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This thesis describes 1) development of a gastric retention device (GRD) to

increase gastric retention time of certain drugs, 2) product formulations of an immediate

release itraconazole and controlled-release ketoprofen. GRD was fabricated from cross-

linked carbohydrate polymers. Rate and extent of hydration of the film in water and in

simulated gastric fluid, compressibility of film, shape of the film, and in vivo gastric

transit time in the stomach of dog were used as tools to evaluate gastric retention

properties. Hydration studies were carried out at 37°C. Evaluation of the device

containing radio-opaque agents, in dogs for gastric retention was carried out with the help

of X-rays. The device was found to stay in the stomach of dogs for at least 10 hours.

GRD containing amoxicillin trihydrate caplets were evaluated in a human. The area

under the excretion rate curve was found to increase by 30% when compared to without

the device.
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A successful development of a formulation of water insoluble itraconazole,

without the use of organic solvents, was achieved with modifications from eutectic

mixture techniques. Solubilization of the drug was achieved in polyethylene glycol of

higher molecular weight. A series of formulations made by varying the amounts

ingredients therein, were evaluated for dissolution profile in comparison with the

reference, Sporanox®. Effect of molecular weights of PEG and types of PEG were

evaluated for desired drug dissolution. Preliminary study from 6 subjects under the

conditions of fasting and fed indicated that bioavailability from the new formulation was

increased slightly when compared to the reference. This may be correlated to difference

in the rate of in vitro dissolution, where the new formulation has initial faster dissolution.

A controlled-release formulation of ketoprofen was also developed using a

diffusion-controlled polymer, which was coated onto the drug beads. Release of drugs

from such beads is controlled by the thickness of the coat. Thickness of the coat was

evaluated by SEM and was correlated to the desired in vitro drug release in comparison

to the reference Oruvail®. A three-way cross over study involving the new formulation

and two marketed products in 12 subjects under fasting conditions indicated that there

was a significant difference between the new product and marketed products, so as to be

considered non-bioequivalent. Use of In Vitro-In Vivo Correlations and Convolution-

Deconvolution relations predicted desired in vitro drug dissolution in a subsequent

modification of the formulation.
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INRODUCTION

Pharmaceutics involves development of new drug-formulations and drug-delivery

systems. Each and every formulation and delivery system developed is intended to

deliver a particular drug in a particular manner and by a defined route of administration.

Recent pharmaceutical developments in oral drug delivery systems can control drug

release in a predetermined manner ranging from a few hours to more than 24 hours. This

thesis describes one novel drug-delivery system and two distinctive drug formulations-

one intended for immediate release of the drug and the other intended for controlled-

release of the drug. All these formulations were evaluated for in vitro dissolution profiles

and for drug bioavailability in vivo.

The effects of drug therapy depend not only on the drug release pattern from

formulation, but also on the kinetics of drug absorption from the gastrointestinal tract.

Some drugs are absorbed only in certain regions called 'windows of absorption' which

are located in the upper portion of the small intestine. Once the drug passes this region,

very little or no absorption takes place. Extensive absorption of such drugs can be

achieved if the delivery system stays in the stomach for longer time and releases the drug

in a controlled manner. Chapter I describes development of a gastric retention device

(GRD). Various naturally occurring carbohydrate polymers were evaluated for their

hydration in vitro. A combination of carbohydrate polymers that produced a faster and

greater hydration was taken for the development of GRD. Drugs such as amoxicillin

trihydrate or ranitidine HCl were incorporated and evaluated in vitro for their release.
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Chapter II presents in vivo evaluation of GRD in dogs. Three radio-opaque

markers viz., barium sulphate tablets, bismuth impregnated polyethylene spheres (BIPS)

and radio-opaque threads were used as markers. X-rays were used to follow the delivery

systems containing these radio-opaque markers. GRDs containing amoxicillin trihydrate

were studied in one human subject in a cross-over manner in comparison with

amoxicillin trihydrate alone.

Chapter III describes development of an immediate release formulation for water-

insoluble antifungal agent itraconazole. Modified eutectic mixture techniques were used

to develop drug formulation. A series of formulations were developed and effects of

molecular weights of PEG, type of PEG 20000, particle size of formulation, weighting of

capsules during dissolution were evaluated on drug release in vitro. Physical

characterization of formulations was done using differential scanning calorimetry (DSC).

Chapter IV describes bioavailability and pharmacokinetics of itraconazole in

human subjects for two formulations viz., test formulation developed at OSU as

described in chapter III and a reference product Sporanox®. Two simultaneous biostudies

involving 6 subjects each, under fasted and fed conditions were designed for testing the

formulations in a cross-over manner. Plasma samplescollected at defined intervals of

time and were analyzed for itraconazole by HPLC. Statistical analysis of plasma-drug

concentration data was carried out to compare two IR itraconazole formulations.

Chapter V deals with product development of an enteric-coated controlled-release

formulation of ketoprofen. Spray-coating technology was used to develop

multiparticulates (beads) of ketoprofen. A series of formulations were developed and

compared for drug release with the reference product Oruvail® in vitro. A formulation
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developed was taken into a biostudy along with two other commercial products. A three-

way cross over study involving 12 human subjects under the conditions of fasting was

designed. Urine samples collected were analyzed for ketoprofen. Urinary excretion rate

data were compared with use of appropriate statistical tools. In vitro- In vivo

Correlations (IVIVC) were determined for test formulations. IVIVC and convolution-

deconvolution were used for modification of test formulation to obtain the desired drug

dissolution in vivo, to achieve urinary excretion rate profiles identical to commercial

products.
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CHAPTER I

DEVELOPMENT OF A GASTRIC RETENTION DEVICE

Shivakumar G. Kapsi and James W. Ayres
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ABSTRACT

In an effort to increase gastric retention time and controlled drug release in the stomach, a

gastric retention device was developed. The device was fabricated from cross-linked

carbohydrate polymers. Various naturally occurring carbohydrate polymers were

analyzed for hydration in both water and simulated gastric fluid. Xanthan gum and locust

bean gum, two naturally occurring gums were mixed at different proportions in water

with heating. This produced films when dried, and various shapes were studied for their

hydration rate. Effect of drying, viz., in an oven, under vacuum, and by freeze-drying was

studied for effect on hydration and compressibility aspects. Polyethylene glycol 400 was

added to the chosen composition of film to provide plasticity such that films compressed

to fit into a '000' capsule would open without distortion in the structure of the film, after

the capsule dissolves in gastric fluid. Amoxicillin trihydrate or ranitidine HC1 in the

form of compressed caplets were incorporated into the film prior to drying of the film.

Dissolution studies in simulated gastric fluid were carried out using the USP dissolution

paddle method. Drug release from the novel gastric retention device was nearly zero-

order for a period of 12 hours for what had been an immediate release amoxicillin tablet,

and was 24 hours for a new amoxicillin tablet prepared as a "core" tablet by direct

compression.
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INTRODUCTION

Recent pharmaceutical developments have resulted in oral drug delivery systems

that can control drug release in a predetermined manner ranging from a few hours to

more than 24 hours. The effects of drug therapy depend not only on the drug release

pattern from the formulation, but also on the kinetics of drug absorption from the

gastrointestinal tract, in addition to presystemic metabolism. Certain drugs are

effectively absorbed in all parts of the gastrointestinal tract (GIT), as opposed to some

other drugs, which are absorbed only in the small intestine. Small intestine transit occurs

within about 3-5 hours following oral administration of solid dosage form and cannot be

extended significantly by changes in the physical properties of drug delivery systems.

Some drugs are absorbed only in certain regions called 'windows of absorption" which

are located in the upper portion of the small intestine (1). Once the drug passes this

region, very little or no drug absorption takes place.

In view of these limitations related to GI transit and drug absorption, one major

interest has been to retain sustained release delivery systems in the stomach for a

prolonged and predicted period of time. Targeted and sustained drug release in the

stomach can be attractive for the following reasons (2):

- Drugs such as weak bases dissolve better in an acid environment and are poorly

soluble at higher pH. In these cases, drug dissolution has less chance to limit the amount

of drug absorbed if the drug has a low solubility in the intestine since the drug will be

dissolved prior to reaching the intestine.
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Any solute released slowly into the stomach will empty into the intestine and have

the whole surface of the small intestine available for absorption. This should be

particularly useful when an absorption window exists in the proximal small intestine

because the slow release of drug from the stomach can insure that absorption saturation

does not occur in the absorption window.

-Substances intended to produce a lasting local action on the gastroduodenal walls

i.e., those which would be for treatment of gastric ulcers, or infections due to

Helicobacter pylori, will be released in a controlled fashion directly at their site of action.

Proposed means for prolonging gastric residence time

There have been different approaches proposed to prolong the residence time of

delivery systems in the stomach. These include the use of passage delaying agents (3),

heavy pellets (4), bio-adhesives, buoyant systems and mechanical devices (10,11).

The use of passage delaying excipients, essentially triethanol amine myristate

incorporated into and released from the delivery system, has been proposed as an attempt

to develop a form exerting an influence on its own transit (3). This is based on the fact

that lipid vehicles and mainly fatty acids can reduce the motility of the stomach and the

intrinsic rate of gastric emptying (5,6). Gastric motility laziness, is in fact, an unwanted

effect often associated with situations such as use of narcotic drugs, anti-cholinergics, or

even aging. Any substance that indiscriminately affects the emptying mechanism should

not be recommended for improved gastric retention.
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The use of heavy pellets of high density, which might remain longer in the

stomach (since positioned in the lower part or antrum), has been proposed as a means to

increase GI transit duration (4). The density of such delivery systems should exceed that

of normal stomach contents and should be at least 1.4g/m1 (4). In vivo data in support of

this hypothesis are scarce, either in animal studies (7) or in clinical investigations (8).

Success has always been limited to the use of small multiple-units in the form of pellets

while no retention increase has ever been recognized for larger single units. Sugito et al

compared GI transit time in humans of non-disintegrating formulations, namely heavy

pellets and microparticles (9). The GI transit time and the mean gastric emptying times

of these formulations were identical under the conditions of fasting.

Floating dosage forms are called hydrodynamically balanced systems (HBS),

since they are able to maintain a low apparent density. The polymer undergoes hydration

and builds a gelled barrier on the outer surface. These forms are expected to remain

buoyant (3-4 hours, (10)) on the gastric contents (without affecting the intrinsic rate of

emptying) owing to their bulk density which is lower than that of gastric contents.

Sheth and Tossounian were first to describe floating sustained release dosage forms (10).

Related and complementary patents (12 15) have been issued on systems based on HBS.

Place of Alza corp. developed a device for dispensing products with a"directional

guidance membrane" (11). This device consists of a product chamber, a propellant

chamber separated by a valve, and a collapsed balloon attached to the propellant

chamber. The propellant serves as the driving force for the dispensing of drug from the

device. Propellant is a solid/liquid at ambient temperature, but exists in the gaseous state

at body temperature. Vapor pressures arising in the propellant chamber that pass through
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the valve into the product chamber, push the drug out. Simultaneously the balloon is

inflated by vapors to keep the system in the stomach for longer duration of time, by

floating.

Johnson et al have described the use of tablets or capsules containing the reaction

product of gelatin with N-acetyl homocysteine thiolactone as a component of an oral

dosage form (12). This is small enough to be swallowed but swells on contact with

gastric juice in the stomach. More recently, hollow microspheres (microballoons) loaded

with drug in their outer polymer shells have been prepared by a novel emulsion solvent

diffusion method (13). These are proposed to prolong gastric residence by floating.

Watanabe et al (14) employed empty globular shells or a granular lump in small

size and having high buoyancy that would suspend for a long period of time in gastric

fluid of the stomach. This device floats in the stomach and releases the drug over an

extended period of time. It is prepared by impregnation of the active ingredient together

with other suitable additives into the body of an empty globular shell or globular lump.

Ichiwaka et al developed a multiple-unit type of floating dosage form that

generates carbon dioxide gas. The gas is entrapped inside the dosage form and thus helps

in floatation of the system (15). These microballoons were shown to float continuously

over the surface of acidic solution for more than 12 hours. Investigations have been

carried out in animal models and humans in order to evaluate the intragastric

performances of floating forms. The results have demonstrated the validity of the

concept of buoyancy in terms of prolonged GRT of the floating forms and improved

bioavailability of drugs as well as improved clinical situations when the dose is taken

following a meal(16, 17) . There have been conflicting conclusions because the floating
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systems studied were not systematically compared with non-floating ones (18-20) and

have not proven effective in the fasting state.

Some delivery devices have been prepared in such a way that their size increases

after ingestion to an extent that they are unable to pass through the pyloric sphincter.

Unfolding stratified medicated polymer sheets (21) or swelling balloon hydrogels (22)

are examples of such delivery systems. An erodible gastric retention device (blend of

poly(ortho ester)/polyethylene blends) fabricated from various polymer blends was

examined in beagle dogs with the help of X-rays (23, 24). In vivo results indicated that

blending of erodible and non-erodible polymers is a valid approach for obtaining

materials that will provide the necessary structural properties to achieve the expected

gastric retention and still lose integrity within the desired time. However, this gastric

retention device does not perform well in larger dogs or in humans (25).

Urquahart and Theewes describe a delivery device comprising a hydrogel

reservoir containing tiny pills, which comprise a wall surrounding a drug core (26). It is

reported that a hydrogel absorbs and imbibes fluid from the stomach environment,

expands, and swells with a 2-50 fold volume increase. Small pills containing the drug are

released from this device; however there is no in vivo study to support this report.

Caldwell et al have described a drug delivery system comprising a planar disc

shaped device, made from an erodible polymer (27). This is retained in the stomach for

an extended period of time. The device is folded and put into a capsule and upon

dissolving the said device will unfold or expand. This unfolding results in regaining the

original size, which is too large to pass through the pyloric sphincter. However,
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description as to how the drug is loaded into the system and how the release is controlled

is lacking. Further, there have been no in vitro or in vivo studies using a model drug.

In view of the limitations inherent in the methods cited above for an increase in

GRT, it is obvious that an ideal formulation is still an enigma. We approached this

problem to increase GRT with a formulation that would swell in contact with gastric fluid

and become large enough to not pass through the pyloric sphincter. The device must then

collapse over time so it can pass from the stomach prior to administration of the next

device. Further, the device must not prevent passage of food out of the stomach while the

device itself remains the stomach. No reports of success in this area have been found.

Our studies focussed on naturally occurring carbohydrate polymers, and these were tested

for their swelling properties.

Naturally occurring carbohydrate polymers

Xanthan gum (XG) and locust bean gum (LBG) are naturally occurring

polysaccharides. These gums by themselves do not hydrate well either in water or any

aqueous solutions of varying ranges of pH. However, when these two gums are mixed

together at high temperature in water they form a very viscous colloidal suspension, even

at low concentrations. Further, as the colloid concentration is increased, a

thermoreversible gel is formed (28). Research here now shows that the thermoreversible

gel forms a thin film when dried. Upon contact with water this thin film swells to a

considerable size.
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XG is an extracellular polysaccharide of Xanthomonas campestris . The primary

structure of this polysaccharide consists of a cellulose backbone ((3 -(1 >4)- D-glucose)

substituted at C-3 on alternate glucose residues with a charged trisaccharide sidechain.

Non-carbohydrate substituents include 0-acetate as 6-0-acetyl-D-mannose on the inner

mannose residue of the side chain, and pyruvic acid as the sugar ketal, 4,6(1-

carboxyethylidene)-D-mannose, on the terminal mannose residue. The secondary

structure of xanthan is a five-fold helical structure (29).

LBG is a galactomannan obtained from Ceratonia siliqua. Galactomannans are

polysaccharides consisting of a mannan backbone (3 1-4- D- mannose) incompletely

and irregularly substituted at C6 with a-D-galactose. The mannose:galactose (M/G) ratio

is dependent on the source of galactomannan and the method of extraction. LBG has a

M/G value of approximately 3.55 (29). The structures of XG and LBG are illustrated

below.

4 [4-D-Gicp144-(3-12-Gicplje

3

t

1

Syr-4, 6-p-D-Manp144 -13 -D-GlcAp142-a-D-Manp-6-0Ac

Structure of Locust bean gum



Structure of Xanthan gum

0'

14



15

Process of gelling: Probable mechanisms

The solution properties of hydrophilic colloids are governed to a large extent by

hydrogen bonding, either within solvated molecules or with other components of the

solution system. It would be an oversimplification to believe that hydrogen bonding

alone is responsible for the setting of self-gelling colloids (28). Polymers frequently

assume a random coil type of conformation in solution. Certain polymers, especially

polysaccharides however, may have a more ordered structure. Gel formation results from

a buildup of complex networks in which polymer molecules form highly ordered

intermolecular associated regions, known as "junction zones". In view of this, it is

reasonable to postulate that upon cooling a XGLBG solution, the gum molecules are

rearranged from a more or less random coil conformation to a more orderly conformation

containing the junction zones. Also, stereochemical factors specific to two colloids

apparently allow the formation of a complex hydrogen bonded network, resulting in

gelation (30).

XG forms transparent thermoreversible elastic gels when mixed with certain

galactomannans such as LBG or tara gum (30). All current models for gelation,

discussed in detail in later sections, are based on an association between xanthan and the

galactomannan but differ in their description of the intermolecular binding. In addition,

there is considerable experimental evidence favoring intermolecular binding.

The earliest models for intermolecular binding proposed a binding of

unsubstituted regions of the galactomannan to the ordered xanthan helical structure (31,
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32). The tendency of galactomannans to show synergistic interaction with xanthan

parallels their tendency for self-association, with both gel strength and gel melting point

increasing with decreasing galactose content (31). However, gelation depends on

detailed distribution of galactose residues as well as the M/G ratio, and this led to the

proposal that binding involves not just unsubstituted regions but probably regions of

galactomannan backbone substituted on one side (33).

The model proposed by Tako et al suggests an association between the side

chains of XG and the backbone of the galactomannan, and the structure proposed by

these works assumes that xanthan is in a single-stranded helical conformation in the post-

interaction product (34). An alternative model has been proposed by Cairns et al, in

which the xanthan helix appears not to be retained in the product of the interaction. The

results of X-ray diffraction studies was suggestive that the original xanthan helix may not

be present in the post-interaction structure. The difference in reactivity between sparsely

and highly substituted galactomannans was attributed to the inability of highly substituted

chains to fit into the space between adjacent xanthan molecules (35). The same group of

workers also observed that the addition of salt to the mixtures in order to maintain the

xanthan ordered structure whilst undergoing heating, did not result in gel formation.

