figure 1.7 Structural formula of PSS (sodium 5-(difluoromethoxy)-2-[[(3, 4-dimethoxy-

2-p-methyl] sulfinyl]-1 H-benzimidazole sesquihydrate). 
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1.7. Domperidone maleate (DM) 
Domperidone maleate (DM) (6-chloro-3-[1-[3-(2-oxo-3H-benzimidazol-1-yl) propyl] 

piperidin]-1H-benzimidazol-2-one) as shown in Figure 1.8, a powerful prokinetic drug and 

regulate the peristaltic movement of gastrointestinal tract by acting on dopamine receptors 

as antagonist and also act on chemoreceptor trigger zone. The DM facilitates the stomach 

emptying, regulate the peristaltic movement and decreases the pressure of lower sphincter 

of esophagus due to the blockage of dopaminergic receptors (D2 and D3). DM rarely 

causes extrapyramidal side effects because it is not supposed to be able to cross the barriers 

of the brain (BBB). DM approved as a prokinetic agent in United States for the treatment 

of gastrointestinal disorders such as GERD and irritable bowel syndrome [40, 41]. DM is 

rapidly absorbed from the GIT, their protein binding is 93 % and half-life is 7 h. DM is 

used in the treatment of motility disorders, nausea associated with chemotherapeutic 

agents, heart burn, epigastric pain, dyspepsia, gastroesophageal reflux disorders and 

Parkinson’s disease [42, 43].  

 

Figure 1.8 Structural formula of DM (6-chloro-3-[1-[3-(2-oxo-3H-benzimidazol-1-yl) 

propyl] piperidin]-1H-benzimidazol-2-one). 

1.8. Formulation studies 
PSS and DM are available in the form of capsules (Pantop-D) and tablets, used for the 

treatment of gastrointestinal disorders [44]. These capsules and tablets only releases the 

drugs but are unable to form raft on the surface of gastric fluid. There is a need of such 

floating system that not only provides raft formation but also provide sustained release 

delivery of drugs. 
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1.9. Study question 
H1: Raft forming bilayer tablets may produce the desired effects. 

Ho: Raft forming bilayer tablets may not produce the desired effects. 

1.10. Objectives of study 
 Optimization of different composition of polymers and other excipients using box 

behnken design.  

 To calculate the micromeritic properties and finally converted into the sustained 

and immediate release granules of PSS and DM respectively.  

 Compression of bilayer tablets under controlled temperature and humidity 

conditions using tablet compression machine. 

 Post-compression analysis of compressed formulations using physico-chemical 

tests and percentage drug release studies. 

 Development of alginate-pectin polymeric rafts form compressed formulations.  

 Physical and chemical evaluation of alginate-pectin polymeric rafts. 

 Analysis of in vitro drug release data vis-à-vis that of different drug release models 

such as; first order, zero order, higuchi, hixson crowell as well as korsmeyer peppas 

models. 

 FTIR, DSC, XRD and SEM were used to study the chemical interaction, thermal 

stability, crystalline and amorphous nature and surface morphology of bilayer 

tablets and alginate-pectin polymeric rafts.  

 Development and validation of HPLC method in mobile phase and plasma for in 

vivo drug analysis. 

 Stability studies were conducted on optimized formulation under controlled 

conditions of temperature and humidity. 

 Histopathological examination of albino rats stomach was conducted and compared 

with normal rat stomach. 

 Application of developed HPLC methods for the determination as well as 

evaluation of diverse pharmacokinetic parameters of PSS and DM after the 

administration of raft forming bilayer tablets using albino rabbits.  
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CHAPTER 2 

2. LITERATURE REVIEW 

2.1. Gastroretentive drug delivery systems (GRDDS) 

Lopes et al., 2016 studied the different approaches used for the retention of delivery system 

in stomach. Many techniques are adopted to enhance the retention time of delivery system 

as well as improving the bioavailability of drugs. Various techniques such as bioadhesive, 

low density, high density, porous gel and magnetic systems are used to enhance the 

therapeutic activity of active moiety. These techniques were used to controlled the release 

of active moiety and avoid the fluctuation in plasma profile of drugs. They also studied the 

various factors that affect the retention time and mechanism of GRDDS [7]. 

Elsamaligy and Bodmeier, 2015 developed the low density system for rapid and 

controlled delivery and improving the solubility of drugs. They used the fluid bed coater 

for coating the floating pellets. The developed pellets were evaluated for different 

properties such as floating, swelling and drug release study. They prepared two-layered 

floating pellets: one layer for rapid delivery and second layer for controlled delivery of 

therapeutic moiety. The rapid release layer contained disintegrants and sodium bicarbonate 

that produce rapid disintegration effects and delayed release layer was fabricated using 

Eudragit as retardant polymer. The controlled release, swelling properties and better 

floating behavior were achieved using pellets [45]. 

Sharma et al., 2015 studied the gastroretentive systems for controlled release delivery of 

allopurinol using floating and mucoadhesion approaches. They observed the effects of 

different concentration of carboxymethyl cellulose and polyoxyethylene on floating time, 

mucoadhesive force and % release of allopurinol form gastroretentive system. The 

dissolution apparatus was used to measure the floating time and mucoadhesive force was 

determined by texture analyzer. They studied the in vivo retention behavior of floating 

system using albino rabbits. The observed floating time was greater than 24 h and more 

than 80 % of the allopurinol release was observed at 24 h. They concluded that floating 

and mucoadhesive approaches were good for gastric retention of developed dosage forms 

[46].  
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Singh et al., 2012 used cellulosic polymers and carbomers for the development and 

optimization of lamivudine floating bioadhesive gastroretentive delivery system. They also 

studied the in vitro and in vivo performance of developed dosage forms in human and 

animal models. They studied the floating behavior, bioadhesive strength and drug release 

pattern of floating bioadhesive system. The retention behavior of dosage form was more 

than 5 h and optimum bioadhesive strength was observed. The pharmacokinetic of 

lamivudine was observed in human and animal models. The developed floating 

bioadhesive systems are helpful in improving the bioavailability of lamivudine [47].  

2.2.  Box behnken design (BBD) 

Chudiwal et al., 2017 developed the gastroretentive tablets for SR delivery of nicardipine 

using box behnken design. They used glyceryl behenate, sodium bicarbonate and HPMC 

K15M as factors and % release of nicardipine and floating lag time were the responses. 

The effect of HPMC K15M and sodium bicarbonate were investigated on the release 

behavior of nicardipine and floating behavior of tablets. When the % of HPMC K15M 

increased and sodium bicarbonate was decreased, the % release of nicardipine was 

decreased and nicardipine release was increased when the % of sodium bicarbonate was 

increased and HPMC K15M decreased. They concluded that the developed gastroretentive 

tablets of nicardipine sustained the release of drug and suitable for once daily dose [48].   

Malladi and Jukanti, 2016 studied the application of BBD for the optimization of tablets 

used for the retention and delivery of clarithromycin in gastric region. They studied the 

effects of factors on responses. The factors were different concentrations of camphor, 

HPMC K4M and NaHCO3 while the FLT, crushing strength, % release of clarithromycin 

at 5th and 10th h. They studied the effect of subliming agents i.e. camphor on the floating 

pattern of tablets and noted that the floating properties were affected by camphor. The % 

release of clarithromycin at 5th and 10th h was 51 % and 86 % respectively. They studied 

that F value, predicted and observed R2 values were in close agreement and showed the 

effectiveness of BBD for optimization of floating system [49]. 

Rapolu et al., 2013 investigated the use of BBD for the optimization GRDDS for the local 

and systemic delivery of metronidazole. The factors were HPMC K15M, carboxy 

methylcellulose and NaHCO3 and responses were floating time, metronidazole release at 
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6th and 12th h. The effect of effervescent mixture on the release behavior of metronidazole 

and stability studies were also performed on the developed formulation. The floating time 

was ranged from 60 to 80 s and metronidazole release at 6th and 12th h was ranged from 25 

to 78 % and 64 to 99 % respectively. They concluded that the combined use of HPMC 

K15M, carboxy methylcellulose and NaHCO3 enhance the residence time of floating 

system in the stomach and prolonged the release of metronidazole [50]. 

Cho et al., 2012 studied the BBD for the optimization of delivery system for enhancing 

the solubility and bioavailability telmisartan. They studied the main, interactive and 

quadratic effects of three factors such as peceol, labrasol and transcutol on studied 

responses. The responses were drug release at 15 min, polydispersity index and droplet 

size. They studied the relationship between actual and predicted values response surface 

BBD. 86 % release of telmisartan was observed at 15 min and droplet size was 160 nm. 

The polydispersity index was 0.24, the predicted and observed R2 values were in close 

agreement with each other and showed the positive application of BBD in the optimization 

of delivery system [51].  

2.3.  Bilayer tablets 

Oh et al., 2016 developed bilayer tablets of metformin and atorvastatin for the treatment 

of diabetes mellitus type II associated with dyslipidemia. They developed single daily dose 

combination of 500 mg metformin for sustained release (SR) and 10 mg atorvastatin for 

immediate release (IR). The prepared tablets were evaluated for physical tests such as 

friability, disintegration and weight variation. They studied the effect of different 

excipients on the release of metformin and atorvastatin and release kinetics behavior via 

similarity factor. They studied the in vivo profile of both drugs in beagle dogs and found 

the similar kinetic profile with the reference formulation. They concluded the prepared 

bilayer tablets improve the efficacy and patient compliance [52].  

He at al., 2014 developed floating bilayer tablets for the sustained and immediate delivery 

of metformin and pioglitazone. The tablets were prepared by wet granulation method by 

incorporating HPMC K4M, K15M, K100M in SR layer as retardant polymer and 

carboxymethyl cellulose was used as superdisintegrants in IR layer of bilayer tablet. They 

studied the floating behavior, in vitro release of metformin and pioglitazone and 
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pharmacokinetic profiles of drugs. The floating lag and total floating time were 5 min and 

greater than 24 h respectively. 98.97 % metformin release was observed at 24 h and 99.56 

% pioglitazone was observed at 48 min. The pharmacokinetic study showed that the 

developed dosage form effectively enhances the bioavailability of drugs [53]. 

Ranade et al., 2012 developed bilayer tablets for the delivery of amoxicillin and aloe vera 

powder for the effective management of peptic ulcer. Aloe vera powder have protective 

action for the cells of gastric mucosa. The tablets were prepared by direct compression 

method. The floating behavior of tablets were achieved by using sodium bicarbonate and 

citric acid. The retardant polymers HPMC K4M and HPMC K100M were used to sustained 

the release of amoxicillin from prepared tablets. The prepared tablets were evaluated for 

various physical and chemical tests. The floating time of tablets were more than 8 h and 97 

% drug release was observed at 8 h. The in vivo study showed the effectiveness of 

developed dosage forms [11].  

Dey et al., 2012 studied the bilayer tablets for SR and IR delivery of aceclofenac. The IR 

layer were developed by using microcrystalline cellulose and HPMC K4M and SR layer 

contained HPMC E5 and microcrystalline cellulose. They used factorial design to optimize 

the 2 factors and three responses such as aceclofenac release at 1 and 12 h and time at 

which 50 % drug was released. The results showed the aceclofenac effectively releases 

from the prepared bilayer tablets and 50 % release of drug was observed at 24 h. They 

concluded that the bilayer tablet of aceclofenac effectively deliver the drugs and improve 

the compliance of patients [54]. 

2.4.  Immediate release (IR) layer 

Kushner et al., 2017 manufactured the IR tablets of ibuprofen and theophylline for the 

assessment of properties of pharmaceutical excipients and methods of processing using dry 

granulation and direct compression method. They evaluate the tablets for various quality 

control tests such as physical tests, drug contents and percent drug release. They also 

evaluate the effect of different lubricants on the physical test and drug release behavior of 

ibuprofen and theophylline. The prepared tablets possessed adequate attributes of quality, 

disintegrate within 4 min, 98.45 % drug content and percent friability is less than 1 %. They 

also suggested the lubricants have different impact on the release profile of both drugs [55]. 
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Solaiman et al., 2016 studied the effects of crosscarmellose as superdisintegrants and 

disintequick MCC as filler on the release profile of drugs. The tablets were prepared by 

direct compression method and evaluate the effect of hardness on the disintegration pattern 

of tablets. The seven formulations were prepared by incorporating different percentages of 

mannitol and crosscarmellose (1 to 5 %). The factorial design was used to study the effect 

of factors (% of mannitol, crosscarmellose) on responses (tensile strength, harness and 

disintegration time). The 5 % superdisintegrant and 20 % filler effectively disintegrate the 

tablets within 30 seconds and hardness value was 6.8 kg/cm2 [56]. 

Yaro et al., 2014 developed the IR tablets of indapamide by direct compression method 

using different percentages of superdisintegrants. They also developed in vitro-in vivo 

correlation by utilizing three marketed brands of indapamide. The dissolution studies of 

three brands were performed using type II dissolution apparatus. The pharmacokinetic 

profiles and permeation data of three brands were studied on dogs using single centered 

cross over study. They calculated the Cmax, tmax and AUC of the three formulations and 

compared. The obtained results supports the utility of in vitro-in vivo correlation and 

suitable for the drugs of BCS class II [57]. 

Zhang et al., 2010 developed IR tablets of fenofibrate utilizing wet grinding technique for 

the solubility enhancement of poorly water soluble drugs. They prepared tablets by direct 

compression method by incorporating microcrystalline cellulose. The dissolution studies 

were performed for 30 min and 98 % release of fenofibrate was observed. The stability 

studies were performed for 3 months and observed the delivery system was stable after 3 

months. The bioavailability studies were performed on beagle dogs via cross over study. 

They concluded that wet grinding technique enhance the solubility of poorly water soluble 

drugs [58]. 

2.5.  Sustained release (SR) layer 

Qin et al., 2018 develop and optimize floating SR tablets of pregabalin used for the 

management of neuropathic pain. The floating SR tablets provide prolonged retention in 

the stomach because pregabalin is effectively absorbed in the stomach and upper part of 

small intestine. They used HPMC as retardant polymer and cetyl alcohol for the assistance 

of floating pattern of tablets. The developed SR tablet was optimized on the basis of 
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floating behavior and release pattern of pregabalin. The SR tablets float in the stomach for 

a period of up to 24 h and more than 98 % pregabalin release was observed at 12 h. They 

also studied the bioavailability of pregabalin in fasted and fed state, and observed that the 

bioavailability of pregabalin was more in fed state as compared to fasted condition [59]. 

Kambham and Bonnoth, 2016 develop the SR tablets of stavudine, an anti-viral drug 

using wet granulation technique. They prepared 10 batches of tablet formulation by 

changing the concentration of excipients such as SA, CMC and tamarind gum. They 

studied the physical properties of SR tablets and chemical interaction of stavudine with 

polymers using FTIR. They also studied the release behavior and kinetics of stavudine 

release by applying different model dependent approaches. They applied the statistical 

approaches such as one-way and two-way ANOVA on drug release and release kinetics. 

99.89 % stavudine release was observed at 14 h and F9 formulation was optimized on the 

basis of better results as compared to other formulations [60]. 

Pradhan et al., 2014 developed the 4 formulations of SR tablets of tolterodine using 

various concentrations and grades of HPMC using direct compression method. In vitro 

release pattern of tolterodine were carried out under different pH conditions. They studied 

the release kinetics of drug by applying different release models on obtained dissolution 

data. They studied the pharmacokinetics of tolterodine on healthy human volunteers after 

oral administered of the optimized tolterodine formulation. On the basis of release pattern 

and release kinetics of tolterodine, F2 was selected as the best formulation. The 

pharmacokinetic profile of tolterodine tablet were similar with the marketed products. They 

concluded that the SR tablets could be the best alternative of already available SR capsules 

[61].   

Bose at al., 2013 develop sustained release matrix tablets of itopride using various 

concentrations of retardant polymers. The HPMC K100M was used as SR polymer and 

lactose was incorporated as fillers. The granules for matrix tablet was prepared by wet 

granulation technique and evaluated for micromeritic properties. They evaluate the tablets 

by various physical and chemical tests. The formulation contained 24.89 mg HPMC 

K100M showed better release of itopride at 12 h. They conclude that the itopride matrix 
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tablets was effectively controlled the therapeutic concentration as compared to the 

conventional dosage forms [62].  

2.6.  Raft forming drug delivery systems 

Abbas et al., 2017 develop and characterize alginate raft forming tablets for controlled 

release PSS. They studied the effect of three factors such as SA, HPMC K100M and 

sodium bicarbonate on release profile of PSS at 2, 4 and 8 h. The developed rafts were 

evaluated by various physical tests such as thickness, weight, volume, resilience and 

neutralization capacity. The release of PSS was studied in SGF pH 1.2 for up to 8 h. The 

developed rafts were further characterized by FTIR, XRD and DSC. The developed rafts 

showed adequate strength, thickness, weight and volume. The resilience time of all 

formulations were greater than 480 min and more than 98 % PSS release was observed at 

8 h. FTIR studies showed chemical compatibility between drug and polymers. The XRD 

represented many diffraction peaks indicates crystalline nature of PSS and DSC 

thermogram showed endothermic peak of PSS at 250 ºC [63]. 

Abbas and Hanif, 2017 utilized pectin as raft formers for the sustained delivery of PSS 

and the developed formulations were optimized by BBD. They characterized the pectin 

rafts by various physico-chemical tests such as weight, volume, thickness, resilience and 

neutralization capacity of pectin rafts. The release pattern of PSS was studied in SGF pH 

1.2 using type II paddle dissolution apparatus. The chemical interaction between drug and 

polymers were studied by FTIR. More than 90 % of PSS release was observed at 8 h and 

formulations followed the first order release kinetics. FTIR spectra showed the chemical 

compatibility of PSS, pectin and other excipients in pectin rafts [64]. 

Kerdsakundee et al., 2015 developed the rafts of curcumin along with eudragit by utilizing 

solid dispersion technique. The solvent evaporation technique was used to prepare the solid 

dispersion in order to enhance the dissolution profile of curcumin. They utilized SA as raft 

former in solid dispersion in different percentages and calcium carbonate was incorporated 

to generate calcium ions that enhance the strength of curcumin rafts. The release pattern 

showed 60 to 80 percent curcumin was release at 8 h. The 40 mg/kg dose of curcumin rafts 

effectively control the reflux disorders. They concluded that the curcumin raft was useful 

for stomach specific delivery of drugs [17]. 
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Jang et al., 2014 developed tablets of risedronate for raft formation in order to reduce the 

irritation of stomach caused by risedronate. They utilized low molecular weight SA along 

with citric acid and sodium citrate. The developed tablets rapidly disintegrate and form raft 

over stomach contents and buffering agents neutralize the stomach pH. They also studied 

the release pattern of risedronate at pH 1.2 and more than 95 % risedronate release was 

observed at 5 min [65].    

2.7.  Polymers for raft formation 

Hanif and Abbas, 2017 studied the use of sodium alginate as raft formers in the 

preparation of alginate-pectin polymeric rafts for the effective treatment of reflux 

disorders. They utilized SA and pectin as raft formers, sodium bicarbonate for generation 

of effervescence, calcium carbonate for formation of calcium ion that enhance the strength 

of alginate-pectin rafts. They developed modified apparatus such as modified dispensing 

balance and cube mixer for the measurement of strength and resilience of alginate-pectin 

rafts. The capacity of neutralization of alginate-pectin raft was measured by modified 

dissolution apparatus. The chemical compatibility of SA, pectin and other excipients were 

confirmed by FTIR [18]. 

Nabarawi et al., 2017 utilized SA as a raft former for sustained release delivery of 

mebeverine. They utilized HPMC K100M as a retardant polymer in the design of raft 

forming system. The floating behavior of developed dosage forms were studied in SGF 

and release behavior of mebeverine for up to 12 h. The SA and HPMC K100M showed 

retardant effect on the release profile of drug. They also evaluate the pharmacokinetic 

profile of developed dosage form in beagle dogs. The floating lag time and total floating 

time were 35 s and 12 h respectively. 82 % release of mebeverine was observed at 12 h. 

The bioavailability of raft forming system was 116 %. They concluded that the raft forming 

system enhance the bioavailability of mebeverine [66]. 

Kim, 2016 studied the use of SA as raft former for the management of reflux disorders. 

The inclusion of effervescent mixture in raft forming formulation lowers the density of 

system and raft floats on the surface of stomach. He also studied the behavior of formation 

of raft without the inclusion of effervescent mixture. Without effervescent mixture the raft 
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is formed having low density but strength and resilience of raft was weak. He also studied 

the formation of raft over stomach contents by using endoscopy [67]. 

Hampson et al., 2010 categorize the anti-reflux preparations, one containing the SA as raft 

former and neutralizing agent and second containing the antacids. The effectiveness of raft 

was improved by the inclusion of calcium carbonate. The calcium ion cross-linked the SA 

and enhance the strength of rafts. Strength and resilience of raft was studied and compared. 

They also compared the strength of raft of gaviscon and gaviscon double action and in vivo 

performance of raft was also studied. The gaviscon double action liquid showed better 

strength as compared to the simple gaviscon [68]. 

2.8.  In vitro kinetic studies 

Koradia and Chaudhari, 2018 studied the kinetics of mirtazapine form formulated 

tablets. They prepared mirtazapine tablets by direct compression utilizing carbopol and 

HPMC K4M via factorial design. The release study of mirtazapine was performed in pH 

1.2 0.1 N HCl and different drug release models were applied. The carbopol and HPMC 

K4M have different effects on the release profile of drugs. The swelling and mucoadhesive 

strength were studied and evaluated the effect of different polymers. The release of 

mirtazapine at 1 and 6 h was evaluated by using model independent and dependent 

approaches. The zero and first order, higuchi, korsmeyer peppas and weibull model were 

applied on release data of mirtazapine. The developed formulation followed the zero order 

release kinetics [69]. 

