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ABSTRACT 

 

Drugs with lower bioavailability needs repeated dosing to reach the minimum effective 

therapeutic concentration in plasma. In order to retain the drug in upper part of gastro 

intestinal tract (GIT) which is the major absorption window for majority of drugs and 

also to have localized effect many advances in drug delivery were made.  Researchers 

mainly emphasize on to get patient compliance by formulating single dose, targeted and 

minimal side effect dosage forms. The design must give constant drug release for longer 

time period that could be achieved through proper selection of polymers. These 

approaches in dosage design may also be advantageous for local action, to prevent drug 

degradation, delivery of gastro-irritant, narrow absorption window drugs and to get pH 

dependent release throughout the GIT. Polymethacrylate polymers in different ratios are 

used for the above objective as they are inert materials, could stay for longer time and are 

resistant to body fluids. 

Differential Spectrophotometry method is based on the principle of ionization of 

functional groups and pH of the solution. Difference spectrum was obtained by placing 

dilution of Pantoprazole Sodium (PAN) with 0.1N NaOH in sample cell and 0.1N HCl in 

reference cell, the absorption maxima and minima was found to be 390 nm and 308 nm 

respectively. The wavelength of maximum absorbance and maxima/minima were found 

out to be similar. This similarity in spectra’s showed that the excipients did not interfere 

with quantification of PAN in developed dosage form. The calibration curve was linear 

over the concentration range 5-25 µg/ml for both bulk as well as marketed formulation. 

The Limit of detection (LOD) and limit of quantification (LOQ) parameters were 0.0183 

and 0.055 µg/ml respectively. The accuracy was determined by determining the 

percentage recoveries at three different levels and was 92.25±0.2801 %, 102.5±0.1103 % 

and 112.75±0.2462 % respectively. The interday and intraday precision study at 5, 10 and 

15 µg/ml was carried out and the amount of PAN recovered were 99.37±0.0432 %, 

100.6±0.0326 %, 101.87±0.0243 % and 101.25±0.0324 %, 100.12±0.0625 %, 

99.87±0.0431 % respectively. 
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Various floating and pulsatile drug delivery systems suffer from variations in the 

gastric transit time affecting the bioavailability of drugs. An attempt has been made to 

develop a floating drug delivery system that could enhance drug bioavailability. For  the 

stomach specific delivery microballoons were prepared using Eudragit®E100 and for the 

systemic delivery with Eudragit®L100 along with Eudragit®RS100 by emulsion solvent 

diffusion method employing non-effervescent approach. Prepared PAN loaded 

microballoons were characterized for entrapment efficacy, particle size, surface 

morphology, Differential Scanning Calorimetry (DSC), Fourier Transform Infrared 

Spectroscopy (FTIR), percentage swelling, test for buoyancy, drug release kinetics, in-

vitro release and for the in-vivo antiulcer activity.  

In stomach specific approach a 23 full factorial design was used for the 

optimization process and the various responses obtained were evaluated by fitting it in to 

the binomial equations. Formulations ERS 1-8 were made utilizing three independent 

variables such as amount of crospovidone (X1, % w/w), Eudragit®E100 (X2, mg) and 

Eudragit®RS100 (X3, mg) which were varied at low (˗1) and high (+1) levels and are 

evaluated for percentage buoyancy (Y1, %), entrapment efficiency (Y2, %) and cumulative 

drug release after 1h (Y3, %) in 0.1N HCl pH 3 and for 2 h at pH 4.5. The experimental 

values of the optimized formulation ERS O coincides well with the predicted values 

obtained from the optimization technique. Design Expert®9.0.6 software predicts 

responses as Y1 = 74.53±0.05 %, Y2 = 87.15±0.21 % and Y3 = 99.16±0.15 % which were 

close to the actual values validates the design. The optimized formulation were in the size 

range 20-120 µm with spherical shape, internal hollow cavity and porous boundary wall, 

moreover only physical cross-linking occurred with zero order release pattern. Significant 

anti ulcer activity was observed orally for the prepared microballoons using ethanol 

induced ulceration method. ERS O showed ulcer index and protection of 0.13±0.03 and 

98.33 % respectively. 

On the other hand the study on systemic approach demonstrates the formulation 

optimization and characterization of PAN loaded multiple unit buoyant system prepared 

by emulsion solvent diffusion method, using 23 factorial design with Eudragit®L100 and 

RS100 in solvent mixture dichloromethane and ethanol. Optimization and validation was 
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done through Design Expert®9.0.3 software. The desirable values of independent 

variables (factors) in phosphate buffer (PB) pH 6.8 were: X1 = 5.00 %, X2 = 601.01 mg 

and X3 = 600.00 mg and for PB pH 7.4 it was X1 = 5.00 %, X2 = 600.00 mg and X3 = 

600.00 mg. Optimized formulation (LRS O) showed Y1 of 78.88±0.23 %, Y2 of 

71.12±0.04 % and Y3 of 99.50±0.08 % in PB pH 6.8 with smaller percentage error values 

(0.617, - 0.042 and 0.490). Whereas in PB pH 7.4 the actual values for Y1, Y2 and Y3 % 

was 87.35±0.68, 89.30±0.05 and 98.68±0.37 % with smaller percentage error values 

(0.693, 0.363 and 0.303 respectively) that were within the predicted range. 

Characterization showed that maximum frequency of particles (27.5±0.07 %) was in the 

range 80-100 µm, SEM confirms the rough surface, spherical shape with internal hollow 

cavity, DSC thermogram confirms the encapsulation of drug in amorphous form, FTIR 

showed negligible drug-polymer interactions, in vitro release study revealed sustained 

zero order pattern over 12 h, moreover formulation remained stable throughout the study. 

LRS O showed ulcer index and protection of 0.20±0.05 and 97.43 % respectively. This 

kind of pH dependent drug delivery may provide efficient dosage regimen with enhanced 

patient compliance. 
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CHAPTER 1 

 

1.1. INTRODUCTION 

 

Most of the oral dosage forms possess several physiological limitations such as variable 

gastrointestinal transit, because of variable gastric emptying leading to non-uniform 

absorption profiles, incomplete drug release and shorter residence time of the dosage 

form in the stomach. This leads to incomplete absorption of drugs having absorption 

window especially in the upper part of the small intestine, as once the drug passes down 

the absorption site, the remaining quantity goes unabsorbed (Chalikwar et al., 2011). 

Hence a beneficial delivery system would be one which possesses the ability to control 

and prolong the gastric emptying time and can deliver drugs in higher concentrations to 

the absorption site i.e. upper part of the small intestine (Rouge et al., 1996). 

Oral drug administration is by far the most preferable route for taking medications. 

However, their short circulating half-life and restricted absorption via a defined segment 

of intestine limits the therapeutic potential of many drugs. Such a pharmacokinetic 

limitation leads in many cases to frequent dosing of the medication to achieve the 

therapeutic effect. This results in pill burden and consequently, patient complains. The 

phenomenon of absorption via a limited part of the GIT has been termed the narrow 

absorption window; once this dosage form passes the absorption window the drug will be 

neither bioavailable nor effective. In extreme cases drugs that are insufficiently absorbed 

due to narrow absorption window cannot be delivered entirely and are either given by the 

parenteral route or the development of such medication, which is otherwise safe. A 

rational approach to enhance bioavailability and improve pharmacokinetic and 

pharmacodynamic profile is to retain the drug reserve above its absorption region in GIT, 

i.e. in the stomach and to release the drug in controlled manner so as to achieve a zero 

order release kinetics (i.e. oral infusion) for prolonged period of time. The main approach 

used to increase the gastric residence time of pharmaceutical dosage forms include: 

 

a) Bioadhesive delivery systems, which adhere to mucosal surfaces 
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b) Delivery systems that rapidly increase in size once they are in the stomach to slow 

the passage through the pylorus 

c) Density controlled delivery system, which either float or sink in gastric fluids 

(Gattani et al., 2010). 

 

Conventional oral dosage forms such as tablets, capsules provide specific drug 

concentration in systemic circulation without offering any control over drug delivery and 

also cause great fluctuations in plasma drug levels. Although single unit floating dosage 

forms have been extensively studied, these single unit dosage forms have the 

disadvantage of a release all or nothing emptying process while the multiple unit 

particulate system pass through the GIT to avoid the vagaries of gastric emptying and 

thus release the drug more uniformly. The uniform distribution of these multiple unit 

dosage forms along the GIT could result in more reproducible drug absorption and 

reduced risk of local irritation; this gave birth to oral controlled drug delivery and led to 

development of Gastro-retentive floating microspheres (Chien et al., 1990; Jain et al., 

2005). Development of a successful oral controlled release drug delivery dosage form 

requires an understanding of three aspects: 

 

a) Gastrointestinal (GI) physiology 

b) Physiochemical properties of the drug and 

c) Dosage form characteristics  

 

Many oral controlled drug release systems have been developed to improve drug 

bioavailability. However, some of these systems do not work as planned, with respect to 

release of the drug as, on occasion, they pass unexpectedly through the absorption 

window, e.g. the small intestine, before release of the loaded drug is complete. Therefore, 

the design of a sustained release preparation requires both prolongation of gastrointestinal 

transit of the dosage form as well as controlled drug release. Several gastrointestinal 

targeting dosage forms (Hwang et al., 1998; Moes, 1993; Deshpande et al., 1996), 

including intra gastric flotation systems (Rouge et al., 1998; Yuasa et al., 1996; Lee et al., 

1999), high density systems (Hwang et al., 1998), mucoadhesive systems, adhesion to the 
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gastric mucosal surface in order to extend gastric residence time (GRT) (Akiyama et al., 

1995), magnetic systems (Groning et al., 1989), un-foldable, extendible, or swellable 

systems (Fix et al., 1993) and super porous hydro gel systems (Park, 1985), have been 

developed. 

As far as floating devices are concerned, air included within a multiple-unit 

compartment system resulted in excellent buoyancy in vitro and prolonged the GRT 

relative to controls in vivo in the fed state (Iannuccelli et al., 1998a, b, 2000). However, in 

the fasted state, the intragastric buoyancy of the devices did not affect the GRT. Hollow 

microspheres (microballoons) were developed in order to prolong the GRT of the dosage 

form (Kawashima et al., 1991). This gastrointestinal transit-controlled preparation is 

designed to float on the surface of gastric juice with a specific density of less than 1. 

When in vivo evaluation of microballoons (MB) was performed, extreme difficulty was 

encountered with respect to examination of the flotation behavior of MB in the stomach 

of animals such as rats and dogs. Therefore, oral administration of MB in humans is 

essential in order to assess intra gastric buoyancy properties. The pharmacokinetic 

properties were examined by analysis of the urinary excretion of drugs following oral 

administration of MB. 

The short residence time of oral controlled release dosage forms (CRDF) in the 

stomach leads to problems with bioavailability for certain classes of drugs. Unlike 

conventional CRDF, which release the drug in a controlled manner throughout the entire 

gastrointestinal tract, GRDDS retains in the stomach for an extended period of time and 

releases the drug in a controlled fashion (Moes, 1993; Singh and Kim, 2000; Whitehead 

et al., 1998). 

A prolonged residence time in the stomach is desirable for controlled release 

devices delivering drugs, which (i) are locally active in the stomach, e.g. misoprostol 

(Oth et al.,1992), antacids (Fabregas et al., 1994) and antibiotics against helicobacter 

pylori (Yang et al., 1999), (ii) have an absorption window in the stomach or in the upper 

part of small intestine, e.g. L-dopa (Erni et al., 1987), p-aminobenzoic acid (Ichikawa et 

al., 1991a) (iii) are unstable in the intestinal or colonic environment, e.g. captopril or (iv) 

exhibit low solubility at high pH values, e.g. diazepam and chlordiazepoxide (Sheth and 

Tossounian, 1984). Furthermore, as the total gastrointestinal transit time of the dosage 
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form is increased by prolonging the gastric residence time, these systems can also be used 

as extended release devices with a reduced frequency of administration and, thus, 

improved patient compliance (Stithit et al., 1998). 

The PPIs employing any form of enteric coating for oral administration can be 

considered to be delayed release (DR) preparations, as the enteric coating reduces the rate 

of absorption of the PPI into the systemic circulation. In its standard DR formulation, the 

proto-typical PPI OME has poor absorption after a single dose, and displays marked inter 

individual variability in the parameters of maximum plasma concentration (C max), time to 

achieve C max (t max) and area under the plasma concentration-time curve (AUC). For 

single oral doses of 10, 30 and 60 mg of OME, mean t max was, respectively, 3.3, 2.3 and 

2.5 h with marked inter individual variability. 

Although the DR-PPIs have had an enormous impact on the management of 

gastro-oesophageal reflux disease (GERD) and other acid-related disorders, they do not 

achieve maximum effectiveness after a single dose. This may be due in part to their poor 

absorption with initial dosing. A recent systematic review of the effectiveness of PPIs in 

relieving symptoms of GERD, found that most patients did not obtain complete relief of 

daytime or night-time symptoms with the first dose. Lack of a prompt response of GERD 

to PPI therapy may contribute to patient dissatisfaction with treatment and may lead to 

unnecessary increases in dose or inappropriate switching to alternate members of the 

class. There would, therefore, be some clinical utility of a formulation that ensured rapid 

absorption of the PPI and a more rapid onset of antisecretory activity (Howden, 2005). 

 

1.1.1. Modified release oral drug delivery systems  

An oral controlled drug delivery system (DDS) should be primarily aimed at achieving 

more predictable and increased bioavailability of drugs. However, the development 

process is precluded by several physiological difficulties, such as an inability to restrain 

and localize the DDS within desired regions of the gastrointestinal (GI) tract and the 

highly variable nature of gastric emptying process. It can be anticipated that, depending 

upon the physiological state of the subject and the design of pharmaceutical formulation, 

the emptying process can last from a few minutes to 12 h. This variability, in turn, may 

lead to unpredictable bio-availability and times to achieve peak plasma levels, since the 
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majority of drugs are preferentially absorbed in the upper part of the small intestine. 

Furthermore, the relatively brief GET in humans, which normally averages 2-3 h through 

the major absorption zone (stomach or upper part of the intestine), can result in 

incomplete drug release from the DDS leading to diminished efficacy of the administered 

dose. Thus, control of placement of a DDS in a specific region of the GI tract offers 

numerous advantages, especially for drugs exhibiting an absorption window in the GI 

tract or drugs with a stability problem. Overall, the intimate contact of the DDS with the 

absorbing membrane has the potential to maximize drug absorption and may also 

influence the rate of drug absorption. These considerations have led to the development 

of oral controlled release (CR) dosage forms possessing gastric retention capabilities 

(Singh and Kim et al., 1999). 

Several approaches have been tried to provide gastric retention, including bio-

adhesion to gastric mucosa, buoyancy over gastric content, high-density units, co-

administration with pharmacological agents that slow gastric motility, and expansion to 

large dimension following oral administration (Leonid et al., 2006). 

Over the last three decades, various attempts have been done to retain the dosage 

form in the stomach as a way of increasing retention time. High-density systems having 

density of ≥ 3 g/cm3 are retained in the rogue of the stomach. The only major drawbacks 

with such systems is that it is technically difficult to manufacture them with a large 

amount of drug (>50 %) and to achieve the required density of 2.4 - 2.8 g/cm3. Swelling 

systems are capable of swelling to a size that prevents their passage through the pylorus; 

as a result, the dosage form is retained in the stomach for a longer period of time. Upon 

coming in contact with gastric fluid, the polymer imbibes water and swells. Bio / 

mucoadhesive systems bind to the gastric epithelial cell surface, or mucin, and extend the 

GRT by increasing the intimacy and duration of contact between the dosage form and the 

biological membrane. The epithelial adhesive properties of mucin have been applied in 

the development of gastro retentive drug delivery systems. Floating systems first 

described by Davis (1986), are low-density systems that have sufficient buoyancy to float 

over the gastric contents and remain in the stomach for a prolonged period. While the 

system floats over the gastric contents, the drug is released slowly at the desired rate, 



32 

 

which results in increased gastro-retention time and reduces fluctuation in plasma drug 

concentration. 

Immediate release omeprazole has a higher mean peak plasma omeprazole 

concentration (Cmax) and a significantly shorter mean time to reach Cmax (tmax) than 

delayed release omeprazole. Immediate release omeprazole 40 mg has a prolonged 

antisecretory effect with median intra gastric pH above 4.0 for 18.6 h/day at steady-state, 

after 7 days of once daily dosing. The sodium bicarbonate in immediate release 

omeprazole protects the uncoated omeprazole from degradation by gastric acid. The 

accelerated antisecretory action of immediate release omeprazole compared with delayed 

release omeprazole may be due to the activation of proton pumps by the rapid 

neutralization of intra gastric acid by the sodium bicarbonate. The faster onset of action 

seen with immediate release omeprazole is not achieved by using an antacid with a 

delayed release proton-pump inhibitor, because administering antacids with conventional 

delayed release proton pump inhibitors does not significantly enhance absorption of the 

proton-pump inhibitor. Immediate release omeprazole is associated with rapid absorption 

of omeprazole and rapid onset of antisecretory effect, without compromising the duration 

of acid suppression (Howden, 2005). 

Extended release DDS offer several advantages compared to conventional DDS 

(Siepmann, 2008) including: 

  

a) Avoiding drug level fluctuations by maintenance of optimal therapeutic 

plasma and tissue concentrations over prolonged time periods, avoiding 

sub-therapeutic as well as toxic concentrations, thus minimizing the risk of 

failure of the medical treatment and undesirable side effects.  

b) Reducing the administered dose while achieving comparable effects. 

c) Reduced frequency of administration leading to improved patient 

compliance and subsequently improved efficacy of the therapy and cost 

effectiveness.  
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d) Targeting or timing of the drug action. Hence, it is highly desirable to 

develop sustained DDS releasing the drug at predetermined rates to 

achieve optimal drug levels at the site of action.  

 

On the other hand, drugs administered as sustained or extended release oral 

dosage form should comply with the following parameters:  

 

a) Maintain a constant plasma level over prolonged time periods.  

b) Have a broad therapeutic window to avoid health hazard to the patient in 

case of undesirable burst release of the nominal dose (Hoichman et al., 

2004).  

 

1.1.2. Gastroretentive drug delivery systems 

Drugs that are easily absorbed from the gastrointestinal tract and have short half life are 

eliminated quickly from the blood circulation and require frequent dosing. To avoid these 

problems, the oral controlled release formulations have been developed in attempt to 

release the drug slowly into the gastrointestinal tract and maintain the constant drug 

concentration in the serum for longer period of time. Such oral controlled drug delivery 

device may be complicated by limited gastric residence time (GRT), a physiological 

limitation. Rapid gastrointestinal transit can prevent complete drug release in the 

absorption zone and reduce the efficacy of administered dose since majority of the drugs 

are absorbed in the stomach or the upper part of the small intestine. Various attempts 

have been made to prolong the residence time of the dosage form within the stomach. 

Dosage forms that can be retained in the stomach are called gasroretentive drug delivery 

system. Gastroretentive floating drug delivery systems have a bulk density less than that 

of gastric fluids and thus remain buoyant in the stomach without affecting the gastric 

emptying rate for a prolonged period of time. While the system floating on gastric 

contents, the drug is released slowly at a desired rate from the system, both single and 

multiple unit systems have been developed. The single unit system have disadvantage 

like local irritation and rapidly emptied from the stomach since there is high variability of 
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gastrointestinal transit time but multiple unit system as floating microspheres may be 

better suited because they are claimed to reduce inter subject variability in absorption and 

also lower the probability of dose dumping (Josephine et al., 2011). 

 

1.1.3. Physiological factors affecting gastric retention 

 

1.1.3.1. Gastric secretion characteristics  

In addition to mucus-secreting cells that line the entire surface of the stomach, the 

stomach mucosa has two important types of tubular glands: oxyntic glands (also called 

gastric glands) and pyloric glands. The oxyntic glands (acid-forming) secrete 

hydrochloric acid, pepsinogen, intrinsic factor, and mucus. The pyloric glands secrete 

mainly mucus for protection of the pyloric mucosa from the stomach acid. They also 

secrete the hormone gastrin. The oxyntic glands are located on the inside surfaces of the 

body and fundus of the stomach, constituting the proximal 80 percent of the stomach. The 

pyloric glands are located in the antral portion of the stomach, the distal 20 percent of the 

stomach.  

 

Fig.1.1: Physiology of stomach 

 

 



35 

 

A typical stomach oxyntic gland is shown in Fig.1.1. It is composed of three types 

of cells: (1) mucous neck cells, which secrete mainly mucus; (2) peptic (or chief) cells, 

which secrete large quantities of pepsinogen; and (3) parietal (or oxyntic) cells, which 

secrete hydrochloric acid and intrinsic factor. Secretion of hydrochloric acid by the 

parietal cells involves special mechanisms, as follows: 

 

1.1.3.1.1. Basic Mechanism of Hydrochloric Acid Secretion  

When stimulated, the parietal cells secrete an acid solution that contains about 160 

millimoles of hydrochloric acid per liter, which is almost exactly isotonic with the body 

fluids. The pH of this acid is about 0.8, demonstrating its extreme acidity. At this pH, the 

hydrogen ion concentration is about 3 million times that of the arterial blood. To 

concentrate the hydrogen ions this tremendous amount requires more than 1500 calories 

of energy per liter of gastric juice. Fig.1.2 shows schematically the functional structure of 

a parietal cell (also called oxyntic cell), demonstrating that it contains large branching 

intracellular canaliculi. The hydrochloric acid is formed at the villus-like projections 

inside these canaliculi and is then conducted through the canaliculi to the secretory end of 

the cell. Different suggestions for the chemical mechanism of hydrochloric acid 

formation have been offered. It consists of the following steps: 

 

a) Chloride ion is actively transported from the cytoplasm of the parietal cell into the 

lumen of the canaliculus, and sodium ions are actively transported out of the 

canaliculus into the cytoplasm of the parietal cell. These two effects together 

create a negative potential of 40 to 70 millivolts in the canaliculus, which in turn 

causes diffusion of positively charged potassium ions and a small number of 

sodium ions from the cell cytoplasm into the canaliculus. Thus, in effect, mainly 

potassium chloride and much smaller amounts of sodium chloride enter the 

canaliculus. 

 

b) Water becomes dissociated into hydrogen ions and hydroxyl ions in the cell 

cytoplasm. The hydrogen ions are then actively secreted into the canaliculus in 

exchange for potassium ions: this active exchange process is catalyzed by H+, K+ 
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-ATPase. In addition, the sodium ions are actively reabsorbed by a separate 

sodium pump. Thus, most of the potassium and sodium ions that had diffused into 

the canaliculus are reabsorbed into the cell cytoplasm, and hydrogen ions take 

their place in the canaliculus, giving a strong solution of hydrochloric acid in the 

canaliculus. The hydrochloric acid is then secreted outward through the open end 

of the canaliculus into the lumen of the gland. 

 

c) Water passes into the canaliculus by osmosis because of extra ions secreted into 

the canaliculus. Thus, the final secretion from the canaliculus contains water, 

hydrochloric acid at a concentration of about 150 to 160 mEq/L, potassium 

chloride at a concentration of 15 mEq / L, and a small amount of sodium chloride. 

 

d) Finally, carbon dioxide, either formed during metabolism in the cell or entering 

the cell from the blood, combines under the influence of carbonic anhydrase with 

the hydroxyl ions (from step 2) to form bicarbonate ions. These then diffuse out 

of the cell cytoplasm into the extracellular fluid in exchange for chloride ions that 

enter the cell from the extracellular fluid and are later secreted into the 

canaliculus. 

 

1.1.3.1.2. Stimulation of gastric acid secretion 

Parietal cells of the oxyntic glands are the only cells that secrete hydrochloric acid. The 

parietal cells, located deep in the oxyntic glands of the main body of the stomach, are the 

only cells that secrete hydrochloric acid. As noted earlier, the acidity of the fluid secreted 

by these cells, with pH as low as 0.8. However, secretion of this acid is under continuous 

control by both endocrine and nervous signals. Furthermore, the parietal cells operate in 

close association with another type of cell called enterochromaffin - like cells (ECL 

cells), the primary function of which is to secrete histamine. 

The ECL cells lie in the deep recesses of the oxyntic glands and therefore release 

histamine in direct contact with the parietal cells of the glands. The rate of formation and 

secretion of hydrochloric acid by the parietal cells is directly related to the amount of 

histamine secreted by the ECL cells. In turn, the ECL cells can be stimulated to secrete 

histamine in several different ways:  
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a) Probably the most potent mechanism for stimulating histamine secretion is by the 

hormonal substance gastrin, which is formed almost entirely in the antral portion 

of the stomach mucosa in response to proteins in the foods being digested. 

 

b) In addition, the ECL cells can be stimulated by (i) acetylcholine released from 

stomach vagal nerve endings and (ii) probably also by hormonal substances 

secreted by the enteric nervous system of the stomach wall. Let us discuss first the 

gastrin mechanism for control of the ECL cells and their subsequent control of 

parietal cell secretion of hydrochloric acid. 

 

1.1.3.1.3. Stimulation of acid secretion by gastrin 

Gastrin is itself a hormone secreted by gastrin cells, also called G cells. These cells are 

located in the pyloric glands in the distal end of the stomach. Gastrin is a large 

polypeptide secreted in two forms: a large form called G-34, which contains 34 amino 

acids, and a smaller form, G-17, which contains 17 amino acids. Although both of these 

are important, the smaller is more abundant. When meats or other protein-containing 

foods reach the antral end of the stomach, some of the proteins from these foods have a 

special stimulatory effect on the gastrin cells in the pyloric glands to cause release of 

gastrin into the digestive juices of the stomach. The vigorous mixing of the gastric juices 

transports the gastrin rapidly to the ECL cells in the body of the stomach, causing release 

of histamine directly into the deep oxyntic glands. The histamine then acts quickly to 

stimulate gastric hydrochloric acid secretion. 

 

1.1.3.2. Phases of Gastric Secretion 

Gastric secretion is said to occur in three “phases” (as shown in Fig.1.2): a cephalic 

phase, a gastric phase, and an intestinal phase (Arthur and Guyton, 2006). 
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Fig.1.2: Showing different phases of gastric secretions 

 

I - Cephalic Phase:  

The cephalic phase of gastric secretion occurs even before food enters the stomach, 

especially while it is being eaten. It results from the sight, smell, thought, or taste of food, 

and the greater the appetite, the more intense is the stimulation. Neurogenic signals that 

cause the cephalic phase of gastric secretion originate in the cerebral cortex and in the 

appetite centers of the amygdala and hypothalamus. They are transmitted through the 

dorsal motor nuclei of the vagi and hence through the vagus nerves to the stomach. This 

phase of secretion normally accounts for about 20 percent of the gastric secretion 

associated with eating a meal. 
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II - Gastric Phase: 

Once food enters the stomach, it excites:  

a) long vagovagal reflexes from the stomach to the brain and back to the stomach,  

b) local enteric reflexes, and  

c) the gastrin mechanism,  

 

All of which in turn cause secretion of gastric juice during several hours while 

food remains in the stomach. The gastric phase of secretion accounts for about 70 percent 

of the total gastric secretion associated with eating a meal and therefore accounts for most 

of the total daily gastric secretion of about 1500 milliliters. 

 

III - Intestinal Phase: 

The presence of food in the upper portion of the small intestine, particularly in the 

duodenum, will continue to cause stomach secretion of small amounts of gastric juice, 

probably partly because of small amounts of gastrin released by the duodenal mucosa. 

 

1.1.3.3. The gastric emptying process and problems 

Gastric emptying occurs during fasting as well as fed states. The pattern of motility is 

however distinct in the two states. During the fasting state an interdigestive series of 

electrical events take place, which cycle both through stomach and intestine every 2 to 3 

hours. This is called the interdigestive myloelectric cycle or migrating myloelectric cycle 

(MMC), which is further divided into following four phases (Fig.1.3): 

 

a) Phase - I, (Basal phase) lasts from 30 to 60 minutes with rare contractions. 

b)  Phase - II, (Preburst phase) lasts for 20 to 40 minutes with intermittent action 

potential and contractions. As the phase progresses the intensity and frequency 

also increases gradually.  

c) Phase - III, (burst phase) lasts for 10 to 20 minutes. It includes intense and regular 

contractions for short period. It is due to this wave that all the undigested material 

is swept out of the stomach down to the small intestine. It is also known as the 

housekeeper wave. 
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d) Phase-IV lasts for 0 to 5 minutes and occurs between phases III and I of 2 

consecutive cycles (Streubel et al., 2003b). 

 

Scintigraphic studies involving measurements of gastric emptying rates in healthy 

human subjects have revealed that an orally administered CR dosage form is mainly 

subject to two physiological adversities: the short GRT and the variable (unpredictable) 

GET. Yet another major adversity encountered through the oral route is the first-pass 

effect, which leads to reduced systemic bioavailability of a large number of drugs. 

Overall, the relatively brief GI transit time of most drug products, which is approximately 

8-12 h, impedes the formulation of a once daily dosage form for most drugs. These 

problems can be exacerbated by alterations in gastric emptying that occur due to factors 

such as age, race, sex, and disease states, as they may seriously affect the release of a 

drug from the DDS. It is, therefore, desirable to have a CR product that exhibits an 

extended GI residence and a drug release profile independent of patient related variables 

(Singh and kim, 2000). 

 

 

Fig.1.3: Motility patterns of the GIT in fasted state 

 

1.1.3.4. The gastric pH 

The gastric pH is influenced by many factors like diet, disease, presence of gases or fatty 

acids, and other fermentation products (Rubinstein, 1990), age (Varis et al., 1979), 

pathological conditions (Varis et al., 1979; Lake-Bakaar et al., 1988), drugs, as well as 
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intra and inter-subject variation. This variation in pH may significantly influence the 

performance of orally administered drugs. Radio telemetry, a noninvasive device, has 

successfully been used to measure the gastrointestinal pH in humans. It has been reported 

that the mean value of gastric pH in fasted healthy males is 1.7 ± 0.3 (Chung et al., 1986; 

Dressman et al., 1990; Russell et al., 1993), while that of females was reported to be 

slightly lower (Charman et al., 1997; Feldman and Barnett, 1991). On the other hand, in 

the fed state, the mean gastric pH in healthy males has been reported to be between 4.3- 

5.4 (Dressman et al., 1990), and the pH returned to basal level in about 2 to 4 hours.   

About 20 % of the elderly people exhibit either diminished (hypochlorohydria) or 

no gastric acid secretion (achlorohydia) leading to basal pH value over 5.0 (Varis et al., 

1979). Pathological conditions such as pernicious anemia and AIDS may significantly 

reduce gastric acid secretion leading to elevated gastric pH (Holt et al., 1989; Lake-

Bakaar et al., 1988). In addition, drugs like H2 receptor antagonists and proton pump 

inhibitors significantly reduce gastric acid secretion. Hence, the gastric pH is an 

important consideration when selecting a drug substance, excipients, and drug carrier for 

designing intragastric delivery systems. 

 

1.1.4. Suitable Drug Candidates for Gastroretentive drug delivery systems 

 For the floating system the drug candidates should have the appropriate properties like 

poor absorption in colonic region but are characterized by better absorption in the upper 

part of GI tract. So, the ideal drug candidates should have the following criteria:  

 

a) Primarily absorbed from stomach and upper part of GI tract, e.g., calcium 

supplement, cinnarazine.  

b) Narrow absorption window in GI tract, e.g., riboflavin and levodopa.  

c) Drugs that degrade in the colon, e.g., ranitidine HCl, metronidazole.  

d) Drugs that act locally in the stomach, e.g., antacids and misoprostol.  

e) Drugs that disturb normal colonic bacteria, e.g., amoxicillin trihydrate.  

f) Drugs are locally active in the stomach, e.g., drugs used in the eradication of 

helicobacter pylori, which is now believed to be the causative bacterium for 

chronic gastritis and peptic ulcer (tetracycline).  
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g) Drugs have low solubility at high pH values, e.g., Verapamil.  

 

1.1.5. Approaches to gastric retention 

The main approach used to increase the gastric residence time of pharmaceutical dosage 

forms include: 

a) Bioadhesive delivery systems, which adhere to mucosal surfaces (Chitnis et al., 

1991) 

b) Delivery systems that rapidly increase in size once they are in the stomach to slow 

the passage through the pylorus (Lohmann, 1998) 

c) Density controlled delivery system, which either float or sink in gastric fluids 

(Rougen et al., 1998; Krogel et al., 1999) 

 

Few of the approaches that are used in designing intragastric floating systems are 

described below (Fig.1.4). 

 

Fig.1.4: Classification of GRDDS 
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1.1.5.1. Co-administration of pharmacological agents that slow gastric motility 

The following types of the ingredients can be incorporated in to FDDS (Hetal, 2001; 

Timmermans et al., 1990) 

  

a) Hydrocolloids 

b) Inert fatty materials 

c) Release rate accelerants 

d) Release rate retardant 

e) Buoyancy increasing agents 

f) Miscellaneous 

 

a) Hydrocolloids: 

Suitable hydrocolloids are synthetic, anionic or non ionic like hydrophilic gums, 

modified cellulose derivatives e.g., acacia, pectin, agar, alginates, gelatin, casein, 

bentonite, veegum, MC, HPC, HEC, and Na CMC can be used. The hydrocolloids 

must hydrate in acidic medium i.e. gastric fluid having pH 1.2. Although the bulk 

density of the formulation may initially be more than 1, but when gastric fluid 

enter in the system, it should be hydrodynamically balanced to have a bulk 

density of less than 1 in order to assure buoyancy. 

 

b) Inert fatty materials:  

Edible, pharmaceutical inert fatty material, having a specific gravity less than 1 

can be added to the formulation to decrease the hydrophilic property of 

formulation and hence increases the buoyancy e.g., purified grades of beeswax, 

fatty acids, long chain alcohols, glycerides, and mineral oils can be used. 

 

c) Release rate accelerant:  

The release rate of the medicament from the formulation can be modified by 

including excipient like lactose and/or mannitol. They are present in the 

concentration about 5 – 60 % by weight.  
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d) Release rate retardant:  

Insoluble substances such as: dicalcium phosphate, talc and magnesium strearete 

decreases the solubility and hence retard the release of medicaments. 

 

e) Buoyancy increasing agents:  

Materials like ethyl cellulose, which has bulk density less than 1, can be used for 

enhancing the buoyancy of the formulation. It may be adapted up to 80 % by 

weight. 

 

f) Miscellaneous: 

Pharmaceutically acceptable adjuvant like preservatives, stabilizers, and 

lubricants can be incorporated in the dosage forms as per the requirements. They 

do not adversely affect the hydrodynamic balance of the systems. 

 

1.1.5.2. Mucoadhesive or bioadhesive systems 
 

The study of mucoadhesive polymers was initiated by Park and Robinson in 1985. 

Shortly afterwards, Smart et al. reported in vitro tests of adhesiveness of various 

materials to mucus. Since then, many papers have been written on polymers and 

bioadhesion, and many attempts have been made out to stick drug delivery systems 

firmly onto various types of mucosa, such as ophthalmic, vaginal, nasal, buccal, intestinal 

and gastric. The basis of mucoadhesion is that a dosage form can stick to the mucosal 

surface by different mechanisms. Different theories are invoked to explain these 

mechanisms. Firstly, the electronic theory proposes attractive electrostatic forces between 

the glycoprotein mucin network and the bioadhesive material. Secondly, the adsorption 

theory suggests that bioadhesion is due to secondary forces such as Vander Waals forces 

and hydrogen bonding. The wetting theory is based on the ability of bioadhesive 

polymers to spread and develop intimate contact with the mucus layers, and finally, the 

diffusion theory proposes physical entanglement of mucin strands and the flexible 

polymer chains, or an interpenetration of mucin strands into the porous structure of the 

polymer substrate.  
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Materials commonly used for bioadhesion are poly (acrylic acid) (Carbopol, 

polycarbophil), chitosan, Gantrez (Polymethyl vinyl ether/maleic anhydride copolymers), 

cholestyramine, tragacanth, sodium alginate, HPMC, sephadex, sucralfate, polyethylene 

glycol, dextran, poly (alkyl cyanoacrylate) and polylactic acid. Even though some of 

these polymers are effective in producing bioadhesion, it is very difficult to maintain it 

effectively because of the rapid turnover of mucus in the gastrointestinal tract. 

Furthermore, the stomach content is highly hydrated, decreasing the bioadhesiveness of 

polymers. Indeed, Kockisch et al. compared different polymeric microspheres poly 

(acrylic acid), Gantrez and chitosan in different conditions (tensile tests on porcine 

oesophageal mucosa and in elution experiments involving a challenge with artificial 

saliva). In tensile tests, poly (acrylic acid) particles exhibited greater mucoadhesive 

strength and better swelling properties than those made from chitosan or Gantrez. 

However, during the dynamic in vivo retention test involving saliva at constant 

flow, retention time for chitosan or Gantrez particles was significantly longer (>2 h for 

chitosan particles) compared to poly (acrylic acid) particles (10 min). The authors 

attributed the difference to the swelling characteristics of the polymers. Because there 

was considerably more available water in the elution test, poly (acrylic acid) polymers 

could hydrate more readily than chitosan or Gantrez to form non-adhesive mucilage, 

which was washed away by the liquid flow. In spite of these difficulties, several groups 

have developed bioadhesive systems with more or less success. Akiyama et al. reported 

in 1995 mucoadhesive microspheres using polyglycerol esters of fatty acids (PGEF) and 

a poly (acrylic acid) derivative. PGEF microspheres were either coated by carbopol 

(CPC-microspheres) or poured into carbopol dispersion (CPD-microspheres). In vitro and 

in vivo studies with rats showed prolonged gastrointestinal residence for CPD 

microspheres compared to PGEF or CPC-microspheres. In 1998, the same group 

developed bioadhesive microspheres (using carboxy vinyl polymer as bioadhesive agent) 

loaded with riboflavin or furosemide and administrated them to 10 human volunteers. By 

assessing furosemide in plasma and riboflavin in urinary excretions, adhesive 

microspheres were found to adhere to the gastric or intestinal mucosa with higher affinity 

in man compared to non-adhesive microspheres, resulting in prolonged gastrointestinal 

residence. Several papers have been published about chitosan-containing bioadhesive 
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microparticles. This polymer is natural, biodegradable, biocompatible, non-toxic and 

bioadhesive. However, chitosan ‘‘alone’’ seems ineffective. Animal studies by Hejazi 

and Amiji using chitosan microspheres showed no prolongation of gastric residence time 

and erratic in vivo mucoadhesion of microcrystalline chitosan in human was reported by 

Sakkinen et al., these authors concluding that ‘‘formulations studied were not reliable 

gastroretentive drug delivery systems’’. Nevertheless, real improvements have been 

obtained by modifying chitosan (i.e. glyoxal-cross-linked chitosan or synthesizing 

derivatives). For example, cross-linked chitosan microspheres are more resistant to 

gastric acidity than chitosan microspheres and are slowly dissolved in the acidic stomach 

environment. It has been observed that the microspheres remained in the stomach of 

fasted gerbils 10 h after administration. To produce targeted mucoadhesion, some 

research groups have produced particles coated with lectins, characterized by their ability 

to bind carbohydrates with considerable specificity. For example, Ezpeleta et al. 

synthesized Ulex europaeus lectin-gliadin nanoparticle conjugates. The lectin was 

covalently fixed on nanoparticles (15 Ag lectin/mg nanoparticle), without altering 

activity and specificity of U. europaeus lectin. Because the composition of the mucus is 

different according to the region of the mucous membrane, using lectin should enable 

very specific targeting of sites in the gastrointestinal tract. However, even though good 

adhesion of the lectin is observed in vitro (for example, tomato lectin for specific 

targeting of intestinal mucosa), in vivo studies have been less encouraging. The 

investigators suggest that the lectin is probably binding to the mucus, but this mucus is 

constantly being carried out of the gut by peristalsic flow. Apart from a few lectins 

reported by Montisci et al., the same problem is encountered with lectin conjugated with 

micro or nanoparticles, so that lectin targeting to reduce the transit time of 

pharmaceutical formulations has been a limited success (Bardonnet et al., 2006). 

 

1.1.5.3. Size increasing systems 

A dosage form in the stomach will withstand gastric transit if it is bigger than the pyloric 

sphincter. However, the dosage form must be small enough to be swallowed, and must 

not cause gastric obstruction either singly or by accumulation. Thus, three configurations 

are required: a small configuration for oral intake, an expanded gastroretentive form and 
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a final small form enabling evacuation following drug release. Unfoldable and swellable 

systems have been investigated (Bardonnet et al., 2006). 

 

1.1.5.3.1. Expanding swellable systems 

The expansion of this type of DDS is generally due to the presence of specific hydrogel 

formers, which after swallowing; drastically increase in size upon contact with aqueous 

media. This increase in size prevents their exit from the stomach through the pylorus. As 

a result, the dosage form is retained in the stomach for a long period of time. These 

systems may be referred to as the “plug type systems” since they exhibit a tendency to 

remain lodged at the pyloric sphincter (Mamajek et al., 1980).  

Deshpande et al. (Deshpande et al., 1997a; Deshpande et al., 1997b) developed a 

controlled-release gastric retention system composed of a swellable core, which consisted 

of the drug, chlorphenamine maleate or riboflavin 5 phosphate, and the expanding agents 

polyvinyl pyrrolidone (PVP), Carbopol 934 P and calcium carbonate. The tablet core was 

coated with a permeable coating, consisting of blends of Eudragit® RL 30 D and NE 30 D 

in different ratios. The tablets swelled to 2 - 4 times their original volume, while releasing 

the drug in a controlled manner. The optimal ratio of Eudragit® RL 30 D: NE 30 D was 

found to be 70:30, which was optimum for sufficient elasticity to withstand the pressure 

of expansion during the initial swelling phase, and allowing the breakdown of the tablet 

following release of the drug.  

Shalaby et al., described enzyme-digestible hydrogels consisting of poly (vinyl 

pyrrolidone) cross linked with albumin (Shalaby et al., 1992; Shalaby and Park, 1990). 

These gastro retentive hydrogels swelled to a significant extent depending on the albumin 

content and degree of albumin alkylation and were degraded in the presence of pepsin. 

Even under fasted conditions, the gastric residence time in dogs exceeded 24 h. These 

hydro gels were used to deliver flavin mononucleotide, which is known to be absorbed 

only from the upper part of the small intestine, where the drug could be detected up to 50 

h after administration in the blood, suggesting its efficient retention in the stomach.  

The same group described superporous hydro gels, having gastro retentive 

properties due to rapid swelling and superabsorbent properties (Chen et al., 2000; Chen et 

al., 1999; Chen and Park, 2000a; Chen and Park, 2000b). Equilibrium swelling is reached 
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in less than 1 min. Improved mechanical strength was achieved by adding a composite 

material, such as croscarmellose sodium. In vivo experiments in dogs, even under fasting 

conditions showed gastric retention for 2-3 h, after which they emptied into the intestine. 

On the other hand, in the fed state, the superporous hydro gel composites stayed in the 

stomach for > 24 h.  

Omidian et al., developed superporous hydrogel hybrids, they are prepared by 

cross linking a water-soluble or water-dispersible polymer to the formed superporous 

hydrogel (Omidian et al., 2005; Omidian et al., 2006). Examples for hybrid agents are 

polysaccharides, such as sodium alginate, pectin, chitosan or synthetic water-soluble 

hydrophilic polymers, e.g. poly (vinyl alcohol). Unlike superporous hydro gels and 

superporous hydro gel composites, superporous hydro gel hybrids are not easily 

breakable when stretched due to their highly elastic properties in the swollen state, which 

may be very useful for developing gastrointestinal DDS.  

Groning et al. (Groning et al., 2007; Groning et al., 2006) developed gastro 

retentive dosage forms prepared from compressed collagen sponges. The sponges were 

manufactured by freeze-drying a riboflavin-containing collagen solution. The 

precompressed collagen was transported into a tablet machine for tablet compression. A 

second type of tablet was manufactured by combining compressed collagen sponges with 

hydrophilic matrix layers of hydroxypropyl methylcellulose (HPMC) containing captopril 

or acyclovir into a bilayer tablet. Following contact with aqueous fluids, the collagen 

sponge expanded to a large size. Both systems released the drug in a controlled manner. 

In vivo studies on riboflavin tablets have shown that the drug was absorbed for a long 

time period. There was no indication, though, on how the drug was excreted from the 

stomach. 

 

1.1.5.3.2. Unfolded and modified shape systems 

Unfoldable systems are made of biodegradable polymers. The concept is to make a 

carrier, such as a capsule incorporating a compressed system which extends in the 

stomach. Caldwell et al. proposed different geometric forms (tetrahedral, ring or planar 

membrane [4-lobed, disc or 4-limbed cross form] of bio erodible polymer compressed 

within a capsule. 
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Curatolo and Lo designed a kind of spring system, where the arms are fixed on 

the system by a gelatin band. The gelatin dissolves in the stomach, releasing the 

mechanically preferred extended form. Sonobe et al. developed a ‘‘Y’’ form system, with 

shape, size and durability enabling retention in the stomach. The centre of the system is 

made of shape memory material, the three arms of the ‘‘Y’’ are erodible material which 

serves as a drug reservoir and whose rate of degradation controls the gastric retention 

time. A third component provides the link between the arms and the centre. Klausner et 

al., described a levodopa gastro retentive dosage form, based on unfolding polymeric 

membranes, that combines extended dimensions (5-2.5 cm) with high rigidity. It is folded 

into a large gelatin capsule (size 00 or 000). In vitro studies showed that the drug delivery 

system reached its unfolded form in 15 min. This was confirmed in vivo in beagle dogs 

and the extended form was maintained for at least 2 h. In humans, 67 % of drug delivery 

systems containing levodopa were retained in the stomach during 5 h. The plasma 

concentration-time curve was very similar to that of the reference drug (Sinemet CR*), 

but showed an extended absorption phase. Rigidity of the system was a crucial parameter. 

Thus, a system with an extended size but with a lack of high rigidity was not retained in 

the stomach. 

 

1.1.5.4. Density controlled systems 

The stomach anatomy and physiology constrain the parameters to be considered in 

development of gastric retentive dosage forms. Probably, the two most important features 

are their size and density. Size is especially important in designing indigestible solid 

dosage forms (single unit systems). Multiple unit systems, such as those based on 

microparticles, avoid this phenomenon by their statistical repartition throughout the 

gastrointestinal tract. When single unit systems are evacuated through the pylorus at the 

end of the digestion or during the phase III of the IMMC, multiple unit systems are 

evacuated either with a linear profile or in bolus at the end of the digestion. Density 

determines the location of the system in the stomach. Systems with density lower than 

gastric contents can float to the surface, while high-density systems sink to bottom of the 

stomach. Both positions may isolate the dosage system from the pylorus (Bardonnet et 

al., 2006). 
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1.1.5.4.1. High density systems 

Gastric contents have a density close to water such that 1.004 g cm-3. When the patient is 

upright small high-density pellets sink to the bottom of the stomach (Fig.1.5) where they 

become entrapped in the folds of the antrum and withstand the peristaltic waves of the 

stomach wall. A density close to 2.5 g cm-3 seems necessary for significant prolongation 

of gastric residence time and barium sulphate, zinc oxide, iron powder, titanium dioxide 

are used as excipients. Although encouraging results were reported in ruminants, 

effectiveness in human subjects was not observed and no system has been marketed. 

This could be accomplished by including a heavy inert material such as zinc 

oxide, titanium dioxide, iron powder or barium sulphate (Clarke et al., 1995; Rouge et al., 

1998) into the drug containing core pellets or coating drug containing pellets with it. 

These materials increase density by up to 1.5-2.4 g cm-3. However, it has been reported 

that such devices did not significantly extend the gastric residence time (Gupta and 

Robinson, 1995). 

 

                            

 

Fig.1.5: Schematic localization of an intragastric floating system and a high density 

system in the stomach 

 

1.1.5.4.2. Floating systems 

Floating drug delivery systems (FDDS) have a bulk density less than gastric fluids and so 

remain buoyant in the stomach without affecting the gastric emptying rate for a 

prolonged period of time. While the system is floating on the gastric contents the drug is 

released slowly at the desired rate from the system. After release of drug, the residual 
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system is emptied from the stomach. This results in an increased GRT and a better 

control of the fluctuations in plasma drug concentration. However, besides a minimal 

gastric content needed to allow the proper achievement of the buoyancy retention 

principle, a minimal level of floating force (F) is also required to keep the dosage form 

reliably buoyant on the surface of the meal.  

When microspheres come in contact with gastric fluid the gel formers, 

polysaccharides, and polymers hydrate to form a colloidal gel barrier that controls the 

rate of fluid penetration into the device and consequent drug release. As the exterior 

surface of the dosage form dissolves, the gel layer is maintained by the hydration of the 

adjacent hydrocolloid layer. The air trapped by the swollen polymer lowers the density 

and confers buoyancy to the microspheres. However a minimal gastric content needed to 

allow proper achievement of buoyancy. Hollow microspheres of acrylic resins, Eudragit, 

polyethylene oxide, and cellulose acetate, polystyrene floatable shells, polycarbonate 

floating balloons and gelucire floating granules are the recent developments.  

