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PR£FAC£ 

With the enormous development in science, the present century has made 

immense progress in the field of pharmaceutical technology. This resulted 

in the emergence of more sophisticated dosage forms like tablets, 

capsules, parenteral products etc. which superseded the crude dosage 

forms like galenicals, infusions, decoctions etc. the curiosity and quest of 

human being have explored even his own physiological and anatomical 

network. In order to prevent and cure diseases, man has developed new 

medicines and newer dosage forms and has also made the drug therapy 

more rational. 

For better understanding of pharmacokinetl.c and pharmacodynamic 

parameters, the present day drug therapy is based on the delivery of 

adequate amount of drug in the body or to the target organ to elicit the 

therapeutic responses and to maintain this level over a desired period of 

time. This concept of drug delivery, which has been explored over the last 

three decades, is popularly called Novel Drug Delivery Systems (NDDS). 

Among the various techniques and technologies which are studied 



academically, the Microparticulate Drug Delivery Systems (MDDS) were 

found to be most economical and industrially feasible. These delivery 

systems are excellent means of delivering any drug in a controlled and 

desired manner into the systemic circulation thereby achieving sufficient 

therapeutic plasma level and sustaining therapeutic activity over a 

desired period of time. Therefore, the micropelletization technology has 

been taken up by the author in his research program to achieve the 

maximum benefits of the NDDS. 

In recent times the pharmaceutical industries are governed by the 

good corporate governance which demands the impleme11tation of Safety; 

Health and Environment (SHE). As per the guidelines of SHE, any 

manufacturing scale-up technology has to use safe method of preparation 

of a product on a large scale. Keeping these guidelines in mind the author 

wanted to develop a process of producing micropelleted systems in a 

• completely aqueous environment. The process which was researched 

upon, completely avoided use of any toxic and hazardous organic 

solvents. This was achieved by using a suitably optimized ionotropic 

gelation technique. A potent diuretic ·drug, Frusemide, was selected as a 

model drug for the entire research work. Microspheres, which were 



produced by the above technique would help to deliver the drug at a 

controlled rate into the systemic circulation and would increase its' 

therapeutic efficacy while simultaneously minimizing its' adverse effects. 

The thesis has been divided into twelve (12) well- defined chapters 

with a final summary and conclusion. At the end of each chapter, the 

necessary references have been cited at appropriate places. The author has 

also adopted latest mathematical, statistical and computer supported 

systems to design, implement and evaluate the efficiency of the delivery 

system researched upon. The result of the study· fulfils the goal of the 

investigation, since the organic solvents could be completely replaced by 

an aqueous system in producing microspheres thereby preventing the 

ecosystem. It is thus felt, that the findings of the research work can add up. 

new knowledge in the field of microparticulate drug delivery systems by 

ushering new light on the existing information ·available on the subject of 

the study. 
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DRUG DELIVERY SYSTEMS 

1.1 Introduction 

Most drugs used in primitive medicine were obtained from plants. These naturally occurring 

substances were employed in the form of infusion, decoction or poultices, and came in to 

medicines by the way of accident or by the herb doctors. 

Drug used in 19th century were naturally occurring substances extracted from plants, 

animals or minerals. The active principles were isolated and came in to medicine largely on 

an empirical basis. Although, these agents are still used today, they were first used in man 

without prior laboratory evaluation. The plants used as drugs were either relatively free 

from toxic effects or their lethal effects due to toxicity were known to herbal doctors and 

common people, these informations lacked.proper documentation. 

With the explosive development of new methods of organic chemistry in the last decades of 

the past century and the first decades of this century, it became possible to elucidate the 

structure of the pharmacologically active natural products and to synthesize either their 

active principles or a modified molecule of the parerit substances. Subsequently, efforts 

were directed towards synthesis of molecules in which the pharmacological properties of 

the original natural products were preserved or present to a more enhanced degree, while the 

toxic side effects were reduced. This led to the synthesis of agents with novel structures, the 

pharmacologic effects of which were determined by study in laboratory animals. This 

approach proved very fruitful and led to development of thousands of new and potent 

synthetic dugs. 

In addition to enormous development in science, the present century has made immense 

progress in the field of technology, which in natural course encroached in the 

pharmaceutical field too. This has made the emergence of more sophisticated dosage forms 

like tablets, capsules, parenteral products which superseded the dosage forms like infusion, 

decoction and others. 

The curiosity and quest of human being have explored even his own physiological and 

anatomical network. In prevention and curing of diseases, as he has developed new 

medicines and newer dosage forms, he has also made the drug therapy more rational. 

With better understanding of pharmacokinetic and pharmacodynamic parameters, the 

present day drug therapy is based on the delivery of adequate amount of drug in the body or 



to the target organ to elicit the therapeutic responses and to maintain this level over a 

desired period oftime. 

The goal of any drug delivery system is to provide a therapeutic amount of drug to the 

proper site in the body to achieve therapeutic action promptly and then maintain the desired 

drug concentration at the site of action for required period. 

Maintenance of adequate drug concentration for an extended period of time at the site of 

action is one of the primary goals ·of the treatment. With the conventional dosage forms 

(CDF) this goal is fulfilled by multiple dosing of the drug formulation at an interval of 

predetermined period to compensate the drug loss from the body due to elimination and 

biotransformation as represented in Figure 1.1. 

MTC 

MEC 

r r r 
Dose Dose Dose 

Figure 1.1 Plasma Concentration Vs Time curve following oral administration of 

equal doses of a drug at regular time interval which allows complete 

elimination of the previous ·dose 

MTC- Minimum Toxic Concentration 

MEC- Minimum Effective Concentration 
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The objective of the drug delivery system 1 should be based on two aspects, namely spatial 

placement and temporal delivery of the drug. Spatial placement relates to targeting a drug to 

a specific organ or tissue, while temporal delivery refers to controlling the rate of delivery 

to the target tissue. So the drug formulation should be such that it will be capable to deliver 

a correct amount of drug in the right form, at the desired place, at proper rate, over the 

desired time, while the chemical integrity of the drug will be unaltered. 

Thus, drug delivery system can be defined as a dosage form that releases one or more drugs 

systemically, topically or to a specified target organ. 

Drug delivery systems can be broadly classified as:-

a) Conventional Drug Delivery Systems (CDDS) 

b) Controlled Release Drug Delivery Systems (CRDDS) 

1.2 Conventional Drug Delivery System 

These kinds of drug delivery system consist of the active constituent and auxiliary 

biologically inert substance called excipients. An orally administered Conventional dosage 

form releases the drug when it comes in contact with gastric fluid. Two main factors 

affecting drug release are as follows; 

A. Solubility of Drug 

B. Dissolution rate of a Drug 

After release, the drug must pass through the various biological barriers in order to get 

absorbed. Absorption of hydrophobic drugs like Griseofulvin is dissolution rate-limited. 

Absorption of hydrophilic drugs like Cromolyn Sodium is permeation rate-limited. 

About 90% of the drugs are absorbed by passive or non-ionic diffusion, where the main 

driving force is concentration or electrochemical gradient. Bioavailability is defined as the 

rate and extent of the drug that reaches the systemic circulation and is available at the site of 

action. After eliciting the desired pharmacological effect, the drug gets eliminated either as 

unchanged form or conjugated form through various rates of excretion. 

The time required for elimination of half the plasma content of the drug by metabolism or 

excretion is called its biological half-life (t112) and is of high interest for the dosage regimen 

3 



prescribed by the physician. Accurate dosage regimen is highly essential for chronic 

treatment and also for prolonged treatment when the plasma drug concentration is kept at a 

constant level for a prolonged period. The plasma drug concentration should lie between 

median lethal dose (LDso) and the median effective dose (EDso), the ratio of which (i.e. 

LD50 I ED50) is called the therapeutic index and defines the safety margin of the drug. 

1.2.1 Limitations of Conventional Drug Delivery Systems 

In case of conventional dosage forms, the drug is released rapidly by dissolution leading to 

a maximum high concentration, which then subsides exponentially due to first order 

absorption. This fact is characterized by saw-tooth pattern of drug concentration profile in 

stomach/intestine and also in plasma. This leads to alternating periods of over dosages and 

under dosages. Thus, the use of conventional dosage forms for maintaining therapeutic drug 

levels for a prolonged period is difficult and have the following drawbacks: 

A. The typical peak-valley drug profile leads to insufficient efficacy of therapy 

provoking an excessive use of the drug. (Fig. 1.2) 
' B. Over dosage originating after dissolution of the drug may produce a high frequency 

of side effects leading to iatrogenic damage. 

C. High frequency of administration of conventional dosage forms is limited by the 

reliability of patient compliance (omission, wrong frequency). 

D. The peak-valley plasma concentration time profile makes the attainment of steady 

state condition highly difficult. 

4 
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ideal drug concentration in systemic circulation following oral 

administration of controlled release dosage form (B) 
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A 

B 1 
k _,_ J,j 

Figure 1.3 Effect of frequencies of Drug administration on plasma concentration 
' 

(A) Too Frequent (B) Uniform (C) Inadequate. 

The desired therapeutic dose must attain plasma concentration which lies above the 

minimum effective concentration but below the minimum toxic concentration. The 

controlled release delivery systems should overcome the "Saw-Tooth" (Fig.1.3) pattern 

usually shown by conventional dosage forms. 

1.3 Controlled Release Drug Delivery System 

The goal of any delivery system is to provide a therapeutic amount of drug to the target site 

in the body and then maintain the desired drug concentration. Two aspects most important 

to drug delivery are spatial placement and temporal delivery of a drug. Spatial placement 

relates to targeting of a drug to a specific organ or tissue, while temporal delivery refers to 

controlling the rate of drug delivery to target tissue. An appropriately designed controlled 

release drug delivery system can be a major step towards solving these two problems. The 

6 



bulk of research has been directed towards oral dosage forms that satisfY the temporal 

aspect of drug delivery but newer approaches facilitating spatial placement are also under 

investigation. The term "Sustained Release"2 i.s used to illustrate a pharmaceutical dosage 

form formulated to retard the release of a therapeutic agent such that its appearance in the 

systemic circulation is delayed and/or prolonged and its plasma profile is sustained in 

duration. 3 The term "Controlled Release" goes beyond the scope of sustained drug action. 

It also implies a predictability and reproducibility in the drug release kinetics. 

1.3.1 Classification of Rate-Controlled Drug Delivery System 

I) Rate Programmed Drug Delivery System 

In this class of drug delivery system the release of drug molecules from the delivery systems 

has been programmed at specific rate profiles. This exhibited a whole new lacuna in the 

code of proof as a system design, which controls the molecular diffusion of drug molecules 

in and/or across the barrier medium within or surrounding the delivery system?·50 

2) Activation-Modulated Drug Delivery System 

In this group of controlled release drug delivery systems the release of drug molecules from 

the delivery system is activated by physical, chemical or biochemical processes and/or 

facilitated by the energy supplied externally. The rate of drug release is then controlled by 

regulating the process applied or energy input. 

3) Feed-back Regulated Drug Delivery System 

This group of controlled release system consists of a triggering agent that activates the 

release of drug molecules from the delivery system. The release is also regulated by the 

concentration of the triggering agent (a biochemical substance present in the body) via some 

feed-back mechanisms. The rate of drug release is then controlled by the concentration of 

the triggering agent detected by a sensor in the feedback-regulated mechanism. 

7 



4) Site Targeting Drug Delivery System 

This delivery system is utilized for drug targeting to a certain organ or tissue. The drug can 

also be targeted to a particular receptor within an organ or tissue. 

1.3.2 Rationale for Controlled Release Dosage Forms 

The basic rationale for controlled release drug delivery is to alter pharmacokinetics and 

pharmacodynamics of pharmacologically active moieties by using novel drug delivery 

systems or by modifying the molecular structure or physiological parameters inherent in a 

selected route of administration. 

The duration of action of the drug must be a designed property in case of controlled release 

dosage form and not at all the drug molecule's inherent kinetic properties. Thus the 

thorough knowledge of the pharmacokinetics and pharmacodynamics of the drug is 

necessary for optional design of the controlled release dosage form. 

1.3.3 Objectives and Potential Advantages of Controlled Release Dosage Forms1
•
4 

a) To reduce dosage frequency. 

b) To provide more constant therapeutic drug levels. 

c) To obtain more uniform pharmacological response, or to minimize potentiation 

or reduction in drug activity in prolonged use. 

d) To reduce total amount of dug used. 

e) To reduce inconvenience to the patient and increase compliance. 

t) To reduce gastrointestinal irritation. 

g) To reduce both local and systemic side effects. 

h) To allow the use of drugs with low therapeutic index. 

i) To avoid night-time dosing. 

j) To reduce fluctuations in circulating drug levels and minimization of drug 

accumulation in body tissues with chronic dosing. 
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1.3.4 Disadvantages of Controlled Release Dosage Forms 

a) Possibilities of dose dumping. 

b) Reduced potential for accurate dose adjustment. 

c) Increased potential for first pass metabolism. 

d) Possible reduction in systemic availability. 

e) Drug release profile restricted to residence time in G.I.T. 

f) Greater cost than conventional dosage forms. 

g) Poor in vitro-in vivo correlation. 

h) Difficulty of quick stoppage <if pharmacological action of drugs when 

serious poisoning or intolerance occurs. 

Sustain release dosage form 

Controlled release dosage form 

Conventional dosage form 

Figure 1.4 . Comparative study of plasma concentration of drug with respect to time 

from the three different dosage form 
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1.3.5 Factors Influencing the .Design and Performance of Sustained I Controlled 

Release Products 

To establish criteria for the design of controlled release products, a number of variables are 

considered51 which are explained below: 

a) Drug Properties: 

The physicochemical properties of drug like solubility, protein-binding propensity, 

partition coefficient etc play a dominant role in the design and performance of 

controlled release systems. 

b) Route of Drug Delivery: 

The area of the body in which drugs are applied can be restrictive on the basis of 

technological achievement of a suitable controlled release mechanism or device. 

Performance of a controlled release system may also be influenced by physiological 

constraints imposed by the particular route. e.g., First pass effect, G.l. motility etc. 

c) Target Sites: 

In order to minimize unwanted side effects it is desirable to maximize the fraction of the 

applied' dose that reaches the systemic circulation. This can be ddne successively by 

local administration or by use of carriers. 

d) Acute or Chronic Therapy: 

During the design of controlled release systems, the expected length of the therapy and 

the intended duration of action of the dosage form, play an important role. 

e) The Patient: 

The condition of the patient like age, obesity, ambulatory or bedridden plays a vital role 

in designing of controlled release systems. 

f) The Disease: 

Pathological changes during the course of a disease can play a significant role in the 

design of a controlled release system. Sometimes one can take advantage of the unique 

manifestations of the disease state, e.g., the higher plasminogen activator levels in some 

tumor cells lead to preferential bioconversion of peptidyl pro drug in the cells. 
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1.3.6 Drug Properties Influencing the Design of Controlled Release Drug Delivery 

Systems 

To establish a basis for discussion of drug property influencing the design of controlled 

release product, two factors are mainly highlighted. 

1. Behavior of the drug in the drug delivery system. 

2. Behavior of the drug in the body. 

The first factor mainly deals with the influence of drug properties on the release 

characteristics of the drug. 

Drug in Dosage . Release 

Form lf~wv 

Rate limiting step for 

Controlled release dosage form 

Drug at the Absorption 
Site 

Rate limiting step for 

Conventional dosage form 

Figure 1.5 Schematic Diagram of the Dosage form after Administration 

Drug in the Body 

The second factor i.e. the behavior of drug in the body is a very complex scenario. This 

includes the rate of drug release during its passage to the target area as well as its fate while 

in the bio phase. The drug interacts with a variety of substances leading to undesired drug 

loss as well as desired drug absorption. This drug loss unintentionally as well as the useful 

absorption is a function of the structure and hence properties of the drug as well as the type 

of the delivery system in which the drug is housed. 
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1.3.7 Physico-Chemical Properties of a Drug Influencing the Drug Product Design 

and Performance 

i. Dose Size: 

Erikson3 has stated that drugs with a single oral-dose more than 0.5 gm are poor candidates 

for oral controlled release products. Since the absorption mechanism will in most cases 

generate a substantial volume of the product depending on the density of the drug, duration 

of intended prolongation and type of sustaining mechanism. However, compromise between 

dose size and efficacy should always be sought. 

ii. Aqueous Solubility: 

Extremes in aqueous solubility are undesired in the preparation of controlled released 

products. The main motto behind this restriction revolves around the dissolution rate of the 

drug. Aqueous solubility monitors absorption in two ways:-

1. Aqueous solubility influences the dissolution rate of a compound, which in 
' turn determines the drug concentration in solution. The drug concentration in 

solution serves as the driving force for tissue permeation. 

2. The aqueous solubility of the drug could be used as the first approximation 

to its dissolution rate. 

Drugs8 with water solubility less than 0.1 mg/ml have reduced bioavailability in 

conventional oral dosage forms whereas on the other hand highly soluble drugs are difficult 

to design in a sustained release form. 2 

The choice of mechanisms for oral sustained/controlled release system is limited by 

aqueous solubility of the drug. Diffusional systems will be poor choices for slightly soluble 

drugs since the driving force for diffusion; the aqueous concentration will be low. Such 

drugs can be effectively incorporated into matrix systems. 

iii. Partition Coefficient:9 

It has been shown hat a parabolic relationship exists between partition coefficient and 

membrane permeation extremes. Drugs with extremely high partition coefficients 

(extremely oil-soluble) readily penetrate the membranes but are unable to proceed further 
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while drugs with low partition coefficient (extremely water soluble) cannot penetrate 

membranes. A balance in the partition coefficient is needed to give an optimum flux and to 

prevent drug accumulation in the tissues. 

iv. Drug Stability: 12 

The extent of drug loss through hydrolysis or biodegradation in the stomach and intestine is 

proportional to the residence time in these organs and their apparent rate of degradation. 

Drugs unstable in stomach can be remodeled into slowly soluble form or have their release 

sustained until they reach the small intestine. For drugs having stability problems is 

intestine a different route of administration should be chosen. E.g. controlled release of 

nitroglycerine by the transdermal route. 

v. Protein Binding: 

If a drug undergoes high degree of protein binding, the bound drug can serve as a depot for 

drug resulting in. a prolonged release profile. However various drug protein interactions 

have a negative influence on the therapeutic efficacy of many drugs and may even lead to 

toxic manifestations. 

The pH partition hypothesis states that the unchanged form of a drug species will be 

preferentially absorbed through many body tissues. For optimum passive absorption, the 

drugs· should be nonionized at that target site at least to an extent ofO.l to 5%. A sustained 

release product should be programmed in accordance with pH variation in GIT so that the 

amount of unchanged drug and the plasma level of the drug would be approximately 

constant through out the time course of the drug. 

vii. Molecular Size: 

The ability of a drug to diffuse through membranes depends on molecular size of the drug. 

The diffusivity of the drug can be related to the molecular size by the following equation. 
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LogD = -SvLogV + Kv = -SmLog M + Km (1.1) 

D = diffusivity. M =Molecular Weight V =Molecular Volume 

Kv and Km =coefficient of molecular volume and molecular weight, respectively, 

Sv and Sm = . specific molecular volume and molecular weight, respectively. 

Molecular size is an important parameter when rate controlling polymeric membranes 

serves as a controlled release weapon. 

1.3.8 Biological Factors of a Drug Influencing the Drug Product Design and 

Performance 

The design of controlled release system requires a vivid description of the drug disposition. 

Every pharmacokinetic property and biological response parameter has a useful range for 

the design of controlled release products, outside of which controlled release product design 

becomes difficult or impossible. 

• Absorption: 

Drugs24 that are slowly absorbed or absorbed with a variable absorption rate are poor 

candidates for a sustained release system. For oral dosage forms, the lower limit of the 

absorption rate constant is in the range of0.25h"1 (assuming a GI Transit time of 10-12 hr). 

• Distribution: 

The knowledge of the apparent volume of distribution of a drug is highly essential for its 

fabrication into a sustained release forms. The apparent volume of distribution influences 

the plasma drug concentration as well as the drug concentration in the target tissues. 

Apparent volume of distribution of the drug also influences the elimination kinetics of the 

drug. Thus the drugs with high apparent volume of distribution are poor candidates for 

controlled release systems. 

• Metabolism: 

Metabolism of a drug will be reflected in the elimination constant of a drug or by the 

appearance of metabolite. It is possible to incorporate this pharmacokinetic property into the 

design of a controlled release product provided that the rate and extent of metabolism are 

predictable and the rate constant for the process is not too large. Complex metabolic pattern 
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hinders the fabrication of sustained release products particularly when the therapeutic 

activity of the drug is wholly or partly due to a metabolite. 

• Biological Half-Life: 

The rate of elimination of a drug is quantitatively described by its biological half-life (t112). 

The half-life of a drug is related to its apparent volume of distribution (V d) and its Systemic 

Clearance (Cis). 

t 11 ;= 0.693 V d I Cl, = 0.693 V d AUC I Dose. (1.2) 

The systemic clearance is equal to the ratio" of an intravenously administered dose to the 

total area under the drug blood level versus time curve, Area Under Curve (AUC). A drug 

with a short half-life requires frequent dosing and is a desirable candidate for sustained 

release system whereas, drugs with larger half-lives are· more suitable for conventional 

dosage forms. The exact limits of half-lives of drugs that is best suited for sustained release 

action is not clearly defined. Generally, drugs with half-life less than 2 hrs are not suitable 

for sustained release systems due to their faster release rates and large dose size. On the 

other hand drugs with half-life greater than 8 hr are better approached as conventional 

dosage unit. 

• Side Effects: 

The occurrence of side effects of many drugs is believed to be a function of its plasma 

concentration. Thus the fabrication of a controlled release system minimizes the side effects 

by monitoring the plasma concentration and utilizing less total drug over the time course of 

therapy. 

• Margin of Safety of The Drug: 

It is best described by the therapeutic index of the drug. 

Therapeutic Index (TI) = Mean Lethal Dose/ Mean Effective Dose = LDso I EDso (1.3) 

Generally, higher the therapeutic index, the safer is the drug. A drug is considered relatively 

safe when the therapeutic index crosses I 0. 

Drugs with small values of TI are poor candidates for formulation into sustained release 

products primarily because of technological limitations of precise control over release rates. 
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1.3.9 Techniques of Obtaining Controlled Release Systems 

Methods of formulating controlled release systems can be classified under three broad 

categories. 

A. Biological Methods: 

This method has limited applications. and is mostly a physician's weapon. This approach 

consists of co-administration of two drugs in order to modify the biological fate of one of 

them. The therapeutic effect of rapidly excretable oral penicillin can be prolonged by the co

administration of probencid which prevents the rapid excretion of penicillin. 

B. Chemical Methods: 

The chemical method of preparing controlled release system is based on the promise of 

programmed release of the drug at the target site. Two approaches24 are used to serve this 

purpose. 

I, Analog Approach 

The synthesis of analogs, which may alter the solubility pattern, partitioning charac.teristics, 

increase of efficacy and decrease of toxicity etc. However, this method is rarely 

implemented for the formulation of controlled release products. 

II. Pro-drug Approach 

The Pro-drug Approach involves use of a chemically modified inert drug precursor, which 

upon biotransformation liberates the pharmacologically active parent compound. Many 

sustained release steroids generate the active molecule through in vivo hydrolysis of their 

esters or ethers. 

16 



C. Pharmaceutical Methods: 

These are based on providing a slow release of active ingredient from the dosage form 

itself. These methods involve dissolution and/or diffusion of the drug through the matrix 

delivery system, ion exchange resins etc. 

1.3.10 Classification of Controlled Release System: 

This classification is based on the mechanism that controls the release of the incorporated 

drug.IO,ll 

A. Monolithic Devices: 

In the field of controlled drug delivery, the term "monolithic device" refers to a rate 

controlling polymer matrix throughout which the drug is dissolved or dispersed. Although 

the drug releases from matrix systems do not proceed by zero-order kinetics it is the 

simplest and most convenient approach towards acquiring prolong release effect of the drug. 

These devices can be easily prepared by simple polymer fabrication techniques followed by 

compression moulding, injection moulding, extrusion, calendaring or solvent casting. 

B. Reservoir Devices: 

The reservoir devices consist of a drug core that is surrounded by a rate controlling 

membrane. Transport of the material from the core through the surrounding nonporous, 

homogenous polymer film occurs by dissolution at one interface of the membrane and then 

diffusion down a gradient in the thermodynamic activity. The thermodynamic activity of the 

active agent in the reservoir remains constant if there is no change in the rate limiting 

membrane characteristics and if infinite sink conditions are maintained at the downstream 

side of the membrane. Thus the release of the active agent will be constant and can be 

predictable from knowledge of membrane permeability and device configuration. 

# Example of the Devices: 

1. Membrane.21 

2. Capsules. 17 

3. Microcapsules. 15
'
16

'
17 

21GGJ~ 
4. Liposomes 19

• 1 I JU N 2009 
5. Hollow Fires 20

• 
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Although reservmr device may reqmre more complex fabrication procedures than 

monolithic devices, they are capable of releasing drug for long term, nearly zero-order 

kinetics and thus are considered having commercial importance. 

~ Solvent Controlled Devices: 

Solvent controlled devices release agents as a consequence of controlled penetration of a 

solvent into the device. Water is of main importance in controlled release products for 

human application though non-aqueous solvents are used. Based on two general 

mechanisms, osmosis and swelling, there are. two types of devices. 

~ Osmotically Controlled Device: 

In this device, an osmotic agent is contained within a rigid housing and is separated from an 

active agent compartment by a movable partition. One wall of the rigid housing is a semi 

permeable membrane so that when pup is exposed to aqueous environment water will be 

driven osmotically across the membrane; the increased volume within the osmotic 

compartment will force the active agent of the device through the delivery orifice. 

~ Swelling Controlled Devices: 

In swelling controlled release systems an active agent is homogenously dispersed in a glassy 

polymer. Because glassy polymers are essentially impermeable, the drug is immobilized in 

the matrix and no diffusion through the solid polymer phase takes place. 

When such a monolithic device is placed in an aqueous environment, water begins to 

penetrate the matrix and swelling takes place. Due to swelling, chain relaxation takes place 

and the incorporated active agent begins to diffuse from the swollen layer. 

~ Chemically Controlled Devices: 

In chemically controlled device, rate of drug release from the polymer is controlled by a 

chemical reaction that can be hydrolytic or enzymatic cleavage of a labile bond, ionization 

or protonation. 

18 



1.3.11 Oral Controlled Release Drug Delivery Systems: 

Oral controlled release drug delivery is thus a drug delivery system that provides the 

continuous oral delivery of drugs at. a predictable and reproducible kinetics for a pre

determined period throughout the course of GI transit. The several novel drug delivery 

systems for oral controlled release drug administration are as follows. 50 

~ Osmotic Pressure-Controlled Gastrointestinal Delivery Systems: 

There are systems fabricated by encapsulating an osmotic drug core containing an 

osmotically active drug (or combination of osmotically inactive agent with an osmotically 

active salt. e.g., NaCI.) within a semi permeable membrane made from biocompatible 

polymer e.g., cellulose acetate. A delivery orifice with a controlled diameter is drilled, using 

a laser beam. 

~ Hydrodynamic Pressure-Controlled Gastrointestinal Delivery System: 

This system can be fabricated by enclosing a collapsible drug compartment inside a rigid 

shape-retaining housing. The space between the drug compartment and the external housing 

' contains a laminate of swellable, hydrophilic cross-linked polymer e.g. polyhydroxy alkyl 

methacrylate, which absorbs G.I. fluid. Thus the laminate swells up, generates 

hydrodynamic pressure in the system and forces the drug compartment to reduce in volume 

causing the drug to move out through the delivery orifice. 

~ Membrane Permeation-Controlled Gastrointestinal Delivery System: 

These polymer membrane permeation-controlled drug delivery systems are known to use a 

prefabricated micro porous or nonporous membrane to meter the release of therapeutic 

agents. This type of system can be categorized in two types. 

i) Microporous Membrane Permeation-Controlled Gastrointestinal Delivery 

Device. 

ii) Gastric Fluid-Resistant Intestine Targeted Controlled Release Gastrointestinal 

Delivery Device. 
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* Gel Diffusion-Controlled Gastrointestinal Delivery System: 

This type of system is fabricated by dispersing the drug in layers of water-soluble polymer, 

sandwiching the drug-loaded polymer between layers of a cross-linked water insoluble 

polymer. These polymer layers are further compressed to form a multilaminate device, 

which is then further coated with a polymer to convert it into a gastrointestinal delivery 

device. 

* pH- Controlled Gastrointestinal Delivery Systems: 

This type of gastrointestinal delivery system is designed for the controlled release of acidic 

(or basic) drugs in the GIT at a rate ofGIT pH. It is prepared by blending the drug with one 

or more buffering agents and then granulated with appropriate pharmaceutical excipients to 

form small granules. These granules are further coated with GIT fluid permeable film

forming polymer e.g., cellulose derivatives. 

* Ion Exchange-Controlled Gastrointestinal Delivery System: 

These systems are fabricated by first absorbing an ionized drug onto the ion-exchange resin 

granules. After filtration the drug-resin complex granules were coated with a water 

permeable polymer and then spray dried to yield the polymer-coated drUg resin preparation. 

* Altered Density Formulations: 

It is reasonable to expect that unless a delivery system remains in the vicinity of the 

absorption site till its entire drug content is released, it would have limited utility. Altered 

density formulations are used to prolong the residence time of drug delivery system in the 

GIT. These are mainly of two types. 

1. High-density approach -------- where the density of the formulation is increased 

to at least 1.4 times that of norinal stomach content. 

u. Low-density approach ---------- where the formulation density is lower than that 

of normal stomach content. 
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¢ Complexation: 

The preparation of complexes or salt of active drugs that are slightly soluble in the GI fluids 

gives sustained action, for e.g. therapeutic active amine drugs forms insoluble complexes 

with tannic acid. 

1.3.12 Newer approaches in obtaining Controlled Release Drug Delivery System: 

Several new approaches have been introduced to overcome the problems associated with 

oral drug administration. 

1. Development of a viable drug delivery system, which is capable of 

administering a therapeutic agent at a programmed rate for 

duration, required for an optimal efficacy. 

2. To develop preventive measures for drugs which undergo 

extensive hepatic "first-pass elimination". Some measures taken in 

this regard. 

a) Physical approaches. 

b) Chemical approaches. 

c) Buccal & Sublingual drug administration. 

d) Transmucosal sustained release Traches. 

e) Oral sustained release Microcapsules. 

t) Rectal drug administration. 

g) Transdermal drug delivery system. 

3. Prolongation of gastrointestinal residence time so that the drug can 

reside at the absorption window for sufficiently long period of 

time to deliver the entire drug-loading close. 50 The steps taken to 

extend G.l. transit time are: 

a) Intra-gastric floating drug delivery device. 

b) Gastro-inflatable drug delivery system. 

c) Intra~gastric osmotic-controlled drug delivery systems. 

d) Intra-lumen controlled release drug delivery device. 

e) Bio-adhesive oral drug delivery device. 
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1.3.13 Pharmacokinetic Consideration for Controlled Release: 

A basic phannacokinetic understanding of disposition of a given drug in the body is 

essential for development of controlled release systems not just intended for delayed or 

prolonged release of drug but are to be formulated to achieve the desired target 

concentration in the blood/plasma·or at pre-selective site or organ18· 25
• Drug disposition is a 

complex process with a cascade of sequentially and simultaneously occurring events 

described by LAD MER (Liberation, Absorption, Distribution, Metabolism, and Elimination 

& Response) System.29 

In case of controlled release formulation tlie drug release is the rate-limiting step for the 

absorption process. Controlled release systems are in-built multiple dose systems designed 

to achieve a steady state concentration Css. The magnitude of Css depends on the dose rate 

Ro (amount of drug release per unit time) and the total clearance (elimination of drug from 

the total volume of distribution per unit time) of the drug. For the calculation of desired 

release rate (DR) and desired dose (DD), controlled release products are usually compared 

with constant rate IV infusions. An infusion provides specific amounts of drug in relatively 

short dosing intervals "-r". If an infusion pump delivers drug at constant rate 't becomes 

infinitely small and the delivery rate Ro is described as Ro = D I 't' 

The desired rate (DR) for controlled release is analogous to Ro as such·provides a constant 

desired target steady state concentration Css. In case when drug's elimination follows a first 

order process and the drug release from the system follows zero-order process, the rate of 

drug release (Ro) must be equal to the elimination rate of drug CReJ 

(1.4) 

The rate of drug elimination (R.) is the product of maintenance dose (MD) and the 

elimination rate constant. 

R. =MDxK., (1.5) 

Where K.~ 0.693/ t1nand t112 =biological half-life of the drug. 

Therefore, Re= MDx 0.693/ t112 (1.6) 

Because amount of drug is equal to the product of concentration and Volume of Distribution 

(Vd)· 
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Therefore R. can be expressed as 

R.=C., X Vd X 0.6931tli.Z (1.7) 

Substituting this in equation (1.4) 

Ro =c., x vd x o.6931 t112 (1.8) 

However, whole of the incorporated drug is not released by the system and additionally 

presystemic drug loss may take place, therefore delivery rate (R,) must be corrected for the 

absolute bioavailability (F) 

R,=FxMDI-r (1.9) 

1.3.14 Maintenance Dose Calculation: 

Maintenance dose (MD) or the dose size for the controlled release systems can be 

calculated from equation (1.9)18
•
25 

R,=FxMDI-r 

or, MD= Ro x -r IF 

=C., x V d x 0.693 x 't" I Fxt112 (2.0) 

Many controlled release systems contain two or more dose compounds a loading dose 

which is an immediately available dose D1 that results in a blood level with a fast peak and 

one or more controlled release doses D, ., which gives a flat plateau. The total dose DT is 

(2.1) 

D1 = loading dose = amount of drug used in conventional dosage form. 

D, r =Maintenance dose= (Css X v d X 0.693X -r)l F X tt/2 
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1.4 Micro encapsulation Technology 

Micro encapsulation is a highly proliferating field, which has made enormous progress in 

the recent years.30 By definition it means applying relatively thin coatings to small particles 

of solids or droplets of liquids and dispersions. Usually microcapsules have a particle size 

range between 1 and 2000 J.Ull. 

• Rationality for Micro Encapsulation: 

Drugs are micro encapsulated due to various pharmacological reasons; some important 

applications of micro encapsulations are listed below in Table 1.1. 

Table 1.1 Benefits of Microencapsulation with few examples 

Benefits Examples Of Drugs 

Sustained Release Properties Nitrofurantoin, Aspirin, Glyceryl trinitrate. 

Environmental Protection Citric Acid, Ferrous Citrate, Vit-C, 

Levodopa. 

Gastric Irritation Relfuction Indomethacin, Paracetamol, Phenyl 

butazone. 

Liquid-Solid Conversion Castor oil, Clofibrate, Cod-liver oil. 

Odour-Masking Castor oil, Cod-liver oil. 

Separation Of Incompatibilities Beclarnide, Chloramphenicol, 

Propoxyphen. 
' 

. 

Taste-Masking Aminophylline, Ampicillin etc .. 

There are several other reasons for micro encapsulation. A liquid such as eprazinone 26 may 

be converted to a pseudo solid by micro encapsulation to aid handling or storage. Toxic 

chemicals such as insecticides may be encapsulated to reduce hazard to operators.28 
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Ampicillin trihydrate has been. micro encapsulated to reduce the possibility of sensitization 

of factory personnel. 27 The hygroscopic properties of many core materials such as sodium 

chloride may be reduced by micro encapsulation.30 

Considerable interest has been shown in the immobilization of various enzymes in acrylic 

polymers and co-polymers. Nilson et a! 34 used a suspension polymerization technique to 

immobilize trypsin. Later on, Johansson and Mosbach 23successully immobilized other 

enzymes such as ribonuclease, ~-glucosides, urease etc. Using entrapment or covalent 

bonding to acrylic polymers and co-polymers 23 in bead form. 

• Pharmacological and Physico-Chemical Consideration: 

Micro encapsulated products consist of numerous micro capsules having variable release 

rates because of the composition or the amount of the coating applied. The main function of 

micro encapsulation is to establish the drug level within therapeutic range which is then 

maintained over an extended period by the progressive drug release from various micro 

capsules fractions present. Due to combination of micro capsules of different release rates in 
' one dosage-form, a pseudo-zero order or steady state release of the drug can be achieved for 

a prolonged period. This results in better disease management with the use ofless amount of 

drug and also minimizes side effects. The aim of these products is to make the rate-limiting 

stej} the drug release from the dosage regimen rather than its rate of absorption. 

The multiparticulate sustained release systems are usually· preferred over single unit 

dosage forms because of less chance of dose dumping, less chance of inter subject variation 

in plasma concentration and more predictable transmit time in G.l. T. 

• Preparation Methodology for Micro Capsules: 

Several procedures for Micro encapsulation have been developed with the goal of achieving 

controlled release effects. Several coating methods for non-pharmaceuticals are also used 

for the encapsulation of drugs. 
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1.4.1 Micro encapsulation methods can be classified as: 

1. PHASE SEPARATION. 

2. INTERFACIAL POLYMERIZATION. 

3. PAN COATING. 

4. AIR SUSPENSION COATING. 

5. SPRAY DRYING & SPRAY CONGEALING. 

6. SPRAY EMBEDDING. 

7. SPRAYPOLYCONDENSATION. 

8. POLYMERIZATION procedure for non-biodegradable micro and 

nanocapsules and particles. 

i. BULK-POLYMERISATION. 

ii. SUSPENSION-POLYMERISATION. 

iii. EMULSION POLYMERISATION. 

iv. MICELLE POLYMERISATION. 

9. POLYMERISATION PROCEDURES for biodegradable micro and 

nanocapsules and particles. 

10. ION EXCHANGE RESINS. 

11. CONGEALABLE DISPERSED PHASE ENCAPSULATION. 

12. MULTI-ORIFICE CENTRIFUGAL METHOD. 

13. ELECTROSTATIC METHODS. 

14. DIP COATING. 

15. LIPOSOMES. 
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16. SPHERONIZATION. 

17. MOLECULAR SCALE ENTRAPMENT. 

18. SOLVENT EVAPORATION TECHNIQUE. 

1.4.2 Micropelletization Technology: 

Micro pellets (microspheres) differ from the microcapsules because they consist of a solid 

matrix throughout which the drug is distributed. 

# Akbuga32 prepared microspheres of furosemide a potent diuretic using various acrylic co

polymers (Eudragit, Rohm Pharma) as·the microspheres matrix. Microspheres formed had a 

diameter of250-280~m and contained 75% to 80% by weight of furosemide. The results of 

dissolution experiments showed that the drug release followed the Higuchi Matrix 31
,
33 

model. 

# Gupta 40 and associates investigated the effects of Albumin microspheres on the release 

rate of entrapped Adriamycin, a broad-spectrum antineoplastic agent. 

# Spenlehauer 39 eta! developed poly-(D, L-lactide) microspheres by solvent evaporation 

process. Cisplatin was dispersed in methylene chloride before polymer addition. The 

organic phase was emulsified and the pH adjusted to 2 with HCL. Evaporation of organic 

solvent methylene chloride was effected by mechanical stirring of the dispersion. 

# Leuceta 43 designed ophthalmic drug delivery of pilocarpine using albumin or gelatin 

microspheres. Microspheres prolonged the residence time of the drug in the age and showed 

improved bioavailability. 

# Bodmeier and McGinity 41 evaluated the incorporation of various ionized and non-ionised 

drugs in poly-(D, L-lactide) or PLA microspheres and studied their glass transition 

temperatures as well as various methods of solvent selection. 

# Marge! Hirsh 42 developed polymercaptal microspheres, which served as antidote for 

mercury poisoning.44
•
45 

# Morimoto, Natsume et.al formulated biodegradable albumin microspheres ofMitomycin

C for chemoembolization against liver tumors in rats. 
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1.4.3 Advantages of Micropelletization over Micro Encapsulation: 

1. Unlike Micropelletization, Micro encapsulation process is highly sensitive and 

largely depended on the process variables and formulation factors. 

2. Incomplete encapsulation of the core during formulation sometimes hampers the 

controlled release. characteristics whereas in micropelletization the drug is 

uniformly dispersed in the solid matrix enabling the drug release at the desired 

rate. 

3. Micro encapsulation process ts a more time-consuming process than 

micropelletization. 

1.4.4 Emulsion-Solvent Evaporation Technique for Micropelletization: 

The emulsion-solvent evaporation technique, also termed as emulsion hardening has been 

widely used to prepare micro spheres for controlled drug release. 53
. 

This technique involves dispersion of drug in an organic polymer solution, followed by the 

emulsification of the polymer solution in the water. After continuous stirring, the solvent 

evaporates and drug containing rigid microspheres are formed. The stirring is performed by 

the help of a homogenizer or a submicron dispenser. 52 

• Disadvantages of the Conventional Methods in Producing Controlled Release 

Drug Delivery Systems: 

The conventional methods of controlled release drug delivery systems utilized organic 

solvents and synthetic polymers and possessed several disadvantages. 

a) Organic solvents were highly inflammable. 

b) Some Organic solvents also produced toxicity e.g., chloroform produces high 

incidence of hepatoxicity. 

c) Cost of Organic solvents has increased along the time. 

d) Organic Solvents and Synthetic polymers produced environmental pollution 

and health hazards to operators. Regulatory organisations like OSHA & EPA 

have banned the use of chlorinated hydrocarbon due to its pollutive effect. 
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e) When controlled release system fails to disintegrate in vivo, it must be 

removed surgically. Therefore, synthetic polymers having biodegradable 

features are preferred. 

These hazards are minimized by the improvement in the equipment and technology or by 

using aqueous solution or lattices. 

1.5 Ionotropic Gelation Technique for Micropelletization: 

Ionotropic Gelation Technique was used for. the preparation of microspheres by dispersing 

the needed quantity of drug in aqueous solution of sodium alginate with or without other . 
aqueous polymeric dispersion. This suspension was extruded through disposable needles 

onto a gently agitated calcium chloride solution. The gelled micropellets were instantly 

formed, separated and washed with distilled water and dried at 60°C for 5 hrs in hot air 

oven. 

Ionotropic Gelation Technique yielded microspheres of various drugs like Propanolol, 

Griseofulvin Tolbutamide, Sulphadiazine, Theophylline etc. Even erythrocytes were 

encapsulated by this novel method. Process parameters like Nozzle dia:meter 37
•
49

, pumping 

rate46
, falling height46

, concentration of calcium chloride47
, curing time46 etc. has been 

studied by researchers to improve the characteristics of the microspheres formed. 

Circular Dichroism and Nuclear Magnetic Resonance studies have elucidated the reason 

why alginates with different MIG ratio have different gelling characteristics. It is due to the 

fact they contain different properties of block structures i.e. Mannuronic acid blocks (M), 

Glucoronic acid blocks (G) and alternating blocks (MG). G blocks aggregate readily and 

excess calcium causes syneresis whereas M locks require high calcium levels to aggregate. 

X-ray48diffraction studies show a buckled two-fold conformation for poly-L-guluronic acid, 

which appears to persist in all of the salt forms, studied. In this favored two-fold 

conformation, poly-guluronate chains display a regular array of electronegative cavities 

whose size and geometry appear to be compatible with chelation of calcium. 

The interaction between calcium ion and poly-guluronate chain is mainly due to favorable 

orientation of carboxylate groups in this chain. The specific interchain linkage of G chain by 

calcium ion results in the formation of gel-network structure in the alginate. 
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1.5.1 Advantages oflonotropic Gelation Technique: 

1. The technique is based on aqueous system. It utilizes water as the only 

solvent, which is the cheapest among all solvents, non-toxic, and non

inflammable, readily available and does not cause health hazards to 

operators. 

2. This process does not require sophisticated instrumentation. 

3. This process is least affected by process variables. 

4. This is a fast and cheaper process of micropelletization. 

5. The process is less sensitive io formulation and process variables. 

The author adopted ionotropic gelation technique as one of the methods for the preparation 

of calcium alginate micro pellets containing Frusemide, a potent diuretic, as the model drug. 

1.6 Objective and Aim of the Research Work 

The main objective of this research work was to develop microparticulate drug delivery 
' system (MDDS) with natural polymers using a novel and effective method quite different 

from the conventional one. To achieve this, ionotropic gelation method was selected in the 

project work. Several literatures suggest that micropellets are generally prepared by 

emulsion - solvent evaporation method involving large volume of organic solvents. Further 

research was done to modify the method but failed to eliminate the use of organic solvents 

completely. The aim of this research work was to produce sustained release micropellets in 

a completely non-toxic, aqueous environment devoid of the use of any organic solvents. The 

method would be highly beneficial ecologically and economically to the pharmaceutical 

industry. Further, a potent loop diuretic, Frusemide was selected as the model drug for the 

designing of the microparticulate dosage form. No sustained release preparations of the drug 

are available in the market. The drug, though popularly prescribed for peripheral edema, 

ascites in congestive heart failure and also in the management of hypertension, is not free 

from adverse reactions. Excessive micturation within a short span of time leads to loss of 

electrolytes, muscular cramps, hypokalemia etc. leading to incompliance with the patient. 

Sustaining and extending the release of the drug would bring down these adverse reactions 

significantly alongwith reducing the dosage frequency and thereby delivering optimum 

therapeutic effect with patient compliance. 
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CHAPTER! 

STUDY ON TH£ RELATED 

LIT£RATUR£S 



A STUDY ON THE RELATED LITERATURE ON 

IONOTROPIC GELATION TECHNIQUE 

2.1 Introduction to the method 

Ionotropic gelation method is one of the most economical methods in the preparation of 

microparticulate oral drug delivery system. The author prepared calcium alginate 

micropellets using sodium alginate as the . primary polymer gelled in calcium chloride 

solution, which acts as a counterion. The drug was uniformly dispersed in the sodium 

alginate mucilage. The mucilage was extruded through needle in the counterion solution. 

The gelled micropellets, which formed instantly were cured, separated and washed with 

distilled water and dried to get micropellets that can sustain the release of the drug, in vitro, 

till 6 hour. The release was further retarded by the use of aqueous colloidal polymeric 

dispersion which formed a strong gel network matrix in the micropellets along with alginate 

moiety. Several literatures were consulted for the work whose abstracts are discussed 

below. 

2.2 Brief Review of the Related Literatures 

~ Francis V. Lamberti et al 1 prepared microspheres of erythrocyte using 

Eudragit- RL as polymer. Erythrocytes were suspended in a 3 %( w/v) sodium alginate 

solution in isotonic phosphate buffered saline (pH 7.4). The concentration of packed cells 

was 0.3 w/w; and were added drop wise tolOOml of gently stirring buffer (pH 7.4). A 

vertically mounted syringe pump used to extrude the alginate I erythrocyte suspension at a 

rate of O.lmVminute. Droplets formed on the tip of a 22 gauge needle were sprayed into the 

stirring buffer solution by a co-axial air stream in a similar manner to that of Lim and 

Sum2
. The cross linked micropellets were decanted and washed in fresh buffer to ensure 

that cross linking was complete prior to subsequent treatment. The alginate immobilized 

erythrocytes from the erythrocyte/ alginate suspension were coated with Eudragit - RL by 

gently shaking the alginate micropellets for 30 min in the 0.5% w/v Eudragit emulsion. The 

capsules were removed and washed to remove excess polymer and stored in buffer at 40°C 

for up to 3 weeks. 
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¢ Toshihisa yotsuyanagi eta/. 3 prepared blank calcium alginate micropellets. Gel 

micropellets were prepared by dropping sodium alginate solution (1, 2, 3 and 4% w/v in 

distilled water) with a polythene tubing nozzle (0.85mm i.d. and 1.67mm o.d.). The 

pumping rate was 0.11m per minute. The falling distance was 3.5cm. The weights of one 

droplet of various alginate solutions were almost equal to each other, being 35.2+0.2 (S.D) 

mg. The gel micropellets which were allowed to stand in the Calcium Chloride solution for 

more than 300 hr were assumed to be fully cured. 

¢ Naoki Segi et a/ 4 prepared calcium alginate micropellets with propranolol. 

Alginate gel micropellets were prepared by dropping sodium alginate solution (2, 3, 4 and 

5% w/v in distilled water) into 0.1M CaCh solution, using a peristaltic pump with a 

polytbene tubing nozzle (0.5 mm i.d. and 0.08 mm o.d.). The pumping rate was 10 

micropellets per minute. The falling distance was 3.5cm. The gel micropellets which were 

allowed to stand in the calcium chloride solution for more than 3 days were assumed to be 

fully cured. Washed gelled micropellets were placed in distilled water or buffer, (pH 3-4, 

acetate buffer solution) containing various concentrations (30-150 mM) of propranolol. 

Loading of fully cured micropellets was done in the drug solution (35 mM) containing 

calcium chloride (0.1 M). The gelled micropellets were allowed to stand in the drug solution 

for 24 hours at 25°C. 

¢ Bodmeier et.af' prepared spherical agglomerates of water insoluble drug 

(Griseofulvin, Tolbutamide, Sulfadiazine, Ibuprofen and Indomethacin) by ionotropic 

gelation. The drugs (90-98% w/w) of total solid were dispersed into aqueous solution of 

sodium alginate [1% w/v in deionised water]. The micropellets were formed by dropping 

the dispersions (8 ml) through a disposable syringe into gently agitated aqueous solution of 

counterions (30 ml, 1 %w/v). The gelled micropellets were separated after 5 minutes and 

rinsed with deionised water, and either freeze or air dried for 24 hrs followed by oven 

drying at 60°C for 6 hrs. Smaller micropellets were prepared in forcing the drug dispersion 

with compressed air through a needle on the solution of counterions. The particle size could 

be varied by adjusting the air pressure. 

¢ Toshihisa Yotsuyanagi et a/ 6 prepared alginate gel micropellets by dropping 

the polymer solution ( 4% w/w) into a O.lM calcium chloride solution, using a peristaltic 
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pump with a polythene tubing nozzle (0.5 mm i.d. and 0.8 mm o.d.). The pumping rate was 

4 micropellets per minute. The falling height was 3.5 em. The gel micropellets were allowed 

to cure in calcium chloride solution for more than 3 days . 

.... .... 

. • 

Ronald Bodmeier et al 7 prepared drug loaded (Ibuprofen, Theophyline, 

Guaphenesin and Pseudoephedrine hydrochloride) calcium alginate micropellets with 

aqueous colloidal polymer dispersions (Aquacoat, Surelease, Eudragit NE30D, Eudragit L 

30 D, RL30D, RS30D). The drug (2g) was dissolved or dispersed in an aqueous solution of 

sodium alginate (2%w/w) and added to the polymer dispersion (30% w/w including 20% 

w/w plasticizers). The drug containing partiCles were formed by dropping the bubble-free 

dispersions through a disposable syringe into gently agitated calcium chloride (1% w/v) 

solutions ( 40ml). The gelled micro pellets were separated after 1-2 minutes by filtration, 

rinsed with distilled water and dried under vacuum at 60°C for 12 hours. 

¢ L.Y.Lim eta/ 8 prepared drug loaded calcium alginate microspheres by two 

ways. 50ml of2% w/v aqueous solution of sodium alginate was introduced drop-wise from 

a blunt size 14 needle into 1 OOml of an aqueous solution of calcium chloride being stirred at 

' 300 revolutions per min. The concentration of calcium chloride in the solution ranged from 

0.25% w/v to 7.5% w/v. One hour after the first drop of alginate was added to the 

counterion solution, the calcium alginate micropellets were harvested by filtration, washed 

with distilled water and dried at 60°C for 1 0 hrs in an oven. Drug loading carried out by two 

methods designated as the sequential and simultaneous methods. In the sequential method, 

calcium alginate micropellets were prepared as described in the previous paragraph. The 

wet micropellets were then immersed and stirred for 2 hrs in a solution containing 5% w/v 

propranolol hydrochloride. In the simultaneous method, the gelation of micropellets by 

calcium ions occurred simultaneously with the drug loaded into the micropellets. The 

sodium alginate solution was introduced drop-wise into calcium chloride solutions 

(concentration ranging from 0.5 to 7.5% w/w), which also contained 5% w/v, propranolol 

hydrochloride. After 2hrs of interaction, the micropellets were removed from the counterion 

solutions. The drug loaded micropellets were washed and dried at 60°C for 10 hrs in an 

oven. 

¢ An attempt was made by Lim et a/.9 to prepare chitosan microspheres by an 

emulsion-phase separation technique but without the usual use of glutaraldehyde as a cross-
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linking agent. Instead ionotropic gelation was employed in a W /0 emulsion. The effect of 

formulation factors was examined. The results showed that microspheres so formed were 

spherical, free-flowing and had smooth surfaces. The rate of addition of counter-ions was 

important. Gelation of chitosan droplets should take place before the destabilizing effect of 

the counter-ions occurred. This effect is associated with the increase in aqueous phase 

volume when the counter-ions solution is incorporated. 

~ Gellan gum micropellets of propranolol hydrochloride, a hydrophilic model 

drug, were prepared by Kedzierewicz et a/:10 by solubilising the drug in a dispersion of 

gellan gum and then dropping the dispersion into calcium chloride solution. The droplets 

formed gelled micropellets instantaneously by ionotropic gelation. Major formulation and· 

process variables, which might influence the preparation of the micropellets and the drug 

release from gellan gum micropellets, were studied. Very high entrapment efficiencies were 

obtained (92%) after modifYing the pH of both the gellan gum dispersion and the calcium 

chloride solution. The micropellets could be stored for 3 weeks in a wet or dried state 

without modification of the drug release. Oven-dried micropellets released the drug 

somewhat more slowly than the wet or freeze-dried micropellets. The drug release from 

oven-dried micropellets was slightly affected by the pH of the dissolution medium. Gellan 

gum could be a useful carrier for the encapsulation of fragile drugs and provides new 

opportunities in the field of bioencapsulation. 

~ A.D.Sezer11 and J.Akbuga have investigated the possible applicability of 

chitosan treated alginate micropellets as a controlled release system of small molecular 

drugs with high solubility. Timolol maleate (MW 432.49) was used as a model drug. The 

micropellets were prepared by the ionotropic gelation method and the effect of various 

factors (alginate, chitosan,drug and calcium chloride cone., the volume of external and 

internal phases and drying methods) on bead properties were also investigated. Spherical 

micropellets with 0.78 - 1.16 mm diameter range and 10.8 - 66.5% encapsulation 

efficiencies were produced. Higher encapsulation efficiencies and retarded drug release 

were obtained with chitosan treated alginate micropellets. Among the different factors 

investigated such as alginate, drug, chitosan and CaC[z concentrations, the volume of the 

external and internal phases affected bead properties. The · drying technique has an 
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importance on the bead properties. The release data was kinetically evaluated. It appeared 

that chitosan treated alginate micropellets may be used for a potential controlled release 

system of small molecular drugs with. solubility, instead of alginate micropellets. 

¢ O.Sipahigi!12 and B.Dortune have studied the preparation and evaluation of 

carrageenan micropellets as a controlled release system for a freely water soluble drug 

verapamil hydrochloride and a slightly water soluble drug, Ibuprofen. Micropellets were 

prepared by ionotropic gelation method. The influence of formulation factors (drug content, 

polymer concentration, counter-ion type and concentration, outer phase volume) on the 

particle size, encapsulation efficiency and in vitro release characte!istics of micropellets was 

investigated. The encapsulation efficiency of Verapamil HCl in the micropellets (34.8 -

71.1 %) was higher than that oflbuprofen (23.6 -.58%). While about 30% of Ibuprofen was 

released at 6 h, about 70% of verapamil HCl was released in 5 h from the carrageenan 

micropellets prepared. 