Sonvico et al., 2017 developed multilayer tablets for IR gabapentin and SR flurbiprofen 

and studied the kinetics of drug release. The three layered tablets were prepared by direct 

compression utilizing multi-station compression machine. The top layer contained 

gabapentin for rapid delivery, middle layer contained flurbiprofen for intra-gastric release 

and third layer for SR intestinal delivery of flurbiprofen. The floating hydrophilic polymers 

were present in top layer and insoluble swellable polymers were present in third layer. The 

release of gabapentin and flurbiprofen were evaluated for release kinetics using zero and 

first order, higuchi, korsmeyer peppas and weibull model. The gabapentin showed first 

order release mechanism and flurbiprofen showed zero order release and fickian diffusion 

of drug release [70]. 
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Ali and Ali, in 2013 studied the release kinetics of propranolol from press coated tablets 

prepared by multi-stage compression tablet machine. The HPMC was used as coating 

material along with carbopol and compressol. The prepared formulations of propranolol 

were optimized by using zero order release kinetics. The release of propranolol was studied 

for up to 12 h using type II dissolution apparatus and effect of type and proportion of 

polymers on the drug release and release kinetics via zero order was studied. The optimized 

zero order release mechanism was observed when the 31 to 38 % drug, 50 % HPMC, 2 to 

9 % carbopol and 25 to 43 % compressol were used. The r2 value of zero order obtained 

from optimized formulation of propranolol was 0.997 and n value of peppas model was 

greater than 0.80 [71]. 

Asnaashari et al., in 2011 prepared the SR tablets of metronidazole and evaluated the 

release kinetics of drug. They developed various formulations of tablets containing 

metronidazole by utilizing different concentrations of HPMC, psyllium and carbopol. The 

developed tablets were evaluated for floating behavior, physical properties, release 

behavior and kinetics of drug release. The percentage of psyllium and HPMC significantly 

reduce the floating time tablets and have different effects on the release profile of 

metronidazole. The release of metronidazole was assessed by 10 different release kinetic 

models and weibull and higuchi models were found to be the best fitted models. The % 

RSD of weibull and higuchi was 4.74 and 5.76 respectively for the prepared tablets. They 

concluded that the developed floating system effectively controlled the release of 

metronidazole from tablets [72].  

2.9.  HPLC method development  

Batrawi et al., 2017 developed HPLC-UV method for combined monitoring of florfenicol 

and flunixin in injectable. The method was validated by using mobile phase consisted of 

acetonitrile and water, flow rate 1 ml/min and detection wavelength was set at 268 nm. The 

r2 values for both drugs was 0.999 and percentage recoveries were range from 99.8-100.67 

%. The detection and quantification limits were 2.34 ppm and 4.69 ppm for both drugs. 

The developed method was simple and sensitive for the combined monitoring of florfenicol 

and flunixin in pharmaceutical dosage forms [73]. 
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Ibrahim et al., in 2016 studied the combined estimation of four anti-epileptic drugs in 

human plasma by HPLC. They developed simple and sensitive method for the combined 

monitoring of carbamazepine, oxcarbazepine, lamotrigine and levetiracetam. The 

analytical curve of four drugs were linear over the range of 0.5-50 ppm and r2 values were 

ranged from 0.998 to 0.999. The developed method was suitable for the analysis of 

pharmacokinetics of four anti-epileptic drugs and interaction between them. This method 

was also applicable for the therapeutic drug monitoring of four anti-epileptic drugs [74]. 

Soltani et al., 2012 developed and validate the HPLC method for combined estimation of 

carvedilol and losartan in human plasma by commonly used liquid extraction method. The 

used mobile phase consisted of propanol, acetonitrile and phosphate buffer pH 4.0 in ratio 

of 2.5:27.5:70. The losartan was linear in the range of 0.1-1 ppm and carvedilol was linear 

in the concentration range of 0.05-0.75 ppm and r2 values of both drugs was 0.999. The 

percentage recoveries of losartan and carvedilol were 98.9-100.2 % and 100.5-100.7 % 

respectively. They concluded the developed method was applicable for therapeutic drug 

monitoring and pharmacokinetic analysis of both drugs [75]. 

Sivakumar et al., in 2007 developed HPLC method for the combined monitoring of PSS 

and DM in capsules dosage forms. The both drugs were separated using ODS column and 

mobile phase consisted of 20 % methanol, 33 % acetonitrile and 47 % solution of 

trimethylamine. The flow rate of mobile phase was 1 mL/min, detection wavelength was 

set at 285 nm and aectophenone was used as an internal standard. The retention time of 

PSS and DM was 4.34 and 9.46 min respectively. The PSS and DM was linear in the 

concentration range of 0.5-5 ppm 1-10 ppm respectively. The LOD of PSS and DM was 

15.3 and 3.0 ng/mL. The LOQ was 51 and 10.1 ng/mL for PSS and DM respectively [44].   

2.10. In vivo studies 

Friesen, 2018 conduct in vivo studies of PSS on obese child having age between 12 to 17 

years and compared the obtained results with non-obese child. They studied the different 

pharmacokinetic parameters such as Cmax, tmax, t1/2, AUC, AUMC and MRT of PSS after 

oral administration to obese and non-obese child. The Cmax and tmax of the obese and non-

obese child are similar after oral administration of PSS. The calculated pharmacokinetic 

parameters of PSS of the obese child was similar with the non-obese child [76].  
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Shin and Kim, 2013 observed the pharmacokinetics of various proton pump inhibitors 

(PPIs). They administered the drugs orally, sample was withdrawn at regular intervals and 

analyzed by already developed HPLC method. They also studied the gastric acid 

suppression via intra-gastric mechanism. They studied the AUC, AUMC and change in pH 

of gastric fluid after the administration of drugs. They studied the concentration of drugs 

in plasma after the administration of immediate and delayed release dosage forms of PPIs. 

They concluded that the delayed release dosage forms of PPIs are effective and maintain 

the concentration of drugs in blood for prolonged period of time [77].  

Balderas-Acata et al., in 2013 studied the bioavailability of PSS in Mexico population 

utilizing cross over study. 40 mg containing PSS tablets were administered orally. The bold 

samples were withdrawn at different time intervals and analyzed by HPLC. They studied 

the Cmax, tmax, AUC, AUMC and MRT of PSS in 34 healthy individuals. The observed 

parameters showed the test and reference formulations was bioequivalent [78].  

Raffin et al., 2010 developed soft microparticles of PSS and conduct bioavailability studies 

in beagle dogs. The soft microparticles were developed by spray drying technique utilizing 

mannitol and lecithin. The drug loading and percent yield of microparticles were 

determined. The non-compartmental and compartmental approaches were used to evaluate 

the pharmacokinetics of PSS. The soft microparticles and reference tablets are equivalent 

in terms of extent but different in absorption rate. The bioavailability of PSS from soft 

particle was 108 % which was greater than the reference tablets [79]. 

2.11. Stability studies  

Dai et al., in 2018 developed nano-systems of resveratrol and performed stability studies 

under controlled conditions. They used various peptides for the controlled delivery of 

resveratrol and these peptides were susceptible to degradation. They stored the 

formulations at 60 ºC and 75 % relative humidity for a period of six months and observed 

the drug contents and particle size of developed nanoparticles at 0, 1, 3 and 6 months. The 

results showed the formulation, drug contents and particle size remains same throughout 

the period of six months. The 91.11 % resveratrol was present in the formulation at six 

months period [80]. 
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Danish et al., in 2017 developed nanoparticles of chitosan and studied their stability under 

accelerated condition. They loaded leucine, lysine and proline in chitosan nanoparticles for 

the effective management of pre-hypertension. They stored the developed formulations for 

720 min at 60 ºC, for 300 min at 70 ºC, and for 120 min at 80 ºC and studied the stability 

of colloids and particle size of nanoparticles. The kinetic model such as zero order was also 

applied on the developed formulation for studying the release of amino acids. At 60 ºC 

there was no change in the particle size was observed, at 70 ºC and 80 ºC the size of the 

particle was increased. They concluded that the nanoparticles of amino acids were stable 

at 60 ºC for 720 min [81].  

Wang et al., 2016 developed enteric coated tablets of aspirin and studied their stability 

studies at 40 ºC and 75 % relative humidity. The prepared the tablets by direct compression 

method and coating was done by tablet coater. The studied the stability of coating material 

and % contents of salicylic acid for a period of six months. They performed the test on 

coating materials and % drug contents for 0. 1, 3 and 6 months. The coating materials 

showed 89.91 % stability at 6 months and % drug contents were 92.16 % [82].   

Schou-Pedersen et al., 2015 performed stability studies on drug-excipients complex 

utilizing microwave heated oven. The experimental design was applied on the complexes 

in order to rank the products. The complexes were made by utilizing glycerol, sorbitol and 

polyethylene glycol and drug was atenolol. The developed dosage forms were solutions 

and solid dosage forms and treated at 40 ºC, 80 ºC, 150 ºC and 180 ºC for period of three 

months. The developed complexes of liquid and solid dosage forms stable for a period of 

three months and microwave oven was considered as an excellent alternative for studying 

the stability of pharmaceuticals [83].  
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CHAPTER 3 

3. MATERIALS AND METHODS 

3.1. Materials 
 Pantoprazole sodium sesquihydrate (PSS) and Domperidone maleate (DM) were 

gifted by Shrooq Pharmaceuticals Pvt. Ltd. Lahore, Pakistan. 

 Aspirin was gifted by StandPharm, Pvt. Ltd. Lahore, Pakistan and used for 

induction of gastric ulcer in histopathological examination of rat stomach. 

 Omeprazole was gifted by Goodman Pharmaceuticals, Pvt. Ltd, Islamabad, 

Pakistan used as reference standard in histopathological examination of rat 

stomach.  

 Sodium alginate, pectin from citrus peel, citric acid, crosslinked carboxymethyl 

cellulose (CMC), sodium starch glycolate (SSG), starch, hydrochloric acid, ethanol, 

methanol and acetonitrile were purchased from Sigma-Aldrich Gmbh Darmstadt, 

Germany. 

 Hydroxypropyl methyl cellulose K100M (HPMC K100M), HPMC E5, sodium 

bicarbonate, calcium carbonate, magnesium stearate, lactose, potassium 

dihydrogen phosphate, orthophosphoric acid, sodium hydroxide and membrane 

filters having pore size 0.22 µm and 0.45 µm were purchased from Merck 

Darmstadt, Germany. 

 Pepsin and sodium chloride were purchased from Scharlau Barcelona, Spain. 

 Double distilled water and deionized water were obtained from research laboratory 

of Department of Pharmaceutics, Faculty of Pharmacy Bahauddin Zakariya 

University Multan, Pakistan 

 Zopent 20 mg tablets and Domel 5 mg tablets were purchased from local market 

and used as reference formulations for pharmacokinetic study. 

3.2. Instruments 
 Analytical weighing balance Shimadzu Gmbh Germany model TW223L. 

  Sigma mixer Erweka Gmbh Heusenstramm Germany, capacity 5kg, model 53296. 

 Fluid bed granulator Innopharma Dublin, Ireland.  

 Minipress tablet compression machine pharma test Hainburg, Germany. 
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 Erweka hardness tester Gmbh Heusenstramm Germany.  

 Friabilator Agilent technologies Santa Clara United States.  

 Digital vernier caliper Mainland China, model 4300121. 

 Small modification was made in dispensing weighing balance, cube mixer and 

dissolution apparatus for measurement of strength, resilience and neutralization 

capacity of alginate-pectin raft.  

 Compendial disintegration test apparatus Erweka, DT, Germany. 

 Dissolution apparatus (Type II paddle apparatus) pharma test Hainburg, Germany.  

 UV-Visible spectrophotometer PerkinElmer Inc. New York, USA. 

 FTIR spectrophotometer Bruker Alpha, Germany.  

 XRD diffractometer D/max-2500pc, Rigaku Co, Japan. 

 Differential scanning calorimeter DSC-60 Shimadzu, Germany. 

 Scanning electron microscope model SEM-JEOLSM6360A.  

 Filtration assembly Sigma Aldrich, Germany. 

 Sonicator Guangdong Mainland, China. 

 HPLC system PerkinElmer Inc. New York, USA.  

 Stability chamber Shanghai Jianheng instrument, China.  

3.3. Glassware 
 Beakers (Guangdong Mainland, China) 

 Funnel (Guangdong Mainland, China) 

 Buckner funnel (Guangdong Mainland, China) 

 Petri dishes (Guangdong Mainland, China) 

 Measuring cylinder (Guangdong Mainland, China) 

 Pipettes (Guangdong Mainland, China) 

 Test tubes (Guangdong Mainland, China) 

 Volumetric flasks (Guangdong Mainland, China) 

 Glass stirrers (Guangdong Mainland, China) 

3.4. Software 
 Design expert version 7.1 state-ease Inc., Minneapolis, MN. 

 Microsoft word 2016 

 Microsoft excel 2016 
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 Graph pad prism version 5.01 

 Chem draw Pro 8.0 Cambridge soft corporation. 

 Coral draw X7 Graphic suite.  

 Adobe photo shop version CS6.  

 Adobe illustrator 1.4 version CS-CS6.  

 DD Solver add-in program for Microsoft excel. 

 PK Solver add-in program for Microsoft excel. 

 Endnote X7.5.0.9325 

3.5. Methods  

3.5.1. Experimental design for formulations 

The box behnken design (BBD) was used to study the interaction and quadratic properties 

of the ingredients of preparation on the release profile of PSS [50]. A three level, three 

factor BBD requires 17 experiments of bilayer tablets keeping 3 factors and 3 responses by 

means of design expert (version 7.1 state-ease Inc., Minneapolis, MN). Factors were 

percentages of sodium alginate (X1), pectin (X2) and HPMC K100M (X3) while the 

responses were % release of PSS at 2 h (Y2), 4 h (Y4) and at 8 h (Y8) as mentioned in Table 

3.1. The obtained results of each response were fitted to main, interactive and quadratic 

model described by using equation 3.1, 3.2 and 3.3 respectively [84].  

𝑌𝑚𝑎𝑖𝑛 𝑒𝑓𝑓𝑒𝑐𝑡 = 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2 + 𝑏3𝑋3 --------------------------------------------------(3.1) 

𝑌𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑣𝑒 𝑒𝑓𝑓𝑒𝑐𝑡 = 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2 + 𝑏3𝑋3 + 𝑏12𝑋1𝑋2 + 𝑏13𝑋1𝑋3 + 𝑏23𝑋2𝑋3 --(3.2) 

𝑌𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑒𝑓𝑓𝑒𝑐𝑡 = 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2 + 𝑏3𝑋3 + 𝑏12𝑋1𝑋2 + 𝑏13𝑋1𝑋3 + 𝑏23𝑋2𝑋3 +

𝑏11𝑋1
2 + 𝑏22𝑋2

2 + 𝑏33𝑋3
2 ----------------------------------------------------------------------(3.3) 

Where 𝑌i is the calculated answer of responses, b0 is intercept, b1 to b33 regression 

coefficients calculated from the experimental values of 𝑌. 𝑋1, 𝑋2 and 𝑋3 are the coded value 

of factors. 𝑋𝑎 𝑋𝑏 (𝑎, 𝑏 = 1, 2, 3) and 𝑋2
𝑖 (𝑖 = 1, 2, 3) signify the interactive and quadratic 

standings. 
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Table 3.1 Variables and constrains in box-behnken design.  

Variables Level Constrains 

Factors -1 0 +1 

X1 Sodium Alginate (%) 2.5 15 27.5 In the range 

X2 Pectin (%) 2.5 15 27.5 In the range 

X3 HPMC K100M (%) 6 10 14 In the range 

Responses     

Y2 % release of PSS at 2 h     20-40 % 

Y4 % release of PSS at 4 h     40-60 % 

Y8 % release of PSS at 8 h    80-100 % 

 

3.5.2. Pre-compression evaluation of powder and granules 

Angle of repose (equation 3.4) was calculated by funnel technique, powdered bulk density 

and tapped density (equation 3.5 & 3.6) were measured by cylinder process. Carr’s index 

(equation 3.7) was measured by carr’s compressibility index. Hausner ratio was calculated 

by taking the ratio of tapped and bulk densities (equation 3.8) [85]. 

 𝜃 = 𝑡𝑎𝑛−1 ℎ

𝑟
 -------------------------------------------------------------------------------------(3.4) 

𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑀

𝑉𝑏
 -----------------------------------------------------------------------------(3.5) 

𝑇𝑎𝑝𝑝𝑒𝑑 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑀

𝑉𝑡
 --------------------------------------------------------------------------(3.6) 

𝐶𝑎𝑟𝑟′𝑠 𝑖𝑛𝑑𝑒𝑥 =
𝑉𝑏−𝑉𝑡

𝑉𝑏
× 100 -----------------------------------------------------------------(3.7) 

𝐻𝑎𝑢𝑠𝑛𝑒𝑟′𝑠 𝑅𝑎𝑡𝑖𝑜 =
𝜌𝑡

𝜌𝑑
 ------------------------------------------------------------------------(3.8) 

Where angle of repose, cone height, radius of cone base and mass are denoted by Ɵ, h, r 

and M, the bulk and tapped volume are denoted by Vb and Vt is tapped volume, the bulk 

and tapped density are denoted by ρt and ρd. 

3.5.3. Preparation of bilayer tablets 

The granules were prepared by wet granulation technique. PSS was mixed with sodium 

alginate, pectin, HPMC K100M, sodium bicarbonate, citric acid and calcium carbonate as 

shown in Table 3.2 and afterward delivered through sieve number 18. Powder materials 
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passed the micromeritic limits was mixed thoroughly for 5 min by using sigma mixer 

Erweka Gmbh Heusenstramm Germany, capacity 5 kg, model 53296. The powdered 

materials were granulated by using 2 % w/w HPMC E5 in 90 % ethanol solution. Dried 

the granules at 40 ºC for 2 h, passed through 18-mesh screen and stored in an air tight 

container at room temperature [35, 86]. The granules of IR layer were prepared using the 

same procedure as SR layer by mixing DM with CMC, SSG, starch and lactose with 

different ratios as mentioned in Table 3.3 [35, 86]. Bilayer tablet of PSS (SR) and DM (IR) 

were compressed in such a way that single SR layer was compressed by half pressure value 

while the complete bilayer tablet (including IR layer) were compressed by full compression 

force 80 N using minipress MII (Pharma test Hainburg, Germany). 

 

Figure 3.1 Schematic representation of bilayer tablet.  

3.5.4. Preparation of mini bilayer tablets for pharmacokinetic studies 

Mini bilayer tablets having 30 mg powder of SR layer and 15 mg powder of IR layer were 

compressed containing 3 mg PSS and 3 mg of DM in SR and IR layers respectively. The 

compressed mini bilayer tablets were evaluated for their physical and chemical tests. The 

assay of mini bilayer tablets was performed using already developed HPLC method.  
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Table 3.2 Composition of SR layer of raft forming bilayer tablets having constant weight  

of 40 mg (10 %) PSS. 

Code Sodium 

alginate 

(%) 

Pectin 

(%) 

HPMC 

K100M 

(%) 

NaHCO3 

(%) 

Citric 

acid 

(%) 

Calcium 

carbonate 

(%) 

Total 

weight 

(%) 

R1 27.50 15.00 14.00 18.00 9.00 6.50 100 

R2 27.50 27.50 10.00 14.00 7.00 4.00 100 

R3 2.50 2.50 10.00 40.00 20.00 15.00 100 

R4 15.00 27.50 14.00 20.00 10.00 3.50 100 

R5 2.50 15.00 6.00 40.00 20.00 6.50 100 

R6 27.50 2.50 10.00 30.00 15.00 5.00 100 

R7 2.50 27.50 10.00 30.00 15.00 5.00 100 

R8 27.50 15.00 6.00 25.00 12.50 4.00 100 

R9 15.00 15.00 10.00 30.00 15.00 5.00 100 

R10 15.00 2.50 6.00 40.00 20.00 6.50 100 

R11 15.00 15.00 10.00 60.00 15.00 5.00 100 

R12 15.00 15.00 10.00 60.00 15.00 5.00 100 

R13 15.00 2.50 14.00 35.00 17.50 6.00 100 

R14 15.00 15.00 10.00 30.00 15.00 5.00 100 

R15 15.00 27.50 6.00 25.00 12.50 4.00 100 

R16 2.50 15.00 14.00 35.00 17.50 6.00 100 

R17 15.00 15.00 10.00 30.00 15.00 5.00 100 

 

 

 

 

 

 

 



30 

 

Table 3.3 Composition of IR layer of raft forming bilayer tablets having constant weight 

of 20 mg DM (20 %) and 1 % magnesium stearate. 

Code Crosslinked 

carboxymethyl 

cellulose (%) 

Sodium starch 

glycolate (%) 

Starch 

(%) 

Lactose 

(%) 

Total 

weight  

(%) 

R1 2.50 2.00 22.50 52.00 100.00 

R2 2.50 2.00 22.50 52.00 100.00 

R3 2.50 1.00 15.00 60.50 100.00 

R4 4.00 3.00 22.50 49.50 100.00 

R5 4.00 2.00 15.00 58.50 100.00 

R6 1.00 3.00 22.50 52.50 100.00 

R7 2.50 2.00 22.50 52.00 100.00 

R8 2.50 2.00 22.50 52.00 100.00 

R9 2.50 3.00 15.00 58.50 100.00 

R10 4.00 2.00 30.00 43.00 100.00 

R11 1.00 1.00 22.50 54.50 100.00 

R12 2.50 2.00 22.50 52.00 100.00 

R13 4.00 1.00 22.50 51.50 100.00 

R14 2.50 1.00 30.00 45.50 100.00 

R15 1.00 2.00 15.00 61.00 100.00 

R16 1.00 2.00 30.00 46.00 100.00 

R17 2.50 3.00 30.00 43.50 100.00 

 

3.5.5. Post-compression evaluation of bilayer tablets 

Diameter and thickness of prepared tablets were measured by digital vernier caliper 

(Mainland China, model 4300121). Thickness of tablets must be controlled and their % 

variation was ±5 %. Hardness of tablets were measured in Kg/cm2 by using Erweka 

hardness tester (Gmbh Germany). Weight variation of 20 tablets were determined by using 

electronic weighing balance (Shimadzu Gmbh Germany model TW223L) [87]. The weight 

of compressed tablets were more than 324 mg and variation limit was ±5 % according to 

British Pharmacopoeia (BP). Friability of tablets were determined according to BP 

specifications. Twenty tablets from each formulation was taken in drum of Roche friability 
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tester (Erweka D-63150 Heusenstramm, Germany). The drum was rotated for 4 min at the 

rate of 25 rpm, tablets were removed, dedusted and weighed accurately. The percent weight 

loss was calculated by equation 3.9 [88]. According to BP the allowed limit of friability of 

tablets is less than 1 %. In equation 3.9 Winitial is tablets weight before performing friability 

test and Wfinal is tablets weight after friability test. 