 

1.1.5.4.2.1. Non-effervescent floating drug delivery systems 

This type of system, after swallowing, swells unrestrained via imbibition of gastric fluid 

to an extent that it prevents their exit from the stomach. These systems may be referred to 

as the ‘plug-type systems’ since they have a tendency to remain lodged near the pyloric 

sphincter. One of the formulation methods of such dosage forms involves the mixing of 

drug with a gel, which swells in contact with gastric fluid after oral administration and 

maintains a relative integrity of shape and a bulk density of less than 1 within the outer 

gelatinous barrier. The air trapped by the swollen polymer confers buoyancy to these 

dosage forms (Hilton et al., 1992). Various developed approaches are: 

 

a) Colloidal gel barrier systems  

Hydrodynamically balance system (HBS) was first design by (Sheth and Tossounian 

1975). Such systems contains drug with gel forming hydrocolloids meant to remain 

buoyant on stomach contents. This system incorporate a high level of one or more gel 

forming highly swellable cellulose type hydrocolloids e.g. HEC, HPMC, Na CMC, 

Polysacchacarides and matrix forming polymers such as polycarbophil, polyacrylates and 
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polystyrene, incorporated either in tablets or in capsules. On coming in contact with 

gastric fluid, the hydrocolloid in the system hydrates and forms a colloidal gel barrier 

around the gel surface. The air trapped by the swollen polymer maintains a density less 

than unity and confers buoyancy to this dosage forms (Jain et al., 2005).  

The polymer is mixed with drug and usually administered in a gelatin capsule. 

The capsule rapidly dissolves in the gastric fluid, and hydration and swelling of the 

surface polymers produces a floating mass. Drug release is controlled by the formation of 

a hydrated boundary at the surface. Continuous erosion of the surface allows water 

penetration to the inner layers, maintaining surface hydration and buoyancy (Reddy and 

Murthy, 2002). Madopar LP, based on this system, was marketed by Roche during the 

1980s (Jansen and Meerwaldtt, 1990). The main drawback is the passivity of the 

operation. It depends on the air sealed in the dry mass centre following hydration of the 

gelatinous surface layer and hence the characteristics and amount of polymer used 

(Hwang et al., 1998). Effective drug delivery depends on the balance of drug loading and 

the effect of polymer on its release profile (Fig.1.6). 

 

Fig.1.6: Hydrodynamically balanced system (HBS). The gelatinous polymer barrier 

formation results from hydrophilic polymer swelling. Drug is released by diffusion and 

erosion of the gel barrier 
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b) Microporous compartment system  

This technology is based on the encapsulation of drug reservoir inside a microporous 

compartment with aperture along its top and bottom wall (Hariharan et al., 1977). The 

peripheral walls of the drug reservoir compartment are completely sealed to prevent any 

direct contact of the gastric mucosal surface with the undissolved drug. In stomach the 

floatation chamber containing entrapped air causes the delivery system to float over the 

gastric contents. Gastric fluid enters through the apertures, dissolves the drug, and carries 

the dissolve drug for continuous transport across the intestine for absorption. 

 

c) Hollow microspheres  

Hollow microspheres (microballoons), loaded with Diclofenac sodium in their outer 

polymer shells were prepared by a novel emulsion-solvent diffusion method (Fig.1.7). 

The ethanol: dichloromethane solution of the drug and an enteric acrylic polymer was 

poured in to an agitated aqueous solution of PVA that was thermally controlled at 40 °C. 

The gas phase generated in dispersed polymer droplet by evaporation of dichloromethane 

forms internal cavity in microspheres. The microballoons floated continuously over the 

surface of acidic dissolution media containing surfactant for greater than 12 h in vitro 

(Kawashima et al., 1992).  
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Fig.1.7: Preparation technique (emulsion-solvent diffusion method) and mechanism of 

microballoon formation proposed by Kawashima et al. 

 

d) Alginate beads  

Multiple unit floating dosage forms have been developed from freeze-dried calcium 

alginate (Whitehead et al., 1996). Spherical beads of approximately 2.5 mm in diameter 

can be prepared by dropping a sodium alginate solution in to aqueous solutions of 

calcium chloride, causing precipitation of calcium alginate. The beads are then separated 

and frozen in liquid nitrogen, and freeze dried at 40 °C for 24 h, leading to the formation 

of porous system, which can maintain a floating force over 12 hours. 

 

e) Magnetic systems 

This system is based on a simple idea, the dosage form contains a small internal magnet, 

and a magnet placed on the abdomen over the position of the stomach. Ito et al. used this 

technique in rabbits with bioadhesive granules containing ultrafine ferrite (g-Fe2O3). 

They guided them to the oesophagus with an external magnet (1700 G) for the initial 2 

min and almost all the granules were retained in the region after 2 h.  



55 

 

Fujimori et al. formulated a magnetic tablet containing 50 % w/w ultra ferrite with 

hydroxypropylcellulose and cinnarizine. In beagle dogs, the tablet remained in the 

stomach for 8 h by the application of a magnetic field (1000 to 2600 G). Absorption of 

cinnarizine was sustained and the area under the plasma concentration–time curve values 

(AUC0 – 24 h) was increased. Two years later, the same group proposed oral acyclovir 

depot tablets with internal magnets. In vivo human studies showed that, in the presence of 

an extracorporeal magnet, the plasma concentrations of acyclovir were significantly 

higher after 7, 8, 10 and 12 h. Furthermore, the mean AUC0 – 24 h was 2800 ng h/ml 

with the external magnet and 1600 ng h/ml without. Although these systems seem to 

work, the external magnet must be positioned with a degree of precision that might 

compromise patient compliance. 

 

1.1.5.4.2.2. Effervescent Floating Drug Delivery Systems 

 

a) Volatile liquid containing systems  

The GRT of a drug delivery system can be sustained by incorporating an inflatable 

chamber, which contains a liquid e.g. ether, cyclopentane, that gasifies at body 

temperature to cause the inflatation of the chamber in the stomach. The device may also 

consist of a bioerodible plug made up of PVA, Polyethylene, etc. that gradually dissolves 

causing the inflatable chamber to release gas and collapse after a predetermined time to 

permit the spontaneous ejection of the inflatable systems from the stomach (Yyas and 

Khar, 2002).  

 

b) Gas-generating Systems  

These buoyant delivery systems utilize effervescent reactions between 

carbonate/bicarbonate salts and citric/tartaric acid to liberate CO2, which gets entrapped 

in the gellified hydrocolloid layer of the systems thus decreasing its specific gravity and 

making it to float over chyme (Chawla et al., 2003). These buoyant systems utilize 

matrices prepared with swellable polymers like methocel, polysaccharides like chitosan, 

effervescent components like sodium bicarbonate, citric acid and tartaric acid or 

chambers containing a liquid that gasifies at body temperature (Fig.1.8). The optimal 
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stoichiometric ratio of citric acid and sodium bicarbonate for gas generation is reported to 

be 0.76:1. The common approach for preparing these systems involves resin beads loaded 

with bicarbonate and coated with ethyl cellulose. The coating, which is insoluble but 

permeable, allows permeation of water. Thus, carbon dioxide is released, causing the 

beads to float in the stomach .Other approaches and materials that have been reported are 

highly swellable hydrocolloids and light mineral oils, a mixture of sodium alginate and 

sodium bicarbonate, multiple unit floating pills that generate carbon dioxide when 

ingested, floating minicapsules with a core of sodium bicarbonate, lactose and polyvinyl 

pyrrolidone coated with hydroxypropyl methylcellulose (HPMC), and floating systems 

based on ion exchange resin technology, etc.  

 

 

 

Fig.1.8: (a) Multiple-unit oral floating drug delivery system, (b) Working principle of 

effervescent floating drug delivery system 

 

1.1.6. Factors controlling gastro-retention of dosage forms  

The gastric retention time (GRT) of dosage forms is controlled by several factors such as 

density and size of dosage form, food intake, nature of the food, posture, age, sex , GI 

diseases states (diabetes), concomitant administration of food and drugs such as 
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prokinetic agents (cisapride and metoclopropamide), anti-cholinergic agent (Atropine) 

and opiates (Codeine).  

 

a) Density of Dosage form  

Dosage forms having a density lower than that of gastric fluid experience floating 

behavior and hence gastric retention. A density of < 1.0 gm/cm3 is required to exhibit 

floating property. However, the floating tendency of the dosage form usually decreases as 

a function of time, as the dosage form gets immersed into the fluid, as a result of the 

development of hydrodynamic equilibrium. 

 

b) Size of Dosage form  

The size of the dosage form is another factor that influences gastric retention. The mean 

gastric residence times of non-floating dosage forms are highly variable and greatly 

dependent on their size, which may be small, medium, and large units. In fed conditions, 

the smaller units get emptied from the stomach during the digestive phase and the larger 

units during the housekeeping waves. In most cases, the larger the size of the dosage 

form, the greater will be the gastric retention time because the larger size would not allow 

the dosage form to quickly pass through the pyloric antrum into the intestine. Thus the 

size of the dosage form appears to be an important factor affecting gastric retention (El-

Kamel et al., 2001).  

 

c) Food intake and nature of food  

Food intakes, the nature of the food, caloric content, and frequency of feeding have a 

profound effect on the gastric retention of dosage forms. The presence or absence of food 

in the stomach influences the GRT of the dosage form. Usually, the presence of food 

increases the GRT of the dosage form and increases drug absorption by allowing it to 

stay at the absorption site for a longer time. In a gamma scintigraphic study of a bilayer 

floating capsule of misoprostol, the mean gastric residence time was 199 ± 69 minutes; 

after a light breakfast, a remarkable enhancement of average GRT to 618 ± 208 minutes 

was observed. The above results are supported by the experiments of Whitehead et al 
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which show an increase in the relative heights of the floating units after meal 

consumption (Whitehead et al., 1998).  

 

d) Effect of gender, posture and age  

A study by Mojaverian et al., 1988 found that females showed comparatively shorter 

mean ambulatory GRT than males, and the gastric emptying in women was slower than 

in men. The authors also studied the effect of posture on GRT, and found no significant 

difference in the mean GRT for individuals in upright, ambulatory and supine state. On 

the other hand, in a comparative study in humans by Gansbeke (Gansbeke et al., 1991) 

the floating and non-floating systems behaved differently. In the upright position, the 

floating systems floated to the top of the gastric contents and remained for a longer time, 

showing prolonged GRT. But the non-floating units settled to the lower part of the 

stomach and underwent faster emptying as a result of peristaltic contractions, and the 

floating units remained away from the pylorus. However, in supine position, the floating 

units are emptied faster than non-floating units of similar size (Timmermans et al., 1994). 

 

1.1.7. Proton pump inhibitors (PPI)  

Since their introduction in the late 1980s, these efficacious acid inhibitory agents have 

rapidly assumed the major role for the treatment of acid-peptic disorders. They are now 

among the most widely selling drugs worldwide due to their outstanding efficacy and 

safety. 

 

1.1.7.1. Chemistry and Pharmacokinetics 

Five proton pump inhibitors are available for clinical use: omeprazole, lansoprazole, 

rabeprazole, pantoprazole, and esomeprazole. All are substituted benzimidazoles that 

resemble H2 antagonists in structure; they have a completely different mechanism of 

action. Omeprazole is a racemic mixture of R and S isomers. Esomeprazole is the S - 

isomer of omeprazole. All are available in oral formulations. Esomeprazole, 

lansoprazole, and pantoprazole are also available in intravenous formulations (Table 

1.1). 
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Table 1.1: Pharmacokinetics of various proton pump inhibitors 

Drug pKa Bioavailability 

(%) 

t½ (h) Tmax 

(h) 

Usual dosage for peptic 

ulcer and GERD 

Omeprazole 4 40-65 0.5-1.5 1-3.5 20-40 mg qd 

Esomeprazole 4 >80 1.2-1.5 1.6 20-40 mg qd 

Lansoprazole 4 >80 1.5 1.7 30 mg qd 

Pantoprazole 3.9 77 1.0-1.9 2.5-4.0 40 mg qd 

Rabeprazole 5 52 1.0-2.0 2.0-5.0 20 mg qd 

 

Proton pump inhibitors are administered as inactive prodrugs. To protect the acid-

labile prodrug from rapid destruction within the gastric lumen, oral products are 

formulated for delayed release as acid-resistant, enteric-coated capsule or tablet 

formulations. After passing through the stomach into the alkaline intestinal lumen, the 

enteric coatings dissolve and the prodrug is absorbed. For children or patients with 

dysphagia or enteral feeding tubes, capsules may be opened and the microgranules mixed 

with apple or orange juice or mixed with soft foods (e.g., applesauce). Lansoprazole is 

also available as a tablet formulation that disintegrates in the mouth or may be mixed 

with water and administered via oral syringe or enteral tube. Omeprazole is also available 

as a non-enteric coated powder that contains sodium bicarbonate (1680 mg NaHCO3; 460 

mg of sodium) to protect the naked (non-enteric coated) drug from acid degradation. 

When mixed with water and administered on an empty stomach by mouth or enteral tube, 

this "immediate-release" suspension results in rapid omeprazole absorption (Tmax < 30 

minutes) and onset of acid inhibition.  

The proton pump inhibitors are lipophilic weak bases (pKa 4-5) and after 

intestinal absorption diffuse readily across lipid membranes into acidified compartments 

(such as the parietal cell canaliculus). Within the acidified compartment the prodrug 

rapidly becomes protonated and is concentrated more than 1000 fold within the parietal 

cell canaliculus by Henderson-Hasselbalch trapping, where it rapidly undergoes a 

molecular conversion to the active, reactive thiophilic sulfonamide cation. The 

sulfonamide reacts with the H+/K+ ATPase, forms a covalent disulfide linkage, and 
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irreversibly inactivates the enzyme. The rate of conversion is inversely proportional to 

the pKa of the drug.  

The pharmacokinetics of available proton pump inhibitors was shown in Table 

1.1. Rabeprazole (due to its higher pKa) or immediate-release omeprazole (due to its 

rapid release and absorption) may have a slightly faster onset of acid inhibition than other 

oral formulations. Although differences in pharmacokinetic profiles may affect speed of 

onset and duration of acid inhibition in the first few days of therapy, they are of little 

clinical importance with continued daily administration. The bioavailability of all agents 

is decreased approximately 50 % by food; hence, the drugs should be administered on an 

empty stomach. In a fasting state, only 10 % of proton pumps are actively secreting acid 

and susceptible to inhibition. Proton pump inhibitors should be administered 

approximately 1 hour before a meal (usually breakfast or dinner), so that the peak serum 

concentration coincides with the maximal activity of proton pump secretion. The drugs 

have a short serum half-life of about 1.5 hours; however, the duration of acid inhibition 

lasts up to 24 hours due to the irreversible inactivation of the proton pump. At least 18 

hours are required for synthesis of new H+/K+ ATPase pump molecules. Because not all 

proton pumps are inactivated with the first dose of medication, up to 3-4 days of daily 

medication are required before the full acid-inhibiting potential is reached. Similarly, 

after stopping the drug, it takes 3-4 days for full acid secretion to return.  

Proton pump inhibitors undergo rapid first-pass and systemic hepatic metabolism 

and have negligible renal clearance. Dose reduction is not needed for patients with renal 

insufficiency or mild to moderate liver disease but should be considered in patients with 

severe liver impairment. Although other proton pumps exist in the body, the H+/K+ 

ATPase appears to exist only in the parietal cell and is distinct structurally and 

functionally from other H+ transporting enzymes.  

The intravenous formulations of esomeprazole, lansoprazole, and pantoprazole 

have similar characteristics to the oral drugs. When given to a fasting patient, they 

inactivate acid pumps that are actively secreting but have no effect on pumps in 

quiescent, non-secreting vesicles. Because the half-life of a single injection of the 

intravenous formulation is short, acid secretion returns several hours later as pumps move 
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from the tubulo-vesicles to the canalicular surface. Thus, in order to provide maximal 

inhibition during the first 24-48 hours of treatment, the intravenous formulations must be 

given as a continuous infusion or as repeated bolus injections. The optimal dosing of 

intravenous proton pump inhibitors to achieve maximal blockade in fasting patients is not 

yet established.  

From a pharmacokinetic perspective, proton pump inhibitors are ideal drugs: they 

have a short serum half-life, they are concentrated and activated near their site of action, 

and they have a long duration of action. 

 

1.1.7.2. Pharmacodynamics  

In contrast to H2 antagonists, proton pump inhibitors inhibit both fasting and meal-

stimulated secretion because they block the final common pathway of acid secretion, the 

proton pump. In standard doses, proton pump inhibitors inhibit 90-98 % of 24-hour acid 

secretion. Among commercially available formulations, 40 mg of esomeprazole achieves 

slightly greater 24-hour gastric acid suppression compared with standard doses of other 

delayed-release oral proton pump inhibitors (lansoprazole, 30 mg; rabeprazole, 20 mg; 

omeprazole, 20-40 mg; or pantoprazole 40 mg); however, when administered at 

equivalent doses there is little difference in clinical efficacy among the different agents. 

In a crossover study of patients receiving long-term therapy with all five proton pump 

inhibitors, the mean 24-hour intragastric pH varied from 3.3 (pantoprazole, 40 mg) to 4.0 

(esomeprazole, 40 mg) and the mean number of hours the pH was higher than 4 varied 

from 10.1 (pantoprazole, 40 mg) to 14.0 (esomeprazole, 40 mg). 

 

1.1.7.3. Clinical uses  

A. Gastroesophageal reflux disease (GERD) 

Proton pump inhibitors are the most effective agents for the treatment of non-

erosive and erosive reflux disease, esophageal complications of reflux disease 

(peptic stricture or Barrett's esophagus), and extra-esophageal manifestations of 
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reflux disease. Once-daily dosing provides effective symptom relief and tissue 

healing in 85-90 % of patients; up to 15 % of patients require twice-daily dosing.  

GERD symptoms recur in over 80 % of patients within 6 months after 

discontinuation of a proton pump inhibitor. For patients with erosive esophagitis 

or esophageal complications, long-term daily maintenance therapy with a full-

dose or half-dose proton pump inhibitor is usually needed. Many patients with 

non-erosive GERD may be treated successfully with intermittent courses of 

proton pump inhibitors or H2 antagonists taken as needed ("on demand") for 

recurrent symptoms.  

In current clinical practice, many patients with symptomatic GERD are 

treated empirically with medications without prior endoscopy, i.e., without 

knowledge of whether the patient has erosive or non-erosive reflux disease. 

Empiric treatment with proton pump inhibitors provides sustained symptomatic 

relief in 70-80 % of patients, compared with 50-60 % with H2 antagonists. Due to 

recent cost reductions, proton pump inhibitors are increasingly being used as first-

line therapy for patients with symptomatic GERD.  

Sustained acid suppression with twice-daily proton pump inhibitors for at 

least 3 months is used to treat extra-esophageal complications of reflux disease 

(asthma, chronic cough, laryngitis, and non cardiac chest pain). 

 

B. Peptic ulcer disease 

Compared with H2 antagonists, proton pump inhibitors afford more rapid 

symptoms relief and faster ulcer healing for duodenal ulcers and, to a lesser 

extent, gastric ulcers. All of the pump inhibitors heal more than 90 % of duodenal 

ulcers within 4 weeks and a similar percentage of gastric ulcers within 6-8 weeks. 

  

a) H. pylori-associated ulcers  

For H pylori-associated ulcers, there are two therapeutic goals: heal the ulcer and 

eradicate the organism. The most effective regimens for H pylori eradication are 
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combinations of two antibiotics and a proton pump inhibitor. Proton pump 

inhibitors promote eradication of H pylori through several mechanisms: direct 

antimicrobial properties (minor) and ¾ by raising intra gastric pH, ¾ lowering the 

minimal inhibitory concentrations of antibiotics against H pylori. The best 

treatment regimen consists of a 10-14 day regimen of "triple therapy": a proton 

pump inhibitor twice daily; clarithromycin, 500 mg twice daily; and amoxicillin, 

1 g twice daily. For patients who are allergic to penicillin, metronidazole, 500 mg 

twice daily, should be substituted for amoxicillin. After completion of triple 

therapy, the proton pump inhibitor should be continued once daily for a total of 4-

6 weeks to ensure complete ulcer healing. 

  

b) NSAID-associated ulcers  

For patients with ulcers caused by aspirin or other NSAIDs, either H2 antagonists 

or proton pump inhibitors provide rapid ulcer healing so long as the NSAID is 

discontinued; continued use of the NSAID impairs ulcer healing. Treatment with 

a once-daily proton pump inhibitor promotes ulcer healing despite continued 

NSAID therapy.  

Proton pump inhibitors are also given to prevent ulcer complications from 

NSAIDs. Asymptomatic peptic ulceration develops in 10-20 % of people taking 

frequent NSAIDs, and ulcer-related complications (bleeding, perforation) develop 

in 1-2 % of persons per year. Proton pump inhibitors taken once daily are 

effective in reducing the incidence of ulcers and ulcer complications in patients 

taking aspirin or other NSAIDs.  

 

c) Prevention of re-bleeding from peptic ulcers  

In patients with acute gastrointestinal bleeding due to peptic ulcers, the risk of re-

bleeding from ulcers that have a visible vessel or adherent clot is increased. Re-

bleeding in this subset of high-risk ulcers is reduced significantly with use of 

proton pump inhibitors administered for 3-5 days either as high-dose oral therapy 

(e.g., omeprazole, 40 mg orally twice daily) or as a continuous intravenous 
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infusion. It is believed that an intra gastric pH higher than 6 may enhance 

coagulation and platelet aggregation. The optimal dose of intravenous proton 

pump inhibitor needed to achieve and maintain this level of near-complete acid 

inhibition is unknown; however, initial bolus administration (60-80 mg) followed 

by constant infusion (8 mg/h) commonly is recommended.  

 

C. Non Ulcer Dyspepsia  

Proton pump inhibitors have modest efficacy for treatment of non ulcer dyspepsia, 

benefiting 10-20 % more patients than placebo. Despite their increasing use for this 

indication, superiority to H2 antagonists (or even placebo) has not been conclusively 

demonstrated. 

 

D.  Prevention of stress-related mucosal bleeding  

Clinically important bleeding from upper gastrointestinal erosions or ulcers occurs in 1-5 

% of critically ill patients due to mucosal ischemia. Although most critically ill patients 

have normal or decreased acid secretion, numerous studies have shown that maintaining 

intra gastric pH higher than 4 reduces the incidence of clinically significant bleeding. The 

only proton pump inhibitor approved by the Food and Drug Administration for reduction 

of stress-related mucosal bleeding is an oral immediate-release omeprazole formulation, 

which is administered by nasogastric tube twice daily on the first day, then once daily. In 

a large controlled trial, nasogastric immediate-release omeprazole had similar efficacy to 

a continuous intravenous infusion of an H2 antagonist (cimetidine) in the prevention of 

stress-related bleeding and superior inhibition of gastric acidity (median pH > 6). At this 

time, the optimal agent for the reduction of stress-related mucosal bleeding is uncertain. 

For patients with nasoenteric tubes, immediate-release omeprazole may be preferred to 

intravenous H2 antagonists because of comparable efficacy, lower cost, and ease of 

administration. For patients without a nasoenteric tube or with significant ileus, 

intravenous H2 antagonists are the preferred agents because of their proven efficacy. 

Although proton pump inhibitors are increasingly used, there are no controlled trials 

demonstrating efficacy or optimal dosing. 
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E. Gastrinoma and other hypersecretory conditions  

Patients with isolated gastrinoma are best treated with surgical resection. In patients with 

metastatic or unresectable gastrinomas, massive acid hypersecretion results in peptic 

ulceration, erosive esophagitis, and malabsorption. Previously, these patients required 

vagotomy and extraordinarily high doses of H2 antagonists, which resulted in suboptimal 

acid suppression. With proton pump inhibitors, excellent acid suppression can be 

achieved in all patients. Dosage is titrated to reduce basal acid output to less than 5-10 

mEq/h and the typical doses of omeprazole are 60-120 mg/day. 

 

1.1.7.4. Adverse effects 

Proton pump inhibitors are extremely safe. Diarrhea, headache, and abdominal pain are 

reported in 1-5 % of patients, although the frequency of these events is only slightly 

increased compared with placebo. Proton pump inhibitors do not have teratogenicity in 

animal models; however, safety during pregnancy has not been established (Kenneth et 

al., 2007). 

  

1.1.8. Polymers and other ingredients used in preparations of floating drugs (Nikita, 

2011) 

 

a) Polymers: The following polymers used in preparations of floating drugs : 

           HPMC K4 M, Calcium alginate, Eudragit® S100, Eudragit® RL, Propylene foam, 

Eudragit® RS, ethyl cellulose, poly methyl methacrylate, Methocel K4M, 

Polyethylene oxide, β Cyclodextrin, HPMC 4000, HPMC 100, CMC, 

Polyethylene glycol, polycarbonate, PVA, Polycarbonate, Sodium alginate, 

HPCL, CP 934P, HPC, Eudragit® S, HPMC, Metolose S.M. 100, PVP, HPC-H, 

HPC-M, HPMC K15, Polyox, HPMC K4, Acrylic polymer, E4 M and Carbopol 

(Table 1.2). 
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b) Inert fatty materials (5 %-75 %):  

Edible, inert fatty material having a specific gravity of less than 1 can be used to 

decrease the hydrophilic property of formulation and hence increase buoyancy 

e.g., Beeswax, fatty acids, long chain fatty alcohols, Gelucires 39/01 and 43/01. 

c) Effervescent agents:  

Sodium bi carbonate, citric acid, tartaric acid, Di-SGC (Di-Sodium Glycine 

Carbonate, CG (Citroglycine). 

d) Release rate accelerants (5 %-60 %): e.g., lactose, mannitol etc. 

e) Release rate retardants (5%-60%): e.g., Dicalcium phosphate, talc, magnesium 

stearate etc. 

f) Buoyancy increasing agents (up to 80 %): e.g., Ethyl cellulose. 

g) Low density material: Polypropylene foam powder (Accurel MP 1000). 

 

Table.1.2: List of polymers and drugs 

S.No. Polymers Drugs 

1 Ethyl cellulose Tranilast 

2 HPMC Grades Pentoxyphylline 

3 Methocel Aceclofenac 

4 Polyacrylates Famotidine 

5 Cellulose acetate Clarithromycin 

6 Chitosan Piroxicam 

7 Polyvinyl acetate Repaglinide 

8 Carbopol Verapamil HCL 

9 Alginates Lansoprazole 

10 Polycarbonates Acylovir 

11 Gelatin Ranitidine HCL 

12 Acryclic resins Riboflavin 
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1.1.9. Applications of floating microspheres 

Following are the some applications of the floating microspheres:  

a) The floating microspheres can be used as carriers for drugs with so called 

absorption windows, these substances, for example antiviral, antifungal and 

antibiotic agents (Sulphonamides, Quinolones, Penicillins, Cephalosporins, 

Aminoglycosides and Tetracyclines) are taken up only from very specific sites of 

the GI mucosa.  

b) Hollow microspheres of non-steroidal anti inflammatory drugs are very effective 

for controlled release as well as it reduces the major side effect of gastric 

irritation; for example floating microspheres of Indomethcin are quiet beneficial 

for rheumatic patients.  

c) Floating microspheres are especially effective in delivery of sparingly soluble and 

insoluble drugs such as Verapamil hydrochloride. The gastro-retentive floating 

microspheres will alter beneficially the absorption profile of the active agent, thus 

enhancing its bioavailability.  

d) Hollow microspheres can greatly improve the pharmacotherapy of the stomach 

through local drug release, leading to high drug concentrations at the gastric 

mucosa, thus eradicating Helicobacter pylori from the sub-mucosal tissue of the 

stomach and making it possible to treat stomach and duodenal ulcers, gastritis and 

oesophagitis (Uma maheswari et al., 2003).  

 

1.1.10. Advantages of floating drug delivery system  

 

a) The gastro retentive systems are advantageous for drugs absorbed through the 

stomach e.g., Ferrous salts, antacids. List of drugs formulated in to various dosage 

forms are shown in Table 1.3. 

b) Acidic substances like aspirin cause irritation on the stomach wall when come in 

contact with it. Hence HBS formulation may be useful for the administration of 

aspirin and other similar drugs. 

c) Administration of prolonged release floating dosage forms, tablet or capsules, will 

result in dissolution of the drug in the gastric fluid. They dissolve in the gastric 
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fluid and would be available for absorption in the small intestine after emptying 

of the stomach contents. It is therefore expected that a drug will be fully absorbed 

from floating dosage forms if it remains in the solution form even at the alkaline 

pH of the intestine. 

d) The gastro retentive systems are advantageous for drugs meant for local action in 

the stomach e.g., antacids. 

e) When there is a vigorous intestinal movement and a short transit time as might 

occur in certain type of diarrhea, poor absorption is expected. Under such 

circumstances it may be advantageous to keep the drug in floating condition in 

stomach to get a relatively better response. 

 

Table 1.3: List of drugs formulated as single and multiple unit forms of floating drug 

delivery systems 

Tablets Cholrpheniramine maleate, Theophylline, Furosemide, Ciprofloxacin, 

Captopril, Acetylsalicylic acid, Nimodipine, Amoxycillin trihydrate, 

Verapamil HCI, Isosorbide di nitrate, Sotalol, Isosorbide mononitrate, 

Aceraminophen, Ampicillin, Cinnarazine, Dilitiazem, Florouracil, Piretanide, 

Prednisolone, Riboflavin- 5`Phosphate. 

Capsules Nicardipine, L-Dopa and benserazide, chlordizepoxide HCI, Furosemide, 

Misoprostal, Diazepam, Propranlol, Urodeoxycholic acid. 

Microspheres Verapamil, Aspirin, Griseofulvin, and p-nitroanilline, Ketoprofen, Tranilast, 

Iboprufen, Terfenadine. 

Granules Indomethacin, Diclofenac sodium, Prednisolone. 

Films Drug delivery device. Cinnarizine 

Powders Several basic drugs. 

 

 

1.1.11. Limitations of floating drug delivery system 

 

a) Floating system is not feasible for those drugs that have solubility or stability 

problem in G.I. tract. 
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b) These systems require a high level of fluid in the stomach for drug delivery to 

float and work efficiently. 

c) The drugs that are significantly absorbed through out gastrointestinal tract, which 

undergo significant first pass metabolism, are only the desirable candidate. 

d) Some drugs present in the floating system causes irritation to gastric mucosa. 

             (Yyas and Khar, 2002; Hetal N. Kikani, 2000) 

 

1.1.12. Selection of drug, dosage form, polymers, method and optimization 

technique 

Pantoprazole Sodium (PAN) is chemically, sodium 5- (difluoromethoxy) -2-{[(3, 4-

dimethoxy 2-pyridinyl) methyl] sulfinyl}-1H-benzimidazole. It consists of two 

heterocyclic moieties - a pyridine and a benzimidazole moiety - linked via a 

methylsulfinyl group. It is a proton pump inhibitor drug used for short term treatment of 

erotion and ulceration of the esophagus caused by gastroesophageal reflux disease and 

Helicobacter pylori infections associated to other drugs, such as metronidazole, 

clarithromycin or amoxicillin (Poole, 2001). It suppresses the final step in gastric acid 

production by covalently binding to the (H+, K+) ATPase enzyme system at the 

secretory surface of the gastric parietal cell. This effect leads to inhibition of both basal 

and stimulated gastric acid secretion irrespective of the stimulus (Cheet et al., 2003; 

Tripathi, 2008). The binding to the (H+, K+) ATPase results in a duration of antisecretory 

effect that persists longer than 24 hours for all doses tested (20 mg to 120 mg).  

PAN is official in IP and USP. IP and USP describe HPLC method for its 

estimation. The review of literature revealed that various analytical methods involving 

spectrophotometry, HPLC and HPTLC have been reported for PAN in pharmaceutical 

dosage forms and biological fluids individually or in combination with other drugs 

(Mansor, 2001; Sivakumar et al., 2007) 

Literature review showed that PAN could be estimated by UV spectroscopy 

(Rajnish et al., 2011), RP-HPLC (Prasanna Reddy et al., 2010) and HPTLC but these 

methods have been found to be relatively complicated and expensive. The aim of present 

study was to develop a relatively simple, sensitive and inexpensive method for the 

estimation of PAN in pure and pharmaceutical dosage form. 
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Acid labile drugs must be absorbed intact to protect it from degradation and to get 

the desired therapeutic effective concentration in plasma. PAN belongs to 

Biopharmaceutical Classification System (BCS) class I with high solubility and 

permeability, degrades in the acidic environment hence for restoring its efficacy it is 

available for administration as lyophilized powder and as enteric coated gastric resistant 

tablets (Avner, 2000). It has been reported to be administered through intravenous (IV) 

route as sodium pantoprazole sesquihydrate and orally as enteric coated tablets. 

Gastrointestinal absorption mainly depends on three main factors such as physiochemical 

properties of drug, dosage form and the route of administration. PAN degrades faster at 

low pH due to its shorter elimination half life of 1 h and bioavailability of 77 %, so it 

requires encapsulation with enteric polymers has been reported to enhance its duration of 

action in case of oral dosage forms. Its administration is preferred through IV but for the 

non-invasive therapy it is given through oral route as multiple unit dosage form. To be 

effective the drug must reach to its target site for action and should stay for longer 

duration in order to exert its pharmacological effects. 

The conventional pulsatile release enteric dosage forms usually shows a drug 

release lag period of 5-6 h in large intestine affecting the efficacy (Gazzaniga, 1995, 

Niwa, 1995). Moreover in small intestine the higher viscosity of contents may sometimes 

cause hindrance to drug diffusion and degradation by enzymes, so an effective enteric 

coat was recommended for the intestinal delivery (Hoffman, 2004). 

The single unit product has the disadvantages of uneven distribution in the 

gastrointestinal tract and may also cause local damage by dose dumping effect (Lin et al., 

1991). The use of oral conventional dosage form was limited due to their inability to 

increase their residence time in stomach and proximal portion of the small intestine 

(Srimornsak et al., 2005). In contrast, multiple unit systems are formulated with pH 

responsive enteric polymers, they slowly get eroded and release the drug thus burst 

release as seen in case of single unit system could be avoided, moreover they are less 

effected by the pH and the gastric transit time, attain more constant plasma levels, give 

higher accuracy in reproducibility and achieve a sustain-release effect (Fu et al., 

2001). 
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Various dosage forms developed reported were microballoons, granules, powders, 

pills and laminated films (Kawashima et al., 1991; Rouge et al., 1997). The gastric 

retention time (GRT) of the dosage form could be increased by providing buoyancy has 

been reported. Buoyancy could be achieved by effervescent as well as non-effervescent 

techniques. They provide better drug absorption at the proximal small intestine as well as 

in the stomach (Sato et al., 2003). Effervescent technique has been reported with the side 

effects of violent gas generation; disintegration of dosage form; burst release; dose 

dumping and alkaline microenvironment, these drawbacks could be well controlled by 

non-effervescent technique (Shraddha et al., 2007). In non-effervescent systems drug is 

mixed with gel forming excipients such as hydrocolloids, polysaccharides and matrix 

forming polymers: polycarbonate, polyacrylate, polymethacrylate and polystyrene, as 

they are harmless and inert compounds, not absorbed in the gastrointestinal tract (GIT) 

and are resistant to body fluids (Singh and Kim, 2000). They stay for a limited time in the 

GIT, are excreted unchanged, and do not produce degradation products (Lehr, 1994). The 

gel forming polymers swells when comes in contact with the gastric fluid, imparts 

buoyancy and also acts as drug reservoir for sustaining the release (Hilton, 1992).  

PAN suffers from incomplete absorption in GIT and has lower affinity for 

cytochrome P 450 than omeprazole and lansoprazole that lowers the risk of drug 

interaction and also the low dose of 40 mg OD makes it a suitable drug candidate for the 

study (Cheet et al., 2003; Tripathi, 2008). Also it is considered as the drug of choice in 

case of ulceration by ethanol as its pharmacokinetics showed negligible interaction with 

ethanol when compared with other anti-ulcer drugs like cimetidine (Heinze et al., 2001). 

Enteric coating of famotidine with Eudragit®L100 was reported to target the stomach 

utilizing PEG 6000 as pore former results in good buoyancy (> 10 h) and release 

characteristics with lower entrapment efficiency up to 33-56 % (Ramachandran et al., 

2010), in contrast an attempt have been made to formulate it with Eudragit®E100, 

utilizing crospovidone and Eudragit®RS100 with release studies up to 5 h, which would 

protect the drug through encapsulation further a protective alkaline buffer like sodium 

citrate increases the bioavailability and release it in sustained manner. 
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Eudragit®E100 targeted drug release area is stomach, soluble in gastric pH below 

5 in solvents like acetone-alcohols, dichloromethane and ethyl acetate (Raymond et al., 

2009). In Eudragit®RS100 the ammonium groups are present as salts that make the 

polymer permeable (Evonik, 2009). Crospovidone acts as a swelling agent, capable of 

swelling greater than its original volume when comes in contact with an aqueous fluid, 

such as gastrointestinal fluid (Talwar, 2001). Sodium chloride was incorporated in the 

coating dispersion to serve as channeling agent. When the coated particles come in 

contact with aqueous medium, it leaches out creating channels within the film coat 

(Hamed et al., 2003). Sodium citrate was used as buffering agent to get the desired pH of 

the medium (Sato et al., 2004).  

Eudragit®L100 is a solid substance in form of a white powder with a faint 

characteristic odor, ready to use as a 95 % solution in acetone and alcohols and also 

shows solubility in 1N NaOH, used as an enteric coating agent with solubility in 

intestinal fluids above pH 6. Its targeted drug release area is jejunum. It has effective and 

stable enteric coatings with a fast dissolution in the upper bowel. It does granulation of 

drug substances in powder form for controlled release. It also shows variable release 

profiles and site specific drug delivery in intestine in combination with Eudragit® S 

grades (Strubing et al., 2008). 

Eudragit®RS12.5, Eudragit®RS100, Eudragit®RSPO and Eudragit®RS30D shows 

low permeability and sustained release profiles. Eudragit®RS12.5 is available as organic 

solution with 12.5 % solution in acetone and alcohols and shows miscibility in 

dichloromethane, ethyl acetate and water. Eudragit®RS100 is a solid substance in form of 

colorless, clear to cloudy granules with a faint amine - like odor and forms 97 % solution 

in acetone and alcohols and also soluble in solvents like dichloromethane and ethyl 

acetate. The ammonium groups are present as salts and make the polymers permeable.  

Eudragit®RSPO is available as powder with 97 % solution in acetone and alcohols and 

soluble in solvents like dichloromethane and ethyl acetate. Eudragit®RS30D as aqueous 

dispersion with 30 % ready to use in water and solvents like acetone and alcohols, 

dichloromethane, ethyl acetate and water (Strubing et al., 2008). 
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Different types of response surface methodology (RSM) designs include 3-level 

factorial design, central composite design (CCD), box-Behnken design and D-optimal 

design. RSM is used when only a few significant factors are involved in optimization. It 

is a computer based optimization technique utilizing a polynomial equation. Response 

surface methodology (RSM) reduces the number of trials in formulation design. It is 

more effective and economical when compared to conventional method for optimization 

(Dave et al., 2004; Singh et al., 2005; Singh et al., 1999). 

Intestinal absorption occurs through passive transport and follows Fickʼs law of 

diffusion from higher concentration in gastrointestinal tract (GIT) to the lower one in 

systemic circulation. Diffusion through intestinal cells depends on drug ionization, 

solubility, concentration and permeability. Drug diffuses in its molecular form from the 

lipophilic mucosal wall of intestinal membranes in to the systemic circulation because of 

larger partition coefficient between membranes and gastrointestinal fluids. For absorption 

to occur both drug solubility and permeability play a vital role in its transport from 

intestinal mucosa and in to the systemic circulation (Patrick, 2006). 

The glass transition temperature of Eudragit®RS100 could be lowered by adding 

small amounts of dibutyl phthalate (DBT) (10-25 %) that fits between the glassy 

molecules, gives them mobility and thus increases the solubility whereas Eudragit®E100 

do not require the addition of plasticizer for solubilization (Skalsky, 2008). Magnesium 

stearate in concentration 0.25 to 5 % w/w is of low bulk density and hydrophobic in 

nature. Polyvinyl alcohol (PVA) (0.75 % w/v) was used as a dispersing agent, sodium 

citrate (0.3-2.0 %) as a buffering agent for the medium. Sodium chloride serves as 

channeling agent. When the coated particles come in contact with aqueous medium, 

sodium chloride may leach out creating channels within the film coat (Hamed, et al., 

2003). 

In previous reported works it has been formulated as gastro-resistant multiple unit 

systems by emulsion solvent diffusion and spray-drying methods using Eudragit®S100 

(Raffin et al., 2006; Raffin, et al., 2007). Micro particles formulated through emulsion 

solvent diffusion method were larger in size and was able to stabilize 61 % of PAN 

content after acid exposure.  When tested for in-vivo anti-ulcer activity the result showed 
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protection of gastric mucosa against ethanol induced ulceration. Whereas in case of micro 

particles prepared with spray-drying gave comparatively smaller size and higher in-vitro 

gastric-resistance up to 98 %. Also the in-vivo evaluation gave satisfactory results for 

ethanol induced ulcer healing. The accelerated stability study demonstrates shelf life of 

24 months for PAN with less than 5 % reduction in drug content. Moreover use of acrylic 

polymers showed no drug polymer interaction chemically only physical cross linking 

occurs as moisture gets fully evaporated during the preparation. Still PAN is considered 

as the best choice in case of ulceration by ethanol as its pharmacokinetics showed 

negligible interaction with ethanol when compared with other anti ulcer drugs like 

cimetidine. 

In the present study we were trying to judge the in-vitro / in-vivo effectiveness of 

formulation design using acrylic polymers by emulsion solvent diffusion method 

employing non-effervescent technique. Immediate release formulation for site specific 

delivery using crospovidone, Eudragit®E and RS100 was prepared. For the extended 

release behavior magnesium stearate, Eudragit®L and RS100 were used and analyzed. 

Eudragit®E100 is soluble in gastric pH below 5 in the stomach whereas Eudragit®L100 

dissolves above pH 6 in the jejunum. Eudragit®RS100 is pH independent polymer 

contains an ammonium group that makes the polymer permeable.  

The microballoons formed were evaluated for percentage swelling, buoyancy and 

entrapment efficiency. Microballoons were characterized for particle size, SEM, FTIR, 

DSC, in vitro release behavior, the release mechanisms and diffusion coefficients in 

release medium, at different reaction parameters, in vivo anti-ulcer activity and stability 

studies. Stability testing of optimized formulation provides the evidence on how the 

quality shows variation with time, predicts shelf life and to suggest the optimal storage 

conditions (ICH guidelines, 2003). The aim of the present study was to protect the drug 

from gastric acid degradation, provide effective anti-ulcer activity by increasing the 

gastric residence time, control the drug leaching by use of enteric polymers, prolong the 

half life for longer duration of action, furthermore to prevent  dosage form adherence to 

the mucous wall. These systems may also be advantageous for drugs that have narrow 

absorption window, irritant to gastric mucosa and with stability problems. Porous nature 
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as well as sustained release characteristics to the formulation which could be achieved by 

Eudragit®E100 or Eudragit®L100 and Eudragit®RS100 combinations. Due to the 

presence of ammonium group Eudragit®RS100 may provide porosity to the formulation 

and also shows pH independent dissolution. The encapsulation was achieved through 

enteric coating polymers. When tested for in-vivo anti-ulcer activity the result showed 

protection of gastric mucosa against ethanol induced ulceration. For achieving the above 

mentioned objective 23 full factorial design was used and validated via Design Expert® 

9.0.3 software (Stat-Ease Inc., USA). 
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1.2. LITERATURE REVIEW 

 

1. Tank Nishit A et al., 2011 developed enteric microspheres of Rabeprazole Sodium by 

O/O emulsion solvent evaporation method using Eudragit® (S100 and L100). They 

found that Eudragit®S100 are promising controlled release carrier for the enteric 

microspheres of the drug. 

 

2. Senthil Kumar SK. et al., 2011 formulated floating microspheres of Rabeprazole 

Sodium, prepared by solvent evaporation method, using polymers HPMC, Ethyl 

cellulose and Chitosan. Floating microsphere of RS showed good incorporation 

efficiency, good buoyancy and prolonged drug release. 

 

3. Prasanna RB and Reddy MS., 2009 analysed Rabeprazole Sodium using HPLC grade 

Sodium dihydrogen phosphate (NaH2PO4), Disodium hydrogen phosphate (Na2HPO4) 

and Acetonitrile. A simple, selective, accurate HPLC method was developed and 

validated for the analysis of the drug. 

 

4. Mallikarjuna GM. et al., 2010 physicochemical characterization studies showed that 

(Rabeprazole Sodium) RSM has showed a melting point of 137 oC. The solubility of 

drug RSM followed the order distilled water > pH 9.0 > pH 8.0 > pH 7.5 > pH 2.5. The 

analytical method developed for the estimation of RSM in bulk fluids showed maximum 

absorbance λmax of 272.2 nm in distilled water between 200 nm and 400 nm. 

 

5. Vinukonda A. et al., 2012 developed delayed release tablet of Rabeprazole sodium (RS) 

by direct compression method using Mannitol, Light Magnesium Oxide, Crosspovidone, 

Isopropyl Alcohol and Di chloro methane. The delayed release tablet was quite stable 

with regard to drug content, physical properties and dissolution rate in the accelerated 

stability testing.  

 

6. Senthilkumar SK et al., 2010 prepared and evaluated floating microsphere of 

Rabeprazole sodium (RS), for prolongation of the gastric retention time. The 

microspheres were prepared by the solvent evaporation method using different polymers 



77 

 

like hydroxy propyl methyl cellulose and Methyl cellulose, Chitosan, Tween 80, 

Dichloromethane and Ethanol. HPMC-containing microsphere showed a desirable high 

drug content, good flow properties, buoyancy and adequate release characteristics, hence 

suitable for gastro retentive dosage forms. 

 

7. Patel SR. et al., 2010 prepared delayed release enteric coated tablets of Rabeprazole 

sodium by using Methacrylic acid copolymer (Colorcoat EC4S) and optimized coating 

process parameters. The different batches of uncoated tablets were prepared by both wet 

granulation and direct compression method. Using polymers Colorcoat FC4S, Mannitol 

SD-200, Microcrystalline cellulose pH 102, Kollidon CL (Crospovidone). The prepared 

delayed release tablet offers effective resistance in acidic environment and starts its 

release in the alkaline environment.  Colorcoat EC4S retards the release pattern of RS 

thereby enhancing the therapeutic efficacy.  

 

8. Sato Y et al., 2004 prepared Riboflavin microballoons (MB) by the emulsion solvent 

diffusion method using enteric acrylic polymers such as Eudragit®S100,  HPMC,  

polyvinyl alcohol dissolved in a mixture of dichloromethane and ethanol. MB prepared 

by mixing it with HPMC in different ratio, results in improved riboflavin-release 

properties.  

 

9. Yellanki SK. et al., 2010 developed floating beads of Riboflavin to prolong gastric 

residence time, and to increase its bioavailability. The floating bead formulations were 

prepared by dispersing Riboflavin together with calcium carbonate into a mixture of 

sodium alginate and hydroxypropyl methylcellulose solution and then dripping the 

dispersion into an acidified solution of 1 % (w/v) calcium chloride. The beads containing 

higher amounts of calcium carbonate demonstrated instantaneous, complete, and 

excellent floating ability, with controlled release for up to 10 hrs. 

 

10. Sato Y et al., 2003 prepared microballons (MB) of aspirin, riboflavin, indomethcin by 

emulsion solvent diffusion method utilizing enteric acrylic polymers (Eudragit®S100, 

monostearin, PVA) co-dissolved with drug in a mixture of dichloromethane and ethanol. 

The release properties of different drugs exhibiting distinct water solubilities entrapped 
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within microballoons were investigated. Buoyancy of the microballoons decreased with 

increasing drug release rate. The preparation method involving the introduction of the 

solution or suspension into an aqueous solution of PVA at 40 oC is ideal for production 

of hollow, buoyant microballoons. 

 

11. Ren S. et al., 2008 demonstrates the stabilizing effect of several GRAS-listed excipients, 

including Brij®58, Poloxamer 188, Cremophor RH40, Gelucire 44/14 and PEG 6000 on 

rabeprazole stability in simulated intestinal fluid (pH 6.8). After incubation at 37 and 60 

oC, the amounts of rabeprazole and its degradation product, thioether-rabeprazole, were 

quantitated by HPLC analysis. Among various excipients, Brij®58 exhibited the most 

powerful stabilizing effect on rabeprazole. Such formulations could stabilize rabeprazole 

in the intestinal tract, thereby improving its bioavailability. 

 

12. Stops F. et al., 2006 developed calcium alginate beads of Riboflavin using Sodium 

alginate, anhydrous citric acid, calcium chloride and ethanol 96 %. Prolonged gastro-

retention can be achieved, in the fasted state, when citric acid solution is used as an 

administering vehicle. However, prolonged gastro-retention is not achieved to the same 

extent when the gastric emptying times are compared to those obtained in the fed state. 

The bioavailability of riboflavin improved when calcium alginate beads were 

administered in the fasted state with citric acid solution, compared to the bioavailability 

obtained when the calcium alginate beads were administered in the absence of citric 

acid. 

 

13. Gordi T. et al., 2008 developed a gabapentin extended-release (G-ER) formulation with 

prolonged release of gabapentin to the upper GI tract has been developed. The 

formulation is designed to provide similar or improved systemic exposure compared 

with the IR formulation, while decreasing the dosing frequency. The aim of this study 

was to compare the PK properties of an oral, gastric-retentive, G-ER formulation with a 

G-IR formulation after single and multiple daily doses in healthy subjects. They 

concluded that G-ER BID dosing resulted in less fluctuation, while the G-ER QD dosing 

produced higher maximum concentrations compared with a G-IR TID regimen. 
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14. Atyabi F. et al., 1996 developed a coated ion exchange resin bead formulation loaded 

with bicarbonate which, on contact with media containing hydrochloric acid, releases 

carbon dioxide causing the resin to float. Extension of the floating time is achieved by 

coating the bicarbonate loaded resin particles with a semipermeable membrane has been 

shown to have gastric retentive properties. The fact that the beads can accommodate 

both bicarbonate and technetium ions imply that anionic drugs could also be 

accommodated by the system. This has been achieved in practice, using theophylline as 

a model drug. The system therefore has potential as a gastric retentive device for the 

sustained release of drugs as well as a combined antacid and anti-reflux agent. 