¢ Multiple unit dosage forms for oral delivery of bioactive agents offer many 

advantages over single unit products (e.g., site-specific delivery, predictable gastrointestinal 

transit time and less localized adverse effects). In view of such ben~fits, Pillay et a/.13 

investigated the cross-linking of sodium alginate, low methoxylated pectin and their novel 

binary mixture with calcium ions through ionotropic gelation to palletize the model drug, 

diclofenac sodium, using "environmentally benign" solvents and processing techniques. 

Cross-linked pellets of the above polymers in 2% w/v aqueous solution of calcium chloride 

were prepared and evaluated for their structural and release behavior. The average size of 

the different pellets was 1.3 mrn and drug entrapment capacity was optimized by reducing 

the pH value of calcium chloride solution to 1.6. Three types of pellet formulations were 

subjected to dissolution studies using the USP XXIII apparatus .over a pH range simulating 

the gastrointestinal tract. Negligible drug release occurred in pH 1-4. However, rate of drug 

release in pH 6.6 ranged from rapid to slow (i.e., 100% drug release in 4 to I 0 h, 

respectively) but always in a controlled marmer. Weight change/erosion studies and 

swelling measurements were used to provide experimental correlation of kinetic model 

analysis for each of the three pellet systems. It is concluded that the proper selection of rate

controlling polymers and their interactive potential for cross-linking is important, and will 
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determine the overall size and shape of pellets, the duration and pattern of dissolution 

profiles, pH sensitivity, drug loading capacity and mechanism of drug release. 

~ A new process is described for the preparation of chi to san gel micropellets using 

molybdate as the gelling agent by Dambies et al.14 This new gelation technique leads to a 

structure different from that produced during alkaline coagulation of a chitosan solution. 

Instead of a morphology characterized by large open pores, gel micropellets produced in a 

molybdate solution, under optimum conditions (pH 6; molybdate concentration, 7 gil), have 

a double layer structure corresponding to a very compact 1 00-micron thick external layer 

and an internal structure of small pores. ·Experimental conditions, especially pH and 

molybdate concentration, were selected to optimize molybdate content and· the stability of 

the bead shape. 

~ A novel oral multiple-unit dosage form, which overcame many of the problems 

commonly observed during the compression of micro particles into tablets, was developed 

in the study of Bodmeier et a/.15 Micro or nanoparticles were entrapped in micropellets 

formed by ionotropic gelation of the charged polysaccharide, chitosan or sodium alginate, in 

solutions of the counter-ion, tripolyphosphate (TPP) or calci~ chloride (CaCh), 

respectively. The described technique did not change the physical properties of the 

microparticles, and it allowed a high micro particle loading (upto 98%). The ionic character 

of the polymers allowed pH-dependent release of the micro particles. Chitosan micropellets 

disintegrated and released the micro particles in O.lN HCl, while calcium alginate 

micropellets stayed intact in 0.1 N HCI but rapidly disintegrated in simulated intestinal 

fluids. Coating the calcium alginate micropellets with cellulose acetate phthalate resulted in 

an enteric drug delivery system. Scanning electron microscopy and dissolution and 

disintegration tests were used to characterize the micro particle containing micropellets. The 

disintegration time of the micropellets was studied as a function of the solution viscosity of 

the polysaccharide, gelation time, counter-ion concentration and method of drying. 

~ An attempt was made by Jain et. a/.16 to improve the pharmacokinetic behavior 

of 5-fluorouracil (5-FU) by incorporating it into lipoprotein imitating synthetic carrier 

supramolecular biovector (SMBV) which is an important prerequisite for achieving its 

better therapeutic performance against cancer. The polysaccharide core of SMBVs was 
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prepared by ionotropic gelation technique by cross-linking polyguluronate units in the 

alginate molecules with calcium ions to form so called "egg-box structure". The formulation 

and process variables were optimized to obtain particles of nanometer size range. 

Hydrophobization was carried out by fatty~acylation on the surface followed by 

phospholipid coating. Palmitoyl polyethylene glycol (p-PEG) was anchored to impart 

stealth behavior. The scanning electron microscopy showed discrete spheres of average 

diameter 748 nm. Polydispersity was estimated to be 0.37. Overall zeta potential was -21.3 

mV. The drug loading capacity and encapsulation efficiency was found to be 10.0% and 

97.9% respectively. The release from drug solution (AP) followed zero-order kinetics. 

Higuchi release pattern was obtained for egg-box complex cores (API) while first-order 

pattern was followed for fatty acylated (AP2) and lipid coated cores before (AP3) and after 

p-PEG anchoring (AP4). The amount of drug liberated in 24 h was in the order AP >API > 

AP2 >AP4 > AP3. 

The release pattern obtained was a combined effect of drug diffusion through egg-box 

matrix as well as partitioning in hydrophobic layer and p-PEG layer around the SMBV. The 

stability study showed negligible leakage and no appreciable change in particle size upon 

storage at different temperatures which is an indication of good stability of SMBV 

formulation. The plasma clearance data revealed increase in circulation half-life of drug and 

bioavailability. Tissue distribution data obtained was a result of competitive uptake of 

formulations from tissue macrophages and lymphatics depending upon its surface 

characteristics and residence period in vascular system. The enhanced delivery of the drug 

to lymphatics and improvement in its half-life render SMBV s useful for control of 

metastasis and tumor growth . 

.... 

.... A micro particle carrier based on alginate and poly-L-lysine was developed and 

evaluated for the delivery of antisense oligonucleotides at the intestinal site by Gonzalez et 

a/. 11 Formulations of oligonucleotide-loaded micro particles having differences in the 

carrier molecular weight and composition were characterized in vitro and in vivo. 

Polymeric micro particles were prepared by ionotropic gelation and cross-linking of alginate 

with calcium ions and poly-L-lysine. The loading of the antisense oligonucleotide into the 

micro particles was achieved by absorption in aqueous medium. The association capacity, 

loading and particle size of the micro particles were characterized. The in vivo performances 

of various formulations after intrajejunal administration were studied in rat and in dog 

models. 
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Micro particles had a sponge-like structure and an oligonucleotide loading of 27-35%. The 

composition of the medium affected the particle size and the in vitro release profiles. The 

oligonucleotide bioavailability after intrajejunal administration to rats in the presence of 

permeation enhancers was good for most of the tested systems. The application of micro 

particles in powder form compared to an equivalent suspension improved the intrajejunal 

bioavailability of the oligonucleotide (25% and 10% respectively) in rats. On the contrary, 

the intrajejunal administration to dogs resulted in poor oligonucleotide bioavailability 

(0.42%).The formulation of antisense oligonucleotides within alginate and poly-L-lysine 

micro particles is a promising strategy for the oral application. 

~ Shu et a/.18 prepared chitosan microsoheres by an emulsion-phase technique 

without the use of chemical cross-linking agents, alternatively, ionotropic gelation was 

employed in a W/0 emulsion. The possibility of three kinds of anions (tripolyphosphate, 

citrate and sulphate) to interact with chitosan was investigated by turbidimetric titration. 

The results indicate that there are electrostatic interactions between the above anions and 

chitosan in a certain region of solution pH (1.0-7.5 for sulphate/chitosan, 4.5-7.5 for 

citrate/chitosan and 1.9-7.5 for tripolyphosphate/chitosan), that is related to the natural 

characteristics of the anions. Out of the pH region where anions can interact with chitosan, 

no microspheres were formed. However, even in the pH region where anions can interact 

with chitosan, only irregular micro particles were obtained in the case of the conventional 

emulsification and ionotropic gelation method, while spherical micr<ispheres with diameters 

in the range of tens of microns were obtained when a modified process was employed. The 

key point of the modified process is the introduction of gelatin and allowing the ionic cross

linking process of chitosan/gelatin W/0 emulsions to take place under coagulation 

conditions at a low temperature. The surface of sodium sulphate cross-linked 

chitosan/gelatin and sodium citrate cross-linked chitosan/gelatin microspheres was Very 

smooth, but large gaps were observed on the surface of tripolyphosphate/chitosan 

microspheres. The increase of stirring speed led to a decrease in diameter and a narrowing 

in size distribution. 

~ Ionotropic gelation by divalent metal interaction was employed as an approach to 

design a modified release multiple-unit oral drug-delivery system by Pillay et a/.19 This 

process was achieved by cross-linking indomethacin-sodium alginate dispersion with 
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calcium ions to induce the spontaneous formation of indomethacin-calcium alginate gel 

discs. A significant part in the validation of the integrity of the system, involved a 

· preformulatory stage for the optimization of the curing conditions and potency 

determination of the gel discs. A three-phase approach was developed to establish the 

critical curing parameters. Since curing involved cross-linking of the sodium alginate with 

calcium ions, an optimal concentration of calcium chloride (phase one) and cross-linking 

reaction-time (phase two) had to be determined. Further more; the third phase involved the 

optimization of the air-drying time of the gel discs. In phases one and two, stabilization of 

in vitro drug-release characteristics was used as the marker of optimal cross-linking 

efficiency. Phase three was based on achieving fully dried gel discs by dryh1g to constant 

weight at 21 °C under an extractor. The study revealed that optimal cross-linking efficiency 

was achieved in 1% w/v calcium chloride solution for 24h and air-dried at 21 °C under an 

extractor for 48 h. the three solvent/solution systems investigated for their ability to liberate 

completely the drug from the matrix system were methanol, sodium citrate (1% w/v) and 

phosphate buffer pH 6.2. Phosphate buffer provided optimal drug removal, in addition to its 

ability to induce swelling of the calcium alginate gel discs. Furthermore; drug loading also 

increased with the use of increasing concentrations of sodium alginate in the formulations. 

* Microspheres of Bacillus subtilis were prepared using sodium alginate by Lamas 

et al. 20 Some typical properties of micro-encapsulated systems, such as microorganism 

content, particle size and germination time, were studied. Calcium alginate microspheres 

were obtained by the emulsification method, dropping into a solution of calcium salt. The 

conditions of the preparation steps were very soft to produce calcium alginate micro spheres 

containing cells with no apparent changes in general biological properties. The hydogel 

matrix provides protection without preventing communication with the surrounding 

medium. 

* To investigate whether the widely accepted advantages associated with the use of 

chitosan as a nasal drug delivery system might be further improved by application of 

chitosan formulated nano-particles; a study was carried out by Dyer et al. 21 

Insulin-chitosan nano-particles were prepared by the ionotropic gelation of chitosan 

glutamate and tripolyphosphate pentasodium and by simple complexation of insulin and 

chitosan. The nasal absorption of insulin after administration in chitosan nano-particles 
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formulations and in chitosan solution and powder formulations was evaluated in 

anaesthetized rats and/or in conscious sheep. 

Insulin-chitosan nano-particles formulation produced a pharmacological response in the two 

animal models, although in both cases the response in terms of lowering the blood glucose 

levels was less ( 52.9 or 59.7% of basal level in the rat, 72.6% in the sheep) than that of the 

nasal insulin chitosan solution formulation (40.1% in the rat, 53.0% in the sheep). The 

insulin-chitosan solution formulation was found to be significantly more effective than the 

complex and nano-particles formulations. The hypoglycemic response of the rat to the 

administration of post-loaded insulin-chitosan nano-particles and insulin-loaded chitosan 

nano-particles was comparable. As shown in· the sheep model, the most effective chitosan 

formulation for nasal insulin absorption was a chitosan powder delivery system with a 

bioavailability of I 7.0% as compared to 1.3% and 3.6% for the chitosan nano-particles and 

chitosan solution formulations, respectively. 

It was shown conclusively that chitosan nano-particles did not improve the absorption 

enhancing effect of chitosan in solution or powder form and that chitosan powder was the 

most effective formulation for nasal delivery of insulin in the sheep model. 

~ Approaches using immobilized biological materials are very promising for 

application in different branches of the food industry, especially in the production of 

fermented beverages. Materials tested by Navratil et a/.22 for the process of entrapment 

belong to the family of charged polysaccharides able to form beaded hydrogels by 

ionotropic gelation (e.g. alginate, pectate, kappa-carrageenan) and synthetic polymers (e.g. 

polyvinyl alcohol) forming bead and lens-shaped hydrogels by thermal sol./gel transition. 

Concentration of a gel, conditions and instrumentations of gelation process, bead and size 

distribution, porosity, diffusion properties, mechanical strength, storage and operational 

stability and many other parameters were followed and optimized. Research has been 

oriented especially to practical applications of immobilized cells. Brewing yeast cells were 

successfully immobilized by entrapment materials and used in a process of batch and 

continual production of beer, including primary and secondary fermentation of wort. Other 

applications include continual production of ethanol by fermentation of different saccharide 

substrates (molasses, glucose syrup, and wheat hydrolysate), breads and non-alcoholic 

beverages production. 
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CHAPTERS 

MODEL DRU6- FRUSEMID£ 

A PROFILE 



THE MODEL DRUG------- FRUSEMIDE (Furosemide) 

3.1 Introduction 

Furosemide (INN) or frusemide (former BAN) is a loop diuretic used in the treatment of 

congestive heart failure and edema. It is most commonly marketed by Sanofi-Aventis under 

the brand name Lasix. It has also been used to prevent thoroughbred race horses from 

bleeding through the nose.during races. Along with some other diuretics, furosemide is also 

included on the World Anti-Doping Agency's banned drug list due to its alleged use as a 

masking agent for other drugs. Chemically, it is an anthranilic acid derivative. 

3.2 Pharmacological Category1 Loop Diuretics (Founded around 1964) 

3.3 Chemical Name and Molecular Formula 2•
4

•
5 

# Systematic (IUP A C) name --

5-( aminosulfonyl)-4-chloro-2-[ (2-furanylmethyl)amino] benzoic acid 

# Chemical name, Molecular formula and Molecular weight-

4-chloro-N-furfuryl-5-sulphamoyl anthranilic acid 

C1zHuClNzOsS Moi.Wt. --330.74 

3.4 Definition2 

Frusemide contains not less than 98.5 percent and not more than 101.0 percent of 

CnHuCIN20sS calculated with reference to dried substance. 
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245 3.5 Structural Formula ' ' 

Figure 3.1 Two - Dimensional structure of Frusemide molecule 

Figure 3.2 Three - Dimensional structure of Frusemide molecule 

3.6 Generic Name 2
'
4 Frusemide (IP) Furosemide (BP, USP, EuroP) 
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3.7 Brand Names 5 

Some of the brand names under which furosemide is marketed across the world include: 

Aisemide®, Beronald®, Desdemin®, Discoid®, Diural®, Diurapid®, Dryptal®, 

Durafurid®, Errolon®, Eutensin®, Frusetic®, Frusid®, Fulsix®, Fuluvamide®, Furesis®, 

Furo-Puren®, Furosedon®, Hydro-rapid®, Impugan®, Katlex®, Lasilix®, Lasix®, 

Lodix®; Lowpston®, Macasirool®, Mirfat®, Nicorol®, Odemase®, Oedemex®, 

Profemin®, Rosemide®, Rusyde®, Salix®, Trofurit®, Urex® 

3.8 Physicochemical information2
•
4

•
5 

1. Description --- A white or almost white, odorless, tasteless, crystalline powder. 

2. Solubility --- a) Practic~lly insoluble in Water and Chloroform. 

b) Sparingly soluble in Ethanol (95%). 

c) Slightly soluble in Ether. 

d) Freely soluble in Methanol, Acetone and Dimethyl formamide. 

· e) Dissolves in dilute aqueous solution of alkali hydroxide. 

3. Melting Point --- About 21 0 °C with decomposition 

4. pH--- 8.9-9.3 

5. pKa --- 3.9 

6. Assay of Frusemide 2 

The supplied drug Frusemide, courtesy Aventis Pharmaceuticals, Ankleshwar, was assayed 

as per Indian Pharmacopoeia, 1996, Appendix 5.5. 

For Frusemide powders: 

About .0.5 g of powder was accurately weighed, dissolved in 40 ml of dirnethylformamide 

and titrated with 0.1 M sodium hydroxide using bromothymol blue solution as indicator. A 

blank determination was performed and necessary correction were made. Each ml of 0.2M 

sodium hydroxide is equivalent to 0.03307 g ofC12HuClN20 5S. 
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For Frusemide tablets: 

Tablets 20 in number were weighed and powdered. A quantity of the powder equivalent to 

about 0.1 g ofFrusemide was accurately weighed and shaken with 150 ml ofO.IM sodium 

hydroxide for 10 minutes. Sufficient amount ofO.lM sodium hydroxide solution was added 

to produce 250.0 ml and filtered. From this solution 5.0 rnl was diluted to 200.0 ml with 

O.IM sodium hydroxide solution and the absorbance of the resulting solution was measured 

at the maximum at about 271 nm. The content of C12HuCIN20sS was calculated taking 580 

as the value of A (1 %, 1 em) at the maximum at about 271 nm. 

3.9 Pharmacokinetic information5
•
6

•
7

•
8
•
9 

I. Biological Half- Life: After LV. administration 

a) 30 min for normal persons 

b) About 2 hours for patients with renal failure 

2. Bioavailability: 43-69%, orally. 

3. Excretion: Renal- 66%, Biliary- 33% 

4. Metabolism: Hepatic and renal glucoronidation 

3.10 Pharmacokinetic profile 5'
6
'
7
'
8

'
9 

It is rapidly absorbed from the gastro intestinal tract (GIT). The absorption is variable and 

erratic. Bioavailability has been reported to be about 60 to 70%. About 99% of the drug 

remains bound to plasma albumin. It is mainly excreted in the urine unchanged. Non-renal 

elimination is considerably increased in renal failure. Frusemide crosses the placental 

barrier and is secreted in the milk. The clearance of the drug is not influenced by 

haemodialysis. The duration of diuretic effect is approximately for 2 - 3 hours. The peak 

diuresis occurs within the first and second hour. The onset starts very rapidly after LV. 

administration and within 1 hour of oral administration. The duration of action is 6-8 hours. 

The diuretic inhibits primarily the absorption of sodium and chloride ion in both the 

proximal and distal tubules and in the loop of Henle. 
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Table 3.1 Pharmacokinetic data ofFrusemide 

Oral Urinary* Bound m Clearance vd Half Toxic 

Bioavailability Excretion Plasma (mllminlkg) (Ilk g) life plasma 

( %) (%) (%) (min) cone. 

(mcg/ml) 

61± 17 66±7 98.8± 0.2 2.0± 0.4 0.11± 0.02 92±7 25 

. -• * Effective plasma concentratiOn IS better correlated w1th concentration of drug m urme 

3.11 Pharmacology 9 

The drug Frusemide (also known as furosemide), which is a type of medicine called a loop 

diuretic. Loop diuretics act in the kidney to remove excess water from the blood, by causing 

an increase in the removal of salts such as potassium and sodium. This removal of salts 

causes water to be drawn out of the blood and into the kidneys, where it is then excreted in 

the urine. Removing water from the blood causes a decrease in the volume of fluid 

circulating through the blood vessels. This drop in fluid volume decreases the effort 

required by the heart to pump blood around the body. There are many conditions which may 
' . 

lead to an accumulation of fluid in the body (edema). Frusemide is commonly used in 

conditions such as heart failure, where the pumping mechanism of the heart is less effective. 

It is used to relieve the symptoms of heart failure, such as the shortness of breath seen with 

fluid on the lungs. At higher doses the amount of water drawn from the blood into the urine 

is much greater; therefore frusemide is also used when there is reduced production of urine 

in patients with kidney failure. Frusemide is also used to remove excess fluid associated 

with liver failure, hypertension, and poor circulation in the periphery (i.e. arms and legs). 

3.12 Mode of Action9 

Frusemide inhibits the reabsorption of electrolytes primarily in the ascending limb of the 

loop of Henle. It also increases renal blood flow and causes redistribution of blood flow 

within the renal cortex. Excretion of sodium, potassium, magnesium, calcium and chloride 

ions is increased and water excretion enhanced. It also decreases left ventricular filling 

pressure. 
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3.13 Clinical Information:9 

3.13.1. Indications 

• Treatment of edema associated with congestive cardiac failure, renal diseases (nephritic 

syndrome) and hepatic disorders. 

• Management of oliguria in acute or chronic renal failure. 

• Cerebral edema. 

• In hypertension or as an adjunct to other anti\lypertensive agents. 

• Forced alkaline diuresis in barbiturate poisoning. 

3.13.2. Dosage And Administration 

a) Edema- # Adults: 40 mg o.d. may be increased to 80mg o.d. 

# Children: 3mg/ kg body weight daily 

b) Hypertension- #Adults: 40 -80 mg (max.)- twice daily (b.d.) 

# Children: 2 mglkg body wt.- twice daily (b.d.) , 

I. Tablets and Oral Solution 

*Edema 

# Adults: The usual initial dose of furosemide is 20 to 80 mg given as a single dose. 

Ordinarily a prompt diuresis ensues. If needed, the same dose can be administered 6 to 8 

hours later or the dose may be increased. The dose may be raised by 20 or 40 mg and given 

not sooner than 6 to 8 hours after the previous dose until the desired diuretic effect has been 

obtained. This individually determined single dose should then be given once or twice daily 

(e.g., at 8 am and 2 pm). The dose of furosemide may be carefully titrated up to 600 mg/day 

in patients with clinically severe edematous states. Edema may be most efficiently and 

safely mobilized by giving furosemide on 2 to 4 consecutive days each week. When doses 

exceeding 80 mg/day are given for prolonged periods, careful clinical observation and 

laboratory monitoring are particularly advisable. 

# Pediatric Patients: The usual initial dose of oral furosemide in pediatric patients is 2 

mglkg body weight, given as a single dose. If the diuretic response is not satisfactory after 
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the initial dose, dosage may be increased by I or 2 mg/kg no sooner than 6 to 8 hours after 

the previous dose. Doses greater than 6 mg/kg body weight are not recommended. For 

maintenance therapy in pediatric patients, the dose should be adjusted to the minimum 

effective level. 

* Hypertension 

# Adults: The usual initial dose of furosemide for hypertension is 80 mg, usually divided 

into 40 mg twice a day. Dosage should then be adjusted according to response. If response 

is not satisfactory, add other antihypertensive agents. Changes in blood pressure must be 

carefully monitored when furosemide is used with other antihypertensive drugs, especially 

during initial therapy. To prevent excessive drop in, blood pressure, the dosage of other 

agents should be reduced by at least 50 percent when furosemide is added to the regimen. 

As the blood pressure falls under the potentiating effect of furosemide, a further reduction in 

dosage or even discontinuation of other antihypertensive drugs may be necessary. 

2. Injection 

• Edema 

# Adults: The usual initial dose of furosemide is 20 to 40 mg given as a single dose, injected 

intramuscularly or intravenously. The intravenous dose should be given slowly (1 to 2 

minutes). Ordinarily a prompt diuresis ensues. If needed, another dose may be administered 

in the same manner 2 hours later or the dose may be increased. The dose may be raised by 

20 mg and given not sooner than 2 hours after the previous dose until the desired diuretic 

effect has been obtained. This individually determined single dose should then be given 

once or tWice daily. If the physician elects to use high dose parenteral therapy, add the 

furosemide to either sodium chloride injection, lactated ringer's injection, or dextrose (5%) 

injection after pH has been adjusted to above 5.5, and administer as a controlled intravenous 

infusion at a rate not greater than 4 mg/min. Furosemide Injection is a buffered alkaline 

solution with a pH of about 9 and the drug may precipitate at pH values below 7. Care must 

be taken to ensure that the pH of the prepared infusion solution is in the weakly alkaline to 

neutral range. Acid solutions, including other parenteral medications (e.g., labetalol, 

ciprofloxacin, amrinone, and milrinone) must not be administered concurrently in the same 

infusion because they may cause precipitation of the furosemide. In addition, furosemide 

injection should not be added to a running intravenous line containing any of these acidic 

products. 
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* Acute Pulmonary Edema 

The usual initial dose of furosemide is 40 mg injected slowly intravenously (over 1 to 2 

minutes). If a satisfactory response do,es not occur within 1 hour, the dose may be increased 

to 80 mg injected slowly intravenously (over 1 to 2 minutes). If necessary, additional 

therapy (e.g., digitalis, oxygen) may be administered concomitantly. 

# Pediatric Patients: Parenteral therapy should be used only in patients unable to take oral 

medication or in emergency situations and should be replaced with oral therapy as soon as 

practical. The usual initial dose of furosemide Injection (intravenously or intramuscularly) 

in pediatric patients is 1 mg/kg body weight and should be given slowly under close medical 

supervision. If the diuretic response to the initial dose is not satisfactory, dosage may be 

increased by 1 mg/kg not sooner than 2 hours after the previous dose, until the desired 

diuretic effect has been obtained. Doses greater than 6 mg/kg body weight are not 

recommended. Furosemide Injection should be inspected visually for particulate matter and 

discoloration before administration. Do not use if solution is discolored. To insure patient 

safety, this needle should be handled with care and should be destroyed and discarded if 

damaged in any manner. If cannula is bent, no attempt should be made to straighten. To 

prevent needle-stick injuries, needles should not be ·recapped, purposely bent, or broken by 

hand. 

3.13.3 Route of Administration Oral, Intramuscular (I.M.), Intravenous (I.V.) 

3.13.4 Contraindications 

• States of electrolyte depletion. 

• Severe hepatic dysfunction. 

• Severe renal failure with complete anuria. 
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3.13.5 Precautions 

• Excessive diuresis may cause deh:ydration, decreased blood volume and circulatory 

collapse; correct hypovolemia before administration. 

• Electrolytes to be checked periodically. 

• Hypokalemia can occur especially in patients on salt restriction, cirrhosis and in the elderly. 

In digitalized patients this can precipitate cardio toxicity. Hence concurrent potassium 

supplements to be used. 

• It contains a sulphonamide moiety. So it is to be avoided in patients who are allergic to 

sulphonamides. 

• It causes hyperglycemia and aggravates or unmasks diabetes mellitus. 

• It is not effective in patients with a creatinine clearance of less than 30 mi. 

• Hyponatremia can occur in patients with severe CCF when on salt restriction. 

• Can exacerbate or activate systemic lupus erythematosus in susceptible patients. 

• Administration Instructions: 

Give I.V. injections very slowly- rate not more than 4 mg/minutes. 

For infusion, diluents to be used are normal saline or 5 % dextrose. 

Administer tablets with food. 

3.13.6 Drug Interactions 

# Potentially fatal 

• Salicylate toxicity is increased due to decreased excretion. 

• Risk of major bleeding episodes due to increased effects of anticoagulants. 

• Lithium carbonate- by decreasing its excretion, may precipitate toxicity. 

• Increase toxicity of digoxin, amiodarone, disopyramide, astemizole, terfenadine, 

flecanamide and quinidine and antagonizes effects of lignocaine by causing hypokalemia. 

#Non fatal 

• With amino glycosides -risk of ototoxicity is increased. 

• Indomethacin and ketorolac reduces effects of frusemide. 
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• With sulphonyl ureas - loss of control of diabetes due to antagonism of its effects may 

occur. 

• Enhances hypotensive effects of antih1'Pertensives agents. 

•Steroids antagonises diuretic effects of frusemide. 

3.13.7 Adverse Effects 

# Common Effects:-

• Orthostatic hypotension and dizziness. 

• Fluid and electrolyte imbalance including hypokalemia, hyponatraemia and 

hypochloraemic alkalosis. 

• Hyperuricaemia can precipitate attacks of gout. 

• Otto-toxicity- tinnitus and hearing loss, especially if given along with amino glycosides. 

#Rare effects: 

• Hypersensitivity reaction- skin rashes, photosensitivity reaction, eosinophilia etc. 

• Pancreatitis and cholestatic jaundice. 

• Dizziness, headache and paraesthesias. 

• Hyperglycemia, increase in plasma cholesterol and TGL levels. 

3.13.8 Drug Toxicity 

At dose of more than 700 mglkg - dehydration, blood volume depletion, hypotension, 

circulatory collapse, electrolyte imbalances -hypokalemia, metabolic alkalosis. 

3.13.9 Treatment of Toxicity 

Supportive and symptomatic treatment - management of electrolyte and fluid imbalance. 

I.V. fluids and trendelenburg's position to combat hypotension. 

3.13.10 Storage ---------- Well closed light resistant container. 

3.13.11 Shelf Life 3 years. 

3.13.12 Market Availabiiity9 
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Tablets 

To be dispensed in well-closed, light-resistant containers. Exposure to light might cause a 
slight discoloration. Discolored tablets should not be dispensed. 

20 mg Tablets: Lasix tablets 20 mg are supplied as white, oval, monogrammed tablets. They 
are imprinted with "Lasix" on one side and "Hoechst" on the other. 

40 mg Tablets: Lasix tablets 40 mg are supplied as white, round, monogrammed, scored 
tablets. They are imprinted with "Lasix" on one side and the Hoechst logo on the other. 

80 mg Tablets: Lasix tablets 80 mg are supplied as white, round, monogrammed, facetted 
edge tablets. They are imprinted with "Lasix 80" on one side and the Hoechst logo on the 
other. 

Oral Solution 

It is to be stored at controlled room temperature (59°-86° F) and to be dispensed in light
resistant containers. Opened bottle should be discarded after 60 days. 

Injection 

Storage: It is to be stored at controlled room temperature (59°-86° F). 

Discolored solution should not be used. Syringes should be protected from light. Syringe 
should not be removed from individual package until time of use. 

3.14 Rationality of Selection of Frusemide as Model Drug13 

1. It is the most popularly prescribed drug in the management of hypertension and all 

categories of edema. 

2. Conventional dosage forms produce brief but intense diuresis provoking electrolytic 

imbalance, muscular cramps and overall discomfort. Clinical studies demonstrated that 

sustained release preparations can produce the similar diuretic effect without producing the 

major side effects of conventional tablets. 

3. The fluctuations in the concentration of drug in the blood with conventional dosage forms 

generally leads to an inefficient therapy leading to excessive use of drug due to multiple 

dosing which can be avoided by controlling the release . 

4. Biological half life of Frusemide is very short (2 hrs for patients with renal failure, 30 

minute for normal human) which requires multiple dosing, so as to maintain the plasma 

concentration of the drug at effective therapeutic level. Formulating the drug in a controlled 

55 



release delivery system can decrease the frequency of dosing and mcrease patient 

acceptability. 

5. Drugs with a single oral dose greater than 50() mg are poor candidates for oral controlled 

release product since the absorption mechanism will generate a substantially high volume of 

the product. Single oral dose of Frusemide is 40 mg which makes it a suitable candidate. 

6. Diffusivity in the intestinal lumen during absorption of the drug is greatly influenced by 

its' molecular weight. Frusemide having a molecular weighr of 330.74 produce sufficient 

diffusivity. 

7. The drug having low apparent volume of distribution (11.4% of body weight independent 

of dose) makes it ideal for controlled release formulation. 

8. Drugs with greater aqueous solubility are difficult to incorporate in controlled release 

dosage form. Frusemide being practically insoluble in water makes it a suitable candidate. 

9. The toxic concentration of the drug being 25mcg per kg body mass indicates sufficient 

safety range of the drug to be administered in a sustained release dosage form. 

3.15 FTIR Spectra of Frusemide: 3 (Official Standard spectra) 

Infrared absorption spectra is concordant with the spectrum obtained With Frusemide RS. 

Major peaks are at 1028;1143,1241,1323,1561,1591,1601 and 1669 cm-1
• 
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Figure 3.3 Infra Red (IR) spectra of standard frusemide powder 
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CHAPTER4 

EXCIPIENTS- A PROFIL£ 



EXCIPIENTS- A PROFILE 

4.1 List of Excipients used in the research work: 

Table 4.1 List of Excipients used in the experiments: 

Excipients and Grade Role Manufacturers 
Chemicals 

Sodium alginate LR Primary polymer LobaChem .. , Mumbai 

Calcium chloride LR Cross linking agent Ranchem, India 
dihydrate 

Sodium hydroxide AR Analysis/ Buffer Ranchem, India 

Potassium AR Buffering agent" Ranchem, India 
dihydrogen ortho 

phosphate 

Hydrochloric acid LR Analysis/ Buffer Ranchem, India 

Ethylenediamine AR Chelating agent S.D.Fine Chern. Ltd. 
tetra acetic acid 

Acrycoat E30D Solid Release controlling Corel 
content polymer Pharmaceuticals 

(28.7% w/w) Ahmedabad 

Acrycoat L30D Solid Enteric coating Corel 
content polymer Pharmaceuticals 

(40%w/w) Ahmedabad 

Acrycoat S100 Solid Slow release enteric Corel 
content coating polymer Pharmaceuticals 

(95%w/w) Ahmedabad 

So release Solid Release controlling Colorcon India Ltd. 
content polymer 

(25%w/w) 

Methocel KlSM 7382 Film former & Dow Chemical Co., 
mPas.sec Viscosity enh(l11cer India 
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4.2 SODIUM ALGINATE 

4.2.1 Nonproprietary names 

USP1 
: Sodium alginate. 

BP2 
: Sodium alginate. 

4.2.2 Synonyms3 

Alginic acid, Sodium salt, Algin, Sodium polymannuronate, Satialgine S20, Album S 160 

and S 15/600, Kelgin, Kelcosol, Keltone, Kelco-gel LV, HV, Sodium Alginate, Type S-11. 

4.2.3 Sources4,s 

Alginates are obtained from several of the larger pllaeopllyceae or brown algae. The most 

important are kelps or sea-tangles, of species of Laminaria, the common ones being 

L.digitata Lam, I Edmand L.saccllarina Lam- all of which are large olive green to brown 

algae belonging to the Laminariaceae, a family of Pllaeoplzyceae. The wracks are smaller 

plants and the common species are Fucus Serratus Linn, F. vesiculas us Linn, all belonging 

to the family of Fucaceae. 

4.2.4 Empirical Formula ---- (C6H,OsNa) 

4.2.5 Structural Formula6•7•
8 

Alginic acid is a polysaccharide found originally in brown seaweed which still function as 

it's major polysaccharide. The polysaccharide is a linear glycuronan consisting of (1-4) 

linked residues. of D-mannuronic acid (M) and L-guluronic acid (G) arranged in a block 

fashion in the polymer chain, with blocks containing one type of residue being separated by 

segments in which two residues alternate. 
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Figure 4.1.3 Structural Formula of Sodium Alginate 

4.2.6 Description 

Sodium alginate occurs as a white or buff powder, which is odorless and tasteless. The 

powder may be coarse or fine2
•
3
.4. The gelling characteristics of alginate is strongly 

influenced by its uronic acid composition, i.e. The ratio of Mannuronic acid6
•
7

•
8 (M) residue 

to Guluronic acid residue (G) commonly called as (MIG ratio). Alginates with low MIG 

ratio gives strong and brittle gels having a marked tendency to syneresis in excess of 

calcium, whereas alginates with a high MIG ratio forms elastic gels that are relatively 

tolerant to high levels of calcium. 

4.2.7 Method of manufacture 

Sodium alginate is prepared3 by the neutralization of purified alginic acid with sodium 

bicarbonate. 

4.2.8 Functional category3
•
4 

Suspending Agent; Viscosity builder; Disintegrant; Tablet binder; Mucoadhesive agent. 
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4.2.10 Pharmacopoeial specifications 

Table 4.2 Official specifications of Sodium alginate as per different Pharmacopoeia 

Test USP' BP' 

Identification + + 
Assay 90.8- 106.0% -
Microbial limits < 200 viable organism per Total viable aerobic count 

gram. not more than 103 

Salmonella species and microorganisms per gram. 
E. coli must be absent. Salmonella species and 

E. coli must be absent. 
Loss on drying .< 15.0% by weight. .< 15.0% by weight. 
Sulphated ash - 30.0-36.0% 
Ash 18.27% -
Lead . <0.001% .< !Oppm . 
Arsenic .< 1.5 ppm -
Heavy metals .<0.004% .<20 ppm. 

'+' sign of conformation; '-'not specified; NF - National Formulary; BP - British 
Pharmacopoeia; USP - United States Pharmacopoeia 

4.2.11 General properties3 

Sodium alginate is slowly soluble in water, forming a viscous, colloidal solution. It is 

insoluble in alcohol and in hydro-alcoholic solutions in which the alcohol content is greater 

than 30% by weight. It is also insoluble in other organic solvents and in acids where the pH 

of the resulting solution falls below 3.0. Various grades of sodium alginate are available 

yielding aqueous solutions of varying viscosity within a range of 20 to 400 cp in I% 

solution at 20°C. Solutions are sterilized by autoclaving. Some decrease in viscosity occurs 

following sterilization. The extent of this loss depends on the presence of other substances 

added to the solution. A 1% solution in distilled water has a pH of approximately 7.2 

4.2.12 Stability and Storage Conditions 

Since sodium alginate is hygroscopic, the moisture content at equilibrium is a function of 

relative humidity. Dry storage stability is excellent when the powder is stored in a well

closed container at temperatures of 25°C or less. Solutions are most stable at pH between 4 

and 10. Viscosity decreases for sodium alginate solutions above a pH of I 0. Solutions 

should not be stored in metal containers. Preparations for external use may be preserved by 
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the addition of chlorocresol (0.1 %), chloroxylenol (0.1 %) or esters of p-hydroxybenzoic 

"d "fth d" 0 "d" b 0 "d b d 134 ac1 , or 1 e me 1um 1s ac1 1c, enzmc ac1 may e use . ' ' . 

4.2.13 Incompatibilities 

Sodium alginate is incompatible3 with acridine derivatives, crystal violet, phenyl mercuric 

nitrate and acetate, calcium salts, alcohols in concentrations greater than 5% w/v and heavy 

metals. High concentrations of electrolytes cause an increase in viscosity until salting-out of 

the sodium alginate occurs. Salting out occurs if more than 4% w/v of sodium chloride is 

present. 

4.2.14 Safety 

No satisfactory data have been reported in the literature concerning the acute oral toxicity 

(LDso) of sodium alginates3
. The incorporation of 5 to 15% sodium alginate in the diet of 

purebred beagle dogs for one year cause no harmful effects. Numerous studies have attested 

to the high levels of safety of sodium alginate in foods. Allergy tests conducted with sodium 

alginate have shown that the material is not allergenic. 

4.2.15 Handling Precautions 

None is reported. Sodium alginate has not been shown to possess any eye or skin irritation 

properties. 

4.2.16 Applications in Pharmaceutical Formulations3 

Table 4.3 Pharmaceutical Applications of Sodium Alginate 

USE CONCENTRATION(%) 

Pastes and Creams 5-10 

Stabilizer in Emulsions 1-3 

Suspending agent 1-5 

Tablet Disintegrant 2.5-10 

Tablet Binder 1-3 
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4.2.17 Mechanism of Gelation 

Circular Dichroism7 and Nuclear Magnetic Resonance (NMR) studies have shown the 

reason why alginates with differing MIG ratio have different gelling characteristics. The 

reason is that they contain different proportions of block structure, i.e. Mannuronic acid 

blocks (M blocks), Guluronic acid blocks (G blocks) and alternating blocks (MG blocks). 

These blocks differ in their ability zones, in that G blocks aggregate readily and, with excess 

calcium, aggregate even further causing syneresis, where as M blocks require high level of 

calcium to aggregate. Alternating blocks have little tendency to aggregate. 

X-ray diffraction8 studies showed a buckled. two fold conformation for poly L. Guluronic 

acid, which appears to persist in all of the salt forms so far studied. The evident lack of 

conformational mobility, which is paralled by hydrodynamic evidence of a stiff, extended 

chain conformation, presumably reflects the severe steric constraints of the (1-4) diaxial, 

inter-residue linkage. In this favored two fold conformation; polyguluronate chains display 

a regular array of electronegative cavities, whose size and geometry appear to be.compatible 

with chelation of calcium. Hence, calcium binding has been interpreted in terms of an "egg

box" model, with specific site binding of cations between long, structurally and sterically 

regular, polyguluronate chain-sequences. (Figure 4.1.1) 

This interaction between calcium ion and polyguluronate chain occurs mainly due to 

favorable orientation of carboxylate group in these chains. The specific interchain linkage of 

G chain by calcium ion results in the formation of gel network structure in the alginate 

(Figure 4.1.3) 

4.2.18 Comments 

Sodium alginate is also used as a haemostatic agent in surgical dressings. It has been 

reported that sodium alginate could be sterilized by ethylene oxide without loss of viscosity. 
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4.3 CALCIUM CHLORIDE DIHYDRATE (CaCI2 .2H20) 

4.3.1 Molecular Formula1
•
2

•
4 CaCh,2HzO 

4.3.2 Molecular Weight 147.0 

4.3.3 Definition 1•
2

•
4 

Calcium chloride contains not less than 97.0% and not more than the equivalent of 103.0% 

ofCaC)z, 2Hz0. 

4.3.4 Characters1
•
2
•
4 

It is a white, crystalline powder, hygroscopic. 

4.3.5 Solubility 

It is freely soluble in water, soluble in alcohol. 

4.3.6 Specification2
•
4 

a) Appearance of solution: 1 O.Ogm calcium chloride was dissolved in carbon di

oxide free distilled water and diluted to 100 ml with the same solvent (Solution S). 

Solution S is clear and not more intensely coloured than reference IP standard. 

b) Acidity or alkalinity: To 10 ml of freshly prepared solution S, 0.1ml of 

phenolphthalein solution 0.1% w/v is added. If the solution is red, not more than 0.2 

ml of0.01 M hydrochloric acid is required to discharge the colour and if the solution 

is colourless, not more than 0.2 rnl of0.01 M sodium hydroxide is required to turn it 

red. 

c) Sulphates: Not more than 300 ppm. 

d) Heavy metals: Not more than 10 ppm. 

e) Iron: Not more than 10 ppm. 

f) Magnesium and Alkali metals: Ignition residue weighs not more than 0.5% w/w. 

g) Assay: 0.280 g of calcium chloride is dissolved in 100 ml of water and was 

determined by carrying out the complexometric titration of calcium. 1 rnl of 0.1 M 

sodium edetate is equivalent to 14.70 mg ofCaC)z, 2H20. 

h) Storage:2
•
4 Should be stored in a well-closed container. 
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4.4 Aqueous Polymeric Dispersion9 

Polymeric films are finding an ever increasing range of application in pharmaceutical 

research, development and dosage form design. In the coating of tablets and other solid 

dosage forms there is no coating methodology at present that can match film coating in 

production capability or economy. Polymeric film coatings have been increasingly 

employed to coat drug particles or drug containing pellets to produce products with a 

delayed or prolonged therapeutic action. Approximately I 000 pharmaceutical patents 

pertaining to polymeric materials as adjuvents including polymeric coatings have been 

issued in the last 15 to 20 years. In addition to application to any types of solid oral dosage 

form, polymeric films are being employed for such diverse uses as the coating of 

suppositories, the encapsulation of liquids and aerosol, spray bandages. As film theory and 

technology continue to advance, both fundamentally and selected pharmaceutical 

applications, increasing and more effective utility of polymeric films will be developed by 

pharmaceutical industry. 10 

The literature on sustained or controlled release medications has recently been extended to 

new drug-delivery systems employing polymeric coatings or matrix materials and a class of 

colloidal or near-colloidal aqueous polymer dispersions as rate-limiting film membranes. 

These dispersions or aqueous polymer emulsions may be prepared by emulsion 

polymerization of a monomer or by emulsification of a preformed polymer. The polymer 

emulsions prepared by emulsion polymerization contains small polymer particles averaging 

about 0.1 - 0.3 micron in diameter, but the precursor monomers are limited to those that are 

polymerizable in an aqueous medium in the presence of free radical initiators. Polymer 

emulsions from monomers not so polymerizable are prepared by emulsifying the previously 

polymerized monomers by means of any of a number of general types of emulsification 

procedures. 11 

4.4.1 Latexes and Pseudo latexes 

Finely divided colloidalpolymer dispersions are classified as true latexes or pseudo latexes 

largely on the basis of the technique of production. "True latex" is made by polymerization 

of a monomer or monomer blend, usually emulsified in an aqueous medium with the aid of 

anionic or non-ionic surfactants. The process requires the addition of initiators that function 
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by free-radical, anionic or cationic polymerization mechanisms. The polymer is usually of 

submicron dimensions, but there can be problems of toxicity with residual monomers. 

Pseudo latexes, such as Aquacoat and Aquateric dispersions, can be prepared from any 

existing thermoplastic water insoluble polymer. For pharmaceutical use, ethyl cellulose, 

cellulose acetate phthalate, and other cellulosics are preferred, as they have a history of 

regulatory approval and utility in controlled-release dosage forms. 

Both latexes and pseudo latexes are or may be colloidal dispersions containing spherical 

solid or semi-solid particles less than one micron in diameter, typically less than 0.1 micron. 

Both are fluid even at polymer concentration of 30%, and both systems form films by the 

same mechanism. The difference is that water-based latexes are limited to synthetic 

polymers of liquid-insoluble monomers that can be emulsified in water. 

Pseudo latexes of ethyl cellulose are prepared by dissolving the polymer in a suitable 

solvent and introducing the organic phase into water to form an emulsion, employing 

sodium Iaury! sulphate and cetyl alcohol as stabilizers. After homogenization, the solvent is 

removed by vacuum distillation, leaving a 30% solid dispersion of ethyl cellulose in water. 

Particle size diameter is the key to pseudo latexes stability and subsequently film forming 

mechanisms. The five fold difference in particle size between latexes prepared by two 

different methods (minimum sizes 1 micron and 0.2 micron) is critical with respect to their 

stability or resistance to settling and sedimentation. According to Stoke's ·Law, for spherical 

particles, 

Rate of Sedimentation= (D2/1811) (dp-dm) g (4.1) 

Where, D is the particle diameter. 

1J is the viscosity of medium, 

dp and dm are the densities of the particles and medium respectively, 

g is the gravitational constant. 

The tendency of colloidal particles to settle upon standing is offset by their Brownian 

motion and the convection currents arising from small temperature gradient in the sample. 

Brownian motion, which results from the unbalanced collisions of solvent molecules with 

the colloidal particles, increases the intensity with decreasing particle size. One criterion for 

settling is that a sedimentation rate of I mm/24 hr will be offset or nullified by the thermal 

convection currents and Brownian motion within the sample. Substituting the sedimentation 

rate into Stoke's equation enable us to determine the largest particle size that, in any 

particular instance, will not settle out upon standing. As a matter of fact, 1 micron diameter 
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particles of most polymers, the minimum size generally produced by direct emulsification 

method, settle at a relatively rapid rate, which can be reduced by raising the viscosity of the 

water phase in some manner. 

It was an object of the VanderHoff invention to provide a process for the direct 

emulsification method of polymer preparation that would result in stable aqueous 

dispersions of particles averaging less than 0.5 micron in size. The polymer could be of any 

type and chemical composition: natural or synthetic, organic or inorganic, homopolymeric 

or random, block or graft co polymeric. 

Ethyl cellulose was chosen as a candidate polymer by the physical pharmacy Department of 

Purdue University because of its history of use in controlled release dosage form and 

regulatory approval (21 CFR 172.868). Likewise, cellulose acetate phthalate (CAP) was 

chosen to form an enteric polymer aqueous dispersion. 

The preparation of CAP pseudo latex is some what complex, and its fmal dispersion is_ 

spray-dried because of CAP's instability in water over the long term. A nonionic surfactant, 

pluronic F68, is preferred in preparation of the parent pseudo latex. A barrier dispersant 

system composed of acetylated monoglyceride and polysorbate 60 is used in spray-drying 

as a protective barrier. 

4.4.2 Advantages of Pseudo latex Dispersions 

Pseudo latex emulsions or colloidal polymer dispersions offer a variety of technical 

advantages over polymers available from organic solvent solution. The advantages from 

both (a) the rheological properties of dilute polymer dispersion, and (b) the unique method 

of film formation specific to latex emulsions. 

Its' major advantage over polymer solution is the concentration-viscosity relationship for 

pseudo latex. Water has numerous practical advantages as a coating vehicle, but its use with 

polymer solutions alone has been limited to low solids contents. The viscosity of such 

solutions rises sharply with polymers such as hydroxyl propyl methyl cellulose (HPMC) is 

used alone; a number of separate layers of polymer are typically built up to obtain adequate 

thickness for protection. During the "dry-down", long chain polymers are entangled 

randomly, requiring more film excipients and longer coating operations. 

A direct relationship between percentage of solids and time involved in the physical coating 

operation is apparent. With the pseudo latex, viscosity is independent of the molecular 
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weight of polymer in the dispersed system. Greater concentrations (30%) of the polymers 

are possible at extremely low viscosities (150 cp). 

Without a viscosity rate-limiting factor, more film forming polymer can be applied per 

milliliter of coating solution. Therefore less water needs to be driven off. This has major 

implications for moisture or heat sensitive drugs to be designed as controlled release dosage 

forms. 

Another advantage of the pseudo latex emulsion formed from ethyl cellulose polymer is its 

permeability. It has been found that water vapour transmission rate through a pseudo latex 

coat is significantly more than that of mixed polymer films formed from organic solvent 

. solution. 

With pseudo latex there is a zero-order loss of water independent of the solids 

concentration. This is due to (a) the unique rheological characteristics of a latex emulsion, 

and, (b) the film formation mechanism involving coalescence of discrete submicrometer 

latex spheres. 

At about 85% water loss, the curve begins to fall off due to particle-particle contact. Then 

there is a slow exponential water loss during coalescence. 

With a polymer solution of ethyl cellulose, the rate of solvent loss is proportional to the 

vapour pressure of the solvent. As the concentration of the solids in the solution increases, 

the viscosity of the polymer solution increases and the vapour pressure drops. With a drop 

in vapour pressure there is a concurrent decrease in the rate of solvent loss. Latex emulsions 

give up water more quickly and completely at lower drying rates-an advantage when the 

rate of film deposition must be controlled. 

4.4.3 Mechanism of Film Formation 

A film forming polymer latex is deposited from an aqueous colloidal dispersion of discrete 

polymer spheres. Individual submicrometer- size spheres, each containing hundreds of 

polymer chains, coalesces into. a continuous film as the aqueous phase evaporates. A latex 

dispersion consists of spheres that are suspended and separated by electrostatic repulsion. 

As water evaporates, interfacial tension between water and polymer pushes particles into 

point contact in a closed packed ordered array. A strong driving force is necessary to 

overcome repulsive forces, deform the particles, and cause the spheres to fuse, resulting in 

complete coalescence capillarity fused by high surface tension of water provides the driving 

force to fuse the particles, and plasticizer inclusion in the dispersion swells and softens the 
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polymer spheres, facilitating coalescence and reducing minimum film formation 

temperatures. 

As evaporation proceeds the force is exerted on the spherical particles. The polymer spheres 

are pulled closer together as a result of surface tension (water-air interfacial tension) or 

capillarity as the surrounding water film constricts. Energy required for the coalescence of 

spheres results from the surface tension of the polymer generated by the negative curvature 

of the particle surface may be described by Frenkel's Equation. 

9 2 = 3yt/ 27t1]r ( 4.2) 

Where 9 is one-half the angle of coalescence (contact angle) at time t, 'Y is the surface or 

interfacial tension, r is the radius of a sphere ;md 1J is the viscosity of the spheres. 

This equation ( 4.2) illustrates the inverse relationship between internal viscosity (1J) of the 

spheres and the driving force necessary to fuse or coalesce discrete particles. This is one 

reason for adding plasticizer to the film. Further, it is evident that smaller-radius 

(submicrometer) polymer spheres require less driving force (capillarity) to completely fuse 

of coalesce. The degree of coalescence, characterized by the contact angle, improves as the 

surface tension and polymer-water interfacial tension increases. 

Brown 13 demonstrated that the water-air interfacial tension (30-70 dyne/em) is a 

determining force in driving coalescence as evaporation proceeds, and Voyutskii 14 

theorized about the inter diffusion of polymer chains (autohesion) across what was the 

interface between discrete polymer spheres. Autohesion, according to Voyutskii, is the final 

step in the formation of integral homogenous latex films. 

4.4.4 Effect of Plasticizer 

It has already been emphasized that controlled release dosage form is an interactive system 

where time dependent drug release must be viewed from the perspective of a total delivery 

system. This includes the polymeric film, the substrate, physico-chemical drug 

characteristics and the other components, such as insoluble film additives or surfactant to 

promote spreading. For controlled release dosage form, polymer - plasticizer interaction in 

latex emulsions must be considered as it primarily affects, in concert with drug and 

substrate, the nature and properties of rate-limiting system. The choice and level of 

plasticizer for latex emulsions have a demonstrated effect on release profiles of a model 

drug systems studied- strong and weak basic amines with a range of ionization constants. 
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Strength and cohesiveness of films deposited from organic solvent are measured by 

adequacy of salvation and maximum polymer chain extension as reflected in the viscosity of 

the solution. Other physical methods have been used to appraise the relative effectiveness of 

plasticizer - solvent systems including birefringence, vapour pressure, infrared absorption 

spectra and heat of solution. These methods are useful empirical control parameters for 

polymer solutions; however, for latex emulsions, different methods must be used to evaluate 

plasticizer effectiveness. A plasticizer is a substantially non-volatile, high-boiling, non

separating substance that changes certain physical and mechanical properties of a polymer 

to be plasticized. Polymeric films employ plasticizers to impart flexibility, improve flow, 

and reduce brittleness. These changes are ,caused by a decrease in the cumulative 

intermolecular forces along the polymer chain (reduction in cohesion), which generally 

decreases tensile strength, lowers the softening temperature, and decrease the glass 

transition temperature. 

The basic requirements of any plasticizer in a polymer system, including latex emulsions, 

are compatibility and permanency. To be compatible, the plasticizer should be miscible with 

·polymers which indicate similar molecular forces in the two component system. It has been 

theorized that the most effective plasticizers will generally resemble most closely in 

structure the polymers they plasticize. 

For pseudo latex emulsion, plasticizer selection for maximum effectiveness is conditioned 

by two criteria:-

a) Glass transition temperature, and 

b) Relative solubility parameters (miscibility). 

4.4.5 Glass Transition Temperature 

Discrete polymer spheres in a latex emulsion- normally a stiff, structured crystalline 

polymer must be softened and swelled by plasticizer incorporated into the emulsion. 

Theoretically, effective plasticization of a polymer particle should reduce the critical film 

forming temperature of the polymer. The reduction is accomplished by decreasing the glass 

transition temperature (Tg), the temperature at which a polymer undergoes a marked change 

in material properties. Most useful plasticizer for Aquacoat includes: 

• Dibutyl sebacate. 

• Diethyl phthalate. 
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• Triethyl citrate. 

• Tributyl citrate. 

• Acetylated monoglyceride. 

4.4.6 Relative Solubility Parameters 

Theoretically speaking, the suitability of a given plasticizer can be determined by 

miscibility based on solubility parameters as investigated by Hildebrand and Scott15
• These 

can be calculated for polymer and plasticizer or found in the literature. In their calculation, 

Hildebrand and Scott relied on: 

a) The molar energy of evaporation, and, 

b) The density of cohesive energy as termed in an equation defining the solubility 

parameter of a known plasticizer. 

Physical data are given for five plasticizers useful in sustained or controlled release 

applications of pseudo latexes for oral solid dosage form in Table 4.4 & 4.5. 