These workers therefore hypothesized that the interaction can only occur if the xanthan

molecules are in a non-helical form.

Cheetam and Mashimba propose that an interaction occurs between the mannan

backbone of the LBG and disordered sections of the otherwise highly ordered xanthan

molecule (36). It has been proposed that heating above the order/disorder transition

temperature of xanthan is necessary to rearrange the junction zones and enable the
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formation of a homogenous gel network (36) and these observations therefore support the

model proposed by Cairns et al.

Studies by Mannion et al (37) suggest that an interaction between the xanthan and

galactomannans may involve two distinct mechanisms. A weak elastic gel that has little

dependence upon the galactose content of the galactomannan could be formed at room

temperature. A significant heating of the polysaccharide mixture, resulting in a stronger

gel which is highly dependent upon the galactomannan composition is an alternate

possibility.

It is reported that hydration of the XG/LBG film is pH dependent (38). In current

research it is shown that gel forms a film when dried and would swell to greater than its

original size in contact with water. It is found that dried gel (film) swells to greater

extent in water (200 times its original size), however it has limited swelling in acidic

media as well as in basic media.
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The following chemicals were obtained from standard sources. The source is

indicated in the parenthesis. All chemicals were used as received.

Xanthan gum (Spectrum Chemical Mfg. Corp., Gardena, CA), Locust bean gum,

gum acacia, and Sodium alginate (Sigma Chemicals, St. Louis, MO), Polyethylene glycol

300, 400, 540 and polyethylene oxide N-80 (Union Carbide Corp. Danbury, CT), Sodium

starch glycolate (Edward Mendell Co., Inc.), Sodium bi carbonate (Mallinckrodt, Paris

KY), sodium hydroxide (Spectrum quality products, New Brunswick, NJ), waterlock

400 (Grain Processing Corp., Muscatine IA), Amoxicillin trihydrate and Magnesium

stearate (Biocraft, Patterson NJ), Zantac® (Glaxo-Wellcome), Stearic acid (J. T. Baker

Chemical Co., Phillisburg NJ).

Methods

Hydration Studies

Hydration studies of various combinations of naturally occurring gums were

carried out in both water and simulated gastric fluid. Hydration studies in simulated

gastric fluid were carried out at 37°C. Films of naturally occurring gums were produced

by dissolving in water at 80 to 85°C, dried, cut into preferred shape and subjected to

hydration studies. Percent of hydration is calculated as

Percent Hydration = 100* (Final wt. of film Initial wt. of film)

Initial wt. of film
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Effect of Size and Shape on Hydration

Hydration studies of films which had been cut into different sizes and shapes were

carried out in water or in gastric fluid as mentioned earlier. Hydration studies were also

carried out in diluted gastric fluid (1 part of SGF and 3 parts water) for comparison.

Shapes such as circular, star, cube, rectangle, triangle etc were studied.

Methods of Film Preparation

Various methods of preparation were studied to develop a system that would

swell in contact with stomach fluid.

I. Dry powders of XG and LBG were mixed intimately and compressed into a round

shape tablet. This was done with the impression that there will be interaction

between the two gums when the tablet comes in contact with water or gastric

fluid. This interaction could produce a swelling mass over a period of time.

II. XG and LBG dissolved in water at 80°C. A viscous gel was formed and poured

into a petri dish, and dried in the oven. The thick dried mass was then crushed

into powder and the powder was then compressed into tablets.

III. Accurately weighed LBG was added to 100m1 water maintained at 70-75°C with

constant stirring. The resulting solution was taken to a temperature of 80-85°C

for the addition of XG, and this was added slowly with constant stirring. The

highly viscous solution thus prepared was poured into suitable shaped moulds.

Upon cooling, the resulting gel was cut into desired sizes. These gels were dried

and subjected to hydration studies.
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IV. Accurately weighed LBG (0.5%) was added to 100m1 water at 70-75°C with

constant stirring. To the resulting solution, at 80-85°C, XG was added with

constant stirring. 10m1 of polyethylene glycol (PEG) 400 was added to the

resulting gel.

V. Various agents, individually in separate experiments, including Sodium

bicarbonate, tartaric acid, Water-Loc®, Hydroxypropyl methylcellulose,

polyethylene oxide were incorporated into the gels prior to drying into films.

The purpose was to increase the rate of hydration in SGF.

Methods of film drying

Different methods of drying gels into films were studied to achieve a film that

would give optimum hydration in a short time. Methods employed include oven drying

at temperature 45°C, drying under vacuum at 35°C and freeze-drying at 20°C.

Incorporation of the Drug in GRD

Drug was incorporated in the GRD in the form of a tablet with a caplet shape

which facilitated an easy fit into the GRD, and also provides an easy combination to

compress enough to fit into a capsule. Amoxicillin was chosen as a model drug because

it has a 'window of absorption'.

The hot viscous solution of gums prepared by one of the above described method

was poured into suitable moulds in such a way that tablets incorporated into the gel

remain suspended in the gel. This tablet containing gel was then cut into desired size.
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Following drying for 12-18 hours, these dried films containing tablets were compressed

in a punch and die with a hydraulic press to fit into a '000' capsule.

Formulation of Amoxicillin Caplet: Prepared by direct compression

Table 1.1 Master formula for Amoxicillin caplet

Ingredients Quantity (mg)

Amoxicillin trihydrate 287

Avicel PH 112 50

Magnesium stearate 2.5

Amoxicillin caplets were prepared by using the above master formula.

Amoxicillin `core'caplet: Amoxicillin caplets were compressed in a bigger die and

punch with microcrystalline cellulose such that amoxicillin caplet is inside the shell

formed by microcrystalline cellulose. New caplets thus formed has amoxicillin caplet as a

core.

The GRDs containing caplets were then subjected to in vitro dissolution studies.

Compression of Film

Dried films containing a drug caplet were compressed with the help of specially

made punches and dies. A series of dies with decreasingly narrow internal diameters

were used. A punch pushes the film from one die into the next die, followed by pushing

of the film by another punch into the next die. This process takes place in succession
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until a point is reached where the film is small enough to put into a '000' capsule. Figure

I-1 shows specialized dies and punches used for compression of film.

Dissolution studies

Dissolution studies were carried out according to the USP XXII paddle method at

37°C at 75 rpm for 20 hours. Dissolution medium consisted of 900 ml simulated gastric

fluid (without enzymes). Samples were collected at 0.5, 1, 2, 3, 4, 6, 8, 12 and 20 hours

with replacement of equal volume of media. The samples were assayed at 280nm using a

HP diode array spectrophotometer for Amoxicillin and at 219nm for ranitidine HC1 for

the commercial product Zantac®.



Ilmm internal diameter, 5cms in length

8mm internal diameter, 5cmsin length
1.3cms in length

`000' capsule; 8mm internal diameter, 2 cms long

Figure I.1: Special dies and punches used in compression of film to fit into a '000' capsule



24

RESULTS AND DISCUSSION

Hydration properties of certain naturally occurring gums were studied. Gum

karaya and pectin were found to be insoluble. As against this, sodium alginate and gum

acacia films were found to be dissolve in water.

Tablets made by direct compression of powders of XG mixed with LBG did not

produce cohesive hydrated gels in either water or gastric fluid. In fact, the tablet fell

apart when placed in water or gastric fluid. This indicates that the assumed interaction

between gums did not take place when mixed as dry powders. It is indicated in the

literature, for this interaction to occur between gums, the gums must be dissolved, but it

is now shown that the appropriate dissolution does not occur for the formulation

described above.

Dissolution of both the gums in water will produce an interaction that causes gel

to occur. Dissolving of XG and LBG in water at 80°C produced a solution, which upon

cooling produced a gel which was dried to produce a film. As indicated in literature (27,

35), gel strength of the gel produced depended on the temperature at which the

interaction between two gums occurred, i.e., temperature at which gel was made.

Interaction above the Tff, of XG results in a gel that has better gel strength. Dissolution of

gums at 70-75°C, first LBG followed by XG, gives a gel with better gel strength.

Gels thus made were dried in the oven to produce films which were then

powdered, and the powder was compressed into tablets. These tablets fell apart when in

contact with water or simulated gastric fluid, however individual particles hydrated

extensively when in contact with the medium.
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Gels at various solids ratios of xanthan gum and locust beangum were made as

shown in table 1.2 and dried into films. Results of hydration studies of these films are

shown in figures 1-2 to 1-5. Complete hydration of the films in water or simulated gastric

fluid for 24 hours is depicted in figures 1-2 and 1-4 respectively.

Initial hydration of the films in water or simulated gastric fluid is shown in figures 1-3

and 1-5 respectively. This initial hydration is a very important factor in the development

of a gastric retention device. When a capsule or tablet is ingested on an empty stomach,

the time span during which it is passed out of the stomach and into the intestine may

range from a few minutes to two hours, depending on the arrival time of MMC

(migrating motor complex). GRD ingested in a capsule should start hydrating as soon as

the capsule dissolves and should attain a large enough size within 15-20 minutes to avoid

passage through the pyloric sphincter. The structural integrity of the hydrated gel must

be sufficient to withstand MMC. Therefore, initial hydration rate and structural integrity

are very critical.

Table I. 2: Composition of XG/LBG films

Film # XG (% w/w) LBG (%w/w) Film # XG (%w/w) LBG (%w/w)

1 100 0 7 40 60

2 90 10 8 30 70

3 80 20 9 20 80

4 70 30 10 10 90

5 60 40 11 0 100

6 50 50
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Figure 1-5: Initial hydration in simulated gastric fluid of XG/LBG films at various solids ratios
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Based on hydration study profiles and gel strength, a gel with a 50:50 ratio was

considered for further modification. Gel strength was based on visual observation during

hydration of films and by physical examination of gels formed after film hydration.

Gels chosen in such manner when dried into films became too brittle to fold or

compress to place inside a capsule. Addition of polyethylene glycol ( PEG) into the gel

was found to result in more supple films following drying of the gel.

Effect of method of drying on film plasticity

Gels dried into films in the oven at temperatures higher than 40°C tend to lose

PEG (as expected, because the boiling point of liquid PEGs is around 45°C). Drying at

lower temperature such as 30-35°C took more than 24 hours for the gel to dry into films.

When gels were dried in the oven under vacuum at 30°C, loss of PEG was

negligible. Drying time was about 12-18 hours.

There was no loss of PEG when the gels were freeze-dried into films. These films

were easy to compress to fit into a capsule. Freeze drying involved initial freezing of

gels at 20°C for 2 hours, and then subjecting to freeze-drying at 46°C.

Hydration of dry films in simulated gastric fluid (SGF)

As depicted in figures 1-2 to 1-5, the hydration of films in SGF is extensive, but

comparatively less than that in water. Hydration in water is approximately 10 times
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greater than in SGF. Hence, in order to make the film swell faster and to a larger size in

SGF, addition of the buffering agents disodium phosphate or sodium phosphate was

tested. Films containing disodium phosphate or sodium phosphate (twice the amount of

gums solids) swell completely in SGF in about 12 hours time. After 12 hours time, the

SGF (about 500m1 volume) used for hydration studies was found to have a pH of 6.8. In

vivo, there will be continuous secretion of gastric acid with fluids being eliminated from

the stomach in a first order process, hence pH in the stomach will not reach 6.8 as it did

in vitro in a beaker where the volume of acid is fixed. The pH of the microenvironment

inside the film as it hydrates, however may remain alkaline or neutral and promote rapid

swelling in gastric fluid without changing the pH of the stomach significantly. One

limitation to addition of alkalizing agent is that it increases difficulty in compression of

the film to fit into a capsule. The addition of alkalizing agent is promising but for the

remainder of this study, was omitted. Interestingly, hydration of the film in a medium

containing 25% simulated gastric fluid and 75% water improved considerably as

compared to gastric fluid alone. This study was undertaken because medications are

ingested with water. Thus, hydration study carried out in 3:1 water: SGF media simulates

the expected conditions when the GRD is ingested with 8-10 ounces of water.

Addition of other additives such as polyethylene oxide, carboxy methylcellulose,

Water -Loc® into gels during formation, was tested separately to improve the initial

hydration of films in SGF. Table 1-3 depicts various formulations containing different

additives. All the above mentioned studies were evaluated by visual examination of

hydration of film after regular intervals of time.
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Studies on shape and size in vitro

The shapes examined are shown in the figure 1-6. Of all the shapes studied, a

cubic shaped gel which had been dried into a flat, rectangular film was found to have the

fastest swelling and maximum volume, and also had greater gel strength. However,

based on studies of sizes that would most easily fit into a capsule, a rectangle gel shape

with dimensions 4 cm X 4 cm X 1 cm, prior to drying, was chosen for study in vivo.

Figure 1-7 is a flow-chart schematic representation of development of GRD.

Dissolution studies

Dissolution studies of a) amoxicillin or b) ranitidine HC1 tablets included in GRD

were compared with the formulations alone. The pattern of dissolution of amoxicillin IR

tablet compared to the same formulation in a GRD is shown in figure 1-8. It was

observed that amoxicillin IR released 80% drug in 1 hour, however only 10% drug

release occurred from GRD at 1 hour, and 80% release was not reached until 12 hours.

The release pattern of the drug from IR tablet incorporated into the GRD is zero-order.

The dissolution of amoxicillin from a core tablet (amoxicillin caplet embedded in

a microcrystalline cellulose shell) to that from a GRD containing the core tablet is

presented in figure 1-9. It was observed that core tablet of amoxicillin released 80% drug

in 1 hour, whereas the release of drug from core tablet inside a GRD was zero-order for

24 hours, and release of 80% of drug was over about 20 hours.



Table 1-3: Examples of various formulations studied for hydration during development of a GRD

Formulation XG (%) LBG (%) Sod.alginate
(%)

Explotab
(%)

PEG
300/400/540

Water-Loc
400 (%)

Sod.bicarb.
(%)

Sod.phos
(%)

CMC (%)

#1 0.5 0.5 0.5 1 PEG300-1

#2 0.5 0.5 1 PEG300-1

#3 0.5 0.5 2 PEG300-1

#4 0.5 0.5 1 PEG400-1

#5 0.5 0.5 0.5 PEG400-1

#6 4 0.5 PEG300-2

#7 4 1 PEG300-2

#8 4 2 PEG300-2

#9 0.5 0.5 PEG400-5 1

#10 0.5 0.5 0.5 Peg400-5 1

#11 0.5 0.5 1 PEG400-5 1

#12 0.5 0.5 PEG400-5 1 1

#13 0.5 0.5 PEG400-5 1

#14 0.3 0.3 1 PEG540-5 1
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Fig 1.7: Flow chart desribing development of GRD
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Comparison of dissolution from an immediate release ranitidine HC1 (Zantac®

150) tablet to that of an identical tablet incorporated into the GRD is presented in figure

1-10. Complete drug dissolution from the Zantac® 150 not in the GRD took 1 hour,

where as only 80% drug release was observed in the first 7 hours from the tablet in a

GRD.
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CONCLUSIONS

Naturally occurring gums were studied for rate and extent of hydration to develop

a gastric retention device. Factors that were studied for development of a gastric

retention device include hydration rate of tablets made with powdered gums, films made

from drying gels, effect of water or gastric fluid, temperature for formation of gels and

effect on gel strength, shapes that gave rapid and maximum hydration, and

compressibility of dried films.

From these studies, a gastric retention device was developed using two naturally

occurring carbohydrate polymers viz., xanthan gum and locust bean gum. Studies have

been reported in the literature on XG/LBG gels, but not on the films made from drying of

gels and rehydration of films into gels. Equal proportions of gums produced film that

was found to possess rapid swelling with good gel strength. Addition of PEG 400 was

found to improve the film flexibility which is desired for compression purposes. Freeze

drying of gels gave a film with a more rapid swelling rate when compared to films

obtained by vacuum drying at 30°C or oven drying without vacuum.

Cube shaped films were found to swell better, but in terms of compressing and

fitting into a capsule, a rectangle shape, specifically 4cm X 4cm X lcm was found to be

very good.

Amoxicillin trihydrate caplets or ranitidine HCl tablets were incorporated into

GRD in the form of caplets. The caplet form was found to be a good shape for

incorporation into a gel which was dried into a film to be subsequently compressed into a

'000' capsule.
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Drug dissolution from GRD could produce a zeroorder release pattern; the time

for drug release was 12 hours in the case of an incorporated immediate release caplet,

while it took almost 24 hours for the release from an incorporated core-caplet.
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ABSTRACT

A gastric retention device composed of naturally occurring carbohydrate

polymers was tested for gastric retention time (GRT) in dogs by using X-rays to follow

the fate of the system in the gastrointestinal tract. Three kinds of markers were used for

X-ray visualization, viz., BaSO4 tablets, bismuth impregnated polyethylene spheres

(BIPS) and radio-opaque threads. Drugs with 'windows of absorption' such as

amoxicillin trihydrate or ranitidine HCl were included in the device.

Of the three markers, radio-opaque threads were found to be more reliable in

following the fate of the system in the stomach of dogs. Of 5 studies in dogs, the system

was found to stay in the stomach in 3 separate studies, for at least 9 hours. Biostudy of

the device containing amoxicillin trihydrate or the formulation without the device was

carried out in one human subject in a crossover fashion, under fasted and fed conditions.

Urine samples were analyzed for drug by HPLC. In vivo study in one human subject

under fed conditions did not show any significant differences in Cmax, AUC and Tmax for

the two treatments. However, under conditions of fasting, there was 30% increase in the

AUC with delayed Tmax for the GRD containing formulation, but no significant difference

in Cmax was observed for the two treatments.
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INTRODUCTION

Although pharmacokinetic and gastric transit time studies have been carried out in

various animal models, dogs have invariably been the best choice of animal model for

this type of experimentation. The canine model is popular for testing oral dosage-forms

because the gastrointestinal tract dimensions are similar enough to humans to permit the

administration of dosage forms intended for subsequent trials in humans (1). Dog as an

experimental model has advantages including being easier to handle than other species of

similar size (such as mini swine and monkeys), and the cost of maintenance is relatively

low.