 

15. Malakar et al., 2012 investigated the development, optimization and in vitro evaluation 

of liquid paraffin-entrapped multiple-unit alginate-based floating system containing 

cloxacillin by emulsion–gelation method for gastro retentive delivery. Using polymers 

sodium alginate, calcium chloride and liquid paraffin. All these beads showed prolonged 

sustained release of cloxacillin over 8 h in simulated gastric fluid (pH 1.2). The 

cloxacillin release profile from liquid paraffin beads followed Korsmeyer-Peppas model 

over a period of 8 h with anomalous (non-fickian) diffusion mechanism for drug release. 

 

16. Nayak AK. et al., 2011 formulated hydrodynamically balanced systems (HBSs) of 

ofloxacin by simple blending using lactose, HPMC K4M, PVP K 30, and liquid paraffin, 

which may increase the mean residence time in the gastrointestinal tract, and may be 

able to provide maximum drug at the site of absorption to improve oral bioavailability. 

All these formulated HBS capsules were floated well over 6 h with no floating lag time. 

They also showed sustained drug release over 6 h.i Ofloxacin capsules containing PVP 

K 30 showed higher drug release rates than other formulations; whereas, liquid paraffin 

containing capsules gave a more sustained drug release rate than other formulations. As 

liquid paraffin content in HBS capsules was increased, the drug release rate from these 

HBS capsules was decreased more. Thus, liquid paraffin was the best release modifier 

amongst those excipients evaluated. 

 

17. Goole et al., 2008 developed a new coated multiple-unit sustained-release floating 

system that is able to float over an extended period of time. Levodopa was used as a 
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model drug. The system consisted of a 3 mm drug-containing gas-generating core, 

prepared by melt granulation and subsequent compression, and coated with a flexible 

polymeric membrane. Eudragit®RL30D and ATEC (acetyl triethylcitrate) were used as a 

film former and a plasticizer. The optimized coated floating minitablets could float 

within 20 min and remained buoyant for more than 13 h. In addition, a sustained release 

of levodopa for more than 20 h was observed. 

 

18. Sato Y. et al., 2003 prepared hollow microspheres by the emulsion solvent diffusion 

method using enteric acrylic polymers (Eudragit®S100) with drugs (aspirin, salicylic 

acid, ethoxybenzamide, indomethacin and riboflavin) in a mixture of dichloromethane 

and ethanol. Monostearin served as a wall membrane-reinforcing agent and polyvinyl 

alcohol functioned as a dispersing agent. Drug release rate from the microballoon 

prepared at 40 or 50 oC was sufficiently reduced and prolonged. This phenomenon was 

attributable to the limited penetration of dissolution medium as a result of the smooth 

surfaces of the microballoons. Moreover, microballoons prepared at 20 or 30 oC were so 

brittle as to crumble upon touching. It was found that preparation temperature 

determined the formation of cavity inside the microsphere and the surface smoothness, 

determining the floatability and the drug release rate of the microballoon. The 

preparation method involving the introduction of the solution or suspension into an 

aqueous solution of polyvinyl alcohol at 40 oC is ideal for production of hollow, buoyant 

microballoons. 

 

19. Sawicki W., 2002 studied pharmacokinetics of verapamil (V) in a dose of 40 mg and its 

metabolite norverapamil (N) from the new oral drug formulation in a form of capsule 

filled with floating pellets was determined. Floating drug formulation (F) is a gelatin 

capsule filled with tens of granules pellets with V in a dose of 40 mg, coated with a 

control release film. Pellets were prepared by wet granulation of a powder mixture, 

spheronization of the granulated mass and coating of the cores with a sustained release 

film. Thick film contains Eudragit®NE30D, Eudragit®L30D, Triethyl citrate, Talcum. 

Pellet core contents Verapamil hydrochloride, Sodium hydrocarbonate, microcrystalline 

cellulose, Lactose, Povidone K30. 
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20. Roy P and Shahiwala A., 2009 formulated floating pulsatile release tablet of ranitidine 

HCl by direct compression method. Burst release done with polymers glyceryl behenate, 

hydroxypropyl methyl cellulose, croscarmellose sodium and microcrystalline cellulose.  

For pulsatile release of drug ethyl cellulose, hydroxypropyl methyl cellulose, isopropyl 

alcohol and triethyl citrate were used. The formulation is to be taken after meal; where 

immediate release dose will provide relief from acid secretion in response to the meal, 

while timed pulsatile release floating tablet with delayed “burst” release will attenuate 

midnight acidity. This will provide an ideal therapeutic regimen with enhanced patient 

compliance. 

 

21. Yoo HS., 2006 prepared biodegradable hollow microspheres were prepared by double 

oil and water emulsion using a lipophilic surfactant, Labrafil® M 1944 CS. Olive oil was 

emulsified in biodegradable polymer-dissolved dichloromethane mixed with Labrafil by 

vigorous sonication. This oil-in-oil emulsion was directly re-emulsified in 0.1 % poly 

vinyl alcohol solution, subsequently solidified by evaporating dichloromethane, then 

washed with n-hexane and freeze dried. The concentration of poly (l-lactide) in 

dichloromethane affected the size of hollow microspheres while the volume of olive oil 

or dichloromethane did not.  

 

22. Hamed E. et al., 2003 optimized bumetanide extended (ER) and immediate release (IR) 

formulations were developed using fluid bed layering and coating techniques. They 

postulated that the ER bumetanide formulation would have more effective and sustained 

diuretic and saluretic effects than IR. Bumetanide was layered on nupariel sugar pellets 

using fluid bed equipment with the Wurster insert. The loaded pellets were subsequently 

coated with 6 % Eudragit®RS plasticized with 20 % triethylcitrate using the same 

equipment. Sodium chloride (5 % of the polymer dry weight) was incorporated in the 

coating dispersion to serve as channeling agent. When the coated particles come in 

contact with aqueous medium, sodium chloride leaches out creating channels within the 

film coat. Therefore, it is expected that the level of sodium chloride in the film coat can 

affect the release rate of bumetanide and can be used to optimize the in vitro release to a 

predetermined release profile. 
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23. Zhang C. et al., 2012 formulated ofloxacin-loaded pellets by the extrusion-

spheronization technique followed by three successive coatings - the retarding film 

(ethyl cellulose), the effervescent layer (sodium bicarbonate) and the gas-entrapped 

polymeric membrane (Eudragit® RL 30D). Due to the swelling property, high flexibility 

and high water permeability, Eudragit® RL 30D was used as a gas-entrapped polymeric 

membrane. The obtained pellets exhibit excellent floating ability and release 

characteristics. Analysis of the release mechanism showed a zero-order release for the 

first 8 h because of the osmotic pressure of the saturated solution inside of the 

membrane. In vivo study of the X-ray and pharmacokinetic data in New Zealand rabbits, 

the floating preparation could prolong the Tmax and improve the bioavailability without 

increasing the fluctuation of plasma concentrations. 

 

24. Yao H. et al., 2012 developed a novel kind of inner-porous Riboflavin loaded floating 

beads by dripping the foam solution into CaCl2 solution using disposable syringe needle, 

where the foam solution consisting numerous of micro bubbles with poloxamer 188 as 

foaming agents, alginate as foaming stabilizer. The addition of non-ionic surfactants 

poloxamer 188 could lead to the formation of a surfactant-polymer complex through 

interactions between polymer and surfactant, which contributes to formability and foam 

stability. The higher concentration of the poloxamer 188 can increase the formability 

and foam stability of the mixed solution. Formability and foam stability of different 

polymer ratios were evaluated. The floating beads release behavior in vitro showed that 

drug release from the beads in a sustained-release fashion for 10 h. Gamma scintigraphic 

images and pharmacokinetic studies in vivo showed that the beads can retained in the 

stomach for over 6 h and can improve the bioavailability of drug with narrow absorption 

window. 

 

25. Mostafavi A. et al., 2011 formulated effervescent prolonged-released gastro-retentive 

tablets of ciprofloxacin that could be administered once daily with a conventional tablet 

(CT). The tablets were prepared by direct compression technique using required 

quantities of HPMC K100M, Carbomer (CP 971P), Xanthan gum, NaCMC, 

Crospovidone®, and sodium bicarbonate. Tablets containing 75 mg HPMC K100M as a 

retarding polymer showed desirable in vitro and in vivo kinetic properties. The 
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optimized formulation released the drug in a zero-order fashion demonstrated a short 

buoyancy lag time, total floating time of at least 24 h and could maintain drug release for 

24 h. Based on pharmacokinetic parameters, once-daily administration of this new 

formulation accompanied with a 500 mg immediate release tablet of ciprofloxacin 

promise to be a suitable alternative formulation dosing strategy compared to the twice-

daily administration of a conventional release product. 

 

26. Chen J. et al., 2000 synthesized super porous hydro gels (SPHs) which swell fast to 

equilibrium size in minutes due to water uptake by capillary wetting through numerous 

interconnected open pores. The mechanical strength of the highly swollen SPHs was 

increased by adding a composite material during the synthesis. The composite material 

used in the synthesis of SPH composites was Ac-Di-Sol (croscarmellose sodium). The 

most unique aspect of the SPH is that the average pore size is larger than 100 mm, 

usually in the range of a few hundred micrometers. Even after drying, the pores of the 

SPHs remain all connected to each other to form capillary channels. Our study indicated 

that SPH composites possessed three properties necessary for gastric retention: fast 

swelling; super swelling; and high mechanical strength. Adding the biodegradable 

property to the SPH composites can be done quite easily simply by using biodegradable 

cross linkers, e.g. poly (lactic-co-glycolic acid) or functionalized albumin, during the 

synthesis of the SPH composites. 

 

27. Dorozynski P. et al., 2011 investigated the effects of carrageenans and hydroxyl propyl 

methyl cellulose (HPMC) on the properties of hydrodynamically balanced systems 

(HBS) containing L-dopa as a model drug. They showed that water penetrates quickly 

into the matrices of carrageenans. Moreover, carrageenans as additives promote water 

uptake by polymeric matrices containing mixtures with HPMC because of the high 

mobility of the water molecules between polymer chains wherein sulfate groups get 

hydrated. 

 

28. Chen RN. et al., 2010 developed an optimal gastro retentive drug delivery system 

(GRDDS) for administering Losartan. Swellable and floatable GRDDS tablets 

combining an appropriate ratio of HEC to Na CMC, addition of sodium bicarbonate, and 
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compression at lower pressures resulted in the tablets floating over SGF for more than 

16 h and swelling to 2 cm in diameter within 3 h. The release patterns of Losartan from 

these tablets were pH-dependent. Results of the clinical trials showed that the mean 

bioavailability from GRDA (HEC 91.67 %, sodium bicarbonate 3.33 % and Losartan 

8.33 %) was approximately 164 %, relative to the immediate-release product (Cozaar®). 

 

29. Guan J. et al., 2010 developed Famotidine gastric-resident osmotic pump tablet using 

pharmaceutical iron powder as a gas-forming and density-increasing agent. It was 

observed that the system can retain in stomach for an extended period of 7 h after 

administration. Drug powder, pharmaceutical iron powder, Polyethylene oxide and NaCl 

were mixed and passed through an 80 mesh screen then compressed into tablets.  

Cellulose Acetate in acetone (3 % w/v) containing plasticizer PEG-4000 (0.6 % w/v) 

was used as coating solution. The present investigation suggests that water-insoluble 

drug can be delivered from single-layer osmotic pump tablets completely due to the push 

power of the hydrogen gas generated by the reaction of the iron and gastric fluid. And 

iron powder can increase the system density which is over 2.5 g cm−3, making the 

system resident in stomach to prolong the drug delivery time in absorption zone. 

 

30. Sauzet C. et al., 2009 formulated highly porous matrix tablet of Theophylline by wet 

granulation technique using Silicon Dioxide as a hydrophobic dusty powder, 

Polyvinylpyrollidone / PVP K30 as a binder and Stearic acid as controlled release agent. 

The buoyancy of the developed technology is provided by two phenomenons: (1) high 

porosity of the dosage form and (2) high content of hydrophobic compounds. 

 

31. Ninan M. et al., 2008 prepared floating microspheres of Diltiazem hydrochloride by the 

Ionotropic gelation method by employing Sodium alginate, Eudragit®RS30 D and 

calcium carbonate (CaCO3) being used as gas-forming agent. The addition of the 

chitosan notably enhanced the drug encapsulation efficiencies but the effect on the drug 

release was slight and insignificant. The DTZ was released in a sustained manner for 24 

h by coating the Cs-Alg microspheres with Eudragit® RS. The gamma scintigraphy 

study confirmed that the optimized floating sustained-release microspheres significantly 

prolonged GRT compared with non-floating microspheres in vivo. 
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32. Ali J. et al., 2007 developed a hydrodynamically balanced system of Metformin as a 

single unit floating capsule. On the basis of buoyancy and in vitro release kinetics they 

concluded that optimized formulation containing 500 mg of Metformin granulated with 

5 % of ethyl cellulose, and 150 mg of HPMC K4M (extra granular) gave the best in vitro 

release of 97 % in 12 h in simulated gastric fluid at pH 3. The release of Metformin from 

the matrix formulation followed zero order release kinetics. Gamma Scintigraphic 

studies revealed that the optimized HBS capsule was retained in the gastric region 

(stomach) for a prolonged period and the study of pharmacokinetic studies showed an 

increase in AUC as compared to immediate release capsules of Metformin. 

 

33. Liu Q and Fassihi R., 2008 designed and characterized a composite gastro-retentive 

matrix for zero-order delivery of highly soluble drug Alfuzosin hydrochloride (10 mg). 

Two systems containing polyethylene oxide (PEO), hydroxyl propyl methyl cellulose 

(HPMC), sodium bicarbonate, citric acid and polyvinyl pyrrolidone were dry blended 

and compressed into triple layer and bi-layer composite matrices. Both systems proved 

to be effective in providing prolonged floatation, zero-order release, and complete 

disentanglement and erosion. The kinetics of drug release, swelling and erosion, and 

dynamics of textural changes during dissolution for the designed composite systems 

offer a novel approach for developing gastro-retentive drug delivery system that has 

potential to enhance bioavailability and site-specific delivery to the proximal small 

intestine. 

 

34. Iklan NI et al., 2011 designed a series of pH responsive alginate-g-poly (itaconic acid) 

(NaAlg-g-PIA) microspheres as drug delivery matrices of Nifedipine cross-linked by 

glutaraldehyde (GA) in the hydrochloric acid catalyst. Graft copolymers of sodium 

alginate with itaconic acid were synthesized using ceric ammonium nitrate. The 

chemical stability of the Nifedipine after encapsulation into microspheres was confirmed 

by FTIR, DSC and X-RD analysis. The preparation conditions of the NaAlg-g-PIA 

microspheres such as graft yield, GA concentration, and exposure time to GA and drug 

amount were optimized by considering the percentage entrapment efficiency, particle 

size, swelling capacity and their release data. The results showed that NaAlg-g-PIA 

microspheres are pH responsive. The release of Nifedipine from grafted microspheres 
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was slower for the pH 1.2 solution than that of the pH 7.4 buffer solution. It has been 

observed that an increase in exposure time, drug amount, and GA and NaAlg-g-PIA 

concentrations causes a decrease in the Nifedipine release from the microspheres, 

whereas an increase in graft yield leads to an increase in the Nifedipine release. 

 

35. Sato Y. et al., 2004 developed Riboflavin microballoons floating on artificial gastric 

juice in the stomach using polymers Eudragit®RS100 and HPMC. MB and NF were 

prepared by the emulsion solvent diffusion method. MB and NF possessing similar 

riboflavin release profiles were administered orally to healthy humans under fasted and 

fed conditions; subsequently, the intra gastric behavior of dosage forms was observed by 

gamma scintigraphy. It was evident that MB was retained in the stomach up to 300 min 

following administration in the fed state. In volunteers receiving MB in the fed state, 

confirmation of prolonged urinary excretion was obtained. The intra gastric buoyancy 

properties of MB and the presence of food in the stomach provided markedly higher 

total urinary excretion of riboflavin. So, in the case of MB, both t1/2 and total urinary 

excretion increased, due to the prolonged GRT of dosage forms. In conclusion, MB, are 

potentially beneficial with respect to improving drug bioavailability, resulting in 

improved pharmacological action. 

 

36. Hamdani J. et al., 2006 prepared floating riboflavin pellets (FRF) and non-floating 

riboflavin using the melt pelletization process. Formulations were based on a mixture of 

Compritol® and Precirol® as meltable binders and on the use of sodium bicarbonate and 

tartaric acid as gas-generating agents. Good floating abilities were obtained by using the 

gas-generating agents in both the inner matrix and the outer coating layer of the pellets. 

An increase of urinary excretion of riboflavin was observed when the volunteers were 

administered with the floating pellets, especially after feeding. As riboflavin has a 

narrow window of absorption in the upper part of small intestine, this phenomenon could 

be attributable to the gastric retention of floating pellets. 

 

37. Stops F. et al., 2008 formulated calcium alginate beads of riboflavin by using polymers 

sodium alginate, anhydrous citric acid and calcium chloride. The calcium alginate beads 

remained buoyant for times in excess of 13 h, and the density of the calcium alginate 
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beads was < 1.000 g cm-3. Riboflavin release from the calcium alginate beads showed 

that riboflavin release was slow in acidic media, whilst in more alkali media, riboflavin 

release was more rapid. 

 

38. Tang YD. et al., 2007 developed a completely erodible multi-unit floating gel beads with 

calcium alginate, sunflower oil, and a drug of interest through an emulsification / 

gelation process. The oil incorporated alginate gel beads floated constantly under the 

condition of body temperature and continuous agitation for more than 24 h. Drug release 

profiles were influenced by the relative hydrophilicities of drugs. A slow first order 

ibuprofen release was achieved with drug encapsulation in oil. Sustained release for 

more than 12 h was also achieved for hydrophilic drugs such as niacinamide and 

metoclopramide HCl, with the rate-control being achieved by means of an acid resistant 

Eudragit® coating. Such an alginate based GRDF is hence thought to be able to sustain 

the release of both hydrophobic and hydrophilic drugs over 12 h, while remaining afloat 

in the gastric fluid. 

 

39. Rajinikanth PS and Mishra B., 2008 prepared floating in situ gelling system of 

clarithromycin (FIGC) using gellan as gelling polymer and calcium carbonate as floating 

agent for potentially treating gastric ulcers, associated with Helicobacter pylori. The in 

situ gel formulation with sucralfate cleared H. pylori more effectively than that of 

formulation without sucralfate. In addition, the required amount of clarithromycin for 

eradication of H. pylori was found to be less from FIGC than from the corresponding 

clarithromycin suspension. It was concluded that prolonged gastrointestinal residence 

time and enhanced clarithromycin stability resulting from the floating in situ gel of 

clarithromycin might contribute better for complete clearance of H. pylori. 

 

40. Nakamura K. et al., 2006 developed a new oral SR drug delivery system, swelling 

polymer incorporation layer system (SPILA) system, utilizing pH dependent swelling of 

carboxy vinyl polymer (CP) has been proposed. This SPILA consists of core granules 

coated with a mixture of CP, water insoluble polymer, and water-soluble polymer (WP). 

Release profiles of metoprolol tartrate (ME) and morphine hydrochloride (MO) from the 

system provided pH-dependent drug release: the drug release was slower in the medium 
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of pH 1.2 than in the medium of pH 6.8, and the pH-dependency of the release profiles 

became more evident when the amount of CP incorporated in the system was increased. 

Moreover, the plasma level maintained higher for longer periods, when the SPILA 

system containing ME or MO was administered to beagle dogs. From these results, the 

critical role of CP in the SPILA system became evident for the improvement of in vivo 

performance. 

 

41. Kagan L. et al., 2006 evaluated the ability of the Accordion Pill™ (AP), a novel 

controlled release gastro retentive unfolding dosage form (DF), to increase the 

bioavailability of riboflavin (RF) in humans. Three formulations containing 75 mg of RF 

and differing in release rate (immediate release capsule, AP#1, and AP#2) were 

administered with a low-calorie meal. Materials used were: methacrylic acid copolymer 

type A and B (Eudragit®L, Eudragit®S, Degussa); hydroxypropyl cellulose, 

ethylcellulose, hydrolyzed gelatin, triethylcitrate, glycerintriacetate, polysorbate (Tween 

80), glutaraldehyde, potassium hydrogen phosphate dibasic, glycerin, microcrystalline 

cellulose and PEG 20,000. The current study demonstrated that significant GRT 

prolongation could be achieved by the accordion pill technology itself without the need 

for administration with high-calorie meal. 

 

42. Rania AHI et al., 2007 prepared chitosan-treated alginate beads for Metronidazole (MZ) 

by the Ionotropic gelation method, used in the treatment of H. pylori. Viscosity-

imparting polymers used namely, methyl cellulose, carbopol 934 P and κ-carrageenan, 

chitosan as encapsulating polymer, low density magnesium stearate as a floating aid. 

The bead formula containing 0.5 % κ-carrageenan, 0.4 % chitosan and 5 % magnesium 

stearate showed immediate buoyancy, optimum drug entrapment efficiency and 

extended drug release. The in vivo H. pylori clearance tests showed that MZ floating 

beads with a dose of 15 mg/kg provided 100 % clearance rate whereas the MZ 

suspension with a dose of 20 mg/kg gave only 33.33 %. 

 

43. Jain SK. et al., 2006 evaluated gastro-retentive performance and pharmacokinetic 

parameters of optimized floating microspheres (RgFMCS4) consisting of (i) calcium 

silicate (CS) as porous carrier; (ii) repaglinide (Rg), an oral hypoglycemic agent; and 
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(iii) Eudragit® S (ES) as polymer. The optimized formulation demonstrated favorable in-

vitro floating and drug release characteristics. The gastro retentive behavior of this 

optimized formulation was compared with non-floating microspheres (RgNFM) 

prepared from the identical polymer. Prolonged gastric residence time (GRT) of over 6 h 

was achieved in all animals for calcium silicate based floating microspheres of Rg. The 

relative bioavailability of Rg loaded floating microspheres was found to be increased 

about 3.17 times in comparison to that of the marketed tablet.  

 

44. Klausner EA. et al., 2003 developed novel unfolding CR-GRDFs of levodopa based on a 

multilayer polymeric membrane platform by solvent evaporation method. Gelatin, L-

Polylactic acid, Ethylcellulose, carbidopa, Eudragit®S100, Shellac and microcrystalline 

cellulose are the materials used. Optimization of the pharmacokinetic profile of levodopa 

from the CR-GRDFs was carried out based on the in-vitro / in-vivo correlation following 

modifications of the release rates (adjusted by various membrane thicknesses) and drug 

loads. The successful CR-GRDF maintained therapeutic levodopa concentrations (> 500 

ng ml) over 9 h. In comparison to non-gastro retentive CR-particles and oral solution, 

mean absorption time was significantly extended. 

 

45. Hamdani J. et al., 2006 prepared floating pellets of Ciprofloxacin hydrochloride, 

tetracycline hydrochloride and theophylline as model drugs by melt pelletization 

technique. Formulations were based on a mixture of Compritol® and Precirol® as lipidic 

binders and sodium bicarbonate as a gas-generating agent. Pellets have shown excellent 

immediate and lasting buoyancies in an acidic medium (0.1N HCl, Polysorbate 20). The 

presence of a gas-generating agent (sodium bicarbonate) in both the inner matrix and the 

outer coating layer of pellets have permitted to obtain rapid and continuous buoyancy. 

Floating abilities were combined with sustained release properties due to the lipophilic 

character of Compritol® and Precirol® used as binders during the fabrication process. 

 

46. Chavanpatil M. et al., 2005 formulated sustained release tablets of ofloxacin by using 

wet granulation process with PVP K30 as a gastro retentive dosage forms. The design of 

the delivery system was based on the sustained release formulation, with floating and 

swelling features in order to prolong the gastric retention time of the drug delivery 
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systems. Different polymers, such as psyllium husk, HPMC K100M, crospovidone and 

its combinations were tried in order to get the desired sustained release profile over a 

period of 24 h. It was also found that in vitro drug release rate increased with increasing 

amount of crospovidone due to the increased water uptake, and hence increased driving 

force for drug release. The percent relative bioavailability of developed formulation was 

found to be 97.55 %. We conclude that psyllium husk and HPMCK100M increases the 

dimensional stability of the formulations, which is necessary in case of once daily 

formulations. Sodium bicarbonate acts as a gas-generating agent, which is necessary in 

case of gastro retentive dosage forms. Crospovidone improved the drug release profile 

and swelling factor of psyllium husk based formulations. They also concluded that 

channeling agents, such as betacyclodextrin are useful to increase the initial burst release 

from psyllium husk based formulations. 

 

47. Bussemer T. et al., 2003 developed and evaluated a pulsatile drug delivery system based 

on acetaminophen - containing hard gelatin capsules, consisting of (i) a core, which is a 

drug containing hard gelatin capsule, (ii) a swelling layer, comprising of super 

disintegrant croscarmellose sodium and a binder polyvinyl pyrrolidone and (iii) an 

insoluble but water-permeable polymeric coating of EC and HPMC. An inner pressure 

developed by the swelling layer resulted in the rupture of the outer coating. Increasing 

the amount of the swelling layer decreased the lag time. The coated capsules took up 

release medium at a nearly constant rate until a critical maximum was reached, where the 

swelling pressure was sufficient to rupture the outer coating. 

 

48.  Hascicek C. et al., 2011 studied floating swellable matrix tablets containing 

clindamycin made by conventional wet granulation and tabletting methods. Delivery 

systems consisting of two modules assembled in void configuration, according to the 

modified release technology platform known as dome matrix. HPMC, cellulose acetate 

propionate (CAP) and Mannitol were used as swellable, inert and soluble excipient 

respectively, to prepare the drug free barrier female modules. Dicalcium phosphate, poly 

vinyl pyrrolidone, magnesium stearate and talc were used for manufacturing the 

modules. Two modules differently shaped. i.e., female and male, formulated as 

swellable matrices and containing clindamycin, were assembled by friction inter locking. 
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Then, by stacking additional female modules without drug on the assembled two-module 

floating system, modulation of clindamycin release rate and kinetics was attained. The 

swellable module produced a significant reduction in release rate of void assembly, but 

the release mechanism remained the same. 

 

49. Gomez-Burgaz M. et al., 2008 prepared chitosan (CS) and carboxy methyl cellulose 

(CMC) sodium inter-polymer complexes using the novel method “ tablets in capsule” for 

stomach drug delivery of clarithromycin (CAM). The aim of this study was to 

investigate the influence of the molecular weight (M.wt) of CS and the proportion 

CS/CMC on physical properties and clarithromycin (CAM) release. The higher M.wt. 

the major presence of protonated amined moieties that can be ionized and modify the 

swelling/eroding and dissolution medium uptake capacity. Swelling kinetics at pH 1.2, 

were close to fickian diffusion, whereas at pH 4.2 were non-fickian. CAM release rates 

have shown to be dependent on pH and on polymer proportion. At pH 1.2, the fastest 

profile was obtained when using high molecular weight CS. Drug diffusion was fickian, 

so the process is governed by swelling/eroding. Whereas at pH 4.2, CAM release 

followed zero-order kinetics with no influence on molecular weight. So, release is 

controlled by CAM low solubility. 

 

50. Strübing S. et al., 2008 prepared Floating Kollidon®SR matrix tablets containing 

Propranolol HCl by direct compression method. Kollidon®SR was able to delay 

Propranolol HCl release efficiently. Drug release kinetics was evaluated using the 

Korsmeyer - Peppas model and found to be governed by Fickian diffusion. Tablet floating 

started immediately and continued for 24 h. An increased floating strength for samples 

with a higher polymer/drug ratio. In addition Benchtop Magnetic Resonance Imaging 

proved to be a valuable method to monitor water diffusion and swelling processes of 

the developed matrix tablets non-invasively and continuously. 

 

51. Stops F. et al., 2006 developed, freeze-dried calcium alginate beads, designed to float on 

the surface of the stomach contents thus prolonging the retention time. The in vivo 

behavior of the radio-labelled calcium alginate beads was monitored by Gamma 

scintigraphy method. The results indicated that prolonged gastric retention was achieved 
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when the dosage form was administered with the citric acid solution. Citric acid, 

therefore, has the potential to delay the gastric emptying of the calcium alginate beads 

when administered to fasted volunteers. 

 

52. Kiran KM. et al., 2004 prepared Glycerol monoleate (GMO) matrix using polar 

Chlorpheniramine maleate (CPM) and non-polar drug diazepam (DZP) and studied the 

effect of PEG 4000, PEG 10000, and stearic acid on floatability and release profile. 

Water uptake increased with increase in the loading of polar drug (CPM) and decreased 

with non-polar drug (DZP). Similar effect was found to occur in case of drug release; 

PEGs increased the release up to certain concentration and decreased thereafter. Drug 

release decreased linearly with concentration of stearic acid. 

 

53. Chavanpatil MD. et al., 2006 developed a new gastro retentive sustained release caplets 

of Ofloxacin with floating, swellable and bio adhesive properties prepared by 

conventional wet granulation method. Various release retarding polymers like psyllium 

husk, HPMC K100M and a swelling agent, crospovidone in combinations were tried and 

optimized to get the release profile for 24 h. The optimized formulation followed 

Higuchi kinetics while the drug release mechanism was found to be anomalous type, 

controlled by diffusion through the swollen matrix. 

 

54. Colo GD et al., 2002 prepared Compressed matrix tablets of Metformin based on pH-

sensitive poly (ethylene oxide) (PEO) - Eudragit®L100 (EUD L) compound. The 

polymer compounds were prepared by a co-evaporation process. The release rate in 

SGF could be modulated by increasing the EUD L fraction in co-evaporates. With a 

PEO (Mw, 400 k Da) - EUD L (1:2, w / w) ratio the percent dose released in 2 h to 

SGF, where co-evaporate was insoluble, was around 23 or 50 % with 10 or 20 % 

loading dose. Matrices  showed  promise  of  a  gradual  and  complete  release  of  MF 

HCl  from  stomach  to jejunum, unaffected by gastric pH fluctuations. This mode of 

administration might allow the use of lower therapeutic doses compared to existing 

immediate or sustained release products, thus minimizing side effects. 

 

55. Goole J. et al., 2007 developed and in vitro evaluated sustained-release minitablets 
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(MT) of Levodopa, prepared by melt granulation and subsequent compression, which are 

designed to float over an extended period of time. The best floating properties were 

obtained with 3 mm MT prepared at low compression forces ranging between 50 and 100 

N. Their resultant-weight (RW) values were always higher than those obtained with a 

marketed HBS dosage form within 13 h. When they were filled into gelatin capsules, no 

sticking was observed. By evaluating the dissolution profiles of levodopa at different pH 

values, it was found that dissolution profiles depend more on the prolonged release  ability 

of Methocel
®
K15M than on the pH- dependent  solubility of levodopa.  

 

56. Angadi SC. et al., 2012 prepared composite blend microbeads of sodium alginate (Na 

Alg) with sodium caboxymethylcellulose (NaCMC) containing magnesium aluminium 

silicate (MAS) particles and enteric coated with chitosan by Ionotropic gelation method, 

to achieve controlled release (CR) of amoxyllin in stomach environment. The composite 

beads, due to the interactions between polymer segments and homogeneously dispersed 

MAS particles, resulted in bead formation of sizes ranging from 767 to 889 m. The 

composite beads of this study successfully controlled the release of AMX to extend its 

release from the original plasma half life of 61 min up to 8 h by releasing 41 % of AMX 

in gastric pH condition. The enteric coating of composite beads with chitosan was 

effective to retard the release of AMX in the gastric stomach medium. 

 

57. Torrado S. et al., 2004 developed a chitosan-poly (acrylic) acid based amoxicillin 

controlled drug release system for gastric antibiotic delivery by freeze drying method. 

This polyionic complex PAA: CS: A (1:5:2) allows an amoxicillin sustained release 

during the gastric residence time. The in vivo results demonstrated that the gastric 

emptying could be controlled by the swelling process of the polyelectrolyte complex. 

Gastric emptying rate study was performed by means of the [13C] octanoic acid 

breath test. Swelling studies indicated that the extent of swelling was greater in the 

polyionic complexes than in the single chitosan formulations.  

 

58. Malakar J and Nayak AK., 2012 developed multiple unit buoyant beads for the 

gastro retentive delivery of ibuprofen using calcium alginate, liquid paraffin and 

magnesium stearate as excipients by ionotropically emulsion gelation method with 
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the help of 23 factorial designs. All these beads showed prolonged sustained 

release of ibuprofen over 8 h in simulated gastric fluid (pH 1.2). The ibuprofen 

release profile from these buoyant beads followed Korsmeyer-peppas model over a 

period of 8 h with anomalous (non-fickian) diffusion mechanism for drug release.  

 

59. Singh B. et al., 2010 synthesized gastro retentive floating drug delivery system for 

Pantoprazole Sodium by simultaneously ionotropic gelation of alginate and 

sterculia gum by using CaCl2 as cross-linker. Swelling of the beads is affected by 

the reaction parameters such as concentration of sterculia, alginate and cross-

linkers. Release of drug from beads occurred through fickian diffusion mechanism. 

Retention of beads in stomach retains the drug for longer time thus increases its 

bioavailability.  

 

60. Strusi OL. et al., 2008 assembled void system exhibited immediate floatation 

using polymers HPMC and calcium phosphates. The assembled system was 

characterized by the presence of an internal void space that determined an 

apparent density lower than water. In in-vitro the floatation of the system started 

immediately after immersion in water and lasted for more than 5 h. The in-vivo 

Studies confirmed that the in-vitro floating ability of Dome Matrix
® 

void 

configuration was maintained also in the human stomach, where the system 

stayed for periods of time ranging from 2.5 to 5.0 h, depending on the food 

regimen and the sex of the subject. 

 

61. Nakamichi K. et al., 2001 prepared puffed floating dosage form with very small and 

uniform pores, composed of nicardipine hydrochloride (NH) and  hydroxy propyl 

methyl cellulose acetate succinate (enteric polymer)  using a twin-screw extruder. It 

was found that the porosity and pore diameter could be controlled by the varying 

amount of calcium phosphate dihydrate.  In  the  shaking  test,  the  puffed  dosage 

form was found  to have excellent floating ability and  mechanical  strength  in acid 

solution (pH 1.2). The dissolution profile of NH was controlled by the amount of 

wheat starch. 
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62. Choi BY. et al., 2002 prepared Riboflavin floating alginate beads containing CaCO3     

or NaHCO3 as gas-forming agents. The drug alginate solution was dropped to 1 % 

CaCl2 solution containing 10 % acetic acid for CO2 gas and gel formation. 

NaHCO3 significantly increased porosity and pore diameter than CaCO3. Beads 

incorporating CaCO3 exhibited significantly increased gel strength over control and 

NaHCO3 containing samples. The results of these studies indicate that CaCO3 is 

superior to NaHCO3 as a gas forming agent in alginate bead preparations. The 

enhanced buoyancy and sustained release properties of CaCO3 containing beads 

make them an excellent candidate for floating drug dosage systems (FDDS).  

 

63. Ahmed IS and Ayres JW., 2007 prepared a gastric retention formulation (GRF) made 

of naturally occurring carbohydrate polymers PVP , PEG , Xanthan gum (XG), sodium 

lauryl sulfate (SLS) and containing riboflavin as a model drug. It was found that when 

the GRF is dried and immersed in gastric juice it swells rapidly and releases its drug 

content in a zero-order fashion for a period of 24 h. The bio-study indicated that 

bioavailability of riboflavin from a large size GRF was more than triple that measured 

after administration of an immediate release formulation. 

 

64. Bussemer T and Bodmeier R., 2003 developed and evaluated a rupturable pulsatile drug 

delivery system based on soft gelatin capsules. Croscarmellose sodium (Ac-Di-Sol) was 

more effective as a swelling agent than low and high molecular weight 

hydroxypropylmethyl cellulose. Brittle polymers, such as ethyl cellulose (EC) and 

cellulose acetate propionate (CAP), led to a better rupturing and therefore more complete 

drug release than the flexible polymer coating, Eudragit® RS. The lag time of the release 

system increased with higher polymer coating levels and decreased with the addition of a 

hydrophilic pore-former, HPMC E5 and also with an increasing amount of the 

intermediate swelling layer. The water uptake of the capsules was linear until rupture and 

was higher with CAP than with EC. Soft gelatin capsule-based systems showed shorter 

lag times compared to hard gelatin capsules because of the higher hardness/filling state 

of the soft gelatin capsules.  

 



96 

 

65. Yadav D. et al., 2011 developed and evaluated time dependent rupturable 

multiparticulate pulsatile delivery for Glipizide. Microcrystalline cellulose (MCC) based 

pellets containing Glipizide were prepared by extrusion-spheronization technique. These 

were further coated with two consecutive layers, a swellable layer of 

hydroxypropylmethylcellulose (HPMC) and a rupturable layer of plastisized 

ethylcellulose (EC) with fluidized bed coating. Immediate release pattern was optimized 

for Type I pellets to achieve more than 80 % drug release within 30 min. Type II pellets 

displayed burst release and a lag period of 6-8 h.  

 

66. Amrutkar PP. et al., 2012 developed multiparticulate FDDS of Zolpidem tartarate based 

on gas generation technique to prolong the gastric residence time and to increase the 

overall bioavailability. 
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1.3. RESEARCH ENVISAGED 

 

1.3.1. SELECTION OF DRUG:  PANTOPRAZOLE SODIUM (PAN) 

Proton pump inhibitors inhibit the gastric H+/K+ - ATPase via covalent binding to 

cysteine residues of the proton pump. All proton pump inhibitors must undergo acid 

accumulation in the parietal cell through protonation, followed by activation mediated 

by a second protonation at the active secretory canaliculus of the parietal cell. 

Pantoprazole Sodium (PAN) is chemically, sodium 5 - (Difluoromethoxy) - 2 - 

{[(3, 4-dimethoxy 2 - pyridinyl) methyl] sulfinyl] - 1 H - benzimidazole. It consists of 

two heterocyclic moieties - a pyridine and a benzimidazole moiety - linked via a 

methylsulfinyl group. PAN is official in IP and USP. IP and USP describe HPLC 

method for its estimation. The review of literature revealed that various analytical 

methods involving Spectrophotometry, HPLC and HPTLC have been reported for PAN 

in pharmaceutical dosage forms and biological fluids individually or in combination 

with other drugs. 

PAN is converted to its active form inside the gastric parietal cells, binding 

irreversibly to the H+ / K+ ATPase. Since this conversion must occur inside the 

parietal - cell canalicular lumen and considering that the pro-drug is labile in the 

stomach environment, the PAN must be absorbed intact by the gastrointestinal tract 

(Cheet et al., 2003; Sachs et al., 2003). In this way, PAN is intravenously administered 

after the reconstitution of lyophilized powder or orally administered as gastric - 

resistant tablets using enteric-coated dosage forms, which prevents PAN from 

degradation in the gastric juice (Avner et al., 2000). 

PAN and tenatoprazole, a novel proton pump inhibitor which has  an imidazo-

pyridine ring  in place of the benzimidazole  moiety found  in other  proton  pump  

inhibitors,  are activated  more slowly than  other  proton  pump  inhibitors  but  their  

inhibition  is  resistant  to  reversal. 

Slow activation is associated with binding to a cysteine residue involved in 

proton transport that is located deep in the membrane. However, this is inaccessible 

to the endogenous reducing agents such as glutathione responsible for restoring H+/ 
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K+-ATPase activity, favoring a  longer duration of gastric acid inhibition. 

PAN has the lowest pKa1 and pKa 2 values of 3.83 and 0.11 respectively. The 

lower pKa1 is associated with lesser nucleophilicity of the pyridine moiety and hence 

slower conversion to the active form of the drug. And also due to lowest pKa 2 (0.11) 

the extent of benzimidazole protonation and hence the rate of activation of PAN will 

be lesser. 

Enteric coatings are those which remain intact in the stomach, but will dissolve 

and release the contents once it reaches the small intestine. Their prime intension is to 

delay the release of drugs which are inactivated by the stomach contents or may cause 

nausea or bleeding by irritation of gastric mucosa. 

Gastric NE-cell tumors in rats may result from chronic elevation of serum 

gastrin concentrations. The high density of ECL cells in the rat stomach makes this 

species highly susceptible to the proliferative effects of elevated gastrin concentrations 

produced by proton pump inhibitors. However, there were no observed elevations in 

serum gastrin following the administration of PAN at a dose of 0.5 mg/kg/day. 

In order to administer PAN by the oral route, polymeric microparticles appear 

to be an interesting device. Despite  the  more  complex and onerous production of 

the multiple-unit systems, microparticles have several advantages in relation to the 

single-unit products, including ready and uniform distribution  in the  gastrointestinal 

tract, minimizing the risk of local damage caused by a dose dumping effect (Lin et 

al., 1991). Furthermore, microparticles are also less affected by the pH and the 

gastric transit time, attain more constant plasma levels, give higher accuracy in 

reproducibility dose by dose and to achieve a slow-release effect (Fu et al., 2001). 

Also a short gastric emptying time results in an incomplete release of the drug from the 

drug delivery system leading to reduced efficacy of the administered dose (Zhang et al., 

2012). 

As with other proton pump inhibitors, PAN has in vitro antibacterial activity 

against Helicobacter pylori, with greater activity against this organism than either 

lansoprazole or omeprazole (Williams and Pounder). 

Administration of omeprazole in a fasting state as a non-enteric-coated 

formulation with a protective alkaline buffer has produced accelerated absorption and a 
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more rapid onset of antisecretory effect than the corresponding conventional enteric-

coated oral formulation (Howden, 2005). An intragastric floating system can remain in 

the stomach, resulting in better drug absorption at the proximal small intestine as well 

as in the stomach (Sato et al., 2003). 

 

1.3.2. STOMACH SPECIFIC DOSAGE FORM FOR PAN 

1.3.2.1. Available stomach specific dosage forms: 

(a) Non enteric coated tablet (fasting state) 

(b) SR Tablet 

(c) Capsule 

(d) Granules 

 

1.3.2.2. Benefits: 

(a) Nocturnal acid breakthrough (NAB) 

(b) Immediate relief via localized action 

(c) Alcoholic gastritis 

(d) Life-style associated gastritis 

(e) Duodenal and gastric ulcer 

(f) Moderate and severe reflux oesophagitis 

(g) Zolinger-Ellison syndrome 

(h) NSAID-associated ulceration 

1.3.2.3. Problems: 

(a) Drug may degrade in gastric acid. 

(b) Gastric residence time of antiulcer drugs in the stomach are so short that effective 

concentration may not be achieved. 

(c) Dosage form gets adhered to the mucous wall, results in incomplete drug release. 

(d) Use of sodium bicarbonate may result in violent gas generation, disintegration of 

dosage form, burst release, dose dumping and alkaline microenvironment 

(Shraddhaa et al., 2007). 
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1.3.2.4. AVAILABLE STOMACH SPECIFIC MARKETED PRODUCTS FOR 

PANTOPRAZOLE SODIUM (PAN): Table 1.4 

Table 1.4: Available stomach specific marketed products of PAN 

Brand Company Pack Composition 

Pantin®FR HETRO HC (GENX) Tab 40 mg + sod. Bio. 

Pantop®Fast ARISTO Tab 20 mg + sod. Bio. 

40 mg + sod. Bio. 

    

1.3.2.5. RESEARCH OBJECTIVE: 

(a) To protect the drug from gastric acid degradation. 

(b) Gastric residence time of the drug could be increased for effective antiulcer 

activity. 

(c)  Leaching out of drug during preparation could be controlled by enteric polymers 

e.g. Eudragit. 

(d) To maintain the intragastric pH above particular threshold values (> 4 or 6). 

(e) To prolong the half-life of the drug for longer duration of action. 

 

1.3.2.6. ABSORPTION WINDOW: Stomach (localized effect) 

1.3.2.6.1. Dosage form selected:  

Gastro retentive non-effervescent floating drug delivery system i.e. microballoons 

 

1.3.2.6.2. Method selected:  

Emulsion-solvent diffusion 

 

1.3.2.6.3. Materials Required: 

(a) Pantoprazole Sodium (PAN): 40 mg 

(b) Crospovidone: 2-5 % 

(c) Sodium citrate: 0.3 - 2.0 % - as a buffering agent 
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(d) Sodium chloride: 5 % w/v - as a channeling agent for porosity (Hamed et al., 

2003) 

(e) Eudragit®E100: 600 - 900 mg - dissolves in acidic pH (1.2 - 6.0) 

(f) Eudragit®RS100: 600 - 900 mg - dissolution is pH independent 

(g) Ethanol: 8 ml 

(h) Isopropanol and dichloromethane: 8 ml- will be of analytical grade.  

(i) Polyvinyl alcohol: 0.75 % w/v - will be used as a dispersing agent  

 

1.3.3. EXTENDED RELEASE DOSAGE FORM FOR PAN 

1.3.3.1. Available extended release dosage forms: 

(a) Enteric coated tablet 

(b) Enteric microspheres 

(c) Enteric-coated granules within capsules 

 

1.3.3.2. Benefits: 

(a) Increases bioavailability due to larger surface area for absorption. 

(b) Gastric residence time of the dosage form could be increased. 

(c) To protect gastric distress or nausea due to irritation from drug. 

(d) To deliver drugs intended for local action in the intestines. 

(e) To deliver drug that are optimally absorbed in the small intestine to their primary 

absorption site in their most concentrated form. 

(f) To provide a delayed release component to repeat actions. 

(g) Protect the drugs from harmful effect of the gastric contents via enteric polymers; 

some of the drugs are prone to be hydrolyzed in acid media (e.g. Esomeprazole, 

omeprazole, pantoprazole). 

 

1.3.3.3. Problems: 

(a) Not much work was done on floating system of the drug.  

(b) Effective plasma concentration is not achieved.  

(c) May result in incomplete absorption due to shorter half- life.  
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(d) Degrades in acidic environment. 

(e) Lowest pKa values - slower activation of drug. 

 

1.3.3.4. Research objective: 

(a) To protect the drug from gastric acid degradation. 

(b) Gastric residence time could be increased by increasing the porosity of the dosage 

form for effective antiulcer activity. 

(c) To prolong the floating capability via hollow microballoons. 

(d) For obtaining the maintenance dose of drug for effective therapeutic activity. 

(e) For better control of fluctuations in plasma drug concentrations. 

(f) Prolonging the half-life for better clinical efficacy. 

 

1.3.3.5. ABSORPTION WINDOW: Small intestine (systemic effect) 

1.3.3.5.1. Dosage form selected:  

Gastro retentive non-effervescent floating drug delivery system i.e, microballoons 

 

1.3.3.5.2. Method selected:  

Emulsion-solvent diffusion method 

 

1.3.3.5.3. Materials Required: 

(a) Pantoprazole Sodium (PAN): 40 mg 

(b) Magnesium stearate: 0.25 to 5 % w/w is of low bulk density and hydrophobic in 

nature (Rania et al., 2007) 

(c) Sodium chloride: 5 % w/v - as a channeling agent for porosity 

(d) Eudragit®L100: 600 - 900 mg - dissolves in pH above 6  

(e) Eudragit®RS100: 600 - 900 mg - dissolution is pH independent 

(f) Ethanol: 8 ml 

(g) Isopropanol and dichloromethane: 8 ml - will be of analytical grade  

(h) Polyvinyl alcohol: 0.75 % w/v - will be used as a dispersing agent  
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1.3.4. AIM OF THE STUDY 

The objective of this work was to develop and investigate the floating drug delivery 

system with a stomach specific as well as extended release profile in order to achieve 

following goals: 

1.  To target the stomach for local action via non-effervescent microballoons using 

hydrophobic polymers 

2. To increase the gastric residence time of the drug thus increasing the 

bioavailability of the drug 

3. Immediate release by disintegrating and solubilising the enteric coat via 

crosspovidone, solubilization and stabilization of the drug by creating alkaline 

conditions via buffering agent such as sodium citrate and the desired porosity 

could be achieved by sodium chloride as a channeling agent.  

4. Preliminary studies: Physicochemical characterization of the drug and excipients: 

(a) Melting point determination 

(b) Solubility studies 

(c) Estimation of the drug by UV spectroscopy 

(d) Preparation of calibration curve 

(e) Differential spectrophotometric method for validation of Pantoprazole Sodium 

5. Preparation of stomach specific microballoons via emulsion-solvent diffusion 

method by use of super disintegrant crospovidone, as the loading dose 

6. Preparation of extended release microballoons via emulsion-solvent diffusion 

method using polymers i.e., Eudragit®L100 and Eudragit®RS100, for the 

maintenance dose 

7. Evaluation Parameters / Characterization of Microballoons: 

 

(A) Evaluation Parameters: 

(a) Recovery or percentage yield 

(b) Optical microscopy 

(c) Percentage swelling (Ps) 

(d) Percentage buoyancy (B %) 



104 

 

(e) Percentage entrapment efficiency (EE %) 

(f) Selection of best formulation and process optimization 

(g) Validation of factorial design 

 

(B) Characterization of optimized microballoons : 

 

(a) Particle size analysis 

(b) Surface morphology - SEM analysis 

(c) Fourier transform infrared spectroscopy (FTIR) 

(d) Differential scanning calorimetry (DSC) 

(e) In vitro drug release studies 

(f) Kinetics of drug release 

(g) In vivo studies 

(h) Stability studies 
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1.4. DRUG PROFILE  

 

 

Drug name:                        Pantoprazole Sodium (PAN) 

 

Chemical name:                 Sodium 5-(Difluoromethoxy)-2-{[(3, 4-dimethoxy 2- 

         pyridinyl) methyl] sulfinyl}-1H-benzimidazole  

 

Molecular formula:           C16H14F2N3NaO4S  

 

Structural formula:                

                                           

                     

                 Fig. 1.9: Chemical structure of Pantoprazole Sodium (PAN)                                                         

Molecular weight:              405.36 g/mol 

 

Description:                        White to off-white crystalline powder. 