Table 4.4 Physical constants of some common Plasticizers 

Name of B.P.(0C) Vapour Vapour Water Molecular 
Plasticizer Density (Air Pressure Solubility Weight 

= 1) (mmHg) 
Dibutyl 349 10.8 10 at 200°C Negligible 282 
sebacate 
Diethyl 298 7.66 100 at 220°C Insoluble 222 
phthalate 
Triethyl 294 9.70 1 at 107°C 6.5% 276 
citrate 
Tributyl 170 12.4 1 at 170°C Insoluble 344 
citrate 
Acetyl 173 14.1 0.8 at 170°C Insoluble 402 
tributyl 
citrate 

Table 4.5 Solubility Parameter of some plasticizers 

Plasticizer Solubility Parameter Solubili~arameter 
(J/mYil X 10"3 (Cal/ em lil 

Ethyl cellulose 21.1 10.3 
Diethyl phthalate 20.5 10 
Dibutyl phthalate 19.00 9.3 
Dibutyl sebecate 18.8 9.2 
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4.4.7 ACRYCOAT E30D- THE FIRST AQUEOUS POLYMERIC DISPERSION 

Solvent based acrylic polymers have been used in the pharmaceutical industry for coating 

purposes for over 20 years. Recently, however, due to toxicity and environmental concerns, 

organic solvent-based coatings, including the acrylics, have given way to water-based 

system. 

Acrycoat E30D, which contains 30% solids, is one of the first aqueous polymeric 

dispersions; it was marked initially in Europe and later in the Uriited States for 

pharmaceutical applications in the name of Eudragit NE300. It is prepared by emulsion 

polymerization and consists of neutral copolymers of ethyl acrylate, methyl methacrylate 

esters that are insoluble over the entire physiological pH range. It is thus suitable for the 

development of pH independent modified-release oral dosage forms, provided that the 

solubility of the drug is pH independent. Generally the polymeric dispersions has been 

combined with hydrophilic substances, such as polyethylene glycol, sugar and polyvinyl 

pyrolidone (PVP) and hydrophobic, water insoluble additives· such as kaolin, talc and 

magnesium trisilicate to provide sustained release preparations. Also, properly formulated, 

the dispersion can be used to mask the taste and odour of the various bioactive agents. Some 

of the commonly used acrylic polymers are listed in Table 4.6. 

4.4.8 Processing Conditions9 

One of the most significant differences between aqueous polymeric solutions and 

dispersions is the role of water during film formation. In solutions, water is a solvent and 

drying is accompanied by an excessive increase in viscosity, which in turn suppresses the 

rate of evaporation. Excess energy is therefore required to drive off the water. In contrast, in 

polymeric dispersions, water is only as a dispersion medium and does not solvate the 

polymers. Consequently, less heat is needed to evaporate the water. This results in 

significant reduction in the processing time. These properties are especially critical when 

dealing with highly water-soluble or moisture sensitive compounds. 

During the coating of pellets the product temperature should be kept around 26°C, 

especially when the coating is done in laboratory size coating machines. If the product 

temperature is maintained very high, the coating materials become tacky owing to the low 

glass transition temperature of the polymer. This leads to the pellets aggregation. The same 

criteria apply to tablets coated in a coating pan, where the temperatures of the cores should 
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be kept between 25°C and 30°C, particularly at the start of the drying process. Since the 

minimum film-formation temperature of the polymer is 20°C, these temperatures are not 

only high enough to drive off the water at a reasonable rate, but are also within the optimum 

temperature range for the formation of a continuous film. Further more, as long as it does 

not lead to drug migration into the film coat or instability of moisture-sensitive compounds 

operation at low temperature favors gradual spreading of the coating dispersions over the 

cores. This is followed by water evaporation, polymer deformation and fusion. As a result, a 

smooth and coherent film that is free from imperfections is formed. 

4.4.9 Formulation Variables9 

Although Acrycoat E30D dispersions can be theoretically used as is, in practice, it poses 

severe restrictions on the processing conditions. It also provides coatings that are highly 

impermeable to drug when used alone. It is therefore formulated with other pharmaceutical 

excipients to circumvent these practical problems. 

Programmable release profiles can be obtained from Acrycoat E30D formulation upon 

addition of water soluble or water insoluble additives. While the conditions under which 

drug release is achieved are different for coatings that contain water soluble than those with 

water insoluble additives, the release rate is controlled in each by the proportion of the 

additives incorporated in the formulation. As the quantity of additive in the film coat is 

increased, the percentage drug released per unit time is correspondingly increased. Until a 

point is reached the integrity of the film is no longer maintained and immediate release is 

achieved. Another variable that affects the release rate is film thickness. An increasing film 

thickness is always accompanied by a decrease in release rate. 

Plasticizers are generally incorporated into polymeric dispersions to soften the polymeric 

micropel!ets and enhance the film formation. While this is always true with pseudo latexes 

such as Aquacoat, addition of plasticizers to Acrycoat E30D formulations is not only 

unnecessary but may also be detrimental because it can increase the viscosity of the 

formulation and negate the distinct advantage of the dispersion over the polymeric solution. 

Incorporation of plasticizers can also augment the inherent tackiness of the film and 

complicate the coating process. 
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4.4.10 Mechanism of Drug Release9 

During coating, the intermittent layering of the coating formulation on the substrate 

eventually produces a coating material that is characterized by channels and tortuous paths. 

The phenomenon is more pronounced with polymeric dispersions such as Acrycoat E30D 

than with solvent based coatings. In addition, the porosity of Acrycoat E30D coating can be 

increased through the incorporation of additives. pH sensitive and/or water soluble 

hydrophilic additives dissolve in the dissolution medium and leach out, thereby creating a 

micro porous membrane. Water insoluble additives also increase the porosity of Acrycoat 

coating by introducing imperfections. Therefore, during dissolution testing, predominant 

mechanism of drug release is believed to be the diffusion through the water filled pores as 

opposed to drug partition into, diffusion through and partition out of insoluble polymeric 

films. 
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Table 4.6 Polyacrylates used in Pharmaceuticals and Cosmetics 

Grade Form of Polymer Solubility Solvents Applications Pllarmaceutica Storage Sire/ 

Supply Content /Monogram Conditio I 
(%wlw) n Life 

Acrycoat White 95% Insoluble in Alcohols, Enteric Methacrylic Not 5 

LIOO Powder Gastric Acetone Coatings, Acid above year 
Fluid with 3% Insulating Co-polymer 40'C s 
Soluble in water layers, Type 'A' 
intestinal as binder for USP./NF. 

Acrycoat Solution in 12.5% fluid of pH Alcohols enteric granules, 
Ll2.5 Isopropano 6.0 and Acetone pH dependent 

I upwards. release system 

Acrycoat Milky 30% Soluble in Water, Methacrylic 5'C to 2 
L30D Aqueous water at Alcohols, Acid 40'C year 

Dispersion pH 5.5 and Acetone Co-polymer s 
upwards Type'C' 

USP./NF. 

Acrycoat White 95% Soluble in Water, 5 
LIOOD Powder water at pH Alcohols, year 

5.5 and Acetone s 
upwards 

Acrycoat White 95% Insoluble in Alcohols, Enteric coatings Methacrylic 5'C to 
s 100 Powder Gastric fluid Acetone, with slow release Acid 40'C 5 

Soluble in with 3% coating resist to Co-polymer year 
Intestinal water tropical Type 'B' s 
fluid at pH conditions, USP.INF. 

Acrycoat Solution in 12.5% 7.0 and Alcohols, Sustained 
s 12.5 lsopropano upwards. Acetone. release 

l formulations, 
pH dependent 
release svstems. 

Acrycoat Milky 30% Swellable, Water, Film Coatings, "Polyacrylate 5'C to 2 
E30D Aqueous soluble in Alcohols, Sustained dispersion 40'C year 

Dispersion water in any Acetone release, 30%" s 
pH pH independent, Ph.Europe 

transdermal 
svstems 

Acrypol Gels, 'Carbo mer' Not 5 
934/974 Water, Suspensions, USP./NF. above year 

Soluble in Hydroalcoh Topical Contains 56% 40'C s 
98% water, olic Preoaration to 68% Protect 

Acrypol White benzene, solvents, High purity oral carboxylic from 
934P/974 Powder cyclohexane Oil-water, pharma grade content or moisture 
p Water-oil for Gel, Polyacrylic 

Systems. Suspension, acid. 
Controlled 
Release tablet, 
Taste maskinP" 

Acrypol Cosmetics, 
940/980 Topical 

Primarations 
Acrypol Low viscous 
9411971 gels, Emulsion 

Stabilizer 
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4.5 AQUEOUS POLYMERIC DISPERSIONS USED IN THE STUDIES 

4.5.1 ACRYCOAT E30D (30% w/w POLY ACRYLATE AQUEOUS DISPERSION) 

Description: 

ACRYCOAT E30D is an aqueous dispersion of a neutral acrylic co-polymer. Solubility is 

not pH dependent and films readily permeable to gastric juices. pH independent polymer for 

rapidly disintegrating film coating. 

Features: 

Clear colourless transparent lacquer films are formed. Colours can be added with pigment 

or food colours. Films permeable to gastric juices. 

Solubility: 

The aqueous dispersion is miscible with water in any proportion. A clear or slightly 

opalescent viscous dispersion can be obtained by mixing one part of ACRYCOAT E30D 

with five parts of acetone or Isopropanol. 

Applications: 

~ Coating of tablets, pills, granules and powders, protecting the drug from surrounding 

environment, particularly air, moisture, light, thus provides required stability. 

~ Masking unpleasant taste and odour, thus overcoming non-compliance to patients. 

~ Providing product 'identity' for differentiating products from manufacturing and 

storage. 

~ Imparting cosmetic elegance to product appearance, masking of noticeable visible 

differences in tablet core from batch to batch. 

~ Reducing risk of interactions between incompatible ingredients. 

~ Improving mechanical integrity, eliminating possibility of abrasions, chipping etc. 

~ Isolating porous cores. 
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~ Extending and improving storage properties. 

~ To improve compression characteristic during tableting (hardness, surface 

uniformity). 

Controlled Release Tablets: 

~ As a binder and film former in the manufacture of porous matrix. Tablets or pellets 

(wet granulation) with delayed release of the active substance. 

~ As a film former, mixed with other dispersions to control permeability. 

Transdermal Systems: 

~ To regulate release of drug from transdermal systems through the membrane . 
.... 
.... To improve the skin tolerability of transdermal therapeutic systems with occlusive 

properties. 

Advantages: 

~ Less proportion of polymer is required. 

~ Low temperature for film formation. 

~ Neutral (pH independent) film formation. 

~ Stability over a broad temperature range. 

~ Exhibits excellent colour value and self gloss. 

~ Marginal weight gain in tablets . 
.... 
.... Hydrophobic. 

Specifications: 

Appearance 

Odour 

Content 

Solubility 

- milky white liquid. 

-aromatic. 

- 28.5 to 31.5% w/w dry polymer. 

-water, alcohols, acetone. 
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Toxicity: 

ACRYCOAT E30D is a high molecular weight polymer. It is not absorbed by body tissues 

and is totally safe for human consumption. Test for toxicological tolerance shows that it 

does not have any pronounced physiological action and is non-toxic. 

Plasticizer: 

Plasticizers are not necessary but permeabilities of polymer can be regulated by addition of 

J?Olyethylene glycols, vinyl alcohol or pyrolidone as water soluble additives. 

Precaution: 

Coagulation may occur during formulation due to electrolytic effect, pH changes and foam 

formation by high speed stirring. 

· 4.5.2 ACRYCOAT L30D (METHACRYLIC ACID CO-P.OL YMER, TYPE- C) 

Acrycoat L30D, a 30% w/w aqueous dispersion of copolymer of poly (methacrylic acid 

ethylacrylate) esters. Copolymers of methyl methacrylic acid and eth~l acrylate as ester 

components with methacrylic acid are used as enteric coatings, because they contain 

carboxylic groups that are transformed to carboxylate groups in the pH range of 5-7 by salt 

formation with alkali and amines. In pure water and diluted acids they form water insoluble 

films resistant to gastric juices. They are popularly applied in formulating preparations 

which shows pH dependant drug release. 

Description: 

ACRYCOAT L30D is an aqueous dispersion of a neutral co-polymer which conforms to 

USP /NF specifications of 'METHACRYLIC ACID CO-POLYMER', TYPE- C. 

Features: 

* Appearance: ACRYCOAT L30D forms colourless and transparent film m 

presence of plasticizers. Pigments can be added to colour the film. 
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~ Solubility: ACRYCOAT L30D films are insoluble in pure water, in buffer 

solutions below pH 5.5 and gastric juices. ACRYCOAT L30D films are soluble in 

neutral to weakly alkaline region of the digestive tract, in intestinal fluids and buffer 

solutions above pH 5.5. 

Applications: 

~ Enteric coating for resistance to gastric fluid, (to protect active drug from influence 

of acid, prevent irritation of gastric mucosa). 

~ Film coating of tablets, pills for protecting the drug from surrounding environment, 

particularly air, moisture, light, thus providing required stability. 

~ Masking unpleasant taste and odour, thus overcoming resistance to drug m 

ingestion. 

¢ Providing product 'identity' for differentiation of products from manufacturing and 

storage. 

¢ Imparting cosmetic elegance to product appearance, masking of any noticeable 

differences in tablet core from batch to batch. 

¢ Reducing risk of interactions between incompatible ingredients. 

¢ Improve mechanical integrity, eliminating possibility of abrasions, chipping etc. 

~ Insulating hygroscopic cores. 

¢ Isolating porous cores. 

~ Extending and improving storage properties. 

Advantages: 

¢ Miscible with water in any proportion. 

~ Small quantity required, hence reducing volume of dispersion for coating. 

~ Low temperature required for film forming. 

¢ Exhibits excellent colour value. 

¢ Stability over a wide temperature range. 

¢ Marginal weight gain in tablets. 

¢ Hydrophobic. 
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Specifications: ACRYCOAT L30D 

Appearance - milky white liquid. 

Odour mild aromatic or slightly aromatic. 

Content 28.5 to 31.5% w/w dry polymer. 

Acid Value - 300- 330 rng KOH!grn dry polymer. 

Solubility water, alcohols and acetone. 

Toxicity: 

ACRYCOAT L30D is a high molecular weight polymer. It is not absorbed by body tissues 

and is totally safe for oral consumption. Test for toxicological tolerance shows that it does 

not have pronounced physiological action and is non-toxic. 

Plasticizer: 

ACRYCOAT L30D film is brittle in nature. To improve film elasticity use of plasticizer is 

strongly recommended. The recommended plasticizers are polyethylene glycol, triacetin, 

triethyl citrate etc. Usually 10% of plasticizer is sufficient, but can be increased to 25%. 

4.5.3 ACRYCOAT SIOO (METHACRYLIC ACID CO-POLYMER TYPE- B) 

Aery coat S 100, a free flowing powder containing 95% w/w solid polymer is sparingly 

soluble in water but soluble in alcohol and acetone with 3% v/v water. Being copolymers of 

Methacrylic acid, they are widely used as slow release enteric coating in tablet and capsule 

manufacturing industry. They are insoluble in gastric fluid but freely soluble in intestinal 

fluid of pH 7 and above. They are popularly applied in formulating sustained release pH 

dependant formulations. 

Description: 

ACRYCOAT SlOO is an anionic co-polymer which conforms to USP /NF specifications of 

'METHACRYLIC ACID CO-POLYMER' TYPE- B. It is insoluble in acids and pure 

water, soluble in neutral to weakly alkaline medium. 
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Features: 

~ Appearance: 

~ Solubility: 

Applications: 

ACRYCOAT SlOO films are colourless and transparent, desired 

colour can be obtained by adding pigments. 

Insoluble in water, in buffer solution below pH 7.0 and gastric 

fluids. Soluble in the region of the intestinal tract, where the 

fluids are neutral to weakly alkaline and in buffer solutions above 

pH7.0. 

¢ Enteric coating for resistance to gastric· fluid, (to protect active drug from influence 

of acids, prevent irritation of gastric mucosa), or to delay drug release in the 

intestine, when thick coatings are applied. 

¢ Enteric coating of tablets, pills for protecting the drug from surrounding 

environment, particularly air, moisture, light thus maintaining required stability. 

¢ Masking unpleasant taste and odour, thus overcoming non-compliance to patients. 

¢ Providing product 'identity' for differentiation of products from manufacturing and 

storage. 

¢ Imparting cosmetic elegance to product appearance, masking of any noticeable 

differences in tablet core from batch to batch. 

¢ Reducing risk of interactions between incompatible ingredients. 

~ Improves mechanical integrity, eliminating possibility of abrasions, chipping etc. 

~ Insulating hygroscopic cores. 

¢ Isolating porous cores. 

¢ Extending and improving storage properties. 

¢ As a binder of film former in the manufacture of porous matrix tablets (wet 

granulations) with delayed release of the active substance. 

¢ Used to sustain the release of drug from tablets, granules etc. 

Advantages: 

¢ Option of solvent or semi aqueous media. 

¢ Less quantity required, reducing volume of solution, so shortening production time. 

~ Stability over a broad temperature range. 
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¢ Exhibits excellent colour value. 

¢ Marginal weight gain in tablets. 

¢ Hydrophobic. 

Specifications: 

Appearance 

Odour 

Content 

Acid Value 

Solubility 

Toxicity: 

- white, fine, free flowing powder. 

- weakly aromatic. 

- min. 95% dry polymer. 

- 180- 200 mg KOH/gm dry substances. 

- Isopropyl alcohol, acetone, methanol, Ethanol etc. 

ACRYCOAT SIOO is a high molecular weight polymer. It is not absorbed by body tissues 

and is totally safe for human oral consumption. Test for toxicological tolerance show that it 

does not have pronounced physiological action and is non-toxic. 

Plasticizer: 

ACRYCOAT SIOO films are brittle to improve film elasticity, use of plasticizer is strongly 

recommended. The recommended plasticizers are poly-ethylene glycol, dibutyl phthalate, 

castor oil, diethyl phthalate, triacetin, triethyl citrate etc. Usually 10% of plasticizers will be 

sufficient, but if necessary, can be increased upto 25%. 

4.6 SURELEASE (AQUEOUS ETHYL CELLULOSE DISPERSION) 

Definition: 

Surelease9
•
16 is a complete, optimally plasticized aqueous dispersion of Ethylcellulose 

(Ethylcellulose is a partly 0-ethylated cellulose) designed specificiilly for modified release 

and taste masking application. Using Ethylcellulose as the rate-controlling polymer, 

Surelease brings technological advances with dependable, reproducible extended release 

profile that are consistent from laboratory to pilot and production scale processes. It is a 

complete, ready to use system. 
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Composition: 

Surelease is composed of water, ethyl cellulose, oleic acid, dibutyl sebacetate or esters of 

fatty acids and ammonia hydroxide. 

Polymer: 

Ethylcellulose has long history of use in the pharmaceutical industry as a controlled release 

polymer. It forms a relatively impermeable barrier. Due to its water insolubility, it has been 

finely dispersed in the Surelease system. It provides a highly durable filin with excellent 

surface integrity. Dissolution profiles are independent of pH. Reduction of solid content 

from 25% to 15% w/w by distilled water facilitates ease of spraying. 

Plasticizer: 

Dibutyl sebacetate, esterified fatty acids and oleic acid are the plasticizers for the Surelease 

formulations. In the manufacturing process they are incorporated in the dispersed polymer 

particles to achieve a consistent and effective plasticizer level. 

Advantages: 

a) Environment friendly and easy to use. 

b) Consistent and reproducible drug release profiles 

c) Aqueous form of dispersions. 

d) Internationally regulatory acceptance. 

e) Optimally formulated system. 

Applications: 

a) Coating of particles, pellets and tablets using fluidized bed technique. 

b) As a binder for wet granulation in the development of matrix tablets. 

c) Taste masking. 

d) Release controlling polymer. 

Specifications: 

# Description: Off white turbid liquid that dries to a clear film 

# Identification: Solid content- 24 -26 % w/w 

# pH: 9.5- 11.5 

# Specific Gravity: 1.00- 1.05 
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Mechanism of drug release: 

Surelease forms a virtually insoluble membrane around the core of the drug. The drug must 

then diffuse through the membrane and into the surrounding fluid. 

Shelf-life and Storage: 

The shelf-life is 18 months from the date of manufacture. The polymer is to be stored in a 

sealed containers avoiding exposure to heat and moisture. Need not to freeze. 

4.7 METHOCEL KlSM (HYDROXY PROPYL METHYL CELLULOSE) 

Non proprietary names: 
USP1 

: Hydroxypropyl methyl cellulose. BP2 
: Hypromellose. 

Hydroxypropyl methyl cellulose (HPMC) is partly O"methylated and 0-(-2-

hydroxypropylated) cellulose. It is available in general grades, which vary in viscosity and 

extent of substitution. Grades may be distinguished by appending a number indicative of 

apparent viscosity, in mPas (milli Pascal), of a 2% w/w aqueous solution at 20°C. HPMC, 

defined in the USP XXII, specifies the substitution type by appending a four digit number to 

the nonproprietary name, e.g. HPMC 1828. The. first two digits refer to the approximate 

percentage content of the methoxy group (OCH3). The second two digits refer to the 

approximate percentage content of the hydroxy group (OCHzCHOHCH3), calculated on a 

dried basis. Molecular weight is approximately !0,000- 15, 00,000. HPMC is an odorless 

and tasteless, white or creamy-white coloured fibrous or granular po~de~·4• 

Specifications2
,3'4 

# Acidity/alkalinity 

# Ash 

# Auto ignition temperature 

# Density (tapped) 

# Melting point 

# Glass transition temperature 

# Specific Gravity 

: pH: 5.5- 5.8 for a 1% w/w aqueous solution. 

: 1.5%- 3.0%, depending upon the grade. 

: 360°C. 

: 0.50- 0.70 g/cm3 for PharmacoatP 

: browns at 190- 200°C; chars at 225- 230°C. 

: 170 -180°C. 

: 1.26. 
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# Solubility 

Advantages: 

a) Non toxic. 

: Soluble in cold water, ethanol and dichloromethane, 

insoluble in chloroform, ethanol, and ether 

b) Non irritant, especially to eyes. 

c) Consistent viscosities. 

d) Safe for use in pharmaceuticals, cosmetics as well as food products. 

e) Soluble in cold water. 

t) Dissolution rate shifts with pH, hence suitable for slow release enteric 

formulations. 

g) Being nonionic, doesn't form complex with metallic salts and ionic 

organic compounds. 

Applications: 

a) Tablet binder18
'
19 

b) Film Coatinio-:w 

c) Extended Release matrix25
-
28 

d) Thickening agent for ophthalmic preparations 

e) Film former 

t) Emulsifier 

g) Suspending agent in topical gels 

h) Stabilizing agent in ointments 

i) Protective colloid in suspension 

j) Adhesive in plastic bandages 

k) Wetting agent in hard contact lenses 

I) Cosmetics and Food products 

Stability and Storage: 

Solutions are stable at pH 3-ll. At higher temperature, the viscosity of solutions reduces. 

Upon heating and cooling a reversible sol to gel transformation occurs. Aqueous solutions 

are liable to enzyme resistant but liable to microbial spoilage, hence preservatives are used 

in eye preparations. HPMC powder should be stored in well closed container, in a cool, dry 

place .. 
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CHAPTERS 
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PREFORMULATION STUDY OF THE DRUG 

5.1 A Preview 

Preformulation study1
•
2

•
3 involves the application of biopharmaceutical principles to the 

physicochemical parameters of a drug with the goal of designing an optimum drug delivery 

system. This study is the first stage in the rational development of a dosage form with drug 

substances. In other way, it can be defined as the investigation of physico-chemical 

properties of the drug alone and/or in combination with excipients. Characterization of drug 

molecule is a very important step at the preformulation phase of product development. The 

objective of preformulation studies is to generate sufficient information for the formulation 

scientists in developing a stable, bioavailable and industrially feasible dosage form of a drug 

substance. In a single phrase thus preformulation can be defined as "a case of learning 

before doing". The entire preformulation program can be divided into four basic phases of 

drug development. 

Phases of development of a dosage form: 

I. Preliminary- preformulation 

2. Preformulation 

3. Early-stage development 

4. Late-stage development 

Following physico-chemical parameters are conducted as basic preformulation studies: 

1. Purity of drug 

2. Molecular weight and molecular formula 

3. Density and Hygroscopicity 

4. Particle size and shape 

5. Crystalline properties and Polymorphism 

6. Surface area 

7. Flowability and Compressibility 

8. Solubility- Intrinsic and Extrinsic 

9. Partition coefficient 

10. Ionization constant 
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11. Dissolution parameters 

12. Compatibility with excipients 

13. Spectral data 

14. Stability 

15. Organoleptic properties 

Apart from these parameters lot of other parameters are also ascertained as and when 

required. Special studies are conducted depending on the type of dosage form and the type 

of drug molecule. For a new molecule thorough investigation is essential. But in case of an 

established drug, these physicochemical data need not be investigated again but it is 

customary to use the standard values published in official compendium like Indian or 

British Pharmacopoeia. In these cases only basic tests like solubility, spectral data, chemical 

assay, purity and compatibility study with excipients of the established drug are done to see 

whether the drug sample complies with the standard requirements. 

5.2 Analytical study of the drug- Frusemide 

5.2.1 Preparation ofUSP Phosphate buffer4
- pH 6.8 and pH 7.4 

# General Method: 50 m1 of 0.2 M of Potassium di hydrogen ortho phosphate solution was 

taken in a 200 ml volumetric flask. Specified volumes, 22.4 ml for pH 6.8 and 39.1 mi for 

pH 7.4, of 0.2 M sodium hydroxide solutions was added and then distill water was added to 

make up the volume. The pH of the solution was checked and adjusted in a pH meter. The 

pH meter used for all the experiments was double electrode calomel pH meter manufactured 

by ORION, Japan. 

# Preparation of 1 litre of 0.2 M Potassium di hydrogen ortho phosphate 

27 .22g of Potassium di hydrogen ortho phosphate was dissolved in distill water and diluted 

it to 1 OOOml. 

# Preparation of 1 OOOml of 0.2 M Sodium hydroxide solution 

Sg of Sodium hydroxide was dissolved in distill water to produce 40-60%w/v solution and 

allowed it to stand. Taking precaution to avoid absorption of carbon dioxide gas, siphoned 

off the supernatant liquid and diluted with carbon dioxide free distill water to 1 OOOml . 
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5.2.2 Determination oflmax ofFrusemide in USP Phosphate buffer pH 6.8 and 7.4 

!Omg of Frusemide was dissolved in 2m! methanol in a IOOml volumetric flask and the 

volume was made upto the mark with Phosphate buffer (pH 6.8 and pH 7.4). !Om! of this 

solution was further diluted to I OOml with the buffer media. The resulting solution 

(O.OOI%w/v) was scanned in SHIMADZU UV-VIS PharmSpec 1700 double beam 

spectrophotometer in a range of 200- 400nm within !.OOA - O.OOA, using the same buffer 

as blank control. Scan speed was maintained at 250nm /min. The scanning spectrum is 

given in Fig. 5.1 and Fig. 5.2. 

5.2.3 Calibration curve for Frusemide in USP Phosphate buffer- pH 6.8 and 7.4 

Accurately weighed 30mg of Frusemide was dissolved in 2ml methanol and the volume was 

made upto lOOm! with the Phosphate buffer (pH 6.8 and pH 7.4). This stock solution 

(0.3mg I ml) was filtered through 0.45J.1 filter paper and from the filtrate 0.16ml, 0.33ml, 

0.5ml, 0.66ml, 0.83ml and !.Om! were taken to six standard 25m! volumetric flasks so that 

the concentration of drug varies within a range of 0 to 12 Jlg I mi. The final volume was 

adjusted upto the graduation mark using the same buffer. The absorbance of these solutions 

were measured at 277.5nm, the wavelength of maximum absorption of Frusemide, in 

SHIMADZU UV-VIS PharmSpec 1700 double beam spectrophotometer, using same buffer 

media as blank control. The experiment was performed three times and the average values 

of the absorbance were plotted in Y-axis against the concentration in X-axis. The calibration 

data and its' corresponding curve are represented in the Table 5.2. 
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Figure 5.2 Scanning of l max of Frusemide in PBS at pH 7.4 
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Table 5.2 Absorbance data for the calibration curve of Frusemide in USP Phosphate 

buffer of pH 6.8 and 7.4 at 277.5nm 

SINo. Concentration (IJ.g I ml) Absorbance at 277.5 Absorbance at 277.5 

nrn in PBS, pH 6.8 nrn in PBS, pH 7.4 

I 0 0.000 0.000 

2 2 0.254 0.114 

3 4 0.330 0.253 

4 6 0.405 0.402 

5 8 0.532 0.536 

6 10 0.624 0.707 

7 12 0.683 0.859 

* n=3; PBS- Phosphate Buffer System 
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Calibration curve of Frusemide in USP 
Phosphate buffer pH 6.8 at 277.5nm 
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Figure 5.3 Calibration curve of Frusemide in USP PBS at pH 6.8 
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Figure 5.4 Calibration curve ofFrusemide in USP PBS at pH 7.4 

5.2.4 Assay of Frusemide5 

The supplied Frusemide powder drug received as a gift sample from Aventis 

Pharmaceuticals, Ankleshwar, was assayed as per Indian Pharmacopoeia 19965
• About 0.5 g 

of the drug powder was accurately weighed, dissolved in 40 ml of dimethylformamide and 

titrated with 0.1 M sodium hydroxide using bromothymol blue solution as indicator. A blank 

determination was performed with any necessary correction. Each ml of 0.2M sodium 

hydroxide is equivalent to 0.03307 g ofC12HuClN20sS. 

The assay result ofFrusemide was found to be 99.723%. The result was well within the IP 

standards of Frusemide powder i.e., Frusemide contains not less than 98.5 percent and not 

more than 101.0 percent of C12HuClN20sS calculated with reference to dried substance. 

Hence the drug sample was used for the entire experimental procedures. 

5.2.5 Determination of Solubility of frusemide in USP Phosphate buffer pH 6.8 and 

pH 7.4 at room temperature (28°C) 

Excess quantity of the drug was taken in a 50 ml volumetric flask and to it accurately 

measured 25 ml of USP Phosphate buffer (pH 6.8 and pH 7.4) was added, ensuring 

sufficient space in the flask for allowing easy shaking. The flasks were then shaken in a 
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mechanical shaker for 24 hour at 28° C. The solution was then filtered using Whatman filter 

paper. From the filtrate 5 ml aliquot was taken and diluted to 25 ml with the same buffer 

and analyzed in SHIMADZU UV-VIS PharmSpec 1700 double beam spectrophotometer at 

277.5nm. The resultant solubility was found to be 27.16mg/100 ml at pH 6.8 and 24.89 mg 

/100 rnl at pH 7 .4. 

5.2.6 Infrared Spectrum of the Drug- Frusemide6 

The drug frusemide was dispersed in 1:1 00 KBr ratios and analyzed in FTIR 

spectrophotometer (SHIMADZU FTIR- 8400S, JAPAN) over a range of 400- 4000 cm·1
. 

The IR spectrum as displayed in Figure: 5.5 were found to comply with that of official 

compendium. 
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Figure: - 5.5 Infrared Spectrum of Frusemide sample used 
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PROCESS VARIABLES AND PROCESS OPTIMIZATION 

6.1 Introduction 

To initiate a systematic and scientific approach in the designing and evaluation of calcium 

alginate · micropellets of Frusemide, employing ionotropic gelation technique, 

preformulation studies on the micropellets were conducted before the preparation of final 

set of formulations. In order to attain this, lot of process variables were investigated with an 

objective to produce pellets with greater sphericity, desired particle size and optimum 

rigidity. The following process parameters were investigated to achieve these objectives. 

The result obtained from these investigations were analyzed and optimized on the basis of 

best result relevant to our research work. 

6.2 Preparation of Frusemide loaded calcium alginate micropellets using ionotropic 

gelation technique1,2 

Mucilage of sodium alginate was prepared by soaking properly weighed quantity of alginate 

salt in I OOml distilled water and stirring at low speed in an electrical stirrer until 

homogenous mucilage was formed. To this release controlling copolymer, Acrycoat E30D 

was mixed in suitable proportions (0, 2 and 4 % w/w) and the entire mixture was stirred for 

30 min. The water insoluble drug, Frusernide was then mixed in small portions and 

dispersed uniformly in the polymer mixture for 15 minutes using electrical stirrer 

maintaining the speed at 500-600 rpm. The bubble free dispersions were pulled in a glass 

syringe and extruded through a hypodermic needle of size 17G (gauze) into a gently 

agitated lOOm! calcium chloride solution. During extrusion the height of the tip of the 

needle was maintained above the level of the solution, simply by graduating the beaker in 

terms of height, prior to the addition of the drug-polymer dispersion. Instantaneous gelation 

was observed with the formation of wet, heavy calcium alginate micropellets which 

gradually settles down at the bottom of the beaker. The gelled micropellets were cured or 

hardened by keeping them in contact with the calcium chloride solution. The white coloured 

micropellets were then filtered using filter paper and washed thoroughly with distilled water 

to ensure removal of any excess calcium ion adhered on the surface of the wet micropellets. 
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The filtered micropellets were kept in a petri dish on a dry filter paper and dried in open air, 

so as to soak free water from their surface . They are then dried in hot air oven for 6 hr at 

60°C until the wet micropellets got fully dried into non adhering micropellets. The #22 I.P. 

standard sieve size fractions of the pellets were used for further studies. 

6.3 The List of Process Variables Investigated for Optimization 

To optimize the process variables the following enlisted process parameters were 

investigated, recorded and optimized. 

1. Bore diameter of the needle - 170, 200, 220, 240 

2. Height of dropping the·dispersion in calcium chloride solution- lcm, 2cm, 3cm, 

4cm, Scm (difference in height between the tip of the needle and upper level of 

calcium chloride solution) 

3. Drying time and Drying temperature 

i) In Hot Air Oven-- 60°C for 2,4,6,8 hr; 90°C for 3hr; 120°C for 30 min 

ii) At Room Temperature (23-26°C) for overnight (> 12hr)- In Desiccators and Open 

Air 

4. Concentration of sodium alginate (Primary polymer) 

1%, 2%, 3%, 4%, 5% w/v 

5. Concentration of Calcium Chloride solutions (Counterion) 

0.5%, I%, 2%, 5%, I 0% w/v 

6. Curing or Hardening Time --(Contact time of the pellets with CaCh solution) 

Smin, IOmin, 15min, 20min, 30min 

7. Concentration of Drug loading - 30%, 45%, 60% w/w 

Copolymers used along with Sodium Alginate: 

8. Concentration of Acrycoat E30D 

9. Concentration of Acrycoat L30D 

1 O.Concentration of Acrycoat 8100 

-1%,2%,4% w/w 

-1%,2%,4% w/w 

-I%, 2%,4% w/w 

ll.Concentration ofMethocel K-15M (HPMC)- I%, 2%, 4% w/w 

12.Concentration of Surelease (Ethyl cellulose)- I%, 2%, 4% w/w 
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6.3.1 Effect of the Bore Diameter of the needle 

# Methodology - Sodium alginate, the primary polymer in the formulation is a 

mucilaginous substance which enhances in viscosity with the increase in concentration. The 

secondary polymers are all viscosity enhancers themselves by their inherent prop~rties. 

Keeping this fact in mind the investigator went for optimization of the needle size as the 

first and foremost step before proceeding further. For this mucilage of sodium alginate of 

various concentrations (1 - 5% w/v) in water were prepared which were then extruded into 

calcium alginate solutions using different needles of sizes 17G, 20G, 22G, 24G (G- Gauze). 

The wet micropellets formed were filtered and dried in oven at 60°C for 6hr. Two things 

came out from this experimentation, firstly, finding the ease of extrusion from different 

needles and, secondly, estimating the effect of different needle size on the diameter of the 

pellets produced. 

# Observation - On primary investigation it was found that 24G needle (lowest bore 

diameter) though giving pellets of minimum size yet poses strong resistance during 

extrusion of mucilage containing 3% w/v and above of sodium alginate. In the next step, 

along with the mucilage of primary polymer the copolymers were mixed at their highest 

concentration (4% w/w) and the effect on extrusion was reassessed. ,The combination of 

maximum concentrations (4%) of two polymers has been able to be extruded only from the 

17G needle. 

# Inference - Though a compromised decision had to be made with the resultant pellet 

diameter, but to avoid any problem during the entire study regarding extrusion of colloidal 

polymer mixture from the needle, 17G needle had been optimized for the entire work. 

6.3.2 Effect of Height of dropping the drug-polymer dispersion from the needle in 

respect to the top level of the counterion·solution 

# Methodology - Height of dropping the colloidal dispersion of drug-polymer combination 

in calcium chloride solution can be defmed as the difference in height between the tip of the 

needle and upper level of calcium chloride solution. The investigator optimized this variable 

on the basis of the effect on particle size and shape generated by changing height of 

dropping. Distance oflcm, 2cm, 3cm, 4cm and Scm were tried as different heights. 
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# Observ:~~tions -

I em - Droplets got spread on the surface of the counterion solution forming incomplete 

micropellets. 

2 em & 3 em - Droplets were more spherical producing regular discoid shaped free flowing 

micropellets on drying. (Figure 6.1) 

4 em & 5 em - Formation of long tailed droplets with rounded on one side and having a 
' 

conical ending at the other. The shape remained so even after drying. 

# Inference - From overall observations it was found that with the increase in height the 

wet micropellets formed in the calcium chloride solution contains a tail which retained after 

drying. ,With low height micropellets were shapeless. Hence for further study, 2 em height 

of the tip of the needle from the level of solution was adjusted using graduation on the 

beaker and was optimized for the entire work. 

6.3.3 Effect of Drying time and Drying temperatnre 

# Methodology - Wet micropellets obtained by ionotropic gelation, using 2% w/v of 

sodium alginate and I% w/v of calcium chloride and keeping height of dropping at 2 em 

and needle size 17G as constant, the effect of drying temperature and drying time on the 

shape and size of dry micropellets were investigated. The main objective of this study was 

to optimize the drying condition which can retain the physicochemical stability of the drug 

and the polymers, consumes less time and energy and does produce micropellets completely 

free from any entrapped moisture. To achieve this goal the micropellets were kept in Hot 

Air Oven at 60°C for 2, 4, 6 and 8 hr. Further three different conditions were studied, 

namely, 60°C for 6hr; 90°C for 3hr; and 120°C for 30 min, the wet gelled micropellets were 

also kept at Room Temperature (23°C -26°C) for overnight(> 12hr), in Desiccators and in 

Open Air. 

# Observations - At 60°C for 2 and 4 hours the pellets obtained, on visual inspection, were 

found to be soft, palpable lacking firmness in shape showing signs of incomplete drying. 

Increasing the time of drying to 6 and 8 hours produced free flowing dried micropellets with 

negligible moisture content as confirmed by using I.R.Moisture balance (Chapter 8). Since 

there was no significant difference in moisture content with 6 and 8 hours of study, 6 hours 

of drying time was selected for further process variables. 

From the study of three different conditions of drying, namely, 60°C for 6hr; 90°C for 3hr; 

and 120°C for 30 min, pellets obtained from drying at higher temperatures were found to 
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char, especially at the point of contact of the micropellets with the filter paper. High 

temperature conditions does not reduce more amount of moisture compared to 60°C for 6hr. 

Over and above they have got a potential risk of thermal degradation of the drug. Hence, 

among the different thermal conditions in hot air oven 60°C for 6hr was selected to be the 

best condition giving optimal drying. A comparative study was also performed with thermal 

and non thermal methods. For this, samples obtained from drying at 60°C for 6hr were 

compared with their moisture content and final shape with the samples kept at room 

temperature (23°C -26°C) for overnight(> 12hr) in desiccators and also in open air. Shape 

wise samples kept at room temperature were more spherical but on comparing the moisture 

content in I.R. balance thermal method was found to score much higher with respect to the 

non thermal methods. 

# Inference - Thermal condition 60°C for 6hr was optimized as drying condition for· the 

entire research work and the dried samples obtained were stored in room temperature in a 

dessicator. 

6.3.4 Effect of the variation in concentration of sodium alginate 

# Methodology - Frusemide loaded micropellets of calcium alginate were prepared by 
-

varying the concentration of sodium alginate in order to optimize the concentration which 

gave desired result. For the study 1.0% - 5.0% w/v of sodium alginate were used keeping 

the drug load constant at 30%w/w, calcium chloride concentration at I % w/v, height of 

dropping at 2cm, needle size of 17G, drying condition as 60°C for 6hr in hot air oven and 

stirring time and speed as 30 min and 500 rpm respectively. Curing time in calcium chloride 

solution was kept at 15 min. 

Table- 6.1 Effect of the variation in the concentration of Sodium alginate on the 
physical characterization of the Calcium alginate micropellets 

Formulation Cone. of Mean Drug tso (min) Disintegration 
Code Sodium Diameter Entrapment time (min) 

alginate (f.tm) Efficiency 
(% w/v) (%)(DEE) 

SAl I 502.78 95.71 24 17 
SA2 2 588.45 95.87 31 23 
SA3 3 621.26 97.66 36 32 
SA4 4 844.63 98.27 43 41 
SA5 5 888.92 99.07 44 56 
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Table- 6.2 In vitro drug release data of 30% w/w Frusemide loaded pellets 
prepared by using different concentration of Sodium alginate 

TIME(min) 
5 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
120 
150 

. % Cumulative Release 
SAl SA2 SA3 
1236 10.26 8.85 
25.24 21.35 16.42 
32.21 29.88 28.92 
45.67 39.58 36.77 
60.82 48.68 45.22 
80.23 59.34 56.61 
90.42 71.21 69.31 
100.16 83.52 78.49 

91.25 86.28 
95.74 92.39 
100.39 97.46 
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Figure: 6.2 In-vitro drug release profile of micropellets prepared with variation in the 

concentration of sodium alginate 

# Observations - From the Table 6. 1, 6.2 and the Figure 6.2 it is evident that as the 

concentration of the polymer increases, the release of the drug from the micropellets got 

decreased. The release retarding effect of 4 and 5 % w/v of sodium alginate (SA4 and SA5) 

were more or less similar as also their t5o were very close. The release of the drug was 

extended by one hour just by increasing the concentration of sodium alginate from 1 to 3 % 

w/v (SA 1 & SA3). Regarding disintegration time SA5 recorded maximum time for 
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disintegration which may be attributed to the fact that at higher concentration alginate forms 

a dense network which slows the penetration of dissolving medium, thus enhancing both 

disintegration and dissolution time. Considering the works on diffusion behavior of the 

micropellets by T. Y otsuyanagi3 et a/; when gelled micropellets are used as a drug delivery 

system the diffusion coefficient become smaller as polymer concentration increases. The 

results obtained comply with the earlier findings. Same reason can be put forward for the 

results in entrapment efficiency. Particle size varied from 500- 900 1-1m well within a range 

to be termed as micropellets. For obvious reasons the increase in concentration of the 

polymer increased the total mass, resulting in bigger particle. From the Figure 6.3, the 

formulations SA2 and SA4 were found to sh9w more spherical particle with smooth surface 

topography. 

# Inference - For further process optimization studies the investigator selected 2% w/v 

concentration of sodium alginate as constant. During final set of formulations, the primary 

polymer sodium alginate was again varied in three different concentrations (1, 2 and 4% 

w/v) along with the optimized copolymer using 32 factorial analyses. · 

6.3.5 Effect of the variation in concentration of calcium chloride4 

# Methodology - Frusemide loaded micropellets of calcium alginate were prepared by 

varying the concentration of calcium chloride, acting as counter ion to sodium alginate, and 

to study the effect of this variation in order to optimize the concentration. In the study, 

0.5%, 1%, 2%, 5% and 10% w/v of calcium chloride solution were used keeping drug load 

constant at 30%w/w, sodium alginate concentration at 2% w/v, height of dropping at 2cm, 

needle size of 170, drying condition as 60°C for 6hr in hot air oven and stirring time and 

speed as 30 min and 500 rpm respectively. Curing time in calcium chloride solution was 

kept at 15 min. The resultant micropellets were physically characterized. 
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Table 6.3 Effect of the variation in the Concentration of Calcium chloride on the 
physical characterization of the Calcium alginate micro pellets. 

Formulation Cone. of Mean Drug tso (min) Disintegration 
Code CaCh Diameter Entrapment time (min) 

(%w/v) (!lm) Efficiency 
(%)(DEE) 

C-0.5 0.5 623.42 90.99 22 21 
C-1 1.0 588.45 95.87 31 23 
C-2 2.0 578.25 96.63 32 25 
C-5 5.0 523.95 98.13 33 30 
C-10 10.0 521.26 98.61 35 32 

Table 6.4 Weight loss and contraction of the alginate micro pellets with the variation 
in concentration of Calcium chloride 

Cone. of CaCh (% w/v) Weight offully cured 10 micropellets 
- (m~) 

0.5 ' 160.2 
1.0 159.1 
2.0 158.6 
5.0 153.7, 
10.0 142.8 

Table- 6.5 In- vitro drug release data of30% w/w Frusemide loaded micropellets 
prepared using different concentration of Calcium chloride solutions 

% Cumulative Release 
TIME(min) C-0.5 C-1 C-2 C-5* C-10* 

5 17.85 10.26 9.62 5.36 4.26 
10 28.32 21.35 20.51 9.85 9.11 
15 36.39 29.88 25.38 17.56 16.73 
20 47.56 39.58 36.19 25.81 23.98 
25 56.49 44.94 43.28 36.22 35.85 
30 66.42 48.68 48.08 47.41 45.14 
35 72.93 56.32 55.36 53.73 50.21 
40 81.26 59.34 58.66 57.46 56.08 
45 89.48 67.65 65.28 64.56 63.39 
50 96.35 71.21 70.84 69.47 68.29 
60 100.23 83.52 82.52 77.85 76.59 
70 91.25 88.55 83.92 83.03 
80 95.74 94.54 90.69 89.37 
90 100.39 100.61 99.43 98.54 

'* ' mdiCates ( p < 0.05), n=3 
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# Observations - Morphologically, pellets formed from low concentration of calcium 

chloride were flaky in nature. With the increase in the concen tration of the counterion from 

1% w/v and above the peUets got a discoid shape rather than being sphetical and were rigid 

in nature (Figure 6.4). As reported by T.Yotsuyanagi3 et al, with the increase in the 

concentration of the counterion produces more dehydration of the alginate molecule due to 

osmotic effect of the chloride salt. This leads to contraction of the wet micropellets and 

finally leading to the formation of smaller dry pellets. The result obtained as shown in Table 

6 .3 complies with the reported literature. It is further supported by the weight loss study 

presented in Table 6.4, where clear losses in weight of the micropellets are evident owing to 

more dehydration. Regarding drug entrapment, from Table 6.3, it is seen that again higher 

the concentration of counterion more the value of entrapment effi ciency. However, 5% and 

I 0% concentration did not have much difference in this regard. The results give a similar 

trend for disintegration time and dissolution profile. It can be inferred that as the 

concentration of sodium alginate was kept constant in all the formulations, the concentration 

of the associate calcium ion can be expected to remain same which implies that there will 

not be any appreciable change in the time of di sintegration with the variation of calcium 

chloride concentration. Since the drug release depends on swelling and disintegration, the 

trend is also followed in the pattern of dissolution (Figure 6.5). 

# Inference - From the data obtained as above, the investigator selected and optimized 5% 

w/v of calcium chloride solution as the fixed parameter for the final set of formulations 

since it has no significant difference with that of I 0% w/v formulations, considering all the 

characterization data. 
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6.3.6 Effect of the Curing time of micro pellets in Calcium chloride solution4 

# Methodology - Calcium alginate micropellets loaded with Frusemide were prepared by 

varying the curing or hardening tiine of the wet micropellets inside calcium chloride 

solution and to study the effect of this variation in order to optimize the curing time for the 

final set of formulations. Curing time can be defined as the time of contact of the sodium 

alginate micropellets with calcium chloride solution. This time was allowed to complete the 

ionotropic gelation process where sodium ion gets replaced by calcium ion making the 

resultant micropellets more rigid. This time factor must have some effect on the sphericity, 

size and release profile of the micropellets .Hence for this study, curing time was varied 

from 5,10,15,20 and 30 min in 5% w/v of calcium chloride solution with drug load constant 

at 30%w/w, sodium alginate concentration at 2% w/v, height of dropping at 2cm, needle 

size of 17G, drying condition as 60°C for 6hr in hot air oven and stirring time and speed as 

30 min and 500 rpm respectively. The resultant micropellets were physically characterized. 

Table 6.6 Effect of the variation in the Curing time on the physical characterization 
. of the Frusemide loaded Calcium alginate micro pellets. 

Formulation Curing Mean Drug tso (min) Disintegration 
Code Time Diameter Entrapment time (min) 

(min) (~m) Efficiency 
(%)(DEE) 

H-5 5 652.25 95.71 23 20 
H-10 10 649.56 97.49 26 22 
H-15 15 588.45 95.87 31 23 
H-20 20 573.42 98.27 36 29 
H-30 30 523.95 99.07 39 30 

Table 6.7 Weight loss and contraction of the alginate micropellets with variation in 
Curing time 

Curing Time (min) Weight offully cured 10 micropellets 
(mg) 

5 152.2 
10 148.3 
15 146.6 
20 141.5 
30 137.9 
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Table 6.8 In- vitro release data of 30 % w/w Frusemide loaded micropellets 
prepared with different Curing time in Calcium chloride solution 

% Cumulative R elease 
TIME (min) H-5 H-10 H-15 H-20 

'~ ' 

5 16. 17 10.4 1 10.26 8.02 
10 26.58 2 1.27 2 !.35 15.95 
15 35.28 3 1.33 29.88 24. 13 
20 45.49 42.23 39.58 37 .58 
30 58.45 54.72 48.68 44.29 
40 7 1.46 78.2 1 59.34 56.98 
so 84. 13 94.56 7 !.21 66.38 
60 95.36 97.65 83.52 75.49 
70 100.3 ! 100.5 9 !.25 82.19 
80 95.26 9 1.37 
90 100.39 97.46 

tndtcates ( p < 0.05), n==3 
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Figure: 6.6 In-vitro drug release profile of micropellets with variation in the curing 

time. 

#Observations - The curi ng or the hardening time of wet gelled alginate micropellets in the 

countetion solution was assumed to have an important role to play in characterization of the 

dri ed mi cropellets. Hence, the investigator can·ied out a study by varying curing time from 5 

to 30 minutes keeping all other parameters constant. Signifi cant effect on the size and 

morphological properties of the pellets were observed. With low curing time (5, 10 min) the 

pellets obtained after drying were found to be flaky and of unde fined shape (Figure 6.7). 

With the increase in the cLuing time over 15 minutes the pellets were found to have a 
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regular discoid shape. From the micromeretic data (Table 6.6), it has been proved that sizes 

of the pellets are inversely related with the curing time. From the Table 6.7, this 

phenomenon can be explained as, with more contact time more influx ofcalcium ion occurs 

in the wet micropellets increasing the. mass and squeezing out water from the gelled matrix. 

As a result there is a gross reduction in the particle diameter before and after drying. 

Though, time of contact has got an effect on size and morphology it has found not to 

influence much on the drug entrapment efficiency, disintegration time and dissolution 

pattern of the drug from the dried pellets. It lias been reported in literatures4 that 

rearrangement occurs in the calcium alginate molecule with prolongation of curing time. As 

the gelling in the counterion solution was instantaneous, the investigator limited the 

variation in curing time upto 30 minutes so as to make it a fast, practical and reproducible 

process industrially. 

#Inference - From .all the primary data obtained from the results 30 minutes was optimized 

by the investigator as the curing time during the preparation of final set of formulations 

6.3. 7 Effect of the Concentration of Drug loading on Calcium alginate micropellets5•
6 

Frusemide loaded micropellets of calcium alginate were prepared by varying the drug 

loading and the effect of this variation was studied in order to optimize the drug 

concentration. In the study, 30%, 45%, 60% w/w of drug load were used keeping calcium 

chloride solution constant at 5%w/v, sodium alginate concentration at 2% w/v, height of 

dropping at 2cm, needle size of 17G, drying condition as 60°C for 6hr in hot air oven and 

stirring time and speed as 30 min and 500 rpm respectively. Curing time in calcium chloride 

solution was kept at 15 min. The resultant micropellets were physically characterized. 

Table 6.9 Effect of the variation in Drug loading on the physical characterization of 
the Frusemide loaded Calcium alginate micropellets. 

Formulation Cone. of Mean Drug tso (min) Disintegration 
Code Sodium Diameter Entrapment time (min) 

alginate (Jlm) Efficiency 
J%w/w) (%)(DEE) 

D-30 30 588.45 95.87 31 23 
D-45 45 742.31 97.25 55 30 
D-60 60 868.52 96.66 59 32 
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Table 6.10 In- vitro drug release data of Frusemide loaded micro pellets prepared 
with different Drug Loading Concentration. 

% Cumulative Release 
TIME (min) D-30 D-45 

I 
I 

5 10.26 7. 18 
10 21.35 18.05 
15 29.88 26.95 
20 39.58 37.52 
30 48.68 43.85 
40 59.34 56.8 1 
50 71.21 68.95 
60 83.52 78.88 
70 9 1.25 84.56 
80 95.74 89.85 
90 100.39 94.58 
120 97.46 
150 100.42 
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Figure: 6.8 In-vitro drug release profiles of rnicropellets with variation in the drug 

loading concentration. 

# Observations - From tbe Figure 6.9, it appears that with the increase in the drug loading, 

more spherical, white and smooth micropellets resulted, producing harder and dense matrix. 

S'mce the viscosity of drug-polymer dispersion increased with the increase in drug loading, 

the ..siu of the particle formed after drying also showed similar trend. Drug load did not 

have much significant effect on the drug entrapment efficiency factor, but it had noticeable 

effect on the dissolution behavior of the micropellets. The Figure 6 .8 displays the fact that 

as drug load increases, the release of the drug decreases. 
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# Inference - At higher drug load concentration, the number of drug particles per unit 

weight of the calcium alginate micropellets is greater. With higher load the viscosity of the 

drug-polymer dispersion increased With the formation of hard and dense matrix which 

hinders penetration of dissolving medium in to the pellets. This delays the time of 

disintegration and also sustains the release of the drug from the dried drug-polymer matrix. 

But since the aim of the research work was to formulate a product with two polymers that 

can sustain the release of the drug more than 8 hours, further experiments were done 

keeping the drug load concentration minimum at 30% w/w. 

6.3.8 Effect of Copolymers along with Sodium Alginate 

Sodium alginate was the primary polymer in the formulation of the frusemide loaded 

calcium alginate micropellets. Different copolymers were tried along with it in order to 

achieve the following benefits : 

1. Better penetration of the dissolution medium in to the rnicropellets. 

2. Improved and controlled swelling. 

3. More prolonged and sustained effect on the drug release. 

The following copolymers 7•
8 were studied in the preformulation stage in order to optimize 

the best polymer. Ethyl cellulose, hydroxy propyl methyl cellulose, aqueous dispersion of 

acrylic polymers (Acrycoat E30D, Acrycoat L30D and Acrycoat SIOO). The common 

property among all the polymers selected for preformulation study is their solubility in 

water. As the ionotropic gelation method employed throughout the study is completely done 

in organic solvent free aqueous environment, the polymers were selected solely on the basis 

of very high water solubility. Each of the five polymers were varied in concentration (1 %, 

2%, 4% w/w) and were incorporated in the mucilage of sodium alginate before the addition 

of the drug in the dispersion, as per the method described in Section 6.1. The resultant 

micropellets were physically characterized. On the basis of the best result obtained, 

especially in reducing the dissolution time of the drug, the optimization of copolymer was 

done for the final set of formulations. 
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6.3.8.1 Effect of Acrycoat E30D on calcium alginate micropellets 

Table-6.11 Effect of the variation in the concentration of Acrycoat E30D on the 
physical characterization of the Calcium alginate micropellets. 