𝐹𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (%) =
𝑊𝑖𝑛𝑖𝑡𝑖𝑎𝑙−𝑊𝑓𝑖𝑛𝑎𝑙

𝑊𝑖𝑛𝑖𝑡𝑖𝑎𝑙
× 100 -----------------------------------------------------(3.9) 

Disintegration time of raft forming SR layer of bilayer tablet was determined by placing 

one tablet in beaker having capacity of 250 mL. Add 120 mL of distilled water in beaker 

at 37 ºC. The tablet was completely disintegrated if the evaluation of the gas around the 

tablet stopped or distributed in the medium completely or no residue of tablet left in the 

medium. The procedure was applied on further five tablets. The same method of 

disintegration time of raft forming tablet was reported by Prajapati et al., in 2012 and Jang 

et al., in 2014 [19, 65]. Disintegration time of IR layer of bilayer tablet was measured by 

compendial disintegration test apparatus (Erweka, DT, Germany) according to BP 

specifications. The disintegration medium was 1N HCl pH 1.2 and apparatus was at 37 ºC. 

The basket was oscillated at a constant speed of 30 cycles per min. The fragmentation time 

of IR layer should be less than 2 min [89].  

3.5.6. Formation of alginate-pectin rafts from bilayer tablet 

The prepared bilayer tablets were transferred to the 150 mL simulated gastric fluid (SGF) 

in 250 mL of beaker. For the preparation of SGF, dissolve 2 g NaCl and 3.2 g pepsin in 

sufficient quantity of purified water, add 7 mL of HCl and finally make the volume up to 

1000 mL [65]. The SA and pectin form raft upon contact with SGF and CO2 was generated 

form effervescent mixture. The CO2 was entrapped in the raft and raft floats on the surface 

of SGF. The calcium ions generated from calcium carbonate and crosslinked with alginate-

pectin raft.  

3.5.7. Characterization of alginate-pectin raft 

3.5.7.1. Physical characterization of alginate-pectin raft 

3.5.7.1.1. Effect of pH on alginate-pectin raft formation 

The four different mediums were used for the evaluation of effect of pH on raft formation 

as shown in Figure 3.2. The SGF pH 1.2 and 1.0N HCl pH 1.2 was selected from stomach 
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region and phosphate buffer pH 5.7 and 5.8 was selected from intestinal region. The 

prepared tablets were introduced into the above mentioned mediums previously 

equilibrated at 37 ºC and the outcome of pH was recorded [90]. 

 

Figure 3.2 Raft formation in different mediums of acidic pH 1.2 and slightly basic pH 5.7 

and 5.8. 

3.5.7.1.2. Raft strength 

The dispensing weighing balance was modified in the laboratory by replacing one pan with 

L-shaped wire probe and a beaker was placed in second pan as shown in Figure 3.3. The 

diameter of the wire probe was 1.2 mm. The prepared tablet was transferred to 150 mL of 

SGF pH 1.2 in a beaker having capacity of 250 mL previously equilibrated at 37 ºC. The 

raft was permitted to form in the area of wire probe and wait for 30 until the raft was 

completely matured. Add water dropwise in beaker which was present in second pan of 

dispensing weighing balance and weight of water required to break the raft was measured. 

The similar process for the measurement of strength of raft was reported by Prajapati et al., 

2012 [19].   
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Figure 3.3 Modified dispensing weighing balance for measurement of raft strength. 

3.5.7.1.3. Raft weight and volume 

The tablet was transferred to 150 mL of SGF pH 1.2 in a beaker having capacity of 250 

mL previously equilibrated at 37 ºC and wait for 30 min until the raft was completely 

matured. W1 was the weight of empty beaker which was used for the formation of raft. The 

top of each raft was observed from outer surface of container. W2 is the weight of beaker 

along with filling after the complete maturation of raft. Remove the raft from the beaker, 

pour out the extra liquid and weighed (W3). Refill the beaker with water to the marked 

point after removal of SGF and weighed (W4). The volume of each raft was measured in 

mL by using equation 3.10 and weight was measured in grams [91]. 

𝑅𝑎𝑓𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 = (𝑊4 − 𝑊1) − (𝑊2 − 𝑊1 − 𝑊3) ----------------------------------------(3.10) 

3.5.7.1.4. Raft thickness 

The prepared formulation was added to 50 mL of SGF pH 1.2 in a beaker having capacity 

of 250 mL previously equilibrated at 37 ºC. Avoid agitation until the raft is matured and 
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thickness was calculated at three different points everywhere the beaker by using digital 

vernier caliper (Shandong, China) and expressed as mean value [92]. 

3.5.7.1.5. Raft resilience  

The raft was formed in 250 mL glass jar by adding tablet to 150 mL of SGF pH 1.2 

previously equilibrated at 37 ºC. The raft was allowed to develop for 30 min, capped jar 

was positioned in modified cube mixer as shown in Figure 3.4 and allowed to revolve at 

20 rpm. The raft was evaluated for gel size and consistency after 2, 5, 10, 20, 30, 45, 60 

min, or such time when the was completely converted into pieces. The raft resilience was 

dissimilar as the last point at which a raft was detected [68]. 

 

Figure 3.4 Modified cube mixer for measurement of resilience of alginate-pectin raft. 

3.5.7.1.6. Floating lag time (FLT) and total floating time (TFT) 

The FLT and TFT of raft was measured by using type-II USP dissolution apparatus in 900 

mL SGF pH 1.2 maintained at 37±0.5 °C and at 50 rpm. Prerequisite rise time for the raft 

on the surface of SGF was determined as FLT. Total time of the raft hovers in dissolution 

medium including FLT was considered as TFT [93]. 

3.5.7.1.7. Reflux resistance 

The raft was formed by adding tablet to 150 mL SGF in 250 mL beaker previously 

equilibrated at 37 ºC. When raft was completely developed remove the SGF from the 

beaker and leaving the developed raft in the bottommost part of the beaker. Placed the 
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beaker on the elevated platform of texture analyzer. The raft was forced through an orifice 

of 10, 15 and 20 mm in diameters and force was measured by texture analyzer as shown in 

Figure 3.5. 

 

Figure 3.5 Measurement of reflux resistance of alginate-pectin raft by texture analyzer. 

3.5.7.1.8. Neutralization capacity of buffering agents 

The neutralization and buffering capacity of tablets were estimated using an in vitro 

method. Set the type-II USP dissolution apparatus at 125 rpm in 250 mL of 0.02 M HCl 

solution at 37 ºC. Dissolve the tablets in 120 mL of SGF, add into medium and digital pH-

meter was used to check the pH. Wait for 20 min and then start the titration through the 

burette containing 0.1M HCl solution. Continue the titration at 2 ml/min until the pH of 

medium reached 2.5. Neutralizing and buffering capacity was calculated using equation 

3.11 and 3.12 respectively. 
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𝑁𝑒𝑢𝑡𝑟𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = [(𝑉𝐻𝑐𝑙 × 𝑇𝐻𝑐𝑙) + (𝑉𝑡𝑟−2 × 𝑇𝑡𝑟)] ×
𝑊1

𝑊2
 ------------------(3.11) 

𝐵𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = (𝑉𝑡𝑟−1 × 𝑇𝑡𝑟) ×
𝑊1

𝑊2
 ---------------------------------------------(3.12) 

Where volume and titer of HCl in dissolution vessels are denoted by VHCl and THCl, volume 

and titer of HCl in burette is denoted by Vtr-2 and Ttr, weight of tablet and test weight of 

tablet are denoted by W1 and W2, volume of HCl added from burette and titer of HCl in 

the burette are denoted by Vtr-1 and Ttr. 

3.5.7.2. Chemical properties of alginate-pectin raft 

3.5.7.2.1. Alginate and pectin contents within the raft 

The prepared tablet was transferred to the 150 mL SGF previously equilibrated at 37 ºC 

and wait for 30 min until the raft was completely matured. After 30 min the remove the 

alginate-pectin raft, washed with deionized (De-ion) water and transferred to the centrifuge 

tube. At 4 ºC De-ion water was added, shaken for 1 min at 250 rpm using linear shaker, 

centrifuge for 3 min at 4000 rpm and removed the supernatant and repeat the procedure 

twice. Add ethanol to the centrifuge tube at 4 ºC, centrifuge for 3 min at 4000 rpm and 

repeating twice. Remove the alginate-pectin raft from centrifuge tube, dried in an oven at 

40 ºC for 2 days till constant weight and weight the raft in g was measured. Contents of 

alginate and pectin within the alginate-pectin rafts were calculated by UV-

spectrophotometer. A series of dilutions at concentrations of 0.2-1.0 mg/mL of both sodium 

alginate and pectin were prepared by using phosphate buffer pH 8.0. Each dilution was 

centrifuged for 15 min at 4000 rpm. The dried alginate-pectin raft was grounded into 

powder, placed in 5 ml of phosphate buffer pH 8.0, sonicated for 15 min at 37 ºC and 

centrifuged at 4000 rpm for 5 min. The solution of raft was filtered through 0.2 µm filter 

paper. Concentrations of alginate and pectin were detected at 265 nm and 490 nm 

respectively. Alginate and pectin contents within the raft were determined by using linear 

equation (r2 = 0.999) from the standard graph. The alginate and pectin contents in the rafts 

should be within 100±15 %. The total contents of alginate and pectin were determined 

using the following equations. 

𝐶𝑜𝑛𝑡𝑒𝑛𝑡𝑠 𝑜𝑓 𝑠𝑜𝑑𝑖𝑢𝑚 𝑎𝑙𝑔𝑖𝑛𝑎𝑡𝑒 = 𝑋 𝑚𝑔/𝑚𝑙) ×
𝑉 (𝑚𝑙)×𝑊1 (𝑚𝑔)

𝑊2 (𝑚𝑔)
 ---------------------(3.13) 

𝐶𝑜𝑛𝑡𝑒𝑛𝑡𝑠 𝑜𝑓 𝑝𝑒𝑐𝑡𝑖𝑛 = 𝑋 𝑚𝑔/𝑚𝑙) ×
𝑉 (𝑚𝑙)×𝑊1 (𝑚𝑔)

𝑊2 (𝑚𝑔)
 -----------------------------------(3.14) 
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The weight of alginate-pectin raft and sample were denoted by W1 and W2 respectively.  

3.5.7.2.2. Acid neutralization capacity (ANC) within the alginate-pectin raft 

Two 500 ml ambered colored flasks were taken, one contained deionized water and 1M 

HCl, this was the reagent 1 and incubated for 20 min in water bath at 37 ºC. Second flask 

contained 0.5 M NaOH and heated to 37 ºC for 20 min, this was the reagent 2. Prepared 

tablet was transferred to the 150 ml SGF previously equilibrated at 37 ºC and wait for 30 

min until the raft was completely matured. Raft was removed from SGF and washed with 

De-ion water three times. Raft was transferred to centrifuged tube, add De-ion water at 4 

ºC, centrifuged for 3 min at 4000 rpm, removed the upper clear layer and repeat the process 

twice. Ethanol was added at 4 ºC, again centrifuged for 20 min at 4000 rpm and repeat the 

process twice. Remove the alginate-pectin raft and dried it in an oven at 40 ºC for 48 h. 

Alginate-pectin rafts were grounded into powder and moved into flask having 150 ml of 

De-ion water. The flask was shaken at 250 rpm for 1 min at 37 ºC using orbit shaker. Add 

30 ml of reagent 1 to the flask, resumed the flask to the shaker for 15 min at 250 rpm and 

flask contents were shifted into 250 ml conical flask for titration analysis. The reagent 2 

was taken in burette and add this reagent into conical flask. Changes in the pH was 

measured by pH meter upon addition of reagent 2. The acid neutralizing capacity of 

alginate-pectin was calculated by following formula. 

𝐴𝑐𝑖𝑑 𝑛𝑒𝑢𝑡𝑟𝑎𝑙𝑖𝑧𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 𝑉 − 𝑇 × 0.5 ×
𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑟𝑎𝑓𝑡 (𝑚𝑔)

𝑤𝑖𝑒𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑚𝑔)
 ------------(3.15) 

Where V and T are volume and titer of HCl respectively.  

3.5.7.2.3. Neutralization profile 

The prepared tablet was transferred to the 150 mL SGF (pH 1.2) previously equilibrated at 

37 ºC and wait for 30 min until the raft was completely matured. Raft was moved to the 

buchner funnel, extra SGF was removed, add 3 mL of 0.04 M HCl and wait of 5 min. The 

filtration was applied to the alginate-pectin raft by using 0.1 M HCl, collect excess HCl pH 

was recorded by pH meter (digital). Twicely repeat the filtration until the filtrates were no 

longer neutralized (pH less than 4.0) by the raft and pH 4.0 was used as cut off value. 

3.5.7.2.4. Effect of raft structure on neutralization profile of alginate-pectin raft 

The prepared tablet was transferred to the 150 mL SGF (pH 1.2) previously equilibrated at 

37 ºC and wait for 30 min until the raft was completely matured. Raft was moved to the 
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buchner funnel, extra SGF was removed, add 3 mL of 0.04 M HCl and wait of 5 min. The 

filtration was applied to the alginate-pectin raft by using 0.1 M HCl, collect excess HCl pH 

was recorded by pH meter (digital). Twicely repeat the filtration until the filtrates were no 

longer neutralized (pH less than 4.0) by the raft. Carefully remove the raft, put into a beaker 

having capacity of 100 mL and converted into pieces. Add 3 mL of 0.04 M HCl into the 

raft pieces, permitted to settle down and relocation the pieces of raft to the buchner funnel, 

again apply the process of filtration and record pH of filtrate. This method was used to 

check the effect of structure of raft on the neutralizing profile of the raft, because the 

antacid being trapped within the raft structure. 

3.5.7.3. Swelling behavior of alginate-pectin raft 

The swelling properties of raft was carried out by adding the tablet in 0.1M HCl solution 

pH 1.2. Wait for 30 min until the raft was completely matured. Remove the raft, weight it 

(W0) and put it into a plastic container having 0.1M HCl solution with the mesh underneath 

the raft. The test was carried out under agitation condition using orbit shaker. After 0.5, 1, 

2, 4, 6 and 8 h the raft with the mesh was removed from the medium, take out the left-over 

water and weighed (W1). Dried the alginate-pectin raft at 80 ºC in oven for 24 h till constant 

weight (W2) and repeat the experiment for each time point twicely. The swelling behavior 

of alginate-pectin rafts were calculated by following equation.  

% 𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑜𝑓 𝑟𝑎𝑓𝑡 =  
𝑊1−𝑊2

𝑊0
× 100 -----------------------------------------------------(3.16) 

3.5.8. Drug release studies 

In vitro release behavior of PSS was carried in 900 mL SGF of pH 1.2 at 37±0.5 ºC from 

0 to 8 h for SR layer and 0 to 1 h for IR layer by USP dissolution apparatus II at 50 rpm. 

Rapolu et al., 2013 studied the release pattern of metronidazole from floating bilayer tablets 

for sustained release at 50 rpm [50, 94]. At fixed time interval, 5 mL sample was pipette 

out and replaced with fresh SGF of same volume. The withdrawn sample was filtered by 

0.45 um filter and concentration of PSS and DM were determined by UV 

spectrophotometer (PerkinElmer Inc. New York, USA) at 290 nm and 285 nm respectively 

[10]. 
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3.5.9. Drug release kinetics 

The release kinetics of PSS was determined by different in vitro kinetics models such as 

zero order (equation 3.17), first order (equation 3.18), higuchi (equation 3.19) and 

Korsmeyer-peppas model (equation 3.20) [62]. Release kinetics of DM was calculated by 

zero order, first order and weibull model.  

𝐹𝑡 = 𝐾0𝑡 ----------------------------------------------------------------------------------------(3.17) 

ln(1 − 𝐹) =  −𝐾1𝑡 ----------------------------------------------------------------------------(3.18) 

𝐹 =  𝐾2𝑡1/2 -------------------------------------------------------------------------------------(3.19) 

𝑀𝑡/𝑀∞
= 𝐾3𝑡𝑛 ---------------------------------------------------------------------------------(3.20) 

Where drug release fraction, rate constant, drug release fraction in time t, constant for first 

order release, constant for higuchi model, amount of drug release at time t, release of drug 

at infinity and constant for diffusion are denoted by Ft, Ko, F, K1, K2, Mt, 𝑀∞ and n. 

3.5.10. Fourier transform infrared spectroscopy (FTIR) 

The FTIR spectra of drugs and excipients in powder form, prepared granules, SR and IR 

layers, bilayer tablets and raft were obtained by FTIR spectrophotometer (Bruker Alpha, 

Germany) and compared. Spectra of raft were obtained after adding the formulation in 

SGF, after 30 min raft was developed and removed from medium and placed in an oven at 

60 ºC for 2 h and powdered it by using pestle and mortar and prepared powder was used 

for FTIR analysis. The spectra of PSS, sodium alginate, pectin, HPMC K100M, sustained 

release layer, DM, CMC, SSG, immediate release layer, bilayer tablet and raft was 

recorded at wavelength range of 800 to 3500 cm-1.  

3.5.11. X-ray diffractometry (XRD) 

The XRD of PSS, DM, SA, pectin, HPMC K100M, CMC, SSG, SR and IR layer, bilayer 

tablets and raft of R9 optimized formulation were studied using an XRD diffractometer 

D/max-2500pc, Rigaku Co, Japan. Tube voltage was 40 kV, current was mA, and scanning 

rate was 50 over a range of 80-800 diffraction angle. 

3.5.12. Differential scanning calorimetry (DSC) 

The DSC thermograms of PSS, DM, SA, pectin HPMC K100M, CMC, SSG, SR and IR 

layer, bilayer tablet and raft of R9 optimized were obtained by using differential scanning 
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calorimeter DSC-60 Shimadzu, Germany. 5.5 mg sample was placed in aluminum pans, 

sealed and analyzed under a stream of nitrogen gas of 100 mL/min and heated from 50-

350 ºC. 

3.5.13. Scanning electron microscopy (SEM) 

The SEM images were studied by scanning electron microscope model SEM-

JEOLSM6360A to determine the surface morphology of bilayer tablet and raft of R9 

optimized formulation. 

3.5.14. HPLC method development 

3.5.14.1. Experimental design for HPLC method 

The BBD [95, 96] was used to optimize HPLC UV method having 3 factors and 2 responses 

using design expert. The factors were flow rate (X1), mobile phase composition (X2) and 

pH of phosphate buffer (X3) while the responses were retention time of PSS (Y1), DM (Y2) 

and percentage recovery of PSS (Y3) and DM (Y4) are shown in Table 3.4. The equation 

for nonlinear quadratic model by is given as; 

𝑌𝑖 = 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2 + 𝑏3𝑋3 + 𝑏12𝑋1𝑋2 + 𝑏13𝑋1𝑋3 + 𝑏23𝑋2𝑋3 + 𝑏11𝑋1
2 + 𝑏22𝑋2

2 +

𝑏33𝑋3
2 --------(3.21) 

Where 𝑌i is the calculated answer of responses, b0 is intercept, b1 to b33 regression 

coefficients calculated from the experimental values of 𝑌. 𝑋1, 𝑋2 and 𝑋3 are the coded value 

of factors. 𝑋𝑎 𝑋𝑏 (𝑎, 𝑏 = 1, 2, 3) and 𝑋2
𝑖 (𝑖 = 1, 2, 3) signify the interactive and quadratic 

standings. 
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Table 3.4 Variables and constrains in box-behnken design. 

Variables Level Constrains 

Factors      -1    0        +1 

X1 Flow rate (mL/min) 

X2 Mobile phase 

       0.75 

       1 

   1 

   3 

1.25 

5 

In the range 

In the range 

X3 pH of phosphate buffer         4   5.4 6.8 In the range 

Responses     

Y1 Retention time of PSS (min) 

Y2 Retention time of DM (min) 

Y3 %age recovery of PSS (%) 

   3 to 5 min 

5 to 8 min 

90 to 110 % 

Y4 %age recovery of DM (%)    90 to 110 % 

3.5.14.2. Validation of optimized factors 

The outcome of factors such as flow rate, composition of mobile phase and pH of phosphate 

buffer were authenticated by relating the expected and experimental results of responses 

[97]. Percent residual is calculated by following equation,  

% 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 =
𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑟𝑒𝑠𝑢𝑙𝑡𝑠−𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑟𝑒𝑠𝑢𝑙𝑡𝑠

𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑟𝑒𝑠𝑢𝑙𝑡𝑠
× 100-----------------------------------(3.22) 

3.5.14.3. Method development in mobile phase 

3.5.14.3.1. Instrumentation  

High performance liquid chromatographic system (PerkinElmer 710 Bridgeport avenue 

Shelton, Connecticut USA) fitted out with RHS C18 column (1.5 cm × 4.6 mm, 5 μm) 

Agilent technologies Santa Clara, California, United States. UV/VIS detection was set at 

285 nm. Analytical weighing balance model CB 6698, Germany, and pH meter model 370 

Jenway UK. Cellulose acetate and cellulose nitrate filters 0.45 μm used for filtration of 

solvents (Sartorius Stedim, Germany). Membrane disc filters 0.22 µm Millipore Bedford 

MA, USA. 

3.5.14.3.2. Preparation of mobile phases and stock solution 

Five different mobile phases 1 to 5 were prepared by using methanol, acetonitrile and 

phosphate buffers are shown in Table 3.5. Phosphate Buffer solution was prepared by using 

0.2 M potassium dihydrogen phosphate and pH of phosphate buffer solution was adjusted 

with ortho phosphoric acid according to BP specification (10 % v/v solution of ortho 

phosphoric acid). The ratio of methanol, acetonitrile and phosphate buffer are shown in 
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Table 3.5. The flow rate was 1 mL/min and detection of drugs were made at 285 nm. 

Mobile phase and sample solution were degassed by using sonicator (Branson Ultrasonic, 

USA) and filtered through 0.22 μm filter. Before injection of each sample solution the 

system was equilibrated for 30 min with the mobile phase flowing throw the system. 

Primary Stock solutions of PSS and DM were prepared in mobile phases (1 to 5) and 

protected from light. Further dilution was made to obtain 50, 25, 12.5, 6.25, 3.12, 1.56 ppm 

concentrations respectively. 

Table 3.5 Composition of mobile phases. 