 

Category:                             It is a proton pump inhibitor drug used for short-term  

          treatment of erosion and ulceration of the esophagus caused  
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by gastroesophageal reflux disease. 

Dose:                                     40 mg once daily for 2 to 8 weeks 

 

Melting point:                     > 130 o C, because of gradual degradation of Pantoprazole  

Sodium during heating, the melting point cannot be  

determined (Rx list.com). 

 

Route of administration:   Oral, IV 

 

Solubility:                            Water - Freely soluble 

                                  Methanol - Freely soluble 

                                              Dihydrated Alcohol - Freely soluble 

                                              Phosphate buffer pH 7.4 - Very slightly soluble 

                                              n-hexane - Insoluble        

                                              Dichloromethane – Insoluble 

 

Dissociation constant:        pKa (strongest acidic) - 9.15  

                                                   pKa (strongest basic) - 3.55  

        

Mechanism of action:   Pantoprazole is a proton pump inhibitor (PPI) that suppresses  

the final step in gastric acid production by covalently binding 

to the (H+, K+) ATPase enzyme system at the secretory surface 

of the gastric parietal cell. This effect leads to inhibition of 
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both basal and stimulated gastric acid secretion irrespective of 

the stimulus. The binding to the (H+, K+) ATPase results in a 

duration of antisecretory effect that persists longer than 24 

hours for all doses tested (20 mg to 120 mg). 

 

      Pharmacodynamic effect: Pantoprazole is a substituted benzimidazole indicated for the 

short term treatment (up to 16 weeks) in the healing and 

symptomatic relief of erosive esophagitis. Pantoprazole is a 

proton pump inhibitor (PPI) that suppresses the final step in 

gastric acid production. 

      

Pharmacokinetic data: 

       Absorption:                      Cmax is 2.5 mcg/ml (oral) and 5.52 mcg/ml (IV), bioavailability     

is approximately 77 % (oral). Oral administration with food 

may delay absorption up to 2 h or longer.  

         

Distribution:             The apparent volume of distribution (Vd) of pantoprazole is 

approximately 11.0-23.6 L, distributing mainly in extracellular 

fluid. The serum protein binding of pantaprazole is about 98 %, 

primarily to albumin. 

        

Metabolism:           Pantoprazole is extensively metabolized in the liver through the 

cytochrome P450 (CYP) system. Pantoprazole metabolism is 

independent of the route of administration (intravenous or 

oral). The main metabolic pathway is demethylation, by 
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CYP2C19, with subsequent sulfation; other metabolic 

pathways include oxidation by CYP3A4. There is no evidence 

that any of the pantoprazole metabolites have significant 

pharmacologic activity. CYP2C19 displays a known genetic 

polymorphism due to its deficiency in some sub-populations 

(e.g., 3 % of Caucasians and African-Americans and 17-23 % 

of Asians). Although these sub-populations of slow                                            

Pantoprazole metabolizers have elimination half-life values 

from 3.5 to 10.0 hours, they still have minimal accumulation (≤ 

23 %) with once daily dosing.  

 

Excretion:           After administration of a single intravenous dose of 14C-labeled                                       

Pantoprazole to healthy, extensive CYP2C19 metabolizers,                                          

approximately 71 % of the dose was excreted in the urine with 

18 % excreted in the feces through biliary excretion. There was 

no renal excretion of unchanged pantoprazole. 

 

Half life:                           1 hour                               

 

Clearance:                        7.6 -14.0 L/h                                       

 

Peak time (tmax):              2.0 - 2.5 hours 

 

Peak Concentration (Cmax):    2.5 mg/L 
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1.5. EXCIPIENTS PROFILE 

 

1.5.1. EUDRAGIT® POLYMERS  

Eudragit polymers, prepared by free-radical polymerization, are synthetic cationic, 

anionic or neutral polymers of dimethylaminoethyl methacrylates, methacrylic acid, and 

methacrylic acid esters in varying ratios. Several different types are commercially 

available and may be obtained as dry powder, aqueous dispersion, or as organic solution 

(Chang et al., 2009).  

 These polymers are widely used as film formers in application for functional 

pharmaceutical coatings for controlling the release of drugs (Chang and Hsiao, 1989; 

Chang et al., 1989; Pearnchob and Bodmeier, 2003). In addition, they are applied as 

matrix formers in granulation techniques as well as in direct compression (Evonik, 2009; 

Pereira de Souza et al., 2007).  

 Eudragit acrylic resins are harmless and inert compounds, not absorbed in the GIT 

and are resistant to body fluids. They stay for a limited time in the GIT, are excreted 

unchanged, and do not produce degradation products (Evonik, 2009). 

 

1.5.2. Eudragit® RL and RS 

Eudragit®RL and RS, also referred to as ammonio methacrylate copolymers (Fig.1.9), are 

copolymers synthesized from acrylic acid and methacrylic acid esters, with Eudragit®RL 

(Type A) having 10 % of functional quaternary ammonium groups and Eudragit®RS 

(Type B) having 5 % of functional quaternary ammonium groups. The ammonium groups 

are present as salts and cause pH-independent permeability to the polymers. Both 

polymers are water-insoluble. Eudragit®RL films are freely permeable to water and other 

dissolved active substances, while film prepared from Eudragit®RS are only slightly 

permeable to water.  
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Fig.1.10: Chemical structure of Ammonio methacrylate copolymers  

 

 Eudragit®RL100 and RS100 are granular in form and contain ≥ 97 % of the dried 

weight content of the polymer. Eudragit®RL30D and RS30D are 30 % aqueous 

dispersions of copolymers of acrylic acid and methacrylic acid esters with a low content 

of quaternary ammonium groups (Chang et al., 2009). 

 The glass transition temperature (Tg) of Eudragit®RL and RS polymers are as 

high as 70 °C and 65 °C, respectively. While the minimum film formation temperature 

(MFT) of the aqueous dispersions Eudragit®RL30D and RS30D are 40 °C and 45 °C, 

respectively (Evonik, 2009). These polymers require the addition of a plasticizer, usually 

in the range of 5 % to 30 %, calculated on dry polymer mass, to reduce the MFT of 

aqueous dispersion in order to ensure proper film formation and improve film properties 

(Chang et al., 1989; Chang et al., 2009; Skalsky and Petereit et al., 2008). Eudragit 

polymers are categorized according to their ionic nature, pH dependence and solubility 

(Lin et al., 1990, 1991, 1994) as shown in Table 1.5: 
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Table 1.5: Polymer categorization based on their ionic nature, pH and solubility  

Category Ionic 

Nature 

 

pH 

dependence 

Solubility Permeability & 

Swelling 

Eudragit®S100 Anionic Dissolves 

 at pH 7.0 

Methanol, ethanol, isopropyl 

alcohol, acetone, 

- 

Eudragit®L100 Anionic Dissolves 

 at pH 6.0 

Methanol, ethanol, isopropyl 

alcohol, acetone, 

- 

Eudragit®E100 Cationic Dissolves 

 at pH  

1.2- 6.0 

 

As above as well as 

methylene chloride, ethyl 

acetate 

 

- 

Eudragit®RS100 Cationic Independent 

 

As above as well as 

methylene chloride, ethyl 

acetate 

 

Low 

Eudragit®RL100 Cationic Independent 

 

As above as well as 

methylene chloride, ethyl 

acetate 

 

High 

        

1.5.3. Chemical compositions (Raymond, 2008) 

a)  Poly [Butyl methacrylate, (2-dimethylaminoethyl) methacrylate, methyl methacrylate] 

with the ratio 1:2:1, trade names Eudragit®E100, Eudragit®E12.5 and Eudragit®EPO are 

manufactured and marketed by Evonik Industries, Fig.1.11.(a).  

 

b) Poly [Ethyl acrylate, methyl methacrylate] with the ratio 2:1, trade names 

Eudragit®NE30D, Eudragit®NE40D and Eudragit®NM30D are manufactured and 

marketed by Evonik Industries, Fig.1.11. (b). 

  

c) Poly [methacrylic acid, methyl methacrylate] with the ratio 1:1, trade names 

Eudragit®L100, Eudragit®L12.5 and Eudragit®L12.5P are manufactured and marketed by 

Evonik Industries, Fig.1.11.(c). 
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d) Poly [methacrylic acid, ethyl acrylate] with the ratio 1:1, trade names Acryl-EZE, 

Acryl-EZE 93A and Acryl-EZE MP are manufactured and marketed by Colorcon. Trade 

names Eudragit®L30D55 and Eudragit®L10055 by Evonik Industries, trade name 

Eastacryl®30D by Eastman Chemical and with trade names Kollicoat®MAE 30DP and 

Kollicoat®MAE 100P by BASF Fine Chemicals, Fig.1.11.(d). 

 

e) Poly [methacrylic acid, methyl methacrylate] with the ratio 1:2, trade names 

Eudragit®S100, Eudragit®S12.5 and Eudragit®S12.5P are manufactured and marketed by 

Evonik Industries, Fig.1.11.(e). 

 

f) Poly [Methyl acrylate, methyl methacrylate, methacrylic acid] with the ratio 7:3:1, 

trade name Eudragit®FS30D are manufactured and marketed by Evonik Industries, 

Fig.1.11.(f). 

 

g) Poly [Ethyl acrylate, methyl methacrylate, trimethylammonioethyl methacrylate 

chloride] with the ratio 1:2:0.2, trade names Eudragit®RL100, Eudragit®RLPO, Eudragit® 

RL30D and Eudragit®RL12.5 are manufactured and marketed by Evonik Industries, 

Fig.1.11.(g). 

 

h) Poly [Ethyl acrylate, methyl methacrylate, trimethylammonioethyl methacrylate 

chloride] with the ratio 1:2:0.1, trade names Eudragit®RS100, Eudragit®RSPO, 

Eudragit®RS30D and Eudragit®RS12.5 are manufactured and marketed by Evonik 

Industries, Fig.1.11.(h). (Table 1.6) 
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Fig 1.11: Chemical structures and IUPAC names of polymethacrylates 
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Table 1.6: Chemical name, trade name and company name of Polymethacrylates 

  

S.No. Chemical name Polymer 

Ratio 

Trade name® Company 

name 

Company 

address 

1. Poly[Butyl 

methacrylate, (2-

dimethylaminoethyl) 

methacrylate, methyl 

methacrylate] 

1:2:1 Eudragit E 100 

Eudragit E 12.5 

Eudragit E PO 

Evonik 

Industries 

Essen,Germany 

2. Poly[Ethyl acrylate, 

methyl methacrylate] 

2:1 Eudragit NE 30 

D 

Eudragit NE 40 

D 

Eudragit NM 30 

D 

Evonik 

Industries 

Essen,Germany 

3. Poly[methacrylic acid, 

methyl methacrylate] 

1:1 Eudragit L 100 

Eudragit L 12.5 

Eudragit L 12.5 

P 

Evonik 

Industries 

Essen,Germany 

4. Poly[methacrylic acid, 

ethyl acrylate] 

1:1 Acryl-EZE Colorcon Pennsylvania, 

U.S. 

Acryl-EZE 93A Colorcon Pennsylvania, 

U.S. 

Acryl-EZE MP Colorcon Pennsylvania, 

U.S. 

Eudragit L 30 

D-55  

Evonik 

Industries 

Essen,Germany 

Eudragit L 100-

55 

Evonik 

Industries 

Essen,Germany 

Eastacryl 30 D Eastman 

Chemical 

Kingsport, 

Tennessee, 

U.S. 

Kollicoat MAE 

30 DP 

BASF Fine 

Chemicals 

Ludwigshafen, 

Germany 

Kollicoat MAE 

100 P 

BASF Fine 

Chemicals 

Ludwigshafen, 

Germany 

5. Poly[methacrylic acid, 

methyl methacrylate] 

1:2 Eudragit S 100 

Eudragit S 12.5 

Eudragit S 12.5 

P 

Evonik 

Industries 

Essen,Germany 

6. Poly[Methyl acrylate, 

methyl methacrylate, 

methacrylic acid] 

7:3:1 Eudragit FS 30 

D 

Evonik 

Industries 

Essen,Germany 

7. Poly[Ethyl acrylate, 

methyl methacrylate, 

1:2:0.2 Eudragit RL 

100 

Evonik 

Industries 

Essen,Germany 
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trimethylammonioethyl 

methacrylate chloride] 

Eudragit RL PO 

Eudragit RL 30 

D 

Eudragit RL 

12.5 

8. Poly[Ethyl acrylate, 

methyl methacrylate, 

trimethylammonioethyl 

methacrylate chloride] 

1:2:0.1 Eudragit RS 

100 

Eudragit RS PO 

Eudragit RS 30 

D 

Eudragit RS 

12.5 

Evonik 

Industries 

Essen,Germany 

Foot note: Refer to Raymond, 2008 

 

1.5.4. Pharmaceutical applications and description  

They are primarily used as film forming agent, tablet binders and tablet diluents etc. 

(Table 1.7). Eudragit®E12.5 is available as organic solution, as a 12.5 % solution in 

propanol-acetone (60:40). It is light yellowish in color, soluble in gastric pH below 5, 

used as a film coating agent. It is miscible in acetone-alcohols, dichloromethane, ethyl 

acetate, 1N HCl and petroleum ether. Eudragit®E100 targeted area is stomach and it 

consists of colorless to yellow tinged granules with a characteristic amine-like odor. It 

has low viscosity, high pigment binding capacity, good adhesion and low polymer weight 

gain. It is soluble in gastric pH below 5 and solvents like acetone-alcohols, 

dichloromethane and ethyl acetate. Eudragit®EPO is available as white free-flowing 

powder forms 98 % ready to use solutions in acetone and alcohols. Both are soluble in 

gastric pH below 5 and used as a film coating material. 

Eudragit®L12.5P and Eudragit®L12.5 supplied as organic solution, as a 12.5 % 

ready to use solution in acetone and alcohols, used as an enteric coating agent. Their film 

coats are resistant to gastric media but soluble in intestinal fluids above pH 6 and shows 

miscibility in acetone-alcohols, dichloromethane, ethyl acetate and 1N NaOH. 

Eudragit®L100 is a solid substance in form of a white powder with a faint characteristic 

odor, ready to use as a 95 % solution in acetone and alcohols and also shows solubility in 

1N NaOH, used as an enteric coating agent with solubility in intestinal fluids above pH 6. 

Its targeted drug release area is jejunum. It has effective and stable enteric coatings with a 

fast dissolution in the upper bowel. It does granulation of drug substances in powder form 
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for controlled release. It also shows variable release profiles and site specific drug 

delivery in intestine in combination with Eudragit®S grades. Eudragit®L100-55 is also 

available as a powder with 95 % ready to use solution in acetone and alcohols and shows 

solubility in 1N NaOH. Soluble in intestinal fluids above pH 5.5, used to form enteric 

coat films. Eudragit®L 30D55 is supplied as aqueous dispersion with 30% solution in 

water having solubility in intestinal fluids above pH 5.5, used to make enteric coats. It 

shows miscibility in acetone-alcohols, 1N HCl and petroleum ether. Eudragit®S12.5P and 

Eudragit®S12.5 are supplied as organic solution with 12.5 % ready to use solution in 

acetone and alcohols. It is soluble in intestinal fluid above pH 7 and used as an enteric 

coating polymer. They show miscibility in acetone-alcohols, dichloromethane, ethyl 

acetate and 1N NaOH. Eudragit®S100 is soluble in intestinal fluid above pH 7, soluble in 

solvents like acetone-alcohols and 1N NaOH. Available in the form of powder and its 

targeted drug release area is colon. It does granulation of drug substances for controlled 

release, effective and stable enteric coatings with a fast dissolution in the upper bowel. It 

shows variable release profiles with site specific drug delivery in intestine in combination 

with Eudragit®S grades (Raymond, 2008).  

Eudragit®FS30D is supplied in aqueous dispersion form with 30 % ready to use 

dispersion in water. It is used as an enteric coating polymer with dissolution in intestinal 

fluid above pH 7. The ammonium groups in Eudragit®RL and RS provides pH-

independent permeability to the polymers. Both polymers are water-insoluble. 

Eudragit®RL films are freely permeable to water and other dissolved active substances, 

while films prepared from Eudragit® RS are only slightly permeable to water. Eudragit® 

RL100 and RS100 are granular in form with a low content of quaternary ammonium 

groups (Chang et al., 1989). Eudragit® RL 12.5, Eudragit® RL 100, Eudragit® RL PO and 

Eudragit®RL30D shows high permeability and sustained release profiles. 

Eudragit®RL12.5 is available as organic solution with 12.5 % solution in acetone and 

alcohols, miscibility in dichloromethane, ethyl acetate and water. Eudragit®RL100 is a 

solid substance in form of colorless, clear to cloudy granules with a faint amine-like odor 

and forms 97 % solution in acetone and alcohols and also shows solubility in solvents 

like dichloromethane and ethyl acetate. Eudragit®RLPO is a solid substance in form of 

white powder with a faint amine-like odor with 97 % solution in acetone and alcohols, 
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solvents like dichloromethane and ethyl acetate and Eudragit®RL30D is a milky-white 

liquid of low viscosity with a faint characteristic odor. Eudragit®RL30D as aqueous 

dispersion with 30 % ready to use in water and miscibility in solvents like acetone and 

alcohols, dichloromethane, ethyl acetate and water.  

Eudragit®RS12.5, Eudragit®RS100, Eudragit®RSPO and Eudragit®RS30D shows 

low permeability and sustained release profiles. Eudragit®RS12.5 is available as organic 

solution with 12.5 % solution in acetone and alcohols and shows miscibility in 

dichloromethane, ethyl acetate and water. Eudragit®RS100 is a solid substance in form of 

colorless, clear to cloudy granules with a faint amine-like odor and forms 97 % solution 

in acetone and alcohols and also soluble in solvents like dichloromethane and ethyl 

acetate. The ammonium groups are present as salts and make the polymers permeable.  

Eudragit®RSPO is available as powder with 97 % solution in acetone and alcohols and 

soluble in solvents like dichloromethane and ethyl acetate. Eudragit®RS30D as aqueous 

dispersion with 30 % ready to use in water and solvents like acetone and alcohols, 

dichloromethane, ethyl acetate and water.  

Eudragit®NE30D and Eudragit®NE40D are available as 30 % and 40 % aqueous 

dispersion in water. Both shows swellable and permeable behavior and are used as 

sustained release polymers in tablet matrix. The dispersions are milky-white liquids of 

low viscosity and have a weak aromatic odor. So the films produced are insoluble in 

water, but gives pH-independent drug release. Eudragit®NM30D is of identical monomer 

composition to Eudragit®NE30D. It shows swellable and permeable behavior and is used 

as sustained release polymer in tablet matrix. 

In Eastacryl®30D and Kollicoat®MAE 30DP the ratio of free-carboxyl groups to 

ester groups is 1:1. Films formed dissolves above pH 5.5; forming salts with alkali, thus 

film formed are insoluble in gastric media but soluble in the small intestine. They both 

show miscibility in acetone and alcohols, 1N NaOH and water. Acryl®EZE, Acryl®EZE 

93A and Acryl®EZE MP are commercially available as re-dispersible powder forms, 

which are used as enteric coat polymers in case of tablets and beads and are solubilized in 

intestinal fluid above pH 5.5. They are soluble in solvents acetone and alcohols and 1N 

NaOH. 
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Table 1.7: Properties and uses of commercially available polymethacrylates 

S.No. Grade® Supply 

form 

Polymer 

dry 

weight 

content 

(% w/w) 

Recomme-

nded 

solvents or 

diluents 

Solubility/ 

Permeability 

Applications 

1. Eudragit® 

E 12.5 

Organic 

solution 

12.5 % Acetone, 

Alcohols 

Solution in gastric 

fluid to pH 5 

Film coating 

2. Eudragit® 

E 100 

Granules 98 % Acetone, 

Alcohols 

Solution in gastric 

fluid to pH 5 

Film coating 

3. Eudragit® 

E PO 

Powder 98 % Acetone, 

Alcohols 

Solution in gastric 

fluid to pH 5 

Film coating 

4. Eudragit® 

L 12.5 P 

Organic 

solution 

12.5 % Acetone, 

Alcohols 

Solution in intestinal 

fluid from pH 6 

Enteric 

coatings 

5. Eudragit® 

L 12.5 

Organic 

solution 

12.5 % Acetone, 

Alcohols 

Solution in intestinal 

fluid from pH 6 

Enteric 

coatings 

6. Eudragit® 

L 100 

Powder 95 % Acetone, 

Alcohols 

Solution in intestinal 

fluid from pH 6 

Enteric 

coatings 

7. Eudragit® 

L 100-55 

Powder 95 % Acetone, 

Alcohols 

Solution in intestinal 

fluid from pH 5.5 

Enteric 

coatings 

8. Eudragit® 

L 30 D-55 

Aqueous 

dispersion 

30 % Water Solution in intestinal 

fluid from pH 5.5 

Enteric 

coatings 

9. Eudragit® 

S 12.5 P 

Organic 

solution 

12.5 % Acetone, 

Alcohols 

Solution in intestinal 

fluid from pH 7 

Enteric 

coatings 

10. Eudragit® 

S 12.5 

Organic 

solution 

12.5 % Acetone, 

Alcohols 

Solution in intestinal 

fluid from pH 7 

Enteric 

coatings 

11. Eudragit® 

S 100 

Powder 95 % Acetone, 

Alcohols 

Solution in intestinal 

fluid from pH 7 

Enteric 

coatings 

12. Eudragit® 

FS 30 D 

Aqueous 

dispersion 

30 % Water Solution in intestinal 

fluid from pH 7 

Enteric 

coatings 

13. Eudragit® 

RL 12.5 

Organic 

solution 

12.5 % Acetone, 

Alcohols 

High permeability Sustained 

release 

14. Eudragit®  

RL 100 

Granules 97 % Acetone, 

Alcohols 

High permeability Sustained 

release 

15. Eudragit®  

RL PO 

Powder 97 % Acetone, 

Alcohols 

High permeability Sustained 

release 

16. Eudragit®  

RL 30 D 

Aqueous 

dispersion 

30 % Water High permeability Sustained 

release 

17. Eudragit® 

RS 12.5 

Organic 

solution 

12.5 % Acetone, 

Alcohols 

Low permeability Sustained 

release 

18. Eudragit®  

RS 100 

Granules 97 % Acetone, 

Alcohols 

Low permeability Sustained 

release 

19. Eudragit®  

RS PO 

Powder 97 % Acetone, 

Alcohols 

Low permeability Sustained 

release 

20. Eudragit®  Aqueous 30 % Water Low permeability Sustained 
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 Foot note: Refer to Raymond, 2009 

 

1.5.5. Crospovidone  

Chemical name:  1-Ethenyl-2-pyrrolidinone homopolymer 

Functional category: Tablet disintegrant 

Acidity/alkalinity: pH = 5.0 - 8.0 (1 % w/v aqueous slurry) 

Density: 1.22 g / cm3 

Solubility: Practically insoluble in water and most   

common organic solvents 

Stability and storage: Since crospovidone is hygroscopic, it 

should be stored in an airtight container in 

a cool, dry place (Raymond, 2009) 

Crospovidone is a water-insoluble tablet disintegrant and dissolution agent used at 2-5 

% concentration in tablets prepared by direct compression or wet and dry granulation 

RS 30 D dispersion release 

21. Eudragit® 

NE 30 D 

Aqueous 

dispersion 

30 % Water Swellable, permeable Sustained 

release, 

tablet matrix 

22. Eudragit®  

NE 40 D 

Aqueous 

dispersion 

40 % Water Swellable, permeable Sustained 

release, 

tablet matrix 

23. Eudragit® 

NM 30 D 

Aqueous 

dispersion 

30 % Water Swellable, permeable Sustained 

release, 

tablet matrix 

24. Eastacryl® 

30 D 

Aqueous 

dispersion 

30 % Water Solution in intestinal 

fluid from pH 5.5 

Enteric 

coatings 

25. Kollicoat® 

MAE 30 

DP 

Aqueous 

dispersion 

30 % Water Solution in intestinal 

fluid from pH 5.5 

Enteric 

coatings 

26. Kollicoat® 

MAE 100 

P 

Powder 95 % Acetone, 

Alcohols 

Solution in intestinal 

fluid from pH 5.5 

Enteric 

coatings 

27. Acryl®-

EZE 

Powder 95 % Acetone, 

Alcohols 

Solution in intestinal 

fluid from pH 5.5 

Enteric 

coatings 

28. Acryl®-

EZE 93 A 

Powder 95 % Acetone, 

Alcohols 

Solution in intestinal 

fluid from pH 5.5 

Enteric 

coatings 

29. Acryl®-

EZE MP 

Powder 95 % Acetone, 

Alcohols 

Solution in intestinal 

fluid from pH 5.5 

Enteric 

coatings 
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methods. It rapidly exhibits high capillary activity and pronounced hydration capacity, 

with little tendency to form gels. Studies suggest that the particle size of crospovidone   

strongly influences disintegration of analgesic tablets. Larger particles provide a faster 

disintegration than smaller particles. Crospovidone can also be used as a solubility 

enhancer.  With the technique of co-evaporation, crospovidone can be used to enhance 

the solubility of poorly soluble drugs. The drug is adsorbed on to crospovidone in the 

presence of a suitable solvent and the solvent is then evaporated. This technique results 

in faster dissolution rate. 

 

Description 

Crospovidone is a white to creamy-white, finely divided, free-flowing, practically 

tasteless, odorless or nearly odorless, hygroscopic powder. In order to improve the release 

profile of the formulations, concentration of crospovidone was increased. Crospovidone 

acts as a swelling agent, which is capable of swelling greater than its original volume and 

preferably to at least twice its original volume when coming into contact with an aqueous 

fluid, such as gastrointestinal fluid. The swelling agent, swells to several times its original 

volume in water, exhibits a controlled swelling in the presence of water-soluble hydrophilic 

polymers (Talwar et al., 2001). 

 

1.5.6. Sodium citrate dihydrate 

 

Chemical name: Trisodium 2-hydroxypropane 1, 2, 3-

tricarboxylate dehydrate 

Functional category: Alkalizing agent, buffering agent, 

emulsifying agent, sequestering agent 

 

Applications in pharmaceutical formulation or technology  

Sodium citrate, as either dihydrates or anhydrous materials, is widely used in 

pharmaceutical formulations. It is used in food products, primarily to adjust the pH of 

solutions. It is also used as a sequestering agent. The anhydrous material is used in 

effervescent tablet formulations. Sodium citrate is additionally used as a blood 
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anticoagulant either alone or in combination with other citrates such as disodium 

hydrogen citrate. Therapeutically, sodium citrate is used to relieve the painful irritation 

caused by cystitis, and also to treat dehydration and acidosis due to diarrhoea (Table 

1.8). 

 

Table 1.8: Uses of sodium citrate dihydrate 

S.No. Use Concentration (%) 

1. Buffering agent 0.3 – 2.0 

2. Injections 0.02 – 4.0 

3. Ophthalmic solutions 0.1 – 2.0 

4. Sequestering agent 0.3 – 2.0 

 

Description 

Sodium citrate dihydrate consists of odorless, colorless, monoclinic crystals, or a white 

crystalline powder with a cooling, saline taste. It is slightly deliquescent in moist air, and 

in warm dry air it is efflorescent. Although most pharmacopeias specify that sodium 

citrate is the dihydrate, the USP 32 states that sodium citrate may be either the dihydrate 

or anhydrous material (Raymond, 2008). 

 

Typical properties 

Acidity/alkalinity pH: 7.0 - 9.0 (5 % w/v aqueous solution) 

Density (bulk): 1.12 g / cm3 

Density (tapped): 0.99 g/cm3 

Density (true): 1.19 g / cm3 

Melting point: Converts to the anhydrous form at 150 ºC 

Osmolarity: A 3.02 % w/v aqueous solution is iso-

osmotic with serum 

Particle size distribution: Various grades of sodium citrate dihydrate 

with different particle sizes are 

commercially available 

Solubility: Soluble 1 in 1.5 of water, 1 in 0.6 of 

boiling water; practically insoluble in 

ethanol (95 %) 
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1.5.7. Sodium chloride  

 

Molecular weight:     58.44 

Functional category: Tablet and capsule diluent; tonicity agent 

 

Applications in pharmaceutical formulation or technology  

Sodium chloride is widely used in a variety of parenteral and non-parenteral 

pharmaceutical formulations, where the primary use is to produce isotonic solutions. 

Sodium chloride has been used as a lubricant and diluent in capsules and direct-

compression tablet formulations in the past, although this practice is no longer common.  

Sodium chloride has also been used as a channeling agent and as an osmotic agent in the 

cores of controlled-release tablets. It has been used as a porosity modifier in tablet 

coatings, and to control drug release from microcapsules (Table 1.9). 

 The addition of sodium chloride to aqueous spray-coating solutions containing   

hydroxypropyl cellulose or hypromellose suppresses the agglomeration of crystalline 

cellulose particles. Sodium chloride can also be used to modify drug release from gels 

and from emulsions. It can be used to control micelle size, and to adjust the viscosity of 

polymer dispersions by altering the ionic character of a formulation (Raymond, 2008). 

 

Description  

Sodium chloride occurs as a white crystalline powder or colorless crystals; it has a 

saline taste. The crystal lattice is a face-centered cubic structure. Solid sodium chloride 

contains no water of crystallization although, below 0 ºC, salt may crystallize as a 

dihydrate. 
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Table 1.9: Uses of sodium chloride 

S.No. Use Concentration (%) 

1. Capsule diluents 10 – 80 

2. Controlled flocculation of suspensions 41 

3. Direct compression tablet diluents 10 – 80 

4. To produce isotonic solutions in intravenous or ophthalmic 

preparations 

40.9 

5. Water soluble tablet lubricant 5 – 20 

 

Typical properties: 

Acidity/alkalinity:  pH = 6.7-7.3 (saturated aqueous solution) 

Angle of repose:      38 º for cubic crystals 

Boiling point:            1413 º C 

Density:                    2.17 g / cm3;   1.20 g / cm3   for saturated aqueous solution. 

Density (bulk):        0.93 g / cm3 

Density (tapped):       1.09 g / cm3 

Dielectric constant:   5.9 at 1 MHz 

 

1.5.8. Magnesium stearate 

 

Structural Formula:  [CH3 (CH2)16COO]2 Mg 

Functional category: Tablet and capsule lubricant 

 

Applications in pharmaceutical formulation or technology  

Magnesium stearate is widely used in cosmetics, foods, and pharmaceutical 

formulations. It is primarily used as a lubricant in capsule and tablet manufacture at 

concentrations between 0.25 % and 5.0 % w/w. 
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Description 

Magnesium stearate is a very fine, light white, precipitated or milled, impalpable powder 

of low bulk density, having a faint odor of stearic acid and a characteristic taste. The 

powder is greasy to touch and readily adheres to the skin. 

 

Density (true): 1.092 g / cm3 

Flow ability: Poorly flowing, cohesive powder 

Melting range: 117-150 ºC 

Solubility: Practically insoluble in ethanol, ethanol (95 %), ether and water; 

slightly soluble in warm ethanol (95 %) 
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CHAPTER 2 

 

2.0. MATERIALS AND METHODS 

2.1. MATERIALS    

Table 2.1: List of materials used 

S.NO. NAME OF MATERIAL NAME AND ADDRESS OF 

MANUFACTURER 

1. Pantoprazole Sodium (PAN) Akum Drugs (Haridwar, India) 

2. Crospovidone Cachet pharma (bhiwadi, Raj. India) 

3. Eudragit® E, L & and RS 100 Evonic Pvt. Ltd. (Mumbai, India) 

4. Ethanol S.D Fine-chemicals Pvt. Ltd. (Mumbai, 

India) 

5. Dichloromethane S.D Fine-chemicals Pvt. Ltd. (Mumbai, 

India) 

6. Polyvinyl alcohol Qualikems Fine Chemicals Pvt. Ltd. (New 

Delhi, India) 

7. Sodium citrate Loba-Chemie Pvt. Ltd (Mumbai, India) 

8. Sodium chloride Loba-Chemie Pvt. Ltd (Mumbai, India) 

9. Magnesium stearate Loba-Chemie Pvt. Ltd (Mumbai, India) 

10. Dibutyl phthalate (DBT) Loba-Chemie Pvt. Ltd (Mumbai, India) 

  11. Concentrated Hydrochloric acid  Loba-Chemie Pvt. Ltd (Mumbai, India) 

12. Sodium Hydroxide pellets  Loba-Chemie Pvt. Ltd (Mumbai, India) 

13. Pantop®40 Tab, Pantop®Fast 

 

Aristo Pharmaceutical Pvt. Ltd. Mumbai, 

India 
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Table 2.2: List of equipments used 

S.NO. STUDY NAME OF EQUIPMENT SOURCE 

1. UV 

Spectrophotometry 

Double-beam UV 

spectrophotometer-2203 

Systronics Pvt. Ltd. 

(Ahmedabad, Gujarat, 

India) 

2. Differential scanning 

calorimetry (DSC) 

NETZSCH DSC 200F3 240-20-

427-L 

USA 

3. Scanning electron 

microscopy (SEM) 

JEOL 5400 Kyoto, Japan 

4. Fourier transform 

infrared spectroscopy 

(FTIR) 

IR-Thermo Nicklet 380 US USA 

5. Optimization Design Expert®9.0.3 & 9.0.6 Stat-Ease Inc., USA 

6. In vivo Graph pad prism®version-6.05 GraphPad Software, Inc., 

La Jolla, USA 

7. Analytical balance Keroy KRT-600 

 

Sarkaripura, Manduadih, 

Varanasi, India 

8. Sonication Sonicator Trans-o-sonic, 

Mulund(west), Mumbai, 

Maharashtra 

9. Dissolution rate Dissolution rate test apparatus 

USP 

Hicon®, Grover 

enterprises, Delhi, India 

10. Melting point Digital melting point apparatus HexaPlast, Ghodasar, 

Ahmedabad, Gujarat, 

India 

 

 

 

 



148 

 

2.2. METHODS 

 

2.2.1. PHYSICOCHEMICAL CHARACTERIZATION OF PANTOPRAZOLE 

SODIUM (PAN) 

2.2.1.1. MELTING POINT DETERMINATION  

Melting point of the drug was determined by taking a small amount of drug in a 

capillary tube closed at one end and then it was placed in digital melting point 

apparatus, the temperature at which the drug melts was noted down and compared with 

the literature value ( >130 oC). 

 

2.2.1.2. SOLUBILITY STUDIES  

The solubility of PAN was determined in distilled water, methanol, dihydrated 

alcohol, n-hexane, dichloromethane and phosphate buffer pH 7.4. Triplicate readings 

and their average was taken.  

            

2.2.1.3. UV SPECTROPHOTOMETRIC STUDY 

Stock solution of Pantoprazole Sodium (PAN) (10 µg/ml) is prepared in distilled water, 

methanol, 0.1 N HCl, phosphate buffer pH 6.8 and 7.4, scanned in the range 200-400 nm 

using double beam spectrophotometer - 2203 (systronics). The λmax of PAN in all stock 

solutions was found and compared with the literature values. 

 

2.2.1.4. PREPARATION OF STANDARD STOCK SOLUTION 

Standard stock solution of PAN was prepared by dissolving 100 mg of PAN in 100 ml 

distilled water in 100 ml volumetric flask, sonicated for 15 min to get the concentration 

of 1000 µg/ml. From the standard solution 10 ml is taken and transferred in 100 ml 

volumetric flask and the final volume was made up to the mark to get the concentration 

of 100 µg/ml. 
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2.2.1.5. PREPARATION OF MEDIUM 

2.2.1.5.1. PREPARATION OF 0.1 N HCl (pH 3 & 4.5) 

For the preparation 0.85 ml of concentrated hydrochloric acid was taken in 100 ml 

volumetric flask and the dilution was made with double distilled water up to the mark. 

The pH of the medium was adjusted with 0.1 N NaOH to get the desired pH of 3 and 4.5. 

 

2.2.1.5.2. PHOSPHATE BUFFER SOLUTIONS OF pH 6.8 AND 7.4 

Dissolve 2.78 g of sodium dihydrogen phosphate and 5.3 g of disodium hydrogen 

phosphate (0.2 M) separately in 100 ml distilled water. 39 ml of sodium dihydrogen 

phosphate solution is added to 61 ml of disodium hydrogen phosphate solution and 

finally the volume is made up to 200 ml with distilled water in volumetric flask. 

Standardize pH meter with standard buffer and the washed electrode was introduced in 

the prepared buffer solutions. The desired pH of 6.8 and 7.4 is obtained by adjusting the 

pH with freshly prepared solutions of 1N HCl and 5 N NaOH (Indian Pharmacopoiea, 

2010). 

 

2.2.1.6. CALIBRATION CURVES OF PANTOPRAZOLE SODIUM (PAN) 

2.2.1.6.1. STANDARD PLOT OF PAN IN DISTILLED WATER  

The calibration curve of PAN was prepared in the concentration range of 20-100 µg/ml in 

distilled water. The absorbance value of the respective concentrations was found out. The 

data was plotted with standard deviation and the calibration curve was obtained. 

 

2.2.1.6.2. STANDARD PLOT OF PAN IN METHANOL  

The calibration curve of PAN was prepared in the concentration range of 10-50 µg/ml in 

methanol. The absorbance values of the respective concentrations are found out and 

tabulated. The data was plotted with standard deviation and the calibration curve was 

made. 
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2.2.1.6.3. STANDARD PLOT OF PAN IN 0.1 N HCl  

The calibration curve of PAN was prepared in the concentration range of 10-50 µg/ml in 

0.1 N HCl. The absorbance values of the respective concentrations was determined and 

tabulated. The data was plotted with standard deviation and the calibration curve was 

obtained. 

 

2.2.1.6.4. STANDARD PLOT OF PAN IN PHOSPHATE BUFFER pH 6.8 

The calibration curve of PAN was prepared in the concentration range of 10-50 µg/ml in 

phosphate buffer solution pH 6.8. The absorbance values of the respective concentrations 

was determined and tabulated. The data was plotted with standard deviation and the 

calibration curve was obtained. 

 

2.2.1.6.5. STANDARD PLOT OF PAN IN PHOSPHATE BUFFER pH 7.4 

The calibration curve of PAN was prepared in the concentration range of 20-100 µg/ml in 

buffer solution pH 7.4. The absorbance values of the respective concentrations was found 

out and tabulated. The data was plotted with standard deviation and the calibration curve 

was obtained. 

 

2.2.2. DIFFERENTIAL SPECTROPHOTOMETRIC METHOD FOR 

VALIDATION OF PANTOPRAZOLE SODIUM 

 

2.2.2.1. EXPERIMENTAL CONDITIONS  

The solubility characteristics study was carried out between 25-30 o C using double 

distilled water as the common solvent. 
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2.2.2.2. MEDIUM PREPARATIONS 

 

2.2.2.2.1. PREPARATION OF 0.1 N HCl  

Take 0.85 ml of concentrated hydrochloric acid in 100 ml volumetric flask dilute it 

with 20 ml double distilled water and volume was made up to the mark. 

 

2.2.2.2.2. PREPARATION OF 0.1 N NaOH  

Take 0.4 g of sodium hydroxide pellets in 100 ml volumetric flask dissolved with 20 

ml double distilled water and final volume was made up to the mark. 

 

2.2.2.2.3. PREPARATION OF STANDARD STOCK SOLUTIONS 

Standard stock solutions of PAN were prepared by dissolving 100 mg of PAN in 100 

ml 0.1 N HCl as well as in 0.1 N NaOH solutions placed in 100 ml volumetric flask, 

sonicated for 15 min to get the concentration of 1000 µg/ml. From the standard 

solution 10 ml is taken and transferred in 100 ml volumetric flask and the final volume 

was made up to the mark to get the concentration of 100 µg/ml. 

 

2.2.2.3. DIFFERENTIAL SPECTROPHOTOMETRIC METHOD 

From the stock solutions of PAN 100 µg/ml, take 1 ml each in two 10 ml volumetric 

flasks and then make up the volume in one with 0.1 N HCl and in another with 0.1 N 

NaOH up to 10 ml. Then spectra was scanned between 200-400 nm for finding out the 

maxima and minima by keeping 0.1 N HCl in reference cell and 0.1 N NaOH in sample 

cell (Pandya et al., 2012 ; Rajnish et al., 2011). 
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2.2.2.3.1. METHOD DEVELOPMENT 

This differential spectroscopic method was based on difference in absorbance. By 

placing PAN dilution in 0.1 N NaOH in sample cell and another PAN dilution in 0.1 N 

HCl in reference cell and the differential absorption spectra was recorded.  

 

2.2.2.4. VALIDATION PARAMETERS 

The proposed method is validated as per the International Conference on Harmonization 

(ICH) guidelines. 

 

2.2.2.4.1. LINEARITY 

Aliquots of 0.5 ml, 1 ml, 1.5 ml, 2 ml and 2.5 ml were taken from 100 µg/ml stock 

solution and transferred in to 10 ml volumetric flask and volume was adjusted to the 

mark with 0.1 N HCl and 0.1 N NaOH that gave 5, 10, 15, 20 and 25 µg/ml solutions. 

Calibration curve was obtained by plotting differential absorbance against 

concentrations. Regression analysis was done for the slope, intercept and correlation 

coefficient values. 

 

2.2.2.4.2. LINEARITY RANGE 

Calibration curve was plotted in the concentration range 5-25 µg/ml. The regression 

analysis was done to find out the relationship between difference absorbance and 

concentration. 

 

2.2.2.4.3. SENSITIVITY 

Limit of detection (LOD) and limit of quantification (LOQ) parameters were 

calculated, in accordance with ICH guidelines, as 3.3 σ/S and 10 σ/S respectively; 
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where σ is the standard deviation of the response and S is the slope of the calibration 

plot.   

 

2.2.2.4.4. SELECTIVITY / SPECIFICITY 

A standard spectrum of PAN was compared with the spectra obtained from tablet 

samples. From the spectra wavelength of maximum absorbance and maxima/minima 

was found out and compared. 

  

2.2.2.4.5. ACCURACY 

The accuracy of the method was performed by calculating percentage recovery of PAN 

by standard addition method. In this a known amount of PAN was added in to pre-

analyzed sample of PAN tablets. Study was repeated six times for determining the 

precision of the method and percentage recovery was found out. 

 

2.2.2.4.6. PRECISION 

The intra-day and inter-day precision of the proposed method was done by analyzing 

the corresponding responses three times on the same day and on three different days 

over a period of one week, for three different concentrations of standard solutions of 

PAN (5, 10 and 15 µg/ml). The results were reported in terms of relative standard 

deviation (% RSD). 

 

2.2.2.5. ESTIMATION OF PAN IN TABLET DOSAGE FORM (PANTOP®40) 

Average weight of 10 tablets were taken and ground in a mortar with the help of pestle. 

An amount of powder equivalent to 40 mg of PAN was transferred in to 100 ml 

volumetric flasks and the volume was adjusted in one with 0.1 N HCl and in another with 

0.1 N NaOH. The contents in both the flasks were sonicated for 10 min and filtered 
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through whatman No.1 filter paper. The contents in both was shaken and made up to the 

mark with respective solutions and scanned between 200-400 nm. 

  Aliquots of 0.5 ml, 1 ml, 1.5 ml, 2 ml and 2.5 ml were taken from the stock 

solution and transferred in to 10 ml volumetric flask and then volume was adjusted to the 

mark with 0.1 N HCl and 0.1 N NaOH that gives 5, 10, 15, 20 and 25 µg/ml solutions. 

The difference absorbance between the acidic and basic solution was measured at 308 nm 

and 390 nm by placing acidic solution as reference and basic solution as sample. 

Calibration curve was obtained by plotting differential absorbance against concentrations. 

Regression analysis was done for the slope, intercept and correlation coefficient value 

and is compared with the bulk for validation. 

Limit of detection (LOD) and limit of quantification (LOQ) parameters were 

calculated with the help of linearity data, in accordance with ICH guidelines. The 

accuracy was determined by determining the percentage recoveries at three different 

levels. The inter-day and intra-day precision study at 5, 10 and 15 µg/ml was carried out. 

 

 

2.2.3. PREPARATION, OPTIMIZATION AND CHARATERIZATION OF PAN 

LOADED ERS AND LRS MICROBALLOONS  

 

2.2.3.1. SYNTHESIS OF PAN LOADED MICROBALLOONS 

Pantoprazole Sodium (PAN) loaded microballoons (MB) for site specific delivery was 

prepared by emulsion solvent diffusion method using non-effervescent approach 

(Srivastava et al., 2005). For the preparation Eudragit®E and RS100 (600-900 mg) were 

solubilized using equal proportions (8 ml) of ethanol and dichloromethane, than 

crospovidone (2-5 % w/w) was incorporated and mixed thoroughly. Whereas in case of 

systemic approach Eudragit®L100 (600-900 mg) was used instead of Eudragit®E100 

and a suitable plasticizer DBT (20 % w/v) was added for enhancing the solubility of 

polymers. PAN (40 mg) was dissolved separately in distilled water containing sodium 

chloride (0.09 g) and it was slowly incorporated in to the above polymer solution with 

continuous stirring for 1 h. This drug-polymer dispersion was slowly added to PVA 
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aqueous solution (0.75 % w/v in 200 ml distilled water) containing sodium citrate (1 % 

w/v) to form oil in water type of emulsion, stirred for 1 h at 300 rpm at 40 oC (Sato et 

al., 2004). Ethanol and dichloromethane evaporates from the dispersed droplets and 

solidifies. They were filtered, washed thrice with distilled water and kept for drying at 

room temperature until constant weight and kept in desiccators.  

 

  

2.2.3.2. EXPERIMENTAL DESIGN 

Design Expert®9.0.3 & 9.0.6 software (Stat-Ease Inc., USA) were used in optimizing 23 

(three-factor and two-level)
 
full factorial designs (FFD) for both the formulations 

(ERS and LRS). In the experimental design the effect of three factors, two factor levels 

and their interaction on three basic responses were investigated. So the factorial design 

will consist of 23 (8) formulations. In formulation code ERS independent variables 

selected were amount of crospovidone (X1 % w/w), Eudragit®E100 (X2, mg) and 

Eudragit®RS100 (X3, mg) which were varied at two levels (+1 and -1) and the 

dependent variables studied were buoyancy (Y1, %), drug entrapment efficiency (Y2, %) 

and amount of drug released in 60 minutes (Y3, %) in 0.1 N HCl (pH 3) and for 120 

minutes in 0.1 N HCl (pH 4.5) (Table 2.3). For optimizing the LRS formulations the 

three factors selected were magnesium stearate (X1 % w/w), Eudragit®L100 (X2, mg) 

and Eudragit®RS100 (X3, mg) for studying the dependant responses of buoyancy (Y1, 

%), drug entrapment efficiency (Y2, %) and amount of drug released in 12 h (Y3, %) in 

phosphate buffer (PB) pH 6.8 and 7.4 (Table 1). Design and the responses were made 

according to Table 2.4. 
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Table 2.3: Summarizes factors (independent variables), factor levels and responses 

(dependent variables) for ERS formulations used in 23 
full factorial experimental design 

  

Factors Factor level Responses 

Low ( ˗ ) High (+) 

Amt. of crospovidone (x1, %) 2.0 5.0 y1 = B (%) 

Eudragit®E100 (x2, mg) 600 900 y2= EE (%) 

Eudragit®RS100 (x3, mg) 600 900 y3= CDR 1 hr (%) 

B: Buoyancy; EE: Entrapment Efficiency; CDR: Cumulative drug release 

 

 

Table 2.4: Summarizes factors (independent variables), factor levels and responses 

(dependent variables) for LRS formulations used in 23 
full factorial experimental design 

 

Factors Factor level Responses 

Low ( ˗ ) High (+) 

Magnesium stearate (x1, w/w) 2.5 5.0 y1 = B (%) 

Eudragit®L100 (x2, mg) 600 900 y2= EE (%) 

Eudragit®RS100 (x3, mg) 600 900 y3= CDR 12 hr (%) 

           B: Buoyancy; EE: Entrapment Efficiency; CDR: Cumulative drug release 

 

Table 2.5: Design and the response  

Three variables    

Formulation code Variables 

 x1 x2 x3 

1 ̶ ̶ ̶ 

2 + ̶ ̶ 

3 ̶ + ̶̶ 

4 + + ̶ 

5 ̶ ̶ + 

6 + ̶ + 

7 ̶ + + 

8 + + + 
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The main effects and the mean value, b0 was found out with the help of Table 2.5. 

The main effects b are calculated by use of signs in the columns by adding or subtracting 

the value of the obtained responses, y. Finally the values are summed up and divided with 

the number of formulations. 

Immediate release formulation (ERS) compositions were shown in Table 2.6 

while the extended release (LRS) compositions were shown in Table 2.7 following 

the 23 full factorial designs. 