Formulation Cone. of Mean Drug tso (min) 
Code Acrycoat E30D Diameter Entrapment 

(% w/w) (f.,tm) Efficiency 
(%)(DEE) 

E l 1 608 .16 ± 0.59 94.48 ± 0.48 272 
E2 2 760.89 ± 0.51 93.44 ± 0.56 290 
E4 4 782.78 ± 0.36 91.23 ± 0.68 341 

Table- 6.12 In- vitro drug release data of 30 % w/w Frusemide loaded micropellets 
prepared with different concentration of Acrycoat E30D. 

Time (hr) % Cumulative Release 
E1 E2 

05 0 .23 0.02 
1 7.41 6.98 
2 17.98 17.32 
3 28.76 27.8 
4 36.99 35.7 
5 53.9 51.3 
6 69.% 67.96 
7 77.99 75.88 
8 90.9 85.06 
9 %.59 96.82 

- - -----·- --
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Figure: 6.10 In-ritro drug release profiles of micropellets prepared with Acrycoat 
E36D as copolymer 
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6.3.8.2 E ffect of Acrycoat L30D on calcium a lgina te micropellets 

Table- 6.13 E ffect of the variation in the concentration of Acrycoat L30D on the 
physical cha racterization of the Calcium a lginate micropellets 

Formulat ion Cone. of Mean Diameter Drug t so (min) 
Code Acrycoat (1-!m) Entrapment 

L 30D Efficiency 
(% w/w) (% )(DEE) 

L1 1 547 .29 ± 0.54 99.22 ± 0.43 92 
L2 2 6 13.58 ± 0.72 98.56 ± 0 .43 153 
L4 4 704.26 ± 0.22 97.68 ± 0.43 267 

Table- 6.14 In- vitro drug release data of 30% w/w F rusemide loaded pellets 
prepared with different concentration of Acrycoat L30D. 

% Cumulative Release 
T IME (hr) L 1 L2 L4 

0.5 19.21 10. 11 6.23 
1 40. 13 19.22 13.46 
2 62.36 39.25 19.49 
3 83.56 60.4 1 33.32 
4 93.54 76.3 1 44.15 
5 101.02 89.05 60.27 
6 99.59 84.39 
7 98.78 

EFFECT OF ACRYCOAT L30D POLYMER 

120 . 

100 

I 8 0 . 

-L1 
~ 6 0 . -- L2 

~ 
L4 

40 

0" 
20 . 

0 
0 .5 2 3 4 5 6 7 8 9 

T IME(hr) 

F igure: 6.11 In-vitro drug release profiles of micropellets prepared with Acrycoat 

L30D as copolymer 
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6.3.8.3 Effect of Acrycoat SlOO on calcium a lginate micropellets 

Table- 6.15 Effect of the variation in the concentration of Acrycoat SlOO on the 
physical characterization of the Calcium alginate micropellets. 

Formulation Cone. of Mean Diameter Drug tso (min) 
Code Acrycoat (J.tm) Entrapment 

SlOO Efficiency 
(% w/w) (%)(DEE) 

Sl I 594.57 ± 0.43 9 1.22 ± 0.34 119 
S2 2 678.32 ± 0.56 86.09 ± 0.85 181 
S4 4 767.25 ± 0.31 83.58 ± 0.91 278 

Table- 6.16 In- vitro drug release data of 30% w/w Frusemide loaded pellets prepared 
with different concentration of Acrycoat SlOO. 

TIME (hr) 
0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 

r----

1 20 

100 

~ 80 

I 60 

40 

• 
20 

0 

% Cumulative Release 
Sl S2 

16.2 1 5.82 
37.66 13.78 
50.71 32.1 5 
76.58 49.29 
88.37 79.88 
100.05 87.11 

94.64 
101.04 

EFFECT OF ACRYCOAT S1 00 POLYMER 

0 .5 2 3 4 5 6 7 8 9 

TIME (hr) 

S4 
3.63 
8.37 
19.16 
26.84 
42.93 
59.61 
75.87 
88.61 
95.79 
101.37 

,_s, 
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Figure: 6.12 In-vitro drug release profiles of micropellets prepared with Acrycoat 

SlOO as copolymer 
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6.3.8.4 Effect of Methocel K15M (HPMC) on calcium a lginate micropellets 

Table- 6.17 Effect of the variation in the concentration of Methocel K15M (HPMC) 
on the physical characterization of the Calcium alginate micropellets. 

Formulation Cone. of Mean Diameter Drug tso (min) 
Code Methocel (J.tm) Entrapment 

K15M Efficiency 
(% w/w) (%)(DEE) 

HI 1 589.25 ± 0.62 82.43 ± 0.74 117 
H2 2 667.58 ± 0.56 83.74 ± 0.8 1 120 
H4 4 759.26 ± 0.42 89.32 ± 0.91 129 

Table- 6.18 In- vitro drug release data of 30% w/w Frusemide loaded pellets 
prepared with different concentration of Methocel K15M (HPMC) 

o/o Cumulative Release 
TIME (hr) H1 H2 

0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 

~ ; 
0 

14.62 11.81 
29.37 26.47 
52.24 50.39 
69.1 8 67.71 
78.45 76.56 
87.23 84. 12 
92.97 90.34 
97.78 93.41 
99. 13 96.34 
99.94 97.89 

INVITRO ZERO ORDER RELEASE PROFILE OF 
H PMC R E TAR DED ALG INATE MICROPELLETS 

1 2 0 

1 00 

80 -

60 

40 -

20 

0 -
0.5 2 3 4 5 6 7 8 9 

TIM E (hr) 

H4 
10.93 
22.83 
48.76 
64.82 
72.67 
80.3 1 
88.66 
91. 12 
93.46 
95 .68 
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F igure: 6.13 In-vitro drug release profiles of micropellets prepared with Methocel 

KlSM (HPMC) as copolymer 
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6.3.8.5 Effect of Surelease (Ethyl cellulose) on calcium alginate micropellets 

Table- 6.19 Effect of the variation in the concentration of Surelease (Ethyl cellulose) 
on the physical characterization of the Calcium alginate micropellets. 

Formulation Cone. of Mean Diameter Drug tso (min) 
Code Surelease (IJ.m) Entrapment 

(% w/w) Efficiency 
(%)(DEE) 

SRI 1 601.69 + 0.68 77.21 ±0.77 158 
SR2 2 728. 14 ± 0.48 80.91 ± 0.68 187 
SR4 4 776.19 ± 0.41 84.76 ± 0.59 316 

Table- 6.20 In- vitro drug release data of 30 % w/w Frusemide loaded pellets prepared 
with different concentration of Surelease (Ethyl cellulose) 

TIME (hr) 
0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 20 

~ 
100 

80 

I 60 

4 0 

20 Cl' 

0 

% Cumulative Release 
SRl SR2 
6.72 5.75 
17.48 14.89 
35.18 29.47 
58.08 48.91 

- 77.66 61.84 
86.41 73.35 
92.51 80.93 
96.32 86.58 
98.08 91.42 
99.39 97.57 

INVITRO ZERO ORDER RELEAS E PROFILE OF 
SURELEASE RETARDED ALGINATE 

MICROPE LLETS 

0 .5 2 3 4 5 6 7 8 9 

T IM E (hr ) 

SR4 
3.13 
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40.78 
48.67 
60.07 
73.12 
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92.68 

-sA, 
- s R 2 
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Figure: 6.14 In-vitro drug release profiles of micropellets prepared with Surelease 

(Ethyl cellulose) as copolymer 
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Table 6.21 Comparative study of the release kinetics in Zero order and Higuchi 

model for the formulations prepared using different polymers. 

Formulation Composition 
Code (%w/w) Zero order Higuchi SORT 

Ko RI KH RI 

El Acrycoat E30D-l% 9.3247 0.9477 25.479 0.7939 

E2 Acrycoat E30D-2% 9.0388 0.9463 23.909 0.7857 

E4 Acrycoat E30D-4% 7.9428 0.8407 20.151 0.6492 

Ll Acrycoat L30D-1% 18.622 0.9519 44.784 0.9558 

L2 Acrycoat L30D-2% 14.435 0.9776 35.857 0.8773 

L4 Acrycoat L30D-4% 10.727 0.9123 27.225 0.7444 
Sl Acrycoat S 100- 1% 17.496 0.9844 38.485 0.9329 
S2 Acrycoat S 100- 2% 13.333 0.9438 30.280 0.8428 
S4 Acrycoat SlOO- 4% 10.061 0.9467 23.862 0.7944 
Hl HPMC-1% 12.331 0.7806 29.928 0.9531 
H2 HPMC-2% 11.948 0.7971 29.432 0.9464 
H4 HPMC-4% 11.571 0.8841 30.356 0.9452 
SRI Sure! ease- 1% 11.899 0.8853 26.781 0;9057 
SR2 Surelease- 2% 10.718 0.9576 25.102 0.9131 
SR4 Surelease- 4% 08.883 0.9746 21.482 0.8386 

*Ko , KH - Release Rate Constants for Zero Order and Higuchi release Kinetic Model 
respectively 

*R2
- Correlation coefficient. 

6.4 Determination of stability of the micropellets _prepared using copolymers 

# Methodology - The formulations showing the best performance, with respect to in vitro 

drug release, from each polymer composition were stored at 4°C, room temperature and 

45°C for a month. Every week samples were withdrawn and were assayed 

spectrophotometrically at 277.5 nm using Phosphate buffer (pH 6.8) as blank. 

TABLE- 6.22 Accelerated stability studies of frusemide micro pellets prepared with 
different copolymers -

TIME S4 u E4 SR4 H4 

(Week) 4•c RT 45°C 4•c RT 4s•c 4°C RT .4s•c 4•C RT 4s•c 4•c RT 

0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

1 9&.36 9&.23 &7.39 9&.2& 9&.83 97.75 86.41 97.31 84.39 99.16 97.98 87.47 99.18 98.52 

2 97.38 96.29 82.54 96.93 95.97 96.13 85.13 96.62 8!.11 96.79 96.61 85.18 97.57 96.93 

3 94.85 94.36 77.33 93.11 94.33 95.07 84.21 94.26 78.44 94.82 94.21 83.84 96.62 95.89 

4 90.52 91.72 75.94 91.37 93.78 93.89 83.37 92.57 76.41 91.39 92.22 80.71 95.09 95.37 

RT·-- ROOM TEMPERATURE 

116 

45°C 

100 

89.2& 

88.42 

86.74 

85.33 



# Inference - The results of the stability studies are tabulated in (Table 6.22). From the data 

it can be concluded that the micropellets containing copolymers at their highest 

concentration are comfortably stable at low (4°C) and room temperature but has a tendency 

to degrade at higher temperature above 45°C. 

6.5 Determination of the Dissolution behavior of Marketed Conventional Frusemide 

Tablet (Lasix 40mg) 

# Methodology - In absence of any sustained release marketed preparation of frusemide 

tablets, the most highly prescribed brand LasixR ( 40 mg) was tested for its dissolution 

behavior and compared with that of our primary products. The tablet was kept in USP 

Paddle II type dissolution rate test apparatus with USP phosphate buffer pH 6.8 as the 

dissolution media and stirring speed was maintained at I 00 rpm. 

Table 6.23 In vitro release of free drug from Conventional Frusemide tablet 
(Lasix 40mg) 

I_ 

120 
100 
so 
60 
40 
20 

0 

TIME(min) % Cumulative Release 
5 23.35 
10 46.28 
15 56.39 
20 64.82 
25 73.02 
30 82.56 
35 91.12 
40 97.45 
50 99.28 

IN VITRO RaEASE OF FRUSBI'IIDE FROM CONVENTIONAL TABLET (40 m g) 

5 10 15 20 25 30 35 40 50 

TIME(mln) 

- ---~---~------------~_:_ ____ _j 

Figure: 6.16 In-vitro release profiles offree drug from conventional tablet of 

Frusemide (Lasix 40mg) 
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#Inference- Nearly 100% of the drug wa5 released from Lasix tablet within 50 minutes, 

whereas the researched product was successful in sustaining the release upto 9 hours. The 

dissolution data of the conventional tablet is shown in Table 6.23 and Figure 6.16. 

6.6 Discussion 

The gelled particles were cured to sufficiently hard micropellets and were then filtered and 

dried. The colloidal polymer particles fused into the polymer matrix during drying with the 

drug being dispersed in the latex. The micropellets thus formed using different polymers did 

show significant results on evaluation. 

The size of the micropellets ranged between 600 1-1m to 800 I-LID and increased significantly 

with the concentration of the copolymers. Smaller particle could be prepared by adjusting 

the height of the syringe from the level of counterion solution, compression force on the 

plunger of the syringe. The average particle size was on the highest side with Acrycoat 

polymers followed by Surelease. The particle size distribution was uniform and narrow. It 

could be estimated that with further increment in the copolymer concentration the particles 

would ch~ge from micro to granular level. 

The scanning electron micrograph (Figure 6.15) shows the pellets being discoid in shape. 

As evidenced from SEM studies, surface depression was noticed at the point of contact on 

the drying paper. On comparison of the pellets prepared from the copolymers in highest 

concentration, it was evident from the photograph that more roughness of the pellet surface 

with Acrycoat E30D copolymers was achieved among all. Acrycoat L30D resulted in the 

smoothest surfaced particle. It can be concluded that the roughness is due to the density of 

the matrix, which in tum justifies its sustained.release. The dense network of drug-polymer

copolymer increases the tortuisity, as evident from (Figure 6.15 F & G), thus delaying the 

release of the drug and retarding the penetration of water required to make the pellets swell 

for disintegration. The micrograph of the· blank pellets (Figure 6.1) act as a control and 

suggests that increase in total weight of the pellets makes it more spherical. 

Significantly high entrapment efficiency of drug with Acrycoat based formulations confirms 

it being more rigid compared to the cellulose based polymers. Among the Acrylic polymers 

micropellets with Acrycoat L30D showed the best entrapment efficiency. 

As described during the discussion on the photomicrograph, the Acrycoat based 

formulations showed highest disintegration time which may be due to its stronger latex 

network structure. For all the copolymers the time of disintegration of the micropellets was 
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above 1 hour. The micropellets being less porous, delays the penetration of water needed for 

swelling and eventual disintegration. No disintegration was observed in O.IN HCl, even 

when the samples were kept for overnight in the medium confirming with the fact that all 

the polymers investigated are insoluble in gastric pH and soluble only above pH 5.5. The 

ionic character of the polysaccharide alginate also resulted in pH dependant disintegration 

of the micropellets. Acrycoat E30D consists of neutral copolymers of ethyl acrylate methyl 

methacrylate esters that are insoluble over the entire physiological pH range. It is thus 

suitable for the development of pH independent modified-release oral dosage forms, 

provided that the solubility of the drug is pH independent. The other two acrylic polymers 

showed pH dependent release. 

The in vitro drug release data of all the formulations were fitted in Zero order and Higuchi 

matrix model (Table 6.21) and the rate constants and correlation coefficient were compared 

to get a trend in the release pattern of the drug from the formulations. From the result it is 

evident that the batches with Acrycoat polymers and Surelease (SRI-SR4) predominantly 

showed zero-order release whereas micropellets prepared with· Methocel K!SM (HI, H2 

and H4) followed Higuchi matrix model. All the batches sustained the release of the drug 

for more than 8 hours as compared with the conventional tablet dosage form (Figure 6.16) 

except for the formulations of L30D and S I 00, where the release varied, depending on their 

concentrations, within a range of 5-8 hours. Predominantly the drug released by passive 

diffusion technique. On releasing the drug leaves behind pores or channels, through which 

diffusion of the drug present in the inner matrix of the micropellets occurred. Due ·to 

presence of loose drug on the surface of the micropellets the in vitro release profile obtained 

indicated a biphasic pattern i.e. initial fast release followed by a sustained pattern. Batches 

from Acrycoat E30D showed more prolonged action as evident from its tso values when 

compared with other polymers. Increase in the polymer concentration increased the 

crosslink density thereby creating barrier for drug diffusion. When studied for stability at 

4°C, room temperature (RT) and 45°C for a month (Table 6.22), the drug was found to be 

stable at 4 oc and RT for all the formulations but showed gradual degradation at high 

temperatures. 

Sustained release micropellets containing water insoluble drug were successfully prepared 

employing ionotropic gelation technique entirely avoiding the use of organic solvents. Apart 

from the natural water soluble polymer sodium alginate, the use of copolymer further 

prolongs the release of the drug. Both water soluble and water insoluble copolymers were 

tested and among them acrylic based colloidal polymer dispersions (Acrycoat E30D) 
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showed high entrapment efficiency and maximum prolongation of drug release. Hence, 

further studies was extended taking Acrycoat E30D as the optimized release controlling 

copolymer for the preparation of final set of formulations. 

6.7 Optimized Parameters 

The data obtained after performing the entire process variables were analyzed and a final 

conclusion was drawn (Table 6.24) to optimize the process parameters. These parameters 

were then kept constant in the preparation of fmal set of formulations and also in statistical 

optimization of the process with only two variables in the form of concentrations of Sodium 

alginate, the primary polymer, and Acrycoat E30D, the copolymer. 

Table: 6.24 Optimized parameters of the process variables 

SL.NO. PARAMETERS OPTIMIZED LEVELS 

I Concentration of Calcium chloride 5%w/v 

2 Drug Loading Concentration 30%w/w 

3 Drying time and mode 6 hrs in •hot air oven 

4 Drying Temperature 60°C 

5 Curing I Hardening time 30min 

6 Stirring time and speed 30 min at 500 rpm 

7 Needle size 17G 

g Height of dropping 2cm above the level of CaCh 

solution 

9 Syringe Glass syringe 

10 Release controlling copolymer Acrycoat E30D 
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SCANNING ELECTRON MICROGRAPH 

c D 

Figure 6.1 Effect of the variation in the height of dropping the drug - polymer 
dispersion on the morphology of the Frusemide loaded Calcium alginate 
micropellets. · 

A) 1 em B) 2 em C) 4 em D) 5 em 

Magnification -- X 35 for all. 
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SCANNING ELECTRON MICROGRAPH 

A B 

c D 

Figure 6.3 Effect of the variation in the concentration of sodium alginate on the 
morphology of the Frusemide loaded Calcium alginate micro pellets. 

A) 1 % w/v B) 2 % w/v C) 4 % w/v D) 5 % w/v 

Magnification - X 35 for all. 
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SCANNING ELECTRON MICROGRAPH 

A B 

c D 

Figure 6.4 Effect of the variation in the concentration of calcium chloride on the 
morphology of the Frusemide loaded Calcium alginate micropellets. 

A) 1 % w/v B) 2 % w/v C) 5 % w/v D) 10 % w/v 

Magnification -- X 35 for all. 
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SCANNING ELECTRON MICROGRAPH 

A B 

c 

Figure 6. 7 Effect of the variation in the curing time in calcium chloride solution on 
the morphology of the Frusemide loaded Calcium alginate micropellets. 

A) 5 min B) 10 min C) 15 min D) 30 min 

Magnification -- X 35 for all. 
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SCANNING ELECTRON MICROGRAPH 

A B 

c 

Figure 6.9 Effect of the variation in the drug loading on the morphology of the 
Frusemide loaded Calcium alginate micropellets. 

A) 30 % w/w B) 45 % w/w C) 60 % w/w 

Magnification -- X 35 for all. 
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SCANNING ELECTRON MICROGRAPH 

A B 

c D 

Figure 6.15 Effect of the variation of copolymers (4% w/w) on the morphology of the 
Frusemide loaded Calcium alginate micropellets . 

. A) Acrycoat L30D B) Acrycoat SIOO C) Methocel KlSM D) Surelease 

Magnification -- X 35 for all. 
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SCANNING ELECTRON MICROGRAPH 

E 

F G 

Figure 6.15 Effect of the variation of copolymers (4% w/w) on the morphology of the 
Frusemide loaded Calcium alginate micropellets. 

E) Acrycoat E30D F) & G) Internal Sections of micro pellets with Acrycoat E30D 

Magnification -- E) X 35 F) & G) X 350 
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CHAPTER 7 

FORMULATION D£SI6N 

AND METHODOL06Y 



FORMULATION DESIGN AND METHODOLOGY FOR THE 
PREPARATION OF MICRO PELLETS 

7.1 INTRODUCTION 

From the data obtained from preformulation studies (Chapter 5) and from the results of 

optimization of various process parameters (Chapter 6), the author arrived at a set of values 

to prepare the final set of formulation of the frusemide loaded calcium alginate micropellets, 

an oral, non-conventional, microparticulate drug delivery system. The method of 

preparation was kept in accordance with ionotropic gelation technique1
•
2 as discussed earlier 

in (Chapter 2). The design for the formulations were done as per factorial design3
•
4
•
5 

experimentation programs to prepare different batches of micropellets6 containing 

Frusemide. The design was made keeping all the parameters constant and only varying the 

proportions of sodium alginate and Acrycoat E30D (aqueous dispersion of acrylic polymer) 

dispersion. Several physicochemical properties and the release characteristics of the 

prepared micropellets were studied. The data generated were statistically analyzed for the 

development of a suitable mathematical model which can describe the relationship between 

the release kinetics and the concentrations of polymers. From the statistical data, a 

conclusion can be drawn about an optimized formulation among all the possible 

combinations, which can meet the desired objective of controlling the release of drug in the 

physiological system. 

7.2 MATERIALS 

1. Frusemide - A ventis Pharma Ltd., Ankleshwar 

2. Sodium Alginate --- Loba Chemie, Mumbai 

3. Calcium Chloride--- Ranchem, India 

4. Acrycoat E30D --- Corel Pharma, Ahmedabad 

5. Distilled water- Processed in-house 

129 



7.3 OPTIMIZED PARAMETERS 

The following process variables were investigated (concentration of sodium alginate; 

concentration of calcium chloride; curing time; height of dropping; variation of drug 

loading; stirring speed and stirring time) and the different batches thus produced were 

analyzed for size, shape, ease of preparation, drug content and drug release. On the basis of 

the result obtained the process parameters were optimized. Different batches of micropellets 

were then prepared by using the optimized process variables and the only variation followed 

in the optimized formulations were the use of different release controlling polymers. Nine 

set of formulations were prepared using Acrycoat E30D (El, E2, E4); Acrycoat L30D (Ll, 

L2, L4) and Acrycoat SlOO (Sl, S2, S4) at concentration levels 1%, 2% and 4% w/w. Nine 

formulations were subjected to several characterization studies. From the outcome of the 

studies Acrycoat E30D was optimized for the final set offormulations. 

The formulation variables that were optimized during the preformulation study are 

summarized in the following Table 7.1. 

Table: 7.1- Optimized Parameters of the Process Variables 

SL.NO. PARAMETER OPTIMIZED LEVEL 

I Concentration of Calcium chloride 5%w/v 

2 Drug loading 30%w/w 

3 Drying time and mode 6 hrs in hot air oven 

4 Drying Temperature 60°C 

5 Curing I Hardening time 30min 

6 Stirring time and speed 30 min at 500 rpm 

7 Needle size 17G 

8 Height of dropping 2cm above the level of CaCh 

solution 

9 Syringe Glass syringe 

10 Release controlling polymer Acrycoat E30D 
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7.4 THE FORMULATION DESIGN- FULL 32 FACTORIAL DESIGN3 

Micropellets of frusemide were prepared by full 32 factorial design. Only two variables, 

with variations at three levels, namely, high, medium and low, were observed by varying 

the concentrations of Sodium alginate and Acrycoat E30D. Hence, 32 model designs were 

selected. High, medium and low levels of sodium alginate were 4%w/v, 2%w/v and 1 o/ow/v 

respectively and that for Acrycoat E30D the levels were 4%w/w, 2%w/w and Oo/ow/w. All 

the other parameters were kept unchanged from its optimized level. The formulation design 

is tabulated in the Table 7.2. 

Table 7.2 Full 32 Factorial design for the formulation of frusemide loaded calcium 

alginate micropellets. 

Batch No./ 

Formulation Code 

Fl 

F2 

F3 

F4 

FS 

F6 

F7 

F8 

F9 

Level 

+ 

0 

Sodium alginate 

-
-
-
0 

0 

0 

+ 

+ 

+ 

Sodium alginate (o/ow/v) 

4.0 

2.0 

1.0 

Acrycoat E30D 

-
0 

+ 

-
0 

+ 

-
0 

+ 

Acrycoat E30D (o/ow/w) 

4.0 

2.0 

0.0 

Constants: Calcium chloride concentration- So/ow/v, Drug loading concentrations- 30%w/w 
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7.5 Preparations of Frusemide loaded calcium alginate micro pellets 

Mucilage of sodium alginate in different concentrations (I, 2 and 4 % w/v) were prepared 

by soaking accurately weighed quantity of alginate salt in 50ml distilled water and stirring 

at low speed using an electrical stirrer until homogenous mucilage was formed. To this, 

Acrycoat E30D, the release controlling polymer was mixed in suitable proportions (0, 2 and 

4 % w/w) and the entire mixture was stirred for 30 min. The water insoluble drug, 

Frusemide, at 30%w/w, was mixed in small portions and dispersed uniformly in the 

polymer mixture for I 5 minutes using electrical stirrer maintaining the speed at 500-600 

rpm. The bubble free dispersions were pulled into a glass syringe and extruded thorough a 

needle (Gauge 17) into a gently agitated lOOm! calcium chloride (5% w/v) solution. During 

extrusion the height of the tip of the needle was maintained at 2cm above the level of the 

solution, simply by graduating the beaker containing calcium chloride solution, in terms of 

height, prior to addition of the drug-polymer dispersion. Instantaneous gelation was 

observed with the formation of wet, heavy calcium alginate micropellets which gradually 

settles down at the bottom of the beaker. The gelled micropellets were cured or hardened in 

the calcium chloride solution, which acted as counterion for sodium, for 30 minutes, after 

the last drop of dispersion was introduced. The white coloured micropellets were then 

filtered using normal filter paper and washed thoroughly with distilled water to ensure 

removal of any excess calcium ion adhered on the surface of the wet micropellets. The 

filtered micropellets were kept in a petri dish over a dry filter paper and dried in open air, so 

as to soak free water from their surface . They were then dried in hot air oven for 6 hr at 

60°C till the wet micro pellets got fully dried into non adhering micropellets. The #22 I.P. 

standard sieve size fractions of the pellets were used for further studies. 

A flow sheet of the entire methodology for the preparation of frusemide loaded calcium 

alginate micropellets is shown in the figure 7 .I. 
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Sodium alginate soaked in purified water 

Mucilage is formed by stirring for 30 min by electrical stirrer 

1 
Addition of Acrycoat E30D and the mixture stirred to get smooth uniform dispersion 

Addition of desired quantity of Frusemide 

High speed mixing at 500-600rpm for 15 min to get uniform drug-polymer dispersion 

1 
The dispersion was extruded through 17G needle into calcium chloride solution from a 

height of2cm above the solution level 

1 
White, heavy micropellets are cured for 30 min in the solution for hardening 

Micropellets are filtered, washed with distilled water, kept in air for 30 min followed 

by oven drying at 60° C for 6 hrs 

Dried pellets sieved and #22 fraction sizes retained for further studies 

Figure: 7.1 Flow sheet of the ionotropic gelation method employed for the 

preparation of frusemide loaded calcium alginate micro pellets 
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CHAPTER a 

PIIYSICOCHDIICAL 
EVALUATIONS OFTH£ 

MICROPEI*I.ETS 



PHYSICOCHEMICAL EVALUATION OF THE 
MICRO PELLETS 

To judge the efficiency, reliability and uniformity of the micropellets evaluation of their 

physicochemical parameters is of paramount importance. Thus, the final nine formulations 

obtained were subjected to the following physicochemical studies. 

8.1 General appearance of the micropellets 

The wet gelled micropellets formed after instantaneous gelation, when incorporated in 

calcium chloride solution, were white soft mass, spherical in shape and heavier than water 

making them to settle down at the bottom of the beaker. After drying in open air for 30 

minutes the micropellets were found to shrink in size suggesting the water loss from the 

micropellets. After drying the moist micropellets in an oven for 6 hours at 60° C, the 

resultant dry micropellets were discoid in shape rather then purely spherical. The surface 

which was adhered to the filter paper in the petri dish remained slightly flattened. This 

problem could be overcome to great extent by occasional swirling of the micropellets in the 

vessel of drying ensuring frequent changing of the point of contact with the petri dish. With 

the increase in polymer load, namely, the formulations F7, FS and F9, more sphericity were 

obtained. The micropellets containing only sodium alginate (formulations Fl, F2, and F3) 

were off white in colour whereas with the addition of Acrycoat E30D, light yellowish 

micropellets resulted. Micropellets prepared from high concentrations of polymers, 

sometimes appears to have minute tail at one end. This was due to the high viscosity of the 

drug - polymer dispersion, which created hinderances during extrusion from the syringe 

into counterion solution. This could be overcome by maintaining uniform pressure on the 

plunger and being more careful during the process so as to eliminate any manual error. 

8.2 Particle Size Analysis1.2 

Particle size analysis of the prepared micropellets was done with an objective to study the 

pattern of size distribution of the different batches of micropellets. In pharmaceutical 

practice particle size analysis can be done by any one of the following methods, namely: 
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1. Optical Microscopy 

2. Sieve analysis 

3. Sedimentation Method using Aildreasan apparatus. 

4. Conductivity method using Coulter counter. 

In this study, Sieve analysis method was &elected for the following obvious reasons: 

1. Inexpensive 

2. Simple 

3. Rapid 

4. Can effectively measure particles of size range between 50-1500 11m. 

5. The method directly gives weight distribution. 

Sieving Method1
,3 

The method describes the diameter of a sphere that passes through the sieve aperture as the 

asymmetric particle and the size is expressed as dsteve or daverage. A sample of fully dried 

micropellets (1 Og) is placed on the top sieve # 16. The set of Indian Pharmacopoeial 

standard sieves were arranged in the order of# 16, # 22, # 30 of aperture size 1000, 710, 

500 respectively. The entire set was shaken for 5 minutes in a sieve shaker. Pellets retained 

in each sieve were weighed and the percentage weight retained against various sieve size 

was recorded. The average particle size was calculated from the following formula: 

d average=~ (n X d) I~ n ( 8.1) 

where, n = Frequency Weight and d = Mean size. The latter is calculated by taking the 

average of the nominal mesh size of two corresponding sieve. The average diameter and the 

mode of distribution were calculated mathematically for six times and the results are 

tabulated in Table 8.1. 
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Table 8.1 Percentage frequency size distribution of frusemide micropellets by Sieve 

Analysis 

Formulation Percent weight retained on various sieves Mean Diameter* 

Code 
# 16 #22 #30 (Jtm±S.D.) 

F I - O.Ql 98.75 608.14 ± 0.39 

F2 2.72 16.05 81.19 655.90 ± 1.03 

F3 10.52 19.18 70.02 694.85 ± 0.72 

F4 - 0.93 99.06 608.16 ± 0.59 

F5 12.62 42.41 44.96 760.89 ± 0.51 

F6 15.79 46.15 38.05 782.78 ± 0.36 

F7 3.02 6.11 90.86 632.1 ± 0.73 

F8 12.22 16.04 71.74 693.36 ± 0.56 

F9 16.33 66.47 17.18 841.65 ± 0.48 

• Results shown are 'mean± SD', n = 6 for mean diameter; '-'sigmfies value< 0.01 %. 

Results: 

From the particle size analysis of Frusemide loaded Calcium alginate micropellets as 

observed form Table 8.1, it is evident that the size range of all the formulations ranged 

between 600 J.Lm to 850 J.Lm. According to the results of the size range, it is technically 

proved that the name micropellets for the formulation have been correctly coined. They can 

also be classified under microspheres as the size range of microspheres ranges from 5 J.Lm -

I 000 J.Lm. The micropellets of first three formulations having low level (I% w/v) of Sodium 

alginate showed particles of least size range compared to remaining six, though 

formulations F7 and F8 showed similar results. Formulations F3, F6, F9 which contain high 

level (4 % w/w) of Acrycoat E30D showed steady increase in particle size along with 

different levels of sodium alginate. 

In the Table 8.1, it is evident that for a particular size fraction e.g. # 22, maximum and 

minimum percentage weight retained varied widely from 0.01 % in Fl to 66.47 % in F9, 

which proves the flexibility of the method. 
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8.3 Rheological study1
,2 

To assess the flow properties of the prepared micropellets measurement of Angle of Repose 

method·was employed. Angle of Repose is defined as the maximum angle possible between 

the surface of the pile of powder and the horizontal plane. The angle of repose is designated 

by (0) and can be mathematically expressed as: 

0 = tan -J(hlr) · 

Where, 0 = Angle of Repose 

(8.2) 

h = height of the pile of micropellets, (em) 

r = radius of the base of the pile of micropellets, (em) 

The micropellets were allowed to fall freely th,rough the stem of an inverted glass funnel 

from a distance of 1 em above the horizontal flat surface. The tip of the funnel was kept at a 

distance of 3 mm from the peak of the pile of micropellets. The angle of repose was 

calculated by measuring the height (h) of the pile and the radius of the base (r) with a ruler. 

During the flow through the hopper and subsequently through the stem of the inverted 

funnel, the granules exhibit internal flow and demixing. Flow of granules is hindered on 

account of frictional forces between the particles. Thus, the tangent of the angle of repose is 

expressed as the coefficient of friction (J.L). 

The significance of the result of this method is lower the angle of repose, the better the flow 

properties as shown in Table 8.2. The result obtained, in triplicate, from the evaluation is 

tabulated in Table 8.3 

Table 8.2 Relationship between Angle of Repose (0) and Flow properties 

Angle of Repose (0) Quality of Flow properties 

o <25 Excellent 

25 <0 <30 Good 

30 <0 <40 Plowable 

0>40 Very Poor 
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Table 8.3 Results of Angle of Repose (9) of the Micro pellets 

Formulation Code Angle of Repose (9)* 

F I 16.76 ± 0.54 

F2 18.06 ± 0.96 

F3 20.11 ± 0.88 

F4 18.32±0.79 

F5 20.56 ± 1.03 

F6 21.24 ± 1.97 

F7 19.52 ± 1.21 

F8 21.39 ± 1.07 

F9 22.56± 0.77 

* Results shown are 'mean± SD', n = 3 

Results: 

In the above Table 8.3, it is clearly visible that all the formulations show angle of repose in 

a range between 16 o -- 23 °. On interpreting the result with the values of Table 8.2, it can 

be inferred that all formulations of Frusemide micropellets are free flowing and while 

tableting them or encapsulating in capsule shell, lubricants need not be added. 

8.4 Determination of Moisture contenf of the micro pellets 

To have an estimate of the stability of the micro pellets and to determine the efficacy of the 

drying conditions adopted in the entire experimental procedures, the micropellets were 

subjected to moisture content study. This was achieved by placing weighed amount of 

micropellets at 60 ° C for I 0 minutes in an Infra Red (I.R.) Moisture Balance. The 

micropellets were reweighed after being brought out from the I.R. Moisture balance. The 

difference between the initial and the fmal weight were calculated which gave the loss in 

weight. Higher the loss more amount of moisture can be assumed to be present in the 

micropellets. The percentage moisture content was then calculated mathematically in 

triplicate, using the following equation: 

[(Wo-W) I (Wo)] X 100 (8.3) 

Where, W = Final Weight; W o = Initial weight. 
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Table 8.4 Moisture Content of the Frusemide Micro pellets 

Formulation Code % Moisture content* 

F 1 1.71 ± 0.81 

F2 1.59± 0.76 

F3 1.97 ± 0.32 

F4 1.48 ± 0.48 

F5 1.44± 0.56 

F6 2.23±0.68 

F7 1.67 ± 0.33 

F8 1.42 ± 0.54 

F9 2.32± 0.64 

* Results shown are 'mean± SD', n- 3 

Results: 

The result of the moisture content study is presented in Table 8.4. Moisture content of all 

the formulations was low with little variations among all the levels of polymers. This 

indicates the effectiveness of the drying methods since all the final fonnulations were 

dried for 6 hours at 60 o C in hot air oven. Low moisture level also ensures high stability of 

the micropellets on storage reducing the chance of any hydrolytic reactions. From the result, 

it is evident that the formulations F3, F6 and F9, all of which contains 4% w/w Acrycoat 

E30D with different levels of sodium alginate showed comparatively high amount of 

moisture loss after drying. This may be explained as that, the presence of high concentration 

of acrylic polymers must have produced dense network which retained the maximum 

moisture within it. 

8.5 Determination of Drug Content and Drug Entrapment Efficiency4 (DEE) of the 

Frusemide loaded Calcium alginate micropellets 

Drug content and drug entrapment efficiency of Frusemide micropellets were done to get an 

idea of the entrapment capacity of the polymers at different concentrations. 

About lOOmg ofmicropellets (# 30 sizes) were accurately weighed and dissolved in 25m! of 

Phosphate buffer (pH 7.4) and kept overnight. An aliquot from the filtrate was analyzed 
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spectrophotometrically, after suitable dilution, using SHIMADZU UV-VIS 

spectrophotometer, at 277.5nm. Reliability of the method was judged by conducting 

recovery analysis using known amount of drug with or without polymer. Recovery was 

found to be averaged at 100 ± 0.89'%. Drug content of every batch was determined in 

triplicate for (#30) size range of micropellets and the mean ± S.D. was calculated. Drug 

Entrapment Efficiency (DEE) was calculated using the formula: 

% DEE= (Actual drug content/ Theoretical drug content) x 100 (8.4) 

The results of the above experiments are tabulated in Table 8.5. 

Table 8.5 Drug Content and Drug entrapment Efficiency (DEE) of Micro pellets 

Formulation Code Theoretical Drug Actual Drug Drug Entrapment 

Content (mg) Content (mg) Efficiency (% )* 

F1 30 28.782 95.94±0.63 

F2 30 29.706 99.02± 0.82 

F3 30 29.841 99.47 ± 0.91 

F4 30 28.344 94.48 ± 0.48 

F5 30 28.032 93.44 ± 0.56 

F6 30 27.369 91.23 ± 0.68 

F7 30 28.863 96.21 ± 0.37 

F8 30 29.328 97.76 ± 0.56 

F9 30 29.511 98.37 ±0.77 

* Results shown are 'mean± SD', n = 3 

Results: 

From the results presented in Table 8.5, it is observed that Ionotropic Gelation Technique 

produced micropellets of high encapsulatiqn efficiency. The DEE value varies within a very 

short range from 91 to 99% among all the nine formulations indicating very small amount 

of drug loss during the process. The formulations F1, F2 and F3 with low level of Sodium 

Alginate (1 % w/v) showed marginally higher entrapment when compared to the other two 
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levels. This may be explained by the fact that at higher concentration Sodium Alginate 

forms a rigid matrix with Calcium Chloride preventing incorporation of drug during the 

curing period in the Calcium Chloride solution. However the study evidenced that Sodium 

Alginate and Acrycoat E30D do not have much significant effect in the drug content of the 

formulations, since the drug content were within ± 5% of the labeled potency of the drug in 

all the formulations. 

8.6 Loose surface crystal (LSC)5 study 

Loose surface crystal study is conducted to. estimate the amount of drug present on the 

surface of the micropellets which may show immediate release in the dissolution media. 

The release mechanism of the drug is diffusion controlled which gets started after the drug 

present on the surface of micropellets entirely gets released. So this study indicates the 

initial drug concentration at the absorption site immediately after ingestion of the dosage 

form. 

Method: 

1 OOmg of micropellets (# 30 sizes) were suspended in 1 OOml of Phosphate buffer (pH 6.8), 

as the dissolution media. The samples were shaken vigorously for 15 min in a mechanical 

shaker. The amount of drug leached out from the surface was analyzed 

spectrophotometrically, after suitable dilution, using SHIMADZU UV-VIS 

spectrophotometer, at 277.5nm. Percentage of drug present loosely on the surface of the 

micropel!ets was obtained using following equations: 

1) % LSC with respect to weight of micropellets = 

(Amount of drug (mg) released after 15 min I Total weight of micro pellets used in the 

experiment) x 100 .••...• (8.5.1) 

2) % LSC with respect to entrapped drug = 
(Amount of drug (mg) released after 15 min I Drug content of micro pellets used in the 

experiment) x 100 ....... (8.5.2) 
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Percentage of drug released with respect to entrapped drug in the sample was recorded in 

Table 8.6. 

Table 8.6 Loose Surface Crystal study (LSC) 

Formulation Amount of Amount of LSC(%)with LSC (%)with 

Code drug released drug in lOOmg respect to gross respect to 

after of micro pellets wt. of the entrapped drug 

15 min (mg) (mg) micro pellets 

F I 2.271 95.940 2.271 2.367 

F2 1.943 99.020 1.943 1.962 

F3 1.677 99.470 1.677 1.686 

F4 3.353 94.483 3.353 3.549 

F5 2.214 93.437 2.214 2.369 

F6 1.429 91.235 1.429 1.567 

F7 1.882 96.192 1.882 1.956 

F8 0.913 97.763 0.913 0.729 

F9 0.594 98.365 0.594 0.604 

Results: 

The values of LSC is an important parameter giving an indication of the amount of drug 

available on the surface of the micropellets ·for immediate absorption and to elicit quick 

onset of action. The data presented in the Table 8.6 shows that very small amount of drug 

ranging from 0.604% to 3.549% with respect to total entrapped drug are available loosely 

on the surface of the micropellets. It is also observed that with the increase in the 

concentration of Acrycoat E30D, there was a gradual decrease in the value of% LSC. The 

formulations prepared without secondary polymer (Acrycoat E30D), namely, F1, F4 and F7 

reflect much higher amount of drug loosely available on the surface. Thus it can be 

explained by the fact that higher concentrations of both the polymers produce strong 

binding effect which does not allow the drug to remain free on the surface of the 

micropellets. 
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8. 7 Disintegration stndy4 

Disintegration study was perfonned in 0.1 M Hydrochloric acid and USP Phosphate buffer 

pH 6.8 separately in a rotating bottle apparatus. 5 micropellets of a fixed size fraction were 

rotated in SO ml of the liquid medium in glass vial at 37° Cat 30rpm for 2 hours. Tests were 

perfonned in triplicate. 

Disintegration time (min) was observed when the micropellets were swelled and finally 

disintegrated and dispersed in the medium. 

No swelling occurred in 0.1 M Hydrochloric acid over 24 hours. The results obtained are 

presented in Table 8.7. 

Table 8.7 Disintegration study offrusemide micropellets in Phosphate buffer pH 6.8 

Formulation Code Disintegration time (min) * 
F1 24±4.53 

F2 36 ± 5.21 

F3 52±4.68 

F4 42±3.85 

F5 64 ± 6.11 

F6 97±4.37 

F7 73 ±5.24 

F8 115 ± 5.98 

F9 > 120 

* Results shown are 'mean± SD', n- 3 

Results: 

The results of the study revealed that the ionic character of the polysaccharides showed pH

dependent disintegration of the micropellets. In Calcium alginate pellets, as reported, the 

carboxyl group in the alginate moiety gets ionized in the higher pH, thereby repelling each 

other. As a result fluid is drawn inside the pellets producing swelling and ultimately the 

micropellets bursts out. With the increase in the proportion of polymer and copolymer (F6 
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to F9) the disintegration time was delayed, as evidenced from the Table 8.7, due to dense 

network formation which hinder~d withdrawal of fluid, hence swelling of the pellets. 

Formulation F9 showed exceptionally high(> 2 hr) disintegration time extended beyond the 

testing time (2 hr), hence could not be recorded. On keeping this particular formulation for 

overnight, it was found to be disintegrated and dispersed in the medium. The data obtained 

also gives an indication of the sustained effect produced by the polymers in releasing the 

drug in the dissolution medium. 

8.8 Studies on Drug- Polymer Interactions: 

8.8.1 Study on Drug- Polymer Interaction using Infra Red (IR) Spectroscopy3
'
6 

Infra Red (I.R) spectrophotometers are used for recording spectra in the region 4000 cm-1 to 

670 cm-1 (2.5 j.tm to 15 ~-tm) and in some cases down to 200 cm-1 (50 1-1m). Fourier 

Transform Spectrophotometers use polychromatic radiation and calculate the spectrum in 

the frequency domain from the original data by Fourier transformation. Spectrophotometers 

fitted with an optical system capable of producing monochromatic radiation in the 

measurement region may also be used. Normally the spectrum is given as a function of 

transmittance, the quotient of the intensity of the transmitted radiation and the incident 

radiation. 

The primary objective of the study was to identify any potential interactions or 

incompatibility among the drug, Frusemide, and the polymers used in the formulation of 

micropellets. 

The absorbance (A) is defined as the logarithm to base I 0 of the reciprocal of the 

transmittance (1): 

A-= log1o(~ )= log1{ 7) 
T= IJIIV 

10 =intensity of incident radiation, 
I = intensity of transmitted radiation 

145 



Materials: 

l. Potassium bromide (IR Grade)- Loba Chern, India. 

2. Samples used for FTIR analysis and their corresponding IR plots: 

Methodology: 

A. Frusemide -------- Figure 8.1 

B. Calcium alginate (Blank pellets)------- Figure 8.2 

C. Acrycoat E30D Figure 8.3 

D. Frusemide and Sodium alginate mixture ----- Figure 8.4 

E. Micropellets containing Frusemide, Sodium alginate and Acrycoat E30D 

and grounded and screeneq through (#88) I.P.sieves ----Figure 8.5 

F. Overlapping spectra of Figure 8.1, 8.2 and 8.5 ------ Figure 8.6 

The method adopted was Disc Method as per British Pharrnacopoeia6
• Substance weighing 

2 mg was triturated with 300 mg of finely powdered and dried potassium bromide (KBr). 

These quantities are usually sufficient to give a disc of 13 mm diameter and a spectrum of 

suitable intensity. The mixture was grounded carefully and spreaded uniformly in a suitable 

die, and submitted in vacuo to a pressure of about 800 MPa (8 tern -2
). Several factors may 

cause the formation of faulty discs, such as insufficient or excessive grinding, humidity .or 

other impurities in the dispersion medium and an insufficient reduction of particle size. A 

disc was rejected when visual examination showed lack of uniform transparency or when 

transmittance at about 2000 cm-1 (5 jlm) in the absence of a specific absorption band is less 

than 75% without compensation. 

Disc samples were analyzed in FTIR spectrophotometer (SHIMADZU FTIR - 8400S, 

Japan) over a range of 400- 4000 cm·1
• Both absorbance (A) and transmittance (T) spectra 

were recorded. 

Results: 

The IR Spectra of the materials obtained are presented in Fig. 8.1 to 8.6.From the infrared 

spectra (Figure 8.1 to 8.5) it is clearly evident that there was no interactions of the drug, 

Frusemide with the excipients used, namely, sodium alginate and Acrycoat E30D. The main 

peaks in the spectrum of the drug Frusemide like 1143.83 and 1323.21 /em for S=O bond; 
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100 

1674.27 /em for C=O bond; 3487.42 /em for N-S bond and 582 for C-CI bond are remained 

undisturbed in the final formulation. This proves the fact that there is no potential 

incompatibility of the drug with all the polymers used in the formulations. Hence, the 

formula for preparing Frusemide loaded Calcium alginate microspheres can be reproduced 

in the industrial scale without any apprehension of possible drug- polymer interactions. 
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8.8.2 Study on Drug-Polymer Interaction using Ultraviolet-Visible (UV-VIS) 
Spectrophotometry3 

Ultra Violet-Visible (UV-VIS) spectroscopy is routinely used in the quantitative 

determination of solutions of transition metal ions and highly conjugated organic 

compounds. Solutions of transition metal ions can be colored (i.e., absorb visible light) 

because d- electrons within the metal atoms can be excited from one electronic state to 

another. The color of metal ion solutions is strongly affected by the presence of other 

species, such as certain anions or ligands. For instance, the color of a dilute solution of 

copper sulphate is a very light blue; adding ammonia intensifies the color and changes the 

wavelength of maximum absorption (Amax). ·Organic compounds, especially those with a 

high degree of conjugation, also absorb light in the UV or visible regions of the 

electromagnetic spectrum. The solvents for these determinations are often water for water 

soluble compounds, or ethanol for organic compounds. Organic solvents may have 

significant UV absorption; not all solvents are suitable for use in UV spectroscopy. Ethanol 

absorbs very weakly at most wavelengths. While charge transfer complexes also give rise to 

colors, the colors are often too intense to be used for quantitative measurement. The Beer

Lambert law states that the absorbance of a solution is directly proportional to the solution's 

concentration. Thus UV-VIS spectroscopy cari be used to determine tile concentration of a 

solution. It is necessary to know how quickly the absorbance changes with concentration. 

This can be taken from references (tables of molar extinction coefficients), or more 

accurately, determined from a calibration curve. A UV-VIS spectrophotometer may be used 

as a detector for HPLC. The presence of an analyte gives a response which can be assumed 

to be proportional to the concentration. For accurate results, the instrument's response to the 

analyte in the unknown should be compared with the response to a standard; this is very 

similar to the use of calibration curves. The response (e.g., peak height) for a particular 

concentration is known as the response factor. 

An ultraviolet-visible spectrum is essentially a graph of light absorbance versus 

wavelength in a range of ultraviolet or visible regions. Such a spectrum can often be 

produced directly by a more sophisticated spectrophotometer, or the data can be colltacted 

one wavelength at a time by simpler instruments. Wavelength is often represented by the 

symbol "A. Similarly, for a given substance, a standard graph of the extinction coefficient (e) 

vs. wavelength ("A) may be made or used if one is already available. Such a standard graph 

would be effectively "concentration-corrected" and thus independent of concentration. For 

150 



the given substance, the wavelength at which maxim= absorption in the spectrum occurs 

is called A.max, pronounced "Lambda-max". 

Materials: 

I. Pure drug - Supplied gift sample of Frusemide. 

2. Micropellets containing calcilllll alginate along with the drug Frusemide. 

3. Micropellets containing both calcilllll alginate and Acrycoat E30D along with the drug 

Frusernide. 

3. USP Phosphate Buffer pH 6.8. 

Methodology: 

As discussed earlier an organic moiety shall have a fixed value of A.max for a given set of 

conditions. This principle was employed to detect any drug - polymer interaction which 

may shift the /.;.ax value of the drug moiety significantly. A negligible shift shall be inferred 

as no chemical interaction among the drug and the polymer has taken place. On this basis, 

solutions at a concentration of 4 mcg/ml of pure drug sample, micropellets containing 

calcilllll alginate along with the drug Frusemide and micropellets containing both calcium 

alginate and Acrycoat E30D along with the drug Frusemide, were separately been prepared. 

All the three samples were scanned spectrophotometrically in a range between 200 to 400 

nm, using SHIMADZU UV-VIS PharmSpec 1700 spectrophotometer, to determine the 

major wavelengths or peaks showing highest absorbance. Comparison was done among the 

result obtained for all the two formulations with that of the pure drug sample. 

Results: 

The three major peaks of the pure drug sample (Figure 8.7.1), namely, 331nm, 277.5 nm 

and 229.5 (Table 8.7 ) were not been shifted in the formulations (Figure 8.7.2 and 8.7.3), 

ensuring the fact that the polymers had no chemical interactions with the drug and can be 

said to be physico-chemically compatible with the latter. 
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Table 8.7 The Major Wavelengths Showing Highest Absorbance 

SAMPLE PEAK1 PEAK2 

(nm) (nm) 

Pure Frusemide 331 277.5 

Formulation (Frusemide +Calcium alginate) 330 277.5 

Formulation (Frusemide + Calcium alginate + 330 277.5 

Acrycoat E30D) 

Figure 8.7.1 UV Scan report of pure Frusemide 
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Figure 8.7.2 UV Scan report of A Figure 8.7.3 UV Scan Report ofB 

A -- Micropellets containing Frusemide + Calcium alginate 

B -- Micropellets containing Frusemide + Calcium alginate + Acrycoat E30D 
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8.8.3 Study on Drug - Polymer Interaction using High performance Liquid 
Chromatography (HPLC) 3•

7 

High performance liquid chromatography (HPLC), also known as high pressure liquid 

chromatography, is essentially a form of column chromatography in which the stationary 

phase consists of small particle (3-50 Jlm) packing contained in a column with a small bore 

(2-5 mm), one end of which is attached to a source of pressurized liquid eluant (mobile 

phase). The three forms of high performance liquid chromatography most often used are 

ion-exchange, partition and adsorption. 

Chromatographic retention times are characteristic of the compounds but are not unique. 

Absolute retention times of a compound may vary from one chromatogram to the next. 

Comparisons are normally made in terms of relative retention, a, which is calculated from 

the expression: a = (t2- ta I t1 - ta ) where t2 and t1 are the retention times measured from 

the point of injection of the substance being examined and the reference substance 

respectively, determined under identical conditions on the same column, ta is the retention 

time of the non-retained substance. Linear separations on the chromatogram are normally 

substituted for the corresponding retention volumes or times in the above expression. Where 

the value of ta is small, the relative retention time, Rr, may be estimated from the 

expression: Rr = tzl t1 

The primary objective of the study was to identify any potential interactions or 

incompatibility among the drug and the polymers used in the formulation. The principle 

behind this identification is by comparing the retention time of both the standard drug 

sample and the drug extracted from the micropellets containing all the polymers. The value 

of Rr - I signifies nil or insignificant interaction. 

Materials: 

I. Pure drug - Supplied gift sample of Frusemide. 

2. Micropellets formulation containing both calcium alginate and Acrycoat E30D along 

with the drug Frusemide. 

3. Acetonitrile- HPLC Grade 

4. Ammonium acetate- 180mM- AR Grade 

5. Water - HPLC Grade 
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Experimental Protocol: 

1. Mobile Phase- Acetonitrile+ Ammonium acetate 180mM (1:1 mixture) (pH 5.4) 

2. Standard sample - Pure Frusemide in Acetonitrile at a concentration of 5 meg/mi. 

3. Test sample- Micropellets equivalent to 25mg of Frusemide dissolved in 

Acetonitrile, sonicated for 10 minutes and diluted with the 

. mobile phase to a concentration of 5 meg/mi. 

4. Instrument- HPLC -SHIMADZU LC-20AT I SPD-20A, JAPAN. 

5. Software- SPHINCHROME™ 

6. Column and Length - C - 18 ; 4.6 mrn. 

7. Volume oflnjection- 10 J.ll 

8. Injection Flow rate- 2 ml per minute. 

9. Detector- UV at a waveiength of277.5 nrn. 

10. Temperature- 26 o C 

Results: 

Table 8.8 Retention Time and corresponding Height and Area of tile Chromatogram 

SAMPLE RETENTION AREA HEIGHT AREA HEIGHT 
TIME (mV.s) (mV) (%) (%) 
(min) 

STANDARD 3.637 140.561 22.828 100 100 

TEST 3.583 268.465 43.677 100 100 

Chromatograms as represented in Figure 8.8.1 and 8.8.2 , and from the Table 8.8, the 

retention time of both Standard and Test sample was found to be very close and the value of 

Rr- 1, signifying no detectable interaction among the drug, Frusemide and the polymers, 

Calcium alginate and Acrycoat E30D was present in the formulations. This further 

augments the results obtained from FTIR study in Section 8.8.1. 
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8.9 Determination of stability of the micro pellets 

Stability study was performed in order to assess the physicochemical stability of the 

formulations on storage. To achieve this, all the final nine formulations (Fl-F9) were stored 

at 4°C and 45% Relative Humidity (RH) in refrigerator, Room Temperature (RT) and 60% 

RH and 45°C and 70% RH in a hot air oven, for four weeks. Every week samples were 

withdrawn and were assayed spectrophotometrically to measure the drug content at 277.5 

nm using Phosphate buffer (J:iH 7 .4) as blank. The percentage of residual drug assayed with 

respect to actual drug content is calculated and shown in (Table- 8.9). 