The physiology of the stomach in humans and dogs is very similar in the fasted

state, with similar motility patterns, gastric emptying of indigestible solids and liquids

and identical gastric pH (1). A higher intestinal pH observed in dogs (7.2 Vs 6 for

humans) is the main difference between these species in the fasted state. But this

difference may have little consequence in studies concerning gastric transit time. The

meal emptying rate and subsequent return of fasting motility pattern is relatively slower

in dogs. The similarity in physiology between dogs and humans is summarized in Table

II-1 (1).
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Table II-1: Comparison of gastrointestinal physiology of humans with dogs

Parameters Human Dog

Gastric acid pH 1.0-2.5 1.4-1.6

Gastric acid secretion (mEq/h) 2.2 (F), 3.7 (M) 0.1

Periodicity of MMC (mins) 105-125 100-120

Intestinal pH 6.0 7.2

Stomach transit time (mins) 55-100 45-105

Small intestinal transit time 120-240 90-130

Cut-off size (mm) 11-13 7-9

Drug bioavailability: Implications of gastric emptying

The process of stomach emptying involves 3 segments of the gut, these are two

areas of the stomach (the body and antrum) and one of the duodenum. Each area

performs uniquely but in coherence and ensures the intestine receives only what can be

further digested, absorbed and moved. The lower one-third portion of the stomach

(antrum) has the ability to reduce the size of digestible particles. It can also move solid

particles into the duodenum and retropulse material back into the stomach. Pro- and

retropulsion are responsible for the particle size reduction of solids in preparation for

gastric emptying. This back and forward movement has been described as sieving. It

results in the retropulsion of large particles and permits small particles to enter the

duodenum (2).
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A proper appreciation of the role played by gastric emptying in the delivery of

drugs requires an understanding of gastrointestinal motor function in both the fasted and

fed state. During overnight fasting, and during prolonged daytime intervals between

feedings, the stomach and the small intestine of all mammals exhibit striking cyclic

motility. Approximately every 90 minutes there is a brief (2-10 minutes) burst of intense

muscle contraction in humans. This begins in the stomach and passes progressively

along the small intestine into the distal part of the ileum (3). This is known as inter-

digestive state or migrating motor complex (MMC). This inter-digestive state is

associated with a powerful sweeping series of antral contractions generated every 90

minutes (and these last approximately 10 minutes) alternating with rhythmic periods of

quiescence, intermittent contractions and rhythmic contractions of the stomach and small

intestine (4).

A large number of factors, both chemical viz., composition, dissipation and

physical viz., size, shape of medication can affect the rate of movement from the stomach

into the small intestine, the major site for drug absorption. Gastric effluent composition

can vary in osmolarity, fat content, content of certain amino acids, and its pH. Certain of

these components interact with intestinal mucosal receptors, which in turn alter the rate of

gastric emptying by either neuronal and/or humoral mechanisms. When rapid gastric

emptying occurs, there is a reflex which decreases small intestinal movement and

increases the terminal (antrum) motor activity. On the other hand a reversed motor

gradient increases intestinal motility and decreases antral activity, which in turn leads to

delayed gastric emptying (5).
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Emptying of medication from the stomach into the intestine is also influenced by

the meal pattern viz., given on empty stomach, inter-digestive state, with or immediately

after a meal.

Gastric transit time: Differences among liquid, fiber and solid dosage forms

Reduction in the intragastric volume of a substance is expressed by the half-time

the substance (t112) takes to leave the stomach. This type of measurement is used

extensively for both liquids as well as solids. Kelly has shown that liquids leave faster

than digestible solids (6). The emptying of indigestible materials (spheres) can be

markedly delayed when given alone or with digestible solids. This is shown in figure II-

1. In humans, antral contractions during the inter-digestive state can eliminate relatively

small particles as well as certain large particles (approximately 11 mm dosage forms)

from the stomach. Small particles, regardless of density, size, or texture that are ingested

during the inter-digestive state become coated with mucus. These mucus coated dosage

forms are uniformly and readily emptied by the stomach (5).

During fasting conditions, liquids especially the ones close to isotonicity (280 mOsm/kg),

leave the stomach quite rapidly, as do small solids (about 6 millimeters in diameter or

less). However, larger solids (of the size of medication capsules) require the presence of

a phase III burst (final phase of MMC with strong contractions) to empty from the

stomach. Thus, even large solids cannot stay in the stomach for more than 90 minutes or

so, as intense muscle contractions occur every 90 minutes in fasted conditions (7).
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Figure 11-1: Gastric emptying of liquid, digestible and indigestible solids in dog. The liquid (dextrose), solid (liver) and
indigestible (7mm spheres)
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Following the ingestion of food, the interdigestive cycle is altered due to

continuous and irregular activity in the antrum, pylorus, and the duodenum. The

net effect retards gastric emptying, following which slow and controlled exit of

food from the stomach is initiated. During this 'digestive phase' digestible solids

are physically disrupted by powerful antral contractions. The pylorus acts as a

sieve, retaining solid materials larger in size than several millimeters in

dimensions, whereas very small solids leave the stomach with liquid or semi-solid

materials. The rate at which emptying progresses is determined by several

properties of the meal, of which osmolality and lipid contents are most important.

Among the nutrients, fat is the most critical component that slows down gastric

emptying. Thus, gastric emptying varies with the caloric magnitude and chemical

composition of the meal. During gastric emptying, large solids are preferentially

retained in the stomach and their emptying will be delayed. The digestible

portions of the meal have to be emptied from the stomach and a fasting cycle of

motility has to commence for emptying large solids. It is not unusual for large

undigestible solids taken with a high caloric meal to be retained for 3 to 6 hours.

The typical gastric emptying times for a variety of meals are illustrated in table II-

2. The t 1/2 is the time taken for 50% emptying of the meal after ingestion and this

varies widely from meal to meal and subject to subject.
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Table 11-2: Gastric emptying rates of commonly ingested foods (t1/2 = time to 50%
emptying)

GASTRIC EMPTYING RATES OF A RANGE OF TEST MEALS
LIQUID

Study Test meal tir2 (minutes)

Sutton (1985) Orange squash 21.2 (13-39)

Evans (1988) Glucose 0.8m 7.5 (3-11)

Lamont (1989) Dextrolyte 22 (7-34)

Wright (1990) Oxo (1 cube/500m1) 26 (±3.9)

Clare (1991) Oxo 29.6 (14-65)

Nour (1991) Milk 44.4 (±3.08)

SOLID

Mangnall (1991) Beefburger 180 (90-300)

Wright (1990) Porridge 117 (53-200)

Avill (1987) Mashed potato 60 (30-100)
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Techniques for measurement of gastric emptying

One aspect to be considered during formulation development and clinical testing

of a gastric retention device is the absolute necessity to monitor gastrointestinal (GI)

function. It may not be important to monitor GI function for immediate release dosage

forms if constant blood levels are achieved and oral bioavailability is greater than 70%.

However, evaluation of GI function is important when optimization of a specialized

delivery system is desired, especially, when drugs are poorly absorbed or show large

individual differences. When drug is to be delivered to the stomach for local action or for

better absorption, the drug delivery system should be such that it stays in the stomach

until most or all drug is released. Evaluating such a system is very crucial, and retention

of such a system depends on physiology of the stomach and design of the system. Hence,

measurement of gastric emptying of liquids, solids (both digestible and indigestible),

MMC, and size of the pyloric sphincter (during relaxation and contraction) provide

highly relevant information for development of a delivery system that can stay in the

stomach for extended times.

A number of different methods are used for measurement of gastric emptying in

humans, and each one of them has certain advantages as well as disadvantages. The

preferred method depends on the type of meals to be studied, the level of precision

required, etc. Also, the degree of invasiveness the subject would tolerate, ethical

considerations, and facilities available are to be taken into account. Although it is easier

to measure emptying of liquid meals, the emptying of solid meals reflect on exact process

during the normal life.
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Radiological evaluation of pharmaceutical dosage forms represents the oldest

noninvasive method to monitor the fate of drug delivery systems in vivo, and requires

incorporation of radio-opaque material such as barium sulfate into the drug product.

Losinsky and Diver first reported the technique in 1933 while studying the efficacy of

enteric-coated tablets (8, 9). Subsequently, many investigators have used the radiological

technique to examine pharmaceutical dosage forms comprising gastric retention devices

(10), tablet disintegrations (8,9) and intestinal transit (11). Gastric residence time of a

non-disintegrating geometric tetrahedron shaped dosage form in American foxhounds

using X-rays was studied by Fix et al. This device contained 15% barium sulphate as

radio-opaque agent (10).

Ultrasonography methods have been used to evaluate the gastric retention time of

bioadhesive formulations. Certain portions of the gastrointestinal tract can be well

visualized by static and real time ultrasonography. Ultrasound is based on measurements

of the width of the gastric antrum before and after a mixed solid-liquid meal. Gastric

emptying by measuring changes of gastric antrum after a meal is possible by this method

(12). However, this method has not been used extensively in pharmaceutical research.

External gamma scintigraphy is a standard method to evaluate in vivo

gastrointestinal performance of pharmaceutical dosage forms. This method involves

incorporation of a suitable gamma-ray emitting radioisotope and a conventional y-camera

to track movement of radioactivity in the GI tract. The studies of Fix et al were carried

out on non-disintegrating geometric tetrahedron shaped device labeled with "In in

humans for gamma scintigraphy localization (10).
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In the studies of Bjorkmann et al it has been proposed to use 13C-bicarbonate

breath test as a measure of gastric emptying. C-13, a stable isotope, in the form of

NaH13CO3, when ingested is converted to 13CO2, which is absorbed quantitatively from

the intestine and excreted rapidly by lungs. This eliminated 13CO2 can thus be measured

in the breath as a measure of gastric emptying (13). However, this method was found to

be unreliable as factors other than gastric emptying can affect the 13CO2 elimination.

Magnetic resonance imaging (MRI) is a potential methodology to determine the

fate of pharmaceutical dosage forms in vivo. MRI has been used both in experimental

and clinical situations to study and discriminate tissues in both animals and humans

through differences in concentrations and behavior of water nuclei contained therein.

Schwizer et al have demonstrated the use of Gd-DOTA (Gadolinium tetracyclo dodecane

tetra acetic acid) as liquid phase marker by MRI, an accurate non-invasive method for

assessment of gastric liquid emptying (14). This method allows simultaneous

measurement of both meal volumes and total volume of gastric contents and helps in the

generation of three-dimensional images of the stomach.

MRI has been used to evaluate push-pull osmotic pump tablets. The degree of

water penetration through these systems examined by MRI corresponded precisely with

the rate of drug disposition. The entry of water through the membrane is detected

experimentally through a change in the proton signal intensity and is visible in the image

as an increase in brightness inside the tablet (15).

The technique of applied potential tomography (APT) which is also termed

conductivity imaging and/or electrical impedance imaging is a new, non-invasive non-

radioactive method. APT generates tomographic images of tissue resistivity from
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measurements made from multiple electrodes placed around the upper abdomen.

Ingestion of a meal will alter the resistivity in the upper abdomen, and therefore an

electric pattern could change as the meal is emptied from the stomach (16). However, the

main drawback of this method is that secretion of acid into the stomach can reduce the

resistivity of gastric contents. In view of this, the results from APT would be reliable

only if acid secretion in the stomach is inhibited, which then would not be a true measure

of normal gastric emptying. This therefore, may be of not be of much value in following

the fate of dosage forms in GIT.

In view of the advantages and limitations inherent in the techniques cited above,

for studies reported herein, X-rays were used to evaluate movement of the GRD. This

method was chosen since it met requirements of the degree of invasiveness, facilities,

etc., for determining gastric retention of the dosage form in the stomach. In using X-rays,

a contrast medium such as barium sulphate was incorporated in the dosage form, also

bismuth impregnated polyethylene spheres (BIPS) were easy to incorporate and are very

good radio-opaque substances. Radio-opaque threads have been used in surgery on

animals, and are also very good markers.
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EXPERIMENTAL

Subjects

The studies were conducted in two adult German Shepherd dogs aged between 8

and 9 years. They were maintained on a commercially available feed and were at the

animal research lab in the college of Veterinary medicine. They were housed in small

adjacent individual pens with rubberized wire mesh overlying concrete floors with a

slope to facilitate sanitation. The animal pens allowed a reasonable space for free

movement and normal activity of the dogs and thus there would be normal

gastrointestinal motility. The housing area was kept lit during the daytime and dark at

night.

Dosage forms

The gastric retention device enclosed in '000' capsule, containing barium sulphate

caplets, radio-opaque threads, or bismuth impregnated polyethylene spheres (BIPS) was

used. The fate of the system was easily followed with the help of X-rays.

Dosing

Dogs were fasted overnight and dosage forms were administered by oral route early

in the morning, with 10 ounces of water. A radiograph was taken just prior to dosing to

ensure that the stomach was empty. The gastric retention device was followed with the

help of X-rays and the dogs were fed 3 hours after dosing.

Studies were carried out with the formulations containing different types of radio-

opaque agents such as barium sulphate tablets, radio-opaque threads and radio-opaque
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BIPS in the same dogs on different days. Normal gastric emptying of radio-opaque

marker in the dogs under the conditions of fasting was determined by feeding a capsule

containing radio-opaque threads.

Studies on the fate of GRD in the stomach of dog

X-rays were employed to follow the passage of the gastric retention device in

gastrointestinal tract of dogs. Radiographs were taken just before dosing to ensure an

empty stomach and immediately after dosing. Subsequent X-rays were taken at 0.5 hour,

1 hour, 2, 3, 6, 9, and 24 hours. All X-rays were lateral view, and some anterioposterior

(ventrodorsal, VD) X-rays were also taken to confirm the position of the dosage form in

the dog stomach.

Radiographic examinations were performed using a Transworld 360V X-ray generating

unit (360 milliamperage and 125 kilovoltage potential). X-ray cassettes used were 3M

Trimax 12 paired with 3M Ultradetail (1416) film.

Exposure settings are shown in table 11-3.

Table 11-3: Exposure settings of X-ray machine for the two dogs

Dog mA KVP mAs

Hans-lateral view 150 70 8.3

Gretel lateral view 150 68

Hans VD view 150 82 10.1

Gretel- VD view 150 80
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In vivo study of GRD in a human subject:

A cross over bio-study under fasted and fed conditions was conducted in only one

subject for a gastric retention device containing 200mg of amoxicillin or just the 200mg

amoxicillin tablet without the device. The subject was asked to fast overnight in both

studies. During the study under conditions of fasting, breakfast was provided two hours

after dosing. In the fed state study, the subject received the dosage form with breakfast.

The standard breakfast was a plain bagel, one ounce of cream cheese and 125m1 of fruit

juice. After a washout period of 48 hours, the alternate dose was given. Urine was

collected at Ohr, lhr, 2, 3, 4, 5, 6, 8, 12 and 24 hours. Urine samples were analyzed

immediately by HPLC. Figure 11-2 depicts a HPLC chromatogram of blank urine spiked

with the internal standard and an urine sample containing amoxicillin and internal

standard.

HPLC analysis of amoxicillin

Internal Standard: Acetaminophen USP (1mcg/m1).

This solution is relatively stable when stored cold and well protected from direct light.

Buffer solution: The buffer is prepared by adding 100m10.5M disodium hydrogen

phosphate to 350m1 deionized water. The pH is adjusted to 6 with 1M citric acid. The

resulting solution is made up to 500m1 volume with deionized water.

Mobile phase preparation: 0.26g potassium dihydrogen phosphate is added to 3800m1 of

deionized water. 200m1 HPLC grade methanol is added. The solution is filtered to
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Figure 11-2: HPLC chromatogram depicting blank urine spiked with internal standard (A)

followed by urine sample containing amoxicillin trihydrate (B) and internal standard (A).
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remove any particulate and stirred under vacuum for approximately 20 minutes to remove

air bubbles.

HPLC instrument: Waters Intelligent Sample Processor (WISPTM) 712, automatic sample

injection module for up to 48 sample vials for injection on to the column.

Column: Reverse phase C18, 25cm, 5 micron, 100A Rainin Microsorb-MV®

Detector: UV absorbance detector, Model 440 with fixed wavelength.

The method was as follows:

Buffered sample: 2m1 from each urine sample are added to 2m1 pH 6 buffer. The

solution is vortex-mixed to ensure proper mixing.

HPLC sample: 1 ml buffered urine is diluted with 5m1 deionized water. To 50 microliters

of this diluted sample, 50 microliters internal standard solution is added in a small plastic

centrifuge tube. The resulting solution is vortex-mixed to ensure mixing. The HPLC

sample vial is assembled and capped and placed in a WISPTM autoinjector for HPLC

analysis. 20 microliters of sample is injected. All other parameters for HPLC are listed

below.

Flow rate of mobile phase: 1.3m1/minute

Wavelength of detection: 229nm

Run time: approx. 23 minutes.

Amoxicillin calibration curve: 0.03g amoxicillin trihydrate was placed in a 100m1

volumetric flask, dissolved and made up to 100m1 with 1:10 mixture of drug-free (blank)

urine: deionized water. This is stirred at room temperature for approximately 40 minutes

to ensure complete dissolution. A series of 1:1 dilutions are made with deionized water
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to obtain 6 samples. This process of serial dilution resulted in a series of samples within

a range of concentrations which was used to produce the calibration curve. The method

of sample preparation for HPLC analysis was as given previously. 20 microliters of each

sample was injected. A typical amoxicillin calibration curve is shown in figure 11-3.

RESULTS AND DISCUSSION

GRD studies in dogs

In order to study gastric retention of the GRD in dogs, a tablet of BaSO4 was

incorporated into the device. These tablets were made in a Carver press in the shape of a

caplet. Various methods were explored to incorporate the tablet. Basically, the method

included pouring a layer of gel into a mold, putting tablets into the mold at desired

distances, and pouring over immediately another layer of gel. These gels were dried

under vacuum. Dried films were compressed into a '000' capsule. On subjecting these

films to hydration studies, films were found to separate into two layers after hydration,

and release the tablet prematurely.