 

Table 2.6: Immediate release formulation compositions  

Three variables  

Code (ERS) Variables 

 Amt. of crospovidone 

       (x1, %) 

Eudragit®E100 

(x2, mg) 

Eudragit®RS100 

(x3, mg) 

ERS-1 2 600 600 

ERS-2 5 600 600 

ERS-3 2 900 600 

ERS-4 5 900 600 

ERS-5 2 600 900 

ERS-6 5 600 900 

ERS-7 2 900 900 

ERS-8 5 900 900 

 

 

Table 2.7: Extended release (LRS) formulation compositions 

Three variables  

Code (LRS) Variables 

 Magnesium stearate 

     (x1, % w/w) 

Eudragit®L100 

(x2, mg) 

Eudragit®RS100 

(x3, mg) 

LRS-1 2.5 600 600 

LRS-2 5.0 600 600 

LRS-3 2.5 900 600 

LRS-4 5.0 900 600 

LRS-5 2.5 600 900 

LRS-6 5.0 600 900 

LRS-7 2.5 900 900 

LRS-8 5.0 900 900 
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2.2.3.3. EVALUATION OF MICROBALLOONS 

 

2.2.3.3.1. PERCENTAGE (%) YIELD 

Percentage yield of MB containing drug was determined by the weight ratio of the 

dried MB to the loading amount of drug, polymers and other non-volatile components 

(Sato et al., 2004). 

 

Percentage yield (%) =  Weight of microballoons collected
Weight of all non − volatile components used × 100      (Eq. 1) 

   

2.2.3.3.2. OPTICAL IMAGES OF PREPARED MICROBALLOONS 

Freshly prepared MB were placed over clean and dried glass slide and directly 

observed under 10x magnifications through compound microscope for the 

topographic evaluation. 

 

 

2.2.3.3.3. PERCENTAGE SWELLING (PS) 

The effect of pH of the medium on swelling kinetics of microballoons was carried out 

by gravimetric method in triplicate. For the study 50 mg of microballoons were 

immersed in 0.1N HCl pH 3 and in PB pH 6.8 and 7.4 (100 ml, 37 ± 0.5 °C) in a 

beaker, maintained at 100 rpm on a magnetic stirrer. After fixed intervals of 30 min in 

ERS and of 60 min in LRS they were removed and weighed immediately. The 

difference in weight gave the amount of water uptake by the microballoons. The Ps of 

microballoons was calculated by following equation (Singh B., 2007): 

�� = ��� − ��
��  × 100              (Eq. 2)  

 

Where, Ws is weight of swollen and Wd is the weight of the dried microballoons. 
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2.2.3.3.4. IN VITRO BUOYANCY (B %)  

The floating efficiency was determined by dispersing 50 mg of dried MB separately in 

250 ml beakers containing (100 ml, 37± 0.5 °C) 0.1N HCl pH 3, PB pH 6.8 and 7.4 

with paddle rotation of 100 rpm. After 5 h for 0.1N HCl and 12 h for PB pH 6.8 and 

7.4, they were collected, dried in desiccators until constant weight was achieved. 

Weight of floated (WF) and those settled down (WNF) were found out and the 

percentage buoyancy was estimated by the equation (Jain et al., 2005): 

 

�% =  !" 
!" + !$"

& × 100              (Eq. 3) 

                                    

 

2.2.3.3.5. ENTRAPMENT EFFICIENCY (EE %)  

Microballoons equivalent to 40 mg of PAN was weighed, crushed in a mortar and 

dissolved in 100 ml of 0.1N HCl pH 3, PB pH 6.8 and 7.4 separately.  PAN was 

extracted by shaking the contents in vortex shaker for 1 h and filtered using whatman 

filter paper No.1. The filtrate concentration was determined using UV 

spectrophotometer at λ max 290, 215 and 288 nm respectively in triplicate. The 

percentage entrapment was determined using following equation (Chaturvedi et al., 

2011): 

�� % = Calculated drug content (x)
Theoretical drug content  × 100                   (Eq. 4) 

 

 

2.2.3.4. OPTIMIZATION AND VALIDATION OF DESIGN  

The optimized formulation was selected on the basis of evaluation results of the 

response parameters. The formulation with maximum % buoyancy, entrapment 

efficiency and in vitro drug release after 1 h (ERS) and 12 h (LRS) was selected. In 

order to validate the design polynomial equations were generated for each response 

parameters manually as well as through Design Expert® software. The different 



160 

 

responses were fitted in the following binomial equation for the evaluation: 

� =  ! +   #$# +  %$% +  &$& +  #%$#$% +  #&$#$& +  %&$%$& +  #%&$#$%$& (Eq. 5) 

 

             The main effects and the mean value, b0 intercept was found out with the help of 

Table 2.5. The main effects (regression coefficients)  #,  %,  &,  #%,  #&,  %& and  #%&  are 

calculated by use of signs in the columns by adding or subtracting the value of the 

obtained responses, Y. Finally the values are summed up and divided with the number of 

formulations (Lundstedt et al., 1998). For the optimization of the formulation process so 

that the responses could be maximized model matrix method was used. The interaction 

effects were calculated in the same way as that of the main effects. The signs of the 

interaction effects such as: $#$%, $#$&, $%$& and $#$%$& were calculating by multiplying 

the signs of the corresponding main effects and separate columns were constructed for 

each effect. The relationship between the variables was studied by placing the values of 

the estimated effects in the polynomial model (Table 2.8). To validate the polynomial 

equation model one check point formulation ERS O and LRS O was also formulated and 

evaluated. The actual and the predicted responses were tabulated in order to find out the 

percentage error using following equation (Eq.5). For estimating significance of model 

design and individual response parameters (' < 0.05) one-way ANOVA was applied.  

            Percentage error (%) =
(predicted value − experimental value)

predicted value
× 100     (Eq. 6) 

Table 2.8: Model matrix and the response 

Formulation code x1 x2 x3 x1 x2 x1 x3 x2 x3 x1 x2 x3 

1 ̶ ̶ ̶ + + + ̶ 

2 + ̶ ̶ ̶ ̶ + + 

3 ̶ + ̶̶ ̶ + ̶ + 

4 + + ̶ + ̶ ̶̶ ̶ 

5 ̶ ̶ + + ̶ ̶ + 

6 + ̶ + ̶ + ̶ ̶ 

7 ̶ + + ̶ ̶ + ̶ 

8 + + + + + + + 
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2.2.3.5. CHARACTERIZATION OF OPTIMIZED MICROBALLOONS 

 

2.2.3.5.1. PARTICLE SIZE ANALYSIS 

The size of microballoons was estimated by dispersing them in water and visualized by 

calibrating the eye piece micrometer. Sizes of 200 MB were determined and their 

numbers are tabulated in each size range and the percentage in each range was 

estimated using following equation. The particle size distribution was also found out 

by plotting percentage in each range against the size range: 

% in each range = Number of particles
200 × 100      (Eq. 7) 

 

2.2.3.5.2. SCANNING ELECTRON MICROSCOPY (SEM) 

The SEM analysis was performed by JEOL 5400, Kyoto, Japan. The sample was 

prepared by sprinkling the MB onto one side of metal grid and the grid was then coated 

with gold ion using SC 500 sputter coater in order to neutralize the electrons for clear 

morphology. Micrographs were obtained at different magnifications such as 1x, 150x 

and 500x. 

 

2.2.3.5.3. FOURIER TRANSFORM INFRARED (FTIR) SPECTROSCOPY 

Identification of specific functional groups was carried out using IR-Thermo Nicklet 

380 US for the structural elucidation of compounds. For the analysis 3-5 mg of sample 

was mixed and ground with 100 mg KBr to form transparent discs using pellet press. 

Then the discs were analyzed and spectra’s between transmittance and wave number 

(cm-1) was obtained in the range 4000-500 cm-1 to find out the drug-polymer 

interactions. 

 Spectra are obtained by passing infrared radiations through the sample and 

determining what fraction of incident radiation is absorbed at a particular energy. 

When applied infrared frequency becomes equal to the natural frequency of vibration 
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absorption of IR spectra takes place and a peak is observed. The energy of a peak in 

the spectrum corresponds to the frequency of vibration of part of the sample 

compound. For a molecule to have IR absorptions, an electric dipole moment of the 

molecule must change, which corresponds to an excitation of a vibration energy state 

of a functional group. 

The resulting spectra could be used in determining the drug-polymer 

interactions. The units of wave numbers are directly proportional to the absorbed 

energy therefore higher the wave number higher will be the energy of the infra red 

radiations. 

 

 

2.2.3.5.4. DIFFERENTIAL SCANNING CALORIMETRY (DSC) 

Differential scanning calorimetry was employed as a means to investigate the 

physicochemical compatibility between drugs and a number of commonly used 

excipients. Thermo grams of several excipients with/without drug will be obtained 

using a DSC instrument equipped with an intracooler. Indium and Zinc standards 

will be used for the calibration of DSC. Weighed amount of powder samples will be 

sealed in aluminum pans and heated at constant rate of 10 °C/min over the 

temperature range 50-400 °C.  The system will be purged with nitrogen gas at the 

rate of 40 ml/min to maintain the inert atmosphere.  

      Study was carried out using NETZSCH DSC 200F3 240-20-427-L instrument. 

The thermo grams of the pure PAN, excipients, physical mixtures of drug and 

excipients and of the MB formed were obtained. About 2-3 mg weight of sample are 

used for analysis and the thermo grams were recorded. 

       

2.2.3.5.5. IN VITRO RELEASE STUDIES  

The in vitro release dynamics for ERS formulations was carried out by placing dried 

and loaded MB containing 40 mg of drug in definite volume of releasing medium (0.1 

N HCl pH 3 and 4.5, 900 ml) at 37 °C.  
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The in vitro release of ERS microballoons were carried out in 0.1 N HCl at pH 3 

(stomach) for 1 hr and in pH 4.5 (duodenum) for the period of 2 hr respectively. For 

the study dried ERS microballoon containing 40 mg of drug was placed in USP XXII 

apparatus (100 rpm, 900 ml) maintained at a temperature of 37 ± 01 °C  containing 0.1 

N HCl (pH 3) as well as in 0.1 N HCl (pH 4.5) separately. At periodic time intervals, 5 

ml of sample was withdrawn and replaced with same amount of fresh sample. The 

drug release was analyzed in triplicate at λ max 290 nm using UV spectrophotometer 

(Singh et al., 2010). The release profiles of the check point formulation ERS O was 

also determined and evaluated and was compared with the marketed formulation 

Pantop® Fast (Aristo pharmaceutical Pvt. Ltd. Mumbai, India).  

 Whereas the drug release from LRS formulations and from the marketed Pantop® 

40 (Aristo pharmaceutical Pvt. Ltd. Mumbai, India) was performed in phosphate buffer 

pH 6.8 and 7.4. Prepared by mixing 50 ml of 0.2 M KH2PO4 in 39.1 ml of 0.2 N NaOH 

and made up to 200 ml with distilled water in volumetric flask. Same procedure was 

repeated and the samples were analyzed at λ max 215 and 288 nm after fixed intervals of 

1 h up to 12 h in triplicate (Ramachandran et al., 2010). 

 

 

2.2.3.5.6. DRUG RELEASE KINETICS  

Drug release profiles of both formulations ERS in 0.1N HCl pH 3 and LRS in 

phosphate buffer pH 6.8 and 7.4 were fitted in to various kinetic models in order to 

find out the mechanism involved, by determining the values for coefficient of 

determination ( !) and the release exponent (n) (Costa et al., 2001). Regression 

equations were generated for zero-order, first-order, Higuchi and korsmeyer-peppas 

model by plotting T Vs % CDR, T Vs log % CDR, √T Vs % CDR and log T Vs log % 

CDR respectively. Three types of diffusion mechanisms were classified according to 

the relative rate of diffusion of medium inside the polymer matrix and the rate of 

polymer chain relaxation. With n = 0.5 release was characterized by fickian diffusion 

whereas with n = 1.0 shows case II diffusion while n value between 0.5 ≤ n ≤ 1.0 
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indicates combination of both fickian and case II diffusion known as non-fickian or 

anomalous type (Higuchi,1962; Korsmeyer, 1983; Malakar et al., 2012). 

 

2.2.3.5.7. IN VIVO ANTI-ULCER ACTIVITY  

The cytoprotective activity was performed by dividing male wistar rats in to four 

groups for ERS and five groups for LRS, each containing eight animals, weighing 

between 150-200 g, are deprived of food 18 h prior to the experiment but are allowed 

to have free access to water and kept in straining cages to prevent coprophagy. Each 

group was administered ethyl alcohol (5 ml. kg-1) orally except the normal group. After 

1 h of ethyl alcohol administration each group receives respective doses of drug or the 

formulation orally.  

For ERS study, Group-1 represents the control received ethyl alcohol only, 

Group-2 was designated as standard-1 with sodium bicarbonate solution (4.2 %) and 

Group-3 was the standard-2 received the cytoprotective drug Pantoprazole Sodium 

dissolved in distilled water (2 mg. ml-1) IV. Group-4 the treatment-1 received ERS O 

suspended in 0.1 % gum acacia (equivalent to 2 mg. ml-1 of Pantoprazole Sodium) 

(Gerhard Vogel, 2002). 

For LRS study, Group-1 was described as normal with administration of 1 % 

gum acacia, Group-2 represents the control received ethyl alcohol only, Group-3 was 

designated as standard-1 with sodium bicarbonate solution (4.2 %) and Group-4 was 

the standard-2 received the cytoprotective drug Pantoprazole Sodium dissolved in 

distilled water (2 mg. ml-1) IV. Group-5, the treatment-2 received LRS-O suspended in 

0.1 % gum acacia (equivalent to 2 mg. ml-1 of Pantoprazole Sodium) (Table 2.9).  

Two hour after the administration of appropriate doses, the animals were 

anesthetized with diethyl ether (1.9 %) this concentration can be produced with 0.08 

ml (80 micro liters) per liter of volume of a container. They are sacrificed and their 

stomachs were removed, cut at greater curvature, gently rinsed under tap water, 

stretched on a piece of thermo coal with mucosal site up and analyzed for gastric 
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lesions. Ulcer index (UI) was found out for each groups individually using equation 

below (Table 2.10-2.15):      

                                            UI =  
��

�
         (Eq.8)               

Where, x represents the total mucosal area (TM) divided by the total ulcerated area 

(TU). 

Ulcer index graph was made using graph pad prism®version-6.05 for each 

group with MEAN ± SEM. The entire study was performed in accordance with the 

guidelines given by “Institutional Animal Ethics Committee” (IAEC) with approval 

number - SMGI/SMIP/IAEC/2015/011. 

  

Table 2.9: Groups selected and the administered doses for the in vivo anti-ulcer activity 

Groups Administered samples Route 

Normal 1 % gum acacia Orally 

Control Ethyl alcohol (5 ml. kg-1) Orally 

Standard-1 Sodium bicarbonate solution (4.2 %) Orally 

Standard-2 Pantoprazole Sodium (PAN) dissolved in distilled water (2 mg. ml-1) IV 

Treatment-1 ERS O microballoons (equivalent to 2 mg.ml-1 of PAN) dispersed in 0.5 ml Gum Acacia Orally 

Treatment-2 LRS-O microballoons (equivalent to 2 mg.ml-1 of PAN) dispersed in 0.5 ml Gum Acacia Orally 

IV: Intravenous: PAN: Pantoprazole Sodium 

 

Table 2.10: Normal group treated with 1 % gum acacia 

Animal 

marked 

Body weight 

(g) * 

Dose (%) TM  

(cm2) * 

TU  

(cm2) * 
 =

!"

!#
 UI =  

$%

�
* 

H 175 1 22.8 0.5 45.6 0.21 

B 177 1 21.9 0.0 21.9 0.45 

T 176 1 20.5 0.1 205 0.04 

HB 180 1  22.8 0.0 22.8 0.43 

BT 172 1 23.0 0.0 23.0 0.43 

HT 171 1 22.6 0.2 113 0.08 

MEAN ± SEM 175.16±1.352 - 22.26±0.386 0.133±0.080 - 0.273±0.076 

*All value expressed as MEAN ± SEM, P< 0.001 when compared to control; H: Head; B: Body; T: Tail; 

HB: Head and body; BT: Body and tail; HT: Head and tail; TM: Total mucosal area; TU: Total ulcerated 

area; UI: Ulcer Index 
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Table 2.11: Control group treated with 95% ethanol 

Animal 

marked 

Body weight 

(g) * 

Dose  

(5 ml/kg) 

TM 

 (cm2) * 

TU (cm2) * 
� =

 !

 "
 UI =  

#$

%
* 

H 161 0.805 ml 22.5 16.5 1.36 7.35 

B 160 0.8 ml 21.8 17.8 1.22 8.19 

T 152 0.76ml 21.6 18.1 1.19 8.40 

HB 155 0.775 ml 22.0 16.9 1.30 7.69 

BT 153 0.765 ml 22.8 16.2 1.40 7.14 

HT 160 0.8 ml 21.6 17.5 1.23 8.13 

MEAN ± SEM 156.83±1.62 - 22.05±0.20 17.16±0.30 - 7.81±0.20 

*All value expressed as MEAN ± SEM, P< 0.001 when compared to control; H: Head; B: Body; T: Tail; 

HB: Head and body; BT: Body and tail; HT: Head and tail; TM: Total mucosal area; TU: Total ulcerated 

area; UI: Ulcer Index 

 

Table 2.12: Standard 1 group treated with sodium bi carbonate (4 mg/0.5 ml) 

Animal 

marked 

Body weight 

(g) * 

Ethanol 

dose  

(5 ml/kg) 

Drug dose  

(30 mg/kg) 

TM 

 (cm2) * 

TU (cm2) 

* 
� =

 !

 "
 UI =  

#$

%
* 

H 156 0.78 ml 4.68 mg 20.8 1.2 17.33 0.57 

B 164 0.82 ml 4.92 mg 21.5 1.3 16.53 0.60 

T 154 0.77 ml 4.62 mg 20.9 0.8 26.12 0.38 

HB 151 0.75 ml 4.53 mg 19.9 1.1 18.09 0.55 

BT 160 0.8 ml 4.8 mg 22.0 1.5 14.66 0.68 

HT 163 0.81 ml 4.89 mg 22.1 0.5 44.2 0.22 

MEAN ± SEM 158±2.11 - - 21.2±0.34 1.06±0.14 - 0.5±0.06 

*All value expressed as MEAN ± SEM, P< 0.001 when compared to control; H: Head; B: Body; T: Tail; 

HB: Head and body; BT: Body and tail; HT: Head and tail; TM: Total mucosal area; TU: Total ulcerated 

area; UI: Ulcer Index 

 

Table 2.13: Standard 2 group treated with Pantoprazole Sodium (PAN) stock solution (40 

mg/3 ml) 

Animal 

marked 

Body weight 

(g) * 

Ethanol 

dose 

(5 ml/kg) 

PAN 

dose  

(20 

mg/kg) 

TM (cm2) * TU 

 (cm2) * 
� =

 !

 "
 UI =  

#$

%
∗ 

H 175 0.875 ml 3.5 mg 22.3 0.1 223 0.04 

B 172 0.86 ml 3.44 mg 22.5 0.8 28.12 0.35 

T 176 0.88 ml 3.52 mg 22.9 0.3 76.33 0.13 

HB 170 0.85 ml 3.4 mg 21.8 0.1 218 0.04 

BT 168 0.84 ml 3.36 mg 22.1 0.5 44.2 0.22 

HT 173 0.86 ml 3.46 mg 23.1 0.0 23.1 0.43 

MEAN ± SEM 172.33±1.22 - - 22.45±0.19 0.3±0.12 - 0.20±0.06 

*All value expressed as MEAN ± SEM, P< 0.001 when compared to control; H: Head; B: Body; T: Tail; 

HB: Head and body; BT: Body and tail; HT: Head and tail; TM: Total mucosal area; TU: Total ulcerated 

area; UI: Ulcer Index 
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Table 2.14: Treatment 1 group treated with ERS O formulation suspended in 0.1 % gum 

acacia 

Animal 

marked 

Body 

weight 

(g) * 

Ethanol 

dose 

(5 

ml/kg) 

PAN 

dose (20 

mg/kg) 

ERS O 

dose (40 

mg/1536 

mg MB) 

TM  

(cm2) * 

TU 

 (cm2) * 
�

=
 !

 "
 

UI =  
#$

%
* 

H 185 0.92 ml 3.7 mg 142.08 mg 21.8 0.3 72.66 0.14 

B 187 0.93 ml 3.74 mg 143.61 mg 22.6 0.6 37.66 0.26 

T 186 0.93 ml 3.72 mg 142.84 mg 22.2 0.1 222 0.05 

HB 180 0.9 ml 3.6 mg 138.24 mg 21.6 0.2 108 0.09 

BT 200 1 ml 4 mg 153.6 mg 22.8 0.4 57 0.17 

HT 178 0.89 ml 3.56 mg 136.7 mg 21.2 0.2 106 0.09 

MEAN ± SEM 186±3.15 - - - 22.03±0.24 0.3±0.07 - 0.13±0.03 

*All value expressed as MEAN ± SEM, P< 0.001 when compared to control; H: Head; B: Body; T: Tail; 

HB: Head and body; BT: Body and tail; HT: Head and tail; TM: Total mucosal area; TU: Total ulcerated 

area; UI: Ulcer Index; PAN: Pantoprazole Sodium 

 

Table 2.15: Treatment 2 group treated with LRS-O formulation suspended in 0.1 % gum 

acacia 

Animal 

marked 

Body weight 

(g) * 

Ethanol 

dose (5 

ml/kg) 

PAN 

dose (20 

mg/kg) 

LRS-O 

dose (40 

mg/ 1575 

mg MB) 

TM (cm2) * TU 

(cm2) * 
�

=
 !

 "
 

UI =  
#$

%
* 

H 175 0.87 ml 3.5 mg 137.81 mg 19.3 0.1 193 0.05 

B 177 0.88 ml 3.54 mg 139.38 mg 19.4 0.3 64.66 0.15 

T 176 0.88 ml 3.52 mg 138.6 mg 18.6 0.4 46.5 0.21 

HB 170 0.85 ml 3.4 mg 133.87 18.2 0.8 22.75 0.43 

BT 172 0.86 ml 3.44 mg 135.45 mg 19.3 0.6 32.16 0.31 

HT 178 0.89 ml 3.56 mg 140.17 mg 18.2 0.2 91 0.10 

MEAN ± SEM 174.66±1.25 - - - 18.83±0.23 0.4±0.10 - 0.20±0.05 

*All value expressed as MEAN ± SEM, P< 0.001 when compared to control; H: Head; B: Body; T: Tail; 

HB: Head and body; BT: Body and tail; HT: Head and tail; TM: Total mucosal area; TU: Total ulcerated 

area; UI: Ulcer Index; PAN: Pantoprazole Sodium 

 

 

2.2.3.5.8. STABILITY STUDY 

The stability studies were performed for the optimized formulation ERS O for 5 hrs in 

0.1 N HCl (pH 1.5) at different storage conditions 25 ± 02 º C / 60  ± 5 % RH, 35 ± 02 

º C / 60  ± 5 % RH and 40 ± 02 º C / 75  ± 5 % RH. Drug content was calculated for 

each sample using UV spectrophotometer. One way ANOVA analysis was applied on 

final drug content values at different storage conditions. 
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CHAPTER 3 

3.1.   RESULTS AND DISCUSSION 

  

3.1.1. PHYSICOCHEMICAL CHARACTERIZATION OF PANTOPRAZOLE 

SODIUM (PAN) 

3.1.1.1. MELTING POINT DETERMINATION  

The temperature at which the drug melts was noted down to be 142 oC and compared 

with the literature value (>130 oC) Table 3.2. 

 

3.1.1.2. SOLUBILITY STUDIES  

The solubility of PAN in distilled water, methanol, dihydrated alcohol, n-hexane, 

dichloromethane and in phosphate buffer pH 7.4 was found out and depicted in Table 

3.1.  

 

Table 3.1: Solubility study of PAN 

S.NO. Solvent Solubility 

1. Double distilled water Freely soluble 

2. Methanol Freely soluble 

3. Dihydrated Alcohol Freely soluble 

4. n-hexane Insoluble 

5. Dichloromethane Insoluble 

6. Phosphate buffer pH 7.4 Very slightly soluble 

            

 

3.1.1.3. UV SPECTROPHOTOMETRIC STUDY 

The λmax of PAN in distilled water, methanol, 0.1 N HCl pH 3, phosphate buffer pH 6.8 

and 7.4 was found to be 304 nm, 220 nm, 290 nm, 215 nm and 288 nm which 

corroborates with the literature λmax (Table 3.2). 
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Table 3.2: Melting point and UV analysis 

 

 

 

  

 

 

 

 

The PAN was successfully estimated in various solvents and the obtained 

respective UV absorbance spectra´s was shown in Fig. 3.1-3.5.  

  

 

Fig.3.1: Estimation of PAN in Distilled water (λmax 304 nm)   

           

Parameters Observed value Literature value 

  Melting point  142 oC >130 oC 

UV Analysis (λmax) Distilled water 304 nm 280-320 nm 

Methanol 220 nm 200-250 nm 

0.1 N HCl 290 nm 240-310 nm 

Phosphate buffer pH 6.8 215 nm 200-250 nm 

Phosphate buffer pH 7.4 288 nm 260-320 nm 
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Fig.3.2: Estimation of PAN in Methanol (λmax 220 nm) 

 

           

Fig.3.3: Estimation of PAN in 0.1 N HCl (λmax 290 nm) 

           

Fig.3.4: Estimation of PAN in Phosphate Buffer pH 6.8 (λmax 215 nm) 
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               Fig.3.5: Estimation of PAN in Phosphate Buffer pH 7.4 (λmax 288 nm) 

 

3.1.1.4. CALIBRATION CURVES OF PANTOPRAZOLE SODIUM (PAN) 

3.1.1.4.1. STANDARD PLOT OF PAN IN DISTILLED WATER AT λmax 304 nm 

The absorbance values of the respective concentrations are presented in Table 3.3. The 

data was plotted with standard deviation and the calibration curve (Fig.3.6) was obtained 

which follows Beer ̓s-Lambert law with r2 value 0.990 and the regression equation was 

found to be y = 0.007x + 0.079. 

 

Table 3.3: Calibration curve and Linearity studies of PAN in Distilled water at λmax 304 

nm 

Concentration (µg/ml) Absorbance Regression Data 

20 0.222 ± 0.001  

 

m= 0.007 

 

 

c=0.079 

 

 

r2=0.990 

 

40 0.421 ± 0.002 

60 0.557 ± 0.002 

80 0.675 ± 0.066 

100 0.882 ± 0.004 

S. D: ± Standard Deviation, Average of 3 readings; m=slope; c=intercept; r2=regression 

 



179 

 

              
Fig.3.6: Calibration curve of PAN in Distilled water at λmax 304 nm 

 

 

3.1.1.4.2. STANDARD PLOT OF PAN IN METHANOL AT λmax 220 nm 

The absorbance values of the respective concentrations are presented in Table 3.4. The 

data was plotted with standard deviation and the calibration curve (Fig.3.7) was obtained 

which follows Beer ̓s-Lambert law with r2 value 0.990 and the regression equation was 

found to be y = 0.005x + 0.262. 

 

Table 3.4: Calibration curve and Linearity studies of PAN in Methanol at λmax 220 nm 

Concentration (µg/ml) Absorbance Regression Data 

10 0.331 ± 0.004  

 

m= 0.005 

 

 

c=0.262 

 

 

r2=0.990 

 

20 0.365 ± 0.001 

30 0.437 ± 0.001 

40 0.501 ± 0.032 

50 0.555 ± 0.002 

S. D: ± Standard Deviation, Average of 3 readings; m=slope; c=intercept; r2=regression 
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Fig.3.7: Calibration curve of PAN in Methanol at λmax 220 nm 

 

3.1.1.4.3. STANDARD PLOT OF PAN IN 0.1 N HCl AT λmax 290 nm 

The absorbance values of the respective concentrations are presented in Table 3.5. The 

data was plotted with standard deviation and the calibration curve (Fig.3.8) was obtained 

which follows Beer ̓s-Lambert law with r2 value 0.999 and the regression equation was 

found to be y = 0.006x + 0.031. 

 

Table 3.5: Calibration curve and Linearity studies of PAN in 0.1 N HCl at λmax 290 nm 

Concentration (µg/ml) Absorbance Regression Data 

10 0.093 ± 0.003  

 

m= 0.006 

 

 

c=0.031 

 

 

r2=0.999 

 

20 0.163 ± 0.005 

30 0.231 ± 0.001 

40 0.291 ± 0.002 

50 0.354 ± 0.001 

S. D: ± Standard Deviation, Average of 3 readings; m=slope; c=intercept; r2=regression 
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Fig.3.8: Calibration curve of PAN in 0.1 N HCl at λmax 290 nm 

 

3.1.1.4.4. STANDARD PLOT OF PAN IN PHOSPHATE BUFFER pH 6.8 AT λmax 

215 nm 

The absorbance values of the respective concentrations are presented in Table 3.6. The 

data was plotted with standard deviation and the calibration curve (Fig.3.9) was obtained 

which follows Beer ̓s-Lambert law with r2 value 0.990 and the regression equation was 

found to be y = 0.014x + 0.204. 

 

Table 3.6: Calibration curve and Linearity studies of PAN in Phosphate buffer (pH 6.8) at 

λmax 215nm 

Concentration (µg/ml) Absorbance Regression Data 

10 0.318 ± 0.001  

 

m= 0.014 

 

 

c=0.204 

 

 

r2=0.990 

 

20 0.519 ± 0.007 

30 0.631 ± 0.002 

40 0.771 ± 0.006 

50 0.897 ± 0.002 

S. D: ± Standard Deviation, Average of 3 readings; m=slope; c=intercept; r2=regression 

 

y = 0.0065x + 0.0314
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Fig.3.9: Calibration curve of PAN in Phosphate buffer (pH 6.8) at λmax 215 nm 

 

3.1.1.4.5. STANDARD PLOT OF PAN IN PHOSPHATE BUFFER pH 7.4 AT λmax 

288 nm 

The absorbance values of the respective concentrations are presented in Table 3.7. The 

data was plotted with standard deviation and the calibration curve (Fig.3.10) was 

obtained which follows Beer ̓s-Lambert law with r2 value 0.995 and the regression 

equation was found to be y = 0.007x + 0.204. 

 

Table 3.7: Calibration curve and Linearity studies of PAN in Phosphate buffer (pH 7.4) at 

λmax 288nm  

Concentration (µg/ml) Absorbance Regression Data 

20 0.327 ± 0.003  

 

m= 0.007 

 

 

c=0.204 

 

 

r2=0.995 

 

40 0.506 ± 0.001 

60 0.633 ± 0.006 

80 0.768 ± 0.004 

100 0.901 ± 0.002 

S. D: ± Standard Deviation, Average of 3 readings; m=slope; c=intercept; r2=regression 
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Fig.3.10: Calibration curve of PAN in Phosphate buffer (pH 7.4) at λmax 288 nm 

 

3.1.2. DIFFERENTIAL SPECTROPHOTOMETRIC METHOD FOR 

VALIDATION OF PANTOPRAZOLE SODIUM 

 

3.1.2.1. DIFFERENTIAL SPECTROPHOTOMETRIC METHOD 

When PAN dilution in 0.1N HCl as reference and 0.1N NaOH as sample was scanned 

between 200 - 400 nm the absorption spectra obtained was presented in Fig.3.11. 

 

Fig.3.11: Differential UV-Visible absorption spectra of PAN between 200 nm and 400 

nm 
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3.1.2.2. METHOD DEVELOPMENT 

The differential spectroscopic method was based on difference in absorbance. By placing 

PAN dilution in 0.1 N NaOH in sample cell and another PAN dilution in 0.1 N HCl in 

reference cell and the differential absorption spectra was recorded. The absorption 

maxima and minima were found to be 390 nm and 308 nm as shown in Fig.3.12. 

 

Fig.3.12: Differential UV-Visible absorption spectra of PAN between 308 nm and 390 

nm 

 

3.1.2.3. VALIDATION PARAMETERS 

The proposed method is validated as per the International Conference on Harmonization 

(ICH) guidelines. 

 

3.1.2.3.1. LINEARITY 

Calibration curve was obtained by plotting differential absorbance against 

concentrations. Regression analysis was done for the slope, intercept and correlation 

coefficient values. 
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3.1.2.3.2. LINEARITY RANGE 

Calibration curve was plotted in the concentration range between 5-25 µg/ml (Table 

3.8). The regression analysis indicated a linear relationship between difference 

absorbance and concentration (Fig.3.13). 

Table 3.8: Linearity study data of PAN for Differential Spectroscopy 

Concentration 

(µg/ml) 

Absorbance (nm) Difference 

Absorbance 

(nm) 

Regression Data 

Minima 

(308nm) 

Maxima 

(390nm) 

5 -2.197 -2.18 0.017±0.0047  

 

m=0.004 

 

 

c=0.007 

 

 

 

 

 

r2=0.999 
10 -2.162 -2.123 0.039±0.0057 

15 -2.154 -2.092 0.062±0.090 

20 -2.137 -2.052 0.085±0.028 

25 -2.123 -2.013 0.11±0.049 

S. D.; ± Standard Deviation, Average of 3 readings; m=slope; c=intercept; r2=regression 

 

 

Fig.3.13: Calibration plot of PAN for Differential Spectroscopy 

 

 

3.1.2.3.3. SENSITIVITY 

Limit of detection (LOD) and limit of quantification (LOQ) parameters were 

calculated, in accordance with ICH guidelines, as 3.3 σ/S and 10 σ/S respectively; 

y = 0.0046x - 0.007
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where σ is the standard deviation of the response and S is the slope of the calibration 

plot. 

  

3.1.2.3.4. SELECTIVITY / SPECIFICITY 

A standard spectrum of PAN was compared with the spectra obtained from tablet 

samples. From the spectra wavelength of maximum absorbance and maxima/minima 

was found out and compared. 

  

3.1.2.3.5. ACCURACY 

The accuracy was determined by determining the percentage recoveries at three 

different levels and was found to be 92.25±0.2801, 102.5±0.1103 and 112.75±0.2462 

% respectively (Table 3.9).  

 

Table 3.9: Recovery studies (Standard addition method) 

Level Amount of 

drug in pre 

analyzed 

sample 

(µg/ml) 

Amount 

added 

(µg/ml) 

Total 

amount 

(µg/ml) 

Accuracy 

(% recovery) 

Precision 

    (%) S.D                % RSD 

        

80 20.5 16.4 36.9 92.25 0.2801  0.28 

100 20.5 20.5 41 102.5 0.1103  0.11 

120 20.5 24.6 45.5 112.75 0.2462  0.24 
        

S.D: Standard Deviation; RSD: Relative Standard Deviation 

 

3.1.2.3.6. PRECISION 

The inter-day and intra-day precision study at 5, 10 and 15 µg/ml was carried out and 

the amount of PAN recovered were 99.37±0.0432, 100.6±0.0326, 101.87±0.0243 and 

101.25±0.0324, 100.12±0.0625, 99.87±0.0431 % respectively (Table.3.10). 
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Table 3.10: Inter-day and Intra-day precision and accuracy 

        Parameters Validation data 

 

 

 Inter-day 

Amount added (µg/ml)          5         10 15 

Mean found (µg/ml)          20.5 20.5 20.5 

Accuracy  

(% Recovery)                

         99.37 100.6 101.87 

                           ± S.D                0.0432 

Precision 

                           % RSD             0.04 

0.0326 

 

0.03 

0.0243 

 

0.02 

               

 

Intra-day 

Amount added (µg/ml)                                    5 10 15 

Mean found (µg/ml)          20.5 20.5 20.5 

Accuracy  

(% Recovery) 

         101.25 100.12 99.87 

 

Precision 

 

± S.D          0.0324 0.0625 0.0431 

% RSD           0.03 0.06 0.04 

n=6; S.D: Standard Deviation; RSD: Relative Standard Deviation 

 

3.1.2.4. ESTIMATION OF PAN IN TABLET DOSAGE FORM (Pantop®40) 

Pantoprazole Sodium equivalent to 40 mg was taken in 100 ml volumetric flasks, after 

adjusting the volume in one with 0.1 N HCl and in another with 0.1 N NaOH they were 

sonicated and filtered and then scanned between 200-400 nm. The absorbance spectra 

obtained was presented in Fig.3.14. 

 

Fig.3.14: Differential UV-Visible absorption spectra of Pantop®40 between 200 nm and 

400 nm 
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For the linearity study the difference absorbance between the acidic and basic 

solutions was measured at 308 nm and 390 nm and the values found out to be as shown in 

Table 3.11. From the linearity data calibration curve was obtained as shown in Fig.3.15 

by plotting differential absorbance against concentrations. The regression analysis was 

done for the slope, intercept and correlation coefficient and the values obtained were 

compared with the bulk for validation. 

Table 3.11: Linearity study data of Pantop®40 by differential spectroscopy 

Concentration 

(µg/ml) 

Absorbance (nm) Difference 

Absorbance 

(nm) 

Regression Data 

Minima 

(308nm) 

Maxima 

(390nm) 

5 -0.232 -0.203 0.029±0.043  

 

m=0.004 

 

 

c=0.009 

 

 

 

 

 

r2=0.999 
10 -0.237 -0.186 0.051±0.036 

15 -0.223 -0.152 0.071±0.006 

20 -0.212 -0.121 0.091±0.002 

25 -0.206 -0.094 0.112±0.024 

S. D: ± Standard Deviation, Average of 3 readings; m=slope; c=intercept; r2=regression 

    

Fig.3.15: Calibration plot of Pantop®40 for Differential Spectroscopy 

 

Limit of detection (LOD) and limit of quantification (LOQ) parameters were 

calculated with the help of linearity data, in accordance with ICH guidelines, as 0.0183 

and 0.055 respectively as shown in Table 3.12. While comparing the standard spectra of 

PAN with the spectra obtained from Pantop®40, it was found that the wavelength of 
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maximum absorbance and maxima/minima were similar. This similarity in spectra’s 

showed that the excipients did not interfere with quantification of PAN in developed 

dosage form. 

  

Table 3.12: Regression analysis data and summary of validation parameters 

Parameters 

λmax: 243.2 nm 

Marketed formulation (Pantop®40) 

Maxima:390 nm 

Minima: 308 nm 

Beerʼs lambertʼs range (µg/ml)  

Regression equation (y= mx + c) 

Corrrelation coefficient (R2) 

Slope (m)  

Intercept (c) 

Precision (SD ± % RSD) 

Inter-day (n=3) 

Intra-day (n=3) 

LOD (µg/ml) 

LOQ (µg/ml) 

Labelled claim 

% Drug content 

    5-25 µg/ml 

    y= 0.004x + 0.009 

    0.999   

    0.004 

    0.009 

 

    100.61 

    100.41 

    0.0183 

    0.055 

    40 mg 

    102.5 

  LOD: Limit of detection; LOQ: Limit of quantification;  
   S.D: Standard Deviation; RSD: Relative Standard Deviation 

 

The differential UV spectrophotometric method was developed and validated 

according to ICH guidelines and was found that PAN could be directly analyzed in 

presence of pharmaceutical excipients. Also the method developed were simple, 

sensitive, accurate, precise and inexpensive with good recovery of the analyte thus this 

method can be used for the routine analysis. 
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3.1.3. PREPARATION, OPTIMIZATION AND CHARACTERIZATION OF 

PANTOPRAZOLE SODIUM (PAN) LOADED ERS MICROBALLOONS FOR 

STOMACH SPECIFIC DELIVERY 

 

3.1.3.1. PREPARATION OF PANTOPRAZOLE SODIUM LOADED ERS 

MICROBALLOONS 

The microballoons were successfully prepared by emulsion solvent diffusion method 

using 23 
full factorial design. A total of eight formulations (ERS 1-8) were formulated 

and evaluated for maximum % buoyancy, % entrapment efficiency and % drug release 

characteristics. The stirring speed of 300 rpm and the temperature 40 °C was maintained 

constant throughout the preparation. The concentrations of polymers used had profound 

effect on the obtained responses was observed. The prepared microballoons were 

optimized by 23 
full factorial design and the responses were evaluated by fitting in the 

binomial model equation (Table 3.13). 

 

3.1.3.2. EXPERIMENTS OF 23 FULL FACTORIAL DESIGNS 

To develop a system with time-lagged coating of Eudragit®E100 (coating polymer) along 

with Eudragit®RS100 (sustained release) polymer, the independent variables (factors) and 

the component levels are the important parameters affecting the drug release profile. A 

multivariate optimization strategy was carried out with the aim of finding the optimum 

formulation composition and the optimum level to achieve a pulsatile release pattern 

from the coated microballoon. Fig.3.42 shows the release profiles of the 8 experimental 

runs performed in accordance with Table 2.6. 

 Response data determined as per 23 full factorial design; response Y1 (Buoyancy, 

%), Y2 (Entrapment Efficiency, %) and Y3 (cumulative percentage drug release in 1 hr, 

%) are presented in Table 3.13. 
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Table 3.13: Results of 23 full factorial design layouts for different formulations containing 

Pantoprazole Sodium 

 Variables 

Code Independent variables (factors, X) Dependent variables (responses, Y) 

Amount of 

crospovidone 

(X1, %) 

Eudragit®E100 

(X2, mg) 

Eudragit®RS100 

(X3, mg) 

   a,dB  

(Y1, %) 

  b,d EE 

(Y2, %) 

c,d CDR 1h  

(Y3, %) 

ERS-1 2 (-1) 600(-1) 600(-1) Collapsed Collapsed Collapsed 

ERS-2 5 (+1) 600(-1) 600(-1) 40.92±0.057 64.54±0.247 83.37±0.36 

ERS-3 2 (-1) 900(+1) 600(-1) 43.64±0.043 58.62±0.311 89.54±0.16 

ERS-4 5 (+1) 900(+1) 600(-1) 58.28±0.035 82.13±0.449 98.17±0.48 

ERS-5 2 (-1) 600(-1) 900(+1) 34.26±0.057 51.81±0.414 92.89±0.63 

ERS-6 5 (+1) 600(-1) 900(+1) 74.46±0.035 87.27±0.432 99.17±0.30 

ERS-7 2 (-1) 900(+1) 900(+1) 69.48±0.043 67.87±0.566 98.48±0.02 

ERS-8 5 (+1) 900(+1) 900(+1) 86.90±0.043 66.91±0.470 97.94±0.39 

(+1) = higher values and (-1) = lower values; aB = buoyancy; bEE = drug entrapment efficiency; cCDR 1h = 

cumulative drug release in 1 h; d Mean ± S.D.; n = 3 

 

3.1.3.3. PERCENTAGE (%) YIELD 

The percentage yields were higher in case of ERS-8 and ERS-6 that might be attributed 

due to higher concentrations of crospovidone and Eudragit®RS100, as it decreases with 

increasing polymer ratios due to instant diffusion of the solvent (Parikh et al., 2006) 

(Table 3.14, Fig.3.16). 

Table 3.14: Effect of polymer ratios on percentage yield (Crospovidone: Eudragit®E100: 

Eudragit®RS100) 

Formulation 

code 

Average Percentage yield 

(%) 

ERS-1 78.30±0.061 

ERS-2 91.19±0.037 

ERS-3 93.08±0.021 

ERS-4 91.47±0.029 

ERS-5 96.94±0.035 

ERS-6 99.60±0.029 

ERS-7 92.74±0.049 

ERS-8 99.69±0.043 
                       S. D: ± Standard Deviation, Average of 3 readings 
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Fig.3.16: Percentage yield of microballoons at different polymer ratios (Crospovidone: 

Eudragit®E100: Eudragit®RS100) 

 

 

3.1.3.4. OPTICAL MICROSCOPY  

When freshly prepared wet ERS formulations were examined at 10x magnification 

through light microscopy method they appeared spherical in shape. Microballoons filled 

with the solvent mixture in the wet state were clearly observed in ERS 3, 4, 6, 7 & 8. 

When they are air dried, the volatile solvent mixture evaporates leaving behind the 

spherical impressions of microballoons, clearly observed in case of ERS 3, 4 & 6. As 

the concentration of Eudragit®RS100 was increased to 900 mg from ERS-5 to ERS-8 

the quality of microballoons were improved due its porous nature and low density that 

in turn results in imparting buoyancy. The observed images were found to be of smooth 

surface due to the hydrating and gel effect of crospovidone used (Fig.3.17). 
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         Dry-ERS 1 (a)                          Wet-ERS 1 (b)                             ERS 1 (c) 

(a) ERS - 1 

 

 

         Dry-ERS 2 (a)                          Wet-ERS 2 (b)                           ERS 2 (c) 

(b) ERS - 2 

 

  
         Dry-ERS 3 (a)                          Wet-ERS 3 (b)                         ERS 3 (c) 

 

(c) ERS – 3 

 

    
           Dry-ERS 4(a)                          Wet-ERS 4(b)                             ERS 4(c) 

 

(d) ERS - 4 
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        Dry-ERS 5 (a)                          Wet-ERS 5 (b)                             ERS 5 (c) 

(e) ERS - 5 

 

 
         Dry-ERS 6 (a)                          Wet-ERS 6 (b)                             ERS 6 (c) 

(f) ERS - 6 

 

 
        Dry-ERS 7 (a)                          Wet-ERS 7 (b)                             ERS 7 (c) 
 

(g) ERS - 7 

  
          Dry-ERS 8 (a)                          Wet-ERS 8 (b)                             ERS 8 (c) 

 

(h) ERS - 8 

 

Fig.3.17: Optical images of prepared ERS microballoons 
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3.1.3.5. PERCENTAGE SWELLING (PS) 

The % swelling which was carried out in 0.1 HCl, pH 3 gave best results for ERS-6 

(86±0.036) formulation whereas ERS-8 gave 78±0.022 %. Eudragit®E100 is a pH 

responsive polymer that absorbs moisture, swells and solubilizes in acidic conditions. As 

the concentration of Eudragit®RS100 is increased the porosity in microballoons are 

increased due to the presence of ammonium groups, also the crospovidone used swells 

twice of its original volume, which results in polymer chain relaxation (Table 3.15, 

Fig.3.18). The amount of medium uptake was found out for a period of 1 h for ERS-6 and 

Fig.3.19 showed continuous increase in swelling with respect to time, as the polymer 

swells the medium penetrates faster due to higher porosity and finally results in 

solubilization (Table 3.16).  

Table 3.15: Percentage swelling (Ps) of different ERS formulations in 0.1 HCl, pH 3 (1 h, 

37 ± 0.5 ºC) 

Formulation 

Code 

Ws (g) Average  

Ws (g) 

Wd (g) % Swelling (Ps) 

1 2 3 

ERS-1 - - - - - Collapsed 

ERS-2 0.069 0.062 0.061 0.064 0.05 28±0.061 

ERS-3 0.069 0.081 0.066 0.072 0.05 44±0.013 

ERS-4 0.082 0.074 0.081 0.079 0.05 58±0.026 

ERS-5 0.065 0.063 0.073 0.067 0.05 34±0.064 

ERS-6 0.099 0.089 0.091 0.093 0.05 86±0.036 

ERS-7 0.089 0.078 0.088 0.085 0.05 70±0.081 

ERS-8 0.094 0.086 0.087 0.089 0.05 78±0.022 

            S. D: ± Standard Deviation, Average of 3 readings 
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Fig.3.18: Percentage swelling (Ps) of different ERS formulations in 0.1 HCl, pH 3 (1 h, 

37 ± 0.5 ºC) 

 

Table 3.16: Amount of medium (0.1 HCl, pH 3) uptake by ERS-6 in 30 min time interval 

(5 h, 37 ± 0.5 ºC at 100 rpm) 

Time 

(min) 

Ws (g) Average  

Ws (g) 

Wd 

(g) 

Amount of medium uptake 

(g/g) 

1 2 3 

30 0.041 0.036 0.039 0.044 0.05 0.006±0.001 

60 0.037 0.048 0.038 0.041 0.05 0.009±0.011 

90 0.04 0.032 0.042 0.038 0.05 0.012±0.003 

120 0.044 0.031 0.033 0.036 0.05 0.014±0.013 

150 0.034 0.029 0.036 0.033 0.05 0.017±0.005 

180 0.037 0.026 0.024 0.029 0.05 0.021±0.007 

210 0.012 0.026 0.025 0.021 0.05 0.029±0.015 

240 0.013 0.023 0.015 0.017 0.05 0.033±0.003 

270 0.009 0.008 0.016 0.011 0.05 0.039±0.011 

300 0.099 0.089 0.091 0.093 0.05 0.043±0.021 

S. D: ± Standard Deviation, Average of 3 readings 
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Fig.3.19: Swelling kinetics of ERS-6 in 0.1 HCl, pH 3 for 5 h (37 ± 0.5 °C, 300 rpm) 

 

3.1.3.6. PERCENTAGE BUOYANCY: B (Y1 %) 

The buoyancy was attributed due to the formation of internal hollow cavity by escape of 

volatile solvent mixture through pores. This makes the bulk density lower than its 

surroundings and results in floating. Higher concentration of Eudragit®RS100 imparts 

higher degree of porosity to the formulation due to the presence of larger number of 

ammonium groups. Higher the porosity higher will be the buoyancy properties. The 

medium enters through the pores, fills the cavity and further entry was restricted as the 

crospovidone used blocks the pores after swelling. The B % was higher in case of ERS-6 

(74.46±0.035 %) and ERS-8 (86.90±0.043 %) (Table 3.17, Fig.3.20, 3.21). 
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Table 3.17: Percentage buoyancy of different polymer ratios (Crospovidone: 

Eudragit®E100: Eudragit®RS100) in 0.1 HCl, pH 3 for 1 h at 37 ± 0.5 ºC 

 

Formulation  

Code 

WF (mg) WNF (mg) Buoyancy (%) 
 

Average  

Buoyancy 

(Y1 %) 
1 2 3 1 2 3  1 2 3 

 

ERS-1 - - - - - - - - - Collapsed 

 

ERS-2 

 

20.474 20.42 20.485 
 

29.525 29.58 29.515 40.95 40.84 40.97 40.92±0.057 

 

ERS-3 21.83 21.79 21.84 28.17 28.21 28.16 43.66 43.58 43.68 43.64±0.043 

 

ERS-4 29.15 29.115 29.155 20.85 20.885 20.845 58.30 58.23 58.31 58.28±0.035 

 

ERS-5 17.145 17.17 17.155 32.855 32.83 32.845 34.29 34.34 34.31 34.26±0.057 

 

ERS-6 37.215 37.255 37.22 12785. 12.745 12.78 74.43 74.51 74.44 74.46±0.035 

 

ERS-7 34.77 34.73 34.72 15.23 15.27 15.28 69.54 69.46 69.44 69.48±0.043 

 

ERS-8 43.43 43.48 43.44 6.57 6.52 6.56 86.86 86.96 86.88 86.90±0.043 

S. D: ± Standard Deviation, Average of 3 readings 

 

 

 

       

Fig.3.20: Percentage buoyancy of different polymer ratios (Crospovidone: 

Eudragit®E100:   Eudragit®RS100) in 0.1 HCl, pH 3 for 1 h at 37 ± 0.5 ºC 
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Fig.3.21: The picture showing buoyant microballoons in 0.1 HCl, pH 3 for 1 h at 37 ± 0.5 

ºC 

 

3.1.3.7. PERCENTAGE ENTRAPMENT EFFICIENCY: EE (Y2 %)  

The EE % was maximum in ERS-6 such that 87.27±0.432 % since the calculated drug 

content was larger when compared with other formulations. The higher percentage of 

crospovidone (5 %) in ERS-6 blocks the pores after swelling thus hinders the medium 

entry and escape of drug in turn results in higher drug content. ERS-8 also uses 5 % of 

crospovidone but as their porosity were more results in rapid escape of drug from the 

formulation giving lesser entrapment in comparison to ERS-6 (Table 3.18, Fig.3.22). 