Mobile Phase Composition Ratio (v/v) 

1 Methanol and acetonitrile 50:50 

2 methanol and phosphate buffer pH 6.8 50:50 

3 acetonitrile and phosphate buffer pH 6.8 50:50 

4 acetonitrile and phosphate buffer pH 5.8 50:50 

5 acetonitrile and phosphate buffer pH 4.0 50:50 

 

3.5.14.3.3. Chromatographic method validation 

The approach utilized for the authentication of PSS and DM in mobile phase acceptable to 

check the linearity of PSS and DM over a confirmed concentration range and to measure 

the precision, accuracy and selectivity of the method. 

3.5.14.3.3.1. Analytical Curve 

Relationship between the PSS and DM concentrations and detector response were 

determined by analytical curve [74, 98]. 100 ppm stock solutions of PSS and DM were 

made in mobile phase composed of phosphate buffer pH 4.0 and acetonitrile (50:50 v/v). 

A series of serial dilutions such as 50 ppm, 25 ppm, 12.5 ppm, 6.25 ppm, 3.125 and 1.56 

ppm solution were made by using stock solution. These solutions were injected into HPLC 

system for analysis after filtering through 0.22 µm filters. Analytical curves of PSS and 

DM were made by plotting peak areas verses concentration of drugs. 

3.5.14.3.3.2. Selectivity 

The selectivity was investigated by treating and investigating blanks as well as co-

administered PSS and DM in raft forming delivery systems. The retention times of PSS 

and DM were determined under the similar chromatographic conditions. Selectivity was 



43 

 

calculated by matching the chromatograms of six repeat injections of each blanks with the 

standard drugs. The method is selective if the response of interfering peaks at the retention 

time of PSS and DM is less than 20 % of mean response of six replicate injections [99].  

3.5.14.3.3.3. Precision and accuracy 

The precision of developed method indicates the proximity of an agreement between a 

series of measurements obtained from multiple samples of the same homogenous sample, 

whereas the precision of the method describes the proximity of the results obtained by the 

method with the actual value of the analyte [100]. The Precision of the method was 

evaluated by calculating the percent of relative standard deviation (% RSD) at five 

concentration levels (1.56, 3.125, 6.25, 12.5 and 25 ppm). The accuracy within the day was 

estimated by five repeated measurements for each concentration level, while the accuracy 

between days was estimated by duplicate measurements of freshly prepared samples for a 

period of five consecutive days. Accuracy was stated as the %age recovery and was 

assessed by relating peak area of samples comprising known amount of PSS and DM to 

peak area from standard solutions spiked with the same amount [101]. 

3.5.14.3.3.4. Detection and quantification limits 

Limit of detection (LOD) was the lowermost concentration level of the PSS and DM which 

can be detected but not essentially quantified [102] and was calculated by using equation 

3.23 while the limit of quantification (LOQ) was the lowest concentration [75] of PSS and 

DM in the sample which can be precisely measured by detector in appropriate precision 

and accuracy and was estimated by employing equation 3.24.  

𝐿𝑂𝐷 =
3𝜎

𝑆
 ---------------------------------------------------------------------------------------(3.23) 

𝐿𝑂𝐷 =
10𝜎

𝑆
 --------------------------------------------------------------------------------------(3.24) 

Where σ = Standard deviation theoretical plates of column of the intercept, S = slope of 

the calibration curve. 

3.5.14.3.3.5. System suitability test 

The ability of the system was evaluated with the initial composition of the mobile phase, 

followed by 10 injections of the same standard. These 10 continual injections were used to 

evaluate the relevance of the system each day of validation of the method. The verified 
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characteristics were retention time, tailing factor, peak area, theoretical plates and 

resolution. The chromatographic resolution [103, 104] is the dissimilarity in retention time 

between two neighboring peaks divided by the average peak width. The equation 3.25 is 

used for the calculation of resolution. 

𝑅 =  
𝑡𝑅2−𝑡𝑅1

(
𝑤𝑏2−𝑤𝑏1

2
)
 ----------------------------------------------------------------------------------(3.25) 

Where, R is resolution, tR1 and tR2 are the retention times of peaks 1 and 2 and wb1 and wb2 

represent the widths of peaks. 

3.5.14.3.3.6. Robustness 

This is the degree of influence of deliberate changes in the various factors. The robustness 

of the method was verified by varying instrumental conditions such as flow rate and 

organic matter content in the mobile phase [35, 105]. The sample was injected under each 

condition and assay of PSS and DM was calculated. Results were estimated for the mean, 

standard deviation and % RSD [106]. 

3.5.14.4. Assay of bilayer tablets 

The concentration of PSS and DM in bilayer tablets were analyzed according to BP 

Pharmacopoeia using a HPLC system (PerkinElmer 710 Bridgeport avenue Shelton, 

Connecticut USA) fitted out with RHS C18 column (1.5 cm × 4.6 mm, 5 μm) Agilent 

technologies Santa Clara, California, United States. Twenty tablets were taken and 

grounded into fine powder. An amount equal to average tablet weight was transferred to a 

conical flask and add mobile phase to dissolve the active material. The solution was 

sonicated for 10 min for complete dissolution of active material. The analysis was 

performed at room temperature using a mobile phase consisting of acetonitrile and 

phosphate buffer pH 4 in ratio of 1:1 at a flow rate of 1 mL/min. The detection wavelength 

was set at 285 nm.  

3.5.14.5. Method development in plasma 

Albino rabbits having weight between 2.5 to 3 kg were used throughout the experimental 

work and were kept under controlled environmental conditions. All rabbits have free access 

to water and feed with diet composed of fats, proteins and carbohydrates.   
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3.5.14.5.1. Instrumentation  

Similar instrumental conditions as mentioned in the HPLC method development in mobile 

phase were used for method development in rabbit plasma.  

3.5.14.5.2. Stock solutions and working standard 

1 mg PSS and equal quantity of DM were weighed and dissolved in 10 mL plasma using 

vertex mixer at 2000 rpm for 10 min for the preparation of 100 ppm stock solution. The 

prepared stock solution was used to prepare further dilutions such as 50, 25, 12.5, 6.25, 

3.125, 1.562 ppm solution for further analysis. 

3.5.14.5.3. Preparation of sample for determination of drugs in rabbit’s plasma 

Liquid extraction method was used for the extraction of PSS and DM. I mL was added in 

equal volume of plasma, vertex for 20 min at 2000 rpm and centrifuge for 20 min at 4000 

rpm. Supernatant was removed and transferred to another test tube and evaporated to 

complete dryness at 40 ºC.  Add 100 µl mobile phase and vertex for 20 min at 2000 rpm. 

20 µl of sample was injected to HPLC system for analysis after filtering through 0.22 µm 

filter paper. 

3.5.14.5.4. Method validation 

ICH guidelines were followed for the validation of developed method in both mobile phase 

and plasma.  

3.5.14.5.5. Stability of drugs in plasma 

The drug stability in a biological fluid is a function of the storage conditions, chemical 

properties of drug and raft. Stability of PSS and DM were studied in rabbit plasma using 

freeze-thaw method. Two concentrations of drugs were selected for the evaluation of 

stability of both drugs. The lowest concentration was 10 ppm and highest concentration 

was 100 ppm were selected. Freeze the samples of drugs at -20 ºC for a period of 24 h. 

After 24 h remove the sample from refrigerator and allowed to de-freeze and injected into 

HPLC system. 

3.5.15. Accelerated stability studies of raft forming bilayer tablets 

Stability studies were performed according to ICH guidelines for six months by storing the 

optimized formulation in a stability chamber at 40 ºC temperature and 75±5 % relative 

humidity. Bilayer tables of R9 were evaluated for hardness and friability tests. Stability 

samples of R9 formulation were evaluated for strength, resilience FLT and TFT of alginate-
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pectin rafts and dissolution release profile of PSS and DM after one, three and 6 months 

[107]. 

3.5.16. Histopathological examination of stomach 

Histopathological examination of albino rats stomach was carried out by aspirin induced 

ulcer method [108]. 5 groups of albino rats (6 each) having weight between 150 to 200 g 

were used. Before ulcer induction rats were fasted for 24 h and have free access to water. 

Suspensions of omeprazole, pantoprazole with domperidone and optimized formulation R9 

were made by mixing with 0.5 % CMC [11, 109] as shown in Table 3.6. 

Table 3.6 Histopathological study of albino rats by using different treatment protocols. 

Group Description Treatment received 

I Normal control Suspension of 0.5 % CMC in purified water 

II Gastric ulcer control (vehicle 

solution without drugs) 

Suspension of 200 mg/kg aspirin in 0.5 % 

CMC in purified water 

III Standard omeprazole treated 

group 

Suspension of 20 mg/kg and 200 mg/kg 

aspirin in 0.5 % CMC in purified water 

IV Marketed pantoprazole and 

domperidone treated group 

Suspension of 40 mg/kg pantoprazole, 20 

mg/kg domperidone, 200 mg/kg aspirin in 

0.5 % CMC in water 

V Optimized formulation R9 

treated group 

Suspension of R9 bilayer tablet formulation 

in 0.5 % CMC in purified water 

 

After 8 h, all rabbits were sacrificed, dissected, remove the stomach, cut the stomach along 

with greater curvature and counts the number of ulcers using magnifying glass. Following 

scoring systems were used to grade the ulcer and lesions: no ulcer the score is 0, denuded 

epithelium the score is 10, petechial and flank hemorrhages the score is 20, one or two 

ulcers the score is 30 and for multiple ulcers the score is 40. Gastric Ulcer index (GUI) and 

percent ulcer inhibition were calculated by using equation 3.26 and 3.27 respectively; 

𝐺𝑈𝐼 = 𝐺𝑈𝑁 + 𝐺𝑈𝑆 + 𝐺𝑈𝑃 × 10−1 ---------------------------------------------------------(3.26) 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑢𝑙𝑐𝑒𝑟 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝑈𝐼𝐶−𝑈𝐼𝑇

𝑈𝐼𝐶
× 100 ---------------------------------------------(3.27) 
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Where GUN is number of gastric ulcer per rat, GUS gastric ulcer score severity and GUP 

percentage of rats with gastric ulcer incidence. The UIC and UIT are ulcer index control 

and ulcer index test respectively. The samples of stomach were preserved in 70 % ethanol 

solution, slides of stomach samples were made and stained with eosin dye. Examined the 

prepared slides under microscope such as edema, hemorrhage, erosion, degeneration and 

necrosis and compared with normal stomach of rats.  

3.5.17. Pharmacokinetic studies 

3.5.17.1. PSS and DM containing bilayer tablets for in vivo analysis 

The prepared bilayer tablets were evaluated for in vivo analysis. On the basis of their 

excellent in vitro results formulation R9 were selected for in vivo studies.  

3.5.17.2. Experimental animals 

18 albino rabbits weighing 2.5 to 3.0 kg were taken from the animal house department of 

pharmaceutics Faculty of Pharmacy Bahauddin Zakariya University Multan, Pakistan and 

were divided into 3 groups (A, B and C). A single dose, randomized, crossover, own 

controlled study was carried with a washout period of 14 days.  

3.5.17.3. Inclusion criteria 

Criteria for inclusion of animals were; 

 Albino rabbits free from any disease. 

 Received no treatment since last 14 days. 

 Weight of albino rabbits were within 2.5 to 3.5 kg 

 Only male rabbits 

3.5.17.4. Exclusion criteria 

Following rabbits were excluded in the study; 

 Having diseased symptoms 

 Received any treatment 

 Having weight less than 2.5 kg 

 Rabbits having female sex  

3.5.17.5. Dosage and administration 

The mini Bilayer tablets having 3 mg of both PSS and DM were administered to the rabbits 

for in vivo pharmacokinetic analysis. The Ref1(Domel) and Ref2(Zopent) formulations 

containing 3 mg DM and 3mg PSS respectively were administered to the rabbits.  
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3.5.17.6. Study design 

After overnight fasting, rabbits of group A, B and C received Ref1(Domel), Ref2(Zopent) 

and optimized formulation R9 in phase 1. In phase II after washout period of 14 days, group 

A, B and C received Ref2(Zopent), R9 optimized formulation and Ref1(Domel). In phase 

III group A, B and C received R9 optimized formulation, Ref1(Domel) and Ref2(Zopent) 

after washout period of 14 days as shown in Table 3.7, 3.8 and 3.9.  

Table 3.7 Latin square crossover design for pharmacokinetic analysis of PSS and DM in 

rabbits (Phase I). 

Rabbits Formulations 

Group A Group B Group C 

1 Ref1(Domel) Ref2(Zopent) R9 

2 Ref2(Zopent) R9 Ref1(Domel) 

3 R9 Ref1(Domel) Ref2(Zopent) 

4 Ref1(Domel) R9 Ref2(Zopent) 

5 R9 Ref2(Zopent) Ref1(Domel) 

6 Ref2(Zopent) Ref1(Domel) R9 

 

Table 3.8 Latin square crossover design for pharmacokinetic analysis of PSS and DM in 

rabbits (Phase II). 

Rabbits Formulations 

Group B Group C Group A 

1 Ref1(Domel) Ref2(Zopent) R9 

2 Ref2(Zopent) R9 Ref1(Domel) 

3 R9 Ref1(Domel) Ref2(Zopent) 

4 Ref1(Domel) R9 Ref2(Zopent) 

5 R9 Ref2(Zopent) Ref1(Domel) 

6 Ref2(Zopent) Ref1(Domel) R9 
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Table 3.9 Latin square crossover design for pharmacokinetic analysis of PSS and DM in 

rabbits (Phase III). 

Rabbits Formulations 

Group C Group A Group B 

1 Ref1(Domel) Ref2(Zopent) R9 

2 Ref2(Zopent) R9 Ref1(Domel) 

3 R9 Ref1(Domel) Ref2(Zopent) 

4 Ref1(Domel) R9 Ref2(Zopent) 

5 R9 Ref2(Zopent) Ref1(Domel) 

6 Ref2(Zopent) Ref1(Domel) R9 

 

3.5.17.7. Collection of samples 

The blood samples of about 0.5 mL were collected form the jugular vein of albino rabbits 

and transferred to heparinized tube at 0, 0.5, 1, 2, 4, 6, 8, 12 and 24 h for sustained release 

pattern of PSS. For DM pharmacokinetic the blood samples were collected at 0, 0.5, 1, 2, 

4, 6, 8 and 12 h. Blood samples were centrifuged at 4000 rpm for 20 min using a high speed 

centrifuge, plasma samples were collected and stored at -20 ºC. 

3.5.17.8. Extraction of drugs from plasma 

The plasma was deproteinized using acetonitrile in 1:1 ratio and centrifuge for 20 min at 

4000 rpm. Supernatant was removed and transferred to another test tube and evaporated to 

complete dryness at 40 ºC.  Add 100 µl mobile phase and vertex for 20 min at 2000 rpm. 

20 µl of sample was injected to HPLC system for analysis after filtering through 0.22 µm 

filter paper. 

3.5.17.9. In vivo Pharmacokinetic study 

Non-compartmental analysis was used to estimate the pharmacokinetic parameters by 

using PK Solver (Microsoft Excel Software 2016). The concentrations of PSS and DM in 

plasma which are necessary to produce the therapeutic effects is called Cmax. The Cmax of 

PSS and DM was calculated by suing equation 3.28. The tmax of PSS and DM was 

calculated by using equation 3.29. The time when half of the PSS and DM are excreted 

from the body and is called t1/2 and is calculated by using equation 3.30. The area under 

the curve (AUC) from 0 to t and from 0 to ∞ was calculated by using equation 3.31. The 
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area under the first movement curve (AUMC), mean residence time (MRT), absorption 

rate constant (ka) and elimination rate constant (ke) were also calculated.  

𝐶𝑚𝑎𝑥 =
𝐹𝑋0

𝑉𝑑
× 𝑒−𝑘𝑡𝑚𝑎𝑥  -----------------------------------------------------------------------(3.28) 

𝑡𝑚𝑎𝑥 = 2.303 log(𝐾𝑎/𝐾𝑒) (𝐾𝑎 − 𝐾𝑒) ------------------------------------------------------(3.29) 

𝑡1/2 = 0.693/𝑘 --------------------------------------------------------------------------------(3.30) 

𝐴𝑈𝐶 =
1

2
(𝐶1 + 𝐶2) (𝑡2 − 𝑡1)-----------------------------------------------------------------(3.31) 

Where F, Vd and k are administered dose fraction, volume of distribution and rate constant. 

Ka and Ke are rate constant for absorption and elimination respectively. t1, t2, C1 and C2 are 

initial time, final time, initial amount and final amount of the drug respectively. 

3.5.17.10. Statistical analysis 

The statistical approaches such as descriptive statistics, ANOVA and tukey test were used 

on the results obtained. In ANOVA, all results were considered statistically significant if 

the p value was less than 0.05. Tukey test was to find out which specific group means 

(compared to each other) are different. This test compares all possible pairs of averages.  
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CHAPTER 4 

4. RESULTS AND DISCUSSION 
Health remains a main concern for people and, according to the World Health Organization 

(WHO), around 30 % of the world's population does not have access to life saving 

medications. The problem of partial access to important medications has become more 

thoughtful in developing countries like Pakistan. The world has been allocated into three 

ranks according to their financial conditions, i.e. advanced, low middle income and low 

income countries. The advanced countries have their incomes to improve the budget of 

health, but in the case of the lower middle class countries, the lifestyle and investment in 

health are very low. The economic survey showed the Pakistan is classified under the 

category of low middle income country, where each revenue is 4.45 USD and the cost of 

health is 0.36 US$ per day. In Pakistan, more than 52%, the population is below the poverty 

line and unable to purchase medications that save lives. A total of 810 national 

pharmaceutical companies and 24 multinationals are developing extensive variety of 

medications to cure the disease. GERD and peptic ulcer are most common diseases disturb 

more than 80 % population in developing countries. Proton pump inhibitor and antiemetic 

drugs are extensively used in the management of GERD and peptic ulcer. In Pakistan the 

patients suffering from GERD and peptic ulcer utilized 3 medicines i.e. proton pump 

inhibitor, antiemetic and gaviscon liquid. Proton pump inhibitors inhibits the gastric acid 

secretion, antiemetic regulate the peristaltic movement of GIT and gaviscon liquid form 

raft over stomach contents. The patient utilized 3 medications at a time for the management 

of GERD and peptic ulcer which enhance the treatment cost and patient compliance is poor. 

In order to reduce the cost of treatment and enhance patient compliance the raft forming 

bilayer tablet was developed that deliver the proton pump inhibitor in sustained manner, 

antiemetic as immediate release and develop raft over the stomach contents. 

4.1. Application of BBD 
The percentage of PSS release at 2 h (Y2), 4 h (Y4) and 8 h (Y8) were successfully evaluated 

by using main, interactive and quadratic models. The fitted model was found to be 

quadratic for the release behavior of PSS. The Y2, Y4 and Y8 were ranged from 

16.58±0.090-47.78±0.121 %, 45.12±0.102-69.19±0.163 % and 77.45±0.021-98.76±0.071 
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% respectively as shown in Table 4.1. The reported results are quite comparable with the 

results of Lee et al., 2012 [110].  

Table 4.1 Observed dependent variables for raft forming bilayer tablets (n=6). 

Formulation 

code 

Dependent variables P-values 

Y2 (%) Y4 (%) Y8 (%) 

R1 16.58±0.090 45.12±0.102 77.45±0.021 ˂0.0001 

R2 21.34±0.911 55.16±0.574 85.89±0.060 0.0034 

R3 23.45±0.123 57.29±0.870 95.78±0.524 0.0360 

R4 16.87±0.281 45.59±0.020 77.69±0.047 ˂0.0001 

R5 45.12±0.490 69.12±0.989 95.87±0.030 0.0166 

R6 29.45±0.172 61.23±0.031 97.99±0.611 0.0052 

R7 27.65±0.970 59.78±0.050 95.14±0.087 0.0082 

R8 44.34±0.011 68.49±0.091 95.76±0.054 0.0052 

R9 31.19±0.472 61.39±0.062 98.76±0.071 0.0001 

R10 47.78±0.121 69.19±0.163 95.88±0.186 ˂0.0001 

R11 32.18±0.450 60.04±0.765 97.86±0.193 0.0216 

R12 32.99±0.343 59.99±0.441 97.64±0.172 0.0073 

R13 17.87±0.481 46.34±0.861 78.45±0.561 0.0064 

R14 32.67±0.180 60.09±0.050 96.99±0.011 0.0001 

R15 44.89±0.153 69.12±0.098 95.98±0.142 0.0021 

R16 17.12±0.121 46.19±0.170 79.99±0.721 0.0014 

R17 31.23±0.931 59.12±0.561 96.75±0.238 0.0001 

The regression equations of all three responses were generated and positive effects was 

observed as represented in equation 4.1, 4.2 and 4.3. In regression equations positive sign 

favors the optimization while negative sign indicates an inverse relationship between 

factors and responses. The interaction between SA and pectin (X1 and X2), SA and HPMC 

K100M (X1 and X3) and pectin and HPMC K100M (X2 and X3) were observed and found 

to be significant and positive effect on PSS release at 2 h (Y2), 4 h (Y4) and 8 h (Y8). Rapolu 

et al., 2013 observed the outcome of different polymer concentrations on the release profile 

of GRDDs of metronidazole by using BBD [50]. 
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% 𝑃𝑆𝑆 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 𝑎𝑡 2 ℎ (𝑌2) = 32.05 − 0.199𝑋1 − 0.728𝑋2 − 13.933𝑋3 + 0.145𝑋1𝑋2 +

2.786𝑋1𝑋3 + 10.171𝑋2𝑋3 + 0.039𝑋1
2 + 0.531𝑋2

2 + 194.511𝑋3
2 ----------------------(4.1) 

% 𝑃𝑆𝑆 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 𝑎𝑡 4 ℎ (𝑌4) = 60.13 − 0.299𝑋1 − 0.548𝑋2 − 11.551𝑋3 + 0.164𝑋1𝑋2 +

3.465𝑋1𝑋3 + 6.353𝑋2𝑋3 + 0.089𝑋1
2 + 0.301𝑋2

2 + 133.884𝑋3
2 ------------------------(4.2)      

% 𝑃𝑆𝑆 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 𝑎𝑡 8 ℎ (𝑌8) = 97.60 − 1.183𝑋1 − 1.633𝑋2 − 8.546𝑋3 + 1.976𝑋1𝑋2 +

10.341𝑋1𝑋3 + 14.273𝑋2𝑋3 + 1.467𝑋1
2 + 2.727𝑋2

2 + 74.699𝑋3
2 ----------------------(4.3) 

The obtained F and p values of Y2, Y4 and Y8 indicates the model was significant as 

shown in Table 4.2. The observed and predicted R2 values of Y2, Y4 and Y8 were found 

in practical agreement indicates the model was statistically significant as shown in Table 

4.2. Zhao et al., in 2013 studied the similar findings of F and P value, observed and 

predicted R2 values of ciprofloxacin delivery by using BBD [111].  