TABLE- 8.9 Stability Studies of Frusemide Micro pellets 

PERCENT RESIDUAL DRUG 
TIME Fl F2 F3 

(WEEK) 4°C RT 45°C 4°C RT 45°C 4°C RT 45°C 
0 100 100 100 100 100 100 100 100 100 
1 97.03 97.03 88.39 97.16 97.48 89.07 97.28 97.52 88.21 
2 96.31 95.24 86.54 96.79 95.61 86.18 96.84 95.93 86.42 
3 94.65 93.06 85.33 94.82 93.66 87.76 94.62 93.89 86.74 
4 92.12 92.22 79.94 92.39 92.56 80.31 93.09 93.32 80.53 
TIME F4 FS F6 

(WEEK) 4°C RT 45°C 4°C RT 45°C 4°C RT 45°C 
0 100 100 100 100 100 100 100 100 100 
1 98.33 97.84 88.37 98.61 98.02 87.47 98.94 98.09 88.22 
2 97.41 95.89 86.44 97.53 96.16 87.18 97.45 96.13 87.42 
3 94.88 94.36 86.39 95.27 94.43 85.84 95.59 94.89 86.04 
4 93.52 93.72 80.86 93.67 93.91 80.94 94.44 94.37 82.36 

TIME F7 F8 F9 
(WEE_!{) 4°C RT 45°C 4°C RT 45°C 4°C RT 45°C 
0 100 100 100 100 100 100 100 100 100 
1 98.96 98.23 88.92 99.11 98.38 88.47 99.28 98.52 89.28 
2 97.38 96.29 87.61 97.52 96.54 88.18 97.57 96.93 88.42 
3 95.85 95.12 86.13 96.25 95.62 86.37 96.62 95.89 86.74 
4 94.52 94.42 84.04 94.89 94.96 84.71 95.09 95.37 85.33 
RT--- ROOM TEMPERATURE 

Results: 

From the stability studies data presented in Table 8.9, it is revealed that at lower 

temperatures, the micro pellets remained significantly stable with a maximum loss of 10%. 
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At the elevated temperature the pellets showed some instability. From the results of the 

study it can be inferred that with the increase in net polymer concentration there is a 

decrease in drug degradation. Ovetall, the ionotropic gelation process can be reported to be 

successful in making stable calcium alginate micropellets containing frusemide. 

8.10 Morphological study of the micropellets using Scanning Electron Microscopy 

(SEM) 

The main objective of this study was to identify the surface topography of the micropellets 

along with the presence of any pores and micro channels on their surface. This study 

supports the data obtained from in vitro evaluation of the prepared micropellets and helps to 

describe the release behavior of the formulations. 

Materials: 

I. Calcium alginate (Blank pellets without drug) 

2. Micropellets containing Frusemide and Sodium alginate only 

3. Micropellets containing Frusemide, Sodium alginate and Acrycoat E30D 

Methodology : 

Morphological characterization of the micropellets was done by taking scanning electron 

micrograph in JEOL (Japan), JSM Model 5200 Scanning Electron Microscope. The samples 

were, initially, coated to 200A o thickness with gold-palladium using Pelco Model 3 sputter 

coater, prior to microscopy. This gold-palladium coating was done to reduce the charging 

effect and to impart electron conductivity property to the surface of the micropellets. A 

working distance of 20nm, a tilt of 0° and accelerating voltage of !Skv were the operating 

parameters. Micropellets before dissolution were only subjected to SEM study since, after 

dissolution the pellets become swollen palpable mass. Cross sectional view of the desired 

formulations were obtained by cutting the micropellets with a razor blade. Photographs 

were taken within a range of 50 - 500 magnifications which are presented in Fig 8.9.1 to 

8.9.25. 
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Figure 8.9.1- SEM Photograph ofFrusemide micro pellets (SOX) 

Formulation# Fl 

Figure 8.9.2- SEM Photograph of dissected Frusemide micropellets (350X) 

Formulation # Fl 
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Figure 8.9.3- SEM Photograph ofFrusemide micropellets (SOX) 

Formulation# F2 

Figure 8.9.4 - SEM Photograph of dissected Frusemide micropellets (350X) 

Formulation# F2 
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Figure 8.9.5- SEM Photograph ofFrusemide micropellets (SOX) 

Formulation # F3 

Figure 8.9.6 - SEM Photograph of dissected Frusemide micro pellets (350X) 

Formulation # F3 
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Figure 8.9.7- SEM Photograph ofFrusemide micropellets (SOX) 

Formulation# F4 

Figure 8.9.8- SEM Photograph ofFrusemide micropellets (350X) 

Formulation# F4 
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Figure 8.9.9 - SEM Photograph of dissected Frusemide micropellets (350X) 

Formulation# F4 

Figure 8.9.10- SEM Photograph ofFrusemide micropellets (SOX) 

Formulation # FS 
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Figure 8.9.11- SEM Photograph ofFrusemide micropellets (350X) 

Formulation # FS 

Figure 8.9.12 - SEM Photograph of dissected Frusemide micropellets (350X) 

Formulation # FS 

163 



Figure 8.9.13- SEM Photograph ofFrusemide micropellets (35X) 

Formulation # F6 

Figure 8.9.14- SEM Photograph ofFrusemide micropellets (350X) 

Formulation # F6 
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Figure 8.9.15 - SEM Photograph of dissected Frusemide micropellets (SOOX) 

Formulation # F6 

Figure 8.9.16- SEM Photograph of Frusemide micropellets (35X) 

Formulation # F7 
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Figure 8.9.17- SEM Photograph ofFrusemide micropellets (350X) 

Formulation # F7 

Figure 8.9.18 - SEM Photograph of dissected Frusemide micropellets (SOX) 
Formulation# F7 
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Figure 8.9.19- SEM Photograph ofFrusemide micropellets (35X) 

Formulation# F8 

Figure 8.9.20 - SEM Photograph of Frusemide micropellets (350X) 

Formulation # F8 
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Figure 8.9.21 - SEM Photograph of dissected Frusemide micropellets (350X) 

Formulation# F8 

Figure 8.9.22- SEM Photograph ofFrusemide micropellets (35X) 

Formulation # F9 
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Figure 8.9.23 - SEM Photograph of dissected Frusemide micropellets (35X) 

Formulation # F9 

Figure 8.9.24 - SEM Photograph of Frusemide micropellets (350X) 

· Formulation# F9 
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Figure 8.9.25 - SEM Photograph of dissected Frusemide micropellets (500X) 

Formulation# F9 . 

Results: 

The scanning electron micrograph of the final sets of micropellets presented in figure 8.9.1 

to 8.9.25 showed that all the formulation produced rounded, rough pellets which cannot be 

defined to be purely spherical. With the increase in polymer weight the pellets took more 

sphericity as evident from the formulation F3 (Fig. 8.9.5- 8.9.6), F6 (Fig. 8.9.13- 8.9.15) 

and F9 (Fig. 8.9.22- 8.9.25) containing highest level of polymer variations. When studied 

at higher magnification (350 X and 500 X) and when the pellets were centrally dissected 

and the cross sectional views were captured, the pellets showed dense network of polymers 

entrapping the drug. The numerous channels and pores visible in the micrograph shows the 

pathway through which dissolution medium can permeate into the drug-polymer matrix, 

swells the polymers and widens the pore diameter which in turns helps the drug molecule to 

diffuse from the matrix into the dissolution medium. This fact explains the sustained release 

nature of the formulation. Presence of free drug on the surface of the pellets supports the 

logic behind the loose surface crystal study reported in Section 8.6. 
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IN VITRO DRUG RELEASE STUDIES OF FRUSEMIDE 

LOADED CALCIUM ALGINATE MICROPELLETS 

9.1 Introduction 

In recent years, much attention has been focused on the problem of drug availability and 

usually is determined by the rate of release from the physical system commonly referred to 

as the dosage form. The release of the drug from the system is in turn governed by such 

processes as the absorption of the drug in the system, the dissolution rate of the drug and 

other factors. As early as 1948, it was recognized that while the efficiency of a compressed 

tablet is to some degree related to the rate of disintegration, the dissolution of the drug is of 

prime importance. 1 

The development and use of in vitro models to stimulate and describe dissolution and 

absorption in vivo serves three useful purposes. Firstly, when a successful model that 

adequately mimics the in vivo situation, has been developed it is likely that the physico

chemical properties existing in the model may also be of significance in the in vivo process. 

Second, is the use of these model systems to screen potential drugs and their associated 

formulations for their dissolution and absorption characteristics? If an in vivo and in vitro 

correlation has been established, meaningful quantitative screening can readily be 

undertaken by the use of the model system. Even in the absence of in vivo data or in vitro 

and in vivo correlation, it is possible to predict, on the basis of in vitro data alone, which 

form of the drug or dosage form will result in optimization of a particular designed effect. 

Third, in vitro model systems, especially those concerned with the dissolution process, can 

serve as quality control procedures once the form of the drug and its formulation has been 

established. Parrot et aP clearly indicated the importance of dissolution kinetics. 

Subsequently, Nelson and coworkers3
•
4
•
5 reported that the dissolution rate does indeed 

control the rate of build up of certain drugs in the blood stream. In a review article dealing 

with drug absorption, Wagner6 discussed the dissolution rate in some details and indicated 

its importance in the absorption process. 

The dissolution test can be a good index of bioavailability if it meets two conditions, 

namely, 

I. The dissolved drug remains free and intact and does not decompose or form a drug 

complex with food in the gastrointestinal tract, and, 
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2. Dissolution and not absorption, is the rate-limiting step in the availability of the drug 

in the systemic circulation. 

9.2 Theories of Dissolution 

Higuchi 7 des~ribed three processes, which either alone or in combination describe 

dissolution rate mechanisms, the diffusion layer model, the interfacial barrier model and 

Danckwert's model. Dissolution by diffusion layer model is diffusion limited and consists · 

of two stages: 

1. Interaction between the solvent with surface of the drug, resulting in the hydration 

and solvation of the drug to form a saturated layer around the drug particles. 

2. The diffusion of drug molecules into the bulk of the system. 

The diffusion of drug away from the saturated layer is regarded as the rate-determining step. 

Therefore, this model regards the rate of dissolution as being diffusion-limited. Once the 

molecules of the solute pass the liquid film/bulk interface, rapid mixing will destroy the 

concentration gradient. In the interfacial barrier model, it is proposed that all collisions of 

solvent molecules with the solid surface do not result in release of solute molecules because 

of high free energy of activation requirements. Danckwert's model postulated that removal 

of solute from the solid is achieved by microscopic pockets of solvents being carried right 

up to the solid- liquid interface by eddy currents. Goyan8 used Danckwert's model to study 

the dissolution of spherical particles. 

9.2.1 Factors affecting the rate of dissolution of drugs from solid dosage form9 

Important factors that affect the rate of dissolution- of drugs from solid dosage forms are 

summarized below: 

1) Environmental factors during dissolution: 

i) Intensity of agitation, rate and type of flow of fluids and geometrical factors of 

dissolution apparatus. 

ii) Concentration gradient, i.e. the differences in concentration between the 

solubility of the drug in the dissolution medium and the average concentration in 

the bulk field. 
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iii) Composition of the dissolution medium, the pH, ionic strength, viscosity, surface 

activity, enzymes, etc. are all important and the rate of dissolution is determined 

by the composition of the mediinn. 

2) Factors related to the physicochemical properties of the drug: 

A. Factors affecting solubility:

!. Polymorphism. 

2. Amorphous state and salvation. 

3. Free acid, free base or salt form. 

4. Complexation, solid solutions and eutectics. 

5. Particle size. 

6. Surfactants. 

B. Factors affecting surface area available for dissolution:

!. Particle size. 

2. Manufacturing variables. 

3) Factors related to the composition of dosage form and method of manufacture: 

These factors vary widely depending on the particular solid dosage form, the excipients and 

the manufacturing processes. 

4) Environmental factors involved with dosage forms: 

1. Humidity during manufacture. 

2. Storage conditions of dosage forms. 

3. Age of dosage forms. 

Drug release rate or dissolution rate is the amount of the active ingredient of a solid 

pharmaceutical preparation, which is dissolved within a unit of time, under strictly 

controlled conditions in a fluid medium surrounding the sample. 10 

Restricting this discussion to orally administered solid dosage forms containing drug, the 

dissolution process must be rate-limiting with respect to the absorption process if the former 

is going to exert an effect on the rate and the amount of drug appearing in the body. This, in 

turn, will control the onset, duration and intensity of the pharmacologic response of the 

drug. This dependence on dissolution rate for biological availability is generally only 

174 



significant with relatively water insoluble drugs. The physicochemical factors that control 

the rate of dissolution may be detected from the previous discussion on the theories of 

dissolution. These include temperature, degree of agitation, pH, solubility, concentration 

gradient, composition and viscosity of dissolution medium and its P?tential for micellar 

solubilization, the presence of active or inactive additives, drug polymorphism, crystal mass 

and effective surface. 

It is evident that dissolution rate is subject to a large number of physicochemical influences. 

It is of great practical value of studying these effects in biological systems. 

5) Factors influencing dissolution related to Apparatus and Test parameters: 

A. Volume of dissolution fluid:-

Volume of the dissolution fluid should conform to the volume of the physiological 

secretion, which is illustrated in Table 9.1.1 

Table 9.1.1 Secretion in GI tract (mllday) 11 

Saliva 500-1500 

Stomach 2000-3000 

Duodenum and Pancreas 300-1500 

Gall Bladder 250-1100 

Jejunum 3000 

Though USP XX prescribed 1 litre of volume for satisfactory maintenance of sink 

condition, which is also dependent on the saturation, 3, 4 or 5 litres of volume have also 

been reported12
•
13

•
14

•
15

• In the present study, 900 ml of volume was used to maintain the 

perfect sink condition. 

B. Effect of pH:-

The effect of pH on the dissolution rate of drug from an oral dosage form depends on: 

l. The pH of the gastrointestinal fluids, a patient variable. 

2. The acid or base strength of the drug, a pharmaceutical variable. 

3. The physicochemical properties of the dosage form, another pharmaceutical variable. 
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An orally administered solid dosage form will be subject to a gradient of pH change ranging 

from acidic in the stomach (the average pH of gastric fluid in men is about 1.9 while it is 

reported to be approximately 2.6 for women16
), to neutral medium in the intestine (the pH of 

the duodenal secretion for both men aild women varies from 5.8 to 7.617
). This change in pH 

will affect the solubility and degree of ionization of acidic or basic drugs, and consequently 

the dissolution rate and the rate of absorption. The pH of the dissolution fluids simulating 

the 'in-vivo' pH conditions should be as follows (Table 9.1.2): 

Table 9.1.2 Dissolution mediums in respect of pH 18 

Medium pH 

Simulated Gastric fluid 1.0-4.5 

Simulated Intestinal fluid 4.5-8.0 

Simulated Jejunal fluid 4.5-7.5 

Simulated Ileum fluid 7.5-8.0 

Rectum 7.2-7.5 

The salt form of the drug dissolves much faster than the non-ionized forms or zwitterions in 

all media and more of the salt forms of the drugs are absorbed and subsequently excreted in 

each time period. For a dissociable drug, either an acid or base, the pH of the 

gastrointestinal fluids will determine whether the drug is ionized and/or non-ionized. It has 

been derived that as the pH increases, the dissolution rate of a weak acid increases and the 

dissolution rate of a weak base decreases. 

In recent years, the FDA has been gathering in vivo and in vitro data on controlled release 

dosage forms that strongly suggest that the pH specificity of the drug or the formulation 

may often affect the controlled release profile. A formulation with pH dependent in vitro 

dissolution profile may behave poorly in vivo because it is subjected to pH variation along 

the gastrointestinal tract and it is at the mercy of gastrointestinal motility, in particular, 

gastric emptying. Furthermore, there is the possibility that the prevailing gastric physiology, 

e.g., achlorhydria may also impact adversely on such dosage forms. Similarly, one should 

be aware of poorly soluble drugs that undergo rapid metabolic or renal clearance. Such 

drugs will often require clinical trials to establish safety and efficacy. 

Ever newer aspect in dissolution testing is the continuous change of pH of dissolution fluid. 

Takenaka et. az9 have reported the continuous change. of pH in a flow cell, simulating 
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continuous change of pH in vivo. Another method for continuously changing pH of 

dissolution fluids has been reported by B.K.Gupta et. a/.20 

C. Effect ofTemperature:-

th f th . . . f a! k 21 22 23 "t . h th t "f From e reports o e mvestlgat10ns o sever wor ers · · , I IS s own a I a 

heterogeneous reaction is diffusion-controlled, the I 0° temperature coefficient should be in 

the neighbourhood of 1.3, while an interfacial-controlled reaction possesses a coefficient of 

about 2.0. The temperature of dissolution medium has been maintained in most of the 

articles at± I °C, which is also prescribed by USP XXV. 

D. Effect of Agitation:-

The agitation intensity affects the process controlling the heterogeneous reactions. 

Investigations 24
•
25 involving agitation have led to the following empirical relationship. 

K =a (N) b (9.1) 

Where N is the agitation or stirring rate, K is the reaction rate and 'a' signifies agitation rate 

constant and 'b' as coefficient of agitation. If the reaction is diffusion-controlled, then the 

value of 'b' should be 1 or near I. This is, in accordance with the Nemst-Brunner Film 

Theory, which stated that the thickness of the film was inversely proportional to the stirring 

speed. For the reactions controlled by the rate of the interfacial reactions, it would be 

expected that the agitation intensity would not influence the reaction rate, and 'b' should 

approach zero. If both processes are influential in the control of the rate, 'b' should vary 

between zero and one, if sufficiently wide ranges of agitation intensities are employed. 

Under conditions of natural convection or very mild agitation, the mass transfer coefficient 

may be obtained from a correlation of the form: 

Sh = 2 + 0.56(G, .Sc) 0
"
25 (9.2) 

where, the left hand side of the equation, the Sherwood number, Sh = KLID ; groups the 

mass transfer coefficient K with a characteristic linear dimension of the system L, in this 

case, the dissolving particle size, and the diffusivity D of the solid in the solvent. The right 

hand side contains two dimensionless groups, the Grashof and Schmidt numbers. The 

Grashof number takes the form, 

G, = L 3 pllpg/1]2 (9.3) 

p =solution density, 

tl p = density difference between bulk solution and interface solution, 

1] =viscosity, and g = gravitational acceleration. 
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Sclunidt number is given bj6 

Sc=tJ/pD (9.4) 

Both groups are raised to the same power for correlation purposes. The numerical factor 2, 

on the right hand side, represents the minimum value that the Sherwood number can take 

when the other groups are zero. 

When the agitation is more pronounced, the recommended correlation equation includes the 

Reynolds number instead of the Grashof number, this being appropriate group to choose in 

situations where there is relative motion between the solid and the fluid. Quite a slight 

forced motion is usually enough to swamp the gentle convection currents. 

The equation Sh = 2 + 0.56 Re0
'
55 Sc 033 

. (9;5) 

is given by Freessling27
. At values of Sh > I 00, it is normal to ignore the factor 2 due to 

natural convection, since an accuracy of 2% is much better than can be hoped for, from 

predicted equations of this type. 

The reports28
•
29 clearly establish that even for controlled release preparations containing a 

drug whose solubility is pH dependent, it is the degree of agitation which has the greatest 

influence on the in vitro drug release. An appropriately four-fold change in stirring rate thus 

produces a greater change than an approximately 65-fold change in solubility. 

E. Effect of Viscosity:-

Diffusion-controlled reactions should decrease in rate with an increase in viscosity, whereas 

viscosity ·has little effect on interfacial controlled reactions. Several equations have been 

derived which show the dissolution rate to be a function of viscosity raised to some power 

where the exponent varies from 0.25 to 0.830
• 

F. Effect of Surface active agents:-

Wurste~1 showed that the surface-active agents in the dissolution medium increased the 

effective surface area available for dissolution. It is possible that with certain substances 

solubilization will occur at concentrations significantly below the CMC (Critical Micelle 

Concentration). This can be solubilizate if oriented between ionized surfactant molecules, 

the repulsive forces of the surface active agent will be reduced, thus facilitating micelle 

formation at lower concentration32
•
33

• Other investigators feel that limited association or 

aggregation between the solubilizate and surfactant at concentrations considerably below 

the CMC is responsible for the increase in solubiiio/4
•
35

• 
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G. Effect of Gastric mucin and enzymes:-

Abbott et aP6
, have reported that the mucoid content of human gastric fluid could notably 

change the in vitro dissolution time observable as compared to simulated gastric fluid. 

Wood37 suggested the omission of pepsin and mucin, and continued further formulative 

dissolution studies with straight inorganic systems. 

H. Effect of Drug solubility:-

Accordiilg to Noyes and Whitney equation, the dissolution rate shows a first-order 

dependence on the difference in solubility (Cs- C) where Cs is the concentration of the drug 

at saturation and C is the concentration of the drug. By any means whereby C5 increased 

and/or C reduced will cause a corresponding increase in dissolution rate. The point has been 

made earlier that if dissolution is to be biopharmaceutically significant, it must be the rate

limiting step in the in vivo dissolution absorption process. This being so, the connection of 

free drug in solution in the lumen of the gut, C, will be low on account of the relatively high 

absorption rate. Sink conditions, therefore, likely to prevail in vivo. For meaningful data to 

be obtained from an in vivo system, it is necessary to ensure that these too, operate under 

similar sink conditions. According to Gibaldi and Feldman38
, sink conditions can be 

assumed if the total amount of drug in solution does not exceed I 0 to 20% of the saturated 

concentration. Unfortunately, with drugs having only a very low solubility in dissolution 

medium, this can result in the use of very large volumes of fluid. The saturation solubility of 

a weak acid or base is not an invariant property of that compound, but will vary with the pH 

of the dissolution medium. 

9.3 Development of Dissolution Rate Testing Methodology 

Taking into consideration the appreciable amount of work done to date on dissolution of . 

controlled release dosage forms, it is not surprising that more than 100 different apparatuses 

have been proposed for the measurement of in vitro drug release from solid dosage forms. 

Latti~9, Hersey40
, Baun and Walker41

, Koch11and Lerk42 described the technology in detail. 

It is not the author's intention to review the apparatus and method in detail, rather to 

highlight the official methods together with other that gained importance for the in vitro 

dissolution testing of controlled release dosage forms. 

Swarbrick5 classified the various techniques of dissolution from a consideration of their 

associated hydrodynamics. Striker43 divided the dissolution methods into three groups: i) 
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Closed-compartment Systems ii) Open flow through Chambers iii) Dialysis and iv) 

Diffusion Models. Closed compartment systems usually employ large volumes of 

dissolution solvent. Open flow through Chambers also use large volumes of solvent, but 

only a small amount similar to the volume present in the gastrointestinal tract, is actually 

active in the dissolution process at any point of time. In Diffusion Models, dissolved 

substance passes through a membrane or dividing layer into a second compartment. 

The types of apparatus, as indicated by Barr44 differ in a number of respects. These 

differences involve the type of agitation, the intensity of agitation, the dispersion of the 

particle, the abrasion of the intact tablet or particles, the volume and rate of exchange of the 

dissolving medium, the flexibility of the system to vary with volumes or agitation 

intensities, the reproducibility of the system from run to run. The reproducibility of the 

system in different laboratories, which depends on the availability of standardized 

components, the container, the stirrer, the volume and rate of exchange of the dissolving 

fluid relating to the solubility of the drug tested and experience and documentation available 

for the method. 

Considerable interest has been focused to develop reliable in vivo dissolution rate controlled 

absorption of drugs administered in solid dosage forms. One basic requirement to achieve 

this goal, seems to be the availability of a reliable· and flexible dissolution test apparatus 

which is not only suitable for characterizing in vivo dissolution behaviour of essentially all 

types of solid dosage forms but it is also convenient to use for research, development and 

quality control. Wagner 45 and Shah et a/ 46 have summarized the criteria which should be 

met by the in vitro dissolution testing apparatus for both research and quality control 

purposes. 

9.4 Dissolution Testing of Controlled Release Dosage Forms 

In vitro dissolution rate testing is an important tool in the design, evaluation and control of 

controlled release dosage forms. There is no 'Standard' dissolution rate testing method for 

these kinds of preparations. The methods described in the literatures50 vary according to the 

drug, release sustaining materials and dosage forms tested. The· methods are dependent on 

the principle of the use of simulated gastric and intestinal fluids at a temperature of 37°C, 

the use of mechanical device to agitate the dissolving fluid and the product at a fixed 

stirring rate, and the use of sieve to retain the disintegrated particles of the dosage form. The 

rate of disappearance of the drug from the product, or appearance in the dissolution fluid, is 
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measured as a function oftime47
•
48

• The usual variations in these methods are the sampling 

intervals, the fluid composition, the agitator and the size of the sieve utilized. Among the 

most commonly used techniques are that of Souder and Ellenbogen49
•
50 

, Levy and Heyes
51 

and that of Stall Gerschberg52
. All the devices have been shown to produce data 

satisfactorily related to in vivo effects48
. Another modified USP XX method

51 
has been 

reported which correlates well with the in vivo data21
• 

9.5 Interpretation of in-vitro drug release kinetics 

The principle of dissolution kinetics is summarized below:-

The release of drugs from different solid dosage forms is time-dependent and this could be 

shown with the help of various equations. In this chapter, the most important dissolution 

rules are summarized and their significance is discussed. The equations are represented only 

in the integral forms that are suitable for practical purposes. In these forms, they could be 

used as algorithms for the development of appropriate computer programs. Mathematical 

models used to describe the kinetics of drug release from microcapsules or micro particles 

are usually based on drug release from microcapsules or micro matrix devices, respectively. 

Because of the size difference, drug release from the macro dosage forms tends more 

quickly to attain steady state that is of shorter duration. These dosage forms are often 

irregular in shape so that conventional models based on spherical, cylindrical or other 

regular geometry often show a poor fit for release data. Also, many micro capsules, 

particularly those produced by various coacervation procedures, are multinuclear or are 

composed of aggregates of smaller micro capsules so that their release kinetics do follow 

that expected of a reservoir type device but rather than that of a monolithic device. Because 

of the diversity of inclusion and lack of homogeneity of many polymeric coatings, the 

following mathematical approaches that have been used to quantifY drug release in vitro 

from micro capsules and micro particles are of interest primarily for indicating those factors 

that influence drug release. 

9.5.1 Noyes- Whitney Rule 

The fundamental for evaluation of the kinetics of drug release is offered by the equation of 

Noyes and Whitney in 189754 

dM/dt = KS (C, - Cr) (9.6) 
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The left hand side here is the rate at which mass, M, is transferred with respect to time, t, by 

dissolution from the solid particle of instantaneous surface, S, under the effect of the 

prevailing concentration driving force (C, - C1), where C, is the concentration at time t and 

C, is the equilibrium solubility of solute at the experimental temperature. The rate of 

dissolution dM/dt is the amount dissolved per unit area per unit time and for most solids 

can be expressed in units of g.cm·2 sec·1
• 

When C1 is Jess than 15% of the saturated solubility C,, C1 has a negligible influence on the 

dissolution rate of the solid. Under such circumstances the dissolution of the solid is said to 

be occurring under 'sink' conditions55
• In general, the surface area, Sis not constant except 

when the quantity of material present exceeds the saturation solubility, or initially when 

only small quantities of drug have dissolved. 

9.5.2 Nernst and Brunner Film Theory 

Brunner and Nernst56 used Fick's Jaw of diffusion to establish a relationship between the 

constant in the equation (9.1) and the diffusion coefficient of the solute, 

K = DS/ hv (9.7) 

Where D is the diffusion coefficient, S is the area of dissolving surface or area of the 

diffusion layer, v is the solution volume and h is the diffusion layer thickness. In 

formulating their theories, Nernst and Brunner assumed that the process at the surface 

proceeds much faster than the transport process and that a linear concentration gradient is 

confined to the layer of solution adhering to the solid surface. 

The ideal condition can never be achieved as the actual surface is changed permanently with 

the progress of dissolution processes during the usual determination of drug release. 

In the Noyes-Whitney equation, the dissolution process corresponds to a first-order reaction. 

In fact, the ideal case is only seldom practically realized. In this rule, there occur more or 

less strong deviations from the ideal situations and one is forced to apply one or more 

correction terms to the function equation 57
• 

M = Mo (1- e·kt) (9.8) 

Where M. = limiting concentration and M = actual concentration at time t, the proportional 

factor k is known as dissolution constant. 

Micro capsules with constant activity cores usually exhibit an initial delay or lag time58 

before achieving the steady state value if tested very shortly after preparation because the 

concentration gradient within the coating will not yet have been fully achieved. In that case, 

the functional equation must be corrected as: 
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M = Mo [1 - e -k (t-to)) (9.9) 

On the other hand, for a delayed dissolution 59•60in the beginning, the curve can be described 

as 

(9.10) 

Where, Ao and Bo are constants. Alternatively, if the micro capsules have been stored for a 

considerable period of time before testing, which is more commonly the case, they will 

exhibit as initial release rate higher than the steady state value. This so called 'burst effect' 

can be troublesome in practice, as it leads to initial over dosage. It arises from saturation of 

the coating by drug during storage with rapid release of drug from the outer regions of the 

coating61
• 

62
• A similar effect is observed when the drug particles are embedded in the outer 

surface of the coating. In this case of a rapid initial dissolution, the dissolution curve can be 

reproduced through a composite exponential function made up of two terms: 

M = Ao (1 -e-at) + Bo (1 - e -Pt) (9.11) 

9.5.3 Weibull Equation 

The dissolution curves frequently assume more or less clearly a sigmoid form. These and 

also other forms of curves could be described by a formula of general validity, as far as the 

basic part of the equation is of first order, the equation being63
"
64

• 

M = Mo [1 - e- {(t -to) b)ia) (9.12) 

In this equation, t0 is a local parameter, same as before, equivalent to the beginning of the 

curve or the lag time of the dissolution, ·'a' is a scalar parameter, which signifies the time 

dependence of the total process (theoretically 'a' =reciprocal of the rate constant), 'b' is a 

shape parameter which express whether the curve is purely exponential (b = 1 ); rising 

sigmoid with a turning point (b > I); or a steep rising branch which will correspond to the 

purely exponential form (b<l ). It is obvious that the Wei bull equation only then has any 

significance, when t-t0 ;::: 0. This equation is almost universally applicable64
; it is optimally 

suitable for most of the dissolution curves. 

Langenbucher65 defined the dissolution time, T d by a term, a (1/b ), where, "a" is a scale 

parameter and "b" is a shape parameter of the Wei bull function. T d represents the time 

interval necessary to dissolve 63.2% of the material. T d coincides with Mean Dissolution 

Time (MDT) if the dissolution rate time curve can be approximated by a mono-exponential 

equation. 

183 



9.5.4 Dissolution Efficiency: 

Khan 66, who introduced the idea of Dissolution Efficiency, suggested a parameter suitable 

for the evaluation of 'in-vitro' dissolution. This is defined as the area under dissolution 

curve up to a certain limit, expressed ·as a percentage of the area ·of the rectangle described 

by I 00% dissolution in the same time. 

This can be represented as: 

Dissolution Efficiency (D.E.) = f1o (Y.dt/Y. 100.t) x 100 (9.13) 

where, Y denotes concentration of the drug at any time t. The concept of dissolution 

efficiency has certain advantages. The first is that summation of drug release data into a 

large number of formulations, the second advantage and probably the most important is that 

it can be theoretically related to 'in-vitro' data. 

9.5.5 Mean Dissolution Time (MDT): 

Statistical moment, which is model independent characteristics, can be defined ·for all 

statistical distribution curves. Cut!er67 and Y amaska et al 68 applied the moments to analyze 

in vivo time course curve and urinary excretion rate time curve. Riegelman and Collier 

proposed the mean in vivo dissolution time (in vivo MDT) for bioavailability evaluation. 

Dissolution phenomenon includes a stochastic feature; a drug molecule in a tablet or a 

capsule transfer with a certain probability from the solid state to the dissolved state. We 

observe the total behavior of numerous drug molecules, each of which has its own transit 

probability. Thus the dissolution time curve represents a statistical cumulative distribution. 

Therefore, moment analysis can also be applied for the characterization of the in vitro 

dissolution time curve. Mean in vitro dissolution time (in vitro MDT) is defined as follows69 

MDT= "fo t. (dm/dt).dt I "fo (dM/dt). Dt 

or, MDT = "fo t. dM!Ma 

(9.14) 

(9.15) 

where, M is the amount, concentration or fraction of drug dissolved in solution at time t, 

dm/dt is the dissolution rate and D is the total amount dissolved or final concentration at 

infinite time. The in vitro MDT is calculated in the same way as the Mean in vivo 

Residence Time (MRT) of the trapezoidal integration. 68 
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9.5.6 Logarithmic Logistic Equation: 

This equation can be used for reducing the dissolution data to linear form, the correlation 

coefficients being close to unity70
• The equation being, 

M = K [1 - e<•+bt)ri (9.16) 

K is the rate constant and 'a' and 'b' are constants. 

9.5.7 Hixon- Crowell's Cube-root Model: 

As a solid dissolves, the surface area S changes with time. The Hixon and Crowell Cube

root Equation is based on the assumption that 

1. Dissolution occur normal to the surface of the solute particle. 

2. Agitation is uniform on overall exposed surfaces and there is no stagnation. 

3. The particle of solute retains its geometric shape. 

This equation postulates that during the dissolution process, the decrease in weight of the 

undissolved solid at certain time is proportional to the cube-root of the mass of the solid 

body70
, thus 

Wo 1~- W 113 =Kt (9.17) 

Since W0 = M0 =initial mass and W =Mo-M, where M =mass dissolved at time't'. 

This cube-root equation can not be used in its original form, because the characteristic 

dimensions of the solid bodies change strongly during dissolution process. Specially in case 

of the anisotropic crystals the dissolution from different crystal surfaces take place at 

different rates, also in case of powders, which exist in an irregular crystal size, hence cannot 

be normally or log-normally divided.71 

9.5.8 Zero-order Kinetic Model: 

The general functional equations for reactions of zero-order, for example, refer to the 

liberation of active ingredients from the surface, which remains constant with time. The 

determination of the intrinsic dissolution rate of drugs is one of its applications. Moreover, 

this equation obeys the drug release phenomenon from 'Osmotic Pumps' 72
• The equation is 

given by73 

(9.18) 

Equation (9 .18) signifies that the rate of dissolution remains constant with time ( K0 = 

dissolution constant of zero-order) and independent of absolute ambient of substances. 

Indeed, this will be valid only for very dilute solutions, hence under sink conditions. If the 
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concentration comes close to the saturation limit, then the dissolution will proceed in a 

pseudo-first order process. 

9.5.9 First-order Kinetic Model: 

In the case of drug release from reservoir devices as well as multiparticulate systems the 

first-order kinetics is followed. There are two approaches of using the first-order rate 

equation in the case of 'in-vitro' dissolution kinetics under sink conditions74
. 

I. For the case when there are sink conditions and surface area varies with time, one 

may assume that during some parts of the dissolution process the surface area available for 

dissolution decreases exponentially with time .. 

log (W"-W) =log M = {k,/2.303}(t-to) fort> 0 (9~19) 

where, (W" - W) is the amount of drug not released from the dosage forin. 

2. For the case when the effective surface area available for dissolution at any time is 

proportional to the amount of undissolved drug, the equation is given by73 

log (W"- W) =log W" - {k/2.303}t (9.20) 

where, W"' represents the amount in solution at infinite time: 

Gibaldi and Feldman73 have reported that a drug, which may be absorbed or dissolved under 

sink condition in a zero-order fashion, may demonstrate first-order dissolution kinetics 

under non-sink conditions. An organic solvent reservoir that functions to maintain 

approximate sink condition is also applicable to the determination of first-order dissolution 

rates. The rate of appearance of drug in the organic phase may be related to the first-order 

dissolution rate in the aqueous phase by means of the following kinetic model. 

K1 Kp 

A ------------> B ------------> C (9.21) 

· If the choice of organic solvent and other experimental conditions are such that Kp!K1 2: 10, 

then with a short period of time after initiation of dissolution, the appearance of drug in the 

organic solvent phase may be approximated by equation (9.21). 

9.5.10 Second- order Kinetic Model: 

For few slow release formulations, produced by embedding technique, the release of drugs 

proceeds via the second order kinetic process. The corresponding functional equation runs 

as follows: 

M=Mo (M0 -M)Kz t (9.22) 
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where, K2 is the rate constant for second-order. Both Gibaldi and Feldrnan73 and 

Raghunathan and Becker75 showed how, under special non-sink conditions, one can obtain 

second order in vitro dissolution kinetics. 

9.5.11 Wiesman Exponential Release Model: 

Wieseman and Federce76 published plots of per cent aspirin release on the logarithmic scale 

of semilogarithmic graph paper versus time in hours for the release of aspirin from various 

matrices in tablet form. This indicates exponential release of the growth type with equation 

describing such data being of the form of equation (9.23). 

M -M k(t-t > 
- Oe 0 (9.23) 

Where M is the per cent released, Mo. is the amount which has been released at the time to 

when the exponential release began, k is a constant and t is the time. 

9.5.12 Higuchi Model: 

Diffusion controlled drug release, when the drug is dispersed as a solid in a matrix, has been 

studied by T. Higuchi77 and W. I.Higuchi78
• If the matrix is homogeneous, planar diffusion 

to a perfect sink leads to equation (19). 

Q =--/ [D (2A- Cs) C, t] (9.24) 

Where Q is the amount of drug released per unit surface area, D is the drug molecule's 

diffusion coefficient in the matrix, A is the total amount of drug in the matrix per unit 

volume, C, is the solubility of the drug in the matrix substance and tis the time. 

If the matrix is heterogeneous and diffusion takes place in the inter granular pores, one 

obtains 

Q = -v [(DE h:) (2A- E C,)C, t] (9.25) 

Where D is the diffusion coefficient of the drug molecule in the solvent, E is the porosity of 

the matrix, T is the tortuisity of the matrix and Q, A, C, and t have the meanings assigned 

above. This equation holds good for release of drugs from an insoluble porous matrix. 

Tortuisity is defined as the dimension of radius and branching of the pores and canals in the 

matrix. 

For both of these cases, a plot of Q versus the square-root of time will be linear. Desai et 

aP9
•
80 have shown such matrices yield linear square-root of time plots. Numerous 

modifications of the square-root law were established for all possible types of 

indecomposable dosage forms 77
'
84

• 
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9.5.13 Other Models: 

Further equations must be mentioned here for the release of drugs from an indecomposable 

matrix through progressive erosion of the upper surface85 and the diffusion of drugs from 

hydrogels. 

When the liberation of drugs proceeds through erosion of the drug containing slabs, 

cylinders and spheres, then this process represents at most a kinetic process of zero-order. 

According to Hoffenberg85
, the liberation profile in this case can be described by the 

following relation: 

M!Mo = 1- [1- (K0t)/ (Aa)]" (9.26) 

Here, M, Mo and t have their usual meanings. K0 is the rate constant of zero-order, A is the 

initial drug concentration in the matrix, a is the distance factor (half of the thickness in case 

of flat surface, radius in case of spheres and cylinders), and n is a type factor (n = 1 for 

planar surface, n = 2 for cylinders and n = 3 for spheres). 

Davis86 has reported empirical relation for the release of drug from polymers in water

soaked gels. The equation is given by 

Dp =Do exp (-0.05 + 10"6m) P (9.27) 

where, Dp is the diffusion coefficient of solute polymer. Do is the diffusion coefficient in 

water, both have the dimension (cm2.sec), m stands for the molecular weight of the drug 

and P stands for the portion in per cent of the polymer in gel. 

For the liberation of drug from hydro gels, another cubic dissolution factors have been given 

recently. By a series of experiments with water-soaked gel producing retard preparations, 

Bamba87 et al, found that the liberation curve could be matched test according to an 

equation (9 .28) of the third degree with the experimental data. 

M = ae + bt2 + ct (9.28) 

The coefficients a, b and c are based on theory and include in themselves one permeation 

coefficient, which describes the diffusion of drug through the gel barrier and one 

permeation coefficient which reproduces the incoming rate of the fluid in the gel producing 

matrix. 

Finally there are some more experiments, which describe dissolution· equations with the 

kinetic process in polydispersed systems and variable test conditions. 

Which of these diverse dissolution equations would be really applicable is not a priori 

known. It depends upon the characteristics of the dosage forms and the conditions under 

which the experiment of dissolution was carried out. 
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The jnference, which could be put forward, is that, the experimental data should be solved 

in the linearization procedure, which would be described in the treatments on computerized 

interpretations of dissolution data. This would yield the best possible adoption of the 

dissolution curve and the experimental points. 

9.5.14 Korsmeyer-Peppas Model: 

Korsmeyer88 et a/. (1983) developed a simple, semi-empirical model, relating 

exponentially the drug release to the elapsed time (t): 

Mt /Moo= Mo /Moo+ KKP t" (9.29) 

where, KKP is a constant incorporating structural and geometric characteristic of the drug 

dosage form, n is the release exponent, indicative of the drug release mechanism, and the 

function of t is Mt /Moo (fractional release of drug). Mo /Moo signify the initial burst 

release fraction. 

Peppas used this n value in order to characterize different release mechanisms, concluding 

for values for a slab, of n=0.5 for Fick diffusion and higher values of n, between 0.5 and 

1.0, or n=1.0, for mass transfer following a non-Fickian model (Table 9.2). In the case of a 

cylinder, n=0.45 instead of 0.5, and 0.89 instead of 1.0 can only be used in systems with a 

drug diffusion coefficient fairly concentration independent. To the determination of the 

exponent n the portion of the release curve where Mt /Moo <0.6 should only be used. 

Table 9.2 Value of nand its implications on Diffusional mechanism from polymeric 

film 

Release Exponent (n) Drug Transport Rate as a function of Time 
Mechanism 

0.5 Fickian diffusion t -u.o 

0.5 < n < 1.0 Anomalous Transport t n-J 

1.0 Case ll Transport Zero Order Release 

Higher than 1.0 Super Case ll Transport t n-J 
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9.5.15 Baker-Lonsdale Model: 

This model was developed by Baker and Lonsdale89 (1974) from the Higuchi model and 

describes the controlled release of the drug from a spherical matrix, being represented by 

the following expression: 

3[ ( M)2t3] fr=z 1-1-M: 
(9.30) 

where, Mt /Mao is a function of time (f 1) which signifies fractional release of the drug. The 

release constant, k, corresponds to the slope of the curve between Mt !Moo versus time (t). 

This equation has been used to the linearization of release data from several formulations of 

microcapsules or microspheres. 

9.6 In Vitro Dissolution Study of Frusemide Loaded Micropellets 

The Frusemide micropellets of different batches were subjected to in vitro dissolution study 

as per following protocol (Table 9.3). 

Table 9.3 Protocol for Dissolution Study of Frusemide 

SI.# Parameters Specifications 
1. Dissolution medium Phosphate Buffer of pH 6.8 

2. Volume of the medium 900ml 
3. Dissolution apparatus USP XXIV Apparatus I (Paddle type) 
4. RPM 50 
5. Temperature of the water bath 37±2°C 
6. Time of sampling (hours) 0.5, I, 2, 3, 4, 5, 6, 7, 8, 9 hrs. 

At these specified time intervals, a fixed volume of sample (1 0 ml) was withdrawn from the 

dissolution medium and substituted by equal volume of fresh medium. The withdrawn 

samples were diluted suitably and the drug contents in the samples were determined by 

using Shimadzu UV-VIS 2400 spectrophotometer at 277.5 nm. 
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9.6.1 Release profile of Frusemide from micropellets at low (-1) level of Sodium 

alginate and at low, medium and high level of Acrycoat E30D 

Frusemide micropellets prepared with low level of alginate (1% w/v) and Acrycoat E30D at 

0% w/v, 2% w/v and 4% w/v level i.e. Batch F1, F2 and F3 were subjected to dissolution 

study as per the protocol given in the Table 9.3. The release data of these batches is given in 

the Table 9.4. The cumulative release data and the other derived data of Frusemide from 

these batches is plotted in different release kinetic models, namely, zero order kinetics, first 

order kinetics, Higuchi kinetics and Hixon Crowell model and the graphical representations 

of each kinetic model are shown in the Fig 9.1-.1- 9.1.4. 

The correlation coefficients (R2
) and the release rates (Ko, K1. KH and KHc) of these batches 

are shown in the Table 9.7 and 9.8 respectively. The release rates (K) of each model have 

been calculated by linear regression with the Microsoft Excel 2003 software. Coefficients of 

correlation (R2
) were used to evaluate the accuracy of fit. Since the number of dissolution 

parameters were kept constant, correlation coefficients (R2
) was used as indicators of best 

fitting model equations. To further confirm the release kinetic model the dissolution data 

were analyzed with Korsmeyer-Peppas Model as shown in Table 9.12. 

Table 9.4 Cumulative percent release of Frusemide from micropellets when the 

alginate level is low (-1) (n = 3) 

Time Cumulative % Release ± S.D 

(hr) Fl F2 F3 

0.5 0.22± 0.25 0.22± 0.39 0.62 ± 0.13 

1.0 17.7±0.31 16.34 ± 0.28 23.29± 0.26 

2.0 36.43 ± 0.33 37.71 ± 0.64 37.54± 0.28 

3.0 68.89± 0.45 59.69 ± 0.37 65.45 ± 0.36 

4.0 89.5 ± 0.17 77.64±0.19 73.48 ± 0.19 

5.0 95.12 ± 0.06 86.73 ± 0.34 . 79.91 ± 0.18 

6.0 97.42± 0.09 89.75 ± 0.16 90.95 ± 0.11 

7.0 98.46 ± 0.56 92.17 ± 0.53 95.97 ± 0.24 

8.0 99.09 ± 0.21 96.40 ± 0.48 97.37 ± 0.36 

9.0 99.51 ± 0.33 98.42 ± 0.68 99.78 ± 0.41 
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9.6.2 Release profile of Frusemide from micropellets at medium (0) level of Sodium 

alginate and at low, medium and high level of Acrycoat E30D 

Frusemide micropellets prepared with medium level of alginate (2 % w/v) and Acrycoat 

E30D at 0% w/v, 2% w/v and 4% w/v level i.e. Batch F4, FS and F6 were subjected to 

dissolution study as per the protocol given in the Table 9.3. The release data of these 

batches is given in the Table 9.5. The cumulative release data and the other derived data of 

Frusemide from these batches is plotted in different release kinetic models, namely, zero 

order kinetics, first order kinetics, Higuchi kinetics and Hixon Crowell models and the 

graphical representations of each kinetic model are shown in the Fig 9.2.1 - 9.2.4. 

The correlation coefficients (R2
) and the release rates (Ko, K1, KH and KHc) of these batches 

are shown in the Table 9.7 and 9.8 respectively. The release rates (K) of each model have 

been calculated by linear regression with the Microsoft Excel 2003 software. Coefficients of 

correlation (R2
) were used to evaluate the accuracy of fit. Since the number of dissolution 

parameters were kept constant, correlation coefficients (R2
) was used as indicators of best 

fitting model equations. To further confirm the release kinetic model the dissolution data 

were analyzed with Korsmeyer-Peppas Model as shown in Table 9.12. 

Table 9.5 Cumulative percent release of Frusemide from micropellets when the 

alginate level is medium (0) (n = 3) 

Time Cumulative % Release ± S.D 

(hr) F4 FS F6 

0.5 0.23 ± 1.02 0.02±0.59 0.24± 0.68 

1.0 7.41 ± 1.08 6.98 ± 0.29 6.92 ± 0.61 

2.0 17.98 ± 0.96 17.32 ± 0.36 8.77±0.55 

3.0 28.76± 0.86 27.80±0.57 10.53 ± 0.59 

4.0 36.99± 0.76 35.70±0.19 19.49 ± 0.49 

5.0 53.90±0.91 51.30 ± 0.38 36.34 ± 0.67 

6.0 69.96±0.84 67.96± 0.27 59.32±0.72 

7.0 77.99 ± 1.03 75.88 ± 0.18 71.36±0.73 

8.0 90.90± 0.97 85.06±0.22 83.83 ± 0.69 

9.0 96.59± 0.63 96.82 ± 0.39 91.94 ± 0.70 
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9.6.3 Release profile of Frusemide from micro pellets at high level (+ 1) of Sodium 

alginate and at low, medium and high level of Acrycoat E30D 

Frusemide micropellets prepared with high level of alginate ( 4 % w/v) and Acrycoat E30D 

at 0% w/v, 2% w/v and 4% w/v level i:e. Batch F7, F8 and F9 were subjected to dissolution 

study as per the protocol given in the Table 9.3. The release data of these batches is given in 

the Table 9.6. The cumulative release data and the other derived data of Frusemide from 

these batches is plotted in different release kinetic models, namely, zero order kinetics, first 

order kinetics, Higuchi kinetics and Hixon Crowell models and· the graphical 
' 

representations of each kinetic model are shown in the Fig 9.3.1 - 9.3.4. 

The correlation coefficients (R2
) and the release rates (Ko, Kt. KH and KHc) of these batches 

are shown in the Table 9. 7 and 9:8 respectively. The release rates (K) of each model have 

been calculated by linear regression with the Microsoft Excel 2003 software. Coefficients of 

correlation (R2
) were used to evaluate the accuracy of fit. Since the number of dissolution 

parameters were kept constant, correlation coefficients (R2
) was used as indicators of best 

fitting model equations. To further confirm the release kinetic model the dissolution data 

were analyzed with Korsmeyer-Peppas Model as shown in Table 9.12. 

Table 9.6 Cumulative percent release of Frusemide from micro pellets when the 

alginate level is high (+1) (n = 3) 

Time Cumulative % Release ± S.D 

(hr) F7 F8 F9 

0.5 0.44 ± 1.02 0.44±0.39 0.63 ± 0.61 

1.0 6.86 ± 0.95 6.55 ± 0.25 4.68 ± 0.39 

2.0 24.09± 0.86 17.78 ± 0.48 11.38 ± 0.44 

3.0 31.97 ± 0.93 27.78 ±0.66 22.74± 0.49 

4.0 38.83 ± 1.11 34.93 ± 0.84 30.66 ± 0.27 

5.0 52.31 ± 0.87 45.75 ± 0.19 40.61 ± 0.17 

6.0 56.89± 1.04 51.89± 0.76 49.34 ± 0.27. 

7.0 75.56 ± 1.12 67.61 ± 0.54 60.09± 0.43 

8.0 79.93 ± 0.93 74.76± 0.29 70.25 ± 0.52 

9.0 92.38 ± 0.42 88.23 ± 0.37 78.36 ± 0.38 
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Table 9.7 Correlation coefficients (R2
) of different plots for overall (0-9hr) release 

kinetics of Frusemide from prepared micro pellets. 

KINETIC Correlation coefficients (R• values) 

MODELS Level (-1) Level (0) Level (+1) 

F1 F2 F3 F4 FS F6 F7 FS F9 

Zero order 0.8091 0.8749 0.8949 0.9918 0.9931 0.9397 0.9918 0.9945 0.9945 

First order 0.9240 0.9824 0.8916 0.8678 0.8265 0.8531 0.8328 0.8933 0.9498 

Higuchi 0.9003 0.9495 0.9599 0.9653 0.9638 0.8666 . 0.9750 0.9644 0.9606 

Hixon- 0.9400 0.9819 0.9911 0.9473 0.9314 0.9025 0.9303 0.9485 0.9756 

Crowell 

Table 9.8 Release Rate constants (K values) of Frusemide from micro pellets with 

different level of alginate level (-1, 0, +1) 

KINETIC Release Rate constants (K values) 

MODELS Level (-1) Level (0) Level (+1) 

F1 F2 F3 F4 FS F6 F7 FS F9 

Zero Order 11.301 11.004 10.825 11.468 11.192 11.151 10.209 9.6962 8.8885 

. 
(Ko) 

First Order 0.2459 0.2014 0.2627 0.1529 0.1437 0.1181 0.1332 0.0937 0.0742 

(K1) 

Higuchi 44.508 44.179 43.398 41.599 40.091 38.018 37.893 36.327 34.017 

(KH) 

Hixon- 0.4795 0.4043 0.4474 0.3469 0.3285 0.2942 0.3120 0.2488 0.2133 

Crowell 

(Kuc) 
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Table 9.9 Zero order Model - Release Rate constants (Ko) and correlation coefficient 

(R2
) of Frusemide from micro pellets with different level of alginate level 

(-1, o, +1) 

Zero 
order Independent Variables Overall 
Model (%w/w) Release Phase I 0-2 hr) Phase II (2-9 hr) 

Formulation Acrycoat 
Code Alginate E30D Ko R' Kol R' I(, II R' 
F1 1 0 10.865 0.8503 23.367 0.9713 7.4017 0.6606 

F2 1 2 10.209 0.8961 24.47 0.9881 7.7992 0.8233 

F3 1 4 10.299 0.9145 23.133 0.9004 8.0213 0.8648 

F4 2 0 9.3247 0.9477 11.653 0.9936 11.905 0.989 

FS 2 2 9.0388 0.9463 11.363 0.994 11.667 0.9921 

F6 2 4 7.9428 0.8407 5.1386 0.765 13.42 0.9723 

F7 4 0 7.5642 0.9234 15.976 0.9954 9.9119 0.9868 

F8 4 2 6.9212 0.9101 11.513 0.9995 9.9075 0.992 

F9 4 4 6.1069 0.8929 6.9871 0.9976 9.4018 0.999 

Table 9.10 Higuchi Matrix Model - Release Rate constants (KH) and correlation 

coefficient (R2
) of Frusemide from micro pellets with different level of 

alginate level (-1, 0, +1) 

Overall 
Higuchi Model Independent Variables (%w/w) Release Phase II (2-9 hr) 
Formulation Code Alginate Acrycoat E30D Kn R' Kn II R' 

F1 1 0 44.508 0.9003 33.781 0.7515 

F2 1 2 44.179 0.9495 35.87 0.8929 

F3 1 4 43.398 0.9599 36.76 0.9227 

F4 2 0 41.599 0.9653 50.042 0.9841 

FS 2 2 40:091 0.9638 48.407 0.9833 

F6 2 4 38.018 
0.8666 53.91 0.9477 

F7 4 0 37.893 0.9750 42.076 0.9661 

F8 4 2 36.327 0.9644 42.726 0.9704 

F9 4 4 34.017 0.9606 53.91 0.9477 
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Table 9.11 First order Model- Release Rate constants (K,) and correlation coefficient 

(R2) of Frusemide from micro pellets with different level of alginate level 

(-1, 0, +1) 

First order Independent Variables Overall 
Model (%w/w) Release Phase I 0-2 br) 

Formulation Acrycoat 
Code Alginate E30D K, R' K1 1 R' 

F1 1 0 -0.2459 
0.9240 -0.1279 0.9887 

F2 1 2 -0.2014 
0.9824 -0.1332 0.9985 

F3 1 4 -0.2627 
0.8916 -0.128 0.9357 

F4 2 0 . -0.1529 0.8678 -0.0561 0.9971 

FS 2 2 -0.1437 
0.8265 . 