The caplets were therefore suspended with the help of threads in such a way that

they stood in the middle of the inner side of the mold. The hot gel when poured

entrapped the caplet. BaSO4 was found to leak from the gel or tablet during gel

expansion studies which would make it difficult to determine GRD location. Keeping

this limitation in view, in vivo studies in dogs were carried out. As expected, it was

difficult to trace the system in the stomach of dogs since the BaSO4 tablet dissolved and

spread throughout the GIT. These Results are shown in figures II -4a and II -4b.
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Bismuth Impregnated Polyethylene Spheres (BIPS), as the name implies, are

polyethylene spheres containing bismuth and this makes them radio-opaque. These

spheres were incorporated in the GRD for study in dogs. The system containing two

large BIPS was followed with X-rays at different time points including 0, 0.5hr, lhr, 2, 3,

6, 8, 9, and 24 hours. The system was found to be present in the stomach of one of the

dogs at the 9th hour of experimentation. The next x-ray was not taken until 24 hours. Of

the 2 BIPS, one was still in the stomach, whereas the other one was found in the intestine,

indicating that the system must have eroded with the release of one BIPS. In the case of

the second dog, both BIPS were found in the small intestine at the 9 hours time point.

Results of this study are presented in figures II-5a and II-5b.

Radio-opaque threads have been in use in veterinary medicine and surgery, and

pieces of these threads were incorporated in the GRD. These threads help not only in

tracing the film but also in viewing hydration of the gel.

Capsules containing radio-opaque threads under x-ray are shown in figure 11-6. A

placebo study was carried out in both the dogs. Capsules with radio-opaque threads and

lactose were administered to dogs under the conditions of fasting to study the aspects of

gastric emptying of the threads when not in a GRD. X-rays were taken at regular

intervals. These threads were eliminated from the stomach of dogs into the small intestine

between 2 and 3hours. Results of these studies are depicted in Figure II-7a and II-7b.

The administration of a gastric retention device containing radio-opaque threads to

dogs was also followed with X-rays. The system was found to stay in the stomach of

dogs for at least 10 hours. The X-rays taken at 24 hours demonstrated absence of radio-
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opaque threads either in the stomach or in the small intestine. The results of

administration of GRD containing radio-opaque threads in dogs is presented in figure

Figures II-8a and II-8b. A total of 5 studies were conducted using GRDs containing

radio-opaque materials. The system was found to stay in the stomach of dogs for at least

9 hours, as observed in 3 of our studies.

In all the studies discussed above, dogs were dosed early in the morning after overnight

fasting. Food was provided 3 hours after-dosing. Presence of food can be readily

recognized in the X-rays as a darker area in the stomach. X-rays taken at or after 7 hours

of dosing showed absence of food in the stomach and food was found in the intestine.

However the GRD was found in the stomach. This indicates that GRD did not affect the

passage of food into intestine and there was no blockade of pyloric sphincter by GRD.
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Figure II-4a: In Vivo study using Barium sulphate tablets incorporated in GRD. X-rays taken at Ohr, 0.5hr and at lhour.
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Figure II-4b: In Vivo study using Barium sulphate tablets incorporated into GRD (cont'd): X-rays at 3hours and at 8 hours. Barium sulphate scattered
throughout the GIT at the 8th hour.



Figure II-5a: In vivo study of GRD containing BIPS in dogs: X-rays demonstrate the dosage form containing BIPS immediately after dosing (0 hr), lhr, 2hours and
3 hours post-dosing. In all these X-rays, the presence of GRD in the stomach is obvious by presence of BIPS. As system swells BIPS get apart from each other.



Figure II-5b: Study using BIPS (continued): X-ray at 6 hours showed the BIPS in the stomach of dog. X-ray taken at 24 hours showedpresence of one of the
BIPS in the stomach, while the other one in intestine. A ventrodorsal (VD) x-ray taken confirms the position of the BIPS.



Figure 11-6: X-rays of GRDs containing radio-opaque threads



Figure II-7a: A placebo study in dog with only radio-opaque threads. X-rays show the empty stomach of dog before the dosing, immediately after dosing (0hr),
0.5 hours and 1 hour after dosing. In all the three cases, threads were detected in the stomach



Figure II-7b: A placebo study in dog with only radio-opaque threads (cont'd): X-ray at 2 hours shows presence of radio-opaque threads in the stomach, while
the X-ray at 3 hours shows elimination of threads from the stomach into the intestine.



Figure II-8a: In vivo study with GRD containing radio-opaque threads in dogs: X-rays show empty stomach of the dog before dosing, immediately after dosing
(0 hr), lhour and 2 hours post-dosing. X-rays indicate the presence of GRD in the stomach of dog, as the cluster of threads embedded in GRD are seen.



Figure II-8b: In vivo study with GRD containing radio-opaque threads in dogs (cont'd): X-rays show presence of GRD in the stomach of dog at 3hours, 7 hours
and 9 hours. X-ray at 24 hours does not show presence of any threads, indicating that the system has passed out.
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In vivo study of GRD in a single human subject

Amoxicillin, a P-lactam antibiotic incorporated in a GRD in the form of a caplet

was tested for its bioavailability. Elevation of13-lactarn concentration demonstrates

increased bacterial killing, only until a finite point which tends to be about 4 times the

minimum inhibitory concentration (MIC), which can be termed as therapeutic

concentration. Further elevation is not associated with increased bactericidal potency

(18, e.g., MIC for Strep. pneumococci is 0.02 mcg/ml and therapeutic concentration is

0.08 mcg/ml). A direct correlation exists between the time the 13-lactam antibiotic

concentrations are maintained above therapeutic concentration and clinical actions (19,

20). Bacterial regrowth occurs rapidly after these concentrations fall below the bacterial

MIC (21,22). Therefore a dosage regimen for each individual f3-lactam should be to

prevent the drug-free interval between doses from being large enough for bacterial

pathogens to resume growth.

Amoxicillin has a very short half-life of about 1 hour and a limited 'absorption window'

following oral administration (23). Drug is well absorbed in duodenum and jejunum, but

absorption is decreased in ileum and is rate dependent. Absorption is very poor in all

colonic regions.

Therefore the use of GRD to deliver 13-lactam antibiotic such as amoxicillin would

expand the time over MIC in vivo in relation to regular IR formulations. Bioavailability

would also improve as amount of drug reaching the site of absorption is prolonged over a

period of time and thus preventing saturation at that site.
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A preliminary study in one human subject, under fasting conditions showed a 30%

increase in area under the excretion rate curve (AUC) for drug incorporated into the GRD

when compared with absence of GRD. The maximum excretion rates (Cm) were 34.2

mg/hr in absence of GRD and 29.0 mg/hr in presence of GRD and these values were not

significantly different. The values of Tmax were identical for both.

Comparative bioavailabilities of the two formulations are illustrated in figure II-10.

The study carried out under fed conditions did not show any significant difference

in AUC or C.. However Tmax for GRD was shifted to the right compared to that in

absence of GRD. The Tmax for GRD was found to be 4 hours, where as, it was 2 hours

in absence of GRD. The bioavailabities for both the formulations under fed conditions

are given in figure II-11.

These results with amoxicillin are consistent with food slowing drug delivery from

the stomach to the intestine when a subject is fed, and the GRD slowing the delivery of

drug to the intestine when the subject is fasted. Further, the food did not adversely

influence drug release from the GRD.
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CONCLUSIONS

In view of the similarities in the gastrointestinal anatomy and physiology between

dogs and humans, a gastric retention device that was developed was tested in dogs for the

determination of gastric retention time (GRT). Visualization of the GRD containing a

BaSO4 tablet, with the help of x-rays, had certain limitations because the BaSO4 tablet

was found to dissolve and leak from the system. Therefore, bismuth impregnated

polyethylene spheres (BIPS) were incorporated in the GRD and followed with x-rays.

This approach was found to be satisfactory and showed the presence of the GRD in the

stomach of a dog at 10 hours. However, BIPS were found to slip out of the GRD on

swelling, when it becomes soft. Radio-opaque threads often used in veterinary surgery

were found to be suitable markers to study the GRD. Of 5 studies carried out in dogs

with GRDs containing radio-opaque threads, in 3 studies the system was found to stay in

the stomach for at least 9 hours.

Amoxicillin trihydrate, which has a 'window of absorption' was incorporated into

the device as a caplet. Two formulations were prepared: a) an immediate release caplet

which, when included in GRD, released drug in zero-order fashion for 12 hours and b) a

`core' caplet which, when included in GRD, released drug in zero-order fashion for 24

hours (1).

In vivo study in one human subject of the GRD containing the immediate release

caplet of amoxicillin under fed conditions did not show any significant difference in

pharmacokinetic parameters such as Cmax and Tmax when compared to an IR caplet of

amoxicillin without GRD.
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An in vivo study in one subject under fasted conditions showed a 30% increase in

area under the excretion curve (AUC) when compared to the drug tablet alone. However,

there was no significant difference in C. and T.. This difference in AUC may be

attributed to faster gastric emptying of the tablet under fasted conditions, when given

without GRD. An even greater effect may be observed if the amoxicillin core tablet

described earlier is tested in vivo, since drug release is even slower from core tablet.

These results should now be confirmed with a large number of subjects under

defined conditions. This study however, was a pointer to indicate that incorporation of a

controlled release dosage form in GRD will have a significant difference as not only the

system, but also the drug dosage form will be in the stomach for a longer time.

The drug currently tested in GRD was amoxicillin. Amoxicillin is highly moisture

sensitive, and degrades rapidly in the presence of water. In the incorporation of an

amoxicillin tablet in a GRD gel like preparation, before being dried, the stability of drug

must be taken in consideration. Even if there is 10% amoxicillin degradation when

incorporated into wet gel before it is dried completely into a film, this change in potency

will affect the amount of drug bioavailable. A study with a different drug that is not

moisture sensitive, but also has 'windows of absorption' such as riboflavine (Vitamin B2)

and in a reasonable number of subjects, would give a better understanding about the

effectiveness of the GRD in enhancing the absorption and bioavailability of the drugs.

Alternatively, the GRD may be modified to incorporate the amoxicillin tablet after the gel

is partially or completely dried or into a hollow gel chamber which is then dried around

the tablet.
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ABSTRACT

A bioequivalent product of the water-insoluble anti-fungal agent itraconazole was

developed which avoids use of organic solvents in the manufacturing process. Successful

solubilization of itraconazole was achieved by formation of a eutectic mixture with

polyethylene glycol (PEG) at 120°C. Dissolution studies were carried out in simulated

gastric fluid at 37.5°C and results compared with a marketed product of itraconazole,

Sporanox®, as a reference. Influence of molecular weights of PEG on drug dissolution

was studied using PEGs of molecular weights 3500, 8000 and 20000 at different ratios of

drug to the polymer. Based on dissolution profiles, PEG 20000 was selected for further

analysis. Addition of super disintegrant such as sodium starch glycolate and a wetting

agent such as glycerol enhanced drug dissolution. Reprecipitation of drug, however,

occurred immediately after drug dissolution. Antinucleation agents or phase retardant

agents such as HPMC, were added to the formulation to prevent drug precipitation after

dissolution. Various formulations were made by varying the ratios of PEG 20000,

glycerol, HPMC and sodium starch glycolate to optimize the drug dissolution profile and

to keep the final amount of the formulation at a minimum. Influence of formulation

particle size on drug dissolution, effect of weighting on drug dissolution, and influence of

type of PEG 20000 (linear or branched) on drug dissolution were also studied. Physical

properties of eutectic formulations were studied with the help of Differential Scanning

Calorimetry (DSC).

A formulation containing 2.75 parts of PEG 20000, 1 part of drug, 0.75 parts

glycerol, 0.25 parts HPMC and 0.25 parts sodium starch glycolate was found to provide
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drug dissolution comparable with the reference product. Particle size of the final

formulation was found to have a significant but unexpected effect on drug dissolution.

Granules of size greater than 1000 microns showed 100% drug dissolution, where as

granules of less than 600 microns showed poor drug dissolution, which is now thought to

be due to precipitation of drug following dissolution. Weighting down of capsules

containing granules did not have any adverse effect on the drug dissolution, however,

drug dissolution from weighted down capsules containing powder (smaller particle size)

formulation decreased drastically due to formation of a plug. Whereas drug dissolution

from formulations containing branched Peg 20000 was complete, formulations containing

linear Peg 20000 showed incomplete drug dissolution.
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INTRODUCTION

Itraconazole is a synthetic anti-fungal drug consisting of a 1:1:1:1 racemic

mixture of four diastereomers (two enantiomeric pairs) each possessing three chiral

centers. Structure of itraconazole is shown below. It has a molecular formula

C35H38C12I\1804 and mol.wt. of 705.64, and is poorly soluble in aqueous media (less than

100mcg/100 ml in aqueous solutions ranging in pH from 1-12.7). Itraconazole is a weak

base (pKa = 3.7) and has a log partition coefficient in octanol/water of more than 5 at pH

6. It is highly lipophilic and has very rapid oral absorption. Itraconazole has very

extensive tissue distribution and is found at higher levels in tissues (including brain) than

in plasma. It binds to plasma proteins extensively. The drug has a very long half-life

(approximately 20 hours). The mechanism of action of this drug is similar to all other

azole antifungals. It inhibits cytochrome P450 of the fungi and thus interferes in sterol

biosynthesis in cell membranes, leading to cell death. The drug has a lesser effect on

mammalian cytochrome P-450.

Chemical structure of itraconazole

0 TH3

)LINIC2H5
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It is well known that the efficacy of drug can be severely limited by its poor

aqueous solubility. It is also known that side effects of certain drugs are due to poor

solubility. Any success in increasing solubility in aqueous solutions without

compromising the efficacy while minimizing side-effects would be highly valuable. This

is true for parenterally, topically and orally administered solutions. The driving force for

absorption of most drugs across biological membranes is the concentration of drug in

solution. Dosage forms that enter the stomach and progress down the gastrointestinal

tract must discharge the drug in solution, if high bioavailabity is expected. The

consequences of poor solubility typically include:

- Low bioavailabity

-Lack of dose proportionality

- Large fed/fasted variation in blood drug levels

-Large inter/intrasubject variation.

Factors Influencing Aqueous Solubility (1)

The solubility of a drug in an aqueous medium is governed by three major factors

1. The entropy of mixing which favors complete miscibility of all components

2. The difference between a) the sum of the drug-drug (DD) and water-water (WW)

interactions and b) the drug-water (DW) interactions on each other. This difference is

related to the activity coefficient of the drug in water 7, (1)

RT ln = DD + WW 2DW

when,
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DD + WW 2DW > 0

Usually in the case of nonelectrolytes in water, there will be less than complete mixing

and the drug will have a finite solubility in water. The greater the difference between the

adhesive and cohesive interactions, the lower would be the solubility.

3. Additional drug-drug interactions are associated with the lattice energy of crystalline

drug (DD). This effect is measured as the ideal solubility of a crystalline solute Xi.

Ideal solubility has been shown to be related to the melting point and certain other

thermodynamic properties of fusion. Ideal solubility represents the solubility of a

solute in a perfect solvent i.e., a solvent for which activity coefficient is equal to unity

(1).

The observed solubility of a solute Xw is related to the ideal solubility and activity

coefficient by

log Xw = log Xi log yW

Drugs which are insoluble in aqueous media must be solubilized to facilitate better

absorption. Although the drug can be soluble under certain conditions, biological

potency changes should be minimized. Some different approaches to solubilize a drug

are:

1. Use of surfactant systems.

2. Use of cosolvents.

3. Improved solubility through complexation.

4. Drug derivatization as a means of solubilizaton.

5. Solid-state manipulation as a means of solubilization.
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Solubilization in surfactant systems

Solubilization in surfactant solutions above the critical micelle concentration has

been a promising method for formulation of poorly soluble drugs. Surfactant adsorption

onto hydrophobic drug particles below the critical micelle concentration can aid wetting

of the particles and consequently increase the rate of solution of particulate agglomerates

(2,3). Surfactants may be incorporated into solid dosage forms so that their solubilizing

action comes into play as the disintegration process starts and water penetrates to form a

concentrated surrfactant solution around the drug particles or granules. Both facilitation

of wetting through lowering of surface tension and solubility increase will aid dissolution

of drug (4).

When a single-component one-phase solid dissolves in an agitated solvent without

disintegration and without chemical reaction, the dissolution rate at a given temperature

may be expressed by the Noyes and Whitney equation in the form

dw/dt = KA (Cs-C)

where dw/dt is the amount of solute dissolved per unit time, A is the surface area exposed

to the solvent, Cs is the saturation solubility of the solute in the medium, and C is the

concentration at any given time; k is the dissolution rate constant.

Higuchi (1964), by a theoretical analysis of dissolution of solids in colloidal solutions,

proposed that the effect of solubilizers on dissolution rate will be less than that predicted

by the Noyes-Whitney equation (5).

dw/dt = A (DCs/5 + Dm Cm/5)
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where Cm is the increase in solubility due to the surfactant and Dm is the diffusion

coefficient of the drug in the micelle and it is assumed that 8 is the same for both. A is

the area of solute exposed to the medium.

Surfactants used as pharmaceutical adjuvants in formulations are not necessarily

always inert. Among these, the non-ionic surfactants are generally more acceptable than

ionic surfactants because of their low toxicity. Even non-ionic surfactants have intrinsic

biological activity, and these effects are ascribed to be due to the affinity of surfactants

for biological membranes (6). Certain of these compounds, by virtue of their structure

can traverse the cell membranes resulting in an increase in membrane fluidity and

therefore permeability. This change in the integrity of the membrane can alter solute flux

and other membrane-related functions, in addition to alterations in the activity of

membrane-bound enzymes (7).

Solubilization by use of cosolvents

Cosolvents such as ethanol, propylene glycol, polyethylene glycol, glycerine, and

glycofural are routinely used for solubilization of drugs in aqueous vehicles. As reported

in certain cases, the use of an appropriate cosolvent can increase the aqueous solubility of

a drug by several orders of magnitude. While cosolvents find a high degree of utility in

the design of many types of liquid formulations, they are particularly important in

parenteral dosage forms. These have low toxicity and do not have the irritating effects of

most surfactants. In addition, they have a greater ability to solubilize nonpolar drugs.