Table 4.2 Results of regression analysis for Y2, Y4 and Y8 responses. 

Responses F value Observed R2 

value 

Predicted R2 

value 

P value 

Y2 26.91 0.954 0.942 0.0001 

Y4 27.98 0.989 0.979 0.001 

Y8 27.68 969 0.961 <0.0001 

 

The amount of SA (X1), pectin (X2) and HPMC K100M (X3) have different effects on % 

drug release at 2 (Y2), 4 (Y4) and 8 h (Y8). The tested formulations showed that percentage 

of drug release was increased when the polymers concentration was decreased. The contour 

and three dimensional response surface graphs are shown in Figure 4.1, 4.2 and 4.3, showed 

the interaction factors and responses. In equal concentration of X1 and X2 i.e. 15 % and 10 

% HPMC K100M, the release of PSS from alginate-pectin raft was good but below that 

concentration the drug was rapidly released and above that concentration the release of 

drug was slow. The contour and three dimensional graphs showed that the percentage of 

HPMC K100M play an important role on release profile of PSS at 2, 4 and 8 h in stomach 

environment. In 2018, Abbas and Hanif Studied the release behavior of PSS at 2, 4 and 8 

h from alginate-pectin raft forming tablets [112].   
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Figure 4.1 Contour (A) and three dimensional response surface plots (B) showing effect 

of X1, X2 and X3 on response Y2. 

 

Figure 4.2 Contour (A) and three dimensional response surface plots (B) showing effect 

of X1, X2 and X3 on response Y4. 
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Figure 4.3 Contour (A) and three dimensional response plots (B) showing effect of X1, 

X2 and X3 on response Y8. 

4.2. Micromeritic properties of powder blend 
The angle of repose of powder blend was found to be 25.19±1.05º to 28.33±1.53º showing 

good flow properties of all proposed formulations [113]. The bulk density was ranged from 

0.345±1.89 to 0.425±1.88 g/cm3, while tapped density of powder blend was ranged 

between 0.428±1.89 to 0.532±1.05 g/cm3. The carr’s index ranged from 7.057±1.45 % to 

8.884±1.05 % of the powders representing excellent flow properties [87, 114]. Hausner’s 

ratio of the powder blend was 1.001±1.45 to 1.186±1.47 showing better flow properties as 

shown in Table 4.3. 
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Table 4.3 Results of angle of repose, bulk density, tapped density, hausner’s ratio and 

carr’s index of powder blend (n=6). 

Formula

tion 

Code 

Angle of 

repose (Ѳ) 

Bulk density 

(g/cm3) 

Tapped 

density 

(g/cm3) 

Hausner’s 

ratio 

Carr’s 

index (%) 

R1 25.37±1.09 0.385±1.05 0.478±1.30 1.009±1.09 7.057±1.45 

R2 26.38±1.17 0.425±1.88 0.508±1.09 1.001±1.45 7.884±1.09 

R3 25.19±1.05 0.365±1.09 0.451±1.05 1.013±1.30 8.655±1.30 

R4 25.99±1.32 0.345±1.89 0.428±1.89 1.099±1.09 7.091±1.92 

R5 26.03±1.18 0.384±1.45 0.435±1.47 1.095±1.05 8.449±1.89 

R6 28.04±1.90 0.374±1.09 0.445±1.05 1.101±1.89 8.057±1.45 

R7 28.33±1.53 0.356±1.05 0.468±1.89 1.186±1.47 8.884±1.05 

R8 27.87±1.45 0.367±1.89 0.483±1.09 1.005±1.89 8.655±1.09 

R9 28.31±1.30 0.373±1.89 0.481±1.89 1.014±1.09 7.091±1.45 

R10 25.97±1.38 0.373±1.09 0.482±1.05 1.098±1.89 7.449±1.89 

R11 26.42±1.49 0.369±1.05 0.471±1.89 1.096±1.30 7.057±1.45 

R12 28.17±1.27 0.413±1.89 0.527±1.09 1.079±1.09 8.884±1.47 

R13 27.73±1.81 0.372±1.09 0.476±1.92 1.055±1.89 8.655±1.09 

R14 26.32±1.92 0.389±1.89 0.479±1.45 1.008±1.05 7.091±1.92 

R15 27.79±1.61 0.392±1.92 0.517±1.09 1.133±1.89 7.449±1.47 

R16 25.36±1.52 0.420±1.09 0.532±1.05 1.068±1.09 7.057±1.09 

R17 25.49±1.43 0.378±1.89 0.451±1.89 1.008±1.89 8.884±1.47 

 

4.3. Micromeritic properties of granules 
The angle of repose of granules were found between 26.39±1.23º to 29.18±1.76º showing 

good flow properties of granules [115]. The bulk density was ranged from 0.510±1.23 to 

0.589±1.39 g/cm3 of granules while tapped density of granules were between 0.544±1.10 

to 0.579±1.45 g/cm3. The carr’s index ranged from 7.001±1.05 % to 8.874±1.27 % of 

granules representing excellent compressibility of granules of all planned formulations [87, 

116]. Hausner’s ratio of the granules were ranged from 1.028±1.81 to 1.195±1.75 showing 

better flow properties as shown in Table 4.4. 
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Table 4.4 Results of angle of repose, bulk density, tapped density, hausner’s ratio and 

carr’s index of granules of all formulations (n=6). 

Formula

tion 

Code 

Angle of 

repose (Ѳ) 

Bulk density 

(g/cm3) 

Tapped 

density 

(g/cm3) 

Hausner’s 

ratio 

Carr’s 

index (%) 

R1 26.70±1.19 0.585±1.65 0.578±1.10 1.109±1.59 7.047±1.15 

R2 26.48±1.27 0.525±1.68 0.548±1.39 1.101±1.25 7.824±1.39 

R3 29.18±1.76 0.565±1.49 0.551±1.65 1.013±1.40 8.645±1.40 

R4 27.99±1.32 0.545±1.69 0.528±1.59 1.109±1.19 7.061±1.72 

R5 27.03±1.18 0.584±1.15 0.545±1.47 1.195±1.75 8.429±1.49 

R6 28.44±1.00 0.574±1.59 0.545±1.35 1.161±1.82 8.027±1.35 

R7 28.23±1.83 0.556±1.15 0.568±1.69 1.176±1.42 8.854±1.15 

R8 27.87±1.15 0.567±1.49 0.583±1.29 1.035±1.85 8.615±1.49 

R9 26.39±1.23 0.510±1.23 0.544±1.10 1.054±1.06 7.001±1.05 

R10 27.97±1.28 0.573±1.59 0.582±1.15 1.078±1.83 7.439±1.59 

R11 28.42±1.69 0.569±1.25 0.571±1.79 1.036±1.32 7.067±1.35 

R12 28.17±1.47 0.513±1.49 0.547±1.29 1.049±1.08 8.874±1.27 

R13 26.73±1.51 0.572±1.49 0.576±1.72 1.085±1.86 8.635±1.19 

R14 26.39±1.82 0.589±1.39 0.579±1.45 1.048±1.04 7.001±1.72 

R15 27.79±1.51 0.592±1.42 0.567±1.19 1.123±1.83 7.429±1.77 

R16 28.36±1.72 0.520±1.19 0.552±1.95 1.048±1.02 7.007±1.89 

R17 25.49±1.43 0.578±1.79 0.551±1.29 1.028±1.81 8.854±1.47 

 

4.4. Physical characterization of bilayer tablets 
The thickness and diameter of compressed tablets were 5.44-5.50 mm and 13.10-13.14 mm 

respectively. The tablet hardness was found between 4.41-5.1 kg/cm2. Akseli et al., in 2013 

studied the similar pattern of hardness of tablet formulations using pre- and post-

compressional force analysis [117]. Average weight of prepared formulations varied from 

497.5 mg to 502.5 mg as shown in Table 4.5. Pahade et al., in 2010 developed the bilayer 

tablets of isosorbide and studied the physical characteristics of tablets [118]. The friability 

of tablets was ranged from 0.71 %-0.82 % for all compressed formulations as shown in 
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Table 4.5. Osei-Yeboah and Sun, 2015 developed the expedited method of friability and 

studied the similar pattern of friability of tablets [88]. The disintegration time of SR layer 

of 17 formulations were ranged from 53-67 seconds as shown in Table 4.5. Hanif and 

Abbas, 2017 and Abbas et al., in 2017 observed the similar pattern of disintegration time 

of raft forming tablets containing SA and pectin [18, 63]. Formulations containing less 

amount of SA and pectin showed decreased in disintegration time as compared to the 

formulations having high amount of SA and pectin. Higher concentration of sodium 

bicarbonate containing formulation rapidly disintegrate as compared to the formulations 

having less amount of sodium bicarbonate [19]. The disintegration time of IR layer were 

ranged from 41 to 57 seconds as shown in Table 4.5. Laitinen et al., in 2010 studied the 

similar pattern of disintegration time of fast dissolving tablets containing 

superdisintegrants [119]. The combined use of CMC and SSG provide rapid burst effect 

and rapidly disintegrate the tablets. All compressed formulations showed tablet thickness, 

diameter, hardness, weight variation, friability and disintegration time within the 

pharmacopoeial limits. The mini bilayer tablets showed 4.39 kg/cm2 thickness, 0.74 % 

friability and 57 s disintegration time.  

 

 

 

 

 



59 

 

Table 4.5 Thickness, diameter, hardness and weight variation of raft forming bilayer tablets (n=6). 

Formulation 

code 

Thickness  

(mm) 

Diameter 

 (mm) 

Hardness 

(kg/cm2) 

Weight 

variation  

(mg) 

Friability 

(%) 

Disintegration 

time of SR layer 

(s) 

Disintegration 

time of IR layer 

(s) 

R1 5.46±0.04 13.11±0.12 5.12±0.01 498.5±0.080 0.72±0.01 55±0.05 41±0.01 

R2 5.44±0.23 13.10±0.54 5.11±0.09 499.2±0.043 0.76±0.03 56±0.01 43±0.02 

R3 5.49±0.45 13.13±0.91 5.14±0.04 502.5±0.070 0.78±0.05 57±0.02 49±0.03 

R4 5.47±0.24 13.14±0.45 4.49±0.51 500.5±0.189 0.80±0.01 51±0.01 54±0.04 

R5 5.49±0.09 13.10±0.67 4.44±0.32 497.5±0.067 0.71±0.02 50±0.07 52±0.01 

R6 5.50±0.06 13.09±0.12 4.48±0.65 498.4±0.056 0.78±0.03 52±0.06 51±0.03 

R7 5.50±0.03 13.14±0.18 4.47±0.09 501.6±0.067 0.80±0.05 53±0.04 50±0.05 

R8 5.44±0.12 13.08±0.14 5.13±0.01 502.4±0.015 0.73±0.05 61±0.10 57±0.17 

R9 5.45±0.14 13.13±0.21 4.45±0.10 500.9±0.123 0.72±0.06 55±0.07 42±0.06 

R10 5.49±0.42 13.11±0.34 5.10±0.54 499.5±0.106 0.79±0.03 60±0.01 54±0.02 

R11 5.48±0.07 13.12±0.33 4.41±0.56 498.8±0.056 0.73±0.01 54±0.05 53±0.03 

R12 5.44±0.04 13.14±0.13 4.46±0.43 499.7±0.109 0.75±0.06 56±0.06 52±0.05 

R13 5.48±0.08 13.13±0.14 4.47±0.02 502.5±0.034 0.74±0.09 57±0.04 47±0.09 

R14 5.49±0.67 13.12±0.19 4.49±0.06 502.8±0.129 0.76±0.01 58±0.01 48±0.07 

R15 5.50±0.45 13.14±0.10 5.10±0.17 501.6±0.023 0.80±0.03 60±0.05 49±0.03 

R16 5.48±0.67 13.11±0.17 4.59±0.07 500.8±0.109 0.77±0.02 56±0.02 51±0.01 

R17 5.50±0.45 13.10±0.11 5.10±0.18 502.6±0.013 0.81±0.04 61±0.04 50±0.07 
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4.5. Alginate-pectin raft formation from SR layer 
SR layer was established by using raft forming SA and pectin, gas generating substances 

sodium bicarbonate, citric acid and raft strengthening agent calcium carbonate. Effect of 

HPMC K100M was observed by creating the gel layer successfully. SA and pectin were 

precipitated in SGF to form a gel and CO2 generation occur due the chemical reaction of 

sodium bicarbonate and citric acid. CO2 was entrapped in alginate-pectin gel and raft was 

founded on the surface of SGF. Calcium ions were generated from calcium carbonate and 

crosslinked with alginate-pectin gel. Strength of raft was increased due to crosslinking of 

calcium ions. 

4.6. Physical characterization of alginate-pectin rafts 
Effect of different pH medium on raft formation was studied successfully. At pH 1.2 of 

SGF and 1.0NHCl tablet rapidly disintegrate and raft was formed on the top of medium 

but at phosphate buffer pH 5.7 and 5.8, tablet was residing at the bottom of the medium 

and raft was not formed. Elliot et al. in 2013 studied similar findings of effect of different 

pH medium on raft forming alginate-antacids combined formulations [90].  

The raft strength measured by modified dispensing balance method was ranged from 

3.98±0.018-7.50±0.049 g as shown in Table 4.6. R3 formulation showed minimum 

strength of raft i.e. 3.98±0.018 g due to less quantity of SA and pectin and R2 showed 

maximum raft strength i.e. 7.50±0.049 g due to the presence of maximum amount of raft 

forming polymers. The strength of raft was directly related with the amount of SA and 

pectin in the formulations. Hampson et al. in 2005 also studied the similar findings of raft 

strength of formulations having SA as raft formers [120]. Raft weight and volume were 

ranged from 1.23±0.011-2.10±0.010 g and 5.5±0.15-8.7±0.15 ml respectively as shown in 

Table 4.6. A direct relationship was observed between the amount of SA and pectin 

included in the formulation and the weight and volume of raft, as the concentration of SA 

and pectin increased the weight and volume of raft was increased. Hampson et al. in 2005 

also measured the strength, weight and volume of rafts of SA and observed weight and 

volume of raft [120]. Raft thickness ranged from 3.8±0.125 to 5.5±0.110 cm as shown in 

Table 4.6. Raft of R3 formulation showed minimum thickness due to less amount of 

polymers and maximum was observed in R2 formulation because of maximum amount of 
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polymers [65]. Abbas and Hanif, in 2017 studied the similar pattern of thickness of pectin 

polymeric rafts for the management of GERD and sustained release delivery of PSS [64]. 

Table 4.6 Raft strength, weight, volume, thickness and raft of prepared formulations 

(n=6). 

Code Strength (g) Weight (g) Volume (ml) Thickness (cm) 

R1 6.99±0.021 1.99±0.032 7.9±0.14 4.9±0.211 

R2 7.50±0.049 2.00±0.015 8.7±0.15 5.5±0.110 

R3 3.98±0.018 1.23±0.011 5.9±0.85 3.8±0.125 

R4 6.88±0.017 1.89±0.011 6.7±0.25 4.9±0.048 

R5 4.31±0.010 1.45±0.010 5.5±0.15 3.9±0.193 

R6 5.48±0.061 1.50±0.013 5.8±0.35 4.6±0.085 

R7 5.41±0.011 1.59±0.011 5.9±0.25 4.7±0.212 

R8 6.50±0.049 2.00±0.015 7.7±0.15 4.5±0.110 

R9 6.43±0.019 2.10±0.010 7.8±0.05 4.8±0.245 

R10 5.57±0.042 1.80±0.034 6.0±0.45 4.3±0.021 

R11 6.23±0.018 1.43±0.011 5.9±0.85 4.8±0.125 

R12 6.19±0.021 1.59±0.032 5.9±0.14 4.9±0.211 

R13 5.81±0.081 1.40±0.021 5.6±0.25 4.5±0.745 

R14 6.45±0.011 1.51±0.012 5.7±0.15 4.4±0.236 

R15 6.71±0.013 1.92±0.056 7.6±0.15 4.6±0.045 

R16 5.99±0.021 1.79±0.032 7.9±0.14 4.9±0.211 

R17 6.21±0.081 1.70±0.021 5.8±0.25 4.7±0.745 

 

Raft resilience was greater than 480 min for all formulations except R3 that has 365 min, 

it was may be due to lower concentration of SA and pectin as shown in Table 4.7 [121]. 

Hampson et al., in 2005 measured the resilience alginate rafts and studied the effect of 

polymer concentration on resilience and reflux resistance of rafts [120]. FLT was ranged 

from 48 to 56 s, R12 formulation showed maximum FLT and R7 showed the minimum 

value as shown in Table 4.7. TFT of all prepared formulations were found to be greater 
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than 8 h except R3 formulation which had 4 h. Abbas et al., in 2017 observed the similar 

pattern of FLT and TFT of alginate raft forming formulations [63]. 

Table 4.7 Resilience, FLT and TFT of rafts. 

Code Resilience (min) FLT (s) TFT (h) 

R1 ˃480 51 ˃8 

R2 ˃480 52 ˃8 

R3 365 51 4 

R4 ˃480 54 ˃8 

R5 ˃480 52 ˃8 

R6 ˃480 49 ˃8 

R7 ˃480 48 ˃8 

R8 ˃480 50 ˃8 

R9 ˃480 55 ˃8 

R10 ˃480 54 ˃8 

R11 ˃480 49 ˃8 

R12 ˃480 56 ˃8 

R13 ˃480 51 ˃8 

R14 ˃480 53 ˃8 

R15 ˃480 50 ˃8 

R16 ˃480 53 ˃8 

R17 ˃480 50 ˃8 

 

Reflux resistance values ranged from 720±0.034-1095±0.012 g, 860±0.567-1350±0.098 g 

and 1793±0.034-2510±0.109 g through orifice of 20 mm, 15 mm and 10 mm diameter 

respectively as mentioned in Table 4.8. R14 formulation possessed lowest value of reflux 

resistance through 20mm orifice due to the presence of less amount of pectin and R13 has 

highest resistance value because it contained maximum quantity of SA and pectin. 

Hampson et al., in 2005 measured the resilience and reflux resistance of alginate rafts and 

studied the effect of polymer concentration on reflux resistance of rafts [91]. 
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Table 4.8 Values of reflux resistance of rafts. (n=6). 

Formulation  

Code 

Extrusion force 

through 20 mm 

(g) 

Extrusion force 

through 15 mm 

(g) 

Extrusion force 

through 10 mm  

(g) 

R1 720±0.034 870±0.567 1990±0.145 

R2 840±0.045 930±0.098 2050±0.198 

R3 1040±0.011 1230±0.056 2510±0.109 

R4 750±0.098 860±0.567 1870±0.017 

R5 910±0.078 1160±0.768 2390±0.910 

R6 1060±0.045 1250±0.010 2470±0.0123 

R7 945±0.038 1065±0.234 2150±0.567 

R8 1090±0.123 1345±0.456 2450±0.009 

R9 1095±0.012 1350±0.098 2490±0.004 

R10 840±0.067 950±0.045 2019±0.067 

R11 734±0.098 870±0.087 1840±0.432 

R12 850±0.054 1090±0.102 2050±0.561 

R13 871±0.067 1100±0.032 2150±0.498 

R14 750±0.019 870±0.011 1793±0.034 

R15 890±0.102 1150±0.098 2070±0.987 

R16 749±0.019 860±0.011 1783±0.034 

R17 883±0.102 1050±0.098 2060±0.987 

 

An in vitro method reported by Jang et al. 2014 [65] was used to check the buffering and 

neutralizing capacity of risedronate sodium raft. pH values after 4 and 20 min were 

recorded as shown in Table 4.9. The formulations containing the maximum amount of 

sodium citrate and citric acid possessed higher buffering between pH 2.5 to 4.5 and 

neutralizing capacity. The pH after 4 and 20 min checks an un-physiologically high pH and 

neutralizing capacity between 2.5 and 4.5 is sign for the efficacy in the physiological 

environment [18]. 
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Table 4.9 Buffering capacity and neutralizing capacity of raft forming bilayer tablets 

(n=6). 

Formulation   

code 

pH after 4 

min 

pH after 20 

min 

Buffering 

capacity (meq) 

Neutralizing 

capacity (meq) 

R1 4.1 5.4 11.5±1.01 6.9±0.57 

R2 4.2 5.5 11.0±1.04 5.5±0.49 

R3 5.5 6.7 15.7±1.05 7.5±0.31 

R4 3.5 4.2 10.3±1.81 6.8±0.55 

R5 4.6 5.6 13.9±1.07 7.6±0.10 

R6 4.4 5.2 11.5±1.05 5.7±0.49 

R7 3.2 4.6 10.6±1.91 6.8±0.23 

R8 4.2 5.8 12.5±1.41 6.7±0.26 

R9 3.8 4.9 11.2±1.01 6.5±0.56 

R10 5.7 6.9 14.7±1.05 7.6±0.12 

R11 4.1 5.0 10.90±1.30 4.9±0.49 

R12 4.6 5.2 13.69±1.04 7.8±0.16 

R13 5.0 6.3 12.10±1.10 6.9±0.59 

R14 5.3 6.5 10.20±1.31 5.8±0.49 

R15 3.4 4.3 12.70±1.21 7.0±0.34 

R16 5.7 6.9 14.7±1.05 7.6±0.12 

R17 4.1 5.0 10.90±1.30 4.9±0.49 

 

4.7. Chemical properties of alginate-pectin raft 
The contents of alginate and pectin within the raft were evaluated and are shown in Table 

4.10 and 4.11. The formulations (R1, R2, R6 and R8) contained maximum percentage of 

SA i.e. 27.5 % but different concentrations of pectin and calcium carbonate showed 71.09 

to 96.36 % percentage recovery of SA and % RSD was ranged from 0.897 to 1.675 as 

shown in Table 4.10. The R4, R9, R10, R11, R12, R13, R14, R15 and R17 contained 10 

% SA (medium concentration) showed percentage recovery of SA ranged from 70.50 to 

99.20 % and % RSD was below 2 %. 72.40 to 88.80 % percentage recoveries of SA were 

obtained from raft of R3, R5, R7 and R16 formulations contained 2.5 % (minimum 
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percentage) of SA and % RSD was ranged from 0.786 to 1.674. The formulations (R2, R2, 

R7 and R15) contained maximum percentage of pectin i.e. 27.5 % but different 

concentrations of SA and calcium carbonate showed 60.00 to 92.72 % percentage 

recoveries of pectin and % RSD was ranged from 0.924 to 1.564 as shown in Table 4.11. 