-0.0545 0.9973 

F6 2 4 -0.1181 0.8531 -0.0234 0.7715 

F7 4 0 -0.1332 0.8328 -0.0837 0.9907 

F8 4 2 -0.0937 0.8933 -0.0554 1 

F9 4 4 -0.0742 0.9498 -0.0329 0.9988 

Table 9.12 Korsmeyer-Peppas Model fitting - Release Rate constants (KKP), 

correlation coefficient (R2
) and release exponent (n) of Frusemide from 

micro pellets with different level of alginate level ( -1, 0, + 1) 

Korsmeyer-
Pep pas OVERALL RELEASE (0-9 PHASE PHASE 
Model hr) I (0-2 hr) II (2-9 br) 

Formulation 
code KKP R' n KKrl R2 1 nl KKPII R2 11 nil 
F1 0.6731 0.7589 1.7429 0.7173 0.8535 3.6857 1.4996 0.7718 0.5952 
F2 0.6529 0.7663 1.7309 0.7107 0.8682 3.7106 1.4664 0.8925 0.6015 
F3 0.8685 0.7749 1.4378 0.9114 0.8359 2.96 1.4686 0.9026 0.6005 
F4 0.4384 0.8909 1.8142 0.4954 0.895 3.1443 0.9029 0.9924 1.1637 
FS 0.0197 0.7984 2.3807 0.1278 0.8487 4.8791 0.8831 0.9935 1.1705 
F6 0.3049 0.9127 1.8064 0.3878 0.7992 2.5957 0.3002 0.9606 1.7854 
F7 0.567 0.9004 1.6173 0.6205 0.9558 2.8874 1.0778 0.9844 0.9125 
F8 0.5268 0.9177 1.6074 0.5699 0.9341 2.6683 0.9295 0.995 1.0477 

F9 0.4982 0.969 1.5608 0.5086 0.9527 2.0875 0.7198 0.9928 1.2522 

202 



- ---------, 

120 

DISSOLUTION PROFILE OF ALL NINE FINAL FORMULATIONS 
AT A GLANCE (ZERO ORDER MODEL) 

~ 100 -
ex: 
w 
u:l 80 
a: 
w 
~ 60 -
ex: 
...J 
::::> 40 -
::!: 
::::> 
u 

I ~ 20 

1-- F1 . 
l F2 1

: 

--- F3 . 

l
--- F4 l!, 
--F5 · 

I-+-- F6 
!- F7 
- F8 

: F9 I 
I o ~-..o:::::::.._~-----------..,-------------"l ~- --r 

1 2 3 4 5 6 7 8 9 10 

I T~E~0 
L___ ____ - ---------------- _ _________ _____ ___ __j 

Figure 9.4 Release profile of Frusemide from micropellets at different level of sodium 

alginate (-1, 0, + 1) following zero order model 

9.7 Discussion 

The in vitro release study unfolds quite an interesting result. Prior to the in vitro studies it 

was expected that at a particular concentration of sodium alginate, with the increase in 

concentration of Acrycoat E30D there would be a decrease in the release rate with the 

extension of the sustaining release of Frusemide from micropellets. In order to analyze the 

drug release mechanism from the micropellets the fo1lowing mathematical models were 

studied, namely, Zero order model, First order model , Higuchi model and Hixon-Crowell 

model. The correlation coefficient (R2
) was used to compare the model equations and to 

determine the 'best fit' model that explains the release kinetics of the drug from the 

prepared micropellets. It was found that six (F4 to F9) out of nine batches of formulation 

followed Zero order kinetics and the rest (Fl to F3) followed Hixon Crowell kinetics for 

overall release (0 - 9 hrs) as depicted in the Figure 9.4. Among the three batches (Fl , F2 

and F3) F2 was found to be best fit with first order kinetics and for Fl and F3 the R2 value 

of both Hixon-Crowell and First order kinetics were in close proximity. Hence it can be 

inferred that at low concentration of sodium alginate, the surface area of micropellets 

203 



decreased exponentially with the time during the dissolution process. During the agitation of 

the dissolution process there was no stagnation of dissolved drug and thus proper sink 

conditions were maintained. In these three formulations the drug released at any time 

remained proportional to the residual drug inside the dosage form. Further, when the release 

profile was divided into two phases to get a more specific release mechanism it was seen 

from the R2 value (Table 9.11) that in the phase-! the drug release was predominantly 

following the first order kinetics. Thus, it can be concluded that at low concentration of 

sodium alginate the micropellets acted as reservoir devices of frusemide which released its 

content depending on the concentration gradient. In spite of incorporation of Acrycoat 

E30D as copolymer, there could not form any.drug-polymer matrix. 

In the rest six batches (F4- F9), the phase-1 release again followed first order (Table 9.11), 

except the formulations F3 and F6 which followed the Zero order release (Table 9.8) with a 

constant release rate (Table 9.9) over the time, independent of drug concentration in the 

system. On the basis of the results obtained, it could be concluded that release of Frusemide 

from the micropellets followed a mixed kinetics i.e. initially first order kinetics followed by 

zero order kinetics. The effect of Acrycoat E30D as release rate controlling polymer was 

evident (Table 9.9) from the fact with increase in the Acrycoat concentration value of Ko 

decreased in every case. At the high level of alginate this fact was more pronounced where 

the micropellets were found to release the active ingredients at a rate ranging from 8 - 1 0 

mg/hr. 

Since the release mechanism involved more than one type of release kinetics, the 

investigator used the semi-empirical formula of Korsmeyer-Peppas88 equation to justify the 

primary outcome of the analysis of release mechanism. For all the batches of formulation 

the release exponent (n) (Table 9.12) in an overall span of 0-9 hr was> 1 signifying super 

Case-II non-Fickian anomalous diffusion transport mechanism. The dehydrated hydrogels 

generally involves the simultaneous absorption of water and desorption of drug via a 

swelling- controlled diffusion mechanism89
• Similar to the transport of organic penetrant in 

glassy polymers, diffusion and swelling in glassy hydrogels generally do not follow a 

Fickian diffusion mechanism. The slow reorientation of polymer chains in order to 

accommodate the penetrating solvent molecules leads to a variety of sorption behaviors, 

particularly when the experimental temperatures are near or below the glass transition 

temperature of the hydrogel. In cases where sorption process is governed by the rate of 

polymer relaxation, Case-11 transport is followed characterized by linear time- dependence 

in the amount diffused and the penetrating swelling front position, results. Generally, in 

204 



most systems, the intermediate situation, termed as non-Fickian or anomalous diffusion 

prevails, whenever the rates of diffusion and polymer relaxation are comparable. On 

segregating the study in two phases Phase-I and Phase-II, this phenomenon of drug release 

was very much in proximity with the theory as it is seen that in the initial phase n >>I 

reflecting the non-Fickian release. With time, water penetrates into the hydrogel matrix 

containing dispersed drug, the polymer chains take up a finite amount of time to rearrange 

to an equilibrium state in order to accommodate the penetrating solvent. On significant 

hydration drug release tends to be linear with time giving (n-1) signifying zero-order 

transport mechanism. 

Thus it can be concluded, that by increasing the polymer mass in the micropellets such drug 

delivery device could be generated which can retain a constant geometry with a constant 

release rate of drug following zero order kinetic model. The reproducibility of the polymers 

to produce micro pellets of similar release mechanism was optimized statistically in the next 

chapter of this thesis. 
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STATISTICAL OPTIMIZATION 

10.1 INTRODUCTION 

The application of statistics 1 has become popular in the research laboratories of the 

pharmaceutical companies, making their research work authentic. Part of this recent upsurge 

has been due to the recognition by research scientists that the application of statistics can be 

a useful tool in the design, analysis and interpretation of experiments. US Food & Drug 

Administration (FDA) and several other government agencies have made it regulated 

through a set of stringent rules, which has made the application of statistical techniques, 

virtually a necessity. 

Theories of statistics are applied in sampling and testing for quality control, stability 

studies, process validation and design of pre-clinical protocols. The resulting data of the 

statistical analysis are routinely applied by the pharmaceutical industries to meet both FDA 

recommendations and their in house standards. Applied statistics, in the field of 

pharmaceutical research, are considered to be more authentic. Recent publications involving 

statistics in optimization and experimental design indicates its importance in formulation 

research. 

Statistical experiments2 are performed by researchers, virtually, in all fields of science, to 

discover the trend and significance of a particular process of a system. An experiment can 

be defined as a test or a series of tests, where intentional changes are made in the input 

variables of a process or a system so as to observe and identify the reasons for changes in 

the output response. 

Great statisticians, namely, Sir Ronald A. Fisher and F. Yates have contributed a great deal 

in the subject of Design of Experiments. The contribution of R.A.Fisher in the logic of 

scientific method and experimentation leads to the development of the subject of Design 

and Analysis ofExperiments3
· The purpose of the theory of the "Design of Experiments' is 

to ensure that the researchers obtains data relevant to his hypothesis in an economical way. 

The researchers are always in a position of being able to spend only a limited amount of 

time, labor, money and other resources on his investigations. These limitations can be 

solved in an efficient way using suitable statistical methods. The experimental data obtained 

from a research are liable to errors which can be minimized with the help of statistical 

applications3• 

209 



The subject of Experimental Design is a vast and complicated field of mathematics and 

statistics with extensive practical application. According to R.A.Fisher, "The design of 

experiment is, however, t?o large a subject, and of too great importance to the general body 

of scientific workers for any incidental treatment to be adequate".3 The principle of 

experimental design can be understood with a sound background of statistical procedures. 

With that knowledge the experimenter can pick up a design, which have been widely 

successful in many field, and suits his own experimental requirements. The subject of 

Experimental Design has been dealt in great depths in various classic books2
-6. 

Experimental Design2 methods are widely applied in various branches of sciences and 

technology to learn about how systems or processes work. It is a critically important tool in 

the Engineering world with extensive application in the development of new processes and 

improvement in the performances of a manufacturing process. The application of 

experimental design techniques early in process development can result in2 

i. Improved process yields. 

n. Reduces variability and closer conformance to nominal or target requirement. 

m. Reduces development time. 

IV. Reduces overall cost. 

Experimental design methods also play a major role in engineering design activities, where 

new products are developed and existing ones improved. Some applications of experimental 

design in engineering design include 

1. Evaluation and comparison of basic design configurations. 

2. Evaluation of material alternatives. 

3. Selection of design parameters so that the product will work well. under a wide 

variety of field conditions, that is, the product is robust. 

4. Determination of key product design parameters that impact product performance. 

The use of experimental design in these areas can result in products that are easier to 

manufacture, products that have enhanced field performance and reliability, lower product 

cost and shorter product design and development time. 
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10.2 Types of Experimental Design2 

The general approach to planning and conducting the experiment is called The Strategy of 

Experimentation. There are several strategies available, having their own advantages and 

limitations. The need for these strategies arises from the frequent practices of so-called Best 

Approach used by engineers and scientists2
• It often works reasonably well because the 

experimenters usually have a great deal of technical, theoretical and practical knowledge of 

the system they are investigating. However, this method is often time-consuming and does 

not guarantee the best possible solution. 

Following is a list of various experimental-designs that could be used to get the best 

possible optimal solution in reasonably less time than the best guess approach2
. 

1. Simple Comparative Experiments. 

2. Experiments with a Single Factor(ANOV A) 

3. Randomized Complete Block Design. 

4. Latin Square Design. 

5. Graeco- Latin Square Design. 

6. Balanced Incomplete Block Design. 

7. Facto rial Design. 

1. Full Factorial Design. 

n. Factorial Design Blocking and Confounding. 

iii. Mixed level Factorial Design. 

iv. Fractional Factorial Design. 

v. Mixed Level Fractional Factorial Design. 

VI. Factorial Design with Random Factor. 

8. Multistage Nested Design. 

9. Design with both Nested and Factorial Factors. 

10. Split- Plot Design. 

II. Split- Split- Plot Design. 

12. Mixture Experiments. 
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1 0.2.1 Factorial Design 

Many experiments involve the study of the effects of two or more factors. In general, 

Factorial Designs are most efficient for this type of experiments. Factorial designs are used 

in experiments where the effects of different factors, or conditions, on experimental results 

are to be elucidated. By a factorial design we mean that in each complete trial or replication 

of the experiment, all possible combinations of the factors are investigated. When factors 

are arranged in a factorial design, they are often said to be crossed2.4. 

In earlier times separate experiments were usually being devoted to each factor studying 

their effect one by one. Fishe~ pointed out that important advantages are gained by 

combining the study of several factors in the same factorial experiments. Factorial 

experimentation is highly efficient because every observation supplies information about all 

the factors included in the experiment. In addition, this is a workman like method of 

investigating the relationships between the effects of different factors. 5 

In the field of Pharmaceutical Sciences, some practical examples where factorial design are 

optimized are experiments to determine the effect of pressure and lubricant on the hardness 

of a tablet formulation, to determine the effect of disintegrant and lubricant concentration on 

tablet dissolution or to determine the efficacy of a combination of two active ingredients in 

an OTC cough preparation. The advantages6 of factorial design may be cited as below:-

¢ In the absence of interaction factorial design have maximum efficiency in estimating 

main effects. (The main effect is the effect of a factor averaged over all levels of the 

other factor.) 

¢ If interaction (i.e. lack of effects of additives) exists, factorial designs are necessary 

to reveal and identify the interaction to avoid misleading conclusions. 

¢ Since factors are measured over varying levels of other factor, conclusions apply to 

a wide range of conditions. 

¢ Maximum use is made of the data since all main effect and interaction are calculated 

from all of the data. 

¢ Factorial designs are orthogonal. All estimated effects and interactions are 

independent of effects of other factors. 
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10.2.2 Analysis of Factorial Experiments4
'
7 

Factorial designs usually involve selection of critical factors, which are expected to affect 

the outcome of experiments. The factors are usually taken with at least two or higher level. 

The levels are coded by some standard mathematical transformations for simplifYing the 

subsequent calculation. The results obtained are analyzed by various statistical and 

mathematical procedures to get an insight into the characteristics of the system. 

A factor is an assigned variable such as concentration, temperature, lubricating agent, drug 

treatment or diet. The choice of factors to be included in an experiment depends on 

experimental objective and is predetermined by the experimenter. A factor can be 

quantitative or qualitative. Single factor design fit the category of one-way ANOV A design. 

The levels of a factor are values or designations assigned to the factor. The runs or trials 

that comprise factorial experiment consist of all combination of all levels of all factors. The 

effects of a factor are the change in response caused by varying the level(s) of the factor. 

The main effect is the effect of a factor averaged over all levels of the other factors. 

Before starting any factorial design, it is customary to write down all the possible factors 

that constitute the different runs of the experiment. Factorial Design Experiments can 

determine the effect of several factors and their interactions simultaneously. The factorial 

design may be useful for screening purpose or an aid in identifYing individual effects of 

complex systems. It offers a good degree of efficacy and possibility of detecting interactions 

between factors. Factor effectiveness can be expressed with a mathematical model which 

explains the influence numerically. In our case we took the help of 32 factorial designs to 

optimize the release data. In 22 factorial designs there are two variables each at two levels 

i.e. at low and high level and total number of experiments is 4. In 32 factorial designs there 

are two variables each at three levels i.e. at low, medium and high level and the total 

number of experiments is nine. This is usually presented in a tabular form as shown in Table 

l 0.1 and I 0.2 for a 22 and 32 Factorial Design respectively. 
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Table 10.1 22 Factorial Design 

A B 

- + 

- -
+ + 

+ -

Where, A and B are two variables and (-) indicates factor at low level and ( +) factor at high 

level. 

Table 10.2 32 Factorial Design 

A B 

- --
- 0 

- + 

0 -

0 0 

0 + 

+ -
+ 0 

+ + 

Where, A and B are two variables and (-) indicates factor at low level, (0) indicates factor at 

medium level and ( +) indicates factor at high level. 

The experiments are done as laid in the contingency table and desired are then 

subjected to various statistical analysis procedures. Basically the analysis is done to either 

prove the Null Hypothesis (Ho) or to disprove it, that is, in other words to prove the 

Alternative Hypothesis (H.). Generally, a linear statistical model is selected for testing of 

hypothesis, such as: x ii= Jl +a;+ e ij ................................ (10.1) where, 

x ; i -> the j-th observation in the i-th group ; Jl -. the general effect ; a ; -> special effect 

to the i-th population; e ij ->error component. 
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The analysis of results can be done from various angles or their combinations, by using 

1. Analysis of Variance (ANOVA) 

2. Regression Analysis. 

3. Response Surface Methodology (RSM). 

Of particular importance is the fitting of data to appropriate mathematical or statistical 

model, which can adequately and reliably describe the behavior of the system under 

investigation. In this regard, the regression analysis and RSM is of particular importance 

since these not only help in testing the hypothesis but also keep open scope of further 

improvement of the models and system optim(zation. 

10.3 Analysis of Variance (ANOVA) 

Analysis of Variance1 (ANOVA) is inextricably connected to experimental design. 

Experiments that are conceived to compare, estimate and test such effects as drug 

treatments, formulation differences and analytical methods can be designed to yield an 

optimal return for effort expended. The experimental results may then be analyzed by 

ANOV A techniques. A good experiment speaks for itself; the conclusions are often obvious 

without complicated mathematical treatment. If designed properly most experiments can be 

easily analyzed. In a poorly designed experiment on the other hand, more than one factor 

may contribute to an experimental result with no way of untangling the effects of the 

factors. Analysis of Variance separates the total variation in the data into parts, each of 

which represents variation caused by factors imposed on the experiment. A properly 

designed experiment allows clear estimate of such variation or, at least, can identify the 

confounding factors, if present. 

In statistics, analysis of variance (ANOV A) is a collection of statistical models, and their 

associated procedures, in which the observed variance is partitioned into components due to 

different explanatory variables, usually called factors in Design of experiments. The initial 

techniques of the analysis of variance were pioneered by the statistician and geneticist R. A. 

Fisher in the 1920s and 1930s, and are sometimes known as Fisher's ANOVA or Fisher's 

analysis of variance, due to the use of Fisher's F-distribution as part of the test of statistical 

significance. 
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10.3.1 Overview 

There are three conceptual classes8 of such models: 

* Fixed-effects model assumes that the data come from normal populations which may 

differ only in their means. (Model 1) 

* Random-effects models assume that the data describe a hierarchy of different populations 

whose differences are constrained by the hierarchy. (Model2) 

* Mixed effects models describe situations where both fixed and random effects are present. 

(Model3) 

In practice, there are several types of ANOV A depending on the number of treatments and 

the way they are applied to the subjects in the experiment: 

One-way ANOV A is used to test for differences among three or more independent groups. 

One-way ANOV A for repeated measures is used when the subjects are subjected to 

repeated measures; this means that the same subjects are used for each treatment. Note that 

this method can be subject to carryover effects. 

Factorial ANOVA is used when the experimenter wants to study the effects of two or more 

treatment variables. The most commonly used type of factorial ANOV A is the 2x2 (read: 

two by two) design, where there are two independent variables and each variable has two 

levels or distinct values. Factorial ANOVA can also be multi-level such as 3x3, etc. or 

higher order such as 2x2x2, etc. but analyses with higher numbers of factors are rarely done 

because the calculations are lengthy and the results are hard to interpret. 

When one wishes to test two or more independent groups subjecting the subjects to repeated 

measures, one may perform a factorial Mixed-Design ANOVA, in which one factor is 

independent and the other is repeated measures. This is a type of mixed effect model. 

Multivariate analysis of variance (MANOVA) is used when there is more than one 

dependent variable. 

10.3.2 Different Models 

A. Fixed-effects model 

The fixed-effects model of analysis of variance applies to situations in which the 

experimenter has subjected his experimental material to several treatments, each of which 

affects only the mean of the underlying normal distribution of the "response variable". 
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B. Random-effects model 

Random effects models are used to describe situations in which incomparable differences in 

experimental material occur. The simplest example is that of estimating the unknown mean 

of a population whose individuals differ from each other. In this case, the variation between 

individuals is confounded with that of the observing instrument. 

10.3.3 Assumptions 

Independence of cases- this is a requirement of the design. 

Normality - the distributions in each of the groups are normal (use the. Kolmogorov

Smimov and Shapiro-Wilk normality tests to. test it). Some say that the F-test is extremely 

non-robust to deviations from normality (Lindman, 1974) while others say the opposite 

(Ferguson & Takane 2005: 261-2). 

Homogeneity of variances - the variance of data in groups should be the same (use Levene's 

test for homogeneity of variances). 

10.3.4 Logic of ANOVA 

The fundamental technique lies in partitioning the total sum of squares into components 

related to the effects in the model used. For example, we show the model for a simplified 

ANOVA with one type of treatment at different levels. (If the treatment levels are 

quantitative and the effects are linear, a linear regression analysis may be appropriate.) 

SS Total= SS Error+ SS Treatments, where SS signifies Sum of Squares 

The number of degrees of freedom (abbreviated df) can be partitioned in a similar way and 

specifies the chi-square distribution which describes the associated sums of squares. 

dfTotal = dfError + dfTreatments. 

10.3.5 Degrees of freedom 

Degrees of freedom indicate the effective number of observations which contribute to the 

sum of squares in an AN OVA, the total number of observations minus the number of linear 

constraints in the data. The degrees of freedom are the number of participants (for each 

group) minus I. This removes the error otherwise produced by the differences in variance of 

such groups to account for the difference in sample and population variance. 
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10.3.6 ANOV A on Ranks 

As first suggested by Conover and !man in 1981, in many cases when the data do not meet 

the assumptions of ANOV A, one can replace each original data value by its rank from 1 for 

the smallest to N for the largest, and then run a standard ANOV A calculation on the rank

transformed data. "Where no equivalent nonparametric methods have yet been developed 

such as for the two-way design, rank transformation results in tests which are more robust to 

non-normality, and resistant to outliers and non-constant variance, than is ANOV A without 

the transformation. (Helsel & Hirsch, 2002, Page 177)." However Seaman et a!. (1994) 

noticed that the rank transformation of Conover and !man (1981) is not appropriate for 

testing interactions among effects in a factorial design as it can cause an increase in Type I 

error (alpha error). Furthermore, if both main factors are significant there is little power to 

detect interactions. 

10.3.7 Mathematics of ANOVA2 

In the present study author adopted 32 factorial designs without replication that is one 

observation per cell. 

If there are two factors and only one observation per cell, the linear statistical model is 

x ij~ 11 +a;+ e ij ..•............................. (10.1) where, 

x ; i -> the j-th observation in the i-th group ; 11 -> the general effect ; a 1 -> special effect 

to the i-th population; e ij ->error component. 

The analysis of variance for this situation is shown in Table 10.3 

Table 10.3 AN OVA Scheme for Two-factor Factorial Model without replication 

Sources of Sum of Squares Degrees of Mean Square Expected mean 

Variation (SS) Freedom (dF) (MS) square 

A SSA a-1 MSA- SSA/(a -1) a"+ (b L t')/(a-1) 

B SSs b -1 MSs- SSs/ (b-1) a" +(a L ~/)l(b-1) 

Residual or Subtraction (a-l)(b-1) MS Residual a"+ L L (t ~);/ 

(Interaction) I (b-l)(a-1) 

Total SST ab -1 
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If we consider two factors for analysis of variance and denote, 

i = i'h level of factor A 

j = j'h level of factor B 

y; =Total of all observations under the i1h level of factor A 

Yi =Total of all observations in the j'h level offactor B 

Yu =Total of all observations in the ijth cell 

Y .. =Grand total of all observations 

a= Nwnber of! eve is of factor A 

b = Nwnber of levels of factor B 

SST =Total Swn of Squares 

a b 
=L Ly\-Cilab) 

i=lj=1 

a 
SSA = (1/b) L i i..- Cil ab) 

i =I 

b 
,_SSs = (1/a) L y2i- C!.J ab) 

j = I 

(10.2) 

(10.3) 

(10.4) 

(10.5) 

From examining the expected mean squares, it is seen that the error variance if- is not 

estimable, that is, the two-factor interaction effect (T~)ij and the experimental error can not 

be separated in any obvious manner. Consequently, there are no tests on main effects unless 

the interaction effect is zero. If there is no interaction present, the (1: ~)ij = 0 for all I and j, 

and a plausible model is 

Yij = ~ + 'tj + ~j + Ejj 

Where, I= 1 ,2, ........ ,a and j = 1 ,2, ........ ,b 

(10.6) 

If the model (equation I 0.6) is appropriate, then the residual mean square in Table I 0.3 is an 

unbiased estimator of if-, and the main effects may be tested by comparing MSA and MSs to 

MSResidual. 

A test developed by Turkey is helpful in determining if interaction is present. The 

procedures assumes that interaction term is of particularly simple form; namely 

(10.7) 

where, y is an unknown constant. By defining the interaction term this way we may use a 

regression approach to test the significance of the interaction term. The test partitions the 
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residual sum of squares into a single degree of freedom component due to non-additivity 

(interaction) and a component for error with [(a-1)(b-1)-1] degrees of freedom. 

Computationally, we have 

a b 

[~ ~ yij y; Yj - y (SSA + SSs + y2 I ab )f 
i=1 j=1 

SSN = ---------------------------------------------------------------------

ab SSASS s 
(10.8) 

with one degree of freedom, and SS Error = SSN with ( a-1) (b-1) -1 degrees of freedom. To 

test for the presence of interaction we compute 

SSN 

l'o = ----------------------------------------------------------------- (10.9) 
SSErrorl [(a-1) (b-1) -1] 

Ifl'O >I' a. 1. (a- I) (b·l) -I. the hypothesis of no interaction must be rejected. 

SSError = SS Residual - SSN 

SSModel = SSA + SSs + SSN 

Regression coefficient: R2 = (SSModel/ SST) 

10.4 Regression analysis2
•
9 

(10.10) 

(10.11) 

(10.12) 

In statistics, regression analysis examines the dependence of a random variable, called 

dependent or response variable, on other random or deterministic variables, ·called 

independent variables or predictors. The mathematical model of their relationship is known 

as the regression equation. Well known types of regression equations are linear regression 

for continuous responses, the logistic regression for discrete responses (both generalize in 

the generalized linear model) and nonlinear regression. 

Besides the dependent and independent variables, the regression equations usually contain 

one or more unknown regression parameters (constants), which are estimated from given 

data. Applications of regression include curve fitting, forecasting of time series, modeling of 

causal relationships and testing scientific hypotheses about relationships between variables. 
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10.4.1 Introduction 

Regression analysis estimates the strength of a modeled relationship between one or more 

response variables (also called dependent variables, explained variables, predicted variables, 

or regressands) (usually named Y), and the predictors (also called independent variables, 

explanatory variables, control variables, or regressors, usually named). These strengths of 

the relationships given that the model is correct are parameters of the model, which are 

estimated from a sample. Other parameters which are sometimes specified include error 

variances and covariances of the variables. The theoretical population parameters are 

commonly designated by Greek letters (e.g. ~), their estimated values by a "hatted" Greek 

letter (e.g.), and the sample coefficients by a Latin letter (e.g. b). This stresses the fact that 

the sample coefficients are not the same as the population parameters, but the distribution of 

those parameters in the population can be inferred from the estimates and the sample size. 

This allows researchers to test for the statistical significance of estimated parameters and to 

measure goodness of fit of the model. 

Still more generally, regression may be viewed as a special case of density estimation. The 

joint distribution of the response and explanatory variables can be constructed from the 

conditional distribution of the response variable and the marginal distribution of the 

explanatory variables. In some problems, it is convenient to work in the other direction: 

from the joint distribution, the conditional distribution of the response variable can be 

derived. Regression lines can be extrapolated, where the line is extended to fit the model for 

values of the explanatory variables outside their original range. However extrapolation may 

be very inaccurate and can only be used reliably in certain instances. 

10.4.2 History of regression9 

The term "regression" was used in the nineteenth century to describe a biological 

phenomenon, namely that the progeny of exceptional individuals tend on average to be less 

exceptional than their parents, and more like their more distant ancestors. Francis Galton 

studied this phenomenon and applied the slightly misleading term "regression towards 

mediocrity" to it. For Galton, regression had only this biological meaning, but his work was 

later extended by Yule and Karl Pearson to a more general statistical context. 
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10.4.3 Definitions and notation used in regression 

The measured variable, y, is conventionally called the "response variable". Other terms 

include "endogenous variable," "output· variable," "criterion variable," and "dependent 

variable." The controlled or manipulated variables. are called the explanatory variables. 

Other terms include "exogenous variables," "input variables," "predictor variables" and 

"independent variables." 

1 0.4.4 Types of regression 

Several types of regression analysis can be distinguished; all of these can be seen as special 

cases of the Generalized Linear Model. 

#Linear or First order regression model 

Linear regression is a method for determining the parameters of a linear system. The 

empirical model relating the response variable to the independent variables are described by 

the following equation 

Linear Model: y = ~o + ~~ X1 + ~2 X2 + E (10.13) 

where, y represents the response, X1 and X2 represent the two independent variables. The 

parameters ~o signifies the intercept of the plane. ~~ and ~2, called partial regression 

coefficients, where ~~ measures the expected change in 'y', the response, per unit change in 

X1 when X2 kept constant and vice versa for ~2 .This equation can be rewritten in a general 

form as: 

Y = ~o+ ~~ X1 + ~2 X2 + ........................ ~kXk+ E (10.14) 

The model is a multiple linear regression model with 'k' regressor variables. The model 

describes a hyperplane in the k-dimensional space. 

Further complex model (eqn.IO.IS) are often analyzed by multiple linear regression 

technique by adding interaction terms to the first order linear model. 

y = ~o+ ~~ X1 + ~2 X2 + ~12X1 Xz+ E (10.15) 

where, X1 Xz is the interaction effect of two variables acting simultaneously. 

# Quadratic Model or Second order regression model 

(10.16) 
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If we put, X21 = X3, X2 
2 = X4, XI Xz = Xs and ~II= ~3, ~22 = ~4, ~12 = ~5, then the above 

equation gets reduces to a linear model. Any model is linear if the(~) coefficients are linear, 

regardless of the shape of the response surface that it generates. 

y= ~o+ ~~ X1 + ~2 Xz + ~3 X3+ ~4 )(4+ ~sXs+ E (10.17) 

The explanatory and response variables may be scalars or vectors. In the case, where both 

the explanatory and response variables are scalars, then the resulting regression is called 

simple linear regression. When there are more than one explanatory variable, then the 

resulting regression is called multiple linear regression. It should be noted that the general 

formulae are the same for both cases. 

Two common techniques for solving linear regression models are using least squares 

analysis or robust regression. 

#Non linear regression models 

A number of nonlinear regression techniques may be used to obtain a more accurate 

regression. It should be noted that an often-used alternative is a transformation of the 

variables such that the relationship of the transformed variables is again linear. 

#Non-continuous variables 

If the variable is not continuous, specific techniques are available. For binary (zero or one) 

variables, there are the probit and logit model. The multivariate probit model makes it 

possible to estimate jointly the relationship between several binary dependent variables and 

some independent variables. For categorical variables with more than two values there is the 

multinomial logit. For ordinal variables with more than two values, there are the ordered 

logit and ordered pro bit models. An alternative to such procedures is linear regression based 

on polychoric or polyserial correlations between the categorical variables. Such procedures 

differ in the assumptions made about the distribution of the variables in the population. If 

the variable is positive. with low values and represents the repetition of the occurrence of an 

event, count models like the Poisson regression or the negative binomial model may be 

appropriate. 

# Other models 

Although these three types are the most common, there also exist supervised learning and 

unit-weighted regression. 

223 



#Non parametric regression 

The models described above are called parametric because the researcher must specify the 

nature of the relationships between · the variables in advance. Several non-parametric 

techniques may be also used to estimate the impact of an explaining variable on a dependent 

variable. Nonparametric regressions, like kernel regression, require a high number of 

observations and are computationally intensive. 

Before selecting a model for regression analysis, model adequacy checking and test of 

significance of the individual regression parameters and analysis of covariance, Jack of fit 

test etc. are done to check the robustness and suitability of the model. 

10.5 Response Surface Methodology (RSMi 

The development of pharmaceutical formulations depends on several factors and process 

parameters. The response variables relating to effectiveness, safety and usefulness must be 

optimized through a factorial relationship by combining the casual factors. However, this 

effort addresses a multiobjective optimization problem since it has to circumvent many 

difficulties in the quantitative approach, like the understanding of the actual relationship 

between casual factors and individual pharmaceutical responses or the prediction of those 

formulations that are desirable for as many as possible drug properties. 

Due to complex nature of the development of pharmaceutical formulations, some computer 

based optimization techniques have been proposed in the literature. Among them, factorial 

design (FD) and response surface methodology (RSM) are the most widely used, and 

several research efforts have adopted either FD followed by an RSM or solely RSM. FD is a 

technique that contributes to the structure of data collection process. Through a designed 

experiment, FD is capable of characterizing the relationship between important and 

unimportant factors. Nevertheless, it is obvious that FD has no prediction possibilities of 

best formulation. Regarding the RSM procedure, it consists of 

¢ Composite statistical experimental designs that prepare systemic model of 

formulations. 
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¢ Modeling among factors and response variables of these formulations. 

¢ Parameter prediction by predicting the final responses or by keeping them in the 

desired ranges needed to be obtained using a polynomial multiple regression 

analysis, and 

¢ Mathematical optimization algorithms for deciding the best formulation under a set 

of constrained equations. 

The aim of RSM is to find out the optimum operating conditions for a given system, or the 

way in which a particular response is affected by a set of variables over some specific 

regions of interest. The first step in the RSM ·is to find a suitable approximation of the true 

functional relationship between the dependent variable and the set of independent variables 

(factors). If knowledge concerning the shape of the true response surface is insufficient, 

generally first attempts try to approximate the shape by fitting the first order model to the 

response values. When the first order model suffers from lack of fit arising from the 

existence of surface curvature, the first order model is upgraded to the second order model. 

Y - A "'k A. "'k A ·2 ..,k A - 0 + "-' i=l I + "-' i=l jjXI + "-' i=l ijXiXij + E (10.18) 

Where x;, xz, ....... , xk are the input variables, which influence on the response Y; A; (i = 

1,2, ........... ,k), Aij (i = 1,2, .... ,k; j = 1,2, ........... ,k) are unknown parameters, and E is random 

error. 

In this study a second order polynomial model was applied to the response values. 

The Response Surface Methodology (RSM) is a collection of mathematical and statistical 

techniques that are useful for the modeling and analysis of problems in which a response of 

interest is influenced by several independent variables and the objective is to optimize this 

response. For a two factor design the response (Y) may be a function of the levels of the 

factors (x,and xz) represented by 

Y = f(x~, xz) + E (10.19) 

where, E represents the noise or error observed in the response Y. If we denote the expressed 

response by E(Y) = f(x~, x2) = IJ, then the surface represented by 

D = f(x~, xz) (10.20) 
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shall be called as Response Surface. To help visualize the shape of a response surface, we 

often plot the contours of the response surface where each contour corresponds to constant 

response drawn in the x~, X2 plane. 

In most RSM problems, including its application to factorial design, the form of the 

relationship between the response and independent variables is unknown. Therefore, a 

suitable approximation for the true functional relationship between Y and set of independent 

variable is found by regression analysis as discussed already. Usually, in a factorial design, 

a low order polynomial is some region of the independent variable is employed. The 

polynomial may be a linear or higher order polynomial. Almost all RSM problems utilize 

one or both of these models. 

If the fitted surface is an adequate approximation of the true response function, then analysis 

of the fitted surface will be approximately equivalent to analysis of the actual system. 

Since the Response Surface Methodology requires a proper experimental design for the 

proper estimation of the parameters, coupling of RSM to factorial design is a very efficient 

and scientific method of data analysis and system optimization. 

10.6 Statistical Software 

All major statistical software packages, e.g. SAS System, SPSS or Stata, perform various 

types of regression analysis correctly and in a user-friendly way. Simpler regression can be 

done in spreadsheets like MS Excel or OpenOffice.org Calc. Complex types of regression 

runs on special programming languages like Mathematica, R programming language or 

Matlab. There are many minor softwares specialized in a niche form of regression. 

Investigator has used 'Analyse - It + General 1. 73' for calculation of 2 way ANOV A and 

Linear Regression. Response surface methodology (RSM) and Factorial analysis was done 

using 'Design Expert version 7.1.2'. 
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10.7 Statistical Optimization of the Study Design ofFrusemide micropellets 

In order to optimize the formulation design in producing calcium alginate micropellets of 

frusemide the investigator studied the effect of the primary polymer, Sodium alginate, and 

copolymer, Acrycoat E30D, as two important variables, on the nature and performance of 

the microparticulate drug delivery system. To get an estimate of the performance of the drug 

delivery system, the following dissolution parameters were considered as responses of the 

variables. 

i) Zero order release rate constant - Ko (mg I hr) 

ii) Amount of drug rele·ased in 2 hours (Burst effect)- X 120 (mg) 

iii) Time required for 80% drug release - t so (hr) 

iv) Peppas Diffusion coefficient -- n 

Referring to the previous (chapter 9), covering the in vitro dissolution study of the 

formulations, it has been seen that on a span of overall release of 0 - 9 hours the release 

mechanism of the drug followed predominantly Zero order release model. Hence, the Zero 

order release rate constant Ko was selected as viable response to be studied statistically. The 

values of Ko of the nine different formulations were analyzed by 2-way ANOV A and linear 

regression analysis. The regression equation obtained from the analysis was used to predict 

the value of Ko with uninvestigated concentrations of Sodium alginate and Acrycoat E30D. 

Formulations with the said concentrations were then prepared and the actual Ko value 

obtained was compared with the predicted value. 

X 120, the amount in mg of drug released in 120 minutes or 2 hours was taken into account 

so as to have an estimate of burst release mechanism and initial therapeutic dose being made 

available by the formulations so as to elicit fast onset of action. 

t so. the time required for the drug to release 80% of its actual content gives an indirect 

estimation of the dissolution efficiency of the formulations as calculations of 100% release 

would have been too ideal to study. 

n, the diffusion coefficient factor of Korsmeyer - Peppas10 equation signifies either the 

diffusion behavior of the drug from the polymer matrix follows Fickian or Non- Fickian 

mechanism. From the result obtained in Chapter 9, it is evident that the value of 'n' is not 

significantly affected by the variation in concentration of the polymers. Statistical 
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optimization was necessary to justify this fact that 'n' remains insignificant irrespective of 

the concentration of the polymers. 

Response surface methodology (RSM) was employed to study the effect of the polymers on 

the above four variable. 

The concentrations of the independent variables and the corresponding dependent factors 

obtained from experiments of in-vitro dissolution study (Chapter 9) were enlisted in Table 

l 0.4. 

Table 10.4 Independent Formulation Variables and their Responses 

Aery coat 
Sodium E30D ....... 

Formulation alginate cone. Ko X no t 80 

Code cone. %(w/w) %(w/w) (mefhr) (m!!l (hr) n 

Fl I 0 I 0.865 34.95 4.5 1.7429 

F2 I 2 I 0.209 37.34 5.2 1.7309 

F3 I 4 I 0.299 37.341 6.1 1.4378 

F4 2 0 9.3247 16.988 7.2 1.8142 

FS 2 2 9.0388 16.183 7.6 2.3807 

F6 2 4 7.9428 8.001 7.8 1.8064 

F7 4 0 7.5642 23.173 8 1.6173 

F8 4 2 6.9212 17.382 8.4 1.6074 

F9 4 4 6.1069 11.194 9.3 1.5608 
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10.7.1 Study on the Effect of Polymers on the Release Rate (Ko) by ANOVA 

Analysis of variance (ANOYA) was done using the software ' Analyse-it+ General 1.73' , 

the results of which are shown in Table 1 0.5. 

Table 10.5 2-way ANOV A table for the release rate (Ko) of Frusemide from 

micropellets 

n 

Where, n = number of measures, SD - Standard deviation, SE - Standard error, SSq- Sum 

of Squares, MSq - Mean Square, DF - Degree of freedom, F- Fischer's value, p -

Probability 
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10.7.2 Study on the Effect of Polymers on the Release Rate (Ko) by Linear Regression 

Analysis 

Linear regression analysis was done using the software 'Analyse-it + General 1.73', the 

results of which are shown in Table 1 0.6. 

Table 10.6 Regression Analysis for the release rate (Ko) of Frusemide from 

micro pellets 

n 9 

0.89 

0.85 

0.4631 

Term E p 99% Cl of Coefficient 

Intercept 12.8235 0.3781 <0.0001 11.4217 to 
14.2253 

Alginate -0.8061 0.1238 0.0006 -1 .2649 to -0.3472 

Acrycoat E30D -0.1898 0.0945 0.0915 -0.5402 to 0.1607 

OF F p 

2 23.22 0.001 5 

About regression 6 

Total 11 .247 8 
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Figure 10.1 Graphical representation of Regression analysis showing the correlation 
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Figure 10.2 Graphical representation of Regression analysis showing the correlation 

between the standardized residuals with predicted values of Ko. 
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10.7.3 Interpretation of the Statistical Data 

From the results of ANOV A (Table 1 0.5), effect of Sodium alginate and Acrycoat E30D on 

the zero order release rate constant {Ko) was estimated. Considering the p-value, it is 

observed that at 95% confidence level (5% error to be tolerated), former polymer had 

significant effect on Ko with a p-value = 0.0014 and F = 52.03. The latter polymer, 

Acrycoat E30D do not have significant effect on the release rate as evident for its p-value = 

0.0939 and F= 4.53. 

The Linear Regression Analysis (Table 1 0.6), further justifies the ANOV A results that · 

individual effect of sodium alginate is significant even at 99 % confidence interval as 

evident from its p-values = 0.0006. Copolymer Acrycoat E30D remained insignificant. 

Coefficients obtained for both the polymers were negative. For both the cases, interaction 

term signifying the combined effect of the polymers has not been considered. To consider 

the interaction effect, Response Surface Methodology (RSM) was employed. 

The effect of Ko was related to the concentration (% w/w) of the polymers by the following 

equation: 

Ko = 12.8235 - 0.8061 x Sodium Alginate- 0.1898 x Acrycoat E30D (10.21) 

From Fig.! 0.1 and 1 0.2, it is evident that there is a clear correlation between the predicted 

value and actual value ofKo. 

10.8 Response Surface Methodology (RSM) and Experimental Design 

10.8.1 Experimental Design 

The experimental design was done using 'Design Expert version 7.1.2'. A full 32 factorial 

analysis using 2FI design model and 9 runs were performed. The summary of the design is 

presented in the Table 10. 7. 
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Table 10.7 Summary of Experimental Design 

Factorial Study Type 

Initial Design Full Factorial 

Center Points 0 

Design Model 2FI 

Factor Name Units Type 

A Alginate % Categoric 

w/w 

B Acrycoat % Categoric 

E30D w/w 

Response Name Units Observn. 

Yl Ko mglhr 9 

Y2 X no mg 9 

Y3 tso hr 9 

Y4 n 9 

Runs 

Blocks 

Low 

Actual 

1% 

0% 

Analysis 

Factorial 

Factorial 

Factorial 

Factorial 

The Design Matrix Evaluation for Factorial2FI Model 

Degrees of Freedom (dF) for Evaluation 

Model 8 
Residuals 0 
Lack of Fit 0 
Pure Error 0 
Total 9 

9 

No Blocks . 

High Levels 

Actual 

4% 3 

4% 3 

Min. Max. Mean Std.Devn 

8.89 11.47 10.64 0.82 

8.00 37.34 22.51 10.7 

4.50 9.30 7.12 1.47 

0.60 1.79 1.01 0.37 

A minimum of 3 dF is recommended for a valid lack of fit test and 4 dF for pure error. 

Since the model has 8 dF, it can be said that it gives a valid lack of fit test. 
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10.8.2 Use of Response Surface Methodology (RSM) and Experimental Design to 

study the Effect of Polymers on the Zero order Release rate (Ko) 

Table 10.8 Analysis of Variance (ANOVA) table for Response Surface Quadratic 

Model 

[Partial sum of Squares - Type - III] 

Source Sum of Degree of Mean Fvalue p-value Effect 

Squares Freedom Square prob> F 

dF 

Model 5.91 5 1.18 40.21 0.0060 significant 

A- 3.13 1 3.13 106.59 0.0019 

Alginate 

%w/w 

B-Acrycoat 0.83 1 0.84 28.70 0.0127 

E30D 

%w/w 

AB 0.23 1 0.23 7.77 0.0685 

A" 0.97 1 0.97 32.96 O.D105 

B" 1.875E- 1 1.875E- 6.379E- 0.9414 

004 004 003 

Residual 0.088 3 0.029 

Correction 6 8 

total 

Std. Dev. 0.17 R-Squared 0.9853 

Mean 10.64 Adj R-Squared 0.9608 

C.V.% 1.61 Pred R-Squared 0.8231 

PRESS 1.06 Adeq Precision 18.468 
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Results: 

#The Model F-value of 40.21 implies that the model is significant. There is only a 0.60% 

chance that a large "Model F-Value" could occur due to noise. Values of "Probability> F" 

less than 0.0500 indicate model terms are significant. In this case A, B and A
2 

are 

significant model terms. Values greater than 0.1000 indicate the model terms are not 

significant. If there are many insignificant model terms (not counting those required to 

support hierarchy), model reduction may improve the model. 

# The "Pred R-Squared" of 0.8231 is in reasonable agreement with the "Adj R-Squared" of 

0.9608."Adeq Precision" measures the signal to noise ratio. A ratio greater than 4 is 

desirable. the ratio of 18.468 indicates an adequate signal. This model can be used to 

navigate the design space. 

Table 10.9 Coefficient estimation of Ko 

Factor Coefficient dF Standard -95% CI 95%CI 

Estimate error Low High 

Intercept 11.11 1 0.140 10.66 11.56 

A- Alginate -0.72 1 0.070 -0.95, -0.50 

%w/w 

B-Acrycoat -0.28 1 0.071 -0.6 -0.15 

E30D%w/w 

AB -0.23 1 0.840 -0.05 0.033 

A' -0.80 1 0.14 -1.24 -0.36 

B' 9.683E-003 1 0.12 -0.38 -0.40 

Final Equation in Terms of Coded Factors: 

kO = 11.11 -0.72 xA -0.28 x B -0.23 x Ax B -0~80x A'+ 9.683E-003 x B2 (10.22) 

Final Equation in Terms of Actual Factors: 

kO = 10.09787 +1.44670x Alginate -3.24583E-003x Acrycoat E30D -0.07824Jx Alginate 
xAcrycoat E30D -0.35441 x Alginate' +2.42083E-003 x Acrycoat E30D' (I 0.23) 
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10.8.3 Use of Response Surface Methodology (RSM) and Experimental Design to 

study the Effect of Polymers Qn the Burst effect of the micro pellets (X 120) 

TablelO.IO Analysis of Variance (ANOVA) table for Response Surface Quadratic 

Model 

Source 

Model 

A-

Alginate 

%w/w 

B-

Acrycoat 

E30D 

%w/w 

AB 

A" 

Bz 

Residual 

Cor total 

Std. Dev. 
Mean 
C.V.% 
PRESS 

Result: 

Sum 

Squares 

1012.2 

558.39 

70.4 

43.53 

517.97 

5.74 

18.26 

1030.46 

2.47 
22.51 
10.96 
199.13 

[Partial sum of Squares - Type - III] 

of Degree of 

Freedom 

dF 

5 

I 

I 

I 

I 

I 

3 

8 

Mean F value p-value 

Square 

202.44 33.26 

558.39 91.74 

70.4 11.57 

43.53 7.15 

517.97 85.10 

5.74 0.94 

6.09 

R-Squared 
Adj R-Squared 
Pred R -Squared 
Adeq Precision 

prob> F 

0.0079 

0.0024 

0.0424 

0.0754 

0.0027 

0.4032 

0.9823 
0.9527 
0.8068 
13.743 

Effect 

significant 

#The Model F-value of 33.26 implies that the model is significant. There is only a 0.79% 

chance that a large "Model F-Value" could occur due to noise. Values of "Probability> F" 

Jess than 0.0500 indicate model terms are significant. In this case A, B and A2 are 
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significant model terms. Values greater than 0.1000 indicate the model terms are not 

significant. If there are many insignificant model terms (not counting those required to 

support hierarchy), model reduction may improve the model. 

#The "Pred R-Squared" of 0.8068 is in reasonable agreement with the "Adj R-Squared" of 

0.9527. "Adeq Precision" measures the signal to noise ratio. A ratio greater than 4 is 

desirable. The ratio of 13.743 indicates an adequate signal. This model can be used to 

navigate the design space. 

Table 10.11 Coefficient estimation of X120 

Factor Coefficient dF Standard 95%CI 95%CI 

Estimate error Low High 

Intercept 9.59 1 2.02 3.16 16.02 

A- Alginate -9.65 1 1.01 -12.85 -6.44 

%w/w 

B-Acrycoat -3.46 1 1.02 -6.69 -0.22 

E30D%w/w 

AB -3.24 1 1.21 -7.09 0.62 

Az 18.44 1 2.00 12.08 24.80 

Bl -1.69 1 1.74 -7.25 3.86 

Final Equation in Terms of Coded Factors: 

X 120 = 9.59 -9.65x A -3.46x B -3.24 x Ax B +18.44x A' -1.69 x B' (10.24) 

Final Equation in Terms of Actual Factors: 

X 120 = 73.24356-45.24245 x Alginate+ 2.66558 x Acrycoat E30D -1.07986 x Alginate x 
Acrycoat E30D + 8.19417 x Alginate' -0.4234x Acrycoat E30D' 

(10.25) 
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10.8.4 Use of Response Surface Methodology (RSM) and Experimental Design- to 

study the Effect of Polymers on the time required for 80% release (t so) 

Table 10.12 Analysis of Variance. (ANOVA) table for Response Surface Quadratic 

Model 

Source 

Model 

A-

Alginate 

%w/w 

B-

Acrycoat 

E30D 

%w/w 

AB 

A" 

B" 

Residual 

Cor total 

Std. Dev. 
Mean 
C.V.% 

PRESS 

Result: 

Sum 

Squares 

19.15 

16.34 

1.99 

2.176E-

003 

2.63 

0.014 

0.30 

19.46 

[Partial sum of Squares -Type - III] 

of Degree of 

5 

1 

1 

1 

1 

1 

3 

8 

Freedom 

dF 

0.32 
7.12 
4.45 
3.38 

Mean 

Square 

3.83 

16.34 

1.99 

2.176E-

·003 

2.63 

0.014 

0.10 

F value 

38.12 

162.55 

19.76 

0.03 

26.12 

0.14 

R-Squared 
Adj R-Squared 
Pred R-Squared 
Adeq Precision 

p-value 

prob> F 

0.0065 

0.0010 

0.0212 

0.8743 

0.0145 

0.7348 

Effect 

significant 

0.9845 
0.9587 
0.8264 
17.234 

#The Model F-value of 38.12 implies that the model is significant There is only a 0.65% 

chance that this large "Model F-Value" could occur due to noise. Values of "Probability> 

F" less than 0.0500 indicate model terms are significant. In this case A, B and A2 are 
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significant model terms. Values greater than 0.1000 indicate the model terms are not 

significant. If there are many insignificant model terms (not counting those required to 

support hierarchy), insignificant model terms (not counting those required to support 

hierarchy), model reduction may improve the model. 

#The "Pred R-Squared" of0.8264 is in reasonable agreement with the "Adj R-Squared" of 

0.9587."Adeq Precision" measures the signal to noise ratio. A ratio greater than 4 is 

desirable. The ratio of 17.234 indicates an adequate signal. This model can be used to 

navigate the design space. 

Table10.13 Coefficient estimation oft so 

Factor Coefficient dF Standard 95%CI 95%CI 

Estimate error Low High 

Intercept 8.17 1 0.26 7.35 9.00 

A- Alginate 1.65 1 0.13 1.24 2.06 

%w/w 

B-Acrycoat 0.58 1 0.13 0.16 1.00 

E30D%w/w 

AB -0.027 1 0.16 -0.52 0.47 

Az -.1.3 I 1 0.26 -2.13 -0.50 

B' 0.083 1 0.22 -0.63 0.08 

Final Equation in Terms of Coded Factors: 

tso = 8.17 +1.65 x A+ 0.58 x B- 0.027 x Ax B -1.31x A' +0.083 x B' (10.26) 

Final Equation in Terms of Actual Factors: 

tso= 1.23611 + 4.03452x Alginate+ 0.22917x Acrycoat E30D- 8.92857E-003x Alginate x 
Acrycoat E30D- 0.58333x Alginate'+ 0.020833 x Acrycoat E30D' (10.27) 

247 



Design- Exper~ Software 
180 

Color points by value of 
180: 

9.3 

4.5 

~ 
:0 
<ll .c 
e 
a._ 

~ 0 

(ij 

E 
0 z 

Normal Plot of Residuals 

99 

95 • 
90 

80 

70 

50 

30 

20 

10 

Internally Studentized Residuals 

Figure 10.17 Internally Studentized Residuals vs Normal % Probability 

Design-Elcper® Software 
180 

Color points by value of 
180: 

9.3 

4.5 

1336 

Vl 
(ij 
::I 6 68 
"0 ·u; 
Q) 

a: 
"0 
Q) 

.!::1 c 0.00 
Q) 
"0 
::I 

U5 
~ 
-m E .068 
Q) 
)( 
w 

· 13 .36 

-

• 

-

I 

Ext II St d r d R .d erna 1y u en 1ze es1 ua s 

• • 0 
w u • 

0 

I I I I I I I I 
2 3 5 6 8 9 

Run Number 

Figure 10.18 Externally Studentized Residuals vs Run Number 

248 



Design-E~rt® Software 
I 80 

Color points by value of 
180: 

9.3 

4.5 

Design-E~rl® Software 
180 

Color points by vaUe of 
I 80 

19.3 

4.5 

"0 
Q) 

:§ 
"0 
Q) 

a: 

Predicted vs. Actual 

• 

810 D 

690 • 

• 
5 70 

• 

~50 5 70 690 8 10 930 

lv::tual 

Figure 10.19 Predicted vs Actual 

Residuals vs. Predicted 
300 

150 -
• • • 

[] 

000 - D 
D 

• 
-1 50 -

0 

-3.00 

I I I I I 
~ .69 5.80 6.92 8.03 915 

Predicted 

Figure 10.20 Internally Studentized Residuals vs Predicted 

249 



Design-Expe~ Software 
t 80 

Residuals vs. Run 

3 00~--------------------------------~ 
Color points by value of 
t 80: 

9.3 

4.5 

3 5 6 

Run Nurrber 

Figure 10.21 Internally Studentized Residuals vs Run Number 

Design-Elq:Je~ Software 

t 80 
• Design points above predicted vah.Je 
0 

19.3 
9.4 

4.5 

X1 = A: Alginate 
X2 = B: Acrycoat E300 

0 
<X) 

8.175 

6.95 

8 : Acrycoat E30D 
0 .00 1.00 

A: Alginate 

Figure 10.22 Effect of interaction between Alginate and Acrycoat E30D on time of 
80% drug release (tso) represented in 3D Response curve 

250 



Design-E>perl® Software One Factor 
I 80 11.8 

Wamio;JI Factor involved in an interaction 

• Design Points 

X1 =A:. AJginate 
9.4 

Actual Factor 
B: Acrycoat E30D = 2.00 

0 

"' 7 

2 

4.6 

1,00 1.75 2.50 3.25 4.00 

1< Alginate 

Figure 10.23 Sole effect of Alginate Concentration on tso 

Design-8!pert® Software One Factor 
I 80 12.2 Wamlrgl Factor Involved in an interaction 

X1 = 8: Acrycoat E30D 

Actual Factor 10.225 

I< Alginate= 2.50 

0 

"' 8.25 

I 
---I 

6.275 

4.3 

0.00 1.00 2.00 3.00 4.00 

B: Acrycoat E300 

Figure 10.24 Sole effect of Acrycoat E30D Concentration on tso 

251 



10.8.5 Use of Response Surface Methodology (RSM) and Experimental Design to 

study the Effect of Polymers on the diffusion coefficient of Peppas equation 

(n) 

Table10.14 Analysis of Variance (ANOVA) table for Response Surface Quadratic 

Model 

[Partial sum of Squares -Type - III] 

Source Sum of Degree of Mean F value p-value Effect 

Squares Freedom Square prob> F 

dF 

Model 1.11 5 0.22 5.56 0.0943 Not 

significant 

A- 0.33 I 0.33 8.38 0.0627 

Alginate 

%(w/w) 

B- 0.17 I 0.17 4.15 0.1345 

Acrycoat 

E30D 

%w/w 

AB 0.013 1 0.013 0.33 0.6043 

Az 0.73 I 0.73 18.43 0.0232 

Bl 0.025 I 0.025 0.63 0.4864 

Residual 0.12 3 0.04 

Cor total 1.23 8 

Std. Dev. 0.20 R-Squared 0.9026 

Mean 1.1 Adj R-Squared 0.7403 

C.V.% 19.67 Pred R-Squared 0.0269 

PRESS 1.19 Adeq Precision 6.349 
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Result: 

#The Model F-value of 5.56 implies that there is only 9.43% chance that this large "Model 

F-Value" could occur due to noise. Values of "Prob > F" less than 0.0500 indicate model 

terms are significant. In this case A' are significant model terms. Values greater than 0.1000 

indicate the model terms are not significant. If there are many insignificant model terms (not 

counting those required to support hierarchy), model reduction may improve the model. 