Owing to certain of these properties, cosolvents have been used as the material of choice
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for solubilizing drugs. The most frequently used cosolvents are propylene glycol,

ethanol, glycerine, and polyethylene glycol. The degree to which the solubility of a drug

can be increased for a particular cosolvent is dependent upon the nonpolarity of the drug

and nonpolarity of the cosolvent. The increase in log solubility with respect to cosolvent

composition, i.e., the solubilizing power a of the cosolvent for the drug, is expressed by

= 0.89 log PC + 0.03

where PC is partition coefficient of the drug (8).

Cosolvent solubilized drugs, in certain instances, can result in precipitation of the

active ingredient when the formulation is diluted (9). This can occur in the bloodstream,

in vitro in intravenous infusions, or at the site of intramuscular injections. Precipitation is

known to cause several problems; precipitated drug particles can mechanically irritate

and even narrow blood vessels.

Solubilization by complexation

Complexation is defined as the reversible association of m molecules of a

substrate S with n molecules of a ligand species L to form a new species SmLn (10)

MS + nL a SmLn

There are various types of complexes reported and these include inorganic, coordination,

chelates, metal-olefin, inclusion or molecular complexes. Dissociation of a complex to

the individual reactants occurs spontaneously upon dilution (10).
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In certain instances, rapid and total reversibility may not be advantageous and

may become a problem. This is particularly true in situations, where upon dilution, there

would be precipitation of the drug. In addition, pharmacological effects of ligands may

not be always acceptable.

Drug derivatization as a means of solubilization (1 1 )

The use of derivatives to increase the solubility of otherwise insoluble drugs has

long been recognized as an effective strategy in drug design. There are two main

approaches employed to increase aqueous solubility: 1) introduction of an ionic or

ionizable group, and 2) introduction of a group to decrease crystalline bonding forces,

which also decreases the melting point.

The synthesis of ionic or ionizable derivatives of a therapeutic agent is the most

commonly employed method of the prodrug solubilization strategies. This is based on

the well-known solubility pH relationships for weak acids and bases. The phosphate

group is perhaps the most commonly used progroup to increase solubility of drugs for

parenteral administration. The soluble phosphate ester salt is reconstituted prior to

administration and is enzymatically hydrolyzed to the active agent in body fluids. Apart

from the phosphate, succinate esters are extensively used for solubilization.
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Solubilization by solid-state manipulation (12)

In nature, many compounds, especially complex organic molecules, exist or are

capable of being manipulated to exist in more than one form as solids. Certain of these

forms are crystalline, while others are in metastable states where the compound is in a

noncrystalline or molecularly dispersed form as a solid in solid solution. These

differences in the physico-chemical properties which exist between various solid states

have been exploited to optimize drug delivery in pharmaceutical research and

development.

Sekiguchi and co-workers (13, 14) have reported the use of eutectic mixtures

(formed by fusion) capable of enhancing dissolution and absorption rates of certain

drugs. Subsequent studies (15,16) have shown that the magnitude of increase in

dissolution rates was a function of the ratio of carrier to drug in the eutectic.

The term 'solid dispersion' is applied to those systems in which a drug is

homogeneously distributed throughout a solid matrix. Depending on whether the matrix

is water soluble, drug dissolution can be decreased or increased. The matrix material

must be water-soluble when increasing the solubility of the drug is the desired effect.

Two basic procedures are used to prepare solid dispersions: fusion and cosolvent

techniques.

The fusion technique involves heating the components that make up the

dispersion (drug plus carrier) to a temperature at which melting occurs and a solution

forms. The molten mixture is usually cooled rapidly to entrap drug particles in the matrix

in as fine a state as possible. It is customary to cool the fusion mixtures in either an ice
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bath or dry ice-acetone bath. The cooling rate of a eutectic mixture can influence the

physical state of solid obtained and the particle size of crystals formed (17, 18).

The cosolvent procedure involves dissolving ingredients comprising the

formulation dispersion in a common solvent. The solvent is then evaporated under

vacuum and sometimes under heat. Materials prepared by these methods are also known

as coprecipitates (19). The solvent system used in the preparation of dispersions is of

most importance. Ingredients of the dispersion should be equally soluble in the solvent,

otherwise crystallization of one may occur before the other and a uniform dispersion may

not be achieved.

Eutectic mixtures are formed when two materials are completely miscible in their

molten state. If these materials are not able to form solid solutions they will exhibit

melting behavior as shown in phase diagram Figure III-1. The system consists of an

intimately blended mixture of two materials below the eutectic temperature (12).

D COMPOSITION
(100%)

C

Tc

(100%)

Figure III-1: Phase diagram for eutectic mixture
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A number of systems exhibiting eutectic behavior are reported. Urea and succinic

acid have been found to form simple eutectics with a wide variety of drugs (20-22).

Dissolution studies with these materials show a great enhancement of drug release rate

occurs with eutectics where the fraction of drug dispersed is low. Ford and Rubinstein

(22) showed that when the concentration of chlorapropamide in urea is above 30%, its

relative dissolution rate falls off precipitously as shown in figure 111-2.
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The increase in dissolution rate observed for eutectic mixtures can result from a number

of factors which can be summarized as follows:

1. The particle size of the drug in eutectics formed by rapid solidification will be small

(23). This can result in an enhanced dissolution rate as a result of both surface area

increase and solubilization.

Extremely fine crystals, in principle, are known to exhibit much higher solubilities than

large ones. Insight into the relative increase in activity (solubility) on diminution of a

crystal is provided by the Kelvin equation

In a/a0 = 2yv/RTr

Where a/at, is the ratio of the activity increase on decreasing a large crystal to a radius r.

The average surface free energy of the crystal is denoted by y and the molar volume by v.

The dissolution rate of a substance is directly proportional to its surface area. The

smaller crystallites present in eutectic mixtures, especially those in which the carrier

substance is highly water soluble, would dissolve more rapidly than pure crystals of the

drug.

2. The carrier material as it dissolves may have a solubilizing effect on the drug. This

could be especially important in the diffusion layer surrounding the eutectic particles

where saturated solutions of the substances would be found. The solubility of many

compounds is known to be markedly increased in the presence of urea (24) and other

organic compounds.

3. In a eutectic mixture where each crystal of drug is surrounded by a water soluble

crystal, there will be good wettability and dispersibility of the drug in the dissolution

media.
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Eutectic mixtures of drugs with succinic acid (20, 22), urea (21), citric acid or

polyethylene glycol (19) are reported in the literature. Polyethylene glycols (PEG),

which are highly crystalline in nature, are believed to be capable of entrapping low

molecular weight compounds in their interstitial space(19). The degree of molecular

dispersal in the polymer is influenced by the preparative procedure and handling of the

material (25) for e.g., grinding can cause nucleation and growth of the drug.

Based on the different approaches available to overcome the solubility problems

of water-insoluble drugs, the foremost thing is to know the solubility of the drug of

interest ( in this case itraconazole) in various aqueous and organic solvents. Table III-1

shows the solubility of itraconazole and the values are in tune with other literature values

(18).



100

Solvent Solubility (g/100 ml )
Water (pH=7.0) <0.0001

Methanol 0.061
Ethanol 0.026

2-propanol 0.008
Dichloromethane 25

2-propanone 0.20
Ethyl acetate 0.16
Diethyl ether 0.002

Hexane <0.001
Toluene 0.12

N,N-dimethyl formamide 3.5
Tetrahydrofuran 2.2

4-methyl 2-pentanone 0.058
Propylene glycol 0.013

Polyethylene glycol 400 0.19
Dimethyl sulfoxide 1.1

2-butanone 0.23
Acetonitrile 0.11

tetrachloroethane 0.013

Solvent pH of solution Solubility (g/100m1)

HC1 0.1N 1.0 0.0006

HC1 0.01N 1.0 <0.0001

Citrate-HC1 buffer pH 2.0 2.0 <0.0001

Citrate-HC1 buffer pH 4.0 4.0 <0.0001

Citrate-NaOH buffer pH6.0 6.0 <0.0001

Borate-HC1 buffer pH 8.0 8.0 <0.0001

Borate-KCI-NaOH 10.0 <0.0001

NaOH 0.1N 12.7 <0.0001

Table III-1: Solubility of itraconazole in various organic solvents and in aqueous media
as a function of pH
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It is clear from the table that itraconazole is most soluble in dichloromethane

(25% w/v), while it is poorly soluble in water and other aqueous and organic solvents.

The currently existing formulation for itraconazole in the market is Sporanox® by Janssen

Pharmaceutica. Sporanox® capsules contain 100mg of itraconazole coated on sugar

spheres. A drug coating solution was prepared by dissolving the drug and hydrophilic

polymer (HPMC) into a solvent system of dichloromethane and ethanol (60:40). The

coating solution was then spray layered onto the sugar spheres. Thus, Sporanox ® is

prepared using an organic solvent, which then needs to be removed from the formulation

by careful and extensive drying to meet the requirement of FDA for minimum presence

of dichloromethane (less than 0.005%). Hence it was decided to develop a drug delivery

system for itraconazole without the use of highly regulated organic solvents, keeping in

view both FDA as well as EPA perspectives. The use of eutectic mixtures to develop a

drug formulation for itraconazole in order to produce a bioequivalent product to

Sporanox® was approached, and is addressed in this presentation.
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All chemicals used in the present study were purchased from standard sources.

The following compounds were obtained from the companies mentioned in parentheses.

Itraconazole (TEVA USA, Sellersville, PA), Polyethylene glycol 3500, 8000 (Union

Carbide Co.) and 20000 (PEG Compound, Sigma Chemical Co., St. Louis, MO), PEG

20000 linear (TEVA USA Sellersville, PA), Glycerol (Sigma Chemicals Co, St. Louis,

MO), Hydroxypropyl methylcellulose, (Methocel K15M, Dow Chemical Co. Midland,

MI), Sodium starch glycolate (Explotab, Edward Mendell Co.), methyl cellulose and

carboxy methylcellulose (Sigma Chemicals Co., St.Louis, MO).

Methods

Eutectic mixtures

Polyethylene glycol (PEG) and drug are made into a eutectic mixture at 120°C.

Initially, PEG is melted alone at 60-70°C, and then the temperature is raised to 120°C.

Itraconazole is added in small quantities with vigorous stirring ensuring its dissolution

and a clear solution is formed. This hot solution was then rapidly cooled in an ice-cold

waterbath, leading to rapid solidification of PEG entrapping the drug in its interspacial

spaces as a solid in solid solution. The product is then reduced into sizes of different

granules.
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Dissolution testing of formulations

Dissolution profiles of drug release were determined using the United States

Pharmacopoeia (USP) XXII apparatus II, paddle stirring method (VK 7000®, Vankel

Industries, Inc., Edison, NJ). Dissolution media (degassed and maintained at 37°C)

included 900m1 of enzyme-free simulated gastric fluid (pH 1.4±0.1). Detailed parameters

are:

Medium: 900m1 simulated gastric fluid without enzymes

RPM: 100

Temperature: 37.5°C

Time: 60 minutes

Specification: Not less than 80% drug dissolution at 45 mins (26).

Wavelength: 226nm using HP diode array spectrophotometer

Itraconazole standard solution: 22mg of itraconazole is dissolved in 20m1 of acetonitrile.

Dissolution of itraconazole in acetonitrile is achieved by sonicating for 30 minutes at

room temp. Volume is then made up to 200m1 with simulated gastric fluid. lml of this

standard solution was diluted to 10m1 with simulated gastric fluid before taking for UV

analysis.

Concentration of unknown is calculated after determining UV absorption (after dilution

of lml dissolution sample with 9 ml SGF) by

Concentration of unknown (mg) = 99* Cstd * Aunknown/ Astd

Dissolution samples were collected at 10, 20, 30, 45 and 60 minutes using 51.tm filters

(Acrodisc Versapor® from Gelman Sciences, medium: acrylic polymer, hydrophilic and

bidirectional).
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Differential Scanning Calorimetry (DSC) analysis

DSC analysis of formulations was carried out using Perkin Elmer TADS

instrument. The marketed Sporanox® was also subjected to DSC to determine the

physical nature of the drug in the formulation.

Influence of polymer concentration, particle size

A number of formulations were prepared with varying levels of PEG, HPMC and

Explotab® in order to achieve the desired release profile, and to keep the amount of final

formulation to a minimum.
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RESULTS AND DISCUSSION

Dissolution of innovator itraconazole formulation (Sporanox®) is presented in

figure 111-3. 90% of drug dissolved in 60 minutes. Specification for this product is that

not less than 80% drug dissolution at 45 minutes (26).

A simple eutectic mixture of drug and PEG did not improve drug dissolution.

Addition of a disintegrant such as croscormellose sodium to a hot melt of mycophenolate

mofetil which is a water insoluble drug is reported to improve drug dissolution (27).

Addition of super disintegrant sodium starch glycolate (Explotab®) to the melted PEG-

drug mixture at 120°C improved dissolution of the drug dramatically.

Various formulations with different ratios of PEG:drug:explotab were made to study and

modify the drug release.

Influence of molecular weight of PEG

PEG 3350, 8000 and 20000 were used in formulations at varying ratios with drug

such as 10:1, 5:1, 2.5:1. In addition, all these preparations contained 1 part of Explotab®.

Dissolution profiles are shown in figures 111-4 111-6. It follows from the dissolution

profiles that drug dissolution improved considerably as the molecular weight of PEG

increased, and also the dissolution was better at higher PEG to drug ratio. That is, PEG

20000 gave a maximum 80% drug dissolution at a ratio of 10:1 where with other PEGs of

low molecular weight and at low ratios of PEG to drug ratio, dissolution was poor
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compared to Sporanox®. PEG 20000 used in these preparations was branched, produced

by Union Carbide as Compound 20 M and supplied by Sigma.



100

90 I

80

70

60

50

40

30

20

10

0

0 10 20 30 40 50 60

Time (rninutes)

Figure III-3: Dissolution profile of itraconazole from innovator product Sporanox



100

90

80

70

60

50

40

30

20

10

0 10 20 30
Time (mins)

40 50 60

Figure 111-4: Effect of PEG 3350 on drug dissolution. Ratios correspond to PEG 3350: drug:explotab respectively



100

90

80

70

60

1 50

Qeg
40

30

20

10

06
0

10:1:1

5:1:1

2.5:1:1

10 20 30

Time (mins)

40 50 60

Figure 111-5: Effect of PEG 8000 on drug dissolution. Ratios correspond to PEG 8000: drug:explotab respectively



100

90

80

70

60

50

40

30

20

10

10:1:1 III 5:1:1 A 2.5:1:1

filIMIllik.,41/1

10 20 30 40 50 60

Time (mins)

Figure 111-6: Effect of PEG20000 on drug dissolution. Ratios correspond to PEG20000: drug:explotab respectively



111

Influence of glycerol

A formulation containing 10:1:1 parts of PEG 20000, drug and Explotab® gave

good dissolution (figure 111-6). In order to deliver 100mg drug with this formulation, the

final amount of formulation is 1200mg, which is difficult to put into a capsule. Hence it

is essential to reduce the final amount of the formulation. Glycerol has been used as a

wetting agent in suspensions (28) and was added to enhance the solubility of the drug.

The effect of glycerol in enhancing dissolution of drug is evident in figure 111-7. Various

formulations were made with incorporation of glycerol. Dissolution profiles are shown

in figure 111-8. Formulation 3:1:2:1 (PEG:drug:glycerol:explotab) was chosen to further

reduce the quantity of the formulation. Glycerol was reduced from 2 parts to 1 part.

Formulation 3111 showed good dissolution but dissolution was not 100% (figure 111-9)

and the drug began to precipitate after 45 minutes.
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Influence of hydrophilic polymer HPMC

An interesting aspect discovered during dissolution of formulations, especially in

the case of powdered formulations, was precipitation of the drug. There could be many

explanations for this phenomenon of drug precipitation. Grinding has been found to

cause nucleation and growth of drug (25). In current research, formulations were reduced

in size after cooling. Another aspect observed was the relation of drug strength to

precipitation. Precipitation of drug occurred for 100mg-drug in formulation, however

there was no precipitation of drug when 50mg of drug was in the formulation (figure III-

10). This in vitro saturation may be attributed to the fixed volume of dissolution medium

in which there is saturation of drug. This may not be the case in vivo. Figure III-11

shows comparison of Sporanox® dissolution for 100mg or 200mg in 900m1 of dissolution

medium. Whereas 100mg alone gave 95% drug dissolution, 200mg dosage (i.e., two

100mg capsules) gave 68% drug dissolution at 60 minutes. The postulation that in vivo,

there is no drug saturation in gastric fluid during drug dissolution is supported when AUC

for a 200mg dose was found to be more than twice than that found for al 00mg dose and

definitely not less than double as suggested by the in vitro dissolution.

Nucleation of drug can lead to poor dissolution. Also, the drug may undergo

phase transformation from a metastable to a stable crystalline form when it comes in

contact with gastric fluid. In order to minimize such effects, hydroxypropyl

methylcellulose (HPMC, 29) was incorporated in the formulation as an antinulceation

agent or phase retardant agent.
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Dissolution of drug from a formulation containing 1 part of HPMC is compared

with that containing Explotab®(figure 111-12). The formulation containing Explotab®

showed rapid drug dissolution, but also precipitation. On the other hand, formulation

containing HPMC showed slower dissolution but no precipitation. When both of these

excipients were used at equal proportions, the drug dissolution profile was not only fast

but also there was no precipitation (figure 111-12). 600mg of this formulation contain

100mg drug. This amount of formulation may be difficult to fit into the desired '0'

capsule, therefore efforts were made to reduce the final amount of formulation.

A series of formulations by varying the amount viz., 2 parts, 2.25, 2.5, 2.75, 3.0 of

PEG were prepared. Itraconazole dissolution profiles are shown in figure 111-13.

Formulations also made by varying the amounts of Glycerol, HPMC and Explotab®.

Results are shown in figure 111-14. By changing one ingredient at a time, these studies

gave the following information: i) the amount of PEG in the formulation should not be

lower than 2.6 parts, ii) amount of glycerol should not be less than 0.6 parts, and iii) the

amount of HPMC and Explotab® ratio is very critical in achieving the desired dissolution.

Formulation 2.75:1:0.75:0.25:0.25 (referred to as biostudy formulation) as the

ratios of PEG: drug:glycerol:HPMC:Explotab® respectively was found to provide desired

dissolution (figure 111-15) when compared to Sporanox®, and only 500mg of formulation

is needed to deliver 100mg of the drug. This amount can be filled into a '0' capsule.