The formulations R1, R5, R8, R9, R11, R12, R14, R16 and R17 contained 10 % pectin 

(medium concentration) showed percentage recovery of pectin ranged from 62.00 to 97.20 

% and % RSD was below 2 %. 62.80 to 81.20 % percentage recoveries of pectin were 

obtained from raft of R3, R6, R10 and R13 formulations contained 2.5 % (minimum 

percentage) of pectin and % RSD was ranged from 0.786 to 1.786. 

The alginate-pectin raft of R9 formulation contained 99.20 % and 97.20 % alginate and 

pectin respectively. The higher percentage of alginate and pectin were observed in R9 

formulation; this is due to the high compact nature of raft as compared to other 

formulations. The less percentage of alginate and pectin contents in alginate-pectin rafts 

were observed in R4 formulation as compared to the other prepared formulations. Awad et 

al., in 2012 also studied the estimation of alginate in the pharmaceutical formulations by 

using HPLC [122]. The presence of alginate and pectin within the raft is important for the 

entrapment of antacids in the raft that provide neutral barrier of gastric acidity into the 

esophagus. The presence of alginate and pectin within the raft affects the strength and 

integrity of raft and also allows for the raft to entrap antacid within the gel. 
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Table 4.10 Alginate contents within the alginate-pectin rafts of prepared formulations. 

Formulation containing maximum percentage of (27.5 %) SA 

Code Pectin  

(%) 

calcium carbonate 

(%) 

Found % of 

SA 

% 

Recovery 

% 

RSD 

R1 10.00 6.50 26.50 96.36 0.897 

R2 27.50 8.00 23.50 84.45 1.675 

R6 2.50 10.00 24.55 89.27 1.340 

R8 10.00 8.00 19.55 71.09 0.912 

Formulation containing medium percentage of (10 %) SA 

R4 27.50 7.00 7.05 70.50 0.357 

R9 10.00 10.00 9.92 99.20 1.209 

R10 2.50 13.00 7.41 74.10 1.234 

R11 10.00 10.00 9.25 92.50 0.786 

R12 10.00 10.00 8.81 88.10 0.903 

R13 2.50 12.00 7.95 79.50 0.675 

R14 10.00 10.00 7.91 79.10 0.245 

R15 27.50 8.00 9.34 93.40 1.320 

R17 10.00 10.00 9.55 90.50 1.190 

Formulation containing minimum percentage of (2.5 %) SA 

R3 2.50 30.00 1.81 72.40 0.786 

R5 10.00 13.00 2.22 88.80 1.674 

R7 27.50 10.00 1.95 78.00 1.456 

R16 10.00 12.00 1.82 72.80 0.902 
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Table 4.11 Pectin contents within the alginate-pectin rafts of prepared formulations. 

Formulation containing maximum percentage of (27.5 %) Pectin 

Code SA  

(%) 

Calcium 

carbonate (%) 

Found % of 

pectin 

% 

Recovery 

% 

RSD 

R2 27.50 8.00 21.80 79.27 1.367 

R4 27.50 7.00 16.50 60.00 0.987 

R7 2.50 10.00 17.70 64.36 1.564 

R15 10.00 8.00 25.50 92.72 0.924 

Formulation containing medium percentage of (10 %) Pectin 

R1 27.50 13.00 9.40 94.00 1.982 

R5 2.50 13.00 8.50 85.00 1.564 

R8 27.50 8.00 6.20 62.00 1.290 

R9 10.00 10.00 9.72 97.20 0.568 

R11 10.00 10.00 8.50 85.00 0.398 

R12 10.00 10.00 8.10 81.00 1.276 

R14 10.00 10.00 7.20 72.00 1.076 

R16 2.50 12.00 6.90 69.00 0.598 

R17 10.00 10.00 8.50 85.00 0.367 

Formulation containing minimum percentage of (2.5 %) Pectin 

R3 2.50 30.00 1.59 63.60 0.912 

R6 27.50 10.00 2.03 81.20 1.786 

R10 10.00 13.00 1.57 62.80 0.786 

R13 10.00 12.00 1.78 71.20 1.087 

 

The ANC of the formulations were calculated on the basis of their antacid contents. Some 

amount of antacids is utilized to neutralized the acid pocket and remaining amount trapped 

within the alginate-pectin rafts. The ANC of rafts were measured to understand the ability 

of raft to retain the antacid and provide a reservoir of antacids. The ANC of 17 formulations 

were measured and are shown in Table 4.12. The R1 formulation contained 18 % sodium 

bicarbonate and 9 % citric acid showed 3.7±0.456 ANC value. The ANC value of R2 

formulation was 2.4±0.981 which was less as compared to R1 formulation, this was due to 

the less percentage of antacid contents in R2 formulation. The ANC value of the 



68 

 

formulations (R3, R5, and R10) were ranged from 7.8±1.465 to 8.2±1.897, this was due to 

the presence of 40 % sodium bicarbonate and 20 % citric acid contents. The ANC of the 

formulation (R4) contained 20 % and 10 % sodium bicarbonate and citric acid was 

4.3±0.902. The formulations R6, R7, R9, R14 and R17 contained 30 % sodium bicarbonate 

and 15 % citric acid showed ANC values ranged from 5.8±0.198 to 8.0±0.356. The 

formulations contained 25 % sodium bicarbonate and 12.5 % citric acid showed 5.8±0.198 

to 6.7±0.198 values of ANC. The formulations (R11 and R12) contained 60 % sodium 

bicarbonate and 30 % citric acid showed ANC values ranged from 6.9±0.398 to 7.5±0.698. 

The ANC values of R13 and R16 was 7.7±0.672 and 7.4±1.870 respectively as shown in 

Table 4.12. Dettmar et al., in 2017 studied the similar pattern of ANC in various 

commercially available formulations containing antacids [123]. Previous studies suggested 

that the antacids are entrapped within the raft but this has not been measured. A method 

has been developed for the measurement of ANC of raft. The antacids within the raft will 

cause some initial but often transient neutralization of acid. An effective raft forming 

formulation must possess high ANC as well as long duration of neutralization.  
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Table 4.12 ANC of alginate-pectin raft forming formulations (n=6). 

Code Antacid contents ANC 

 Sodium bicarbonate (%) Citric acid (%) 

R1 18.00 9.00 3.7±0.456 

R2 14.00 7.00 2.4±0.981 

R3 40.00 20.00 7.9±0.561 

R4 20.00 10.00 4.3±0.902 

R5 40.00 20.00 7.8±1.465 

R6 30.00 15.00 6.7±0.569 

R7 30.00 15.00 6.9±0.786 

R8 25.00 12.50 5.8±0.198 

R9 30.00 15.00 8.0±0.356 

R10 40.00 20.00 8.2±1.897 

R11 60.00 30.00 7.5±0.698 

R12 60.00 30.00 6.9±0.398 

R13 35.00 17.50 7.7±0.672 

R14 30.00 15.00 7.8±0.675 

R15 25.00 12.50 6.7±0.198 

R16 35.00 17.50 7.4±1.870 

R17 30.00 15.00 7.0±0.950 

 

The neutralization profile was used to check the ability of raft to neutralize the acid passing 

through it and results are shown in Figure 4.4 to 4.6. The duration of neutralization of each 

formulation was determined and the results showed that the formulation R1 showed 110 

min duration of neutralization. The duration of neutralization of R3, R4 and R5 

formulations were 50, 60 and 78 min respectively. R2 formulation failed to neutralize the 

acid as shown in Figure 4.4, this was due to the less quantity of sodium bicarbonate and 

citric acid. The raft of R6 formulation showed only the 20 min of duration of neutralization. 

The duration of neutralization of R7, R8 and R9 formulations were 90, 70 and 100 min 

respectively as shown in Figure 4.5. 70 min neutralization duration was observed from R10 

formulation, R11 formulation neutralize the acid for up to 120 min and similar pattern of 
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duration of neutralization was observed in raft of R12 formulation as shown in Figure 4.5. 

The alginate-pectin raft of R11 and R12 formulation showed maximum duration of 

neutralization i.e. 120 min. The raft forming formulations must have longer duration of 

neutralization. R13 and R14 formulations showed 110 min and 100 min duration of 

neutralization. 110 and 70 min duration of neutralization was observed form R15 and R16 

formulations and only 70 min duration of neutralization was observed from the raft of R17 

formulation. 
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Figure 4.4 Neutralization profiles of raft forming preparations R1 to R6 (n=6). 
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Figure 4.5 Neutralization profiles of raft forming preparations R7 to R12 (n=6). 
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Figure 4.6 Neutralization profiles of raft forming preparations R13 to R17 (n=6). 
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The structure of raft plays an important role in the duration of neutralization. This test 

differentiates the nature of raft (absorbent or non-absorbent) developed from prepared 

formulations. The R2 formulation failed to neutralize the antacids and showed the non-

absorbent nature of raft. The raft of all other formulations showed absorbent nature and 

duration of neutralization was ranged from 20 to 120 min as shown in Table 4.13. Recently 

an interesting research article published by Dettmar and his co-workers described the effect 

of raft structure on the neutralization profile of alginate rafts forming formulations [123]. 

Table 4.13 The relationship of duration of neutralization and nature of rafts. 

Formulation  

code 

Duration of Neutralization 

(min) 

Nature of  

raft 

R1 110 Absorbent 

R2 Failed to neutralize Non-absorbent 

R3 50 Absorbent 

R4 60 Absorbent 

R5 78 Absorbent 

R6 20 Absorbent 

R7 90 Absorbent 

R8 70 Absorbent 

R9 90 Absorbent 

R10 70 Absorbent 

R11 120 Absorbent 

R12 120 Absorbent 

R13 110 Absorbent 

R14 100 Absorbent 

R15 110 Absorbent 

R16 70 Absorbent 

R17 70 Absorbent 

 

4.8. Swelling behavior of alginate-pectin raft 
The swelling behavior of raft was assessed by gravimetric method in SGF pH 1.2 for 8 h 

and are illustrated in Figure 4.7 to 4.9. The raft of R1 formulation showed 97 % swelling 
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after 8 h in SGF as compared to other formulations, this is because of higher concentration 

of SA i.e. 27.5 %. This is due to the higher concentration and gelation behavior of SA and 

pectin. The hydrophilic hydroxyl groups (-OH) of SA and pectin promote the wetting and 

swelling of polymer. The raft of R3 formulation showed least swelling (60 % after 8 h) as 

compared to the other formulations. This is due to the presence of less quantity of SA and 

pectin in the R3 formulation. R6 formulation showed 76.77 % swelling after 8 h, this was 

due to the presence of less quantity pectin. The formulations contained higher 

concentration of SA and pectin showed more swelling as compared to the formulations 

containing less quantity of SA and pectin shown in Figure 4.7 to 4.9. Similar pattern of 

percent swelling of polymeric dosage forms were also studied by Huanbutta et al., in 2013 

[124]. 69.89 % and 78.74 % swelling pattern was observed by R7 and R8 formulations 

respectively as shown in Figure 4.16. The percent swelling of raft of R9, R10, R11 and 

R12 were 97.98 %, 85.69 %, 80.66 % and 75.33 % respectively. The raft of R9 formulation 

showed greatest swelling as compared to all other formulations, this was due to the 

presence of 10 % SA and 10 % pectin. 69.99 %, 88.34 % and 92.33 % swelling behavior 

of raft of R13, R14 and R15 were observed at 8 h as shown in Figure 4.9. These 

formulations contained same quantity of SA but different amount of pectin. The swelling 

of raft of R16 and R17 formulations at 8 h were 80.12 % and 80.19 % respectively.   
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Figure 4.7 Swelling behavior of raft forming formulations R1 to R6 (n=6). 
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Figure 4.8 Swelling behavior of raft forming formulations R7 to R12 (n=6). 
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Figure 4.9 Swelling behavior of raft forming formulations R1 to R17 (n=6). 

4.9. Release study of PSS 
PSS is a freely water soluble drug for SR delivery a retardant must be included in the 

formulations. HPMC K100M form a gel barrier around alginate-pectin raft that allows the 
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drug to be released in a diffusion manner. The tablets were rapidly dispersed to form raft 

that float on the surface of SGF. The PSS was physically entrapped in the raft and released 

up to 8 h. R1, R4, R13 and R16 formulations contained 14 % HPMC K100M showed less 

than 80 % release of PSS at 8 h. R5, R8, R10 and R15 formulations contained 6 % HPMC 

K100M showed more than 65 % drug release within 4 h but remaining formulation 

contained 10 % HPMC K100M showed good SR pattern of PSS. Formulation R9 was 

optimized on the basis of better SR pattern i.e. 98.76 % at 8 h. Figure 4.10 to 4.13 showed 

the release pattern of PSS from SR layer. Bose et al., 2013 studied the effect of HPMC 

K100M on release profile of metformin [62]. The concentration of SA and pectin also have 

effect on drug release pattern. Formulation R2 contained maximum concentration of SA 

and pectin showed less drug release within 8 h as compared to formulation R3 contained 

less amount of polymers. Sodium bicarbonate 20 to 40 % a gas generating substance also 

have effect on drug release from raft. When the concentration of sodium bicarbonate was 

increased, higher level of effervescence was generated resulting an increased porous 

generation cause faster drug release. One-way ANOVA was applied on drug release data 

and value of p was less than 0.05 and results were statistically significant. 
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Figure 4.10 Percentage release of PSS from alginate-pectin raft forming SR layer of 

formulations R1 to R4 (n=6). 
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Figure 4.11 Percentage release of PSS from alginate-pectin raft forming SR layer of 

formulations R5 to R8 (n=6). 
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Figure 4.12 Percentage release of PSS from alginate-pectin raft forming SR layer of 

formulations R9 to R12 (n=6). 
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Figure 4.13 Percentage release of PSS from alginate-pectin raft forming SR layer of 

formulations R13 to R17 (n=6). 

4.10. Release study of DM 
The use of superdisintegrants such as CMC and SSG alone or in combination form showed 

direct relation with the release of drugs from IR formulations. The use of CMC and SSG 

in combination form in IR layer showed more than 80 % DM within 10 min and remaining 

release was observed within 15 min. The similarity factor was not applied due to the release 

behavior of DM from IR layer. The in vitro drug release study was carried out in SGF pH 

1.2 in order to mimic the conditions of gastrointestinal tract and results are shown in Figure 

4.14 to 4.17. The results of the IR tablets (R1, R2, R7, R8 and R12) contained 2.5 % CMC, 

2 % SSG and 22.5 % starch showed that 80 % of DM was released within 10 min and more 

than 90 % of DM released was observed at 15 min. Formulation R3 contained 2.5 % CMC, 

1 % SSG and 15 % starch showed 85 % release was observed within 10 min and 90 % 

percent DM was observed at 15 min. The formulation R3 showed more dissolution pattern 

as compared to the R1, R2, R7, R8 and R12. The formulation R4 showed 80 % DM release 

was observed at 10 min because it contained 4 % CMC, 3 % SSG and 22.5 % starch. The 

formulation R5 and R10 contained 4 % CMC and 2 % SSG 75 % DM release was observed 

within 10 minutes. The formulation R6, R11, R15 and R16 contained only 1 % CMC but 
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having different concentrations of SSG and starch showed 80 % drug release was observed 

within 10 min but more than 95 % DM release was observed after 15 min. This rapid release 

of DM was observed due to higher concentration of SSG but not due to the concentration 

of CMC. The formulation R9 contained 2.5 % CMC, 3 % SSG and 15 % starch showed 

good release pattern of DM as shown in Figure 2(C) as compared to the formulation R17 

which contained similar concentration of CMC and SSG but different concentration of 

starch i.e. 30 %. This showed the effect of starch as a binder on the release profile of DM. 

The reported results are quite similar to the results of Ahmed el al., 2013 [125]. 
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Figure 4.14 Percentage release of DM from IR layer of formulations R1 to R4 (n=6). 
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Figure 4.15 Percentage release of DM from IR layer of formulations R5 to R8 (n=6). 
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Figure 4.16 Percentage release of DM from IR layer of formulations R9 to R12 (n=6). 
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Figure 4.17 Percentage release of DM from IR layer of formulations R13 to R17 (n=6). 

4.11. Release kinetics of PSS containing SR layer 
The mathematical models are important to design the dosage forms, in vitro and in vivo 

release processes of drugs from delivery system. The drug release models have been 

employed to design simple and complex delivery systems of drugs. The model dependent 

approaches such as zero order, first order, higuchi, weibull model and korsmeyer peppas 

are used to predict the release profile of drugs. In kinetic release models R2 values of zero 

order release were ranged from 0.786 to 0.989 while in first order release it was 0.985 to 

0.995 and which observed the concentration dependent release of PSS. In korsmeyer-

Peppas model value of n was found to be 0.592 which was greater than 0.45 showing a 

non-fickian drug release mechanism in prepared formulations as shown in Table 4.14. Jose 

et al., 2013 studied the release pattern of insulin from crosslinked chitosan microspheres 

by using korsmeyer-Peppas [126]. 
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Table 4.14 In vitro model dependent kinetic studies of PSS from alginate-pectin rafts. 

Code Zero order First order Higuchi model Korsmeyer-peppas 

R2 KO R2 K1 R2 KH R2 KHP n 

R1 0.965 11.082 0.988 0.182 0.904 26.030 0.992 15.985  0.795 

R2 0.931 13.738 0.967 0.271 0.927 32.487 0.988 22.429 0.725 

R3 0.952 12.436 0.976 0.223 0.930 29.355 0.998 19.619 0.745 

R4 0.786 13.308 0.980 0.272 0.984 31.952 0.995 28.339 0.574 

R5 0.941 13.039 0.979 0.245 0.933 30.819 0.995 21.111 0.730 

R6 0.904 11.927 0.990 0.212 0.918 28.257 0.972 20.090 0.708 

R7 0.729 14.858 0.976 0.353 0.954 35.776 0.961 32.390 0.561 

R8 0.711 14.940 0.975 0.360 0.955 36.012 0.961 33.123 0.552 

R9 0.963 13.146 0.962 0.244 0.920 30.953 0.998 19.768 0.772 

R10 0.791 14.710 0.969 0.335 0.945 35.261 0.962 29.993 0.599 

R11 0.809 14.648 0.969 0.330 0.948 35.071 0.968 29.392 0.608 

R12 0.925 13.556 0.972 0.265 0.927 32.074 0.986 22.354 0.720 

R13 0.972 11.075 0.984 0.181 0.896 25.961 0.992 15.366 0.817 

R14 0.939 13.049 0.977 0.245 0.934 30.851 0.996 21.240 0.727 

R15 0.981 11.050 0.957 0.175 0.850 25.635 0.993 12.332 0.939 

R16 0.889 13.098 0.979 0.369 0.981 30.987 0.945 13.850 0.756 

R17 0.913 12.467 0.947 0.456 0.919 29.876 0.937 14.892 0.893 

 

4.12. Release kinetics of DM 
The R2 values of zero order release model was ranged from 0.533 to 0.655 as mentioned in 

Table 4.15. In kinetic release model R2 values of first order release was ranged from 0.9959 

to 0.9994 while in weibull model the value of β ranged from 0.041 to 0.912, which 

indicated the parabolic shape of drug release curve. Ranjha et al., in 2015 reported the 

similar observations of release kinetics of drugs [127]. The R2 values of all prepared 

formulations were nearest to the one which indicated first order release were followed by 

the drug through IR layer. The value of β of R6 formulation was 0.912 which was highest 

amongst all formulation but R10 formulation showed the minimum value i.e. 0.041.  
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Table 4.15 In vitro model dependent kinetic studies of DM from alginate-pectin rafts. 

Code Zero order First order Weibull model 

R2 KO R2 K1 α β τ 

R1 0.568 2.346 0.999 0.301 0.478 0.217 4.768 

R2 0.553 2.349 0.999 0.319 0.330 0.096 4.999 

R3 0.573 2.348 0.999 0.289 0.439 0.195 4.907 

R4 0.533 2.358 0.999 0.370 0.300 0.077 4.999 

R5 0.536 2.357 0.999 0.358 0.275 0.050 5.000 

R6 0.622 2.325 0.999 0.230 3.687 0.912 0.000 

R7 0.550 2.349 0.999 0.327 0.328 0.092 4.999 

R8 0.552 2.350 0.999 0.329 0.419 0.177 4.866 

R9 0.548 2.361 0.999 0.340 0.341 0.129 4.985 

R10 0.538 2.355 0.998 0.349 0.269 0.041 5.000 

R11 0.655 2.272 0.996 0.192 1.474 0.486 2.530 

R12 0.560 2.349 0.999 0.307 0.334 0.102 4.999 

R13 0.556 2.350 0.997 0.316 0.367 0.133 4.984 

R14 0.595 2.339 0.998 0.270 2.231 0.721 0.000 

R15 0.552 2.352 0.999 0.315 0.269 0.041 5.000 

R16 0.558 2.348 0.996 0.314 0.406 0.166 4.932 

R17 0.548 2.352 0.995 0.336 0.335 0.103 4.996 

4.13. Fourier transform infrared spectroscopy (FTIR) 
The FTIR spectra of PSS, SA, pectin, HPMC K100M and SR layer are shown in Figure 

4.18. PSS showed its features peaks at 1587.83cm-1, 1301.87cm-1, 1104.89cm-1 due to C=C 

stretching, C=N stretching and C-F stretching respectively. Reddy et al., in 2007 studied 

the similar peaks of FTIR spectra of PSS at C=C, C=N and C-F stretching at 1890 cm-1, 

1305 cm-1 and 1121 cm-1 respectively [128]. SA showed peaks at 1583.96cm-1, 1406.68cm-

1 provide information about water and carboxylic group of alginate and 1022.38cm-1 due 

to –OH bending vibration. Xiao et al., 2014 and Borba et al., 2016 observed the presence 

of water and carboxylic group in SA at 1800-1500 cm-1 region and –OH bending group at 

1035 cm-1. [129, 130]. The pectin showed peak at 1737.51cm-1 due to ester carbonyl group 

(C=0) stretching. Kyomugasho et al., in 2015 studied the stretching of ester carbonyl 
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(C=O) group of pectin at 1740 cm-1 [131]. HPMC K100M showed two peaks at 1054.87cm-

1 and 3400.03cm-1 due to C-O and O-H stretching vibrations respectively. Ding et al., in 

2015 observed the stretching vibrations of C-O and O-H groups at 1066 cm-1 and 3461 cm-

1 in FTIR spectra of HPMC K100M [132]. SR layer showed peaks at 3312.89cm-1, 

1586.75cm-1, 1492.00cm-1, 1383.54cm-1, 1302.69cm-1 and 1029.42cm-1 of C-O stretching 

of HPMC K100M, C-F stretching of PSS, presence of water and carboxylic group of SA, 

C=N stretching and –OH bending group of SA which corresponds to the peaks of PSS, SA, 

pectin and HPMC K100M indicates there was no interaction between drug and polymers. 