#The "Pred R-Squared" of0.0269 is not as close to the "Adj R-Squared" of0.7403 as one 

might normally expect. This may indicate a large block effect or a possible problem with 

the model and/or data. Things to consider are model reduction, response tranformation, 

outliers,etc. "Adeq Precision" measures the signal to noise ratio.A ratio greater than 4 is 

desirable.The ratio of 6.349 indicates an adequate signal. This model can be used to 

navigate the design space. 

Table 10.15 Coefficient estimation 

Factor Coefficient dF Standard 95%CI 95%CI 

Estimate error Low High 

Intercept 1.45 • 1 0.16 0.93 1.97 

A- Alginate 0.24 I 0.081 -0.023 0.50 

%w/w 

B-Acrycoat 0.17 1 0.082 -0.094 0.43 

E30D %w/w 

AB 0.057 1 0.098 -0.26 0.37 

A" -0.69 1 0.16 -1.21 -0.18 

B" 0.11 1 0.14 -0.34 0.56 

Final Equation in Terms of Coded Factors: 

n = 1.45 + 0.24 x A + 0.17x B + 0.057 x A x B - 0.69x A'+ 0.11 x B' (10.28) 

Final Equation in Terms of Actual Factors: 

n =- 0.82788 + 1.66177x Alginate -0.075108x Acrycoat E30D + 0.018850x Alginate 
xAcrycoat E30D- 0.30844x Alginate'+ 0.027921 x Acrycoat E30D2 (10.29) 
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10.9 Discussion 

10.9.1 Effect on Ko (mglhr) -Zero order release rate constant 

The values of Ko obtained under the different experimental conditions for all the final nine 

formulations are summarized in Table 1 0.4. The variability associated with test samples was 

small as indicated by coefficient of variation values given in Table 10.6. 

The application of RSM offers, on the basis of parameter estimate, an empirical relationship 

between the response variable Ko and the test variables under considerations. Quadratic 

model (Partial sum of squares - Type - III) was selected for all the RSM studies. By 

applying multiple regression analysis on the experimental data, the response variable Ko 

and the test variables A (concentration of Sodium alginate% w/w) and B (concentration of 

Acrycoat E30D % w/w) are related by the following second order polynomial equation: 

Ko = 11.11 - 0.72 x A -0.28 B- 0.23 x Ax B- 0.80x A'+ 9.683E-003 x B2 (10.22) 

A summary of the analysis of variance (ANOV A) for the selected quadratic predictive 

model is shown in Table 1 0.8. Statistical testing of the model was done in the form of 

analysis of variance (ANOV A) which is required to test the significance and adequacy of 

the model. Here the ANOV A of regression model demonstrates that the model is highly 

significant, as evident from the calculated F-value (40.21) and a very low probability value 

(p < 0.006). The model was found to be adequate for prediction within the range of the 

variables employed. 

The coefficient values of the equation (1 0.22) were calculated and tested for their 

significance and are listed in the Table 10.8 and 10.9. The p-values are used as a tool to 

check the significance of each of the coefficients, which in turn may indicate the pattern of 

interactions between the variables. The smaller the value of p, the more significant is the 

corresponding coefficient. It is evident from the Table 10.8 that the significant coefficients 

were A (p = 0.0019), B (p = 0.0127) and A2 (p = 0.0105) the p-values of all of them being 

small at 5% confidence interval (p < 0.0500). The coefficients A, B and A2 had a negative 

effect on the zero order release rates (Ko) of the drug from the prepared micropellets. 

The graphical representation of the regression equations (1 0.22 and 1 0.23) called the 

response surfaces and 3-D curves were obtained using the software Design Expert 7.1.2 and 

are presented in Figures 10.1 to 10.8. Figure 10.1 and 10.2 displaying normal probability 

curve of the studentized residuals which checks for the normality of residuals. Studentized 
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residuals versus predicted values were plotted (Fig.! 0.4 and 1 0.5) to check for constant 

error and it was found that error on statistical calculation was within very short and 

acceptable range. To measure the predictive power of regression equation obtained by 

RSM, the Pearson's correlation coefficient (r) was calculated between experimentally 

obtained actual Ko values and predicted Ko values. The result of the plot (Fig.l0.3) gave 

close Pearson's correlation value (r = 0.9853) making the formulation optimized 

statistically. The 3D-curve in figure 10.6 shows a downward trend of the wire mesh 

depicting at higher level (+I) of sodium alginate concentration, the release rate (Ko) was 

definitely got affected and was in the line of the objective of the research work. When 

individual effect of the polymers were investigated in figure 10.7 and 10.8 it was clearly 

found that effect of sodium alginate was profound. With the increase in its concentration, 

values of Ko came down significantly. Whereas Acrycoat E30D showed flat effect and 

comply with the ANOV A result. So it is clearly evident from r values that the RSM can be 

used for formulation studies with high prediction power for Ko. 

10.9.2 Effect on X 120 (mg)- Amount of drug released in 2 hours (Burst effect) 

The values of X 120 obtained under the different experimental conditions for all the final 

nine formulations are summarized in Table I 0.4. The application of RSM offers, on the 

basis of parameter estimate, an empirical relationship between the response variable X 120 

and the test variables under considerations. Quadratic model (Partial sum of squares - Type 

- III) was selected for all the RSM studies. By applying multiple regression analysis on the 

experimental data, the response variable X 120 and the test variables A (concentration of 

Sodium alginate% w/w) and B (concentration of Acrycoat E30D% w/w) are related by the 

following second order polynomial equation: 

X 120 = 9.59 -9.65x A -3.46x B -3.24 x Ax B +18.44x A2 -1.69 x B2 (10.24) 

A summary of the analysis of variance (ANOVA) for the selected quadratic predictive 

model is shown in Table 10.10. Statistical testing of the model was done in the form of 

analysis of variance (ANOVA) which is required to test the significance and adequacy of 

the model. Here the ANOV A of regression model demonstrates that the model is highly 

significant, as evident from the calculated F-value (33.26) and a very low probability value 
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(p = 0.0079). The model was found to be adequate for prediction within the range of the 

variables employed. 

The coefficient values of the equation (1 0.24) were calculated and tested for their 

significance and are listed in the Table 10.10 and 1 0.11. The p-values are used as a tool to 

check the significance of each of the coefficients, which in turn may indicate the pattern of 

interactions between the variables. The smaller the value of p, the more significant is the 

corresponding coefficient. It is clear from the Table 10.10 that the significant coefficients 

were A (p = 0.0024), B (p = 0.0424) and A2 (p = 0.0027) the p-values of all of them being 

small at 5% confidence interval (p < 0.0500). The coefficients A, B and A2 had a negative 

effect on the burst release (X 120) of the drug from the prepared micropellets. 

The graphical representation of the regression equations (1 0.24 and I 0.25) called the 

response surfaces and 3-D curves were obtained using the software Design Expert 7.1.2 and 

are presented in Figures 10.9 to I 0.16. Figure 10.9 and 10.10 displaying normal probability 

curve of the studentized residuals which checks for the normality of residuals. Studentized 

residuals versus predicted values were plotted (Fig.10.12 and 10.13) to check for constant 

error and it was found that error on statistical calculation was within very short and 

acceptable range. To measure the predictive power of regression equation obtained by 

RSM, the Pearson's correlation coefficient (r) was calculated between experimentally 

obtained actual X 120 values and predicted X 120 values. The result of the plot (Fig.l 0.11) 

gave close Pearson's correlation value (r = 0.9823) making the formulation optimized 

statistically. So it can be concluded from r values that the RSM can be used for studying X 

120 values of the formulation with high prediction power. 

The 3D-curve in figure 10.14 shows a steep downward trend of the wire mesh depicting 

that by increasing the level of sodium alginate concentration from lower( -1) to medium(O) 

and then higher level (+I), the burst release amount of drug (X 120) got significantly reduced 

and was in accordance. of the objective of the research work. When individual effect of the 

polymers were investigated in figure 10.15 and 10.16 it was clearly found from the u

shaped curve that effect of sodium alginate was pronounced above 2% (w/w) level. With the 

increase in its concentration, values of X 120 came down significantly. Whereas Acrycoat 

E30D showed flat effect and comply with the ANOV A result. 
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10.9.3 Effect on tso (hr)- Time required for 80% drug release 

The values of tso obtained under the different experimental conditions for all the final nine 

formulations are summarized in Table 1 0.4. The application of RSM offers, on the basis of 

parameter estimate, an empirical relationship between the response variable !so and the test 

variables under considerations. Quadratic model (Partial sum of squares - Type - III) was 

selected for all the RSM studies. By applying multiple regression analysis on the 

experimental data, the response variable tso and the test variables A (concentration of 

Sodium alginate% w/w) and B (concentration of Acrycoat E30D % w/w) are related by the 

following second order polynomial equation: 

tso = 8.17 + 1.65 x A + 0.58 x B - 0.027 x A x B -1.31 x A' +0.083 x B2 (10.26) 

A summary of the analysis of variance (ANOVA) for the selected quadratic predictive 

model is shown in Table .1 0.12. Statistical testing of the model was done in the form of 

analysis of variance (ANOV A) which is required to test the significance and adequacy of 

the model. Here the ANOV A of regression model demonstrates that the model is highly 

significant, as evident from the calculated F-value (38.12) and a very low probability value 

(p = 0.0065). The model was found to be adequate for prediction within the range of the 

variables employed. 

The coefficient values of the equation (10.24) were calculated and tested for their 

significance and are listed in the Table 10.12 and 10.13. The p-values are used as a tool to 

check the significance of each of the coefficients, which in turn may indicate the pattern of 

interactions between the variables. The smaller the value of p, the more significant is the 

corresponding coefficient. It can be seen from the Table 10.12 that the significant 

coefficients were A (p = 0.0010), B (p = 0.0212) and A2 (p = 0.0145) the p-values of all of 

them being small at 5% confidence interval (p < 0.0500). The coefficients A, B and A2 had 

a negative effect on the time taken to release 80% (tso) of the drug from the prepared 

micropellets. 

The graphical representation of the regression equations (1 0.26 and 1 0.27) called the 

response surfaces and 3-D curves were obtained using the software Design Expert 7.1.2 and 

are presented in Figures 10.17 to 10.24. Figure 10.17 and 10.18 displaying normal 

probability curve of the studentized residuals which checks for the normality of residuals. 

Studentized residuals versus predicted values were plotted (Fig.l0.20 and 10.21) to check 
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for constant error and it was found that error on statistical calculation was within very short 

and acceptable range. To measure the predictive power of regression equation obtained by 

RSM, the Pearson's correlation coefficient (r) was calculated between experimentally 

obtained actual !go values and predicted !go values. The result of the plot (Fig.l0.19) gave 

close Pearson's correlation value (r = 0.9845) making the formulation optimized 

statistically. So it is clearly evident from r values that the RSM can be used for formulation 

studies with high prediction power for !go. 

The 3D-curve in figure 10.22 shows a upward trend of the wire mesh depicting at medium 

level (0) onwards of sodium alginate concentration, the time required for the formulations to 

release 80% of the drug content (tgo) got retarded and was also in accordance with the 

objective of the research work. When individuar effect of the polymers were investigated in 

figure I 0.23 and I 0.24 it was clearly found that effect of sodium alginate was profound and 

jumped from 5 hr to 7 hr with increasing its concentration from I% to 2% (w/w). Further 

increment in the concentration does not show any pronounced retardation. In contrast, 

Acrycoat E30D showed flat effect and comply with the ANOV A result. 

10.9.4 Effect on n- Diffusion coefficient ofPeppas equation 

The values of n obtained under the different experimental conditions for all the final nine 

formulations are summarized in Table 10.4. The application ofRSM offers, on the basis of 

parameter estimate, an empirical relationship between the response variable n and the test 

variables under considerations. Quadratic model (Partial sum of squares - Type - III) was 

selected for all the RSM studies. By applying multiple regression analysis on the 

experimental data, the response variable n and the test variables A (concentration of Sodium 

alginate % w/w) and B (concentration of Acrycoat E30D % w/w) are related by the 

following second order polynomial equation: 

n = 1.45 + 0.24 x A+ O.J7x B + 0.057 x A x B - 0.69x N + 0.11 x B2 (10.28) 

A summary of the analysis of variance (ANOVA) for the selected quadratic predictive 

model is shown in Table I 0.14. Statistical testing of the model was done in the form of 

analysis of variance (ANOV A) which is required to test the significance and adequacy of 

the model. Here the ANOV A of regression model demonstrates that the model is 
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insignificant at a confidence interval of 5%, as evident from the calculated F-value (5.56) 

and a high probability value (p = 0.0943). The model was found to be inadequate for 

prediction within the range of the variables employed. 

The coefficient values of the equation (10.28) were calculated and tested for their 

significance and are listed in the Table 10.14 and 10.15. The p-values are used as a tool to 

check the significance of each of the coefficients, which in turn may indicate the pattern of 

interactions between the variables. The smaller the value of p, the more significant is the 

corresponding coefficient. It is evident from the Table 10.14 that the significant coefficient 

is A2 (p = 0.0232) the p-value being small at 5% confidence interval (p < 0.0500). The 

coefficient A, B had no significant effect and .only the term A2 had a statistically significant 

effect on the diffusion coefficient (n) of the drug from the prepared micropellets. 

The graphical representation of the regression equations (10.28 and 1 0.29) called the 

response surfaces and 3-D curves were obtained using the software Design Expert 7.1.2 and 

are presented in Figures 10.25 to 10.32. Figure 10.25 and 10.26 displaying normal 

probability curve of the studentized residuals which checks for the normality of residuals. 

Studentized residuals versus predicted values were plotted (Fig.! 0.28 and 1 0.29) to check 

for constant error and it was found that error on statistical calculation was within very short 

and acceptable range. To measure the predictive power of regression equation obtained by 

RSM, the Pearson's correlation coefficient (r) was calculated between experimentally 

obtained actual n values and predicted n values. The result of the plot (Fig.! 0.27) gave low 

Pearson's correlation value (r = 0.9026). It thus signifies the fact the actual n-value does not 

closely correlate with the statistically predicted value. The 3D-curve in figure 10.30 shows 

an upside-down U -curve of the wire mesh depicting at mediurn(O) level highest value of n 

was observed with slow dipping at higher level (+I) of sodium alginate concentration. The 

n-values were near I at both the levels but at lower level it was near to 0.5 following purely 

Higuchi diffusion. When individual effect of the polymers were investigated in figure 10.31 

and 10.32 it was found that effect of both sodium alginate and Acrycoat E30D were less 

pronounced. Overall, it can be inferred that the combination of polymers does not have any 

significant effect on the n-values. Concentrations of both the polymers above 2% (w/w) fail 

to affect the dissolution behavior of the drug from the formulated micropellets. 
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10.9.5 Inference 

One of the primary objectives of the research work was to achieve controlled release 

microparticulate drug delivery systems in the form of micropellets, through the use of a 

combination of water-soluble polymer such as Sodium alginate and a water-insoluble 

polymer Acrycoat E30D. To control the release of the drug the polymer system must 

quickly hydrate to form a gelatinous outer layer. A rapid formation of a gelatinous layer is 

critical in preventing wetting of the interior and disintegration of the core of the 

micropellets. Once the original protective gel layer is formed, it controls the penetration of 

additional water into the micropellets. As the outer gel layer fully hydrates and dissolves, a 

new inner layer must replace it and be cohesive and continuous enough to retard the influx 

of water and control drug diffusion. Although gel strength is controlled by polymer 

concentration, polymer chemistry also plays a significant role. Research evidence11 suggest 

that the chemistry of Sodium alginate and Acrycoat E30D encourage a strong, tight gel 

formation compared to other cellulosics. The formation of protective gel around the 

micropellets while in contact with dissolution medium depends· on polymer concentration. 

There must be sufficient polymer content in a matrix system to form a uniform barrier. This 

barrier protects the drug from immediately releasing into the dissolution medium. If the 

polymer level is too low, a complete gel layer may not form. In the research work, increased 

polymer level in the formulations resulted in decreased drug-release rates (Ko) and burst 

effect (X 120) and increased time (tao) for the release of 80% of the drug from the formulated 

micropellets. The effect of the primary polymer, sodium alginate was much more significant 

statistically (p< 0.05) than the copolymer Acrycoat E30D. The combined effect was 

proportional to the sole effect of sodium alginate. The justification of using a copolymer 

thus can be attributed only in retarding the release rate. All other pharmacokinetic 

parameters remained fairly unchanged with its incorporation. It can also be concluded that 

the concentration range within 2 - 4% (w/w) of sodium alginate can give a predictive and 

reproductive formulation. Though, concentrations above 4% was not investigated, it can be 

assumed from the statistical result that no robust change in the dissolution behavior will be 

achieved. On the contrary, higher concentration of polymers shall increase the particle size 

and may also pose mechanical problems during extrusion technique due to high polymer 

viscosity. 
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CHAPT£R11 

IN l1YO STUDIES 



IN VIVO DRUG ABSORPTION STUDIES OF FRUSEMIDE 
LOADED CALCIUM ALGINATE MICROPELLETS 

11.1 Objectives 

The purpose of the study was to assess the pharmacological (diuretic) activity through in 

vivo performance of the prepared sustained release Calcium alginate micropellets containing 

Frusemide and comparing it with conventional Frusemide tablet (LASIX™), as standard 

diuretic agent, after administering orally to male Wistar rat. The purpose was met by 

estimating the efficacy of the test formulations in producing diuresis for more than 8 hours 

when compared to a standard diuretic agent and a placebo control (normal saline, 0.9% w/v) 

using urine analysis data of the animals. Along with the diuretic activity, the natriuretic 

activity of the formulation was also estimated and compared with that of LASIX™ as 

standard Frusemide conventional tablet. 

11.2 Experimental model 

To achieve the objective modified LIPSCHITZ1
"
6 test model was employed. The test is 

based on excretion of Water (H20), Sodium (Na) and Potassium (K) in test animals after 

administration of the test formulation and compared with the results obtained from the 

animals treated with high dose of urea. The original method was modified by Kau3 et al 

who recommended a method for screening diuretic agents using normal saline at a dose of 

4% body weight of the animals, as hydrating fluid instead of urea. This non-invasive 

method is a time tested standard method and a very useful tool for screening potential 

diuretics like Frusemide. The results of the study is expressed as the "Lipschitz value" 

which is calculated by determining the quotient between excretion response of the test 

formulations (T) and excretion by urea or saline control (U/C). The indices of the ratio (T/U 

or TIC) of 1.0 and above are regarded as a positive effect. For potent loop diuretics like 

Frusemide, Bumetanide, Piretanide etc. this value goes above 2.0.The index is calculated for 
0 

5h and 24h excretion to get an estimate of the duration of the diuretic effect. 

Similar to urine volume, the Lipschitz quotients were also calculated for sodium excretion. 

Whereas for saluretic thiazide drugs like, Hydrochlorothiazide, the value of this quotient is 

found to be around 1.8, but for the loop diuretics, generally this value reaches above 2.0. 

Apart from estimating Lipschitz values from the volume of urine collected and from sodium 
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excretion data, the Na+ I K + quotients were also calculated to get an estimation of the 

natriuretic activity of the formulation. Literature reports1
•
6
•
7
•
8 reveals that value of this ratio 

greater than 2.0 indicates a favorable natriuretic effect. Ratios greater than I 0.0 indicate a 

potassium- sparing effect. 

11.3 Experimental Design 

• Species used - Wistar rats 

• Gender- Male 

• Weight- Average weight of 150g (IOOg to 200g) 

• Population- 15 divided in 3 groups (5 each for Test, Standard and Control) 

• Number of days animals were housed and marked- 15 days 

• Pre-conditions - The animals were kept fasted for overnight. Water was given ad 

libitum during fasting and throughout the experiment. The rats were not anesthetized 

during or prior to the experiment and were administered the formulations with an 

oral cannula. They swallowed easily without any difficulties. The weight of 

individual animal was recorded before and after the experiment. 

• Test Sample - Formulation (F9) - 30% wlw of Frusemide, 4% wlw of Sodium 

alginate, 4% wlw of Acrycoat E30D- Amount equivalent to 40mg of Frusemide. 

• Standard Sample- Frusemide tablet (LASIX™), 40mg, grounded 

• Control Sample- Normal saline (0.9% wlv Sodium chloride in distilled water) 

• Experiment conducted at - Pharmacology Laboratory of Himalayan Pharmacy 

Institute, Majitar, Sikkim 

• Registration of Institutional Animal Ethical Committee - 1 028 IC 107 I CPCSEA 

dated 24-01-2007 

• Sanction by Institutional Animal Ethical Committee -HPI I 07160 I IAEC I 0004 

dated 07-05-2007 
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11.4 Experimental Procedure 1
•
4

•
5 

The entire procedure followed non-invasive method, where 3 groups of albino rats 

of 5 each were kept unfed without water for 15 hour. The test group (Group T) 

received the test compound (formulation F9) at a dose of 50mg/kg body weight in 

5ml water orally. Additionally, 5ml of normal saline solution per I OOg body weight 

were given by gavages. The standard group (Group S) received the standard tablet 

(LASIX™, 40mg) grounded, at the same dose oftest formulation in normal saline. 

The control group (Group C) received only 5ml of normal saline solution per I OOg 

body weight. Excretion of urine was .recorded after 5 and 24 hour (Table I I. I) to 

have a clear estimation of the duration of the diuretic effect. Sodium and Potassium 

content in the collected urine were determined (Table I I .2) by using Flame 

Photometer, Model Type 121, Systronics, India. 

11.5 Determination of Sodium and Potassium content using Flame Photometry 

• A stock solution of Sodium chloride (NaCI) was prepared at a concentration of 50 

milliequivalents per litre (meqll) by dissolving 2.923g of pure NaCI (AR grade) in 

I OOOml distilled water in a volumetric flask. 

• Similarly, a stock solution of Potassium chloride (KCI) was prepared at a 

concentration of I 00 milliequivalents per litre (meq I I) by dissolving 0.180g of pure 

KCI (AR grade) in 250m! distilled water in a volumetric flask. 

• From these stock solutions, two different sets of standard solutions, one for NaCI 

and another for KCI, in different concentrations (0.050, 0.075, 0.100, 0.125, 0.150, 

0.175 meq I I) were prepared after necessary dilutions with distilled water. 

• The Flame Photometer was adjusted to 1 00 reading mark using the highest 

concentration (0.175 meq I I) among the standard solutions. 

• Reading of the standard solutions was taken one by one from lowest to highest 

strength. 

• Calibration curve for both the salts were prepared by instrumental reading along Y

axis and concentration of solutions in meq II on the X-axis. (Fig. 11.1 & 11.2) 

• Reading of 15 test samples after 5 hr duration (5 each from Group C, S and T), each 

in triplicate, were then recorded. 
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• Similarly, photometer reading of another 15 test samples after 24 hr duration (5 each 

from Group C, S and T), each in triplicate, were also recorded. 

• The mean reading of each individual group for corresponding 5 and 24 hr excretions 

were calculated and tabulated in Table 11.2. 

• The mean readings were then extrapolated in the calibration curve (Figure 11.1 and 

11.2) of both the salts on the X-axis to determine the corresponding concentrations 

of the test samples. 

• The concentration value in milliequivalent per litre (meq I 1) were then converted 

into parts per million (ppm) by the following equation: 

Parts per million (ppm) = Millieguvalent per litre (meg /I) 

Molecular weight in gram (mol. wt) 

[Molecular weight ofNaCl = 58.5, KCl = 74.5] 

• The result is then tabulated in Table 11.3. 

(11.1) 

• The Lipschitz quotients for urine volume and sodium ion excretion for both standard 

and test sample were tabulated in Table 11.4. 

• The percentage increment in the urine volume with time for both standard and test 

sample is calculated from the following equation 11.2 and tabulated in the Table 

11.4. 

%Increase in Volume of Urine= 

(Mean Volume of Urine from sample [T/SJ- Mean volume collected from control fC]) X 100 (11.2) 

Mean volume collected from control 

• Natriuretic activity of both the standard and test sample was calculated by 
calculating the ratio 

Sodium ion CNa+) 
Potassium ion (K+) 
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Table 11.1 LIPSCHITZ Test Values of the Collected Urine Sample 

Sl. Group Treatment Mean Volume of Urine LIPSCHITZ % Increase in .. 
No Collected (ml) Value Volume of 

(TorS/C) Urine 
{Tor S-C}x 100 

c 
5'" 24'" 5'" 24'" 5'" 24'" 

hour hour hour hour hour hour 
(ml) (ml) (%) (%) 

I Control Normal 1.8 ± 0.92 4.8 ±1.29 1.00 1.00 -- --
2 (C) Saline 
3 5 ml/100g 4 
5 bodywt. 
6 Standard Pure 7.2 ± 1.37 22.2± 3.61 4.00 4.63 300.0 444.5 
7 (S) Frusemide 
8 50 mg/kg 9 
10 p.o. 
II Test Frusemide 9.8 ±2.06 33.7 ± 4.11 5.45 7.02 362.5 602.1 * 
12 (T) Micropellets 
13 

50 mg/kg 14 
15 p.o. 

Values are expressed± SEM I'*' indicates (p < 0.05) 

Table 11.2 Flame Photometry Mean Readings of Sodium and Potassium ion in urine 
sample from Group C, S and T after 5 and 24 hours. 

SI. Group Treatment Na+ion K+ion 
No 

51
" hour 24'" hour 5'"hour 24'"hour 

I Control Normal Saline 24 28 21 11 
2 (C) 5 ml/1 OOg body wt. 
3 
4 
5 
6 Standard Pure Frusemide 50 mg/kg 69 44 25 14 
7 (S) p.o. 
8 
9 
10 
II Test Frusemide Micropellets 74 67* 30 27* 
12 (T) 50 mg /kg p.o. 
13 
14 
15 

• '* 'md1cates (p < 0.05) n=5 

270 



Table 11.3 Sodium and Potassium ion estimation (ppm) in urine sample from Group 
C, S and T after 5 and 24 hours. 

Sl. No Group Treatment Na+ estimated K + estimated 
Mean(ppm) Mean (ppm) 

5'" hour 24'" hour 5'" hour 24m hour 
-

I Control Normal Saline 36 52 70 23 
2 (C) 5 ml/1 OOg body wt. 
3 
4 
5 
6 Standard Pure Frusemide 50 mg/kg p.o. 208 113 89 37 
7 (S) 
8 
9 
10 
II Test Frusemide Micropellets 227 200* 112 98* 
12 (T) 50 mg /kg p.o. 
13 
14 
15 

• (ppm) is calculated using Equation 11.1 
• '* ' indicates ( p < 0.05) n=S 

Table 11.4 Results of the in vivo parameters studied for both Standard (S) and Test 
sample (T) after 5 and 24 hours. 

Sl.No. 

1 

2 

3 

4 

5 

Parameter 

Lipschitz Quotient for Urine volume 
. 

% Increase in volume of collected 
Urine 

Lipschitz Quotient for Na+ excretion 

Lipschitz Quotient for K + excretion 

Natriuretic activity (Na+ I K +) 
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Standard Sample Test sample 
(Lasix Tablet) Micropellets (F9) 

sm hour 24m hour sm hour 24m hour 

4.00 4.63 5.45 7.02* 

300.0 444.5 362.5 602.1 * 

5.78 2.17 6.31 4.00* 

1.27 1.61 1.60 4.26 

2.34 3.05 2.03 2.04 
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COMPARATIVE STUDY OF SODIUM ION 
ESTIMATION 
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Figure 11.3 Comparative study of Sodium ion estimation among test (micropellets) 
and standard (Lasix tablet) containing Frusemide (40mg) in Flame 
Photometer 
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Figure 11.4 Comparative study of Potassium ion estimation among test (micropellets) 
and standard (Lasix tablet) containing Frusemide (40mg) in Flame 
Photometer 
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11.6 Discussions 

The preferred formulation i.e. F9 (4% w/w of both Sodium alginate and Acrycoat E30D 

with 30% drug load), which recorded maximum in vitro extended release of the drug over a 

span of 9 hour, was examined for pharmacological activity through in vivo methods using 

rat as the model animal1
• Lipschitz test has been considered for the study of the 

pharmacological activity as the test has been proven to be a standard and a very useful tool 

for screening of potential diuretics. With reference to Table 11.4, the Lipschitz value for 

both standard and test sample was found to be greater than 2.0 at the end of both 5th and 24th 

hour, confirming the positive diuretic effect of both the samples. But at the end of the 24th 

hour, test sample showed significantly (p<0.05) high quotient (7.02) implying high volume 

of urine being excreted on using the micropellets when compared to the standard tablets 

(4.63). It also proves the efficacy of the formulation in providing therapeutic effect to the 

subject. This is further supported by the increase in percentage of volume of urine collected 

compared to the control group. Though at the end of the 5th hour both standard and test 

sample showed similar increment (300 and 362.5%), at the end of 24th hour test sample 

again showed significantly (p<O.OS) high increment, 602.1%, whereas the standard showed 

an increment value of 444.5%. This establishes the fact that the test formulation was 

successful in sustaining the diuretic effect of the drug till 24 hours. Thus the objective of the 

research work was partly met from these data. 

Further, from the estimation of the Lipschitz quotient of sodium ion excretion, the trend of 

the result obtained was found to be similar to that seen with collected urine volume. At the 

end of the 5111 hour, both standard and test gave a value near to 6.0, indicating a favorable 

natriuretic effect (>4.0). But at longer duration (24h), the sodium ion excretion falls for the 

standard tablet below 4.0, losing the potency of the drug_ in the tablet, whereas the test 

sample still recorded a quotient on or above li.O, significantly higher than that of the 

standard tablet. This again established the goal of the research work of delivering the drug . 

through a microparticulate dosage form which can retain its therapeutic effect for at least 24 

hour. 

As reported by Bicking7 et.al. and Kagawa8 et.al., the natriuretic activity of a diuretic can be 

estimated from the equation 11.3. Both the samples showed positive natriuretic activity at 

5th and 24'h hour. Since the ratios were less than 1 0.0, the samples can be inferred not to be 

having any potassium sparing activity. This was also studied using flame photometry to 

estimate the potassium ion (K+) loss. For the entire duration of24 hour, the loss ofK+ ion 
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was uniform in case of the test formulation, while standard tablet shows an increase in K + 

loss with time (Table 11.4). This proves that the new formulation does have less 

hypokalemic effect; hence the test formulation can reduce the side effect of the drug 

frusemide to a great extent. Figure 11.3 and 11.4 gives a pictorial comparison of the loss of 

K+ and Na+ ion from the standard Lasix™ tablet and formulated micropellets (F9). 

From the overall study, it can be concluded that calcium alginate micropellets of fi:usemide 

can produce a much greater diuretic effect over an extended period of 24 hour. Hence a 

single dose of the formulation is sufficient in the management of peripheral edema, ascites 

in congestive heart failure and as well as in the treatment of chronic hypertension, leading to 

better patient compliance. The micropellets also shows significantly high natriuretic activity 

but less hypokalemic effect, reducing all the possible side effects associated with excessive 

loss of K+ ion and sudden loss of water from the body. Thus, the formulations can be 

considered for encapsulation or compression into tablet, after proper dose calculation, so as 

to get them administered in a proper dosage form to the patients, who needs to be treated 

with a potent diuretic, like Frusemide. 
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SUMMARY AND CONCLUSION 

The major aim of the thesis was to develop a safe technology for the preparation of drug 

loaded micropellets in a completely non toxic, aqueous environment entirely avoiding the 

use of organic solvents. As it has become mandatory to implement Safety, Health and 

Environment (SHE) norms in pharmaceutical manufacturing technology, uses of organic 

solvents are now discouraged by good corporate governance and good manufacturing 

practices. The aim of this study was to design, formulate and evaluate oral controlled 

release micropellets containing frusemide, a potent loop diuretic, as the model drug by 

adopting ionotropic gelation technique, which completely eliminates the involvement of 

organic solvent in any stages of preparation and finally optimizing the formulation 

statistically by employing Factorial analysis and Response Surface methodology (RSM). 

The author aspires to have prepared micropellets using a novel, economical and ecological 

method which can be feasibly reproduced in a large scale by the pharmaceutical industry. 

The thesis, being the documentation of the entire research work, comprises of twelve (12) 

chapters placed in accordance with the chronological sequence of th,e work plan. Each 

preceding and subsequent chapters are interwoven to maintain the continuity. 

In Chapter 1, a review of conventional and controlled release drug delivery systems have 

been presented. Properties of a drug that influences the design of controlled release dosage 

form have been discussed in details in this chapter. The different techniques of 

micropelletization have been listed and particularly ionotropic gelation technique, the 

adopted technique in the entire study, has adequately been discussed. 

In Chapter 2, a detailed survey of the literature related to ionotropic gelation technique has 

been documented. The current updated literature survey shows a wide spectrum application 

of ionotropic gelation method in the field of controlled release drug delivery system. 

Subsequently in Chapter 3, physicochemical, pharmacokinetic and pharmacological 

aspects of the model drug, Frusemide, has been covered. The clinical information of the 

drug available from authentic sources has been given more importance. The rationale 

behind the selection of Frusemide has also been accounted in this chapter. 
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Similarly in Chapter 4, all the excipients which the author dealt with during this research 

work has been enlisted. In the development of novel drug delivery systems, the excipients 

have great influence on the biopharmaceutical and physiological availability and the 

stability of the drug in the formulation. Hence, the physicochemical properties of the chief 

excipients, including all the polymers used in the formulations, have been thoroughly 

discussed here. 

In Chapter 5, the drug sample used in the entire work was subjected to preformulation 

studies. This study is the initiation point in the development of rationality behind selecting 

Frusemide as a suitable molecule to be. designed for controlled delivery. In this 

investigation, author determined the A. - max of Frusemide sample and also prepared its 

standard curve equation in the Phosphate buffer medium of pH 6.8 and 7.4. The generated 

standard curve equation was later utilized for the study of the drug release profile during the 

dissolution study to determine the amount of drug released in the dissolution medium. 

Subsequently, the supplied drug was assayed following the official methods given in Indian 

Pharmacopoeia. The assay value was observed to be well within the standard limit. The 

purity of the drug sample was determined by infrared (IR) spectroscopy by comparing the 

IR spectrum with that of the official compendia. 

Chapter 6 further continues with the preformulation study which was directed towards the 

optimization of the process parameters for the consequent development of alginate 

micropellets. The effect of the process parameters such as bore diameter of the needle, 

height of dropping of the dispersion from the needle tip, drying time and temperature, 

contact time of the micropellets in the calcium chloride solution were investigated and 

finalized. Also the effect of the variation in the concentration of sodium alginate, calcium 

chloride and different concentration of loaded drug were also studied. The copolymers used 

were also subjected to several concentrations and their effect on the physicochemical 

properties of the resultant micropellets were recorded and utilized in the optimization of the 

copolymer for the final set of batches. For all the formulations mean particle size by Sieve 

analysis, surface morphology by Scanning Electron Microscopy (SEM), Drug Entrapment 

Efficiency (DEE), Disintegration time (DT) and in vitro dissolution studies were 

determined. I 7G needle size was optimized, as smaller bore makes the viscous dispersion of 

the drug-polymer difficult to extrude. Height of 2 em was maintained further which resulted 

more spherical pellets. Curing time of the wet micropellets in the calcium chloride solution 
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was optimized at 30 minutes as it gave maximum gelation time and formation of hard and 

firm micropellets. Drying time was optimized for 6 hour and at a temperature of 60°C in hot 

air oven. It was observed that at a particular concentration of sodium alginate, 5% w/v 

calcium chloride gave nearly spherical and uniform pellets with retarded release upto 1.5 

hour. Sodium alginate at a concentration of 5.0 w/v was found to produce moderately 

retarded micropellets but of much bigger size. Considering these points, author has finally 

chosen I to 4% w/v concentration of sodium alginate for the final design of the envisaged 

formulation of Frusemide. Since concentration of 5% w/v or higher was found to be too 

viscous to squeeze through the nozzle of the 170 needle, therefore concentration on and 

above 5% w/v was not considered for final formulation. To produce more prolonged actions 

of frusemide, the author incorporated several copolymers, both water soluble and insoluble, 

in the form of aqueous dispersions of acrylic polymers (Acrycoat E30D, L30D and S 1 00), 

aqueous dispersions of Ethyl cellulose (Sure lease) and powder form (Methocel K15M) of 

Hydroxy propyl methyl cellulose (HPMC). Acrylic based colloidal polymer dispersions 

(Acrycoat E30D) showed high encapsulation efficiency and maximum prolongation of drug 

release among all. Hence, further study was extended taking Acrycoat E30D in a 

concentration range of 0-4% w/w as the optimized release controlling copolymer. Higher 

concentrations could not be tested due to viscosity and corresponding syringability factor. 

Though at higher drug load, the release of the drug was more sustained, a moderate 

concentration of 30%w/w of drug load was maintained for all the formulations. 

In Chapter 7, the formulation design was framed using 32 factorial analyses. Two variables 

(concentration of sodium alginate and Acrycoat E30D) at three levels [high (+1), medium 

(0) and low ( -1 )] was considered for the study resulting in nine (9) different formulations 

(Fl- F9). The following concentrations (4%, 2% and 1% w/v) of sodium alginate and (4%, 

2% and 0% w/w) of Acrycoat E30D was investigated. From the preformulation studies the 

optimized parameters obtained were employed in the ionotropic gelation method adopted in 

the final formulation study. The method of preparation and its flow sheet diagram were 

lucidly represented. 

Subsequently in Chapter 8, the final nine formulations prepared were subjected to several 

physicochemical studies to judge the efficiency, reliability and uniformity of the 

micropellets. Parameters such as general appearance, rheological behavior, moisture 

content, particle size, drug content and drug entrapment efficiency, loose surface crystal 
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(LSC) study and drug - polymer incompatibility study by infrared (IR) spectroscopy and 

topographical study by scanning electron microscopy (SEM) were all investigated for each 

formulations. On analyzing the results obtained, formulation F9 (4 % w/v and 4% w/w 

sodium alginate and AcrycoatE30D respectively) was found to give best results in all 

respects. 

Chapter 9 was separately kept to document the results obtained from in vitro release 

studies of prepared micropellets. The in vitro dissolution test is a good index of 

bioavailability if it meets two conditions, namely, 

I. The dissolved drug remains free and intact and does not decompose or form a 

complex in the gastrointestinal tract, and, 

2. Dissolution and riot absorption, is the rate-limiting step in the availability of the drug 

in the systemic circulation. 

In this context at the beginning of this chapter 9, theories of dissolution, factors affecting 

dissolution rate of drugs from solid dosage form, dissolution rate testing methodology and 

in vitro dissolution testing of controlled release dosage forms have been reviewed. 

Interpretation of several in vitro drug release kinetic models and equations e.g. Noyes -

Whitney's equation, Weibull equation, Logarithmic- Logistic equation, Hixon- Crowell's 

cube-root equation, Zero-order, First-order and Second-order kinetic model, Exponential 

release kinetics, Square-root of time equations (Higuchi equation), Korsmeyer - Peppas 

equation and Baker - Lonsdale model have been described and discussed in details. 

The data obtained from the dissolution of the formulations were fitted in Zero order, First 

order, Higuchi and Hixon - Crowell model and the results were established from 

Korsmeyer - Peppas equation. The correlation coefficient (R2
) was used to compare the 

model equations and to determine the 'best fit' model that explains the release kinetics of 

the drug from the prepared micropellets. Micropellets prepared with low level of sodium 

alginate (Fl, F2 and F3) acted as reservoir devices of frusemide which released its content 

depending on the concentration gradient. In spite of incorporation of Acrycoat E30D as 

copolymer, there could not form any drug-polymer matrix. Their release profile followed 

first order kinetics. For the rest six batches (F4- F9), the phase-I (0-2 hr) release was fitting 

with first order kinetics followed by zero order kinetics in the phase-II (2-9 hr). Since the 

release mechanism involved more than one type of release kinetics, the investigator used the 

semi-empirical formula ofKorsmeyer-Peppas equation to justify the primary outcome of the 
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analysis of release mechanism. For all the batches, the release exponent (n) of the Peppas 

equation, in an overall span of 0-9 hr was found to be > I signifying super Case-II non

Fickian anomalous diffusion transport mechanism. On segregating the study in two phases, 

Phase-! and Phase-II, this phenomenon of drug release was very much in proximity with the 

theory as it is seen that in the initial phase -I, n >>I, reflecting non-Fickian release. With 

time, water penetrated into the hydrogel matrix containing the dispersed drug. The polymer 

chains take up a finite amount of time to rearrange to an equilibrium state in order to 

accommodate the penetrating solvent. On significant hydration drug release tends to be 

linear with time (n-1) signifying zero-order transport mechanism. 

From this chapter, the conclusion was drawn that by increasing the polymer mass in the 

micropellets such drug delivery device could be generated which can retain a constant 

geometry with a constant release rate of drug following zero·· order kinetic model. The 

reproducibility of the polymers to produce micropellets of similar release mechanism was 

optimized statistically in the Chapter 10 of this thesis. 

The in vitro release data obtained from chapter 9 was treated statistically in the Chapter 10. 

At the outset of this chapter, introductory concept of experimental design and method of 

statistical analysis by factorial analysis has been explained. Analysis of Variance 

(ANOV A), Regression analysis and Response Surface Methodology (RSM) have also been 

discussed. Factorial design was used as a tool for the optimization of dependent parameters 

to achieve the predetermined goal of the research work. 

The following dissolution parameters were considered as responses of the variables to get 

an estimate of the performance of the drug delivery system: Zero order release rate constant 

[Ko (mg I hr)]; amount of drug released in 2 hours (Burst effect) [X 12o (mg)]; time required 

for 80% drug release [t 80 (hr)] and Peppas Diffusion coefficient [n]. On performing linear 

regression analysis of Ko, sufficiently high degree of correlation (R2 
= 0.8856) among the 

predicted and actual value was observed. On performing Two-way ANOV A, the effect of 

sodium alginate was found to be significant (p< 0.05) whereas Acrycoat E30D was found to 

be statistically insignificant. 

The experimental design was done using the software 'Design Expert version 7.1.2'. A full 

3 2 factorial analysis using 2FI design model and 9 runs were performed. Apart from 

numerical optimization, graphical optimization by response surface methodology (RSM) 

had also had been adequately illustrated. For all the dissolution parameters, sodium alginate 

was found to have significant effect as compared to Acrycoat E30D. Non-additivity or the 
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interaction was observed not to play any significant role. By applying multiple regression 

analysis on the experimental data, the response vadable Ko and the test variables A 

(concentration of Sodium alginate% w/w) and B (concentration of Acrycoat E30D% w/w) 

were found to be related by the following second order polynomial equation: 

Ko = I 1.11 - 0.72 x A -0.28 B- 0.23 x Ax B- o.sox A'+ 9.683E-003 x B2 

The predictive results obtained from this equation for a certain set of values for factor A and 

B were validated by preparing new set of formulations and performing actual in vitro 

release study and determining correlation among the two. Similarly for other parameters, 

high degree of correlation was obtained. From the trial and error method or serendipity of 

the development of Microparticulate Drug Delivery System (MDDS), an optimized and 

validated formulation design was successfully framed. 

In the last chapter (Chapter 11), assessment of the pharmacological (diuretic) activity 

through in vivo performance of the prepared sustained release Calcium alginate micropellets 

were performed and recorded. To achieve this objective, modified LIPSCHITZ test model 

was employed. Male Wistar rat species were administered with test samples and standard 

Frusemide tablets orally with normal saline as a control. Along with the diuretic activity, 

natriuretic activities of the micropellets were calculated by estimating the excretion of 

Sodium (Na+) and Potassium (K+) ion from the collected urine samples of the test animals. 

After comparing the Lipschitz quotient with that of the standard tablet, micropellets 

containing frusemide were found to produce a much greater diuretic effect over an extended 

period of 24 hour. They also showed significantly high natriuretic activity with less 

hypokalemic effect, reducing all the possible side effects of a standard tablet of frusemide, 

associated with excessive loss ofK+ ion and sudden loss of water from the body. 

The author concludes with the satisfaction that, though small, but some contribution to the 

field of pharmaceutical sciences could be made through this research work. The controlled 

release microparticulate dosage form of Frusernide can be prepared in a completely aqueous 

environment without using any organic solvents. Calcium alginate micropellets are 

insoluble in gastric pH making the process advantageous for incorporating acid sensitive 

drugs in the formulation as well as minimizing the gastric irritation of some drugs. 

Solubility of Acrycoat E30D, the release controlling copolymer, being pH independent, 

ensures uniform release of the drug in the entire pH spectrum of the intestine. The polymers 

282 



employed, can be safely used along with the drug without any possibility of interactions. 

The resultant micropellets obtained can be administered as such or can act as an Active 

Pharmaceutical Ingredient (API) for the preparation of capsules or sustained release tablets. 

People from pharmaceutical industry can consider this economical and ecological method 

for scaling up into medium and large capacity, through a proper and detailed pilot project. 

The goal of the research work was achieved through well designed plan of experimentation 

using factorial design and well-thought of physicochemical concept with support from 

statistical software and sophisticated instrumentation and at the same time without causing 

any environmental hazard. This research work comply with all the standards of 

manufacturing practice following Safety, Health and Environment (SHE) norms for the 

international requirements in all the categories of bulk pharmaceuticals, conventional and 

controlled dosage forms. 

Some inadequacy in the entire work cannot be ruled out. Elaborate animal experimentation 

to estimate the effect of the formulation on the bioavailability of the drug and clinical trials 

to get the data of actual therapeutic effect along with the informations on the toxicity of the 

formulation was left out. Development of micropellets with more sphericity and high output 

using proper machinery is still open to be worked upon. The author welcomes any 

constructive suggestions and criticism from research workers and industrial pharmacists 

which will help in the enrichment of the work done. 
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ABSTRACT Page 1 of 15 

The objective of this study Is to encapsulate drugs in different acrylic polymers of varying solubility in an absolute 

aqueous environment. The micropellets were prepared using ionotroplc gelation technique, where gelation of anionic 

sodium alginate, the primary polymer, was achieved with oppositely charged counterion to form micropartlcles which 

were further made sustained by using different acrylic polymers namely Acrycoat E30D (poly [ethyl acrylate methyl 

methacrylate]), Acrycoat L30D (poly [ethyl acrylate methyl methacrylate]), Acrycoat 5100 (poly [ethyl acrylate 

methyl methacrylate]). The effect of these polymers on the release profile of the drug has been reported In this 

paper. Frusemide, a potent diuretic, was selected as the model drug for the experiments. 

Nine set of formulations were prepared using Acrycoat E30D (El, E2, E4); Acrycoat L30D (Ll, L2, L4) and Acrycoat 

5100 (51, 52, 54) at concentration (1 %, 2%, 4%w/w). The final formulations were subjected to several 

characterization studies. All the batches sustained the release of the drug for more than 8 hours. Among all acrylic 

colloidal polymer dispersion, Acrycoat E30D showed high encapsulation efficiencies and maximum prolongation of 

drug release. 

KEYWORDS- Micropellets, Ionotropic gelation, Frusemide, Acrylic polymers 

INTRODUCTION 

One of the common methods of controlling the rate of drug release is microencapsulation. The encapsulation 

techniques (e.g., solvent evaporation or coacervation-phase separation) normally involve water insoluble polymers 

as carriers which require large quantity of organic solvents for their solubilization. (Bodmeier R, et al 199l)(Baken 

JA. 1987) As a result the processes become vulnerable to safety hazards, toxicity and Increases the cost of 

production making the techniques non reproducible, economically and ecologically at an Industrial scale. These 

http://www.priory.com/pharmol/microspheres.htm 4/11/2007 
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concerns demand a technique free from any organic solvent. Thus, the objective of this study Is to encapsulate drugs 

of varying solubility within water insoluble acrylic Pt?lymers in an absolute aqueous environment. 

Recently, aqueous polymeric dispersions have played a great role in replacing organic solvents In the coating of 

solid dosage forms with water soluble polymers.( Lehmann K. 1989)( Steuernagel CR. 1989)( Bodmeier R.et all993) 

These polymeric dispersions forms a homogenous film(JamesW.McGinity.1997) on drying and p~ovides a diffusion 

controlled release of the drug from the polymer matrix. 

The micropeliets were prepared using ionotropic gelation technique (Lim F. et al 1980) ( Segi N. et al 1989)( 

Bodmeier R.et al 1989) where gelation of anionic polysaccharide sodium alginate, the primary polymer of natural 

origin, was achieved with oppositely charged calcium ions, acting as counterion,( Lim LY.et al 1997) to form 

instantaneous microparticles. The micropellets thus produced were further made sustained by using different 

polymers namely Acrycoat E30D (poly [ethyl acrylate methylmethacrylate]) - a synthetic water insoluble aqueous i 

polymeric dispersion, Acrycoat L30D (methacrylic acid ethylacrylate), Acrycoat 5100 (poly [ethyl acrylate methyl 

methacrylate]). The effect of these polymers of varying solubility and other physicochemical properties, on the 

release profile of the drug has been studied and reported in this paper. 

Acrycoat E30D, which contains 28.7% solids, is one of the first aqueous polym_eric dispersions; it was marked 

initially in Europe and later I the United States for pharmaceutical applications in the name of Eudragit NE30D. It is 

prepared by emulsion polymerization and consists of neutral copolymers of ethyl acrylate methyl methacrylate esters 

that are insoluble over the entire physiological pH range. It is thus suitable for the development of pH independent 

modified-release oral dosage forms, provided that the solubility of the drug is pH Independent. Acrycoat L30D, a 

30% aqueous dispersion of copolymer of poly (methacrylic acid ethylacrylate) esters. Copolymers of methyl 

methacrylic acid and ethyl acrylate as ester components with methacryllc acid are used as enteric coatings, because 

they contain carboxylic groups that are transformed to carboxylate groups in the pH range of 5-7 by salt formation 

with alkali and amines. In pure water and diluted acids they form water Insoluble films resistant to gastric juices. 

They are popularly applied in formulating preparations which shows pH dependant drug release. Acrycoat 5100, a 

free flowing powder containing 95% w/w solid polymer is sparingly soluble in water but soluble In alcohol and 

acetone with 3% v/v water. Being copolymers of Methacrylic acid, they are widely used as slow release enteric 

coating in tablet and capsule manufacturing industry. They are insoluble in .gastric fluid but freely soluble in intestinal 

fluid of pH 7 and above. They are popularly applied in formulating sustained release pH dependant formulations. 
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Frusemide (Abdurrahman MA. et al 1992) was selected as the model drug for the experiments. It is a potent high 

ceiling loop diuretic agent commonly indicated for the treatment of edema of hepatic, cardiac and pulmonary 

systems dunng acute or chronic renal failure. In low dose it is a drug of choice for the treatment of chronic 

hypertension . (Gilbert HM. 1975) It shows a prompt onset of action and produces a peak diuresis far greater than 

that observed w1th other diuretic agents. This intense diures1s from a conventional tablet provokes major side effects 

like electrolyt ic imbalance manifested in the form of t iredness, dehydration and muscular cramps. (The Extra 

Pharmacopoeia. 2006) The drug is practically insoluble in water and has a biological half life of 2 hr in patients with 

renal insufficiency. The aim of the experiment is to produce sustained re lease micropellets of Frusemide, that can be 

tabletted or capsulated, exhibiting the same diuretic effect as that of a conventional tablet, but eliminating the 

tox icity, patient discomfort and non compliances. 

MATERIALS AND METHODS 

Frusemide was rece ived as a gift sample from Aventis Pharma Ltd., Ankleshwar. Sodium alginate (viscosity of 2% 

aqueous solution at 25°C was 3500cps) was obtained from Loba Chemie, Mumbai. Calcium chloride dihydrate (A.R. 

Grade, E.Merck, Germany); Acrycoat E30D, aqueous dispersion (solid content-28.7%w/w) Acrycoat L30D (solid 

content-30 %w/w) (poly [ethyl acrylate methyl methacrylate]), Acrycoat 5100 (solid content-95%w/w) (Methacrylic 

acid copolymer Type B) ;( Corel Pharmaceuticals, Ahmedabad). All other chemicals were purchased from local 

supplier in A.R. and L.R. Grade as required. 

Preparations of micropellets 

The drug (30%w/w) was dispersed uniformly in aqueous mucilage of sodium alginate (2%w/v) using mechanical 

stirrer maintaining the speed at 500-600 rpm. To this dispersion the desired polymer was mixed in suitable 

proportions and the entire mixt ure was st irred for 30 min. The pellets were formed by dropping the bubble free 

dispersions t hrough a glass syr inge into a gently agitated calcium chloride (5% w/v) solution 100 mi. The gelled 

pellets were cured for 30 min before being filtered and washed thoroughly with distilled water. They are then oven 

dried for 6 hr at 60°C. The #22 I.P. standard sieve size fractions were used for further studies. 
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Process variables and Process optimization 

The following process variables were investigated (concentration of sodium alginate; concentration of calcium 

chloride; curing time; height of dropping; variation of drug loading; stirring speed and stirring time) and the 

different batches thus produced were ana lyzed for size, shape, ease of preparation, drug content and drug release. 