Dissolution of the biostudy formulation shown in figure 111-15 indicates that initial

dissolution is much faster compared to Sporanox®. In order to slow down the initial drug

dissolution, PEG used was as a blend of PEG 20000 and PEG 8000. These blends at

ratios of 60:40, 50:50 and 40:60 gave results shown in figure 111-16. The formulation
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made with 50:50 is nearly identical to Sporanox® at early times, but only about 80% drug

dissolved when compared to 90% from Sporanox® at time 60 minutes. Dissolution from

the 60:40 blend is a little faster than Sporanox, but is identical in the final amount of drug

dissolved.
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Influence of particle size

Biostudy formulation (test formulation) was made into different size granules,

viz., 240-380pm (mesh size 60), 381-590pm (mesh size 40), 591-480pm (mesh size 30),

841-118011m (mesh size 20) and 1180-1400pm (mesh size 16). Dissolution from larger

particle size is better than from smaller particles with the formulation developed and

precipitation does not occur following dissolution.

A formulation of 3:1:1:0.5:0.5 was also studied for particle size effect. Granules

of mesh 12-14 and granules of mesh greater than 20 gave expected results (figure 111-18).

As the particle size is reduced, precipitation following rapid drug dissolution

becomes significant factor in providing poor total dissolution of drug from the

formulation (figure 111-18). This finding is quite contrary to the normal principle, which

states the smaller the particle size of the drug, the better is drug dissolution. A definite

reason for this nature of precipitation and poor dissolution from small formulation

particles needs further exploration.
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Influence of weighting down of capsules on dissolution

For dissolution results reported earlier herein, formulations either as a powder

(small particles) or granules were dumped into dissolution medium without

encapsulation. After encapsulation, both the granular and powder formulations were

weighted down during dissolution to prevent floating. Drug dissolution from powdered

formulations decreased significantly when capsules were weighted compared to

unweighted capsules. However, dissolution from granules remained unaffected by

weighting (figure III -19). When a powdered formulation is weighted down, the powder

forms a plug that remains undissolved after dissolution of the capsule. This plug traps the

drug and prevents dissolution.

The problem of 'plug' formation can be overcome by adding a super disintegrant such as

Explotab® after the formulation is powdered and before filling into the capsule. Thus

Explotab® is added at two different stages, once during the production stage and another

time with the powdered formulation before being filled into a capsule. Explotab® with its

powerful disintegrant nature causes the plug to break and also helps prevent initial

formation of the plug. Drug dissolution results are shown in figure 111-20. Addition of

disintegrant brings back the dissolution to the same level as that found under unweighted

conditions.
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Influence of type of PEG 20000

PEG 20000 is available as either branched or linear chain polymers. All results

presented up to this point are based on formulations using branched PEG 20000.

Branched PEG 20000 consist of 2 moles of polyethylene glycol (molecular weight 7000-

9000) joined internally through a homobifunctional aromatic spacer (30). It was only

recently discovered that this branched PEG 20000 is currently not approved by FDA for

usage in pharmaceutical preparations. This is because the process of manufacturing of

PEG 20000 is not GMP.

Hence, formulations were made replacing branched PEG 20000 with linear PEG

20000 which is approved by FDA for use in drug product formulations. Drug dissolution

from these formulations was found to be poor. As observed earlier, dissolution from

granules was still better than from powder. However, itraconazole was never completely

dissolved.(figure III-21). Dissolution improved when the amounts of PEG, glycerol and

HPMC were increased, but still never reached completion. Granules from these

formulations were found to remain visible throughout the dissolution, whereas granules

of formulations using branched PEG dissolve in less than 30 minutes. Increasing the

amount of disintegrant (Explotab®) might be expected to help in more rapid dissolving of

linear PEG formulation and thus, the drug. Increased disintegrant however, did not show

any significant improvement in drug dissolution (figure 111-22).

There could be many reasons for this poor dissolution of drug from linear PEG

such as binding of drug in PEG during preparation or perhaps slower dissolution of the
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linear PEG-drug complex in gastric fluid, or differences in the eutectic nature of the

formulation complex.
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Differential Scanning Calorimetry (DSC) study

DSC studies were carried out for biostudy (test) formulation, Sporanox®, and all

individual ingredients of the biostudy formulation. The most important finding from this

study is that Sporanox® contains itraconazole as a particulate dispersion, while the

biostudy formulation contains drug in a dissolved form (i.e., solid solution). When DSC

is run for Sporanox®, there were two peaks at 61°C and 185°C corresponding to PEG

20000 and itraconazole respectively. This was expected since there is no direct contact

between the drug and PEG 20000, as PEG 20000 is used as a seal coat for Sporanox®

spheres (26). The DSC of test formulation shows only one peak at 52°C (figures 111-23

and 111-24). The solid solution nature of test formulation was confirmed when a

powdered mixture of PEG 2000 and drug were subjected to DSC. Two distinct peaks are

obtained corresponding to PEG and drug at 56°C and 166°C respectively (figure 111-25).

Rerunning of the same sample after cooling gave only one peak indicating that drug lost

its crystallinity during the first run and therefore formed a solid solution with PEG when

the PEG was melted.
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CONCLUSIONS

Successful solubilization of the water-insoluble antifungal agent itraconazole,

without the use of highly regulated organic solvents, was achieved by use of a eutectic

mixture technique. Itraconazole was solubilized in PEG at 120C, which upon rapid

cooling entrapped the drug in solution in its interstitial spaces. Eutectic mixtures of drug

with various PEGs at different ratios were made and branched chain Peg 20000 was

chosen for further analysis, based on drug dissolution in gastric fluid. Pretreatment of the

drug with glycerol and addition of the disintegrant sodium starch glycolate (Explotab ®) to

the eutectic mixture, before cooling, improved drug dissolution considerably and to

completion within 60 minutes in gastric fluid. In these formulations, however,

precipitation of the drug occurred immediately following drug dissolution. This can be

attributed to nucleation of drug or phase transformation from a metastable to stable

crystalline form of drug. Addition of an phase retardant such as hydroxypropyl methyl

cellulose (HPMC) was found to prevent the precipitation ofthe drug during the process

of drug dissolution. Among the various formulations made by varying the ratio of PEG,

glycerol, HPMC and Explotab®, a formulation containing 2.75 parts of branched chain

PEG 20000, 1 part drug, 0.75 part glycerol, 0.25 part HPMC and 0.25 part Explotab® was

found to provide drug dissolution comparable with the reference product Sporanox®.

Formulations with a final particle size of greater than 1000 microns showed good

dissolution, where as dissolution from formulations of final particle size less than 600

microns was poor. This can again be explained as a result of precipitation of drug
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following dissolution. Reduction of particle size has been reported to cause nucleation of

drug. DSC of powdered formulation however, did not show any drug peak. Thus, this

hypothesis can be ruled out.

Weighting down of capsules containing large granular formulations during the

process of drug dissolution testing did not have any significant effect on the drug

dissolution when compared to non-weighting. However, a capsule containing powdered

formulation (less than 600 microns) that was weighted, showed a drastic decrease indrug

dissolution. This is so because the powder forms a plug before the capsule is completely

disintegrated. Formation of a plug was prevented by pre-mixing of the powdered

formulation with the disintegrant Explotab® before filling into a capsule. Drug

dissolution was then found to occur at the same rate and amount as found under

unweighted conditions.

A formulation containing branched PEG 20000 showed good dissolution, whereas

the formulation containing linear Peg 20000 showed poor drug dissolution. This may be

attributed to various factors such as the kind of eutectic mixture that linear PEG forms

with the drug, the kind of interaction between the two, slower dissolution of linear PEG-

drug complex in gastric fluid. Further studies are warranted to study this disparity.

Physical properties of the formulations were studied with the help of Differential

Scanning Calorimetry (DSC). From this, it was found that the drug is a solid solution in

PEG in the new formulation, where as the drug in Sporanox® is a molecular dispersion.

Therefore, the drug is in an amorphous form in the new formulation, whereas the drug

retains its crystallinity in Sporanox®.
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ABSTRACT

Pharmacokinetics and bioavailability of itraconazole from a newly formulated

immediate release test formulation and Sporanox® were compared in six subjects in two

different studies conducted simultaneously. Study I was designed to be a randomized,

open-label, two treatment, two period cross over study in 6 healthy adults in the fasted

state with a washout period of 8 days. A similar study II was conducted under fed

conditions in 6 healthy adults. Blood samples were collected. Itraconazole was extracted

from plasma and analyzed by HPLC. Equivalence was analyzed based on

pharmacokinetic parameters C. and AUCo_t using both the two one-sided t-tests and SE

from ANOVA using log transformed data. The mean plasma concentration of

itraconazole reach a peak value of 63.95 ng/ml for test formulation and 58.4 ng/ml for

Sporanox® under fed conditions. For fasted conditions these values reach 47.1 for test

formulation and 32.1 for Sporanox®. Areas under the plasma drug concentration are

946.24 for test formulation and 772.4 for Sporanox® under fed conditions. For the case

of fasted study, these values are 406.95 for test formulation and 429.5 for Sporanox®.

Preliminary evaluation of test formulation in comparison to Sporanox®, shows that there

is significant statistical difference in extent of absorption and peak plasma concentration.

Hence bioequivalence of two formulation could not be shown.



145

INTRODUCTION

Itraconazole is the prototype of a class of triazole antifungals with high

lipophilicity, good oral absorption and extensive tissue distribution. It is used for the

treatment of aspergillosis, histoplasmosis, blastomycosis and onychomycosis.

Itraconazole is highly protein-bound and binds primarily to albumin, to an extent of

99.8% in healthy subjects as well as in the elderly and in patients with renal insufficiency

(1-3). The low free fraction of itraconazole in plasma i.e., 0.2% of the total plasma

concentration, is freely available for distribution over the total body water. As a

consequence, itraconazole concentrations in body fluids equivalent to body water such as

CSF, eye fluid and saliva are negligible (about 1-2ng/m1). In fluids that contain organic

material such as sputum and bronchial exudate, concentrations can reach up to 400ng/m1

(1).

In spite of the high plasma protein binding, tissue concentrations of itraconazole are

higher than those found in plasma, indicating that the drug is extensively distributed in to

tissues. In most tissues, itraconazole concentrations are at least 2-3 times the

corresponding plasma levels and in adipose tissue it is even 20 times the value. In rats

and dogs, brain concentrations of itraconazole were higher than concentration in plasma

(1). This may explain that in spite of negligible concentrations of itraconazole in the CSF

(4), the drug is highly active in the treatment of cryptococcal meningitis (5). For

lipophilic antifungals such as ketoconazole and itraconazole, the protein or tissue bound

concentration better reflects the availability and high affinity of these substances to the

bio-phase. The bio-phase must not be restricted to the mammalian tissue (cells), but it

includes also the micro-organisms, yeasts and fungi, which may invade the tissues of the
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host. In other words, the availability of a drug to the infection site in the body is not

necessarily related to the (free) concentration of drug in plasma and body water, but

rather to its concentration in the tissues. In this respect it may be explained that

itraconazole with relatively low plasma concentrations is as effective as fluconazole, a

drug with high levels in plasma and body water but with a weak affinity for tissues and,

presumably, also a weak affinity for the microorganisms.

In a crossover study reported by Heykants et al (6), 6 subjects received 100mg doses of

itraconazole as a one-hour intravenous infusion of 1 mg/m1 solution, and as a 10mg/m1

oral solution. At the end of 1-hour infusion, plasma levels of itraconazole averaged

664ng/ml and they decayed triphasically with mean sequential half-lives of 2.5 min (7c

phase), 2.35 hours (a phase) and 25 hours ((3 phase). Pharmacokinetic parameters were

determined and are shown in table IV-1. The drug was widely distributed to the tissues

with an apparent volume of distribution during the elimination phase (Vdarea,) of 800 liters

(10.711/kg). Redistribution from the deep compartment was the rate limiting step in the

elimination of itraconazole from the body (k31ikio = 0.075). Total plasma clearance

averaged 381 ml/min, corresponding to blood clearance of 660 ml/min. After an oral

dose of 100mg itraconazole, the peak plasma levels of 127ng/ml were about 5 times

lower than that of the same dose given as an infusion. The terminal half-life after oral

administration was about 21 hours, similar to that after intravenous dosing. Comparing

the areas under the curve (AUC) for both routes of administration, an absolute

bioavailability for oral itraconazole was found to be 55%.
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Table IV-1: Model dependent pharmacokinetic parameters of itraconazole after

intravenous and oral administration of 100mg solution in 6 human subjects (mean with

SD) (6)

Pharmacokinetic parameters i.v. infusion (1 hr) p.o.

T. (h) 1.0 (0.0) 5.0 (1.1)

Cmax (ng/ml) 664 (234) 127 (37)

hap (h) 25 (5) 21 (6)

Vdarea (I/kg) 10.7 (2.7)

Cl (mUmin/kg) 5.1 (1.3)

AUC 0,, (4.h/m1) 4.60 (1.09) 2.48 (0.74)

Fabs (%) 100 55 (15)

Influence of food and dose on the bioavailability of itraconazole

Van Peer et al studied the influence of food and dose (50, 100 and 200 mg) on the

oral bioavailabity of itraconazole in six healthy male volunteers (7). The food was found

not to affect the rate of absorption, however it influenced the extent of absorption. In

presence of food, the relative bioavailability of itraconazole was 102%, while that in

absence of food was only 40% when compared with oral solution of itraconazole

administered under conditions of fasting (table IV-2). This is because the dissolution and

absorption of itraconazole is pH dependent, with the highest serum concentrations

obtained at low gastric pH levels. In presence of food, the formulation would stay in the
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stomach for longer time when compared to given on empty stomach. The observations Of

Lange et al following studies on the bioavailability of itraconazole under normal and

gastric acid suppressed conditions are confirmatory of this finding (8). They found that

administration of itraconazole with ranitidine (112 receptor blocker, gastric acid

suppressant), relative bioavailability of itraconazole decreased to less than 60%

compared to when given alone. They also showed that effect of ranitidine is nullified by

administration with cola beverage (pH 2.27) that transiently reduced the gastric pH. The

bioavailability of itraconazole administered with ranitidine and cola beverage was same

as obtained under normal conditions (8).

Areas under the curve of single dose of 50, 100 and 200 mg had a ratio of 0.3:1:3 (7)

(table IV-2), suggesting non-linear dose-dependent itraconazole kinetics, especially after

multiple dosing. The itraconazole may undergo saturation metabolism with multiple

dosing.

Table IV-2: Influence of food and dose on the bioavailability of itraconazole

Parameters 50mg fed 100mg fed 100mg fasted 200mg fed

C.a. (ng/ml) 45 (16) 132 (67) 38 (20) 289 (100)

Tina. (h) 3.2 (1.3) 4.0 (1.1) 3.3 (1.0) 4.7 (1.4)

AUCo_. (ng.h/m1) 567 (264) 1899 (838) 722 (289) 5211 (2116)

Table IV-3 summarizes the absolute oral bioavailbilty, relative bioavailability of

itraconazole of 100mg under both fed and fasted conditions



Table IV-3: Absolute oral bioavailability and relative bioavailabity of itraconazole under the conditions of fed and fasting

Dosage form Tmax (h) Cmax (ng/ml) AUC (ng.h/m1) Fabs (%) Frel.fed (%) Fre.fast (%)

100mg iv infusion 1.0 664 (234) 4595 (1086) 100.0

Oral soln. 100mg fed 5 (1.1) 127 (37) 2475 (737) 54.7 100.0

Oral soln 100mg fasted 1.7 (0.3) 223 (86) 1879 (479) 43-44 77.0 100

Sporanox 100mg fed 4.0 (1.1) 132 (67) 1899 (838) 45.0 78.0 102.0

Sporanox 100mg fasted 3.3 (1.0) 38 (20) 722 (289) 20.0 30.0 40.0
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Metabolism and excretion of itraconazole

The metabolism and routes of excretion of itraconazole have been studied in

healthy human volunteers after a single oral dose of 3H-itraconazole solution (1,9). Main

metabolic pathways were oxidative scission of the dioxolane ring, oxidative degradation

of the piperazine ring and aliphatic oxidation and N-dealkylation at the 1-methylpropyl

substituent. As a result of the various metabolic pathways, a very large number of

metabolites were formed and each representing less than 1-5% of the dose. One

metabolic pathway produced hydroxy-itraconazole. The plasma levels of this particular

metabolite exceed those of the parent drug. This metabolite was formed by (o)-1)

oxidation of the 1- methyipropyl substituent. Structure of hydroxy-itraconazole is shown

below. Most metabolites produced lack of antifungal action but in vitro activity of

hydroxy-itraconazole is similar to the parent drug, although efficacy in animal models

was 2- to 4- fold lower. The half-life of hydroxy-itraconazole after single dose of

itraconazole was found to be 12 hours.

Structure of hydroxy-itraconazole-active metabolite of itraconazole.
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Regarding elimination of itraconazole, 35% of the dose administered is excreted

in urine after one week, as inactive metabolites and fecal excretion represented 54% of

the dose. Unchanged itraconazole is practically not found in the urine and is about 3-

18% in the feces (1, 9).

Based on the above discussion of pharmacokinetic parameters, which are affected

by the presence or absence of food, normal or hypochlohydria condition and dosage

form, it would be imperative to determine the bioavailability under the fasting as well as

fed conditions. In the present project a new immediate release formulation of

itraconazole was evaluated for bioequivalency with Sporanox®. Commercial availability

of such a bioequivalent product may save patients approximately 30% on their

prescription costs.

A new formulation of a drug is considered bioequivalent to an existing

formulation, if it receives a 'AB' rating from FDA. AB rating is given for formulations

containing same active ingredient at same strength and in a identical dosage form when

compared to innovator product . Pharmacokinetic parameters such as Cmax and AUC,

determined for the two formulations in same subjects in a crossover manner under the

same conditions are within 20% of each other when analyzed by applying two one-sided

t-tests.