Figure 4.19 showed the FTIR spectra of DM, CMC, SSG and IR layer. DM showed features 

peaks at 3024.05cm-1 due to N-H stretching, 1687.40cm-1 owing to C=0 stretching and 

1376.38cm-1 due to C-H bending. Osmani et al., in 2015 observed the similar peaks of DM 

at 3020.41 cm-1, 1689.67 cm-1 and 1384.77 cm-1 due to N-H stretching, C=O stretching and 

C-H bending groups [133]. CMC shows peaks at 3245.67cm-1, 1585.40cm-1 and 

1019.27cm-1 due to –OH stretching, carboxylic group stretching and stretching vibration 

of the C-OH group respectively. The similar peaks of –OH, carboxylic group and C-OH 

stretching of CMC at 2916 cm-1, 1616 cm-1 and 1160 cm-1 respectively by Habibi, 2014  

[134]. Spectra of SSG shows peaks at 3253.00 cm-1 due to –OH stretching vibration and 

1413.12cm-1 owing to –CH2 symmetrical bond. Habibi, 2014 and Lefnaoui et al., in 2015 

studied the similar peaks of SSG at 3433 cm-1 and 1380 cm-1 due to –OH stretching and –

CH2 symmetrical bonds respectively [134, 135]. IR layer shows peaks at 2917.89 cm-1, 

1689.84 cm-1, 1383.06 cm-1 and 1018.17 cm-1 due to the presence of –OH stretching of 

CMC, C=O stretching of DM, -OH stretching of SSG and due to stretching vibration of C-

OH group of CMC respectively which resembles to the peaks of drug and polymers of IR 

layer, indicates no chemical interaction between drug and polymer. 

FTIR spectra of bilayer tablets, raft of R9 formulation was shown in Figure 4.20. Bilayer 

tablets shows peaks at 3167.42 cm-1 (N-H stretching), 1682.08 cm-1 (C=O stretching), 

1487.74 cm-1 (–CH2 stretching bond), 1387.31 cm-1 (C-H bending) and 1018.88 cm-1 –OH 

(stretching vibration). Raft of R9 formulation showed peaks at 3223.09 cm-1, 1688.17 cm-

1, 1586.67 cm-1, 1302.64 cm-1, 1162.01 cm-1, and 1027.74 cm-1 due to –OH stretching, ester 

carbonyl group (C=O) stretching, existence of water and carboxylic group in raft, C-N 
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stretching, C-F stretching and –OH bending vibration. The FTIR spectra of drugs, 

polymers, SR and IR layer, bilayer tablets and raft of R9 showed no notable interaction 

chemical between them. The spectra of alginate-pectin raft of R9 showed the presence of 

SA, pectin, HPMC K100M and drug was effectively entrapped in the alginate-pectin raft 

which is similar to the spectra of SR layer. 

 

Figure 4.18 FTIR spectra of PSS (A), SA (B), pectin (C), HPMC K100M (D) and SR 

layer (E). 
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Figure 4.19 FTIR spectra of DM (A), CMC (B), SSG (C) and IR layer (D). 
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Figure 4.20 FTIR spectra of bilayer tablets (A) and raft of R9 formulation (B). 

4.14. X-ray diffractometry (XRD) 
The X-ray diffractograms of PSS, SA, pectin, HPMC K100M and SR layer are shown in 

Figure 4.21. The characteristics diffraction lines of PSS at 2θ of 6˚and 22˚ showed the 

crystalline nature of PSS [136]. SA showed well defined peaks at 3˚ (2θ) [137], pectin 

showed peaks at 4˚ (2θ) and HPMC K100M at 3˚, 9˚ and 18˚ (2θ) [138]. The diffractogram 

of SR layer showed no diffraction lines indicates the PSS was uniformly distributed in the 

SR layer of bilayer tablets.  The diffractograms of DM, CMC, SSG and IR layer are shown 

in Figure 4.22. The diffraction lines of DM at 2θ of 2˚, 4˚, 7˚, 12˚, 13˚, 18˚ 20˚ and 22˚ 

indicates the drug is highly crystalline in nature [139]. CMC showed peaks at 4˚, 10˚, 16˚ 

and 22˚ (2θ) and SSG showed diffraction lines at 4˚ and 19˚ (2θ) indicates the crystallinity 

of superdisintegrants. The diffractogram of IR layer showed no diffraction lines indicates 

the DM was uniformly distributed in the IR layer of bilayer tablets. The diffractograms of 

bilayer tablet and alginate-pectin raft of optimized formulation R9 are shown in Figure 
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4.23. The diffractogram of bilayer tablet showed the PSS and DM are uniformly distributed 

in the bilayer tablet. The diffractograms of alginate-pectin raft showed the uniform 

distribution of PSS.  

 

Figure 4.21 X-ray diffractograms of PSS (A), SA (B), pectin (C), HPMC K100M (D) 

and SR layer (E). 
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Figure 4.22 X-ray diffractograms of DM (A), CMC (B), SSG (C) and IR layer (D). 
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Figure 4.23 X-ray diffractograms of bilayer tablet (A) and raft of R9 formulation (B). 

4.15. Differential scanning calorimetry (DSC) 
The DSC thermograms of PSS, SA, pectin, HPMC K100M and SR layer are shown in 

Figure 4.24. The thermograms of PSS showed endothermic peaks at 250 ºC which was the 

indication of melting point of PSS. The SA and pectin showed endothermic peaks at 200 

ºC and 210 ºC respectively.  The disappearance of endothermic peaks of PSS, SA and 

pectin were observed in thermograms of SR layer indicated the stability of PSS in SR layer. 

The thermograms of DM, CMC, SSG and IR layer are shown in Figure 4.25. The DM 

showed endothermic peaks at 220 0C indicates the melting point of DM. The CMC and 

SSG showed endothermic peaks at 275 ºC and 240 ºC respectively. The disappearance of 

endothermic peaks of DM, CMC and SSG were observed in thermograms of IR layer 

indicated the stability of DM in IR layer. The thermograms of bilayer tablet and alginate-

pectin raft of R9 formulation are shown in Figure 4.26. The thermograms of bilayer tablet 

and raft of R9 optimized formulation showed no endothermic peaks indicated the stability 

of bilayer tablet and alginate-pectin raft [136, 139].  



90 

 

 

Figure 4.24 DSC thermograms of PSS (A), SA (B), pectin (C), HPMC K100M (D) and 

SR layer (E). 
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Figure 4.25 DSC thermograms of DM (A), CMC (B), SSG (C) and IR layer (D). 
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Figure 4.26 DSC thermograms of bilayer tablet (A) and raft of R9 formulation (B). 

4.16. Scanning electron microscopy (SEM) 
The SEM images of bilayer tablets at 50, 10, 5 and 1 μm resolution showed compact nature 

of tablets are shown in Figure 4.27. The SEM micrograph of the raft showed a highly 

porous surface, this indicate the diffusion of the drug from raft to the surface as shown in 

Figure 4.28. The formation of pore and gel like structure around the raft indicates the 

diffusion mechanism for SR delivery of PSS [140]. 
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Figure 4.27 SEM images of bilayer tablet of R9 formulation at 50 µm (A), 10 µm (B) 5 

µm (C) and at 1 µm (D).  
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Figure 4.28 SEM images of raft of R9 formulation at 50 µm (A), 10 µm (B) 5 µm (C) 

and at 1 µm (D).  

4.17. HPLC method development in mobile phase 

4.17.1. Optimization of HPLC method 

The effect of flow rate, composition of mobile phase and pH of phosphate buffer on 

percentage recoveries and retention times of PSS and DM were studied and three 

dimensional graphs were developed are shown in Figure 4.29. All responses were fitted to 

the main, interactive and quadratic models and quadratic model was found to be the best 

fitted model [141]. The data of Y1, Y2, Y3 and Y4 were observed and regression equations 

4.4, 4.5, 4.6 and 4.7 were developed. In regression equations positive sign favors the 

optimization while negative sign indicates an inverse relationship between factors and 

responses. Flow rate (X1), composition of mobile phase (X2) and pH of phosphate buffer 

(X3) have different effects on retention time of PSS (Y1), DM (Y2) and percentage recovery 

of PSS (Y3) and DM (Y4). 
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𝑅𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑃𝑆𝑆 (𝑌1) = 3.41 − 1.405𝑋1 + 0.231𝑋2 + 0.360𝑋3 − 0.351𝑋1𝑋2 −

0.548𝑋1𝑋3 + 0.090𝑋2𝑋3 + 2.136𝑋1
2 + 0.057𝑋2

2 + 0.140𝑋3
2----------------------------(4.4)  

𝑅𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 𝑜𝑓 𝐷𝑀 (𝑌2) = 6.06 − 1.914𝑋1 + 0.301𝑋2 + 0.405𝑋3 − 0.612𝑋1𝑋2 −

0.823𝑋1𝑋3 + 0.129𝑋2𝑋3 + 3.887𝑋1
2 + 0.096𝑋2

2 + 0.174𝑋3
2----------------------------(4.5)         

%𝑎𝑔𝑒 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑜𝑓 𝑃𝑆𝑆 (𝑌3) = 87.87 + 10.487𝑋1 + 6.360𝑋2 + 7.228𝑋3 +

101.517𝑋1𝑋2 + 115.360𝑋1𝑋3 + 69.968𝑋2𝑋3 + 177.864𝑋1
2 + 61.571𝑋2

2 + 79.509𝑋3
2--

------------------------------------------------------------------------------------------------------(4.6) 

%𝑎𝑔𝑒 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑜𝑓 𝐷𝑀 (𝑌4) = 90.25 + 6.577𝑋1 + 4.097𝑋2 + 5.135𝑋3 +

51.959𝑋1𝑋2 + 65.113𝑋1𝑋3 + 40.567𝑋2𝑋3 + 83.397𝑋1
2 + 32.372𝑋2

2 + 50.837𝑋3
2-------

------------------------------------------------------------------------------------------------------(4.7) 

When flow rate, mobile phase and pH of buffer were 0.75 ml/min, 3 and 5.40 respectively, 

the retention time of PSS and DM varied from 4.237 to 5.678 min and 7.126 to 8.911 min 

respectively. When flow rate of mobile phase was 1.25 ml/min the variation in the retention 

time and percentage recoveries of both drugs were observed. But when flow rate, mobile 

phase and pH of buffer were 1 ml/min, 5 and 4.00 the retention time (Y1 and Y2) of all 

injected concentrations were similar and percentage recoveries (Y3 and Y4) of both drugs 

were within limits 90 to 110 %. Equation 4.4 and 4.5 showed the insignificant interaction 

between flow rate (X1) and mobile phase composition (X2) but showed a significant 

interaction mobile phase composition (X2) and pH of phosphate buffers (X3) used for 

analysis. Equation 4.6 and 4.7 showed a significant interaction between flow rate (X1) and 

mobile phase composition (X2) and pH phosphate buffers (X3). Interaction of X1 and X2 

and X1 and X3 were insignificant but the interaction of X2 and X3 were significant in case 

of retention time of both drugs. Significant interactions were observed between X1 and X2, 

X1 and X3 and X2 and X3 in case of percentage recoveries of PSS and DM. The quadratic 

outcome of flow rate, composition of mobile phase and pH of buffer on retention time of 

(p ˂ 0.001) and percentage recoveries of PSS and DM (p = 0.0016) were significant.  

In percentage recovery of PSS, the observed and predicted R2 values were 0.961 and 0.939 

respectively were found in practical agreement. The F and P values were 25.45 and 0.001 

respectively indicated the model was significant. The observed and predicted R2 values of 
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PSS retention time were 0.963 and 0.945 respectively and F and P values were 26.98 and 

0.0001 indicated the model was significant. In percentage recovery of DM, the observed 

and predicted R2 values were 0.951 and 0.949 respectively were found in practical 

agreement [142]. The F and P values were 25.43 and 0.0001 respectively indicated the 

model was significant. The observed and predicted R2 values of PSS retention time were 

0.963 and 0.945 respectively and F and P values were 26.48 and 0.001 indicated the model 

was significant. 

 

Figure 4.29 3D response surface graphs showing effects of flow rate (X1), mobile phase 

composition (X2) and pH of phosphate buffer (X3) on retention time of PSS 

(A), retention time of DM (B), %age recovery of PSS (C) and %age recovery 

of DM (D). 
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4.17.2. Validation of optimized factors 

The percent residual of retention time of PSS and DM were ̠ 81.73 and ˗49.17 respectively. 

The percent residual of percentage recoveries of PSS and DM were +3.25 and +7.90 

respectively as shown in Table 4.16. Kumar et al., in 2015 studied the similar pattern for 

the validation of factors by using BBD [97]. 

Table 4.16 Validation of factors used for optimization. 

Response Predicted values Observed values % Residuals 

PPS DM PSS DM PSS DM 

Retention time 

(min) 

2.031 40.222 3.691 6.298 -81.73 -49.17 

% recoveries 99.61 99.53 97.44 91.66 +3.25 +7.90 

 

4.17.3. Chromatographic method validation 

The analytical curves of PSS and DM were linear over the range of 3.125 to 25 ppm for 

both drugs as shown in Figure 4.30. For each concentration three runs were applied and 

graphs were plotted against concentration and peak area and correlation coefficient were 

found to be R2 = 0.999 for PSS and R2 = 0.9994 for DM [143]. It indicates the results were 

significant and showed linear relation as shown in Figure 4.30. 

 

Figure 4.30 Analytical curves of PSS (A) and DM (B) in mobile phase. 
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The specificity of method was analyzed and no interference of active drug materials were 

observed by performing separate injections of standard, placebo and mobile phase 

respectively as shown in Figure 4.31. The retention time of PSS and DM were 3.691 and 

6.298 min respectively as shown in Figure 4.32. Similar observations were reported by 

Sivakumar et al., in 2007 by using HPLC method for estimation of PSS and DM in tablets 

and capsules [144]. 

 

Figure 4.31 Chromatograms of placebo (A), mobile phase (B) and Standard solution of 

PSS and DM (C). 
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Figure 4.32 Chromatograms of PSS and DM with different concentrations 25 µg/ml (A), 

12.5 µg/ml (B), 6.25 µg/ml (C) and 3.125 µg/ml (D) using the same mobile 

phase. 

The accuracy of the procedure was established by repeating five concentrations (1.56, 

3.125, 6.25, 12.5 and 25 ppm) of PSS and DM in mobile phase at 285 nm and percentage 

recoveries were calculated and are shown in Table 4.17. The precision of the developed 

method was tested by injecting five different concentrations of PSS and DM in mobile 

phases 1 to 5 on the same and three subsequent days [145]. Inter-day and intra-day 

precision (% RSD) of PSS and DM were calculated and found to be less than 2 % as shown 

in Table 4.17. Similar considerations were also observed by Hanif et al., in 2011 by using 

HPLC method for nimesulide tablets dosage form [146]. 

 

 



100 

 

Table 4.17 Percentage recoveries, inter-day and intra-day precision of PSS and DM in mobile phase (n=6). 

Percentage recovery of PSS Inter-day precision of 

PSS 

Intra-day precision of 

PSS 

Actual 

concentration 

(ppm) 

Found concentration 

(ppm) Mean±SD 

% RSD % 

Recovery 

Mean ± SD 

(ppm) 

% RSD Mean ± SD 

(ppm) 

% RSD 

25.00 24.50±0.942 0.996 98.00 24.48±0.702 0.986 24.17±0.906 0.997 

12.50 12.21±0.122 0.253 97.68 12.11±0.108 0.845 12.17±0.239 0.329 

6.25 6.10±0.019 0.075 97.60 6.15±0.219 0.295 6.12±0.045 0.575 

3.125 3.11±0.053 0.435 99.52 3.10±0.023 0.731 3.06±0.054 0.531 

1.56 1.51±0.012 0.921 96.79 1.53±0.167 0.972 1.50±0.134 0.988 

Percentage recovery of DM Inter-day precision of 

DM 

Intra-day precision of 

DM 

25.00 24.77±0.733 0.771 99.08 24.68±0.403 0.871 24.19±0.782 0.774 

12.50 12.35±0.051 0.104 98.80 12.15±0.801 0.634 12.21±0.031 0.170 

6.25 6.22±0.040 0.159 99.52 6.19±0.942 0.899 6.17±0.049 0.231 

3.125 3.09±0.216 1.841 98.88 3.11±0.296 1.841 3.08±0.089 1.912 

1.56 1.49±0.567 1.056 95.51 1.51±0.562 1.091 1.50±0.124 0.946 
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LOD and LOQ were calculated by sigma method. LOD and LOQ of PSS were found to be 

0.129 ppm and 0.565 ppm respectively by injecting known concentrations of sample. LOD 

and LOQ of DM were 0.345 ppm and 0.987 ppm respectively. System suitability tests were 

analyzed by calculating % RSD of PSS in parameters like theoretical plates, tailing factor, 

retention time, peak area and resolution were 0.015, 1.96, 0.030, 0.001 % and 1.325 

respectively. The % RSD of theoretical plates, tailing factor, retention time, peak area and 

resolution of DM were 0.009, 1.04, 0.132, 0.0002 and 1.671 respectively. The retention 

time of PSS and DM were observed from chromatograms and it was found to be 3.691 and 

6.298 min respectively and are shown in Table 4.18. The resolution of PSS and DM were 

found in the range of 1.77 to 2.77 and 5.10 to 5.41 respectively as shown in Table 4.18. 

The resolution of 1 or higher represent an adequate separation of drugs. Similar findings 

were observed by Hanif et al., in 2015 for determination of Flurbiprofen and Ranitidine in 

Bilayer Tablets [147]. No significant outcome was detected in retention time and 

percentage recoveries of PSS and DM when small changes were made to chromatographic 

conditions. 

Table 4.18 System suitability parameters of PSS and DM in mobile phase. 

Consideration         PSS DM 

Mean 

(n=5) 

%  

RSD 

Limits Mean  

(n=5) 

% 

RSD 

Limits 

Retention time 

(min) 

3.691 0.030 - 6.298 0.132 - 

Peak area 2326427 0.0001 ˂2 2105457 0.0002 ˂2 

Tailing factor 1.271 1.96 ˂2 1.151 1.04 ˂2 

Theoretical 

plates 

5682 0.015  10549 0.009  

Resolution 2.183 1.325 ˃1 5.361 1.671 ˃1 

 

4.18. Assay of bilayer tablets 
The PSS and DM were quantified by using developed HPLC method using isocratic mobile 

phase acetonitrile and phosphate buffer pH 4.0 (50:50 v/v). The prepared sample was 

injected six times (n=6) and percentage recoveries of PSS and DM were found to be 
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98.89±0.5 % and 99.89±0.5 % respectively. This percentage recovery was within the 

official range of BP i.e. 85 to 115 % and the % RSD was 1.257 %. The chromatograms of 

prepared standard and sample solutions are shown in Figure 4.33 and 4.34 respectively. 

Prasanna et al., 2009 studied the estimation and similar findings of PSS in tablets as 

reported in this research [148]. 

 

Figure 4.33 Chromatogram of prepared standard solution containing PSS and DM.  

 

Figure 4.34 Chromatogram of prepared sample solution of bilayer tablets containing PSS 

and DM.  
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4.19. HPLC method development in rabbit plasma 
The analytical curves of PSS and DM in rabbit plasma were linear over the range of 3.125 

to 25 ppm for both drugs as shown in Figure 4.35. For each concentration three runs were 

applied and plotted the graphs between concentration and peak area. The correlation 

coefficient was found to be r2 = 0.998 for PSS and r2 = 0.996 for DM. It indicates the results 

were significant and showed linear relation as shown in Figure 4.35. 

 

Figure 4.35 Analytical curves of PSS (A) and DM (B) in rabbit plasma. 

Specificity of method for PSS and DM was analyzed in rabbit plasma. Retention time of 

PSS and DM were 3.131 and 5.056 min respectively as shown in Figure 4.36. 
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Figure 4.36 Chromatograms of PSS and DM with different concentrations 25 µg/ml (A), 

12.5 µg/ml (B), 6.25 µg/ml (C) and 3.125 µg/ml (D) using rabbit plasma. 

Accuracy of the procedure was established by repeating four concentrations (3.125, 6.25, 

12.5, 25 ppm) of PSS and DM in rabbit plasma at 285 nm and percentage recoveries were 

calculated are shown in Table 4.19. Precision of the developed method was tested by 

injecting four different concentrations of PSS and DM in rabbit plasma on the same and 

three subsequent days. Inter-day and intra-day precision (% RSD) of PSS and DM were 

calculated and found to be less than 2 % as shown in Table 4.19.  
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Table 4.19 Percentage recoveries, inter-day and intra-day precision of PSS and DM in rabbit plasma. 