 

Table 3.18: Drug entrapment efficiency at different polymer ratios (Crospovidone: 

Eudragit®E100: Eudragit®RS100, 0.1 HCl, pH 3) 

Formulation code Average Entrapment Efficiency (Y2 %) 

ERS-1 Collapsed 

ERS-2 64.54±0.247 

ERS-3 58.62±0.311 

ERS-4 82.13±0.449 

ERS-5 51.81±0.414 

ERS-6 87.27±0.432 

ERS-7 67.87±0.566 

ERS-8 66.91±0.470 
S. D: ± Standard Deviation, Average of 3 readings 
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Fig.3.22: Drug entrapment efficiency at different polymer ratios (Crospovidone: 

Eudragit®E100: Eudragit®RS100 in 0.1 HCl, pH 3) 

 

3.1.3.8. SELECTION OF BEST FORMULATION AND PROCESS 

OPTIMIZATION 

The composition crospovidone (5 %), Eudragit®E100 (600 mg) and Eudragit®RS100 

(900 mg) along with PAN (40 mg) and the 40 °C temperature with 300 rpm stirring speed 

was the optimum for constant drug release. Higher concentration of Eudragit®RS100 

showed good floating ability due to its insolubility in 0.1 HCl, pH 3. 

The % swelling (Fig.3.19) and buoyancy study which was carried out in 0.1 HCl, 

pH 3 gave best results for ERS-6 formulation. Furthermore the EE % and the CDR 1 h % 

were higher in ERS-6 (Fig.3.22). The responses for B %, EE % and CDR 1 h % were 

optimized by considering the three independent variables, amount of crospovidone 

(� , %), Eudragit®E100 (�!, mg) and Eudragit®RS100 (�", mg) and calculating the 

main effects as well as the interaction effects. The obtained values were fitted in the 

polynomial equation and analyzed. Relationship between the variables was obtained by 

placing the values of the effects in the polynomial model (Talukder, 2004). The responses 
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were enhanced by optimizing the design using model matrix and Design Expert® 

software methods. 

 

3.1.3.8.1. PROCESS OPTIMIZATION BY MODEL MATRIX METHOD  

3.1.3.8.1.1. Model matrix method - Percentage Buoyancy (B %)  

The obtained percentage buoyancies for different formulations were further optimized by 

model matrix method. Table 3.19 shows the design and the respective yield response for 

the formulations. With the help of Table 3.19 and Table 3.20 main effects and the 

interaction effects are calculated. 

 

Table 3.19: Design and the yield response B (Y1%) 

Formulation code x1 x2 x3 B (Y1%) 

ERS-1 ̶ ̶ ̶ Collapsed 

ERS-2 + ̶ ̶ 40.92 

ERS-3 ̶ + ̶̶ 43.64 

ERS-4 + + ̶ 58.28 

ERS-5 ̶ ̶ + 34.26 

ERS-6 + ̶ + 74.46 

ERS-7 ̶ + + 69.48 

ERS-8 + + + 86.90 

 

The obtained main effects were: 

b0 = 1/7 (Cd + 40.92 + 43.64 + 58.28 + 34.26 + 74.46 + 69.48 + 86.90) = 58.27 

b1 = 1/7 (  ̶  Cd + 40.92   ̶   43.64 + 58.28  ̶   34.26 + 74.46  ̶   69.48 + 86.90) = 16.16 

b2 = 1/7 (  ̶  Cd  ̶  40.92 +  43.64 + 58.28  ̶   34.26  ̶  74.46 + 69.48 + 86.90) = 15.52 

b3 = 1/7 (  ̶  Cd  ̶  40.92   ̶   43.64  ̶  58.28 +  34.26 + 74.46 +  69.48 + 86.90) = 17.46 
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Table 3.20: Model matrix and the yield response B (Y1%) 

Formulation code x1 x2 x3 x1 x2 x1 x3 x2 x3 x1 x2 x3 B (Y1%) 

ERS-1 ̶ ̶ ̶ + + + ̶ Collapsed 

ERS-2 + ̶ ̶ ̶ ̶ + + 40.92 

ERS-3 ̶ + ̶̶ ̶ + ̶ + 43.64 

ERS-4 + + ̶ + ̶ ̶̶ ̶ 58.28 

ERS-5 ̶ ̶ + + ̶ ̶ + 34.26 

ERS-6 + ̶ + ̶ + ̶ ̶ 74.46 

ERS-7 ̶ + + ̶ ̶ + ̶ 69.48 

ERS-8 + + + + + + + 86.90 

 

The interaction effects were calculated in the same way as the main effects: 

b12 = 1/7 (Cd   ̶   40.92   ̶   43.64 + 58.28 + 34.26   ̶   74.46   ̶   69.48 + 86.90) =   ̶   7.05 

b13 = 1/7 (Cd   ̶   40.92 + 43.64   ̶   58.28   ̶   34.26 + 74.46   ̶   69.48 + 86.90) =   ̶   0.29 

b23 = 1/7 (Cd + 40.92   ̶   43.64   ̶   58.28   ̶   34.26   ̶   74.46 + 69.48 + 86.90) =   ̶   1.90 

b123 = 1/7 (  ̶  Cd + 40.92 + 43.64   ̶   58.28 + 34.26   ̶   74.46 ̶   69.48 + 86.90) = 0.5 

 

Relationship between the variables was obtained by placing the values of the effects in 

the polynomial model: 

y = b0 + b1x1 + b2 x2 + b3 x3 + b12 x1 x2 + b13 x1 x3 + b23 x2 x3 + b123 x1 x2 x3 

y = 58.27 + 16.16 x1 + 15.52 x2 + 17.46 x3   ̶  7.05 x1 x2  ̶  0.29 x1 x3  ̶   1.90 x2 x3 + 0.5 x1 x2 

x3 

If the concentration of variable 3 is increased that will result in an increase in buoyancy 

by 17.46%. 

 

3.1.3.8.1.2. Model matrix method - Percentage Entrapment Efficiency (EE %)  

In order to optimize the percentage entrapment efficiency yield main and the interaction 

effects were calculated using Table 3.21 and Table 3.22. 
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Table 3.21: Design and the yield response EE (Y2 %) 

Formulation code x1 x2 x3 EE (Y2%) 

ERS-1 ̶ ̶ ̶ Collapsed 

ERS-2 + ̶ ̶ 64.54 

ERS-3 ̶ + ̶̶ 58.62 

ERS-4 + + ̶ 82.13 

ERS-5 ̶ ̶ + 51.81 

ERS-6 + ̶ + 87.27 

ERS-7 ̶ + + 67.87 

ERS-8 + + + 66.91 

 

The obtained main effects were: 

b0 = 1/7 (Cd + 64.54 + 58.62 + 82.13 + 51.81 + 87.27 + 67.87 + 66.91) = 68.45 

b1 = 1/7 (  ̶  Cd + 64.54   ̶   58.62 + 82.13  ̶   51.81 + 87.27  ̶   67.87 + 66.91) = 17.50 

b2 = 1/7 (  ̶  Cd  ̶  64.54 +  58.62 + 82.13  ̶   51.81  ̶  87.27 + 67.87 + 66.91) = 10.27 

b3 = 1/7 (  ̶  Cd  ̶  64.54   ̶   58.62  ̶  82.13 +  51.81 + 87.27 +  67.87 + 66.91) = 9.79 

 

Table 3.22: Model matrix and the yield response EE (Y2 %) 

Formulation code x1 x2 x3 x1 x2 x1 x3 x2 x3 x1 x2 x3 EE (Y2%) 

ERS-1 ̶ ̶ ̶ + + + ̶ Collapsed 

ERS-2 + ̶ ̶ ̶ ̶ + + 64.54 

ERS-3 ̶ + ̶̶ ̶ + ̶ + 58.62 

ERS-4 + + ̶ + ̶ ̶̶ ̶ 82.13 

ERS-5 ̶ ̶ + + ̶ ̶ + 51.81 

ERS-6 + ̶ + ̶ + ̶ ̶ 87.27 

ERS-7 ̶ + + ̶ ̶ + ̶ 67.87 

ERS-8 + + + + + + + 66.91 

  

The interaction effects were calculated in the same way as the main effects: 

b12 = 1/7 (Cd   ̶   64.54   ̶   58.62 + 82.13 + 51.81   ̶   87.27   ̶   67.87 + 66.91) =   ̶   11.06 

b13 = 1/7 (Cd   ̶   64.54 + 58.62   ̶   82.13   ̶   51.81 + 87.27   ̶   67.87 + 66.91) =   ̶   7.65 

b23 = 1/7 (Cd + 64.54   ̶   58.62   ̶   82.13   ̶   51.81   ̶   87.27 + 67.87 + 66.91) =   ̶   11.50 
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b123 = 1/7 (  ̶  Cd + 64.54 + 58.62   ̶   82.13 + 51.81   ̶   87.27  ̶   67.87 + 66.91) = 0.65 

 

Relationship between the variables was obtained by placing the values of the effects in 

the polynomial model: 

y = b0 + b1x1 + b2 x2 + b3 x3 + b12 x1 x2 + b13 x1 x3 + b23 x2 x3 + b123 x1 x2 x3 

y = 68.45 + 17.50 x1 + 10.27 x2 + 9.79 x3   ̶  11.06 x1 x2   ̶  7.65 x1 x3   ̶  11.50 x2 x3 + 0.65 

x1 x2 x3 

 

If the concentration of variable 1 is increased that will result in an increase of EE by 

17.50 %. 

 

3.1.3.8.1.3. Model matrix method - Cumulative percentage drug release (CDR %)  

The percentage cumulative drug release for the respective formulations was optimized by 

calculating the main and the interaction effects using Table 3.23 and Table 3.24. 

Table 3.23: Design and the yield response CDR (Y3 %) 

 

 

The obtained main effects were: 

b0 = 1/7 (Cd + 83.37 + 89.54 + 98.17 + 92.89 + 99.17 + 98.48 + 97.94) = 94.22 

b1 = 1/7 (  ̶  Cd + 83.37   ̶   89.54 + 98.17  ̶   92.89 + 99.17  ̶   98.48 + 97.94) = 13.96 

b2 = 1/7 (  ̶  Cd  ̶  83.37 +  89.54 + 98.17  ̶   92.89  ̶  99.17 + 98.48 + 97.94) = 15.52 

Formulation code x1 x2 x3 CDR (Y3 %) 

ERS-1 ̶ ̶ ̶ Collapsed 

ERS-2 + ̶ ̶ 83.37 

ERS-3 ̶ + ̶̶ 89.54 

ERS-4 + + ̶ 98.17 

ERS-5 ̶ ̶ + 92.89 

ERS-6 + ̶ + 99.17 

ERS-7 ̶ + + 98.48 

ERS-8 + + + 97.94 
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b3 = 1/7 (  ̶  Cd  ̶  83.37   ̶   89.54  ̶  98.17 +  92.89 + 99.17 +  98.48 + 97.94) = 16.77 

 

Table 3.24: Model matrix and the yield response CDR (Y3 %) 

Formulation code x1 x2 x3 x1 x2 x1 x3 x2 x3 x1 x2 x3 CDR (Y3 %) 

ERS-1 ̶ ̶ ̶ + + + ̶ Collapsed 

ERS-2 + ̶ ̶ ̶ ̶ + + 83.37 

ERS-3 ̶ + ̶̶ ̶ + ̶ + 89.54 

ERS-4 + + ̶ + ̶ ̶̶ ̶ 98.17 

ERS-5 ̶ ̶ + + ̶ ̶ + 92.89 

ERS-6 + ̶ + ̶ + ̶ ̶ 99.17 

ERS-7 ̶ + + ̶ ̶ + ̶ 98.48 

ERS-8 + + + + + + + 97.94 

 

The interaction effects were calculated in the same way as the main effects: 

b12 = 1/7 (Cd   ̶   83.37   ̶   89.54 + 98.17 + 92.89   ̶   99.17   ̶   98.48 + 97.94) =  ̶  11.65 

b13 = 1/7 (Cd   ̶   83.37 + 89.54   ̶   98.17   ̶   92.89 + 99.17   ̶   98.48 + 97.94) =  ̶  12.32  

b23 = 1/7 (Cd + 83.37   ̶   89.54   ̶   98.17   ̶   92.89   ̶   99.17 + 98.48 + 97.94) =  ̶  14.28  

b123 = 1/7 (  ̶  Cd + 83.37 + 89.54   ̶   98.17 + 92.89   ̶   99.17  ̶   98.48 + 97.94) = 9.7 

 

Relationship between the variables was obtained by placing the values of the effects in 

the polynomial model: 

y = b0 + b1x1 + b2 x2 + b3 x3 + b12 x1 x2 + b13 x1 x3 + b23 x2 x3 + b123 x1 x2 x3 

y = 94.22 + 13.96 x1 + 15.52 x2 + 16.77 x3  ̶  11.65 x1 x2  ̶  12.32 x1 x3  ̶  14.28 x2 x3 + 9.7 x1 

x2 x3 

If the concentration of variable 3 is increased that will result in an increase of CDR by 

16.77 %. 

The summary of main evaluation parameters along with their obtained coefficient 

values are depicted in Table 3.25. The percentage changes in the concentrations of the 

dependent variables were as per the highest values obtained.  
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Table 3.25: Formulation optimization via binomial model (ERS) 

 

Code Response (Y) bo b1 b2 b3 b12 b13 b23 b123 Variable 

ERS B (Y1, %) 58.27 16.16 15.52 17.46 -7.05 -0.29 -1.90 0.5 x3 

EE (Y2, %) 68.45 17.50 10.27 9.79 -11.06 -7.65 -11.50 0.65 x1 

CDR 1 h (Y3, %) 94.22 13.96 15.52 16.77 -11.65 -12.32 - 14.28 9.7 x3 

B: Buoyancy; EE: Entrapment efficiency; CDR 1 h: Cumulative drug release after 1 h 

 

The results of the model matrix showed that the response y was directly 

influenced by the variable interactions. Corresponding increase in the responses 

(percentages) was achieved with an increase of the variable concentrations. From the 

polynomial equations it was showed that by increasing the concentration of variable-3 

(Eudragit®RS100) the % buoyancy could be increased and by increasing the 

concentration of variable-1(amount of crospovidone) the EE % as well as CDR 1 h % 

could also be increased. 

 

3.1.3.8.2. PROCESS OPTIMIZATION BY DESIGN EXPERT® SOFTWARE  

With the help of Design Expert® 9.0.6 software the response parameters was easily 

modified and the optimized formulation ERS O with higher B %, EE % and CDR 1 h % 

was formulated (Bhadouriya et al., 2013). With the help of desirability approach for 

numerical optimization the desirable responses and variable concentrations were fed in 

software. On the basis of 3D surface plots the predicted responses were easily found out 

and validated by comparing with that of the actual values, the obtained values of 

percentage error helped in validating the design. 

 

3.1.3.8.2.1. MULTIPLE REGRESSION AND MATHEMATICAL BUILDING 

The targeted response parameters were statistically analyzed by applying one-way 

ANOVA (analysis of variance) shown in Table 3.26, at 5 % significance level and the 

significance of the model was estimated using the software. The individual parameters 

were evaluated using F-test and mathematical relationship was generated between the 
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factors (independant variable) and responses (dependant variable) using multiple linear 

regression analysis, for determining the levels of factors which yield optimum dissolution 

responses.  

A factor is considered to influence the response if the effects significantly differ 

from zero and the p-value is less than 0.05. Positive sign in front of the terms indicates 

synergistic effect while negative sign indicates antagonistic effect of the factors. 

Following are the polynomial regression equations that are fitted to the data: 

 

�(%) = 51.43 + 13.71 ! + 13.14 " + 14.84 # − 5.69 ! " + 0.70 ! # − 1.23 " # 

[&" = 1.000; ' ,-/:< = −209.59; > < 0.05]  

 

After eliminating the non-significant terms > > 0.05 the final equation becomes: 

A(%) = −5.69 ! "  − 1.23 " #          (BC. 9) 

 

Equation 9, shows that significant factors affecting the response Y1 were 

antagonistic effect of quadratic contribution of main effects X1, X2 and X3 producing 

interactions. 

 

BB = 60.47 + 14.74 ! + 8.41 " + 7.99 # − 9.10 ! " − 6.12 ! # − 9.49 " #  

[&" = 1.000; ' ,-/:< = −470.75; > < 0.05]  

 

After eliminating the non-significant terms > > 0.05 the final equation becomes: 

BB(%) = −9.10 ! " − 6.12 ! # − 9.49 " #  (BC. 10)  

 

The response Y2 in equation 10 was significantly affected by the antagonistic 

effect of quadratic contribution of all the three main effects X1, X2 and X3. 
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DE&(%) = 90.94 + 3.73 ! + 5.10 " + 6.18 # − 1.71 ! " − 2.29 ! # − 4.01 " # 

[&" = 1.000; ' ,-/:< = −121.00; > < 0.05]  

 

After eliminating the non-significant terms > > 0.05 the final equation becomes: 

   DE&(%) = −1.71 ! " − 2.29 ! # − 4.01 " #           (BC. 11)  

 

The response Y3 in equation 11 also shows the antagonistic effect of quadratic 

contribution of all the three main effects X1, X2 and X3 showing interactions. 

 

In statistical optimization through ANOVA method as shown in Table 3.26 

confirms the significance > < 0.05 of all models investigated for all the three response 

parameters. The significance level is set at 5 %, all the values with alphabet ʻSʼ have p-

value less than 0.05, and hence the corresponding factors are considered to significantly 

influence the response. 
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Table 3.26: ANOVA summary for response parameters 

Source Sum of squares d.f.a Mean square F-value P-value ( Prob> F) 

(a) (Y1) B % b      

Model 2299.00 6 383.17 -209.59 51.43 (NS) 

�  751.86 1 751.86 25.806 13.71 (NS) 

�! 691.96 1 691.16 0.217 13.14 (NS) 

�" 881.50 1 881.50 0.129 14.84 (NS) 

� �! 129.73 1 129.73 -0.025 -5.69 (S) 

� �" 1.93 1 1.93 3.088 0.70 (NS) 

�!�" 6.05 1 6.05 -5.466 -1.23 (S) 

 

(b) (Y2) EE % c 

     

Model 932.85 6 155.47 -470.75 60.47 (NS) 

�  869.37 1 869.37 60.570 14.74 (NS) 

�! 283.08 1 283.08 0.513 8.41 (NS) 

�" 255.68 1 255.68 0.464 7.99 (NS) 

� �! 331.60 1 331.60 -0.040 -9.10 (S) 

� �" 149.70 1 149.70 -0.027 -6.12 (S) 

�!�"  360.05 1 360.05 -4.216 -9.49 (S) 

 

   (c) (Y3)CDR 5h% d 

     

Model 213.48 6 35.58 -121.00 90.94 (NS) 

�  55.58 1 55.58 15.810 3.73 (NS) 

�! 103.94 1 103.94 0.194 5.10 (NS) 

�" 153.02 1 153.02 0.210 6.18 (NS) 

� �! 11.63 1 11.63 -7.577 -1.71 (S) 

� �" 21.02 1 21.02 -0.010 -2.29 (S) 

�!�" 64.24 1 64.24 -1.781 -4.01 (S) 

� , �! and �" represents amount of crospovidone (%), Eudragit®E100 (mg) and Eudragit®RS100 (mg), respectively; 

� �! , � �"  and �!�" are the interaction effects; S and NS indicate significant and not significant, respectively. 
a d.f. indicate degree of freedom. 
b B % = percentage buoyancy. 
c EE % = percentage entrapment efficiency. 
d CDR 1 h % = cumulative percentage drug release after 1 h 

 

3.1.3.8.2.2. RESPONSE SURFACE ANALYSIS 

The response plots of the response surface as a function of three factors at a time, with all 

other factors fixed, are more helpful in understanding both the main and interaction effect 

of the three factors. The polynomial equations of the dependant variables were used in 

generating the 3D response surface graphs, which predicts the responses ($) of the 

dependent variables at intermediate levels of independent variables (� , �! and �"). The 

response variable data was fitted in the software and analyzed. A linear correlation plot 
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was obtained when actual values are plotted against the predicted (Fig.3.23) and 

corresponding interaction plot shows the effects of independent variables on dependent 

variables, Fig.3.24.  

  

              

Fig.3.23: Linear correlation plot between the actual and predicted values for (A): B (Y1), 

(B): EE (Y2) and (C): CDR 1 h (Y3) % 
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Fig.3.24: Interaction plot predicting mutual effects of amount of crospovidone (%), 

Eudragit®E100 (mg) and Eudragit®RS100 (mg) on B % (Y1), EE % (Y2) and CDR 1 h (Y3) 

% 

 

The quadratic models generated by regression analysis were used to construct 3D 

response surface plots in which response parameter ʻYʼ was represented by a square 

surface as a function of ʻXʼ. Fig.3.24 and 3.25 shows the effect of three factors in the 
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time controlled coating of microballoons on the percentage buoyancy, entrapment 

efficiency and cumulative drug release in 0.1 N HCl at the end of 1 h, respectively.  

Fig.3.25. B % shows a greater quadratic antagonistic relationship between the two 

independent variables (factors) X1 (Amount of crospovidone) and X2 (Eudragit®E100) 

while Fig.3.25. B% (C) depicts the antagonistic relationship between X2 (Eudragit®E100) 

and X3 (Eudragit®RS100) on response Y1 (Buoyancy, %).  It was also evident from the p-

value lised in Table 3.26. This increase in buoyancy (%) in Fig.3.25 B % (A) was due to 

increased permeability and increased hydrophilcity of the film coating because of the 

higher concentration of crospovidone and lower of Eudragit®E100.  Eudragit®E100 

solubilises in acidic pH and makes the formulation permeable. It has low viscosity, high 

pigment binding capacity, good adhesion and low polymer weight gain. Crospovidone 

rapidly exhibits high capillary activity and pronounced hydration capacity. It swells to 

several times its original volume in water, exhibits a controlled swelling in the presence of 

Eudragit®E100. Whereas Eudragit®RS100 is pH independent polymer shows low 

permeability and sustained release profiles. In this the ammonium groups are present as 

salts and make the polymers permeable. However, the interaction effect of X1X2 seems to 

be more pronounced as compared with that of X2X3. This receives confirmation from the 

mathematical model generated for response Y1 (Eq.9). 

Fig.3.25 EE % depicts a quadratic relationship for Y2 with a region of maxima 

due to low levels of X1 and X2 and with high level of X3. In Fig.3.25 EE % (A) larger 

interaction between X1 and X2 was observed, increasing the Y2 significantly, as after 

interacting they gave antagonistic effect on the response Y2, thus slightly decreases the 

response. This can be ascribed to the increased permeability and less entrapment of drug, 

so reduces the response. Fig.3.25 EE % (B) shows lowest value for Y2 because both the 

polymers interacted, crospovidone as well as Eudragit®RS100 drastically increases the 

permeation due to capillary and chanelling effect thus less drug binding.  Fig.3.25. EE % 

(C) shows larger interaction between X2 and X3 with highest response Y2 and larger 

antagonistic effect. High level of X3 decreases the permeability and binding sites for the 

drug thus decreases the response. Moreover the overall antagonistic effect on response Y2 

was confirmed from the p-values given in Table 3.26 and from the mathematical model 

equation 10. 
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 Fig.3.25 CDR1h (%) also shows a quadratic antagonistic relationship between the 

interacted variables X1X2, X1X3 and X2X3 on response Y2 (cumulative % drug release). 

This can be attributed to the potential occurance of interaction between the three 

independent variables at the corresponding factor levels, construing that each 

independent variable is tending to modify the effect of another towards the release of 

Pantoprazole Sodium in 0.1N HCl.  The effect of X2X3 (Eudragit®E and RS100) seems to 

be a little more pronounced as compared with that of X1X2 and X1X3. 

In Fig.3.25 CDR1h % (C) the interacted factors X2X3 (Eudragit®E and RS100) 

with low level of X2 and high level of X3 sustains the release, confirmed with the highest 

p-value (Table 3.26). This was due to decreased permeability and swelling of 

Eudragit®RS100 after interacting with crospovidone with less pores and channels for the 

effective drug diffusion. Moreover a more tortuous diffusional path length results in 

sustained release rate. As dissolution medium enters the formulation the pH sensitive 

polymer swells (Eudragit®E100), the swollen particles forms closely packed network, 

which hinders further entry of dissolution medium thus results in retardation of drug 

release. Fig.3.25 CDR1h % (B) demonstrate the antagonistic effect on the response that 

was due to the interaction between X1X3 (amount of crospovidone and Eudragit®RS100) 

with slightly lower response due to shorter diffusional pathlength. The ammonium groups 

in Eudragit®RS100 cause pH independent permeation and blocks the binding sites of 

drug over crospovidone. Similarily Fig.3.25 CDR1h % (A) shows the lowest response 

due to the interaction between X1X2 (amount of crospovidone and Eudragit®E100) with 

high level of crospovidone and low level of Eudragit®E100. As crospovidone with larger 

particle size swells fast, relaxes the polymer chain simultaneously Eudragit®E100 

dissolves in acidic pH results in decreased viscosity, higher drug binding with longer 

diffusional pathlength. 
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Fig.3.25: Response surface plot predicting mutual effects of amount of crospovidone (%), 

Eudragit®E100 (mg) and Eudragit®RS100 (mg) on B % (Y1), EE % (Y2) and CDR 1 h (Y3) 

% 



215 

 

To optimize all the responses with different targets a multicriteria decision 

approach (a numerical optimization technique by the desirability function and a graphical 

optimization technique) was used. The optimized formulation was obtained by applying 

constraints on dependent variables responses and independent variables. The constraints 

were maximum B%, EE% and CDR 1 h %. These constraints are common for all the 

formulations. The recommended concentrations of the independent variables were found 

out by the Design Expert® software from the above plots which has the highest 

desirability near to 1.0. The extensive grid and feasibility  searches provides the optimum 

formulation and the respectively desired function response plot as shown in Fig.3.25 

where one solution was found with a highest desirability. The selected desirable values 

for independent variables were: � = 5.00 %, � = 601.72 mg and �" = 900.00 mg, 

whereas the desirable ranges for dependent responses were 70 ≤ B % ≤ 75, 85 ≤ EE % ≤ 

90 and 95 ≤ CDR % 1 h ≤ 100.  The obtained predicted values for dependent variables 

were B % = 74.53; EE % = 87.15 and CDR % 1 h = 99.16. 

 

3.1.3.8.3. VALIDATION OF FACTORIAL DESIGN 

On the basis of 3D surface plots the predicted responses were easily found out and 

validated by comparing with that of the actual values. The design was validated by 

formulating an extra check point formulation ERS O and evaluating the responses for 

percentage buoyancy, entrapment efficiency and cumulative drug release after 1 h. It was 

observed that the experimental values of the responses were close to the software 

predicted values. The experimental and the predicted values are shown in Table 3.27 and 

the percentage error was calculated. 

 When experimental values are compared with that of the predicted values, it was 

observed that the values of percentage error are very low. As the magnitude of error was 

low, confirms the validation of 23 full factorial designs (Gupta et al., 2008).  
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Table 3.27: Confirmation of optimization capability 

Code Composition  Predicted 

value 

Experimental 

value  

dPercentage 

error  Amt. of 

crospovidone  

(X1, %) 

Eudragit® 

E100  

(X2, mg) 

Eudragit® 

RS100  

(X3, mg) 

Response  

(Y, %) 

ERS O 5.00 601.72 900.00 aB (Y1)  74.53 74.46 0.093 

   bEE (Y2)  87.15 87.27 -0.137 

   cCDR 1h (Y3)   99.16 99.17 -0.010 

a B = buoyancy; b EE = entrapment efficiency; c CDR 1 h = cumulative drug release after 1 h; d Percentage error (%) 

= (predicted value  ̶  experimental value )/ predicted value x 100 

 

3.1.3.9. CHARACTERIZATION OF OPTIMIZED MICROBALLOONS  

3.1.3.9.1. PARTICLE SIZE ANALYSIS 

It was observed that the mean size of microballoons increases with increase in the 

concentrations of polymers ratios (Eudragit®E100: Eudragit®RS100). The size of the 

optimized formulation ERS O ranges between 20-120 µm and the maximum particles 

were in the range 60-80 µm as shown in Fig.3.26. 

 

Fig.3.26: Particle size analysis of optimized formulation ERS O 
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3.1.3.9.2. SURFACE MORPHOLOGY 

The surface appearance and spherical shape as observed in optical images of the ERS was 

confirmed with SEM analysis. The micrograph of the optimized formulation ERS O 

(Fig.3.27) showed spherical shape with internal hollow cavity. The porosity of the 

boundary wall was due to the porous nature of the polymer Eudragit®RS100 and also due 

to channeling effect and leaching of sodium chloride. In formulation ERS O internal 

pores are seen which may be due to the capillary effect of crospovidone.  

The smooth surface of ERS O was may be due to the hydrating and gel effect of 

crospovidone. Moreover the lower density of polymers also makes contribution in 

achieving buoyancy and internal hollow cavity (Hinto and Ito, 1991). 

 

Fig.3.27: Scanning electron micrographs (a) surface appearance (b) cross-sectional view 

and (c) porous boundary wall of formulation ERS O 

 

3.1.3.9.3. FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)  

The FTIR spectra of Eudragit®E100, Eudragit®RS100, PAN and the optimized 

formulation ERS O were analyzed. The principle peaks of pure drug PAN were observed 

at 2942, 1588, 1376, 1303, 1040, 983, 838  and 796  cm-1 which are due to [C-H]str; 

[C=N]str; [S=O]str; [C-H]def; [C-F]str; [C-O]str; [C-C]str and [N-H]Rocking  respectively. 

Spectra of Eudragit®E100 showed the band around 2949, 1722, 1451, 1144, 966, 749 cm-

1 which was due to [C-H]str;  [C=O]str; [N-H]def, [C-O]str; [C-C]str and [N-H]Rocking. And 
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the common polymer Eudragit®RS100 showed the bands at 2951, 1724, 1448, 1238, 

1143, 988, 848 and 752 cm-1 which corresponds to [C-H]str; [C=O]str; [C-H]Bend in plane; [C-

N]str; [C-O]str; [C-C]str; [C-H]Rocking and [C-Cl]str. While ERS O showed peaks at 2952, 

1952, 1722, 1450, 1384, 1040, 1072, 965, 780 and 748 which was due to [C-H]str; 

[C=O]str; [C=N]str; [C-H]Bend in plane; [S=O]str; [C-F]str; [C-O]str; [C-C]str; [C-Cl]str and [N-

H]Rocking respectively (Fig.3.28.a-d). 

 In the FTIR spectra of optimized formulation ERS O, various characteristic peaks 

of Eudragit®E100, Eudragit®RS100 and pure PAN had appeared without any significant 

changes of bands, only shifting of [C=N]str band towards higher wave number appeared 

due to cross-linking. This showed that spectra of ERS O formulation prepared by 

emulsion solvent diffusion method had significant characters of PAN and confirms that 

there were no chemical interactions between PAN and other excipients. 
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Fig.3.28: FTIR spectra of (a) Pantoprazole Sodium, (b) Eudragit®E100, (c) 

Eudragit®RS100 and (d) Optimized formulation ERS O containing Pantoprazole Sodium 
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3.1.3.9.3.1. FTIR SPECTRAL ANALYSIS OF PANTOPRAZOLE SODIUM (PAN) 

The obtained peak values for PAN showed different types of vibrations as mentioned in 

Table 3.28. Fig.3.29 shows the structure of PAN and the characteristic FTIR spectra´s 

are shown in Fig.3.30. 

Table 3.28: Positions of some characteristic absorption bands (Pantoprazole Sodium) 

  

 

 

 

 

 

 

 

 

 

 

 

Fig.3.29: Structure of Pantoprazole Sodium 

 
Fig.3.30: FTIR of pure drug Pantoprazole Sodium 

 

S.No. Peak value (cm-1) Type of vibration Range (cm-1) 

1. 2942            [C-H]str 2850-2960 

2. 1588   [C=N]str 1600-1700 

3. 1376  [S=O]str 1050-1400 

4. 1303   [C-H]def 1300-1500 

5. 1040  [C-F]str 1000-1400 

6. 983  [C-O]str     900-1300 

7. 838  [C-C]str 800-1200 

8. 796         [N-H]Rocking 700-900 
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3.1.3.9.3.2. FTIR SPECTRAL ANALYSIS OF EUDRAGIT®E100 

The type of vibrations and the peak values are shown in Table 3.29. The structure of 

Eudragit®E100 and the FTIR spectra´s are showed in Fig. 3.31 and Fig. 3.32. 

Table 3.29: Positions of some characteristic absorption bands (Eudragit®E100) 
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butyl ester

n

 

Fig.3.31: Structure of Eudragit®E100 

 
Fig.3.32: FTIR of Eudragit®E100 

S.No. Peak value (cm-1) Type of vibration Range (cm-1) 

1. 2949               [C-H]str 2700-3300 

2. 1722 [C=O]str 1600-1900 

3. 1451 [N-H]def 1500-1700 

4. 1144 [C-O]str 1050-1350 

5. 966 [C-C]str 800-1200 

6. 749        [N-H]Rocking 700-900 



222 

 

3.1.3.9.3.3. FTIR SPECTRAL ANALYSIS OF EUDRAGIT®RS100 

The type of vibrations and the peak values are shown in Table 3.30. The structure of 

Eudragit®RS100 and the FTIR spectra´s are showed in Fig. 3.33 and Fig. 3.34. 

Table 3.30: Positions of some characteristic absorption bands (Eudragit®RS100) 

S.No. Peak value (cm-1) Type of vibration Range (cm-1) 

1. 2951 [C-H]str 2700-3300 

2. 1724 [C=O]str 1600-1900 

3. 

4. 

1448 

1238 
            [C-H]Bend in plane 

[C-N]str 

1300-1500 

1180-1360 

5. 1143 [C-O]str 900-1300 

6. 988 [C-C]str 800-1200 

7. 848       [C-H]Rocking 600-900 

8. 752 [C-Cl]str 600-800 
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Fig.3.33: Structure of Eudragit®RS100 

 
Fig.3.34: FTIR of Eudragit®RS100 
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3.1.3.9.3.4. FTIR SPECTRAL ANALYSIS OF FORMULATION ERS O 

The type of vibrations and the peak values observed in case of the best formulation 

ERS O are showed in Table 3.31. Fig.3.35 presents the FTIR spectra´s for the 

formulation. 

Table 3.31: Positions of some characteristic absorption bands (ERS O) 

S.No. Peak value (cm-1) Type of vibration Range (cm-1) 

1. 2952 [C-H]str 2700-3300 

2. 1952 [C=O]str 1600-1900 

3. 1722 [C=N]str 1600-1700 

4. 1450 [C ̶ H]Bend in plane 1300-1500 

5. 1384 [S=O]str 1050-1400 

6. 1040 [C-F]str 1000-1400 

7. 1072 [C-O]str 900-1300 

8. 965 [C-C]str 800-1200 

9. 780 [C-Cl]str 600-800 

10. 748 [N-H]Rocking 700-900 

 

 

 

 
Fig.3.35: FTIR of formulation ERS O 
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3.1.3.9.4. DIFFERENTIAL SCANNING CALORIMETRY (DSC) 

Differential Scanning Calorimetric analysis of PAN showed an endothermic peak at 

141.1 °C corresponding to its melting point, with the absorption of heat while undergoing 

phase transitions from solid to liquid followed by the degradation at 195.7 °C 

(exothermic) this requires less heat in comparison. The DSC thermo gram of PAN 

showed both melting and degradation as a parallel processes, while the endothermic peak 

near to the reference value confirms its purity (Fig. 3.36). Eudragit®E100 shows three 

endothermic peaks at 67.1 °C, 196.5 °C and a complex peak at 398.8 °C corresponding to 

its melting point (Fig. 3.37). Eudragit®RS100 also presents two endothermic peaks at 

67.9 °C and 194.0 °C and a complex peak at 397.9 °C (Fig. 3.38). The thermo gram of 

physical mixture containing crospovidone, Eudragit®E100 and Eudragit®RS100 gave a 

complex endothermic peak at 81.9 °C (correlated to Eudragit®E100 67.1 °C). The single 

endothermic peak observed in physical mixture of crospovidone, Eudragit®E100 and 

Eudragit®RS100 suggests their homogeneous phase and encapsulation (Fig. 3.39). The 

thermo gram of formulation ERS-6 presented two endothermic peaks at 267.4 °C and 

309.9 °C (correlated to Eudragit®E100 398.8 °C) and a complex endothermic peak at 

412.1 °C (correlated to Eudragit®RS100 397.9 °C) due to higher cross linking. The two 

endothermic peaks observed in case of formulation ERS-6 identifies the presence of 

Eudragit®E100 and Eudragit®RS100 (Fig.3.40). The disappearance of PAN peak 

indicates their encapsulation and suggests that the drug was homogeneously dispersed in 

the polymer blend (Fransesca et al., 2008) (Fig.3.41). 
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Fig.3.36: DSC thermo gram of Pantoprazole Sodium (PAN) 

 

 

 

Fig.3.37: DSC thermo gram of Eudragit®E100 
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Fig.3.38: DSC thermo gram of Eudragit®RS100 

 

 

Fig.3.39: DSC thermo gram of physical mixture (Crospovidone + Eudragit®E100+ 

Eudragit®RS100) 
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Fig.3.40: DSC thermo gram of ERS-6 formulation 
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Fig.3.41: DSC thermo gram of  (a) Pantoprazole Sodium,  (b) Eudragit®E100, (c) 

Eudragit®RS100, (d) physical mixture (Crospovidone+Eudragit®E100+ Eudragit®RS100) 

and  (e) ERS-6 formulation 

 

3.1.3.9.5.  IN VITRO DRUG RELEASE 

The results of in vitro release in 0.1N HCl pH 3 and in pH 4.5 for all the formulations 

ERS 2-8 containing Eudragit®E100, Eudragit®RS100 and crospovidone as 
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superdisintegrant were shown in Table 3.32. The release mainly depends on the 

concentrations of different polymer used. The drug release was found to be instant for 

almost all the formulations analyzed within 60-120 minutes. Fig.3.42 & 3.43 clearly 

depicts that formulation ERS-6 gave maximum release of 99.17±0.30 % within 60 min at 

pH 3 and of 99.84±0.04 % in 120 min at pH 4.5, Table 3.33. Thus, ERS-6 was selected as 

the best formulation among all formulations tested. The release was found to be higher 

with high level of crospovidone, Eudragit®RS100 and low level of Eudragit®E100 used. 

Drug release was higher in acidic region due to its basic nature. Crospovidone swells fast 

and thus relaxes the polymer chain, so that the drug leaches out faster through the pores 

on to the polymer matrix, created through Eudragit®RS100, NaCl and also due to the 

escape of volatile solvents used during the preparation. From the polymer matrix the drug 

diffuses in to the dissolution medium. Drug degradation was slowed down by the use of 

sodium citrate that provides the alkaline micro environment over the drug particle as soon 

as it reaches the small intestine for absorption. Further the Eudragit®E100 coat over the 

drug particle dissolves completely as they approach the jejunum pH. 

Table 3.32: Comparative percentage in vitro drug release profile in 0.1 N HCl (pH 3) 

Time 

(min) 

% Cumulative drug release 

ERS 2 ERS 3 ERS 4 ERS 5 ERS 6 ERS 7 ERS 8 ERS O ERS M 

0 0.11±0.13 0.24±0.16 2.8±0.56 0.46±0.28 11.27±0.54 9.72±0.08 1.84±0.39 0.78±0.09 0.63±0.56 

5 8.83±0.21 13.69±0.26 27.74±0.71 16.67±0.37 51.48±0.73 30.73±0.29 16.84±0.72 58.59±0.46 60.56±0.11 

10 26.39±0.08  32.72±0.18 49.38±0.54 38.68±0.71 73.02±0.42 57.74±0.47 39.53±0.84 65.69±0.01 69.83±0.05 

15 35.28±0.35 41.46±0.51 78.42±0.62 45.79±0.29 82.73±0.58 69.62±0.51 51.56±0.59 74.35±0.06 78.38±0.03 

20 44.37±0.17 50.27±0.25 87.82±0.39 51.35±0.34 87.99±0.16 84.44±0.73 63.62±0.20 81.45±0.03 86.17±0.01 

30 69.37±0.32 75.62±0.37 96.83±0.62 71.59±0.64 96.38±0.43 92.74±0.84 83.49±0.39 89.89±0.09 99.98±0.07 

45 75.18±0.27 81.65±0.82 97.87±0.37 88.79±0.81 98.72±0.78 96.18±0.04 91.75±0.57 93.73±0.63 - 

60 83.37±0.36 89.54±0.16 98.17±0.48 92.89±0.63 99.17±0.30 98.48±0.02 97.94±0.39 99.16±0.07 - 

S. D: ± Standard Deviation, Average of 3 readings 
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Fig.3.42: Comparative in vitro drug release profile for ERS 2-8 immediate release 

microballoons (pH 3) 

 

Table 3.33: Comparative percentage in vitro drug release profile in 0.1 N HCl (pH 4.5) 

Time 

(min) 

% Cumulative drug release 

ERS 2 ERS 3 ERS 4 ERS 5 ERS 6 ERS 7 ERS 8 ERS O ERS M 

0 0.45±0.68 0.16±0.71 8.69±0.68 0.89±0.76 9.65±0.34 7.92±0.56 4.62±0.16 0.73±0.63 0.82±0.86 

10 9.72±0.07 13.38±0.04 20.62±0.57 17.41±0.18 22.5±0.52 19.59±0.29 18.73±0.32 35.76±0.38 62.81±0.61 

20 20.79±0.57 23.48±0.19 41.48±0.48 35.73±0.59 49.84±0.36 50.59±0.62 31.58±0.58 52.39±0.18 69.68±0.48 

30 26.92±0.68 34.59±0.01 59.86±0.18 41.39±0.06 78.49±0.02 65.23±0.19 46.18±0.41 67.16±0.83 73.39±0.08 

40 32.37±0.19 45.26±0.53 75.84±0.05 46.82±0.17 84.74±0.05 79.36±0.08 50.18±0.53 78.59±0.82 89.48±0.52 

60 45.62±0.37 62.39±0.18 81.69±0.01 59.58±0.64 86.28±0.18 83.18±0.03 64.37±0.65 85.68±0.57 98.88±0.67 

70 67.89±0.59 71.85±0.47 85.39±0.38 74.73±0.38 90.58±0.15 89.46±0.18 78.49±0.39 90.39±0.03 - 

120 83.93±0.42 84.74±0.74 96.49±0.57 86.62±0.29 99.84±0.04 92.92±0.07 90.38±0.27 99.49±0.72 - 

S. D: ± Standard Deviation, Average of 3 readings 
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Fig.3.43: Comparative in vitro drug release profile for ERS 2-8 immediate release 

microballoons (pH 4.5) 

ERS O prolongs the release rate much better in comparison with that of the 

marketed formulation Pantop Fast due to the presence of enteric polymers Eudragit®E100 

and RS100 and due to the shorter transit time of stomach the study was restricted to 2 h.  

The swelling depends on the relative rate of diffusion of medium through pores inside the 

polymer matrix and on the rate of polymer chain relaxation. Passive diffusion of drug 

from microballoons showed to occur in two steps firstly, the leaching out of drug through 

pores in to the polymer matrix, secondly diffusion from matrix in to the dissolution 

medium (Bera et al., 2009).  

 

3.1.3.9.6. KINETICS OF DRUG RELEASE 

In 0.1 N HCl (pH 3) the best fit model was Korsmeyer peppas indicated for formulation 

ERS-6, showing anomalous (Non-Fickian) diffusion corresponding to coupling of both 

diffusion and erosion with n values between 0.5-0.1, as crospovidone increases the 

release rate through erosion. Best fit model for ERS-3 was Higuchi with n > 1 showed 

super case II transport whereas ERS-5, ERS-8, ERS O and Pantop®Fast showed zero 
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order release indicating that the release was independent of concentration of polymers 

with r2 values 0.999 as shown in Table 3.34. ERS-2, ERS-4 and ERS-7 showed first order 

release mechanism depending on the concentration of one of the reactants (Madgulkar et 

al., 2009). 

 

Table 3.34: Results of curve fitting of the in vitro PAN release data from buoyant system 

in 0.1 N HCl (pH 3) 

 

 

 

 

 

 

 

Code Evaluation 

parameters 

Zero order  First order 

     

Higuchi Peppas  Best fit 

model 

ERS 2 r2 0.981 0.984 0.956 0.947 First order 

A 38.73 1.618 21.31 1.653 

B 7.331 0.052 23.51 0.296 

ERS 3 r2 0.959 0.952 0.970 0.959 Higuchi 

A 53.41 1.738 39.20 1.759 

B 5.738 0.035 18.74 0.206 

ERS 4 r2 0.966 0.975 0.936 0.919 First order 

A 43.10 1.664 24.37 1.699 

B 7.933 0.051 25.37 0.287 

ERS 5 r2 0.991 0.987 0.983 0.967 Zero order 

A 38.90 1.603 27.71 1.628 

B 4.611 0.038 14.92 0.217 

ERS 6 r2 0.941 0.926 0.958 0.964 Peppas 

A 67.66 1.837 52.72 1.855 

B 5.987 0.030 19.62 0.180 

ERS 7 r2 0.918 0.936 0.886 0.893 First order 

A 39.05 1.621 22.37 1.655 

B 7.093 0.050 22.64 0.284 

ERS 8 r2 0.996 0.994 0.982 0.969 Zero order 

 A 27.90 1.464 18.40 1.492  

 B 3.947 0.043 12.73 0.246  

ERS O r2 0.999 0.995 0.986 0.971 Zero order 

 A 57.85 1.78 38.54 1.807  

 B 8.002 0.042 25.83 0.243  

PANTOP®

FAST 

r2 0.999 0.991 0.992 0.980 Zero order 

A 52.56 1.742 32.05 1.722 

B 8.45 0.047 27.35 0.273 
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3.1.3.9.7. IN VIVO STUDY 

The in vivo evaluation study was successfully performed for determining the ulcer 

indexes and percentage protection for various treated groups using curative approach by 

ethanol induced ulcer method. The ulcer index values for the various treated groups were 

7.81±0.20 for control, 0.5±0.06 for standard-1, 0.20±0.06 for standard-2 and 0.13±0.03 

for the treatment group respectively when compared to control.  From the values of the 

ulcer indexes for various groups percentage protection was determined. Treatment group 

(ERS O formulation) showed the maximum percentage protection of 98.33 %. The 

percentage protection in case of Standard-1 and 2 groups were 93.59 % and 97.43 % 

(Table 3.35). The ERS O formulation clearly demonstrates its higher inhibition effect in 

comparison to the sodium bi carbonate and PAN treated groups. 

 The control group with oral administration of 95 % ethanol clearly showed the 

hemorrhagic streaks in the glandular portion of the stomach. The control group with 

hemorrhagic streaks was due to stasis of gastric mucosa that in turn producing 

hemorrhage and necrosis may be attributed due to formation of free radical and lipid per 

oxidation products. After 1 h, the standard-1 groups with sodium bicarbonate solution 

showed healing but red coloration was observed whereas group treated with standard 

PAN intravenously (IV) showed remarkable healing of ulcerated area with slight spot 

ulcers left respectively. Stomachs of ERS O were normal colored without any 

hemorrhagic streak clearly demonstrates the effectiveness of the dosage form orally 

(Fig.3.44). The statistical analysis clearly demonstrates that the ulcer index values for 

treatment groups were lower than that of the standard groups with P < 0.001 (Fig.3.45).   

 In comparison with IV route, ERS O oral therapy gave sustained release 

characteristics with higher patient compliance as it is non-invasive and economical. 