In the current work, two immediate release itraconazole formulations (test

formulation, College of Pharmacy, Oregon State University, and the marketed standard,

Sporanox®, Janssen Pharmaceutica ) were compared for plasma drug concentrations,

under the fasting and fed conditions. Objective of this study is to evaluate and compare

bioavailability parameters associated with observed plasma drug concentration following
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a single dose of the test formulation as compared to Sporanox®, and to provide

information useful for modification of the test formulation, if necessary to make it

equivalent to Sporanox®.



MATERIALS AND METHODS

Chemicals
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Sporanox® 100mg capsules (Janssen Pharmaceutica, Titusville, NJ). Test

formulations containing 100mg itraconazole were produced at College of Pharmacy,

Oregon State University, Corvallis, OR. Itraconazole was supplied by TEVA

pharmaceuticals-USA, Sellersville, PA. Acetonitrile (Fisher Chemicals, Lawn, NJ),

methanol (EM Sciences, Gibbstown, NJ), n-Heptane, isoamyl alcohol (Spectrum quality

products, NewBrunswick, NJ), diethyl amine, sodium carbonate, sodium bi carbonate,

sodium citrate (mallinckrodt Inc., Paris, KY), glacial acetic acid (JT Baker, Phillipsburg,

NJ)

Supplies

1. Catheter 18 gauge, 1.16", 1.3x30 mm, 105m1/min (Insyte-W, Becton Dickinson

Infusion Therapy Systems, Inc., Sandy, Utah 84070)

2. Bacteriostatic 0.9% sodium chloride inj. USP (Abbott Laboratories, North Chicago,

IL)

3. Desert PRN adapter-Luer_Lok, fluid capacity 0.1 ml (Becton Dickinson Vascular

Access, Sandy, Utah 84070)

4. IV start Kit # 5500 w/Tegaderm Dressing contains Tourniquet, alcohol prep pad

(medium, Kendall Co., Mansfield, MA), iodophor PVP swabstick, 2"x4" tape strips,

and dressing change label (The clinipad Corporation, Guilford, CT 06437)

5. 10 ml syringe (Becton Dickinson & Co., Rutherford, NJ)
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6. Hypodermic needles with polypropylene Luer Lock Hub (Monoject 250, Sherwood

medical Industries, Deland, FL)

7. Precision Glide needle 19 GI (Becton Dickinson & Co, Franklin Lakes, NJ 07417).

8. Vacutainers

9. Butterfly 27X 3/8 8" tubing (Abbott Hospitals, North Chicago, IL)

10. 15 ml polypropylene centrifuge tubes (USA/scientific plastics, Ocala, FL)

Methods

Study design

Bioequivalence evaluation involved two different simultaneous studies conducted

under fasted or fed conditions. Study I was according to randomized two treatment, two

period crossover study in the fed state with a washout period of at least 8 days. Study II

was a randomized two treatment, two period crossover study under conditions of fasting.

Study I:

Treatment A: Test formulation equivalent to100 mg itraconazole administered

immediately after a standard breakfast.

Treatment B: Sporanox® 100 mg administered immediately after a standard breakfast.

Study II:

Treatment A: Test formulation equivalent to 100 mg itraconazole administered under

conditions of fasting.

Treatment B: Sporanox® 100 mg administered under conditions of fasting.
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The proposal of the study was reviewed and approved by the OSU Institutional

Review Board (IRB) for the protection of human subjects. The application describes in

detail the kind of study, benefits and risks of the drug, choice of subject population and

informed consent document. Seven healthy adults aged between 20 and 37 were enrolled

in each study. All subjects read, understood and signed the informed consent form.

Subject Populations

All test subjects were healthy male or female adult volunteers drawn from OSU

faculty, staff and students. Excluded from this study were the subjects who were/had

1. Hypersensitive to itraconazole or other related azole drugs.

2. Currently taking any medications

3. Scheduled to have medical tests within next 5 weeks

4. Pregnant

5. Kidney/liver disorders

6. Blood donations within 30 days prior to the start of the study

7. Used tobacco in any form

8. Gastrointestinal disorders especially achlorhydria

9. Had hepatitis B or C, tested positive for HIV or any AIDS virus.

Blood sample collection and treatment

All subjects were asked to fast overnight and they arrived at College of Pharmacy

at 7 am. A blood sample of 10m1 was collected using an indwelling catheter prior to

receiving a dose of itraconazole. Subjects under fasted conditions, received the dose on
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empty stomach and the standard breakfast was provided two hours after dose. Subjects

under fed conditions received the dose immediately after the dosing. Blood samples of

10 ml each were collected at 1 hour, 2, 3, 4, 5, 6, 8, 10, 24, 32, 48 and 72 hours. Blood

samples up to 10 hours were collected through the canula, which is removed after 10

hours. Blood samples at 24 hours and after were collected directly from veins using a

vacutainer. 5-6 ounce water was provided to each subject every time after blood

collection. A licensed nurse or a phlebotomist performed the process of collection of

blood samples collection. Standard breakfast (Burger King® sausage and egg biscuit,

hashbrown potatoes, and 250 ml of orange juice) was provided. Blood samples were

transferred from 10m1 syringe to a 15 ml polypropylene centrifuge tube containing 1 ml

of 4% sodium citrate as an anticoagulant. The blood samples were kept in the ice cooler

before being centrifuged at 10°C and 3000 rpm for 10 minutes. Plasma was transferred

to another 15m1 centrifuge tube and stored at 20°C until drug assay.

Drug Assay Method

Chromatographic conditions

Concentrations of itraconazole after extraction from plasma were detected by

HPLC using ketoconazole as an internal standard. The mobile phase was modified from

reference(26), was 60:40 acetonitrile: water containing 0.05% diethylamine and adjusted

to have final pH of 8.0 with 30% acetic acid. Mobile phase was filtered under vacuum

and degassed before use. The HPLC column was Microsorb-MV® CI8 51am 110 A° 25

cm (Rainin Instrument Company, Inc., Woburn, MA). The flow rate was 1.2 ml/min.

The UV absorbance was detected at 254 nm (Waters model 444, fixed wavelength UV
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detector). Other instruments in the HPLC system included a delivery pump (Waters 550

Solvent Delivery System, Waters Associates, Milford, MA), an automatic sample injector

(Waters WISP Model 712 B, Waters Associates, Milford, MA) and an integrator (C-R3A

Chromatopac, Shimadzu Corp., Kyoto, Japan).

Carbonate buffer pH 10 was prepared by adding 53.4 ml of 1 M sodium carbonate

to 46.6 ml of 1 M sodium bi-carbonate.

Standard Solutions

Itraconazole standard stock solution (1 mg/ml) was prepared by dissolving in

methanol. Standard solutions containing 400, 200, 100, 80, 60, 40, 20 and 10 ng/ml

containing itraconazole were prepared by serial dilution from stock solution.

Ketoconazole stock solution at a concentration of lmg/m1 was prepared by dissolving in

methanol. A solution of 0.2 i.ig/mlketoconazole was prepared by diluting the stock

solution.

Sample preparation

Liquid-liquid extraction method, used for extraction of drug from plasma, was

modified from two different methods described separately by Compas et al and

Woestenborghs et al (10,11). 2.0m1 of plasma were transferred into a centrifuge tube.

1001i1 of 101.1g/mlketoconazole was added to the same tube and vortex-mixed and to this

2001..t1 of 1 M carbonate buffer was added. Samples were vortex-mixed for 3 secs. For

the extraction 8 ml of heptane-isoamyl alcohol (90:10 v/v) was added and the mixture

was vortex-mixed for 2 min. After centrifugation (5 min, 2000 g) the organic layer was
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collected and evaporated to dryness under vacuum at 40°C. The residue was dissolved in

125p.1 of mobile phase and 60 ul was injected into the HPLC column.

Standard Curve

100 Ill of each itraconazole standard solution was added to separate centrifuge

tubes. 100 ill of 10 ligimlketoconazole was added to these centrifuge tubes. 1.8 ml of

blank human plasma was added to all the tubes and vortex-mixed. This was processed as

described above. A standard curve was constructed by plotting the peak-area ratios of

itraconazole to ketoconazole against itraconazole concentrations in plasma. Sensitivity of

assay was as low as 10 ng/ml with linear relationship between peak-area ratios and

itraconazole concentrations at 10 to 200 ng/ml (R2 of 0.992). A typical standard curve

for itraconazole is given in figure Iv-1.

Pharmacokinetic analysis

Significant pharmacokinetic parameters used for bioequivalence testing including

peak plasma concentration (Cmax), area under the curve from zero to the last measurable

concentration (AUCo_t), area under the curve from zero to infinity (AUCo..) and time for

maximum plasma concentration (Tmax) were obtained from individual data. Cmax was

obtained directly from the plasma drug concentration-time curve. AUCs are estimated by

using a computer program, WinNonlin® (Scientific Consulting, Inc., Cary, NC).

Statistical Analysis

Bioequivalence of two products is tested using two one-sided t-test on log

transformed pharmacokinetic parameters, as recommended by the Division of
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Bioequivalence, US FDA. The test product should be within 80% and 125% of the

reference product using the 90% confidence interval (12), when log transformed Cmax

and AUC were analyzed, as per the FDA.



Concentration (ng/ml)

Figure IV-1: A typical standard curve for itraconazole in plasma
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Individual plasma concentration-time curves are illustrated in figures IV- 2a-g for

the study carried out under the conditions of fasting and in figures IV- 3 a-g for the study

carried out under the fed conditions. Averages of plasma concentration-time curves

under the conditions of fasting and fed are shown in the figures IV-4 and IV-5

respectively. Average of individual pharmacokinetic parameters are depicted in the

tables IV-4 and table IV-5 for studies under the conditions of fasting and fed respectively.

Average of natural log transformed pharmacokinetic parameters are listed in tables IV-6

and IV-7.

Average curves in fed subjects appear quite similar. Average Cmax (from table

IV-5) for the test formulation in fed subjects compared to Sporanox® is 64 ng/ml against

58 ng/ml, and the average of subject AUCo_t is 946 ng.h/m1 against 722 ng.h/ml. Results

in figure IV-4 and table IV-4 for fasted subjects show a larger difference in Cmax (47

ng/ml against 32 ng/ml) and a smaller difference in AUC (406 ng.h/m1 against 429

ng.h/m1). These results indicate that bioavailability of itraconazole from the test

formulation is more with higher Cmax values than that obtained from reference Sporanox®

100 mg. Average time of maximum concentration (tmax) was approximately 2.5 hours for

both formulations under the conditions of fasting and was 5.5 hours for test formulation

and 3.75 hours for Sporanox® under the fed conditions.
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Tables IV-8 and IV-9 are the ANOVA tables for C. and AUCo_t for the study

under the conditions of fasting and tables IV-10 and IV-11 are the ANOVA tables for

C. and AUCo_t for the study under the fed conditions.

Table IV-12 gives the 90% confidence interval (CI) for natural log transformed

C. and AUCo_t for both studies under fasted and fed conditions. The 90% CI of all

parameters are not in the range of (-0.22314) and (0.22314), thus there is not enough

evidence to reject the null hypothesis. There was no convincing evidence that the two

formulations were bioequivalent, using the two one-sided t-tests. However, this was only

a preliminary study involving 6 subjects. Moreover, due to unavoidable circumstances

there were only 5 true cross over subjects under fasted conditions and only 4 under fed

conditions. This small number of subjects and a high value of mean square error

(because of fewer error degrees of freedom; 2 in fed and 3 in fasted and high inter subject

variability) produced a larger confidence interval which meant less possibility of

rejecting the null hypothesis. According to FDA, it is recommended that at least 24

subjects be enrolled in a single dose study. Depending on whether a drug is considered

as a highly variable drug, this number can be very high.

In vivo data obtained can be directly correlated to in vitro dissolution for both

formulations. In vitro dissolution for test formulation is faster than Sporanox® and test

formulation provided a higher C. in vivo. This relationship suggests that absorption is

dissolution rate limited rather than transport rate limited. This is the usual case for

sustained release formulations but is not always the case for immediate release

formulations that dissolve within 30 minutes. With modification of test formulation to

achieve initial slower dissolution from test formulation to match dissolution profile
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identical to Sporanox® and a biostudy involving at least 24 subjects can result in a

bioequivalent product.



Figures IV-2- a-f: Individual Itraconazole plasma concentration-tune curve under
the conditions of fed.
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Figure IV-2e: Itraconazole plasma concentration-time curve (subject 2) under
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Figure IV-2f: Itraconazole plasma concentration-time curve (subject 14) under
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Figures IV-3- a-f: Individual Itraconazole plasma concentration-time curve under
the conditions of fasting.
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Figure IV-3a: Itraconazole plasma concentration-time curve (subject 8) under
the conditions of fasting.
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Figure 1V-3c: Itraconazole plasma concentration-time curve (subject 10) under
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Table IV-4: Average of individual pharmacokinetic parameters under the conditions of
fasting

Parameter

Tmax (hr)

Cmax (ng/ml)

p (1/hr)

t1/2 (hr)

AUC 0-->t

subj ects(n)

Test formulation (mean± SD) Sporanox® (mean± SD)

2.33 ± 0.52 2.83 ± 0.75

47.1 ± 27.4 32.13 ± 8.6

0.03476 ± 0.007 0.0387 ± 0.013

20.63 ± 4.32 19.96 ± 7.66

406.55 ± 213.35 429.6 ± 252.8

5 6

Table IV-5: Average of individual pharmacokinetic parameters under the conditions of

fed

Parameter Test formulation (mean± SD) Sporanox® (mean± SD)

Tmax (hr) 5.5 ± 1.52 3.75 ± 1.7

Cmax (ng/rnl) 63.95 ± 21.0 58.37 ± 13.65

13 (1/hr) 0.03678 ± 0.0078 0.041 ± 0.01

t1/2 (hr) 19.55 ± 4.1 18.155 ± 5.6

AUC 0-->t 946.24 ± 453.22 772.4 ± 470.0

subjects(n) 6 4
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Table IV-6: Natural logarithms transformed individual bioavailability parameters for test
formulation and Sporanox® under the conditions of fasting

Subjects Ln (Peak plasma conc)
Test Sporanox®

Ln (Area under the plasma conc.)
Test Sporanox®

8 4.55177 3.71113 6.54578 6.48402
10 3.49651 3.24843 6.06495 5.27146
11 3.74408 3.78442 6.66848 ????/
12 3.26843 3.38507 5.44889 5.91809
13 3.66612 3.09104 6.22703 4.95829

Table IV-7: Natural logarithms transformed individual bioavailabity parameters for test
formulation and Sporanox® under the conditions of fed

Subjects Ln (Peak plasma conc)
Test Sporanox®

Ln (Area under the plasma conc.)
Test Sporanox®

4 4.40183 4.12891 7.181 7.2598

5 3.90399 4.20767 6.17861 5.82895

6 4.13357 3.64153 7.06005 6.66185

7 4.51196 4.18965 7.34456 6.30042
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Table IV-8: ANOVA table of In (Cmax) for the study under the conditions of fasting

Source of Variation d.f. SS MS F Pr>F

Subjects 4 0.9695 0.2424

Period 1 0.0984 0.0984 1.27 0.341

Treatment 1 0.2805 0.2804 3.63 0.153

Error 3 0.2316 0.0772

Total 9 1.5265

Table N-9: ANOVA table of In (AUC) for the study under the conditions of fasting

Source of Variation d.f. SS MS F Pr>F

Subjects 4 2.1698 0.5424

Period 1 0.0155 0.0155 0.05 0.838

Treatment 1 0.2890 0.2890 0.92 0.408

Error 3 0.9422 0.3140

Total 9 3.4015

Table IV-10: ANOVA table of In (Cmax) for the study under the conditions of fed

Source of Variation d.f. SS MS F Pr>F

Subjects 3 0.2622 0.0873

Period 1 0.0039 0.0039 0.05 0.852

Treatment 1 0.0736 0.0636 0.84 0.456

Error 2 0.1756 0.0878

Total 7 0.5183

Table IV-11: ANOVA table of In (AUC) for the study under the conditions of fed

Source of Variation d.f. SS MS F Pr>F

Subjects 3 1.5872 0.5290

Period 1 0.1714 0.1714 2.28 0.270

Treatment 1 0.1008 0.1008 1.34 0.366

Error 2 0.1503 0.0751

Total 7 2.2758
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Table IV-12: Means of natural log transformed pharmacokinetic parameters after oral
administration of test formulation and Sporanox® under the conditions of fasting and fed
and their statistical results

Test
formulation

Sporanox Difference
(iT-1R)

90% Confidence
Interval

FED
In (Cmax) 4.2506 4.0291 0.22157 (-0.485) (0.9276)
In (AUC) 6.8565 6.5972 0.25928 (-0.3938) - (0.9134)

FASTED
In (Cmax) 3.7656 3.4237 0.34186 (-0.086) (0.7698)
In (AUC) 6.199 5.852 0.3470 (-0.504) (1.198)
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CONCLUSIONS

Pharmacokinetic parameters including Cmax and AUC0_, for itraconazole under the

conditions of fed and fasted, obtained from 6 subjects for both the test formulation and

Sporanox® were compared. Comparisons were made on log transformed data and using

two one-sided t-tests. Bioavailability from test formulation was better and also higher

maximum plasma concentration (Cmax) was observed. Equivalence of two formulations

could not be shown for pharmacokinetic parameters within the range of 80% - 125%.

90% confidence intervals calculated were too large. This can be attributed to very small

sample number, which gave only 2 degrees of freedom for mean square error during

Analysis of Variance (ANOVA). Such small degrees of freedom always lead to larger

confidence interval. High inter subject variability is also another reason for such large

confidence intervals.