Percentage recovery of PSS Inter-day precision of 

PSS 

Intra-day precision of 

PSS 

Actual concentration 

(ppm) 

Found 

concentration 

(ppm) Mean±SD 

% RSD % 

Recovery 

Mean ± SD 

(ppm) 

% RSD Mean ± SD 

(ppm) 

% RSD 

25.000 24.50±0.732 0.078 98.00 24.56±0.832 0.578 24.61±0.402 0.568 

12.500 12.21±0.102 0.205 97.68 12.22±0.162 0.403 11.99±0.401 0.289 

6.250 6.10±0.017 0.062 97.60 6.11±0.307 0.672 6.13±0.207 0.672 

3.125 3.10±0.041 0.189 99.20 3.12±0.201 0.429 2.99±0.101 0.864 

1.56 1.47±0.573 0.851 94.23 1.48±0.784 1.001 1.47±0.345 1.023 

Percentage recovery of DM Inter-day precision of 

DM 

Intra-day precision of 

DM 

25.000 24.70±0.703 0.690 98.80 24.70±0.703 0.690 24.69±0.413 0.690 

12.500 12.15±0.021 0.126 97.20 12.15±0.021 0.126 12.05±0.301 0.706 

6.250 6.02±0.240 0.139 96.32 6.02±0.240 0.139 6.22±0.238 0.319 

3.125 3.03±0.216 0.045 96.96 3.03±0.216 0.045 3.10±0.176 0.133 

1.56 1.46±0.567 0.981 93.58 1.47±0.245 0.819 1.46±0.619 1.034 
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LOD and LOQ were calculated by sigma method. LOD and LOQ of PSS were found to be 

0.062 ppm and 0.091 ppm respectively by injecting known concentrations of drug in rabbit 

plasma. LOD and LOQ of DM in rabbit plasma were 0.071 ppm and 0.093 ppm 

respectively. System suitability tests were analyzed by calculating % RSD of PSS in 

parameters like theoretical plat, tailing factor, retention time, peak area and resolution were 

0.105, 1.37, 0.139, 0.001 and 1.021 respectively in rabbit plasma [149]. The % RSD of 

theoretical plates, tailing factor, retention time, peak area and resolution of DM were 0.019, 

1.98, 0.327, 0.002 and 1.071 respectively. Retention time of PSS and DM were observed 

from chromatograms and it was found to be 3.131 and 5.056 min respectively and are 

shown in Table 4.20. The resolution of PSS and DM were found in the range of 10.35 to 

10.50 and 11.10 to 11.30 respectively as shown in Table 4.20. The resolution of 1 or higher 

represent an adequate separation of drugs. No significant outcome was detected on 

retention time and percentage recoveries when small changes were made to 

chromatographic conditions. Freeze and thaw stability studies were performed in three 

cycles and it was observed that samples contained low concentration of PSS showed 97.98 

%, 96.68 % and 99.45 % stability while samples of higher concentration showed 99.12 %, 

98.67 %, 97.49 % stability for one, two and three cycles respectively. The lower 

concentration of DM showed 98.34 %, 97.71 % and 98.39 % stability while higher 

concentration showed 99.20 %, 98.11 % and 98.67 % stability at one, two and three cycles 

respectively.  

Table 4.20 System suitability parameters of PSS and DM in rabbit plasma. 

Consideration         PSS DM 

Mean (n=5) %RSD Limits Mean (n=5) %RSD Limits 

Retention time 

(min) 

3.131 0.139 - 5.056 0.327 - 

Peak area 11106.5 0.001 ˂2 54325.5 0.002 ˂2 

Tailing factor 1.691 1.37 ˂2 1.878 1.98 ˂2 

Theoretical 

plates 

7921 0.105  9700 0.019  

Resolution 10.45 1.021 ˃1 11.21 1.071 ˃1 
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4.20. Stability studies 
The stability studies of R9 formulation were carried out under accelerated conditions. The 

hardness and friability tests of bilayer tablets, strength, resilience, FLT and TFT of 

alginate-pectin rafts and % release of PSS and DM were carried out for a period of 0, 1, 3 

and 6 months. The results showed the bilayer tablets and alginate-pectin rafts were stable 

under accelerated conditions for up to 6 months. The alginate-pectin raft was stable and 

showed adequate strength, resilience, FTL and TFT. The % release of PSS and DM from 

prepared dosage forms were within the official limits of Pharmacopoeias i.e. 100±15 %. 

At 0-month period the hardness and friability of bilayer tablets were 4.45±0.101 kg/cm2 

and 0.72±0.060 % respectively.  The strength, resilience, FLT and TFT were 6.43±0.019 

g, ˃480 min, 55 s and ˃8 h respectively as shown in Table 4.21. The % PSS and DM 

released were 98.76±0.071 % and 99.56±0.670 % respectively. Goh et al., in 2012 

observed the similar findings of stability studies of pharmaceuticals containing SA as 

polymer [150]. At 1st month, the hardness and friability of bilayer tablets were 4.43±0.202 

kg/cm2 and 0.74±0.073 % respectively.  The strength, resilience, FLT and TFT were 

6.41±0.602 g, ˃480 min, 57 s and ˃8 h respectively as shown in Table 4.21. The % PSS 

and DM released were 95.56±0.067 % and 94.56±0.772 % respectively. At 3rd month, the 

hardness and friability of bilayer tablets were 4.41±0.563 kg/cm2 and 0.76±0.090 % 

respectively.  The strength, resilience, FLT and TFT were 6.38±0.610 g, ˃480 min, 58 s 

and ˃8 h respectively as shown in Table 4.21. The % PSS and DM released were 

90.98±0.003 % and 92.16±0.070 % respectively. At 6th month, the hardness and friability 

of bilayer tablets were 4.38±0.593 kg/cm2 and 0.81±0.519 % respectively.  The strength, 

resilience, FLT and TFT were 6.35±0.781 g, ˃ 480 min, 60 s and ˃ 8 h respectively as shown 

in Table 4.21. The % PSS and DM released were 86.08±0.056 % and 85.04±0.912 % 

respectively.  
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Table 4.21 Results for stability study of optimized formulation R9. 

Study period Tests  Formulation (R9) 

0 month 

Bilayer tablets 
Hardness (kg/cm2) 4.45±0.101 

Friability (%) 0.72±0.060 

Alginate-pectin rafts 

Raft strength (g) 6.43±0.019 

Raft resilience (min) ˃480 

FLT & TFT (s & min) 55 & ˃8 

% drug release 
PSS (%) 98.76±0.071 

DM (%) 99.56±0.670 

1 month 

Bilayer tablets 
Hardness (kg/cm2) 4.43±0.202 

Friability (%) 0.74±0.073 

Alginate-pectin rafts 

Raft strength (g) 6.41±0.602 

Raft resilience (min) ˃480 

FLT & TFT (s & min) 57 & ˃8 

% drug release 
PSS (%) 95.56±0.067 

DM (%) 94.56±0.772 

3 month 

Bilayer tablets 
Hardness (kg/cm2) 4.41±0.563 

Friability (%) 0.76±0.090 

Alginate-pectin rafts 

Raft strength (g) 6.38±0.610 

Raft resilience (min) ˃480 

FLT & TFT (s & min) 58 & ˃8 

% drug release 
PSS (%) 90.98±0.003 

DM (%) 92.16±0.070 

6 month 

Bilayer tablets 
Hardness (kg/cm2) 4.38±0.593 

Friability (%) 0.81±0.519 

Alginate-pectin rafts 

Raft strength (g) 6.35±0.781 

Raft resilience (min) ˃480 

FLT & TFT (s & min) 60 & ˃8 

% drug release 
PSS (%) 86.08±0.056 

DM (%) 85.04±0.912 
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4.21. Histopathological examination of stomach 

The values of GUI and % ulcer inhibition are given in Table 4.22, Figure 4.37 and 4.38. 

The GUI of gastric ulcer control group and omeprazole treated group were 13.78±0.56 and 

5.00±0.24 respectively. The GUI of marketed PSS and DM and optimized R9 treated group 

were 4.56±0.14 and 4.01±0.51 respectively. The % ulcer inhibition of omeprazole and 

marketed PSS and DM treated group were 63.67±0.98 and 73.40±0.23 respectively. The 

optimized R9 formulation showed 81.42±0.29 % ulcer inhibition which was greater than 

omeprazole and marketed PSS and DM treated group. The results demonstrated that the 

combined used of PSS and DM cure the peptic ulcer associated with reflux disorders 

rapidly as compared to the PSS alone. 

Table 4.22 Groups and effects of treatment on gastric ulcer induced by aspirin 

S. No. Groups GUI % Ulcer 

inhibition 

1 Normal control - - 

2 Gastric ulcer control 13.78±0.56 - 

3 Omeprazole treated group 5.00±0.24 63.67±0.98 

4 Marketed PSS and DM treated group 4.56±0.14 73.40±0.23 

5 Optimized formulation R9 treated group 4.01±0.51 81.42±0.29 

T re a te d  G ro u p s

G
U

I

0

5

1 0

1 5

O m p e ra z o le  tre a te d  g ro u p

G a s tr ic  u c le r  c o n tro l

M a rk e te d  P S S  a n d  D M  tre a te d  g ro u p

R 9  tre a te d  g ro u p

 

Figure 4.37 GUI in different treated groups. 
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Figure 4.38 Percent inhibition of ulceration in different treated groups. 

Histopathological studies showed interruption in mucosa having inflammatory cells in 

ulcer control group as compared to the normal control group. The stomach of omeprazole 

treated group showed normal pattern of mucosa along with some ulcers. The Histographs 

of marketed PSS and DM treated group showed superficial ulcers. The Histographs of 

optimized R9 formulation treated group showed no ulcer and retain normal physiology of 

mucosa as shown in Figure 4.39. The results of optimized R9 formulation showed better 

anti-ulcerant activity as compared to the marketed PSS and DM treated group. The 

observed results are quite similar with the results of Ranade et al., in 2007 who studied the 

histographs of rat stomach treated with amoxicillin and aloe vera [11].   



111 

 

 

Figure 4.39 Histographs of rat stomach: Normal control group (A & B), gastric ulcer 

control group (C & D), omeprazole treated group (E & F), PSS and DM 

treated group (G & H) and R9 optimized formulation treated group (I & J).  

4.22. Pharmacokinetic analysis 
HPLC data was used to calculate the pharmacokinetics of PSS and DM in plasma and 

inspect the bioavailability of both drugs in albino rabbit plasma. The Latin square crossover 

design was used on 3 groups of rabbits. R9 formulation was chosen as the test and 

commercially available Zopent 40 mg tablet and Domel 5 mg tablet as reference 

formulations to rabbits under fasting conditions for the investigation of pharmacokinetic 

parameters of PSS and DM that are shown in Figure 4.40 to 4.45 and Table 4.23 to 4.26. 

Palem et al., in 2016 studied the bioavailability of DM in healthy human volunteers and 

various pharmacokinetic parameters were studied using non-compartmental approaches 

[151]. Helmy and Bedaiwy, 2014 evaluate the relative bioavailability and pharmacokinetic 

of DM of tablet formulation as test and suspension as reference formulation in healthy 

human volunteers using non-compartmental approach [152]. Raffin et al., in 2010 

developed the soft agglomerates of PSS and studied the pharmacokinetics of PSS in beagle 

dogs using non-compartmental and compartmental approaches. They concluded that the 
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developed soft agglomerates were equivalent to the reference tablets in terms of relative 

bioavailability and other pharmacokinetic parameters [79]. Calabresi et al., in 2003 studied 

the pharmacokinetics of PSS and pharmacokinetic interaction between PSS and 

omeprazole in healthy human volunteers using non-compartmental approach [153]. Ferron 

et al., in 2001 studied the pharmacokinetics of PSS in moderate and severe hepatic 

dysfunction patients using non-compartmental approach [154].  

The mean plasma concentration of DM verses time curves for both test and reference 

formulations are shown in Figure 4.40 to 4.42 and pharmacokinetic parameters are shown 

in Table 4.23 and 4.24. The tmax of the test and reference formulations were 1.00±0.093 h 

and 1.00±0.120 h respectively. Observed Cmax of the test formulation was 15.11±1.608 

µg/ml, which was greater as compared to reference formulation i.e. 12.06±1.234 µg/ml. 

The AUC(0-t) and AUC(0-∞) of the test formulation was 59.02±2.240 µg×h/ml and 

80.15±6.042 µg×h/ml respectively. AUC(0-t) and AUC(0-∞) of the reference formulation was 

56.31±1.406 µg×h/ml and 78.94±5.939 µg×h/ml respectively. The AUMC of the test and 

reference formulations were 1288.84±2.402 µg×h/ml and 1125.80±11.626 µg×h/ml 

respectively. Zhang et al., in 2007 studied the similar findings of pharmacokinetic 

parameters of domperidone maleate in healthy Chinese populations [155]. The MRT of the 

test and reference formulations were 16.69±2.379 h and 15.403±2.441 h respectively as 

shown in Table. Our study demonstrated that the test formulation showed better results as 

compared to the reference formulations. 
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Figure 4.40 Pharmacokinetic profile of test formulation (R9) and Ref1(Domel tablet) 

containing DM (phase I). 
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Figure 4.41 Pharmacokinetic profile of test formulation (R9) and Ref1(Domel tablet) 

containing DM (phase II). 
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Figure 4.42 Pharmacokinetic profile of test formulation (R9) and Ref1(Domel tablet) 

containing DM (phase III). 

 

Table 4.23 Pharmacokinetic parameters of test formulation (R9) containing DM (n=6). 

Parameters Phase I Phase II Phase III Mean ± SD 

tmax (h) 1.00±0.120 1.00±0.140 1.00±0.020 1.00±0.093 

Cmax (µg/ml) 14.09±1.678 15.06±1.608 16.18±1.540 15.11±1.608 

T1/2 (h) 15.19±1.678 15.49±1.978 15.64±1.638 15.44±1.764 

AUC(0-t) 

(µg×h/ml) 

57.07±2.234 59.04±2.034 60.97±2.454 59.02±2.240 

AUC(0-∞) 

(µg×h/ml) 

78.15±6.089 80.12±5.029 82.19±7.009 80.15±6.042 

AUMC 

(µg×h/ml) 

1279.14±2.842 1289.19±2.342 1298.19±2.022 1288.84±2.402 

MRT (h) 16.36±2.109 16.76±3.119 16.96±1.909 16.69±2.379 
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Table 4.24 Pharmacokinetic parameters of Ref1(Domel tablet) formulation containing 

DM (n=6). 

Parameters Phase I Phase II Phase III Mean ± SD 

tmax (h) 1.00±0.104 1.00±0.145 1.00±0.112 1.00±0.120 

Cmax (µg/ml) 10.56±1.098 12.66±1.008 12.96±1.598 12.06±1.234 

T1/2 (h) 15.04±1.456 14.14±1.496 15.84±1.056 15.06±1.336 

AUC(0-t) 

(µg×h/ml) 

54.09±1.609 52.06±1.109 62.78±1.500 56.31±1.406 

AUC(0-∞) 

(µg×h/ml) 

74.57±6.453 78.50±5.403 83.77±5.953 78.94±5.939 

AUMC 

(µg×h/ml) 

1089.11±12.675 1099.13±10.605 1189.16±11.600 1125.80±11.626 

MRT (h) 15.46±3.105 14.49±2.105 16.26±2.115 15.403±2.441 

The mean plasma concentration of PSS verses time curves for both test and reference 

formulations are shown in Figure 4.39 to 4.41 and pharmacokinetic parameters are shown 

in Table 4.25 and 4.26. From the results it was observed that the tmax for the test 

formulation was 8.00±2.135 h (P=0.0001) and the tmax of the reference was 4.00±1.301 h 

(P=0.0024). Kearns et al., in 2008 studied the similar findings of PSS after oral 

administration [156]. The peak plasma concentration of R9 test and reference formulation 

were 48.06±0.347 µg/ml and 46.31±0.398 µg/ml respectively. T1/2 of the test and reference 

formulation were 5.41±2.061 h and 5.51±2.407 h respectively. The observed AUC(0-t) of 

the R9 test formulation was 525.39±3.437 µg×h/ml which was higher than the AUC(0-t) of 

reference formulation i.e. 364.63±2.014 µg×h/ml indicating the bioavailability of test 

formulation was higher than the reference formulation. AUC(0-∞) values of test and 

reference formulations were 554.61±8.974 µg×h/ml and 394.14±7.239 µg×h/ml 

respectively. The combined use of sodium alginate and pectin showed the raft is highly 

porous and absorbent in nature, their combined use with HPMC K100M showed the drug 

is release in controlled manner and showed the greater bioavailability of test formulation 

as compared to reference formulation. Kearns et al., in 2008 studied the similar findings of 

combined use of polymers and their effect on bioavailability of drugs [156]. 
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Figure 4.43 Pharmacokinetic profile of test formulation (R9) and Ref2(Zopent tablet) 

containing PSS (phase I). 
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Figure 4.44 Pharmacokinetic profile of test formulation (R9) and Ref2(Zopent tablet) 

containing PSS (phase II). 
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Figure 4.45 Pharmacokinetic profile of test formulation (R9) and Ref2(Zopent tablet) 

containing PSS (phase III). 

Table 4.25 Pharmacokinetic parameters of test formulation (R9) containing PSS (n=6). 

Parameters Phase I Phase II Phase III Mean ± SD 

tmax (h) 8.00±2.345 8.00±2.045 8.00±2.015 8.00±2.135 

Cmax (µg/ml) 46.88±0.567 48.18±0.187 49.12±0.289 48.06±0.347 

T1/2 (h) 5.05±2.567 5.45±1.507 5.75±2.108 5.41±2.061 

AUC(0-t) 

(µg×h/ml) 

513.07±3.467 520.06±3.427 543.04±3.417 525.39±3.437 

AUC(0-∞) 

(µg×h/ml) 

549.44±9.678 554.14±8.618 560.24±8.628 554.61±8.974 

AUMC 

(µg×h/ml) 

5966.53±2.896 5978.13±3.846 5994.50±2.806 6313.05±3.182 

MRT (h) 10.58±3.896 11.48±2.876 12.67±3.196 11.58±3.322 
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Table 4.26 Pharmacokinetic parameters of Ref2(Zopent tablet) formulation containing 

PSS (n=6). 

Parameters Phase I Phase II Phase III Mean ± SD 

tmax (h) 4.00±1.398 4.00±1.408 4.00±1.098 4.00±1.301 

Cmax (µg/ml) 46.35±0.507 45.20±0.402 47.39±0.287 46.31±0.398 

T1/2 (h) 5.54±2.307 5.40±2.907 5.59±2.007 5.51±2.407 

AUC(0-t) 

(µg×h/ml) 

363.70±2.017 359.41±2.019 370.79±2.007 364.63±2.014 

AUC(0-∞) 

(µg×h/ml) 

393.14±8.408 390.12±6.308 399.18±7.001 394.14±7.239 

AUMC 

(µg×h/ml) 

3761.22±3.902 3661.02±3.902 3791.19±4.102 3737.81±3.968 

MRT (h) 9.567±4.289 8.50±3.109 10.507±3.219 9.52±3.539 

 

4.23. Statistical analysis 
One-way ANOVA was applied on pharmacokinetic data and value of p was less than 0.05 

and results were statistically significant. The obtained p value of tmax and Cmax were 0.0011 

and 0.0024 respectively indicates the results are statistically significant. AUC(0-t) and 

AUC(0-∞) showed p value less than 0.05 indicates the results are statistically significant as 

shown in Table 5.27. The results of tukey test showed there was no significant difference 

in observed pharmacokinetic parameters between groups as shown in Table 4.28.  

Table 4.27 Results of statistical analysis of pharmacokinetic parameters. 

Parameters Degree of 

freedom 

Sum of 

square 

Mean sum 

of square 

F-value P-value 

tmax 3 310546.49 105163.34 37.451 0.0011 

Cmax 3 113.321 37.040 556.231 0.0024 

AUC0-t 3 172700000 61950000 181.243 0.0001 

AUC0-∞ 3 384000000 131600000 120.721 0.0003 

t1/2 3 256.121 86.064 391.067 0.0012 

AUMC 3 952.621 329.054 516.452 0.0002 
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Table 4.28 Results of tukey test for comparison of pharmacokinetic parameters between 

groups 

Groups Parameters 

tmax Cmax AUC0-t AUC0-∞ t1/2 AUMC 

p value p value p value p value p value p value 

A verses B 0.001 0.002 0.000 0.000 0.003 0.000 

B  verses C 0.000 0.001 0.000 0.000 0.000 0.000 

C verses A 0.000 0.000 0.000 0.001 0.001 0.001 

 

CONCLUSION 
In this work, raft forming bilayer tablets were successfully developed using sodium 

alginate and pectin as raft forming polymers, HPMC K100M for sustained effect, sodium 

bicarbonate and citric acid as gas generating agents and neutralizing agent calcium 

carbonate for SR raft forming layer. The physical and chemical properties of alginate-

pectin raft were determined successfully in order to understand the gelation behavior of 

sodium alginate and pectin, antacid mixture reacting to form carbon dioxide and generation 

of calcium ions from calcium carbonate that chemically crosslinked with alginate and 

pectin to form stable raft. The developed rafts were characterized by FTIR, DSC, XRD and 

SEM. This novel oral dosage form rapidly disintegrates and formed floating raft on the 

surface of SGF, preventing reflux disorders associated with peptic ulcer and releases the 

PSS up to 8 h. The raft floats on the surface of SGF for up to 24 h with 1 min of FLT. The 

presence of alginate and pectin within the raft affects the strength and integrity of raft and 

also allows for the raft to entrap antacid within the gel. R9 formulation showed the greatest 

percentage of alginate and pectin within the alginate-pectin raft. An effective raft forming 

formulation must possess high ANC as well as long duration of neutralization. The ANC 

of R9 formulation was 6.8 and showed absorbent nature of raft. The hydroxyl groups of 

sodium alginate and pectin promotes the swelling of raft. In vitro modified balance method 

and modified cube mixer were developed successfully for measurement of raft strength and 

resilience. Optimized formulations R9 showed good strength, thickness and resilience of 

raft. HPMC K100M forms viscous gel like properties around the raft and sustained the 

release of drug. Raft of R9 formulation showed controlled release of PSS up to 8 h study 

and also showed non-fickian diffusion as predominant release mechanism and followed a 
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first order release which confirmed the concentration dependent drug release. IR layer 

rapidly disintegrate due to the presence of CMC and SSG superdisintegrants. Stability 

studies were conducted on R9 formulation and results showed that raft of R9 formulation 

was stable in accelerated environmental conditions. Histopathological studies showed that 

the raft forming formulation showed better anti-ulcerant as compared to marketed 

formulation of PSS and DM. This present study demonstrated that the raft forming bilayer 

tablets showed greater bioavailability as compared to marketed formulations of PSS and 

DM. This combination of PSS and DM effectively treat the reflux disorders associated with 

peptic ulcer. 

FUTURE RECOMMENDATIONS 
 Development of raft through the utilization of chitosan, carbopol, guar gum and 

xyloglucan.  

 In vivo performance of raft and their effect on the pH profile of stomach. 

 In vivo pharmacokinetics should be enhanced to other animal models and finally to 

human beings. 

 Evaluation of enhanced therapeutic effects of PSS in the presence of DM and vice 

versa. 
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