Moreover a sudden rise in PAN concentration in plasma through IV route is followed by 

rapid degradation results in lowering of therapeutic effective concentration due to its 

shorter half-life. So use of pH responsive, biodegradable, inert, non-toxic polymers for 

encapsulation was proved to be successful in enhancing the PAN bioavailability and to 

achieve more rapid onset of anti-secretary effect. 
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 Table 3.35: Anti ulcer activity of PAN loaded ERS microballoons 

Groups Treated Ulcer Index (UI)* Protection (%) 

Control 7.81±0.20 - 

Standard 1 0.5±0.06 93.59 

Standard 2 0.20±0.06 97.43 

Treatment   0.13±0.03 98.33 

*All value expressed as MEAN ± SEM, P< 0.001 when compared to control 

 

 

Fig.3.44: Photographs of the inner stomach wall of animals treated with: (a) absolute 

alcohol, (b) Sodium bicarbonate aqueous solution, (c) standard Pantoprazole Sodium 

solution and (d) optimized ERS O microballoons aqueous suspension 
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Fig.3.45: Showing ulcer indexes for various treated groups 

 

3.1.3.9.8. STABILITY STUDY 

The sample was analyzed for the drug content and the results obtained are shown in 

Table 3.41. The absorbance values of the respective concentrations are presented in Table 

3.36-3.40. The data was plotted with standard deviation and the calibration curves 

Fig.3.46 was obtained which follows Beer ̓s-Lambert law. From the F-Table, the value of 

F for (1, 2) degree of freedom and at 5 % level of significance was 18.513. Since the 

computed value of F = 0.8941, 0.1448, 8.1312 was less than the table value of F = 18.513 

(Table 3.42), therefore, we accept our null hypothesis. Hence the optimized formulation 

did not show any significant difference in drug content and it was found stable. 
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Table 3.36: Calibration curve in 1 hr sampling at 25 ºC, 35 ºC and 40 ºC 

Concentration 

(µg/ml) 

Absorbance 

25 ± 02 ºC /  

60  ± 5 % RH 

35 ± 02 ºC / 

60  ± 5 % RH 

40 ± 02 ºC / 

75  ± 5 % RH 

10 0.097±0.02 0.088±0.67 0.096±0.05 

20 0.154±0.014 0.159±0.23 0.167±0.09 

30 0.209±0.08 0.221±0.14 0.232±0.02 

40 0.264±0.03 0.285±0.17 0.297±0.01 

50 0.317±0.15 0.346±0.15 0.372±0.02 

Regression 

Data 

(Y = mx + c) 

y = 0.005x + 0.043 

R² = 0.999 

y = 0.006x + 0.027 

R² = 0.999 

y = 0.006x + 0.028 

R² = 0.999 

S. D: ± Standard Deviation, Average of 3 readings; m = slope; c = intercept; R2 = regression coefficient 

 

Table 3.37: Calibration curve in 2 hr sampling at 25 ºC, 35 ºC and 40 ºC 

Concentration 

(µg/ml) 

Absorbance 

25 ± 02 ºC /  

60  ± 5 % RH 

35 ± 02 ºC / 

60  ± 5 % RH 

40 ± 02 ºC / 

75  ± 5 % RH 

10 0.091±0.13 0.078±0.03 0.094±0.21 

20 0.147±0.42 0.147±0.23 0.173±0.05 

30 0.214±0.16 0.222±0.17 0.241±0.14 

40 0.271±0.13 0.294±0.14 0.309±0.08 

50 0.331±0.08 0.372±0.31 0.377±015 

Regression 

Data 

(Y = mx + c) 

y = 0.006x + 0.029 

R² = 0.999 

y = 0.007x + 0.002 

R² = 0.999 

y = 0.007x + 0.028 

R² = 0.999  

S. D: ± Standard Deviation, Average of 3 readings; m = slope; c = intercept; R2 = regression coefficient 
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Table 3.38: Calibration curve in 3 hr sampling at 25 ºC, 35 ºC and 40 ºC 

Concentration 

(µg/ml) 

Absorbance 

25 ± 02 ºC /  

60  ± 5 % RH 

35 ± 02 ºC / 

60  ± 5 % RH 

40 ± 02 ºC / 

75  ± 5 % RH 

10 0.077±0.13 0.081±0.01 0.095±0.01 

20 0.138±0.03 0.147±0.03 0.176±0.21 

30 0.202±0.18 0.216±0.18 0.254±0.32 

40 0.259±0.17 0.287±0.13 0.327±0.24 

50 0.317±0.09 0.364±0.08 0.398±0.31 

Regression 

Data 

(Y = mx + c) 

0.006x + 0.018 

R² = 0.999 

y = 0.007x + 0.007 

R² = 0.999 

y = 0.007x + 0.022 

R² = 0.999 

S. D: ± Standard Deviation, Average of 3 readings; m = slope; c = intercept; R2 = regression coefficient 

 

Table 3.39: Calibration curve in 4 hr sampling at 25 ºC, 35 ºC and 40 ºC 

Concentration 

(µg/ml) 

Absorbance 

25 ± 02 ºC /  

60  ± 5 % RH 

35 ± 02 ºC / 

60  ± 5 % RH 

40 ± 02 ºC / 

75  ± 5 % RH 

10 0.085±0.42 0.092±0.51 0.089±0.04 

20 0.148±0.18 0.155±0.14 0.159±0.32 

30 0.211±0.03 0.229±0.06 0.239±0.13 

40 0.264±0.11 0.296±0.04 0.313±0.03 

50 0.327±0.24 0.371±0.15 0.379±0.05 

Regression 

Data 

(Y = mx + c) 

y = 0.006x + 0.027 

R² = 0.999 

y = 0.007x + 0.018 

R² = 0.999  

y = 0.007x + 0.015 

R² = 0.999 

S. D: ± Standard Deviation, Average of 3 readings; m = slope; c = intercept; R2 = regression coefficient 
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Table 3.40: Calibration curve in 5 hr sampling at 25 ºC, 35 ºC and 40 ºC 

Concentration 

(µg/ml) 

Absorbance 

25 ± 02 ºC /  

60  ± 5 % RH 

35 ± 02 ºC / 

60  ± 5 % RH 

40 ± 02 ºC / 

75  ± 5 % RH 

10 0.095±0.13 0.088±0.13 0.094±0.07 

20 0.157±0.53 0.149±0.17 0.169±0.18 

30 0.228±0.15 0.207±0.21 0.253±0.51 

40 0.287±0.24 0.268±0.32 0.328±0.21 

50 0.351±0.43 0.319±0.17 0.399±0.32 

Regression 

Data 

(Y = mx + c) 

y = 0.006x + 0.031 

R² = 0.999 

y = 0.005x + 0.031 

R² = 0.999 

y = 0.007x + 0.017 

R² = 0.999 

S. D: ± Standard Deviation, Average of 3 readings; m = slope; c = intercept; R2 = regression coefficient 
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Fig.3.46: Calibration curves for 1-5 hr stability study for ERS O formulation 
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Table 3.41: Stability study of ERS O for 5 hrs in 0.1 N HCl (pH 1.5) 

Sampling intervals 

(hr) 

Storage conditions 

25 ± 02 ºC /  

60  ± 5 % RH 

35 ± 02 ºC / 

60  ± 5 % RH 

40 ± 02 ºC / 

75  ± 5 % RH 

Drug content (mg) 

1 27.6 ± 0.24 28.33 ± 0.15 28 ± 0.36 

2 27.67 ± 0.18 31.42 ± 0.05 24 ± 0.54 

3 31.33 ± 0.31 30 ± 0.26 25.71 ± 0.24 

4 28.33 ± 0.42 26.85 ± 0.07 27.71 ± 0.31 

5 27 ± 0.35 32.4 ± 0.19 27.14 ± 0.37 

All values are given as Mean ± SD; n=3 

 

Table 3.42: ANOVA analysis 

Source of 

variation 

Sum of squares Degree of 

freedom 

Mean sum of 

squares 

Fcal FTab 

Between 

samples 

With in 

samples 

Between 

samples 

With in 

samples 

25 ± 02 ºC 3.38 7.56 1, 2 3.38 3.78 0.8941 18.513 

35 ± 02 ºC 1.18 16.40 1, 2 1.18 8.20 0.1448 

40 ± 02 ºC 6.60 1.62 1, 2 6.60 0.81 8.1312 
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3.1.4. PREPARATION, STATISTICAL OPTIMIZATION AND 

CHARACTERIZATION OF PANTOPRAZOLE SODIUM LOADED LRS 

MICROBALLOONS FOR THE SYSTEMIC DELIVERY 

 

3.1.4.1. PREPARATION OF PAN LOADED LRS MICROBALLOONS 

Microballoons were prepared by emulsion solvent diffusion method. In this method 

Eudragit®L100 (600-900 mg) and RS100 (600-900 mg) were dissolved in ethanol-

dichloromethane mixture (each 8 ml). Magnesium Stearate (2.5-5 % w/w) solubilized in 

warm ethanol was incorporated.  PAN (40 mg) was mixed with sodium chloride (0.09 g) 

separately with the help of mechanical stirrer which serves as channeling agent. This drug 

mixture was added to above prepared polymer solution with continuous stirring at 300 

rpm, than DBT (20 % w/v) was incorporated and stirred for 1 h. This drug-polymer 

mixture was slowly introduced into aqueous solution of PVA (0.75 % w/v in 200 ml 

distilled water) containing sodium citrate (1 % w/v) as buffering agent to get the desired 

pH of the medium. The solution was maintained at 40 °C on a magnetic stirrer at 300 rpm 

for 1 h and the prepared microballoons were collected by filtration, washed three times 

with distilled water, dried at room temperature and kept in desiccators. 

 

3.1.4.2. EXPERIMENTAL DESIGN 

A 23 
Full Factorial Designs (FFD) was used for the optimization of sustained release 

PAN formulations. Magnesium stearate (X1 % w/w), Eudragit®L100 (X2, mg) and 

Eudragit®RS100 (X3, mg) were the three factors (independent variables) studied. The 

responses (dependent variables) studied were buoyancy (Y1, %), drug entrapment 

efficiency (Y2, %) and amount of drug released in 12 h (Y3, %) in both phosphate buffer 

(PB) pH 6.8 and 7.4. The experimental design was evaluated using Design Expert® 9.0.3 

software (Stat-Ease Inc., USA) and the effect of three factors, two factor levels and their 

interaction on three basic responses was investigated and evaluated for all batches LRS 1-

8 (Table 3.43). 
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Table 3.43: Results of 23 full factorial design layouts for different formulations in PB pH 6.8 and 

7.4  

Code Independent variables (factors, X) pH Dependent variables (responses, Y) 

Magnesium stearate  

(X1, % w/w) 

Eudragit® L100  

(X2, mg) 

 

Eudragit®RS 

100 (X3, mg) 

 

a, d B  

(Y1, %) 

b, d EE 

 (Y2, %) 

c, d CDR12 h 

(Y3, %) 

LRS-1 2.5 (-1) 600(-1) 600(-1) 6.8 28.97±0.021 10.88±0.045 75.05±0.017 

7.4 33.82±0.032 46.39±0.008 74.64±0.028 

LRS-2 5.0 (+1) 600(-1) 600(-1) 6.8 78.88±0.043 71.12±0.008 99.50±0.015 

7.4 87.35±0.012 89.30±0.043 98.68±0.073 

LRS-3 2.5 (-1) 900(+1) 600(-1) 6.8 41.03±0.024 26.67±0.021 95.92±0.026 

7.4 49.35±0.067 61.86±0.084 94.37±0.031 

LRS-4 5.0 (+1) 900(+1) 600(-1) 6.8 75.59±0.011 77.09±0.012 71.55±0.018 

7.4 81.42±0.078 66.76±0.006 63.18±0.046 

LRS-5 2.5 (-1) 600(-1) 900(+1) 6.8 Collapsed Collapsed Collapsed 

7.4 Collapsed Collapsed Collapsed 

LRS-6 5.0 (+1) 600(-1) 900(+1) 6.8 46.87±0.025 40.71±0.046 66.54±0.072 

7.4 51.82±0.098 59.29±0.061 72.75±0.079 

LRS-7 2.5 (-1) 900(+1) 900(+1) 6.8 61.05±0.034 30.86±0.063 64.08±0.084 

7.4 67.92±0.033 55.39±0.068 69.09±0.062 

LRS-8 5.0 (+1) 900(+1) 900(+1) 6.8 88.46±0.009 62.13±0.031 77.01±0.064 

7.4 93.37±0.065 73.75±0.041 84.21±0.067 

(+1) = higher values; (-1) = lower values; a B % = percentage buoyancy; b EE % = percentage entrapment efficiency; 
c CDR12 h % = cumulative percentage drug release over 12 h; d Mean ± S.D.: n = 3 

 

3.1.4.3. EVALUATION OF PAN LOADED LRS MICROBALLOONS 

 

3.1.4.3.1. Percentage (%) yield  

The higher yield value was found for LRS-6, 7 & 8, as in these formulations the 

Eudragit®RS100 was in higher concentration that resulted in higher proportion of cross 

linking. Whereas in remaining formulations the cross linking were not up to the mark 

resulted in lesser yields (Table 3.44, Fig. 3.47).  
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Table 3.44: Effect of polymer ratios on percentage yield (Magnesium stearate: 

Eudragit®L100: Eudragit®RS100) 

Formulation code Average Percentage yield 

(%) 

LRS-1 77.78±0.035 

LRS-2 43.80±0.050 

LRS-3 79.36±0.056 

LRS-4 61.90±0.050 

LRS-5 92.14±0.035 

LRS-6 98.14±0.049 

LRS-7 96.94±0.043 

LRS-8 99.76±0.029 
               S. D: ± Standard Deviation, Average of 3 readings 

 

 
Fig.3.47: Percentage yield of microballoons at different polymer ratios (Magnesium 

Stearate: Eudragit®L100: Eudragit®RS100) 

 

3.1.4.3.2. OPTICAL IMAGES OF LRS MICROBALLOONS 

Freshly prepared wet LRS microballoons were placed over the glass slide and observed 

under 10x magnifications by light microscopy method following images were obtained 

(Fig.3.48). The images were spherical in shape due to the reason that as the droplets 

falls in PVA solution during preparation they reduces their surface free energy and 

assumes spherical shape. The surface appears rough due to greater number of pores 

formed by Eudragit®RS100 and also due to the channeling effect of sodium chloride. 
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          Dry-LRS 1(a)                               Wet-LRS 1(b)                                LRS 1(c) 

(a) LRS - 1 

 

 
          Dry-LRS 2(a)                               Wet-LRS 2(b)                                LRS 2(c) 

(b) LRS - 2 

 

  
          Dry-LRS 3(a)                               Wet-LRS 3(b)                                  LRS 3(c) 

(c) LRS - 3 

 

 
            Dry-LRS 4(a)                               Wet-LRS 4(b)                                  LRS 4(c) 

(d) LRS - 4 
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         Dry-LRS 5(a)                               Wet-LRS 5(b)                                  LRS 5(c) 

(e) LRS - 5 

 

 
          Dry-LRS 6(a)                               Wet-LRS 6(b)                                  LRS 6(c) 

(f) LRS - 6 

 

  
             Dry-LRS 7(a)                               Wet-LRS 7(b)                                  LRS 7(c) 

(g) LRS - 7 

 

  
              Dry-LRS 8(a)                               Wet-LRS 8(b)                                  LRS 8(c) 

(h) LRS - 8 

Fig.3.48: Optical images of prepared LRS microballoons 
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3.1.4.3.3. PERCENTAGE SWELLING (Ps) 

Percentage swelling study was carried in both the mediums phosphate buffer pH 6.8 

and 7.4 for the period of 10 h. The swelling depends on the relative rate of diffusion of 

medium through pores inside the polymer matrix and on the rate of polymer chain 

relaxation (Singh et al., 2010). In phosphate buffer pH 6.8 and 7.4 LRS-2 gave 

maximum swelling of 90±0.011 % (Table 3.45, Fig. 3.49) and 96±0.005 % (Table 

3.46, Fig.3.50) as in the design magnesium stearate in higher concentration 5 % w/w 

provides hydrophobicity to the formulation thus reduces their density and provides 

floatability. Thus LRS-2 microballoons receive medium attack throughout the surface 

evenly. Also after some time lag they might had inhibited the hydration of the polymer 

matrices and thus sustains the drug release profile of PAN from the buoyant systems 

(Phaechamud et al., 2009). 

  

3.1.4.3.3.1. In phosphate buffer pH 6.8 

Table 3.45: Percentage swelling (Ps) of different LRS formulations in Phosphate buffer 

pH 6.8 (10 h, 37 ± 0.5 ºC) 

Formulation 
code 

Ws (g) Average Ws (g) Wd (g) % Swelling (Ps) 

1 2 3 

LRS-1 0.07 0.057 0.068 0.065 0.05 30±0.031 

LRS-2 0.098 0.1 0.087 0.095 0.05 90±0.011 

LRS-3 0.075 0.068 0.076 0.073 0.05 46±0.017 

LRS-4 0.092 0.085 0.09 0.089 0.05 78±0.005 

LRS-5 - - - - - Collapsed 

LRS-6 0.065 0.07 0.072 0.069 0.05 38±0.025 

LRS-7 0.08 0.09 0.091 0.087 0.05 74±0.036 

LRS-8 0.082 0.08 0.072 0.078 0.05 56±0.031 

S. D: ± Standard Deviation, Average of 3 readings 
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Fig.3.49: Percentage swelling (Ps) of different LRS formulations in phosphate buffer pH 

6.8 (10 h, 37 ± 0.5 ºC) 

 

3.1.4.3.3.2. In phosphate buffer pH 7.4 

Table 3.46: Percentage swelling (Ps) of different LRS formulations in Phosphate 

buffer pH 7.4 (10 h, 37 ± 0.5 ºC) 

Formulation 

code 

Ws (g) Average 

Ws (g) 

Wd (g) % Swelling 

(Ps) 
1 2 3 

LRS-1 0.06 0.073 0.071 0.068 0.05 36±0.023 

LRS-2 0.094 0.101 0.099 0.098 0.05 96±0.005 

LRS-3 0.07 0.084 0.083 0.079 0.05 58±0.017 

LRS-4 0.094 0.084 0.098 0.092 0.05 84±0.013 

LRS-5 - - - - - Collapsed 

LRS-6 0.075 0.067 0.074 0.072 0.05 44±0.013 

LRS-7 0.084 0.094 0.092 0.090 0.05 80±0.023 

LRS-8 0.088 0.08 0.087 0.085 0.05 70±0.011 
S. D: ± Standard Deviation, Average of 3 readings 
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Fig.3.50: Percentage swelling (Ps) of different LRS formulations in phosphate buffer pH 

7.4 (10 h, 37 ± 0.5 ºC) 

 

3.1.4.3.4. AMOUNT OF MEDIUM UPTAKE 

 

For LRS 2 the amount of medium uptake after 10 h in PB pH 6.8 and 7.4 was found to 

be 0.045±0.004 g/g (Table 3.47) and 0.048±0.011 g/g (Table 3.48). The amount of 

medium uptake was larger in Phosphate buffer pH 7.4 (Fig.3.51) due to the reason that 

Eudragit®L100 becomes active as the pH approaches to 6 and on further raise of pH 7 

absorbs the medium faster and starts swelling. This swelling may block the entry of 

medium by forming closely packed networks thus becomes advantageous for the site 

specific delivery.   
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Table 3.47: Amount of medium (phosphate buffer pH 6.8) uptake by LRS-2 in 60 min 

time interval (10 h, 37 ± 0.5 ºC at 100 rpm) 

Time (min) Ws (g) Average 

Ws (g) 

Wd (g) Amount of medium 

uptake (g/g) 

1 2 3 

60 0.056 0.064 0.063 0.061 0.05 0.011±0.005 

120 0.071 0.061 0.069 0.067 0.05 0.017±0.008 

180 0.062 0.076 0.075 0.071 0.05 0.021±0.013 

240 0.077 0.066 0.079 0.074 0.05 0.024±0.003 

300 0.082 0.072 0.08 0.078 0.05 0.028±0.032 

360 0.084 0.083 0.079 0.082 0.05 0.032±0.021 

420 0.079 0.09 0.089 0.086 0.05 0.036±0.011 

480 0.09 0.083 0.091 0.088 0.05 0.038±0.007 

540 0.093 0.082 0.095 0.090 0.05 0.04±0.041 

600 0.088 0.1 0.097 0.095 0.05 0.045±0.004 

S. D: ± Standard Deviation, Average of 3 readings 

 

Table 3.48: Amount of medium (phosphate buffer pH 7.4) uptake by LRS-2 in 60 min 

time interval (10 h, 37 ± 0.5 ºC at 100 rpm) 

Time (min) Ws (g) Average 

Ws (g) 

Wd (g) Amount of medium 

uptake (g/g) 

1 2 3 

60 0.059 0.07 0.069 0.066 0.05 0.016±0.002 

120 0.065 0.072 0.07 0.069 0.05 0.019±0.023 

180 0.069 0.077 0.076 0.074 0.05 0.024±0.011 

240 0.073 0.086 0.084 0.081 0.05 0.031±0.007 

300 0.081 0.086 0.088 0.085 0.05 0.035±0.032 

360 0.081 0.092 0.088 0.087 0.05 0.037±0.021 

420 0.08 0.094 0.093 0.089 0.05 0.039±0.032 

480 0.084 0.095 0.094 0.091 0.05 0.041±0.031 

540 0.09 0.1 0.098 0.096 0.05 0.046±0.008 

600 0.091 0.102 0.101 0.098 0.05 0.048±0.011 

S. D: ± Standard Deviation, Average of 3 readings 
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The relative amount of medium uptake in both the mediums phosphate buffer pH 

6.8 and 7.4 was presented in Fig. 3.51. The graph depicts that the amount of medium 

uptake was more in phosphate buffer pH 7.4. This was due to greater swelling and 

penetration effect that solubilizes the polymer matrices faster as the polymers used were 

highly responsive at this pH. 

 

                

Fig.3.51: Amount of medium uptake for LRS-2 in phosphate buffer pH 6.8 & 7.4 (10 

h, 37 ± 0.5 ºC at 100 rpm) 

  

 

3.1.4.3.5. PERCENTAGE BUOYANCY: B (Y1 %) 

The percentage buoyancy in phosphate buffer pH 6.8 and 7.4 was between 28.97-88.46 

% (Table 3.49, Fig.3.52) and 33.82-93.37 % (Table 3.50, Fig.3.54). In the design 

magnesium stearate in higher concentration 5 % w/w provides hydrophobicity to the 

formulation thus reduces the density and provides floatability. The buoyancy was also 

correlated to the use of equal amount of solvents ethanol and dichloromethane for the 

dissolution of polymers, as they evaporates forming cavity inside during preparation 

when stirred at 40 °C in PVA solution containing sodium citrate buffer.  
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In both the mediums the buoyancy was found to be higher in LRS 2, 4 & 8 

formulations. In LRS-2 since the magnesium stearate was used in its high level so 

provides hydrophobic characters, reduces the density and provides floatability. The 

internal cavity was filled with the medium in floating condition because of porous 

boundary wall. Whereas in LRS-4 both the polymers magnesium stearate and 

Eudragit®L100 are used in their high levels results in lowering of their bulk density. In 

LRS-8 all the three polymers used were in their high levels results in higher porosity 

and floating abilities. Eudragit®L100 becomes active above pH-6 and at higher pH 

values swells faster after filling the cavity and forms a packed network thus blocks the 

pores and restricts further entry of medium forming a floatable chamber. The floated 

microballoons were clearly observed in Fig.3.53 and 3.55 in both the mediums. 

Table 3.49: Percentage buoyancy of different polymer ratios (Magnesium Stearate: 

Eudragit®L100: Eudragit®RS100) in phosphate buffer pH 6.8, 12 h, 37 ± 0.5 ºC 

Formulation 

Code 

WF (mg) WNF (mg) Buoyancy (Y1 %) Average 

Buoyancy 

(Y1 %) 
1 2 3 1 2 3 1 2 3 

LRS-1 16.55 16.53 16.57 40.57 40.53 40.61 28.97 28.96 28.97 28.97±0.02 

LRS-2 47.01 47.08 47.15 12.52 12.60 12.68 78.96 78.88 78.80 78.88±0.04 

LRS-3 22.01 21.89 21.95 31.49 31.59 31.54 41.14 40.93 41.03 41.03±0.02 

LRS-4 31.50 31.44 31.56 10.17 10.14 10.20 75.59 75.61 75.57 75.59±0.01 

LRS-5 - - - - - - - - - Collapsed 

LRS-6 21.64 21.70 21.58 24.53 24.48 24.58 46.87 46.99 46.75 46.87±0.02 

LRS-7 32.56 32.52 32.60 20.77 20.69 20.85 61.05 61.11 60.99 61.05±0.03 

LRS-8 59.8 59.2 60.4 7.8 7.76 7.84 88.46 88.41 88.51 88.46±0.09 

S. D: ± Standard Deviation, Average of 3 readings 
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Fig.3.52: Percentage buoyancy of different polymer ratios (Magnesium Stearate: 

Eudragit®L100: Eudragit®RS100) in phosphate buffer pH 6.8, 12 h, 37 ± 0.5 ºC 

 

                              

 

Fig.3.53: The picture showing buoyant microballoons in phosphate buffer pH 6.8, 12 h, 

37 ± 0.5 ºC   
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Table 3.50: Percentage buoyancy of different polymer ratios (Magnesium Stearate: 

Eudragit®L100: Eudragit®RS100) in phosphate buffer pH 7.4, 12 h, 37 ± 0.5 ºC  

Formulation 

Code 

WF (mg) WNF (mg) Buoyancy (Y1 %) Average 

Buoyancy 

(Y1 %) 
1 2 3 1 2 3 1 2 3 

LRS-1 15.62 15.67 15.72 30.59 30.66 30.73 33.80 33.82 33.84 33.82±0.032 

LRS-2 60.71 60.76 60.66 8.79 8.73 8.85 87.35 87.43 87.26 87.35±0.012 

LRS-3 26.98 27.12 27.05 27.71 27.81 27.76 49.33 49.37 49.35 49.35±0.067 

LRS-4 30.15 30.07 29.99 6.83 6.86 6.89 81.53 81.42 81.31 81.42±0.078 

LRS-5 - - - - - - - - - Collapsed 

LRS-6 23.24 23.36 23.30 21.62 21.70 21.66 51.80 51.84 51.82 51.82±0.098 

LRS-7 28.76 28.71 28.81 13.58 13.52 13.64 67.92 67.98 67.86 67.92±0.033 

LRS-8 80.81 80.89 80.97 5.68 5.74 5.80 93.43 93.37 93.31 93.37±0.065 

S. D: ± Standard Deviation, Average of 3 readings 

 

                          

Fig.3.54: Percentage buoyancy of different polymer ratios (Magnesium Stearate: 

Eudragit®L100: Eudragit®RS100) in phosphate buffer pH 7.4 
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Fig.3.55: The picture showing buoyant microballoons in phosphate buffer pH 7.4, 12 h, 

37 ± 0.5 ºC  

 

3.1.4.3.6. PERCENTAGE ENTRAPMENT EFFICIENCY: EE (Y2 %) 

The average percentage entrapment efficiency determined in phosphate buffer (PB) pH 

6.8 & 7.4 was found to be in the range 10.88-77.09 % & 46.39-89.3 %. Higher 

response in PB pH 6.8 for LRS-2 and LRS-4 was attributed due to higher 

concentration of magnesium stearate and Eudragit®L100 used. Eudragit®L100 

solubilizes above pH 6 while Eudragit®RS100 makes the formulation porous and 

magnesium stearate gave rough surface that readily releases the drug that was detected 

spectrophotometrically (Table 3.51, Fig.3.56). While in PB pH 7.4, the LRS-2 with 

lower levels of Eudragit®L100 and RS100 and high level of magnesium stearate gave 

maximum response. The Eudragit®L100 and RS100 solubilizes quickly at pH 7.4 and 

the network breaks up releasing the drug in to the medium (Table 3.52, Fig.3.57).  
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Table 3.51: Drug entrapment efficiency at different polymer ratios (Magnesium Stearate: 

Eudragit®L100: Eudragit®RS100) in phosphate buffer pH 6.8 

Formulation code Average Entrapment efficiency: EE (Y2 %) 

LRS-1 10.88±0.375 

LRS-2 71.12±0.341 

LRS-3 26.67±0.519 

LRS-4 77.09±0.492 

LRS-5 Collapsed 

LRS-6 40.71±0.272 

LRS-7 30.86±0.466 

LRS-8 62.13±0.432 
S. D: ± Standard Deviation, Average of 3 readings 

 

 

 

Fig.3.56: Drug entrapment efficiency at different polymer ratios (Magnesium Stearate: 

Eudragit®L100: Eudragit®RS100) in phosphate buffer pH 6.8 
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Table 3.52: Drug entrapment efficiency at different polymer ratios (Magnesium Stearate: 

Eudragit®L100: Eudragit®RS100) in phosphate buffer pH 7.4 

                   Formulation code Average Entrapment Efficiency: EE (Y2 %)  

LRS-1 46.39±0.008 

LRS-2 89.30±0.043 

LRS-3 61.86±0.084 

LRS-4 66.76±0.006 

LRS-5 Collapsed 

LRS-6 59.29±0.061 

LRS-7 55.39±0.068 

LRS-8 73.75±0.041 
S. D: ± Standard Deviation, Average of 3 readings 

 

 

Fig.3.57: Drug entrapment efficiency at different polymer ratios (Magnesium Stearate: 

Eudragit®L100: Eudragit®RS100) in phosphate buffer pH 7.4 
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found to be 90±0.011 % and 96±0.005 %, 78.88±0.043 % and 87.35±0.012 %, 

71.12±0.341 % and 89.30±0.043 %. 

 For the optimization of the formulation process so that the responses could be 

maximized model matrix method as well as Design Expert® software was used. In the 

model matrix interaction effects were calculated in the same way as that of the main 

effects. The signs of the interaction effects such as x1 x2, x1 x3, x2 x3 and x1 x2 x3 were 

calculating by multiplying the signs of the corresponding main effects and separate 

columns were constructed for each effect. 

  

3.1.4.4.1. BY MODEL MATRIX METHOD 

 

3.1.4.4.1.1. BUOYANCY: B (Y1 %)  

 

3.1.4.4.1.1.1. In phosphate buffer pH 6.8 

The main effects for percentage buoyancy in tabular form are shown in Table 

3.53. With the help of main effects the interaction effects were calculated as 

shown in Table 3.54 and a polynomial equation was generated. 

Table 3.53: Design and the yield response in PB pH 6.8: B (Y1 %) 

Formulation code x1 x2 x3 B (Y1 %) 

LRS-1 ̶ ̶ ̶ 28.97 

LRS-2 + ̶ ̶ 78.88 

LRS-3 ̶ + ̶̶ 41.03 

LRS-4 + + ̶ 75.59 

LRS-5 ̶ ̶ + Collapsed 

LRS-6 + ̶ + 46.87 

LRS-7 ̶ + + 61.05 

LRS-8 + + + 88.46 

 

The obtained main effects were: 

b0 = 1/7 (28.97+ 78.88 + 41.03 + 75.59 + Cd + 46.87 + 61.05 + 88.46) = 60.12 

b1 = 1/7 (   ̶ 28.97 + 78.88   ̶   41.03 + 75.59  ̶   Cd + 46.87  ̶   61.05 + 88.46) = 22.67 
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b2 = 1/7 (  ̶  28.97  ̶  78.88 +  41.03 + 75.59  ̶   Cd  ̶  46.87 + 61.05 + 88.46) = 15.91 

b3 = 1/7 (  ̶  28.97  ̶  78.88   ̶   41.03  ̶  75.59 +  Cd + 46.87 +  61.05 + 88.46) =   ̶  4.01 

 

Table 3.54: Model matrix and the yield response in PB pH 6.8: B (Y1 %) 

Formulation code x1 x2 x3 x1 x2 x1 x3 x2 x3 x1 x2 x3 B (Y1 %) 

LRS-1 ̶ ̶ ̶ + + + ̶ 28.97 

LRS-2 + ̶ ̶ ̶ ̶ + + 78.88 

LRS-3 ̶ + ̶̶ ̶ + ̶ + 41.03 

LRS-4 + + ̶ + ̶ ̶̶ ̶ 75.59 

LRS-5 ̶ ̶ + + ̶ ̶ + Collapsed 

LRS-6 + ̶ + ̶ + ̶ ̶ 46.87 

LRS-7 ̶ + + ̶ ̶ + ̶ 61.05 

LRS-8 + + + + + + + 88.46 

 

The interaction effects were calculated in the same way as the main effects: 

b12 = 1/7 (28.97   ̶   78.88   ̶   41.03 + 75.59 + Cd   ̶   46.87   ̶   61.05 + 88.46) =   ̶   4.97 

b13 = 1/7 (28.97   ̶   78.88 + 41.03   ̶   75.59   ̶   Cd + 46.87   ̶   61.05 + 88.46) =   ̶   1.45 

b23 = 1/7 (28.97 + 78.88   ̶   41.03   ̶   75.59   ̶  Cd   ̶   46.87 + 61.05 + 88.46) =   13.41 

b123 = 1/7 (  ̶  28.97 + 78.88 + 41.03   ̶   75.59 + Cd   ̶   46.87  ̶   61.05 + 88.46) =   ̶  0.58 

 

Relationship between the variables was obtained by placing the values of the effects in 

the polynomial model: 

 y = b0 + b1x1 + b2 x2 + b3 x3 + b12 x1 x2 + b13 x1 x3 + b23 x2 x3 + b123 x1 x2 x3 

y = 60.12 + 22.67 x1 +15.91 x2  ̶  4.01 x3  ̶  4.97 x1 x2  ̶  1.45 x1 x3 + 13.41 x2 x3  ̶  0.58 x1 x2 

x3 

 

If the concentration of variable 1 is increased that will result in an increase of buoyancy 

by 22.67 %. 
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3.1.4.4.1.1.2. In phosphate buffer pH 7.4 

Main effects are showed in Table 3.55 and the interaction effects in Table 3.56. In the 

same way polynomial equation was generated using interaction effects.  

 

Table 3.55: Design and the yield response in PB pH 7.4: B (Y1 %) 

Formulation code x1 x2 x3 B (Y1%) 

LRS-1 ̶ ̶ ̶ 33.82 

LRS-2 + ̶ ̶ 87.35 

LRS-3 ̶ + ̶̶ 49.35 

LRS-4 + + ̶ 81.42 

LRS-5 ̶ ̶ + Collapsed 

LRS-6 + ̶ + 51.82 

LRS-7 ̶ + + 67.92 

LRS-8 + + + 93.37 

 

The obtained main effects were: 

b0 = 1/7 (33.82+ 87.35 + 49.35 + 81.42 + Cd + 51.82 + 67.92 + 93.37) = 66.43 

b1 = 1/7 (  ̶  33.82 + 87.35   ̶   49.35 + 81.42  ̶   Cd + 51.82  ̶   67.92 + 93.37) = 23.26 

b2 = 1/7 (  ̶  33.82  ̶  87.35 +  49.35 + 81.42  ̶   Cd  ̶  51.82 + 67.92 + 93.37) = 17.01 

b3 = 1/7 (  ̶  33.82  ̶  87.35   ̶   49.35  ̶  81.42 +  Cd + 51.82 +  67.92 + 93.37) =   ̶  5.54 

 

Table 3.56: Model matrix and the yield response in PB pH 7.4: B (Y1 %) 

Formulation code x1 x2 x3 x1 x2 x1 x3 x2 x3 x1 x2 x3 B (Y1 %) 

LRS-1 ̶ ̶ ̶ + + + ̶ 33.82 

LRS-2 + ̶ ̶ ̶ ̶ + + 87.35 

LRS-3 ̶ + ̶̶ ̶ + ̶ + 49.35 

LRS-4 + + ̶ + ̶ ̶̶ ̶ 81.42 

LRS-5 ̶ ̶ + + ̶ ̶ + Collapsed 

LRS-6 + ̶ + ̶ + ̶ ̶ 51.82 

LRS-7 ̶ + + ̶ ̶ + ̶ 67.92 

LRS-8 + + + + + + + 93.37 
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The interaction effects were calculated in the same way as the main effects: 

b12 = 1/7 (33.82   ̶   87.35   ̶   49.35 + 81.42 + Cd   ̶   51.82   ̶   67.92 + 93.37) =   ̶   6.83 

b13 = 1/7 (33.82   ̶   87.35 + 49.35   ̶   81.42   ̶   Cd + 51.82   ̶   67.92 + 93.37) =   ̶   1.19 

b23 = 1/7 (33.82 + 87.35   ̶   49.35   ̶   81.42   ̶  Cd   ̶   51.82 + 67.92 + 93.37) =   14.26 

b123 = 1/7 (  ̶  33.82 + 87.35 + 49.35   ̶   81.42 + Cd   ̶   51.82  ̶   67.92 + 93.37) =   ̶  0.70 

 

Relationship between the variables was obtained by placing the values of the effects in 

the polynomial model: 

y = b0 + b1x1 + b2 x2 + b3 x3 + b12 x1 x2 + b13 x1 x3 + b23 x2 x3 + b123 x1 x2 x3 

y = 66.43 + 23.26 x1 + 17.01 x2  ̶  5.54 x3  ̶  6.83 x1 x2  ̶  1.19 x1 x3 +14.26 x2 x3   ̶  0.70 x1 x2 

x3 

If the concentration of variable 1 is increased that will result in an increase of buoyancy 

by 23.26%. 

 

3.1.4.4.1.2. Entrapment efficiency: EE (Y2 %) 

3.1.4.4.1.2.1. In phosphate buffer pH 6.8 

The main effects for percentage entrapment efficiency in tabular form are shown 

in Table 3.57. With the help of main effects the interaction effects were calculated 

as shown in Table 3.58 and a polynomial equation was generated. 

Table 3.57: Design and the yield response in PB pH 6.8: EE (Y2 %) 

Formulation code x1 x2 x3 EE (Y2 %) 

LRS-1 ̶ ̶ ̶ 10.88 

LRS-2 + ̶ ̶ 71.12 

LRS-3 ̶ + ̶̶ 26.67 

LRS-4 + + ̶ 77.09 

LRS-5 ̶ ̶ + Collapsed 

LRS-6 + ̶ + 40.71 

LRS-7 ̶ + + 30.86 

LRS-8 + + + 62.13 
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The obtained main effects were: 

b0 = 1/7 (10.88+ 71.12 + 26.67 + 77.09 + Cd + 40.71 + 30.86 + 62.13) = 45.63 

b1 = 1/7 (  ̶  10.88 + 71.12   ̶   26.67 + 77.09  ̶   Cd + 40.71  ̶   30.86 + 62.13) = 26.09 

b2 = 1/7 (  ̶  10.88  ̶  71.12 +  26.67 + 77.09  ̶   Cd  ̶  40.71 + 30.86 + 62.13) = 10.57 

b3 = 1/7 (  ̶  10.88  ̶  71.12   ̶   26.67  ̶  77.09 +  Cd + 40.71 +  30.86 + 62.13) =   ̶  7.43 

 

Table 3.58: Model matrix and the yield response in PB pH 6.8: EE (Y2 %) 

Formulation code x1 x2 x3 x1 x2 x1 x3 x2 x3 x1 x2 x3 EE (Y2 %) 

LRS-1 ̶ ̶ ̶ + + + ̶ 10.88 

LRS-2 + ̶ ̶ ̶ ̶ + + 71.12 

LRS-3 ̶ + ̶̶ ̶ + ̶ + 26.67 

LRS-4 + + ̶ + ̶ ̶̶ ̶ 77.09 

LRS-5 ̶ ̶ + + ̶ ̶ + Collapsed 

LRS-6 + ̶ + ̶ + ̶ ̶ 40.71 

LRS-7 ̶ + + ̶ ̶ + ̶ 30.86 

LRS-8 + + + + + + + 62.13 

The interaction effects were calculated in the same way as the main effects: 

b12 = 1/7 (10.88   ̶   71.12   ̶   26.67 + 77.09 + Cd   ̶   40.71   ̶   30.86 + 62.13) =   ̶   2.75 

b13 = 1/7 (10.88   ̶   71.12 + 26.67   ̶   77.09   ̶   Cd + 40.71   ̶   30.86 + 62.13) =   ̶   5.52 

b23 = 1/7 (10.88 + 71.12   ̶   26.67   ̶   77.09   ̶   Cd   ̶   40.71 + 30.86 + 62.13) =   4.36 

b123 = 1/7 (   ̶ 10.88 + 71.12 + 26.67   ̶   77.09 + Cd   ̶   40.71   ̶   30.86 + 62.13) = 0.05 

 

Relationship between the variables was obtained by placing the values of the effects in 

the polynomial model: 

y = b0 + b1x1 + b2 x2 + b3 x3 + b12 x1 x2 + b13 x1 x3 + b23 x2 x3 + b123 x1 x2 x3 

y = 45.63 + 26.09 x1 + 10.57 x2   ̶   7.43 x3    ̶   2.75x1 x2   ̶   5.52 x1 x3 + 4.36 x2 x3 + 0.05 x1 

x2 x3 
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If the concentration of variable 1 is increased that will result in an increase of EE by 

26.09%. 

3.1.4.4.1.2.2. In phosphate buffer pH 7.4 

Main effects are showed in Table 3.59 and the interaction effects in Table 3.60. In 

the same way polynomial equation was generated using interaction effects. 

Table 3.59: Design and the yield response in PB pH 7.4: EE (Y2 %) 

Formulation code x1 x2 x3 EE (Y2 %) 

LRS-1 ̶ ̶ ̶ 46.39 

LRS-2 + ̶ ̶ 89.30 

LRS-3 ̶ + ̶̶ 61.86 

LRS-4 + + ̶ 66.76 

LRS-5 ̶ ̶ + Collapsed 

LRS-6 + ̶ + 59.29 

LRS-7 ̶ + + 55.39 

LRS-8 + + + 73.75 

 

The obtained main effects were: 

b0 = 1/7 (46.39 + 89.30 + 61.86 + 66.76 + Cd + 59.29 + 55.39 + 73.75) = 64.67 

b1 = 1/7 (  ̶  46.39 + 89.30   ̶   61.86 + 66.76  ̶   Cd + 59.29  ̶   55.39 + 73.75) = 17.92 

b2 = 1/7 (  ̶  46.39  ̶  89.30 +  61.86 + 66.76  ̶   Cd  ̶  59.29 + 55.39 + 73.75) = 8.96 

b3 = 1/7 (  ̶  46.39  ̶  89.30   ̶   61.86  ̶  66.76 +  Cd + 59.29 +  55.39 + 73.75) =   ̶  10.84 

 

Table 3.60: Model matrix and the yield response in PB pH 7.4: EE (Y2 %) 

Formulation code x1 x2 x3 x1 x2 x1 x3 x2 x3 x1 x2 x3 EE (Y2 %) 

LRS-1 ̶ ̶ ̶ + + + ̶ 46.39 

LRS-2 + ̶ ̶ ̶ ̶ + + 89.30 

LRS-3 ̶ + ̶̶ ̶ + ̶ + 61.86 

LRS-4 + + ̶ + ̶ ̶̶ ̶ 66.76 

LRS-5 ̶ ̶ + + ̶ ̶ + Collapsed 

LRS-6 + ̶ + ̶ + ̶ ̶ 59.29 

LRS-7 ̶ + + ̶ ̶ + ̶ 55.39 

LRS-8 + + + + + + + 73.75 
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The interaction effects were calculated in the same way as the main effects: 

b12 = 1/7 (46.39   ̶   89.30   ̶   61.86 + 66.76 + Cd   ̶   59.29   ̶   55.39 + 73.75) =   ̶   11.27 

b13 = 1/7 (46.39   ̶   89.30 + 61.86   ̶   66.76   ̶   Cd + 59.29   ̶   55.39 + 73.75) = 4.26 

b23 = 1/7 (46.39 + 89.30   ̶   61.86   ̶   66.76   ̶   Cd   ̶   59.29 + 55.39 + 73.75) =   10.98 

b123 = 1/7 (  ̶  46.39 + 89.30 + 61.86   ̶   66.76 + Cd   ̶   59.29   ̶   55.39 + 73.75) =   ̶   0.41 

 

Relationship between the variables was obtained by placing the values of the effects in 

the polynomial model: 

y = b0 + b1x1 + b2 x2 + b3 x3 + b12 x1 x2 + b13 x1 x3 + b23 x2 x3 + b123 x1 x2 x3 

y = 64.67 + 17.92 x1 +8.96 x2   ̶  10.84 x3  ̶  11.27x1 x2 + 4.26 x1 x3 + 10.98 x2 x3  ̶  0.41 x1 

x2 x3 

If the concentration of variable 1 is increased that will result in an increase of EE by 

17.92%. 

3.1.4.4.1.3. PERCENTAGE CUMULATIVE DRUG RELEASE: CDR (Y3 %)  

 

3.1.4.3.1.3.1. In phosphate buffer pH 6.8 

The main effects for percentage cumulative drug release in tabular form are 

shown in Table 3.61. With the help of main effects the interaction effects were 

calculated as shown in Table 3.62 and a polynomial equation was generated. 

 

Table 3.61: Design and the yield response in PB pH 6.8: CDR (Y3 %) 

Formulation code x1 x2 x3 CDR (Y3 %) 

LRS-1 ̶ ̶ ̶ 75.05 

LRS-2 + ̶ ̶ 99.50 

LRS-3 ̶ + ̶̶ 95.92 

LRS-4 + + ̶ 71.55 

LRS-5 ̶ ̶ + Collapsed 

LRS-6 + ̶ + 66.54 

LRS-7 ̶ + + 64.08 

LRS-8 + + + 77.01 
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The obtained main effects were: 

b0 = 1/7 (75.05+ 99.50 + 95.92 + 71.55 + Cd + 66.54 + 64.08 + 77.01) = 78.52 

b1 = 1/7 (  ̶  75.05 + 99.50   ̶   95.92 + 71.55  ̶   Cd + 66.54  ̶   64.08 + 77.01) = 11.36 

b2 = 1/7 (  ̶  75.05  ̶  99.50 +  95.92 + 71.55  ̶   Cd  ̶  66.54 + 64.08 + 77.01) = 9.36 

b3 = 1/7 (  ̶  75.05  ̶  99.50   ̶   95.92  ̶  71.55 +  Cd + 66.54 +  64.08 + 77.01) =   ̶  19.19 

 

Table 3.62: Model matrix and the yield response in PB pH 6.8: CDR (Y3 %) 

Formulation code x1 x2 x3 x1 x2 x1 x3 x2 x3 x1 x2 x3 CDR (Y3 %) 

LRS-1 ̶ ̶ ̶ + + + ̶ 75.05 

LRS-2 + ̶ ̶ ̶ ̶ + + 99.50 

LRS-3 ̶ + ̶̶ ̶ + ̶ + 95.92 

LRS-4 + + ̶ + ̶ ̶̶ ̶ 71.55 

LRS-5 ̶ ̶ + + ̶ ̶ + Collapsed 

LRS-6 + ̶ + ̶ + ̶ ̶ 66.54 

LRS-7 ̶ + + ̶ ̶ + ̶ 64.08 

LRS-8 + + + + + + + 77.01 

 

The interaction effects were calculated in the same way as the main effects: 

b12 = 1/7 (75.05   ̶   99.50   ̶   95.92 + 71.55 + Cd   ̶   66.54   ̶   64.08 + 77.01) =   ̶   14.63 

b13 = 1/7 (75.05   ̶   99.50 + 95.92   ̶   71.55   ̶   Cd + 66.54   ̶   64.08 + 77.01) = 11.34 

b23 = 1/7 (75.05 + 99.50   ̶   95.92   ̶   71.55   ̶   Cd   ̶   66.54 + 64.08 + 77.01) =   11.66 

b123 = 1/7 (  ̶  75.05 + 99.50 + 95.92   ̶   71.55 + Cd   ̶   66.54   ̶   64.08 + 77.01) =   ̶   0.68 

 

Relationship between the variables was obtained by placing the values of the effects in 

the polynomial model: 

y = b0 + b1x1 + b2 x2 + b3 x3 + b12 x1 x2 + b13 x1 x3 + b23 x2 x3 + b123 x1 x2 x3 

y = 78.52+11.36 x1+9.63 x2   ̶ 19.19 x3  ̶ 14.63 x1 x2+11.34 x1 x3 +11.66 x2 x3  ̶  0.68 x1 x2 x3 
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If the concentration of variable 2 and 3 is increased that will result in an increase of 

CDR by 11.66 %. 

3.1.4.3.1.3.2. In phosphate buffer pH 7.4 

Main effects are showed in Table 3.63 and the interaction effects in Table 3.64. In 

the same way polynomial equation was generated using interaction effects. 