On the basis of the result obtained the process parameters were optim ized as fol lows:-

Sodium alginate concentration - 2%w/v 

Calcium chloride concentration - S% w/v 

Drug load - 30%w/w 

Curing time - 30 m in 

Height of dropping - 2 em from the level of CaCI2 solution 

Stir ring time and speed - 30 min & 500 rpm 

Drying condition - oven drying fo r 6hr at 60°C 

Different batches of micropellets were then prepared by using the optimized process variables and the only variation 

followed was use of different polymers. Nine set of formulations were prepared using Acrycoat E30D (El, E2, E4 ); 

Acrycoa t L30D (Ll , L2, L4 ) and Acrycoat 5100 (51, 52, 54) at concentration (1 % , 2%, 4%w/ w). The fina l 

formulations were subjected to several characterization studies. 

Ch aracterization of micrope llets 

Particle size det ermination 

Particle size analysis (Indian Pharmacopoeia. 1996) of the micropellets was done by sieving method using Indian 

Standard Sieves # 16, #22 and # 30. Average particle size was calculated using the formula ; - davg = ? dn 1 ? n, 

where n=frequency weight, d= mean diameter. (Table-1 ) 

Scanning e lectron microscopy 

Morphological characterization of the micropellets was done by taking scanning electron micrograph in (JEOL JSM 

Model 5200, Japan). Cross sectional view were obtained by cutt ing the micropellets with a razor blade. The samples 

were coated to 200A o thickness with gold-palladium using (Pel co model 3 sputter coater) prior to microscopy. A 

working distance of 20nm, a t ilt of 0° and accelerating voltage of 1Skv were the operating parameters. Micropellets 

before dissolution were only subjected to SEM st udy since, after dissolution the pellets become swollen palpable 

mass . Photographs were taken within a range of SO- 500 magnifications . (Fig 1-5) 
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Rheological study (Indian Pharmacopoeia. 1996) 

To determine the rheological properties of the mlcropellets, the angle of repose of all the samples were measured 

using funnel method. Bulk density was determined by taking known quantity of mlcropellets In 100ml measuring 

cylinder and tapping it 3 times from a height of 1 inch at 2 seconds interval. The bulk density was calculated by 

dividing sample weight by final bulk volume. (Table-1) 

Determination of Moisture content (Indian Pharmacopoeia. 1996) 

The formulations were subjected to moisture content study, by placing the micropellets at 60° C for 10 minutes in an 

IR moisture balance. (Table-1}~· 

Loose surface crystal study (LSC) (Abu IK. et ai 1996) 

This study was conducted to estimate the amount of drug present on the surface of the micropellets which may show 

immediate release in the dissolution media. 100mg of micropellets (# 22 sizes) were suspended in 100ml of 

phosphate buffer (pH 6.8), simulating the dissolution media. The samples were shaken vigorously for 15 min in a 

mechanical shaker. The amount of drug leached out from the surface was analyzed spectrophotometrlcally at 

277.5nm. Percentage of drug released with respect to entrapped drug In the sample was recorded. (Table-1) 

Determination of Drug entrapment efficiency 

About 100mg of micropellets (# 22 sizes) were accurately weighed and dissolved In 25ml of Phosphate buffer (pH 

7.4) for overnight and an aliquot from the filtrate was analyzed spectrophotometrically, after suitable dilution, using 

SHIMADZU UV-VIS, at 277.5nm. Reliability of the method was judged by conducting recovery analysis using known 

amount of drug with or without polymer. Recovery averaged 100±0.89%. Drug content of every batch was 

determined for every size range of micropeiiets and the mean± S.D. was calculated. Drug Entrapment Efficiency 

(D~~) was calculated according to the formula % DEE= (Actual drug content/ Theoretical drug content) x 100. 

(Table-2) 

Disintegration studies (Bodmeier R. et al 1989) 

Disintegration studies were performed In 0.1N HCI and simulated intestinal fluid (USP XXI) In a rotating bottle 

apparatus. S pellets per via' were kept in 50 ml medium at 37° C and the vials were rotated at 25 rpm. The 

measured disintegration time was the time taken by the pellets to disintegrate into crystals, the polysaccharide 

being soluble and the drug insoluble in the disintegrating fluid. (Table-2) 

In vitro dissolution study 
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The USP rotating - paddle Dissolution Rate apparatus (Veego, Mumbal) was used to study drug release from the 

micropellets. The dissolution parameters [ 100mg .pellets ; 37± 2"C ; SO rpm ; SOOml of USP Phosphate buffer (pH 

6.8); n=3; coefficient of variation< 0.05] were maintained for all the nine formulations. '2m I of aliquot were 

withdrawn at specified intervals and after suitable dilution assayed by SHIMADZU UV-VIS PharmSpec. 1700 

spectrophotometer at 277 .Snm. The data for percent drug release was fitted for zero order and Higuchi matrix 

equation. The polysaccharide did not interfere with the assay as confirmed from conducting a dissolution study of 

blank alginate beads. (Table-2) 

Determination of stability of the micropellets 

The formulations showing the best performance, with respect to in vitro release, from each set of formulations were 

stored at 4°C, room temperature and 45°C for a month. Every week samples were withdrawn and were assayec;l 

spectrophotometrically at 277.5 nm using Phosphate buffer (pH 6.8) as blank. (Table- 3) 

RESULTS AND DISCUSSION 

The mlcropellets were prepared in an environment free from organic solvents by dropping a mixture of colloidal 

copolymer dispersion, the dispersed drug Frusemide, and mucilage of sodium alginate In ·calcium chloride solution, 

which acted as a counterion. The droplets Instantaneously formed gelled spherical beads due to cross linking of 

calcium ion with the sodium ion which remained Ionized In the solution. Smaller particle can be prepared by 

adjusting the height of the syringe from the level of counterion solution, compression force on the plunger of the 

syringe. The gelled particles were cured to get sufficiently hardened and theh filtered and dried. The colloidal 

polymer particles fused into the polymer matrix during drying with the drug being dispersed in the latex. The 

mlcropel/ets thus formed using three different polymers did show significant results on evaluation. 

The size of the micropellets ranged between 540 ~m to 800 ~m and Increased significantly with the 

concentration of the copolymers. The average particle size was on the highest side with Acrycoat E300 polymers 

followed by 5100. The particle size distribution was uniform and narrow. It can be estimated that with further 

increment in the copolymer concentration the particles would change from micro to granular level. 

The scanning electron micrograph (Figure 6-8) shows the pellets being discoid in shape. Surface depression was 

noticed at the point of contact on the drying paper. On comparison of the pellets prepared from three polymers in 

highest concentration, it was evident from the photograph that more roughness with Acrycoat E30D copolymers was 
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achieved than that of the other two. Acrycoat L30D giving the most smooth surfaced particle. It can be concluded 

that the roughness is due to the density of the matrix which In turn justifies its sustained release. The dense network 

of drug-polymer-copolymer increases the tortuisity, as evident from Figure-9, thus delaying the release of the drug 

and retarding the penetration of water required to make the pellets swell for disintegration. The mlcrograp~ of the 

blank pellets (Figure-S) act as a control and suggests that Increase In total weight of the pellets makes it more 

spherical. 

The rheological parameters like angie of repose and bulk density of ali the pellets (Table-1) confirms better flow 

and packing properties. Thus, the micropellets If tabletted or encapsulated, requires less amount of lubricants and 

ensures low production cost leading to its feasibility for large scale production. 

Loose surface crystal (LSC) study was an Important parameter giving an indication of the amount of drug on the 

surface of the micropellets wfthout proper entrapment. With the increase in the copolymer concentration % LSC 

decreased significantly owing to high entrapment of drug in the dense network of polymers. 

Low moisture content in all the micropellets Indicates the effectiveness of the optimized drying condition. Low 

moisture level ensures better stability of the drug In the micropellets. 

Significantly high entrapment efficiency of drug with Acrycoat L30D (Tabie-2) over other polymers confirms It 

being more rigid among the three. 

As described during the discussion on the photomicrograph, formulation E4 showed highest disintegration time 

which may be due to Its stronger latex network structure. The micropellets being less porous among the three, 

delays the penetration of water needed for swelling and eventual disintegration. No disintegra~lon was observed In 

O.lN HCI, even when the samples were kept for overnight In the medium confirming with the fact that all the 

polymers investigated are insoluble in gastric pH and over and above pH 5.5. The Ionic character of the 

polysaccharide alginate also resulted in pH dependant disintegration of the micropellets. Acrycoat E30D consists of 

neutral copolymers of ethyl acrylate methyl methacrylate esters that are insoluble over the entire physiological pH , 

range. It is thus suitable for the development of pH independent modified-release oral dosage forms,. provided that 

the solubility of the drug is pH independent. The other two acrylic polymers show pH dependent release. 

The in vitro release data of all the formulations were fitted in Zero order and Higuchi matrix model and the rate 

constants and correlation coefficient were compared to get a trend In the release pattern of the drug from the 

formulations. From Table -2, comparing the R2 value of both the kinetic models, It Is evident that all the batches 

predominantly showed zero-order release. The formulations of E30D sustained the release of the drug for more than 
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a hours while for the formulations of L30D and 5100, the release varied depending on their concentrations, within a 

range of 5-8 hours (Figure 1-3) as compared with the conventional tablet dosage form (Figure-4). Predominantly, 

the drug gets released by passive diffusion through water filled pores. The loose drug on the surface of the 

micropellets, on release, exposes the pores or micro channels, through which diffusion of the drug present in the 

inner matrix occurs. Due to loose drug present on the surface of the micropellets (lSC} the In vitro release profile 

obtained indicated a biphasic pattern i.e. initial fast release followed by a sustained pattern. Batches of Acrycoat 

E30D micropellets showed more prolonged action as evident from its tSO values when compared with other two 

acrylic polymers. Increase in the polymer concentration increased the crosslink density thereby creating barrier for 

drug diffusion, hence more prolongation. 

When studied for stability at 4°C, room temperature and 45°C for a month, the drug was found to be stable at 

4°C and room temperature and all the formulations showed gradual degradation at high temperatures. 

CONCLUSION 

Sustained release micropellets containing water. Insoluble drug were successfully prepared employing ionotroplc 

gelation technique, entirely avoiding the use of organic solvents. Apart from the natural water soluble polymer, 

namely, sodium alginate, the use of copolymer further prolongs the release of the drug. Acrylic based colloidal 

polymer dispersions (Acrycoat E30D) showed gOod encapsulation efficiencies and maximum prolongation of drug 

release. Hence, further studies can be extended taking Acrycoat E30D as the release controlling copolymer. 

Considering the end product, the micropellets could be administered as prepared or could be compressed into tablet 

or filled in capsule shell. The entire process is feasible In an Industrial scale and demands pilot study. 
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TABLE- 1 

COMPARATIVE STUDY OF VARIOUS PHYSICAL PARAMETERS FOR ALGINATE MICROPELLETS CONTAINING 

FRUSEMIDE AND RELEASE RETARDED WITH ACRYCOAT E30D, L30D AND S100 RESPECTIVELY 

~8i~:'' ;:;,,;,~2.1'!'~~~!) ~~~l;1~·~¥"M:' 
:1\\~;t~~~:.~.? f:;I,':(P/o'i~/,W.•)ic; ,~/.Dc:I:;;(IE( 

?' J -,!;C ";;?c:i~·,·; .c:;_ • .:.,,;:.;d~:2 

EI E30D-1% 1.48 ± 0.48 3.549 608.16 ± 18.32 ± 0:658 ± 

0.59 0.79 0.68 

E2 E30D-2% I .44 ± 0.56 2.369 760.89 ± 20.56 ± 0.674 ± 

0.51 1.03 1.52 

E4 E30D-4% 2.23±0.68 1.567 782.78± 21.24± 0.682± 

0.36 1.97 1.96 

Ll L30D-1% 2.83±0.67 4.318 547.29± 17.53± 0:6!7± 

0.54 1.12 

L2 L30D-2% 2.14 ± 0.46 3.878 613.58 ± 20.78 ± 0.646 ± 

0.72 1.48 1.48 

1-'1 

022 2.07 2.36 

SI 5100-1% 2.21 ± 0.41 3.943 594.57 ± 18.24 ± 0.651 ± 

0.43 1.31 1.19 

S2 5100-2% 1.91 ± 0.26 3.018 678.32± 21.33 ± 0:67:3 ± 

0.56 1.78 1.76 

S4 5100-4% 1.76 ± 0.61 2.454 767.25 ± 22.53 ± 0.680 ± 

0.31 2.19 2.48 

* Results shown are the mean ± SD. n = 6 for mean diameter and n = 3 for moisture content, angle of 

repose, bulk density and LSC study. 
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TABLE-2 

COMPARATIVE STUDY OF VARIOUS· PHARMACEUTICAL FACTORS FOR ALGINATE MICROPELLETS 

CONTAINING FRUSEMIDE AND RELEASE RETARDED WITH ACRYCOAT E30D, L30D AND S100 

E30D-1% 
EI 94.48 ± 42 272 9.3247 0.9477 25.479 0.7939 

0.48 
E30D-2% 

E2 93.44± 64 290 9.0388M463 2~.909 0.7857 

0.56 
E30D-4% 

E4 91.23 ± 97 341 7.94280.840720.151 0;6492 

0.68 
L30D-1% 

Ll 99.22± 31 92 18.622 0.9519 44.784 0.9558 

0.43 
L30D-2% 

L2 98.56± 43 !53 14.435 0.9776 35.857 0.8773 

0.43 
L30D-4% 

L4 97.68± 64 267 10.7270~9123 27.225 0.7444 

0.43 
5100-1% 

SI 91.22 ± 38 I 19 I 7.496 0.9844 38.485 0.9329 

0.34 
5100- 2% 

S2 86.09± 51 181 13.3330.9438 30.280 0.8428 

0.85 
5100-4% 

S4 83.58± 79 278 10.06 I 0.9467 23;862 0. 7944 

0.91 
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* KO , KH - Release Rate Constants for Zero Order and Higuchi release Kinetic Model respectively 

* R2 - Correlation coefficient. 

*Results shown are the mean ::1: so. n = 3 for disintegration study, entrapment efficiency and dissolution study. 

TABLE- 3 

ACCELERATED STABILITY STUDIES OF FRUSEMIDE MICROPELLETS PREPARED WITH DIFFERENT 

(WEEK) 4°C RT 45°C 4°C RT 45°C 4°C RT 45•c 

0 100 100 100 100 100 100 100 100 100 

1 98.36 98.23 87.39 99.16 97.98 87.47 99.28 98.52 89.28 

2 97.38 96.29 82.54 96.79 96.61 ·85.18 97.57 96.93 88.42 

3 94.85 94.36 77.33 94.82 94.21 83.84 96.62 95.89 86.74 

4 90.52 91.72 75.94 91.39 92.22 80.71 95.09 95.37 85.33 

RT--- ROOM TEMPERATURE 

IN VITRO RELEASE OF ACRYCOAT E30D 
RETARDED ALGINATE MJCROSPHERES 

8 9 

Figure 1 
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Figure 1- SEM Photograph of blank alginate micropellets (SOX) 

Figure 6- SEM Photograph of Frusemide loaded alginate micropellets with 

Acrycoat E30D (40fow/w) (SOX) Formulation# E4 
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Figure 7 - SEM Photograph of Frusemide loaded alginate micropellets with 

Formulation # L4 

Figure 8 - SEM Photograph of Frusemide loaded alginate micropellets with 

Acrycoat 5100 (4%w/w) (SOX) Formulation# 54 

Figure 9- SEM Photograph of Frusemide loaded alginate micropellets 

with Acrycoat E30D (4%w/w) (350X) Formulation# E4 
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INTRODUCTION 
One of the common methods of controlling the rate of 
drug release is microencapsulation. The encapsulation 
techniques (e.g., solvent evaporation or coacervation
phase separation) nor~ally involves water insoluble 
polymers as carriers which require large quantity of 

organic solvents for their solubilization. 1
•
2 As a result 

the processes become vulnerable to safety hazards, 
toxicity and increases the cost of production making the 
techniques non reproducible, economically and 
ecologically at an industrial scale. These concerns 
demand a technique free from any organic solvent. 
Thus, the objective of this study is to encapsulate drugs 
of varying solubility within water insoluble polymers in 
an absolute aqueous environment. 

Indian Journal qfPharmaceutical Educalion & Research 
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Recently, aqueous polymeric dispersions have played a 

great role in replacing organic solvents in the coating of 
solid dosage forms with water soluble polymers.'·' 
These polymeric dispersions forms a homogenous film' 
on drying and provides a diffusion controlled release of 
the drug from the polymer matrix. 
The micropellets were prepared using ionotropic 
gelation technique'·' where gelation of anionic 
polysaccharide sodium alginate, the primary polymer of 
natural origin, was achieved with oppositely charged 
calcium ions (counterion)10 to form instantaneous 
microparticles. The micropellets thus. produced were 
further made sustained by using different polymers 
namely Methocel K- 15M (Hydroxy propyl methyl 
cellulose -HPMC) - a water soluble polymer; Sure!ease 
(Ethyl Cellulose) - a semi synthetic water insoluble 
aqueous colloidal polymer; and Acrycoat E30D (poly 
[ethyl acrylate methylmethacrylate])- a synthetic water 
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insoluble aqueous polymeric dispersion. The effect of 
these polymers of varying solubility and other 
physicochemical properties, on the release profile of the 
drug has been studied and reported in this paper. 
Fruscmide 11 was selected as the model drug for the 
experiments. It is a potent high ceiling loop diuretic 
agent commonly indicated for the treatment of edema 
of hepatic, cardiac and pulmonary systems during acute 

or chronic renal failure. In low dose it is a drug of 
choice for the treatment of chronic hypertension. 12 It 

shows a prompt onset of action and produces a peak 

diuresis far greater than that observed with other 
diuretic agents. 12 This intense diuresis from a 

conventional tablet provokes major side effects like 

electrolytic imbalance manifested in the form of 

tiredness, dehydration and muscular cramps. 13 The drug 

is practically insoluble in water and has a biological 

half life of 2 hr in patients with renal insufficiency. 11 

The aim of the experiment is to produce sustained 

release micropellets of Frusemide, that can be tabletted 
or capsulated, exhibiting the same diuretic effect as that 
of a conventional tablet, but eliminating the toxicity, 
patient discomfort and non compliances. 

MATERIALS AND METHODS 
Frusemide was received as a gift sample from Aventis 

Pharma Ltd., Ankleshwar. Sodium alginate (viscosity 
of 2% aqueous solution at 2s•c was 3500cps) was 
obtained from Loba Chemie, Mumbai. Calcium 
chloride dihydrate (A.R. Grade, E.Merck, Germany); 

Acrycoat E30D, aqueous dispersion (solid content-
28.7%w/w) (Corel pharmaceuticals, Ahmedabad); 
Surelease (Ethyl Cellulose) (Colorcon Ltd.) Hydroxy 
propyl methyl cellulose (HPMC) (Methocel K- 15M) 
(Dow Chemical Co.). All other chemicals were 
purchased from local supplier in A.R. and L.R. Grade 
as required. 

Preparations of micropellcts 

The drug (30%w/w) was dispersed uniformly in 
aqueous mucilage of sodium alginate (2%w/v) using 
mechanical stirrer maintaining the speed at 500-600 
rpm. To this dispersion the desired polymer was mixed 
in suitable proportions and the entire mixture was 
stirred for 30 min. The pellets were formed by dropping 
the bubble free dispersions through a glass syringe into 
a gently agitated calcium chloride (5% w/v) solution 
I 00 mi. The gelled pellets were cured for 30 min before 

being filtered and washed thoroughly with distilled 

water. They are then oven dried for 6 hr at 6o•c. The 
#22 I.P. standard sieve size fractions were used for 

further studies. 
Process variables and Process optimization 
The following process variables were investigated 
(concentration of sodium alginate; concentration of 

calcium chloride; curing time; height of dropping; 
variation of drug loading; stirring speed and stirring 
time) and the different batches thus produced were 
analyzed for size, shape, ease of preparation, drug 

content and drug release. On the basis of the result 
. obtained the process parameters were optimized as 

follows:-
Sodium alginate concentration- 2%w/v 

Calcium chloride concentration- S%w/v 

Drug load - 30%w/w 
Curing time- 30 min 

Height of dropping - 2 em from the level of CaCI2 

sofution 

Stirring time and speed- 30 min & 500 rpm 
Drying condition- oven drying for 6hr at 6o•c 
Different batches ofmicropellets were then prepared by 
using the optimized process variables and the only 
variation followed was use of different polymers. Nine 
set of formulations were prepared using Acrycoat E30D 
(EI, E2, E4); Methocel K-!5M (HI, H2, H4) and 
Surelease (SI, 82, S4) at concentration (1%, 2%, 

4%w/w). The final formulations were subjected to 

several characterization studies. 

Characterization of micropellets 

Particle size determination 
Particle size analysis 14 of the micropellets was done by 
sieving method using Indian Standard Sieves # 16, #22 
and #30. Average particle size was calculated using the 
formula: - d,.8 ~ L dn I L n, where n~frequency weight, 
d~ mean diameter. (Table-!) 
Scanning electron microscopy 

Morphological characterization of the micropellets was 
done by taking scanning electron micrograph in (JEOL 
JSM Model 5200, Japan). Cross sectional view were 
obtained by cutting the micropellets with a razor blade. 
The samples were coated to 200A • thickness with gold
palladium using (Pelco model 3 sputter coater) prior to 
microscopy. A working distance of 20nm. a tilt of oo 
and accelerating voltage of 15kv were the operating 
parameters. Micropellets before dissolution were only 
subjected to SEM study since, after dissolution the 
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pellets become swollen palpable mass. Photographs 
were taken within a range of 50 - 500 magnifications. 
(Fig 1-5) 

Micromeretic study 14 

To determine the rheological properties of the 
micropellets, the angle of repose of all the samples were 
measured using funnel method. Bulk density was 
determined by taking known quantity of micropellets in 
lOOm! measuring cylinder and tapping it 3 times from a 
height of I inch at 2 seconds interval. The bulk density 

was calculated by dividing sample weight by final bulk 

volume. (Table-!) 

Determination of Moisture content14 

The formulations were subjected to moisture content 
study, by placing the micropellets at 60° C for 10 

minutes in an !R moisture balance. (Table-!) 

Surface Accumulation study (SA)15 

This study was conducted to estimate the amount of 

drug present on the surface of the micropellets which 

may show immediate release in the dissolution media. 
1 OOmg of micropellets (# 22 sizes) were suspended in 

lOOm! of phosphate buffer (pH 6.8), simulating the 
dissolution media. The samples were shaken vigorously 

for 15 min in a mechanical shaker. The amount of drug 

leached out from the surface was analyzed 

spectrophotometrically at 277.5nm. Percentage of drug 

released with respect to entrapped drug in the sample 
was recorded. (Table-!) 

Determination of Drug Entrapment Efficiency 
About lOOmg of micropellets (# 22 sizes) were 
accurately weighed and dissolved in 25m! of Phosphate 

buffer (pH 7.4) for overnight and an aliquot from the 
filtrate was analyzed spectrophotometrically, after 
suitable dilution, using SH!MADZU UV-V!S, at 

277.5nm. Reliability of the method was judged by 

conducting recovery analysis using known amount of 
drug with or without polymer. Recovery averaged 

100±0.89%. Drug content of every batch was 
determined for every size range of micropellets and the 
mean± S.D. was calculated. Drug Entrapment Efficiency 
(DEE) was calculated according to the formula % 

DEE~ (Actual drug content! Theoretical drug content) x 

I 00. (Table-2) 

Disintegration studies9 

Disintegration studies were performed in O.IN HCI and 
simulated intestinal fluid (USP XXI) in a rotating bottle 
apparatus. 5 pellets per vial were kept in 50 ml medium 

at 37' C and the vials were rotated at 25 rpm. The 
measured disintegration time was the time taken by the 
pellets to disintegrate into crystals, the polysaccharide 

being soluble and the drug insoluble in the 

disintegrating fluid. (Table-2) 

In vitro dissolution study 
The USP rotating - paddle Dissolution Rate apparatus 
(Veego, Mumbai) was used to study drug release from 

the micropellets. The dissolution parameters [ I OOmg 

pellets ; 37± 2'C ; 50 rpm ; SOOml of USP Phosphate 
buffer (pH 6.8); n~J; coefficient of variation< 0.05] 

. were maintained for all the nine formulations. 2ml of 
aliquot were withdrawn at specified intervals and after 

suitable dilution assayed by SHIMADZU UV-V!S 

PharmSpec 1700 spectrophotometer at 277.5nm. The 

data for percent drug release was fitted for zero order 

and Higuchi matrix equation. The polysaccharide did 

not interfere with the assay as confirmed from 

conducting a dissolution study of blank alginate beads. 

(Table-2) 

Determination of stability of the micropellets 
The formulations showing the best performance, with 
respect to in vitro release, from each polymer 
composition were stored at 4°C, room temperature and 
4s•c for a month. Every week samples· were withdrawn 

and were assayed spectrophotometrically at 277.5 nm 

using Phosphate buffer (pH 6.8) as blank. (Table- 3) 

Study on Drug - Polymer interaction using Infra 
Red Spectroscopy" 
The disc method was employed to study the possible 
interactions between the drug and the selected polymer 

Acrycoat E30D and sodium alginate. Pure drug, blank 
alginate pellets and drug loaded pellets with Acrycoat 

E30D pellets were separately analysed. KBr (!R Grade) 

discs in a proportion of I: !00 :: Sample : KBr, were 

prepared from the samples and are analyzed in FT!R 

spectrophotometer (SHIMADZU FT!R- 8400S, Japan) 

over a range of 400- 4000 em·'. Transmittance (T) 
spectra were recorded and disp(ayed in an overlay mode 
in Figure 10. 

RESULTS AND DISCUSSION 
The micropellets were prepared in an environment free 
from organic solvents by dropping a mixture of 
colloidal copolymer dispersion, the dispersed drug 
Frusemide, and mucilage of sodium alginate in calcium 
chloride solution, which acted as a counterion. The 
droplets instantaneously formed gelled spherical beads 
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due to cross linking of calcium ion with the sodium ion 
which remained ionized in the solution. Smaller particle 
can be prepared by adjusting the height of the syringe 
from the level of counterion solution, compression 
force on the plunger of the syringe. The gelled particles 
were cured to get sufficiently hardened and then filtered 
and dried. The colloidal polymer particles fused into the 
polymer matrix during drying with the drug being 
dispersed in the latex. The micropellets thus formed 
using three different polymers did show significant 
results on evaluation. 
The size of the micropellets ranged between 600 J.lm to 
800 J.lm and increased significantly with the 
concentration of the copolymers. The average particle 
size was on the highest side with Acrycoat polymers 
followed by Surelease. The particle size distribution 
was uniform and narrow. It can be estimated that with 
further increment in the copolymer concentration the 
particles would change from micro to granular level. 
The scanning electron micrograph (Figure 6-8) shows 
the pellets being discoid in shape. Surface depression 
was noticed at the point of contact on the drying paper. 
On comparison of the pellets prepared from three 

polymers in highest concentration, it was evident from 
the photograph that more roughness with Acrycoat 
copolymers was achieved than that of the other tWo. It 
can be concluded that the roughness is due to the 
density of the matrix which in tum justifies its sustained 
release. The dense network of drug-polymer-copolymer 

increases the tortuisity, as evident from Figure-9, thus 
delaying the release of the drug and retarding the 

penetration of water required to make the pellets swell 
tor disintegration. The micrograph of the blank pellets 
(Figure-S) act as a control and suggests that increase in 
total weight of the pellets makes it more spherical. 
The rheological parameters like angle of repose and 
bulk density of all the pellets (Table- I) confirms better 
flow and packing properties. Thus, the micropellets if 
tabletted or encapsulated, i'equires less amount of 
lubricants and ensures low production cost leading to its 
feasibility for large scale production. 
Surface Accumulation (SA) study was an important 
parameter giving an indication of the amount of drug on 
the surtace of the micropellets without proper 
entrapment. With the increase in the copolymer 
concentration % SA decreased significantly owing to 
high entrapment of drug in the dense network of 

polymers. 
Low moisture content in all the micropellets indicates 
the effectiveness of the optimized drying condition. 
Low moisture level ensures better stability of the drug 
in the micropellets. 
Significantly high entrapment efficiency of drug with 
Acrycoat based formulations (Table-2) over other 
polymers confirms it being more rigi_d among the three. 
As described during the discussion on the 
photomicrograph, the Acrycoat based formulations 
showed highest disintegration time which may be due 

. to its stronger latex network structure. The micropellets 
being less porous among the three, delays the 
penetration of water needed for swelling and eventual 
disintegration. No disintegration was observed in 0.1 N 
HCI, even when the samples were kept for overnight in 
the medium. The ionic character of the polysaccharide 
resulted in pH dependant disintegration of the 
micropellets. 
The in vitro release data of all the formulations were 

fitted in Zero order and Higuchi matrix model and the 
rate constants and correlation coefficient were 
compared to get a trend in the release pattern of the 
drug from the formulations. From Table -2 it is evident 

that the batches with Acrycoat E30D (EJ-E4) and 
Surelease (SI-S4) predominantly shown zero-order 
release whereas micropellets prepared with Methocel 
K-15M followed Higuchi model. All the batches 
sustained the release of the drug for more than 8 hours 

(Figure 1-3) as compared with the conventional tablet 
dosage form (Figure-4). Predominantly the drug 
released by passive diffusion technique. On releasing 
the drug leaves behind pores or channels, through 
which diffusion of the drug present in the inner matrix 
of the micropellets occurred. Due to loose drug present 
on the surface of the micropellets (Surface 
Accumulation) the in vitro release profile obtained 
indicated a biphasic pattern i.e. initial fast release 
followed by a sustained pattern. Batches of Acrycoat 
micropellets showed more prolonged action as evident 
from its t50 values when compared with other two 
polymers. Increase in the polymer concentration 
increased the crosslink density thereby creating barrier 
for drug diffusion. 
When studied for stability at 4°C, room temperature 
and 45°C for a month, the drug was found to. be stable 

at 4°C and room temperature for all the formulations 
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Table- /-Comparative study of various pllysical parameters for alginate micropel/ets containingfrusemide and 

release retarded witil acrycoat e30d, ilpmc and sure/ease respectively 

Formulation Composition Moisture LSC with Mean Angle of Bulk 
content(%± respect to Diameter repose density 
S.D.) Entrapped (flm± S.D.) (El±S.D.) (gm/cc± 

Dru (% S.D. 
El Acrycoat E30D-1% 1.48 ± 0.48 3.549 608.16 ± 0.59 18.32± 0.79 0.658± 0.68 
E2 Acrycoat E30D-2% 1.44 ± 0.56 2.369 760.89 ± 0.51 20.56 ± 1.03 0.674± 1.52 
E4 Acrycoat E30D-4% 2.23 ± 0.68 1.567 782.78 ± 0.36 21.24 ± 1.97 0.682± 1.96 
HI HPMC-1% 2.43 ± 0.74 3.728 589.25 ± 0.62 20.68 ± 1.05 0.629±0.89 
H2 HPMC-2% 1.74 ± 0.81 2.988 667.58 ± 0.56 22.01 ± 1.88 0.641 ± 1.59 
H4 HPMC-4% 2.32 ± 0.91 2.142 759.26 ± 0.42 23.09± 2.57 0.652 ± 2.49 
S! Surelease- 1% 1.21 ± 0.77 3.589 601.69 ± 0.68 19.26 ± 1.36 0.657 ± 1.23 
S2 Surelease· 2% 0.91 ±0.68 3.008 728.14±0.48 21.28 ± 1.98 0.669± 1.87 
S4 Surelease- 4% 1.76 ± 0.59 2.459 ·776.19± 0.41 22.58 ± 2.89 0.678 ±2.88 
"'n- 3 

Table- 2- Comparative study of various pharmaceutical factors for alginate micropellets containingfrusemide 
and release retarded wit/1 Acrycoat E30d, HPMC and Sure/ease respectively 

Drug 

Formulation Composition 
Entrapment Disintegration !so 

Zero order Higuchi SQRT 
Efficiency(%± Time(min) (min)" 

Ko R2 KH R2 
S.D.) 

El Acrycoat 94.48 ± 0.48 42 272 Il.628 0.9918 25.479 0.7939 
E30D-I% 

E2 Acrycoat 93.44± 0.56 64 290 I1.175 0.9928 23.909 0.7857 
E30D-2% 

E4 Acrycoat 91.23 ± 0.68 97 341 11.131 0.9397 20.151 0.6492 
E30D-4% 

HI HPMC-1% 82.43 ± 0.74 29 II7 I2.33I 0.7806 29.928 0.953I 
H2 HPMC-2% 83.74±0.81 38 I20 11.948 0.7971 29.432 0.9464 
H4 HPMC-4% 89.32 ± 0.9I 59 I29 11.571 0.884I 30.356 0.9452 
S! Sure! ease- 1% 77.2I ± 0.77 28 I 58 I!.899 0.8853 26.78I 0.9057 
S2 Surelease- 2% 80.9I ± 0.68 4I I87 10.718 0.9576 25.102 0.9I3I 
S4 Surelease· 4% 84.76 ± 0.59 77 3I6 08.883 0.9746 21.482 0.8386 
*n- 3 

K,, KH- Release Rate Constants for Zero Order and Higuchi release Kinetic Model respectively 
R1

- Correlation coefficient. 

Table- 3- Accelerated stability studies offrusemide micropellels prepared witil different polymers 

TIME S4 H4 E4 
(WEEK) 4•c RT 45•c 4•c RT 4s•c 4•c RT 45•c 
0 100 100 100 IOO 100 IOO 100 100 IOO 
I 98.28 97.3I 84.39 98.83 97.75 86.41 99.28 98.52 89.28 
2 96.93 96.62 81.1I 95.97 96.I3 85.I3 97.57 96.93 88.42 
3 93.11 94.26 78.44 94.33 95.07 84.21 96.62 95.89 86.74 
4 91.37 92.57 76.4I 93.78 93.89 83.37 95.09 95.37 85.33 

RT--- ROOM TEMPERATURE 



I 

I 
I 

I 

I!! 
~ 100 

::1 
... 80 
ffi 
ffi 60 
~ 

~ 40 

" 20 5 

" u 
0 

L~~ 

120 
w 

"' 15 100 ... .. 
0: 

!z 80 .. 
u 
0: 60 .. 
~ 

~ 40 

" 20 

" " 0 
0 

fluliau.J. Plmrm. Bduc Res . ..J I (4). ();:/ -· lkc, 20(17 

INVITRO RELEASE OF SURELEASE RETARDED 
ALGINATE MICROSPHERES 

0.5 2 3 4 5 6 7 8 ' 
TlME(hr) 

IN VITRO RELEASE OF ACRYCOAT E30D 
RETARDED ALGINATE MICROSPHERES 

0.5 2 3 4 5 6 7 8 ' 
11ME (hr) 

(SOX) 

w 120 

; 100 

... eo ffi 
0 

ffi 60 
~ 

~ 40 

" 20 5 

" 0 
0 

INVITRO RELEASE FROM HPMC RETARDED 
ALGINATE MICROSPHERES 

0.5 2 3 4 5 6 7 • 
11ME (hr) 

IN VllRO RELEASE OF FRUSEMIDE FROM 
CONVEN110NAL TABLET (40 mg) 

9 

SEM Pllotograpfl of Frusemlde loaded alginate 
mlcropellets witll Acrycoat EJOD (4%wlw) (SOX) Formulation 

#E4 



lndiau J.Plmrm. Edrtc. Rl's. .J/(4). Oct- /Mt•, 20(17 

but showed gradual degradation at high temperatures. 
From the infrared spectra (Figure 10) it is clearly 
evident that there were no interactions of the drug. The 
main peaks in the spectrum of the drug Frusemide like 
1143.83 and 1323.21 /em for s~o bmid; 1674.27 /em 
for C=O bond; 3487.42 /em for N-S bond and S82 for 
C-CI bond remained undisturbed in the final 
formulation. This proves the fact that there is no 
potential incompatibility of the drug with the polymers 
(alginate and Acrycoat E30D) used.in the formulations. 
Hence, the formula for preparing Frusemide loaded 
Calcium alginate microspheres can be reproduced in the 
industrial scale without any apprehension of possible 
drug· polymer interactions. 
In conclusion, sustained release micropellets containing 

%T 

BfankAfgipara·peU~ 

Fim;,] PGfl~· -

1500 

Alginate pellets + Final pellets with Acrycoat E30D) 

water insoluble drug were successfully prepared 
employing ionotropic gelation technique entirely 
avoiding the use of organic solvents. Apart from the 
natural water soluble polymer, the use of copolymer 
further prolongs the release of the drug. Both water 
soluble and water insoluble copolymers were tested and 
among them acrylic based · colloidal polymer 
dispersions (Acrycoat E30D) showed high 
encapsulation efficiencies and maximum prolongation 
of drug release. A further study using different acrylic 
polymers are · on progress for new revelations. 
Considering the end produc~ the micropellets could be 
administered as prepared or could be compressed into 
tab!Ot or filled in capsule shell. The entire process is 
feasible in an industrial scale and demands pilot study. 
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ABSTRACT 
The present study concerns the preparation, evaluation and selection of a suitable for 
the preparation of lamivudine incorporated microspheres composed of ethyl cellulose as 
release controlling polymeric material. Microspheres were prepared from various 
methods, namely, modified w/o/o emulsion solvent evaporation method (F1), o/w/o type 
emulsion solvent evaporation method (F2), thermal change technique (F3), Nobel 
Quassi emulsion solvent diffusion method (F4), meltable dispersion method (F5) , 
phase separation coacervation method (non-solvent addition technique) (F6). The 
prepared microspheres were evaluated for parameters such as, percentage yield, drug 
entrapment efficiency, particle size determination, drug polymer interaction, stability 
studies, and in vitro drug release kinetic study. The drug I polymer ratio (1 :2 w/w) and 
drug load (100 mg), was kept constant throughout the current investigation. The 
microspheres produced in each batch were smooth and small in size with an average 
diameter about 27.89 ~ 41.28 J.Jm. Microspheres exhibited high drug entrapment 
efficiency with high yield value. FTIR analysis confirmed the absence of drug polymer 
interactions in all the formulations. The accelerated stability studies were performed 
following ICH guidelines for 14 Weeks and the results indicated stability of the 
formulations in varying temperature. Drug release profile of microspheres from F1, F2 
and F3 followed zero order kinetics while those from F4, F5 and F6 formulation fit to 
Higuchi square root model. Among the methods adopted in this study, thermal change 
method (F3) was most successful in sustaining the release of lamivudine from ethyl 
cellulose microspheres, a novel trend for effective management of AIDS. 
KEYWORDS: Lamivudine, Ethylcellulose, Microspheres, Thermal Change Method. 

INTRODUCTION 
New drug delivery technologies are revolutionizing the drug discovery, development and 
creating R&D focused pharmaceutical industries to increase the momentum of global 
advancements. In this regard novel drug delivery systems (NODS) have many benefits, 
which includes improved therapy by increasing the efficacy and duration of drug activity, 
increased patient compliance through decreased dosing frequency and convenient 
routes of adminstration and improved site specific delivery to reduce unwanted adverse 
effects (Amrita Bajaj et al, 2006). Lamivudine is an active antiretroviral drug belonging to 
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non-nucleosides reverse transcriptase inhibitor. Lamivudine treatment has gained 
immense popularity in the AIDS treatment in the present era. Dosage and duration of 
lamivudine therapy should be individualized according to requirement and response of 
the patient. The daily recommended dose is 150 mg b.i.d (J.H. Kao et al, 2000) (Indian 
Pharmacoepia, 1996). The oral administration of lamivudine exhibits side effects in GIT as 
well as in CNS. Thrombocytopenia, parasthesias, anorexia, nausea, abdominal cramps, 
depressive disorders, cough and skin rashes etc have also been reported as possible 
adverse reactions {Caroline M. Perry et al, 1997). Controlled release (CR) preparations 
helps to achieve maximum therapeutic effect with simultaneous minimization of adverse 
effects. Microparticulate drug delivery · posses many advantages such as high 
bioavailability, rapid kinetic of absorption as well as avoidance of hepatic first pass 
effect and improvement of patient compliance (Y.W. Chien, 1992). Absence of sufficient 
work in the ·direction of programmed delivery of lamivudine as indicated by literature 
survey ignited the urge of this research venture, which utilizes six different formulation 
methods for preparation of lamivudine microspheres and ultimately ascertain the most 
preferable method for industrial scale-up on the basis of physical characterization and in 
vitro drug release profile. 

' 
METHODS AND AIMS 

Materials 
Lamivudine was received as a gift sample from GlaxoSmithKiine Ltd. Mumbai. Ethyl 
cellulose was obtained from LOBA chemicals, Kolkata, India. All other chemicals and 
solvents used were of analytical grade and procured from an authorized dealer, USP 
XXI paddle type dissolution apparatus, FT-IR (Shimadzu IR spectrophotometer, Model 
840, Japan) and UV-Visible spectrophotometer (UV-1700, Shimadzu, Japan) were the 
instruments employed in the current study. 

Preparation of microspheres 
The Lamivudine loaded Ethyl cellulose microsphere were prepared by modified w/o/o 
emulsion solvent evaporation method (F1) (Y. Li et al, 2005), o/w/o type emulsion solvent 
evaporation method (F2) (D. H. Kenneth at al, 2005), thermal change technique (F3) (c. 
Palanichamy et al; 2006), Nobel Quasi emulsion solvent diffusion method (F4) (Y. Kawashima 
et al, 1989), meltable dispersion method (F5) (J.B. Schwartz et al 1968), phase separation 
coacervation method (non-solvent Addition Technique) (F6) (KN.Shovarani et al, 1994), as 
described in referred literatures. The ratio of drug and polymer concentration (1 :2 w/w) 
along with drug load (100 mg) was kept constant throughout the study period. 

Drug entrapment efficiency (DEE) (M.C. Gohel et al, 2005) 
The microspheres were evaluated for percentage yield and percent drug entrapment. 
The yield was calculated 

Percentage yield~ weight ofmicrosphere recovered X 100 
Weight (drug+ polymer) 
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Drug loaded microspheres (100 mg) were powdered and suspended in 100 
ml methanol: water (1:99 v/v) solvent system. The resultant dispersion was 
kept for 20 min for complete mixing with continuous agitation and filtered through a 0.45 
11m membrane filter. The drug content was determined spectrophotometrically (UV
Visible-1700, Shimadzu, Japan spectrophotometer) at 270 nm (3) using a regression 
equation derived from the standard graph (r2 = 0.9978). The drug entrapment efficiency 
(DEE) was calculated by the equation 
DEE=(Pc/Tc)X 100 

................. (2) 
Pc is practical content, Tc is the theoretical content. All the formulations were analyzed 
in triplicate (n=3). 

Particle size measurement (M.C. Gohel et al, 2005) 
The size of the prepared microspheres was measured by the optical microscopy 
method using a calibrated stage micrometer. Particle size was calculated by using 
equation 

Xg = 10 x [(nix log Xi) /N] 

.......................... (3) 
Xg is geometric mean diameter, ni is number of particle in range, xi is the mid point of 
range and N is the total number of particles. All the experimental units were analyzed in 
triplicate (n=3). 

Accelerated stability studies (G:T. Kulkarni et al, 2004) {L. Lachman, et al, 3rd ed., 1991) 
Stability studies were performed according to ICH guidelines. The formulations were 
stored in room temperature at 25 ± 1 o, in hot air oven at 37 ± 1 o, and at 60± 1 o for a 
period of 14 weeks. The samples were analyzed for drug content every two weeks by 
spectrophotometer at 270 nm and compatibility of drug with excipients was determined 
by infrared spectroscopy using a Shimadzu FTIR-840 modeiiR spectrophotometer. 

Fourier Transforms Infrared Radiation measurement (FT-IR) (D.R.Bhumkaret al, 2003) 
The FT-IR spectra acquired were taken from dried samples. A FT-IR (Shimadzu IR 
spectrophotometer, model 840, Japan) was used for the analysis in the frequency range 
between 4000 and 600 cm-1, an 8 cm-1 resolution and a 0.2 cm-1 rate. The results 
were the means of 16 determinations. A quantity equivalent to 2 mg of pure drug, empty 
microspheres of ethyl cellulose and drug loaded microspheres were selected 
separately. 

In-vitro drug release 
lnvitro drug release study was carried out in USP XXI paddle type dissolution test 
apparatus using 0.01 M HCI as dissolution medium. Volume of dissolution medium was 
900 ml and bath temperature was maintained at 37±1° throughout the study. Paddle 
speed was adjusted to 50 rpm. At an interval of 1 hr, 5 ml of sample was withdrawn with 
replacement of 5 ml fresh medium and analyzed for lamivudine content by UV-Visible 
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spectrophotometer at 270 nm (3). All the experimental units were analyzed in triplicate 
(n=3). 

In vitro drug release kinetics 
In order to study the exact mechanism of drug release from the microsphere, drug 
release data was analyzed according to Zero order (G.M. Khan, 2001), First order (D.M. 
Morkhade et a!, 2006), Higuchi square root (T. Higuchi, 1963), Hixon-Crowell equation (J. 
Wang et al, 1999) .The criteria for selecting the most appropriate model was chosen on the 
basis of goodness of fit test. 

Statistical Analysis 
Statistical data analyses were performed using the ANOVA one way at 5 % level of 
significance p < 0.05 (Bolton s. 1997) and standard error mean. 

RESULTS 
The Lamivudine loaded ethyl cellulose microspheres were prepared by various methods 
as mentioned earlier. The microspheres obtained under these conditions were found to 
be spherical and without aggregation and mean particle size was found in a range of 
27.89 to 41.28 ~m (Table 1). The particle size distribution of all the formulations is 
displayed in Figure-2. The percentage yield of all the formulations was found to be 
satisfactory and each formulation exhibited high drug entrapment efficiency (DEE), as 
summarized in Table 1. The method F3 showed higher DEE among all the formulations. 
The interaction study between the drug (lamivudine) and polymer (ethyl cellulose) in 
different formulations was evaluated using FTIR spectrophotometer. Four bands 
present in Lamivudine spectrum at 3445.91,2930.92, 1736.51 and 1637.7 cm-1, due to 
the formation of N-H, 0-H, C=O, C=N linkage respectively, was· also detected and 
identified in the spectrum of the formulations, confirming no drug-polymer interaction 
as represented in Figure-3, 4 and 5. The accelerated stability studies were performed 
according to ICH guidelines for 14 Weeks and the results were found to be stable in 
varying temperature as shown in Table-2. The results were further verified with one way 
ANOVA method, the accelerated stability test datas were found significant for F (3.395) 
at 5% level of significance (p< 0.05). 
The in vitro drug release profiles for all the batches were tabulated in Table-3 and 
graphically represented in Figure-1. All the formulations showed constant release 
profile. To identify the kinetics of drug release from microspheres, release data was 
analyzed according to different kinetic models. Table-4 indicates that drug release from 
F1; F2 and F3 formulations obey Zero order kinetics, while the release data of F4, F5 
and F6 seems to fit best in Higuchi square root model. The release mechanism was not 
significantly influenced by formulation variables and was predominately diffusion 
controlled. Statistical verification with one way AN OVA method attested the fact that the 
drug release data were found significant for F (27.3731) at 5% level of significance (p< 
0.05). 

DISCUSSION 
Lamivudine loaded Ethyl cellulose microsphere were prepared and evaluated with 
different reported methods. No significant differences in particle size were found for the 
microspheres prepared by all the methods. Small variations may be attributed to 
different conditions (M.C. Gohel et a!, 2005), like stirring speed and stirring time or 
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fluctuations in temperatures. The smaller particle size can be due to application of wide 
range (5-800) of temperature change with constant stirring at 800 rpm. The reduced 
particle size helps iri achieving our goal by enhancing the controlled delivery of 
Lamivudine. The method F 3 (c. Palanichamy et al, 2006) showed higher DEE among all 
the formulations. This can be justified on the basis of minimum process parameters, 
minimum drug solubility in the external phase and smaller particle ·size of the thermal 
change method in comparison with the other methods, le~ding to minimum drug loss. 
The minimal use of process parameters during the formulation of Lamivudine 
microsphere confirms the high yield ofF 3. 
The FTIR study attests the safety profile of the microspheres due to avoidance of drug 
polymer interaction. The accelerated stability study indicate the broader horizon of 
storage conditions complying with the ICH guidelines. The efficiency of release of 
Lamivudine from ethyl cellulose matrix of prepared microspheres is the key factor in the 
successful optimization of a method. The present study demo·nstrated that F3, among 
all other formulations, have a significantly slower release pattern in terms of their total 
drug load. The drug release rate was following zero order kinetic which complies with 
the controlled delivery (G.M. Khan, 2001) of Lamivudine over 10 hours. However the other 
formulations F1, F2, F4, F5 and F6, had shown insignificant difference in drug 
entrapment efficiency but found to be significantly (S.E.M < 0.010) distinguished in 
particle size and percentage of yield. Except F1, F2, F3, the other formulations followed 
Higuchi square root kinetic model indicating the diffusion controlled drug release, which 
creates a restriction in optimizing the methods, as zero order model is the most 
desirable. F1, F2 was rejected on the basis of particle size, yield factor, entrapment 
efficacy and prolongation of drug release in comparison with F3. The results of the 
present study suggest that method F3 is the most suited one to develop lamivudine 
microspheres, keeping in consideration, the zero order release profile, high DEE (99.66 
%), small particle size (27.89 11m) and high yield of the microspheres of this method. 
In context to the intense world wide research to combat AIDS, it can be envisaged that 
future workers would indulge in optimization of the various process parameters of the 
selected method (F3), to promote its commercial scale up, leading to Lamivudine 
(Caroline M. Perry et al, 1997) loaded ethyl cellulose microspheres for effective management 
of AIDS. 
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Table-1: 
Evaluation parameters of various formulations 

Formulation Yield (%) Particle size (~m) Drug 
code (X± S.D) Entrapment 

F1 
F2 
F3 
F4 
F5 
F6 

93.00 ± 0.017 36.22 ± 0.015 
96.00 ± 0.014 29.55 ± 0.021 
99.10 ± 0.019 27.89 ± 0.026 
94.56 ± 0.027 28.69 ± 0.019 
97.55 ±0 026 38.88 ± 0.028 
98.80±0.023 41.28± 0.026 

efficiency 
(X± S.D) 
97 01 ± 0.12 
95.36 ± 0.11 
99.66 ± 0.22 
99 01 ± 0.19 
98.45 ± 0.17 
96.21 ± 0.23 

All the results are mean ± standard deviation (n=3) 
(Standard Error Mean (S E.M) < 0.01) 
F1 =W/0/0 Emulsion Solvent Evaporation F2= 0/W/0 Emulsion Solvent 

F3= Thermal Change Method 

F5= meltable dispersion Method 
method 

Evaporation 
F4= Quassi emulsion solvent diffusion 

Method 
F6 = phase separation coacervation 

(Non-solvent addition method) 

Table-2: Stability profile of various formulations in different temperature. 
Formulation Code 

WeekTemp. ('C) F1 F2 F3 F4 F5 F6 
Percentage of Potency 

Initial RoomTemperature99.24 99.42 99.56 99.88 101.25 99.23 
2 (RT) 99.20 99.01 99.66 99.78 99.44 99.84 
4 RT 98.53 98.89 99.05 98.55 98.66 98.39 
6 37 ± 1 98.23 98.88 99.00 96.36 99.02 98.81 
8 60± 1 99.21 99.0 99.68 99.68 99.12 99.35 
10 RT 98.65 98.87 98.97 98.58 98.25 98.01 
12 37 ± 1 98.22 98.56 98.91 97.01 98.77 97.55 
14 60± 1 98.92 98.97 98.99 98.90 98.88 98.95 

RT 98.56 98.79 98.87 98.53 98.10 98.05 
37 ± 1 98.12 98.50 98.82 97.21 98.62 97.49 
60± 1 98.97 98.83 98.91 98.80 98.68 98.21 
RT 98.62 98.69 98.78 98.41 97.92 97.98 
37 ± 1 98 09 98.32 98.45 97 01 98.36 97.56 
60± 1 98.89 98.45 98.85 98.78 98.59 98.19 
RT 98.58 98.57 98.65 98.35 97.88 97.69 
37 ± 1 97.98 98.29 98.39 97 01 98.26 98.18 
60± 1 98.84 98.39 98.74 98.68 98.47 98 05 
RT 98.52 98.48 98.60 98.31 97.79 97.58 
37 ± 1 97.88 98.19 98.31 96.98 98.18 98.12 
60± 1 98.71 98.31 98.69 98.57 98.41 98.00 
RT 98.48 98.40 98.51 98.29 97.70 97.48 

37±1 97.69 9808 98.29 96.92 98.10 97.95 
60± 1 

Verifying with one way ANOVA significant at 5% level of significance (F= 3.395). 
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Table 3: 
In vitro drug release profile of formulations 

Formulation Code 
Time(hr)F1 F2 F3 F4 F5 F6 
1 19.36 60.22 25.35 23.47 27.62 24.69 
2 15.73 70.47 21.30 22.63 30.91 23.34 
3 20.03 74.91 19.57 15.59 21.77 19.79 
4 17.94 72.09 21.27 21.31 19.66 22.05 
5 19.38 74.80 21.28 10.37 18.78 20.83 
6 .24.02 72.09 18.41 10.89 17.87 23.99 
7 22.60 76.29 19.31 15.01 28.61 17.76 
8 24.71 72.93 21.06 18.83 28.33 28.47 
9 17.38 71.16 21.41 23.12 29.22 32.69 
F1 =W/0/0 Emulsion Solvent Evaporation F2= 0/W/0 Emulsion Solvent · 

Evaporation 
F3= Thermal Change Method F4= Quassi emulsion solvent diffusion 

Method 
F5= meltable dispersion Method F6 = phase separation coacervation 

method 
(Non-solvent addition method) 

Table-4: 
Correlation coefficients according to different kinetic equations 

Kinetic F1 F2 F3 F4 F5 F6 
Models ( r) 
Zero 0.9992 0.9952 0.9891 0.9841 0.9968 0.9871 
order 0.7397 0.8282 0.8021 0.8724 0.8641 0.8559 
First 0.8927 0.9443 0.9803 0.9727 0.9849 0.9853 
order 0.9564 0.9931 0.9864 0.9932 0.9985 0.9877 
Hixon-
crowell 
model 
Higuchi 
square 
root 

Table values represents correlation coefficient (r) for linearity according to different kinetic 
equations used for describing the drug release from various formulations 
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Figure-1: In vitro drug'release profile of microspheres 
F1 =W/0/0 Emulsion Solvent Evaporation F2= 0/W/0 Emulsion Solvent 

· Evaporation 
F3= Thermal Change Method F4= Quassi emulsion solvent diffusion 

Method 
F5= meltable dispersion Method F6 = phase separation coacervation 
method 
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Figure-2: Particle size distribution of various formulations 
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F1 =W/0/0 Emulsion Solvent Evaporation 

F3= Thermal Change Method 

F5= meltable dispersion Method 
method 

F2= 0/W/0 Emulsion Solvent 
Evaporation 

F4= Quasi emulsion solvent diffusion 
Method 

F6 = phase separation 

(Non-solvent addition method) 

Figure-3: FTIR bands of Lamivudine pure drug 
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Figure-4: FTIR bands of empty microspheres of ethyl cellulose. 
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Figure-5: FTIR bands of Lamivudine loaded ethyl cellulose microsphere 
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