Table 3.63: Design and the yield response in PB pH 7.4: CDR (Y3 %) 

Formulation code x1 x2 x3 CDR (Y3 %) 

LRS-1 ̶ ̶ ̶ 74.64 

LRS-2 + ̶ ̶ 98.68 

LRS-3 ̶ + ̶̶ 94.37 

LRS-5 ̶ ̶ + Collapsed 

LRS-6 + ̶ + 72.75 

LRS-7 ̶ + + 69.09 

LRS-8 + + + 84.21 

 

The obtained main effects were: 

b0 = 1/7 (74.64+ 98.68 + 94.37 + 63.18 + Cd + 72.75 + 69.09 + 84.21) = 79.56 

b1 = 1/7 (  ̶  74.64 + 98.68   ̶   94.37 + 63.18  ̶   Cd + 72.75  ̶   69.09 + 84.21) = 11.53 

b2 = 1/7 (  ̶  74.64  ̶  98.68 +  94.37 + 63.18  ̶   Cd  ̶  72.75 + 69.09 + 84.21) = 9.25 

b3 = 1/7 (  ̶  74.64  ̶  98.68   ̶   94.37  ̶  63.18 +  Cd + 72.75 +  69.09 + 84.21) =   ̶  14.97 

 

Table 3.64: Model matrix and the yield response in PB pH 7.4: CDR (Y3 %) 

Formulation code x1 x2 x3 x1 x2 x1 x3 x2 x3 x1 x2 x3 CDR (Y3 %) 

LRS-1 ̶ ̶ ̶ + + + ̶ 74.64 

LRS-2 + ̶ ̶ ̶ ̶ + + 98.68 

LRS-3 ̶ + ̶̶ ̶ + ̶ + 94.37 

LRS-4 + + ̶ + ̶ ̶̶ ̶ 63.18 

LRS-5 ̶ ̶ + + ̶ ̶ + Collapsed 

LRS-6 + ̶ + ̶ + ̶ ̶ 72.75 

LRS-7 ̶ + + ̶ ̶ + ̶ 69.09 

LRS-8 + + + + + + + 84.21 
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The interaction effects were calculated in the same way as the main effects: 

b12 = 1/7 (74.64   ̶   98.68   ̶   94.37 + 63.18 + Cd   ̶   72.75   ̶   69.09 + 84.21) =   ̶   16.12 

b13 = 1/7 (74.64   ̶   98.68 + 94.37   ̶   63.18   ̶   Cd + 72.75   ̶   69.09 + 84.21) = 13.57 

b23 = 1/7 (74.64 + 98.68   ̶   94.37   ̶   63.18   ̶   Cd   ̶   72.75 + 69.09 + 84.21) =   13.76 

b123 = 1/7 (  ̶  74.64 + 98.68 + 94.37   ̶   63.18 + Cd   ̶   72.75   ̶   69.09 + 84.21) =   ̶   0.34 

 

Relationship between the variables was obtained by placing the values of the effects in 

the polynomial model: 

y = b0 + b1x1 + b2 x2 + b3 x3 + b12 x1 x2 + b13 x1 x3 + b23 x2 x3 + b123 x1 x2 x3 

y = 79.56 + 11.53 x1 + 9.25 x2  ̶ 14.97 x3  ̶  16.12 x1 x2 + 13.57 x1 x3 +13.76 x2 x3  ̶  0.34 x1 

x2 x3 

 

If the concentration of variable 2 and 3 is increased that will result in an increase of 

CDR by 13.76 %. 

  Table 3.65, summarizes the coefficient values bo,b1, b2, b3, b12, b13, b23 & b123  for B 

%, EE % & CDR % in both the phosphate buffer pH 6.8 and 7.4. The concentrations of 

independent variables that have to be modified in order to maximize the percentage 

responses are showed.  And obtained percentage changes in the concentrations of 

individual responses after optimization are depicted in Table 3.66. 
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Table 3.65: Formulation optimization via binomial model (LRS) 

 

Code Response (Y) bo b1 b2 b3 b12 b13 b23 b123 Variable 

LRS Y1 % (PB pH 6.8) 60.12 22.67 15.91 - 4.01 - 4.97 - 1.45 13.41 - 0.58 x1 

Y1 % (PB pH 7.4) 66.43 23.26 17.01 - 5.54 - 6.83 -1.19 14.26 - 0.70 x1 

Y2 % (PB pH 6.8) 45.63 26.09 10.57 -7.43 -2.75 -5.52 4.36 0.05 x1 

Y2 % (PB pH 7.4) 64.67 17.92 8.96 -10.84 -11.27 4.26 10.98 - 0.41 x1 

Y3 % (PB pH 6.8) 78.52 11.36 9.63 -19.19 -14.63 11.34 11.66 - 0.68 x2 x3 

Y3 % (PB pH 7.4) 79.56 11.53 9.25 -14.97 -16.12 13.57 13.76 - 0.34 x2 x3 

PB: Phosphate Buffer 

 

 

Table 3.66: Optimization of LRS-2 

 

Formulation code-LRS-2 

Response (Y) Before optimization  After optimization 
Y1 % (PB pH 6.8)              78.88±0.043 96.70±0.042 

Y1 % (PB pH 7.4) 87.35±0.012 107.6±0.02 

Y2 % (PB pH 6.8) 71.12±0.008 89.61±0.021 

Y2 % (PB pH 7.4) 89.30±0.043 105.2±0.06 

Y3 %(PB pH 6.8) 99.50±0.015 111.04±0.01 

Y3 %(PB pH 7.4) 98.68±0.073 111.5±0.03 

PB: Phosphate Buffer 
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Fig.3.58: Optimization of LRS-2 (PB pH 6.8) 

 

 

                 Fig.3.59: Optimization of LRS-2 (PB pH 7.4) 

 

      The results of the model matrix showed that the response y was directly 

influenced by the variable interactions. Corresponding increase in the responses 

(percentages) was achieved with an increase of the variable concentrations (Fig. 3.58, 

3.59). 
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3.1.4.4.2. OPTIMIZATION BY DESIGN EXPERT®SOFTWARE 

For the optimization suitable polynomial equations were generated with the help of 

Design Expert®9.0.3 software for all the three dependent variables such as B %, EE % 

and CDR12 h % for both PB pH 6.8 and 7.4. The equations were analyzed with 

statistical parameters such as multiple correlation coefficients (R2) and the predicted 

residual sum of squares (PRESS) as presented in Table 3.67. The value of PRESS 

serves as the measure of fitness of the model with the data points. The ANOVA results 

showed that the PRESS values were smaller for all the models and thus the data points 

were better fitted with the model and all the response models were significant with the 

response parameters. 

 To restrict the number of trials for optimization, RSM was successfully used that 

saves time, more effective and economical when compared to the conventional 

methods (Kim et al., 2007; Mandal et al., 2007). For the reliability of the model design 

dissolution test was performed for both, the formulations with predicted optimum 

polymer concentrations and for the additional check point formulation covering the 

entire experimental domain (Joshi et al., 2008). Design Expert® software provides the 

ANOVA provision for the statistical validation of polynomials. Subsequently, the 

feasibility and grid searches were performed to locate the composition of optimum 

formulations (Jain et al., 2004). Model simplification was carried out by eliminating 

the non-significant terms (Nayak and Malakar, 2011). Statistically significant 

difference between in vitro drug releases of PAN from the formulations was defined 

as ⃰p < 0.05 (Bolton, 1997). During the stability studies since the calculated value for F 

was found to be less than the tabulated (F Tab = 225), the difference was not significant 

and we conclude that the means do not differ among themselves only a slight decrease 

in buoyancy and entrapment efficiency was observed that was insignificant. 
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Table 3.67: ANOVA summary for response parameters in PB pH 6.8 and 7.4 

Source Sum of squares ad.f. Mean square F-value P-value ( Prob> F) 

pH 6.8 7.4  6.8 7.4 6.8 7.4 6.8 7.4 

(a) bB % (Y1)          

Model 6066.24 6817.90 6 1011.04 1136.32 478.82 377.07 0.0350 (S) 0.0394 (S) 

X1 3150.20 3315.83 1 3150.20 3315.83 1491.91 1100.32 0.0165 (S) 0.0192 (S) 

X2 1551.52 1772.21 1 1551.52 1772.21 734.79 588.09 0.0235 (S) 0.0262 (S) 

X3 98.63 188.47 1 98.63 188.47 46.71 62.54 0.0925 (NS) 0.0801 (NS) 

X1X2 151.47 285.96 1 151.47 285.96 71.73 94.89 0.0748 (NS) 0.0651 (NS) 

X1X3 12.98 8.67 1 12.98 8.67 6.15 2.88 0.2441 (NS) 0.3391 (NS) 

X2X3 1101.45 1246.75 1 1101.45 1246.75 521.64 413.72 0.0279 (S) 0.0313 (S) 

 

(b) cEE % (Y2) 

         

Model 5543.51 4809.74 6 923.92 801.62 51186.63 752.13 0.0034 (S) 0.0279 (S) 

X1 4169.67 1967.53 1 4169.67 1967.53 2.310E+005 1846.06 0.0013 (S) 0.0148 (S) 

X2 685.24 492.67 1 685.24 492.67 37963.45 462.25 0.0033 (S) 0.0296 (S) 

X3 338.78 719.72 1 338.78 719.72 18769.00 675.29 0.0046 (S) 0.0245 (S) 

X1X2 46.37 778.94 1 46.37 778.94 2568.89 730.85 0.0126 (S) 0.0235 (S) 

X1X3 187.02 111.30 1 187.02 111.30 10361.10 104.43 0.0063 (S) 0.0621 (NS) 

X2X3 116.43 739.59 1 116.43 739.59 6450.63 693.93 0.0079 (S) 0.0242 (S) 

 

(c) d CDR12 h% 

(Y3) 

         

Model 6549.90 6592.89 6 1091.65 1098.82 380.63 1526.13 0.0392 (S) 0.0196 (S) 

X1 791.03 814.46 1 791.03 814.46 275.81 1131.20 0.0383 (S) 0.0189 (S) 

X2 569.03 524.56 1 569.03 524.56 198.40 728.55 0.0451 (S) 0.0236 (S) 

X3 2257.58 1373.40 1 2257.58 1373.40 787.16 1907.51 0.0227 (S) 0.0146 (S) 

X1X2 1311.49 1592.17 1 1311.49 1592.17 457.28 2211.35 0.0297 (S) 0.0135 (S) 

X1X3 787.85 1128.60 1 787.85 1128.60 274.70 1567.50 0.0384 (S) 0.0161 (S) 

X2X3 832.93 1159.69 1 832.93 1159.69 290.42 1610.68 0.0373 (S) 0.0159 (S) 

X1, X2 and X3 represents amount of Magnesium stearate (% w/w), Eudragit®L100 (mg) and Eudragit®RS100 (mg) 

respectively. X1X2, X1X3 and X2X3 are the interaction effects; S and NS indicate significant and not significant 

respectively. 
a d.f. indicate degree of freedom. 
b B % = percentage buoyancy. 
c EE % = percentage entrapment efficiency. 
d CDR12 h % = cumulative percentage drug release over 12 h 

  

3.1.4.4.2.1. Process optimization in PB pH 6.8 

� % = 60.12 + 22.67�� + 15.91�� − 4.01�� − 4.97���� − 1.45���� + 13.41���� −

0.58������                                                                                 (!". 12)  

 

[#� = 0.9970; $ &'*,- = 478.82; ⃰ / < 0.05] 

 

!! % = 45.63 + 26.09�� + 10.57�� − 7.43�� − 2.75���� − 5.52���� + 4.36����

+  0.05������                               (!". 13) 
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[ ! = 0.9989; " $%&'( = 51186; ⃰ ) < 0.05] 

 

*+  12 ℎ % = 78.52 + 11.364: + 9.634! − 19.194? − 14.634:4! + 11.344:4? +

11.664!4?                                                                  (BC. 14)  

 

[ ! = 0.9990; " $%&'( = 380.63; ⃰ ) < 0.05] 

 

From the ANOVA results for the dependent responses B %, EE % and CDR12 h 

%, the model equation for B % showed that coefficients b3, b12 and b13  had no static 

significance ( ⃰p > 0.05) with the model F- value of 380.63 and R2 value of 0.9970, the 

model equation for EE % had all coefficients significant ( ⃰p < 0.05) with model F-value 

of 51186 and R2 value of 0.9989, whereas for the model equation for CDR12 h% (PB pH 

6.8) it was evident that all the coefficients had static significance ( ⃰p < 0.05) with the 

model F- value of 380.63 and R2 value of 0.9990 (Table 3.67). 

For model simplification the non-significant terms ⃰ p > 0.05 were eliminating 

from all polynomial equations, so the final equation becomes: 

E % (F:) = 60.12 + 22.674: + 15.914! + 13.414!4? − 0.584:4!4?           (BC. 15) 

 

BB % (F!) = 45.63 + 26.094: + 10.574! − 7.434? − 2.754:4! − 5.524:4? +

4.364!4? +  0.054:4!4?                               (BC. 16)  

 

*+  12 ℎ % (F?) = 78.52 + 11.364: + 9.634! − 19.194? − 14.634:4! +

11.344:4? + 11.664!4?                           (BC. 17)  
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3.1.4.4.2.2. Process optimization in PB pH 7.4 

 

� % = 66.43 + 23.26!" + 17.01!# − 5.54!& − 6.83!"!# − 1.19!"!& + 14.26!#!& −

0.70!"!#!&                                                          ('). 18)  

[,# = 0.9986; - /:<>? = 377.07; ⃰ @ < 0.05] 

 

'' % = 64.67 + 17.92!" + 8.96!# − 10.84� − 11.27�"�#+ 4.26�"� + 10.98�#� 

− 0.41�"�#�                            (%&. 19) 

['# = 0.9988; * ,-/23 = 752.13; ⃰ : < 0.05] 

 

CDR 12 h % = 79.56 + 11.53�" + 14.97�# − 14.97� − 16.12�"�#+ 13.57�"� +

13.76�#� − 0.34�"�#�                                                             (%&. 20)  

 

['# = 0.9996; * ,-/23 = 1526.13; ⃰ : < 0.05] 

 

Similarily the results obtained from ANOVA analysis for phosphate buffer pH 7.4 

showed that in the model equations for B % the coefficients b3, b12 and b13 had no static 

significance ( ⃰ p > 0.05) (with F-value of 377.07 and R2 value of 0.9986, the polynomial 

equation for the response EE % showed only one coefficient  b13 that has no static 

significance ( ⃰p > 0.05) (with the model F-value of 752.13 and R2 of 0.9988, while 

evaluating the polynomial equation for the response CDR12 h %  in PB pH 7.4 all 

coefficients were statistically significant ( ⃰p < 0.05) with F-value of 1526.13 and R2 value 

of 0.9996 (Table 3.67). 

After eliminating the non-significant terms ( ⃰ p > 0.05) the final model equation 

becomes: 

 ? % (!") = 66.43 + 23.26#" + 17.01#$ + 14.26#$#& − 0.70#"#$#&           (*,. 21)  
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** % (!$) = 64.67 + 17.92#" + 8.96#$ − 10.84#& − 11.27#"#$+ 4.26#"#& +

10.98#$#& − 0.41#"#$#&                                                                                                (*,. 22)  

 

CDR12 h % (!&) = 79.56 + 11.53#" + 14.97#$ − 14.97#& − 16.12#"#$+ 13.57#"#& +

13.76#$#& − 0.34#"#$#&                                                                  (*,. 23)  

 

The results of investigated responses such as B %, EE % and CDR12 h % for all 

batches of formulations (LRS 1-8) for both the mediums PB pH 6.8 and 7.4 was found 

within the limits. Linear correlation plots between the actual and the predicted responses 

are depicted in Fig.3.60 (PB pH 6.8) and Fig.3.61 (PB pH 7.4). Further we have 

elucidated the main and the interaction effects of independent variables over the 

responses through response surface method using Design Expert®9.0.3 software, as it is 

considered as the best for the development and optimization of formulations. 
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Fig.3.60: Residual plot showing scatter of residuals versus predicted values (a), and linear 

correlation plot between the actual and predicted values (b) in phosphate buffer pH 6.8 

for B (Y1), EE (Y2) and CDR12 h (Y3) % 
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Fig.3.61: Residual plot showing scatter of residuals versus predicted values (a), and linear 

correlation plot between the actual and predicted values (b) in phosphate buffer pH 7.4 

for B (Y1), EE (Y2) and CDR12 h (Y3) % 

 In phosphate buffer pH 6.8 the response surface plots for B % showed an increase 

in response with increase of both Magnesium stearate (X1) and Eudragit®L100 (X2), the 

response surface plots related to EE % predicts an increase of response with an increase 

of both Magnesium stearate (X1) and Eudragit® L100 (X2) and decrease of 
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Eudragit®RS100 (X3), whereas the plot for CDR12 h % showed an increase with 

increasing Magnesium stearate (X1) and Eudragit®L100 (X2) and decreasing 

Eudragit®RS100 (X3) Fig.3.62 (a-c). On the other hand the response surface plots 

obtained in case of PB pH 7.4 depicts increase of B % with increasing Magnesium 

stearate (X1) and Eudragit®L100 (X2) whereas increase in EE % as well as CDR12 h % 

due to increase of both Magnesium stearate (X1) and Eudragit®L100 (X2) and decrease of 

Eudragit®RS100 (X3) Fig.3.63 (a-c). 

 

Fig.3.62: (a-c) Response surface plot predicting mutual effects of amount of Magnesium 

stearate (% w/w), Eudragit®L100 (mg) and Eudragit®RS100 (mg) on B (Y1), EE (Y2) and 

CDR12 h (Y3) % in phosphate buffer pH 6.8 
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Fig.3.63: (a-c) Response surface plot predicting mutual effects of amount of Magnesium 

stearate (% w/w), Eudragit®L100 (mg) and Eudragit®RS100 (mg) on B (Y1), EE (Y2) and 

CDR12 h (Y3) % in phosphate buffer pH 7.4 

  Optimized formulation with the desired response was obtained by numerical 

optimization technique using the desirability approach.  The desirable values of 

independent variables (factors) in PB pH 6.8 were: X1 = 5.00 %, X2 = 601.01 mg and X3 = 

600.00 mg, whereas the desirable ranges of dependent responses were restricted to 75 ≤ B 

% ≤ 80, 70 ≤ EE % ≤ 75 and 95 ≤ CDR12 h % ≤ 100. The obtained predicted values for 

dependent variables were B % = 79.37; EE % = 71.09 and CDR 12 h % = 99.99. In PB 

pH 7.4 the desirable values of independent variables are: X1 = 5.00 %, X2 = 600.00 mg 

and X3 = 600.00 mg, and the desirable ranges of dependent responses were restricted to: 
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85 ≤ B % ≤ 90, 85 ≤ EE % ≤ 90 and 95 ≤ CDR12 h % ≤ 100. The predicted values for the 

responses were B % = 87.96; EE % = 89.66 and CDR12 h % = 98.98 (Table 3.68). 

Table 3.68: Confirmation of optimization capability 

Code Composition Predicted 

value 

Experimental 

value 

dPercentage 

error  Magnesium 

stearate  

(X1, % w/w)  

Eudragit® 

L100  

(X2 , mg) 

Eudragit® 

RS100 

 (X3, mg) 

Response 

(Y, %) 

LRS-O  5.00 601.01 600.00 aB (Y1) 79.37 78.88±0.23 0.617 

(pH 6.8)    bEE (Y2) 71.09 71.12±0.04 -0.042 

    cCDR12h 

(Y3) 

99.99 99.50±0.08 0.490 

LRS-O  5.00 600.00 600.00 aB (Y1) 87.96 87.35±0.68   0.693 

(pH 7.4)    bEE (Y2) 89.66 89.30±0.05 0.363 

    cCDR12h 

(Y3) 

98.98 98.68±0.37 0.303 

aB = buoyancy; bEE = entrapment efficiency; cCDR12 h = cumulative drug release over 12 h; dPercentage error (%) 

= (predicted value  ̶  experimental value )/ predicted value x 100. 

 

3.1.4.5. Validation of factorial design 

Further for validating the optimization capability an extra check point formulation LRS-

O was formulated using the optimal process variables and evaluated for B %, EE % and 

CDR12 h % for both the mediums. The experimental and the predicted responses by the 

mathematical model were presented in Table 3.68 and the percentage error was 

calculated. Optimized formulation (LRS-O) showed buoyancy of 78.88±0.23 %, 

entrapment efficiency of 71.12±0.04 % and drug release in 12 h of 99.50±0.08 % in PB 

pH 6.8 with smaller error values (0.617, -0.042 and 0.490). Whereas in PB pH 7.4 the 

actual values for B %, EE % and CDR12 h % was 87.35±0.68 %, 89.30±0.05 % and 

98.68±0.37 % with smaller error values (0.693, 0.363 and 0.303 respectively). Hence this 

validation approach confirms that the mathematical models obtained from 23 FFD were 

well fitted. 
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3.1.4.6. CHARACTERIZATION OF OPTIMIZED LRS MICROBALLOONS  

 

3.1.4.6.1. PARTICLE SIZE ANALYSIS 

The size of the dried PAN-loaded microballoons for each LRS formulations was 

measured by optical microscopy method and the average particle size ranges from 20 -

120 µm. While analyzing the optimized formulation (LRS-O) it was found that the 

maximum frequency of particles (27.5±0.07 %) was in the range 80-100 µm (Fig. 

3.64). Increase in the size was found with increase in the polymer ratios in the 

formulations. This could be attributed due to the increased viscosity of the emulsion 

when cross-linking agent (DBT) was added that in turn increases the droplet size when 

poured in to the PVA solution. 

                  

Fig.3.64: Particle size analysis of optimized formulation LRS-O 

 

3.1.4.6.2. SURFACE MORPHOLOGY (SEM) 

SEM of the optimized PAN-loaded microballoons (LRS-O) showed rough surface, 

spherical shape with internal hollow cavity. No drug crystals were found on the surface 

of microballoons, indicating that the drug was homogeneously dispersed within the 

polymer blend (Fig.3.65). The porosity or channels on the boundary wall was due to 

the porous nature of the polymer Eudragit®RS100 and also due to channeling effect of 
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sodium chloride. The rough appearance of LRS-O may also be attributed to the use of 

plasticizer (DBT) that results in higher cross-linking. 

 

Fig.3.65: Scanning electron micrographs (a) surface appearance (b) cross-sectional view 

and (c) porous boundary wall of formulation LRS-O 

 

3.1.4.6.3. FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR) 

Eudragit®L100 gave characteristic bands at 3613, 2950, 1708, 1450, 1153, 839 and 

753 cm-1 which was due to the presence of [O ̶ H]str; [C ̶ H]str; [C=O]str; [C ̶ H]Bend in 

plane; [C ̶ O]str; [C ̶ C]str and [C ̶ H]Rocking (Fig. 3.67). And Eudragit®RS100 showed the 

bands at 2951, 1724, 1448, 1238, 1143, 988, 848 and 752 cm-1 which corresponds to [C 

̶ H]str; [C=O]str; [C ̶ H]Bend in plane; [C ̶ N]str; [C ̶ O]str; [C ̶ C]str; [C ̶ H]Rocking and [C ̶ Cl]str 

(Fig.3.34). The principle FTIR peaks of pure drug PAN were observed at 2942, 1588, 

1376, 1303, 1040, 983, 838  and 796 cm-1 which was due to [C ̶ H]str; [C=N]str; [S=O]str; 

[C  ̶ H]def; [C  ̶ F]str; [C ̶ O]str; [C  ̶ C]str and [N  ̶ H]Rocking  respectively (Fig.3.30). While 

LRS-O showed peaks at 3466, 2955, 1724, 1473, 1438, 1449, 1271, 1144 and 1040 

which was due to [O ̶ H]str; [C ̶ H]str; [C=O]str; [C=N]str; [S=O]str; [C ̶ H]Bend in plane; [C ̶ 

N]str; [C ̶ O]str and [C ̶ F]str respectively (Fig.3.68). 

 In case of LRS-O formulation all characteristic bands of PAN appeared with 

slight variations in wave numbers that was due to the higher cross-linking, indicates 

that there were no chemical interactions between the pure drug and the polymers used. 
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Table 3.64 & 3.65, shows the peak values of the spectral bands with the type of 

vibrations for Eudragit®L100 and LRS-O formulation. The combined FTIR spectra of 

(a) PAN, (b) Eudragit®L100, (c) Eudragit®RS100 and (d) Optimized formulation LRS-

O containing PAN was shown in Fig.3.69. 

 

3.1.4.6.3.1. FTIR spectral analysis of Eudragit®L100 

The type of vibrations and the peak values are shown in Table 3.69. The structure of 

Eudragit®L100 and the FTIR spectra´s are showed in Fig.3.66 and Fig.3.67. 

Table 3.69: Positions of some characteristic absorption bands (Eudragit®L100) 

 

S.No. Peak value (cm-1) Type of vibration Range (cm-1) 

1. 3613 [O ̶ H]str 3000-3700 

2. 3464      [C=O]str(2v) 3300-3600 

3. 2950 [C ̶ H]str 2700-3300 

4. 1708 [C=O]str 1600-1900 

5. 1450             [C ̶ H]Bend in plane 1300-1500 

6. 1153 [C ̶ O]str 900-1300 

7. 

8. 

839 

753 
[C ̶ C]str 

       [C ̶ H]Rocking 

      800-1200 

      600-900 
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Fig.3.66: Structure of Eudragit®L100 
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        Fig.3.67: FTIR of Eudragit®L100 

 

3.1.4.6.3.2. FTIR spectral analysis of formulation LRS-O 

The type of vibrations and the peak values observed in case of the best formulation 

LRS-O are showed in Table 3.70. Fig.3.68 presents the FTIR spectra´s for the 

formulation. 

Table 3.70: Positions of some characteristic absorption bands (formulation LRS-O) 

 

S.No. Peak value (cm-1) Type of vibration Range (cm-1) 

1. 3466 [O ̶ H]str 3000-3700 

2. 2955                     [C ̶ H]str 2700-3300 

3. 1724 [C=O]str 1600-1900 

4. 1473 [C=N]str 1600-1700 

5. 1438 [S=O]str 1050-1400 

6. 1449             [C ̶ H]Bend in plane 1300-1500 

7. 1271 [C ̶ N]str 1180-1360 

8. 1144 [C ̶ O]str 900-1300 

9. 1040 [C ̶ F]str 1000-1400 

10. 987 [C ̶ C]str 800-1200 

11. 844        [N ̶ H]Rocking 700-900 

12. 748  [C ̶ Cl]str 600-800 

13. 707        [C ̶ H] Rocking 600-900 
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Fig.3.68: FTIR of formulation LRS-O 
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Fig.3.69: Combined FTIR spectra of (a) PAN, (b) Eudragit®L100, (c) Eudragit®RS100 

and (d) Optimized formulation LRS-O containing PAN 
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3.1.4.6.4. DIFFERENTIAL SCANNING CALORIMETRY    

Eudragit®L100 presented two endothermic peaks at 68.8 ºC and 426.3 ºC and a 

complex peak at 234.8 ºC (Fig.3.70). DSC thermo gram of physical mixture containing 

Magnesium stearate, Eudragit®L100 and Eudragit®RS100 showed a complex 

endothermic peak at 102.9 ºC corresponding to the melting point of magnesium 

stearate between 117-150 ºC and another two endothermic peaks at 246.6 ºC 

(correlated to Eudragit®L 234.8 ºC) and 331.4 ºC (correlated to Eudragit®RS 397.9 ºC) 

(Fig.3.71). The DSC thermo gram of formulation LRS-O presented an endothermic 

peak at 216.7 ºC and a complex endothermic peak at 414.4 ºC and an additional peak 

observed at 75 ºC correlates to the melting point of magnesium stearate such as 117 ºC 

(Fig.3.72). While analyzing the combined DSC results it was observed that there were 

no interaction between drug and polymers used. In the thermo gram of formulation 

LRS-O peaks at 216.7 ºC and 414.4 ºC were correlated to Eudragit®L and RS100 

melting peaks of 234.8 ºC and 397.9 ºC. The higher values may be due to increased 

cross linking between polymers thus shifts the glass transition towards higher 

temperatures. Also DBT shifts the glass transition temperature towards lower values in 

case of magnesium stearate. The disappearance of drug peak was due to the 

homogeneous dispersion of the drug throughout the polymer blend (Fig.3.73). 

 

      Fig.3.70: DSC thermo gram of Eudragit®L100 
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Fig.3.71: DSC thermo gram of physical mixture (Magnesium stearate + Eudragit®L100 + 

Eudragit®RS100) 

                    

 

 Fig.3.72: DSC thermo gram of LRS-O formulation 
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Fig.3.73: Combined DSC thermo gram of (a) PAN, (b) Eudragit®L100, (c) 

Eudragit®RS100, (d) physical mixture (Magnesium stearate + Eudragit®L100+ 

Eudragit®RS100) and  (e) LRS-2 formulation 
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3.1.4.6.5. IN VITRO DRUG RELEASE 

The study for all the formulated PAN-loaded microballoons (LRS 1-8 and LRS-O) 

and marketed formulation (LRS-M) were carried out in PB pH 6.8 and pH 7.4. The 

comparative percentage in vitro drug release profiles in phosphate buffer pH 6.8 

(Table 3.71, Fig.3.74) and 7.4 (Table 3.72, Fig.3.75) are presented. The comparative 

cumulative percentage in vitro drug release profiles of Best (B), Optimized (O) and 

Marketed (M) LRS formulations in phosphate buffer pH 6.8 and 7.4 for 12 h (37 ± 0.5 

oC, 300 rpm) are shown in Fig.3.76. All the formulations and the marketed 

formulation sustained the PAN release over 12 h. This is attributed due to magnesium 

stearate that lowers the density and thus provides buoyancy to the system; on the other 

hand it also retards and thus sustains the release up to 12 h (Ishak RAH et al., 2007). 

The use of polymer mixture along with the plasticizer increases the density of the 

polymer matrix and thus increases the diffusion path length that favors in prolonged 

drug release characteristics. Moreover Eudragit®L100 dissolution occurs above pH 6 

and thus prolongs the release whereas Eudragit®RS100 is pH independent polymer 

and the ammonium group present favors channel formation for the dissolution 

medium to enter thus initiates dissolution and diffusion of drug (Raymond et al., 

2009). 

Passive diffusion of drug from microballoons showed to occur in two steps 

firstly, the leaching out of drug through pores in to the polymer matrix, secondly 

diffusion from matrix in to the dissolution medium (Bera et al., 2009). As dissolution 

medium enters the formulation the pH sensitive polymer swells, the swollen particles 

forms closely packed network, which hinders further entry of dissolution medium thus 

results in retardation of drug release over 12 h (Ford et al., 1985; Vazques et al., 

1992). Statistically significant difference between in vitro drug releases of PAN from 

the formulations was defined as p < 0.05 (Bolton, 1997). 

Eudragit®L100 in low concentration encapsulates the drug and retards its 

release in stomach as it shows pH dependent dissolution in jejunum whereas 

Eudragit®RS100 in low concentration decreases the drug release and increases the 
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entrapment efficiency as the pore formed will be less and shows pH independent 

dissolution after swelling in the GIT. In the swollen state it is permeable to water and 

dissolves actives (USP NF, 2004). 

 

3.1.4.6.5.1. In phosphate Buffer pH 6.8 

Table 3.71: Comparative percentage in vitro drug release profile in phosphate buffer pH 6.8 

 Time 

(hr) 

% Cumulative drug release 

LRS-1 LRS-2 LRS-3 LRS-4 LRS-6 LRS-7 LRS-8 LRS-O LRS-M 

1 50.16±0.037 65.67±0.035 61.45±0.035 47.37±0.043 42.35±0.035 41.32±0.048 56.34±0.021 58.84±0.032 69.87±0.041 

2 52.35±0.050 72.78±0.029 64.34±0.043 48.42±0.037 43.38±0.028 42.34±0.021 57.36±0.021 63.74±0.011 74.73±0.036 

3 53.67±0.029 75.44±0.050 67.44±0.053 49.46±0.029 44.43±0.053 43.37±0.014 59.38±0.029 66.41±0.042 76.83±0.014 

4 55.42±0.029 76.83±0.037 71.48±0.029 50.49±0.049 47.43±0.043 45.39±0.035 61.42±0.045 69.93±0.016 79.48±0.026 

5 59.49±0.043 77.88±0.029 73.53±0.021 51.54±0.043 49.48±0.058 47.41±0.029 63.42±0.053 72.63±0.035 82.41±0.025 

6 62.58±0.050 79.35±0.049 76.59±0.037 52.55±0.050 51.55±0.035 49.43±0.049 65.46±0.035 78.33±0.021 84.93±0.031 

7 66.61±0.021 82.68±0.037 78.62±0.043 54.59±0.037 54.58±0.021 51.47±0.037 66.49±0.043 83.19±0.036 86.74±0.052 

8 68.69±0.058 86.89±0.028 80.45±0.050 59.64±0.057 57.61±0.043 54.51±0.021 67.53±0.021 86.83±0.071 89.69±0.056 

9 70.71±0.045 88.85±0.058 85.72±0.061 62.67±0.029 60.65±0.029 58.58±0.028 68.57±0.037 89.42±0.062 92.83±0.017 

10 74.73±0.049 90.65±0.042 89.77±0.035 65.71±0.043 61.68±0.028 60.62±0.049 72.61±0.053 91.32±0.046 95.21±0.023 

11 75.01±0.035 94.54±0.045 91.82±0.049 68.73±0.045 64.71±0.053 62.67±0.037 75.65±0.029 94.78±0.051 97.64±0.018 

12 75.05±0.017 99.50±0.015 95.92±0.026 71.55±0.018 66.54±0.072 64.08±0.084 77.01±0.064 99.99±0.026 98.98±0.082 

 S. D: ± Standard Deviation, Average of 3 readings 
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Fig.3.74: Comparative percentage in vitro drug release profile in phosphate buffer pH 6.8 

 

3.1.4.6.5.2. In phosphate Buffer pH 7.4 

Table 3.72: Comparative percentage in vitro drug release profile in phosphate buffer pH 7.4 

Time 

(hr) 

% Cumulative drug release 

LRS-1 LRS-2 LRS-3 LRS-4 LRS-6 LRS-7 LRS-8 LRS-O LRS-M 

1 31.76±0.045 66.67±0.035 62.73±0.046 37.36±0.029 36.89±0.035 32.98±0.048 57.12±0.021 57.83±0.036 60.43±0.025 

2 37.56±0.035 74.99±0.038 66.67±0.029 39.65±0.035 39.87±0.049 35.89±0.021 59.78±0.021 62.14±0.021 63.77±0.062 

3 39.59±0.029 77.68±0.034 69.87±0.049 41.85±0.043 43.88±0.029 38.84±0.014 61.66±0.029 65.35±0.042 67.48±0.071 

4 46.34±0.043 80.86±0.043 72.98±0.037 42.55±0.035 47.85±0.037 41.75±0.035 64.76±0.045 68.51±0.051 70.77±0.053 

5 49.32±0.029 85.73±0.029 77.66±0.029 45.46±0.024 52.73±0.037 43.78±0.029 66.94±0.053 72.67±0.028 74.67±0.081 

6 53.41±0.043 87.76±0.035 79.88±0.035 48.99±0.053 55.74±0.043 47.86±0.049 68.73±0.035 75.71±0.017 76.75±0.053 

7 55.83±0.03 89.79±0.043 81.98±0.050 51.35±0.037 58.99±0.050 49.86±0.037 71.85±0.043 79.41±0.039 80.78±0.028 

8 59.51±0.037 90.34±0.029 84.72±0.035 54.88±0.043 60.86±0.029 53.45±0.021 73.91±0.021 83.08±0.026 84.19±0.035 

9 64.68±0.042 91.87±0.037 86.37±0.037 57.87±0.037 64.56±0.053 58.89±0.028 75.54±0.037 86.82±0.063 87.46±0.041 

10 65.87±0.037 94.56±0.035 88.49±0.045 59.89±0.029 67.66±0.029 62.59±0.049 78.29±0.053 90.48±0.014 91.66±0.023 

11 67.54±0.029 96.27±0.037 90.76±0.037 61.67±0.043 69.75±0.035 66.74±0.037 79.63±0.029 94.11±0.037 95.17±0.071 

12 74.64±0.028 98.68±0.073 94.37±0.031 63.18±0.046 72.75±0.079 69.09±0.062 84.21±0.067 98.68±0.021 99.67±0.042 

S. D: ± Standard Deviation, Average of 3 readings 
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Fig.3.75: Comparative percentage in vitro drug release profile in phosphate buffer pH 7.4 

 

 

Fig.3.76: Comparative cumulative percentage in vitro drug release profiles of Best (B), 

Optimized (O) and Marketed (M) LRS formulations in PB pH 6.8 and 7.4 for 12 h (37 ± 

0.5 oC, 300 rpm) 
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3.1.4.6.6. KINETICS OF DRUG RELEASE 

The in vitro drug release data of formulations (LRS-2, O and M) for both mediums PB 

pH 6.8 and 7.4 were fitted in to kinetic models such as zero order, first order, Higuchi, 

and Korsmeyer-Peppas and the results obtained was given in Table 3.73. When 

respective correlation coefficients of these formulations in both the mediums were 

compared, the PAN release from formulations LRS-2, O and M in PB pH 6.8 follows 

zero order over a period of 12 h, with initial burst release in first hour than sustained it 

for the rest of period. Whereas in PB pH 7.4 the formulations LRS-O and M follows 

zero order release rate but LRS-2 follows Korsmeyer-Peppas model with release 

exponent ⃰n = 0.1 follows fickian release mechanism (diffusion-controlled with ⃰n ≤ 

0.43), thus offers diffusion-controlled PAN release from microballoons. 

Table 3.73: Different drug release models as applied to percentage drug release profiles 

of LRS-2, O and M formulations in PB pH 6.8 and 7.4 

Code PB Evaluation 

parameters 

Zero order  First order 

 
Higuchi 

model 

Peppas 

model 

Best fit model 

LRS-2 pH6.8 r2 0.973 0.970 0.948 0.914     Zero order 

 A 65.20 1.822 52.87 1.805 

B 2.674 0.014 12.19 0.150 

pH7.4 r2 0.938 0.909 0.984 0.991 Korsmeyer-

Peppas A 69.61 1.846 56.73 1.823 

B 2.561 0.013 12.11 0.152 

LRS-O pH6.8 r2 0.993 0.985 0.976 0.934 Zero order  

A 55.72 1.762 38.60 1.737 

b 3.675 0.020 16.82 0.218 

pH7.4 r2 0.999 0.996 0.972 0.928 Zero order  

A 54.27 1.752 37.55 1.728 

b 3.634 0.020 16.55 0.217 

LRS-M pH6.8 r2 0.994 0.986 0.987 0.947 Zero order  

A 68.85 1.844 56.58 1.827 

b 2.603 0.013 11.97 0.143 

pH7.4 r2 0.998 0.997 0.968 0.922 Zero order  

A 56.68 1.769 40.65 1.747 

b 3.494 0.019 15.89 0.204 

PB: phosphate buffer; LRS-O: Optimized formulation; LRS-M: Marketed formulation 

While analyzing the release kinetics of LRS-2, O and M formulations in PB pH 

6.8 and 7.4 as shown in Table 3.73 the optimized LRS-O and the marketed formulation 

LRS-M follows zero order independent of the concentration of polymers used whereas 

LRS-2 follows relaxation-controlled mechanism (Nayak and Malakar, 2011). 
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3.1.4.6.6.1. In phosphate Buffer pH 6.8 

In phosphate buffer pH 6.8 the formulations LRS-1, LRS-4, LRS-6, LRS-7 and 

LRS-8 showed higher coefficient of determination (r2) value indicating first order 

kinetic release model, where the release was entirely dependent on the concentration 

of polymer used. The release exponent (n < 0.5) showed Fickian type of release 

through diffusion, due to higher cross linking between polymers. While Higuchi 

model was indicated for LRS-2 and LRS-3 formulations and the release exponent (n 

> 1) confirms super case II transport (Table 3.74). 

Table 3.74: Different drug release models as applied to percentage drug release 

profile of LRS formulations (Phosphate Buffer pH 6.8) 

Code Evaluation 

parameters 

Zero order 

rate 

constant 

First order 

   rate 

constant 

Higuchi 

model 

Peppas 

model 

Best fit 

model 

LRS-1 r2 0.957 0.970 0.915 0.875 First 

order 

 
A 52.01 1.726 41.74 1.710 

B 2.281 0.014 10.30 0.154 

LRS-2 r2 0.957 0.936 0.974 0.963 Higuchi 

A 67.32 1.831 57.53 1.814 

B 2.015 0.011 9.392 0.123 

LRS-3 r2 0.979 0.964 0.995 0.968 Higuchi 

A 60.91 1.790 49.51 1.770 

B 2.350 0.013 10.94 0.150 

LRS-4 r2 0.919 0.942 0.832 0.740 First 

order 

 
A 52.85 1.730 45.08 1.724 

B 1.846 0.012 8.113 0.118 

LRS-6 r2 0.968 0.978 0.922 0.859 First 

order 

 
A 49.38 1.701 41.12 1.688 

B 1.842 0.013 8.301 0.133 

LRS-7 r2 0.990 0.995 0.949 0.883 First 

order 

 
A 48.42 1.692 40.12 1.679 

B 1.837 0.013 8.305 0.136 

LRS-8 r2 0.969 0.978 0.932 0.883 First 

order 

 
A 43.69 1.649 35.31 1.634 

B 1.847 0.014 8.367 0.150 
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3.1.4.6.6.2. In phosphate Buffer pH 7.4 

In phosphate buffer pH 7.4, LRS-1 and LRS-4 showed first order release depending 

on the concentration of polymer used with the release exponent (n < 0.5) confirming 

their Fickian diffusion mechanism. The best fit model for LRS-2 was Korsmeyer 

Peppas, with n value between 0.5-0.1 confirms Non-Fickian anomalous type of 

diffusion. While LRS-3 fits in Higuchi model with n > 1 confirms super case II 

transport diffusion. Formulations LRS-6, LRS-7 and LRS-8 showed zero order 

release that is independent of concentration of polymers and release exponent (n) 

values between 0.5-0.1, confirms anomalous type of diffusion (Table 3.75). 

Table 3.75: Different drug release models as applied to percentage drug release profile of 

LRS formulations (Phosphate Buffer pH 7.4) 

Code Evaluation 

parameters 

Zero order 

rate 

constant 

First order 

   rate 

constant 

Higuchi 

model 

Peppas 

model 

Best fit 

model 

LRS-1 r2 0.984 0.986 0.942 0.867 First 

order 

 
A 56.94 1.766 44.31 1.751 

B 2.797 0.016 12.64 0.167 

LRS-2 r2 0.892 0.863 0.964 0.991 Peppas 

A 70.29 1.849 58.26 1.824 

B 2.313 0.012 11.10 0.143 

LRS-3 r2 0.981 0.967 0.990 0.960 Higuchi 

A 62.06 1.799 49.39 1.778 

B 2.634 0.014 12.22 0.161 

LRS-4 r2 0.966 0.978 0.909 0.833 First 

order 

 
A 55.63 1.749 49.00 1.741 

B 1.501 0.009 6.726 0.100 

LRS-6 r2 0.994 0.992 0.966 0.915 Zero order 

rate A 51.35 1.723 38.08 1.703 

B 2.887 0.018 13.14 0.190 

LRS-7 r2 0.991 0.982 0.976 0.924 Zero order 

rate A 49.35 1.706 36.21 1.683 

B 2.814 0.018 12.89 0.196 

LRS-8 r2 0.985 0.977 0.972 0.919 Zero order 

rate A 46.00 1.672 35.76 1.652 

B 2.188 0.016 10.03 0.170 
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3.1.4.6.7. IN VIVO ANTI ULCER ACTIVITY 

The stomachs of normal group were devoid of any gastric lesions whereas the control 

group was full of hemorrhagic streaks due to stasis in the mucosal walls. Gastric 

lesions caused due to ethanol were attributed to the formation of free radical that in 

turn results in lipid per oxidation product formation. When treated with standard-1, 

showed red coloration while the standard-2 treatment showed spot ulcers. When 

administered with Treatment dose with LRS-O, showed complete removal of 

hemorrhagic streaks (Fig.3.77). The calculated ulcer indexes and percentage protection 

for each group in Table 3.76 are showed in Fig.3.78. ANOVA analysis showed that the 

ulcer index values for the treatment groups were lower than that of the standard groups 

with P < 0.001. 

 

Fig.3.77: Inner stomach wall of animals treated with: (a) 1 % gum acacia, (b) ethyl 

alcohol, (c) sodium bicarbonate aqueous solution, (d) standard Pantoprazole Sodium 

solution IV and (e) LRS-O aqueous suspension 
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Table 3.76: Anti ulcer activity for PAN loaded microballoons 

Groups Treated Ulcer Index (UI)* Protection (%) 

Control 7.81±0.20 - 

Standard-1 0.5±0.06 93.59 

Standard-2 0.20±0.06 97.43 

Treatment 0.20±0.05 97.43 
*All value expressed as MEAN ± SEM, P< 0.001 when compared to control 

 

Fig.3.78: Ulcer indexes (UI) for various treated groups 

 

3.1.4.6.8. STABILITY STUDY 

The results of stability study of the optimized formulation carried out for a period of 

six months showed no physical change among themselves (Table 3.77). The ANOVA 

table values for F at 5 % level of significance for B % and EE % was 16.29 and 15.16 

in PB pH 6.8 (Table 3.78) and 9.08 and 28.29 in PB pH 7.4 (Table 3.79).  
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Table 3.77: Stability studies of LRS-O formulation for six months 

 

Time (month) Physical change B (Y1) % EE (Y2) % 

PB pH 6.8 PB pH 7.4 PB pH 6.8 PB pH 7.4 

0 - 78.88±0.043 87.35±0.012 71.12±0.008 89.30±0.043 

1 No change 78.84±0.032 87.23±0.068 71.09±0.063 89.28±0.017 

2 No change 78.62±0.067 87.11±0.004 70.98±0.042 89.21±0.004 

3 No change 78.24±0.007 86.93±0.008 70.87±0.011 89.16±0.018 

4 No change 77.92±0.015 86.89±0.038 70.76±0.036 88.97±0.006 

5 No change 77.81±0.042 86.75±0.031 70.69±0.019 88.85±0.053 

6 No change 77.64±0.061 86.71±0.003 70.61±0.032 88.78±0.005 

S. D: ± Standard Deviation, Average of 3 readings; B: Buoyancy; EE: Entrapment efficiency; PB: 

Phosphate Buffer 

 

Table 3.78: ANOVA studies of LRS-O in phosphate buffer pH 6.8 (Y1 & Y2 %) 

Source of 

variation 

Sum of 

squares 

Degree of 

freedom 

Mean sum of 

squares 

Fcal 

Y1 %  Y2 % Y1 % Y2 % Y1 % Y2 % Y1 % Y2 % 

Between samples 0.9126 0.135 1 1 0.9126 0.135 16.29 15.16 

With in samples 0.2241 0.0356 4 4 0.0560 0.0089 

 

 

 

Table 3.79: ANOVA studies of LRS-O in phosphate buffer pH 7.4 (Y1 & Y2 %) 

Source of 

variation 

Sum of 

squares 

Degree of 

freedom 

Mean sum of 

squares 

Fcal 

Y1 % Y2 % Y1 % Y2 % Y1 % Y2 % Y1 % Y2 % 

Between samples 0.1443 0.1839 1 1 0.1443 0.1839 9.089 28.292 

With in samples 0.0635 0.026 4 4 0.0158 0.0065 

 

During the stability studies since the calculated value for F was found to be less 

than the tabulated (F Tab = 225), the difference was not significant and we conclude that 

the means do not differ among themselves only a slight decrease in buoyancy and 

entrapment efficiency was observed that was insignificant. 
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3.2. CONCLUSION 

 

The UV analysis demonstrates that the bulk drug sample of Pantoprazole Sodium 

obtained was pure. The solubility studies suggest that PAN was freely soluble at lower 

pH, thus showed pH dependent solubility and stability. There was reports and 

publications available of either colorimetric and HPLC methods for the estimation but 

there were no reports and publications available corresponding to the intended 

investigation, development and validation of UV spectrophotometric method for PAN. 

Hence the Differential UV Spectrophotometric method was developed and validated 

according to ICH guidelines and was found that PAN could be directly analyzed in 

presence of pharmaceutical excipients. Also the method developed were simple, 

sensitive, accurate, precise and inexpensive with good recovery of the analyte thus this 

method can be used for the routine analysis. 

In stomach specific delivery the buoyant system for PAN was successfully 

formulated by non-effervescent technique with the help of 23 full factorial design using 

crospovidone, Eudragit®E and RS100 polymers. The in vitro result confirms their 

potential and zero order mechanism showed their capability of controlling the 

fluctuations in plasma levels and reduces the dose frequencies. The optimized 

formulation gave excellent results for particle size, percentage swelling, buoyancy, 

entrapment efficiency; moreover the prolonged drug release via gastric retention might be 

advantageous for enhancing the bioavailability of the drug in stomach specific approach. 

The results of in vitro and in vivo studies were well correlated and confirm the 

effectiveness of the formulation design. 

For the intestinal delivery this technique may be advantageous in achieving 

enhanced bioavailability of acid labile drugs for the gastro retentive delivery with 

excellent responses of B %, EE % and CDR12 h % following zero order patterns. The 

Design Expert® software used for the optimization and validation of formulation design 

was economical and reduces the number of trials. SEM confirms the spherical shape with 

rough surface, porous boundary wall and internal hollow cavity moreover the FTIR 

results showed that there were no drug-polymer interactions found. 
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Pantoprazole Sodium loaded microballoons formulated by emulsion solvent 

diffusion method using non-effervescent technique were found to be efficient in ulcer 

healing and could be delivered successfully through oral route. For the target delivery 

directly to the stomach ERS dose will provide immediate relief to the gastric lesions 

while the LRS dose with delayed release will maintain the effective therapeutic level. 

This kind of pH dependent activity may provide an ideal therapeutic regimen with 

enhanced patient compliance. The observed in vitro results are well correlated with the in 

vivo confirms their suitability for the oral drug delivery. The accelerated stability study 

which was carried out for a period of six months and the data obtained after analysis 

showed insignificant differences among themselves. This activity may be advantageous 

for the delivery of acid labile drugs having high solubility with poor absorption in the 

GIT. 

The in vivo evaluation study was successfully performed for determining the ulcer 

indexes and percentage protection for various treated groups using curative approach by 

ethanol induced ulcer method. ERS O formulation with higher percentage protection and 

inhibition for stomach specific approach was considered to be the best in comparison to 

the LRS-O formulation intended for the systemic approach. 

 

 

 

 

 

 

 

 

 