In vivo results obtained correlate with the in vitro dissolution profiles. Test

formulation dissolves faster than the reference in vitro. This faster dissolution can be

responsible for higher Cmax. If the initial faster dissolution of the test formulation is

slowed down to match the reference and a study in a larger number of subjects can result

in a bioequivalent product.
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ABSTRACT

Pharmacokinetics and bioavailability of ketoprofen were determined and

compared in 12 healthy adults after administering, on separate days, a single dose of a

test formulation and 2 marketed products. Test formulation consists of ketoprofen

layered beads over which a drug release controlling membrane is coated. These release

control membrane were gastric-protected by enteric-coating. Urine samples were

collected for 24 hours post dosing, and concentrations of ketoprofen determined using

HPLC analysis. About 65% drug is recovered after oral administration. Glucuronide

conjugate of ketoprofen- a major metabolite is converted back to ketoprofen by

hydrolysis during the assay process. Based on the mean excretion rates of ketoprofen and

total amount of drug excreted, there is a significant difference in extent of absorption and

time to peak between the test formulation and marketed products. However, there is no

significant difference between the two market products. Convolution/deconvolution was

used as a tool for correlating in vitro and in vivo drug absorption for test formulation. A

useful correlation between in vitro drug release and in vivo drug absorption was

developed which may be useful in modifying the test formulation so that the modified

test formulation will perform identically in vivo when compared with marketed.
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INTRODUCTION

Ketoprofen is a nonsteroidal anti-inflammatory drug. The chemical name for

ketoprofen is 2- (3- benzoylphenyl)- propionic acid with the following structural formula:

Its empirical formula is C16111403, with a molecular weight of 254. It has a pKa of 5.94

in methanol: water (3:1) and an n-octanol: water partition coefficient of 0.97 (buffer pH

7.4). It is freely soluble in ethanol, chloroform, acetone, ether and soluble in benzene and

strong alkali, but practically insoluble in water at 20°C.

The aim is to develop a bioequivalent product for Oruvail®. Oruvail® is a capsule

formulation containing controlled-release beads of ketoprofen equivalent to 200mg. It is

a matrix formulation prepared by extrusion-spheronization procedure. This formulation

does not release any drug in the simulated gastric fluid and releases the drug in simulated

intestinal fluid over a period of 12 hours.

Holt developed a formulation of ketoprofen controlled-release formulation that

was found to be bioequivalent to Oruvail® (1). This formulation contained ketoprofen

layered sugar spheres over which a release-controlling polymer was coated. An outer

enteric coating was applied to prevent any drug dissolution in the stomach.
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To make industrial process easier, certain changes were made in the formulation.

These include, the binder polyvinyl pyrrolidine used during the ketoprofen layering was

increased from 5% to 10% (of ketoprofen weight), which helps reduce the loss of drug in

the exhaust air stream. The plasticizer content of the release-controlling polymer coat

was changed to 30% from 43% (of total solids content of coat) to decrease the degree of

bead aggregation during coating. These changes would affect the release rate of the drug

from the formulation. Increased binder percent may slow down the drug release and

decreased plasticizer content in the coat would increase the rate of drug dissolution.

However, the rate and extent of these effects can be better determined by

experimentation.

Pharmacokinetics of ketoprofen

The systemic bioavailability of ketoprofen from oral formulation when compared

with IV administration is approximately 90%(2). When ketoprofen is administered with

food, its total bioavailability (AUC) is not altered. Ketoprofen is more than 99% bound

to plasma proteins, mainly to albumin. The metabolic fate of ketoprofen is glucuronide

conjugation to form an unstable acyl-glucuronide. The glucuronic acid moiety can be

converted to the parent compound. Thus, the metabolite serves as a potential reservoir

for parent drug, and this may be important in persons with renal inefficiency, whereby the

conjugate may accumulate in serum and undergo deconjugation back to the parent drug.

The conjugates are reported to appear only in trace amounts in plasma in healthy adults,

but higher in elderly subjects, presumably because of reduced renal clearance. There are
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no known active metabolites of ketoprofen. Ketoprofen has been shown not to induce

drug-metabolizing enzymes. The plasma clearance of ketoprofen is approximately

0.08L/kg/h with a Vd of 0.1L/kg after IV administration. The elimination half-life of

ketoprofen has been reported to be 2.5 hours following IV administration. In case of

Oruvail®, in a 24-hour period, 80% of an administered dose is excreted in the urine,

mainly as glucuronide conjugate (2). Hence in biostudies, urine has been used analyze

for the drug, as the drug excretion rates in urine have been shown to parallel serum drug

concentrations. In case of ketoprofen, drug excreted as glucuronide conjugate can be

readily converted into ketoprofen by hydrolysis and can be measured.

Statistical analysis for bioequivalence

FDA, Division of Bioequivalence guidelines (3) requires a generic equivalent of

an approved modified-release dosage form be bioequivalent to the standard modified-

release dosage form in its rate and extent of availability (i.e., Cmax and AUC). Currently

accepted criteria in the United States for equivalence of most dosage forms require that

mean pharmacokinetic parameters of the test dosage form be within 80% and 125% of

the reference dosage form using the 90% confidence interval (or, equivalently, the two-

sided test procedure, P=0.05), and the upper and lower bounds be within the 90%

confidence interval.

The two one-sided tests procedure, as its name implies, consists of decomposing the

interval hypotheses Ho and H1 into two sets of one-sided hypotheses
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Hot: µT -µR 5- 0

H11: piT-pa >

H02: ?- 02

H12: PIT-j-la < 02

184

The two one-sided tests procedure consists of rejecting the interval hypothesis Ho,

and thus concluding equivalence of .LT and gR, if and only if both H01 and H02 are rejected

at chosen nominal level of significance. Under the normality assumption that has been

made, the two sets of one-sided hypotheses will be tested with an ordinary one-sided t

test. Thus, it will be concluded that pt and pa , are equivalent (for a balanced study) if

(X7' X R) 91
tl = tl - a(u)

2
S

92 (XT XR)
t2 =

2
1 tl - a(u)

S

Where XT-XR is the difference between the observed average bioavailabilities of test and

reference products respectively and s is the square root of the 'error' mean square from

the crossover design analysis of variance(4).
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It is a common practice for 01 and 02 to be expressed as proportions of the

unknown reference average. Using 01 =0.251AR and 01 =0.251AR, the interval hypotheses

would be stated as

Ho: LT-.LR < 0.201AR or µT -µR 0.2511R

H1: -0.21./R < IATILR <0.2511R

Which, if I1R < 0, may be restated as

Ho: 1./T/IAR 5 0.80 or µT /µR ?_ 1.25

H1: 0.8< µT /µR < 1.25

The problem, therefore, is no longer stated in terms of the difference of t/T andR , but

rather in terms of the ratio 1AT and R-

h is deemed appropriate to assume that the statistical assumption of normality,

homogenous variance, etc., are satisfied for the logarithmically transformed variables.

This is based on the empirical observation that observed distributions of bioavailability

are often skewed, with a long 'tail' of higher values (4). If the statistical assumptions that

have been made are in fact true on the logarithmic scale, then the interval hypotheses, for

the 20% and +25% criteria, may be stated as

Ho: Ln (0.8) or TIT-TIR Ln (1.25)

H1: Ln (0.8) < T1T-T1R < Ln (1.25)

where TIT and TIR the true test and reference means, respectively, of the natural

logarithmically transformed variables. Logarithms to the base 10 or natural logarithms

may be used. Under this circumstances, the two one-sided tests procedure, would be
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carried out as before, with Ln(0.8) taking the role of 01 and Ln(1.2) taking the role of 02.

From the t statistic described previously used to calculate upper as well as lower

confidence interval (CI) and is given as

i
100(1 a)%CI (=- ,rir rp)±ti al 2(00

i)
n

where a is 0.1 for 90% confidence interval, v is number of degrees of freedom associated

with the error mean square (n-2), and n is the number of subjects.

The null hypothesis is rejected if the confidence interval falls in between Ln (0.8) and Ln

(1.25):

Ln(0.8)<TIT-1 R<Ln(1.25)

or

-0.22314<riT-r1 R<0.22314

In Vitro/In Vivo Correlation (IVIVC)

IVIVC can be defined as a predictive mathematical model describing the

relationship between the in vitro property of an extended release dosage form (usually the

rate or extent of drug dissolution) and a relevant in vivo response (e.g., plasma drug

concentration, urinary excretion rate or amount of the drug absorbed). For drugs that

exhibit linear, time-invariant disposition this can be done using models based on the

convolution integral (5)

t
c(t) = (c O. * f )(t) = j c o (t r) f (r)d r

0
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where c(t) is response function for any measurable quantity that is a direct result of input.

Examples include plasma concentration, excretion rate, pulse rate, blood pressure etc.

cs is unit impulse response function that describes the time-course of change in response

such as blood concentration or urinary excretion rate following an IV bolus dose.

f(t) is input rate function that describes the time-course of in vivo absorption rate of drug

from GI tract. For controlled release formulations, under the assumption that absorption

is dissolution rate limited, input is also in vivo dissolution rate function. Bioequivalent

formulations have equivalent input rate functions.

There are three types of IVIVC categories (6)

a. Level A: The most common type of correlation, which is usually estimated by a two

stage procedure (e.g., deconvolution followed by comparison of the fraction absorbed

to the fraction dissolved). This type of correlation is generally linear and represents a

point-to-point relationship between in vitro dissolution and the in vivo input rate (in

vivo dissolution) of the drug from the dissolution. In such a correlation, the in vitro

dissolution and in vivo input rate curves are either directly superimposable or may

made to be superimposable by the use of a scale factor.

b. Level B: This approach utilizes the principles of statistical moment analysis. The

mean in vitro dissolution time is compared to either the mean residence time or the

mean in vivo dissolution time. Level B correlation, like Level A, utilizes all of the in

vitro and in vivo data but is not considered to be point to point correlation because it

does not uniquely reflect the actual in vivo plasma level curve, since there are a

number of different in vivo curves that will produce similar mean residence time

values.
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c. Level C: This represents a single point correlation which relates one dissolution time

point (e.g., t50 %, t 90%) to one pharmacokinetic parameter such as AUC, Cmax or Tmax.

It does not reflect the complete shape of the plasma concentration time curve, which

is the critical factor that defines the performance of ER products.

In the current study, Level A IVIVC was developed and was used to predict in vivo

dissolution and with the help of convolution, the urinary excretion rate. This correlation

was developed using deconvolution. Deconvolution is a process of solving the

convolution integral (above equation) for either input rate of drug [f(t)]or impulse

response [c8(t)] when one or the other is known and the response to input [c(t)] is also

known. Usually, deconvolution is used to solve for input rate in order to characterize the

rate of drug absorption, especially when controlled release formulations are involved.

In the current study, input rate was determined by deconvolution using urinary excretion

rate obtained from the biostudy as 'response' and literature derived elimination rate

constant from IV bolus used as a mono-exponential function as 'impulse response'.

Deconvolution carried out with PCDCON software gave both input rate and cumulative

input. Cumulative input generated can be used to develop in vitro/in vivo dissolution

(i.e., in vitro dissolution versus in vivo absorption) correlations. Deconvolved cumulative

input from different controlled release formulations can be rapidly compared by visual

inspection for relative equivalence of rates and extents of in vivo dissolution. With the

use of convolution, in vivo excretion rate data can be predicted from in vitro dissolution

data without the need for further in vivo study.
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MATERIALS AND METHODS

Formulation ingredients

1. Ketoprofen (TEVA Pharmaceuticals USA, Sellersville, PA)

2. Hydroxypropyl cellulose (Klucel, Dow Chemicals, Midland, MI)

3. Polyvinyl pyrrolidine (Povidone K-30)

4. Ethyl cellulose dispersion (Aquacoat)

5. Dibutyl sebacate, Triethyl citrate

6. Methyl methacrylate dispersion (Eudragit L 30D)

7. Talc USP

8. Polysorbate 80 NF

Reagents and Standards for HPLC assay

The internal standard, naproxen was purchased from Sigma Chemical Co., St.

Louis, MO. The water used in this procedure was deionized using the Milli-Q Reagent

Water System (Millipore, Bedford, MA, USA). Acetonitrile ( HPLC grade, Sigma

chemicals, Co), glacial acetic acid

Formulation development

Sugar spheres of size 25-30 mesh were layered with ketoprofen suspension. The

drug was built to 76%. The suspension was prepared as shown in the table V-1. This

layering was done in a bottom spraying, wurster column, spray coating chamber.
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Ketoprofen layered spheres were coated with diffusion controlled polymer, ethyl

cellulose aqueous dispersion. The percent of coating applied depended on the drug

release desired. Coating solution was prepared as shown in table V-2.

Ethylcellulose coated ketoprofen spheres were then coated with enteric-coating.

Enteric coating contained Eudragit L30D. The enteric coating mixture was prepared as

shown in table V-3.

Table V-1: Layering of ketoprofen on to sugar spheres

Ingredients Weight (gms) Weight %

Sugar spheres 100.00 14.23

Ketoprofen USP 535.7 76.23

Klucel® 13.39 1.90

Povidone K-30® 53.57 7.62

Purified water 700

Table V-2: Ethyl cellulose coating (6 % coating)

Ingredients Weight (gms) Weight %

Ketoprofen layered beads 100 85.95

Aquacoat 15.0 12.89

Dibutyl sebacate 0.675 0.58

Triethyl citrate 0.675 0.58

Purified water USP 15.0

Table V-3: 6% Eudragit coating

Ingredients Weight (gms) Weight %

Aquacoat coated ketoprofen
beads

100 85.81

Eudragit 15.0 12.87

Dibutyl sebacate 0.45 0.386

Talc 1.05 0.901

Polysorbate 80 0.03 0.0257
Purified water USP 13.47
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Scanning Electron Microscopy (SEM) analysis

Formulations produced were subjected to SEM analysis to determine the coat

thickness of diffusion controlling membrane of Aquacoat® and to study the nature of the

film produced. SEM of beads were carried out using AMRAY model 3300SE scanning

electron microscope.

Drug content assay

Ketoprofen beads were crushed in a mortar. Samples of crushed powder of 75,

100 and 125 mg were weighed and transferred to 500m1 volumetric flasks. Extraction of

the ketoprofen from the powder was achieved with simulated intestinal fluid. Aliquots of

1 ml from each sample were taken in quadruplicate, diluted to 10 ml with simulated

intestinal fluid, and analyzed by UV at 254nm against standards of known ketoprofen

concentration.

Dissolution method

Dissolution of formulations followed by USP method II, at 60 rpm, at 37.5°C.

Dissolution carried out in simulated gastric fluid (SGF) for first 2 hours and immediately

then transferred to simulated intestinal fluid (SIF) for 20 hours. Dissolution samples

were collected at 0.5, 1.0, 1.5 and 2.0 during gastric fluid dissolution and at 0.25, 0.5,

0.75, 1, 1.5, 3, 4, 6, 8, 12, 16 and 20 hours during intestinal dissolution.
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Standard preparation for dissolution analysis

Accurately weighed 100 mg of ketoprofen is dissolved in 100 ml of SIF to obtain

1 mg/ml solution. A serial dilution with SIF, produced standards of concentrations 5, 10,

15, 20 and 25 µg/ml.

Biostudy

Sub'ects

The study was approved by Oregon State University Institutional Review Board

(IRB) for the protection of Human Subjects. All were healthy individuals aged between

22 to 34 years old, weighing 50 to 104 kg, who signed written informed consent before

participating in the study. All subjects reported no heavy alcohol consumption and were

not currently taking any medications. None of the subjects had a history of

hypersensitivity to ketoprofen or any other related drugs.

Study Design

Bioequivalence evaluation involved a crossover study for two commercial

formulations and a test formulation. The study was according to randomized three

treatment, three period crossover study in the conditions of fasting with a washout period

of at least three days. Study was conducted in 12 subjects. Subjects fasted overnight

before each treatment and were instructed not to eat any food and subjects received
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standard breakfast two hours after dose. The breakfast consisted of 240 ml of fruit juice

(Caprisun ®), a bagel and 20 gm of cheese spread.

Collection of urine samples

Urine was collected in labeled plastic Whirl -Pak® bags at 1, 2, 3, 4, 5, 6, 8, 10, 12,

16 and 24 hours after administration. The full volume of urine output was collected for

all time points except 0 hour, which was used as a blank for analysis. Urine was

collected and after the volume was measured accurately, and an aliquot of urine sample

was stored in refrigerator until analysis. Volume of each urine sample measured was

noted down.

Drug assay method

Chromatographic conditions

Concentrations of ketoprofen after extraction from urine were detected by HPLC

using naproxen as an internal standard. Assay procedure was modified from that of

Upton (7) to avoid inclusion of phosphates in samples and mobile phase. Mobile phase

for HPLC analysis was 43:57 acetonitrile: water, containing 0.4% glacial acetic acid.

The HPLC mobile phase was filtered under vacuum and degassed before use. The HPLC

column was Microsorb-MV® C18, 4Lm, 110A° 25cm (Rainin Instrument Company,

Inc., Woburn, MA). The flow rate was 1.0 ml/min. The UV absorbance was detected at

254 nm (Waters model 444, fixed wavelength UV detector). Other instruments in the

HPLC system included a delivery pump (Waters 550 Solvent Delivery System, Waters
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Associates, Milford, MA), an automatic sample injector (Waters WISP Model 712 B,

Waters Associates, Milford, MA) and a strip chart recorder.

Standard solutions

Ketoprofen standard stock solution (1 mg/ml) was prepared by dissolving inblank

urine. Standard solutions containing 300, 150, 75, 37.5, 18.75, 9.375 and 4.6875 1.1g/m1

of ketoprofen were prepared in blank urine, by serial dilution from stock solution.

Naproxen stock solution was prepared by dissolving 25.2% drug in 75% methanol. This

was diluted with three parts of water prior to use.

Sample preparation

Aliquots (100 Al) of each of the samples or standards were mixed with 1 ml of internal

standard naproxen solution and 100 µ1 1M NaOH in a plastic test tubes. Tubes were

vortex-mixed and set aside at room temperature for 15 minutes to effect hydrolysis of any

ketoprofen glucuronide conjugates to sodium salt of ketoprofen. 125 i.t1 of concentrated

HC1 was added to samples to acidify the samples and vortex-mixed to convert sodium

salts of ketoprofen to unionized ketoprofen. 2 ml of ether was then added, tubes were

capped, vortex-mixed for few seconds and centrifuged at 3000 rpm for 5 minutes to

separate the liquid phase. The organic phase that now contained ketoprofen was

transferred to new tubes and dried under vacuum. Dried sample extracts were dissolved

in 300 Ill mobile phase and vortex-mixed, 150 p.1 of which was transferred to HPLC tubes

and 40 µl was injected into the HPLC column.
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Standard Curve

To 100111 of each standard solution was added 1 ml of internal standard naproxen

solution. Then proceeded as described above in sample preparation. A standard curve

was constructed by plotting the peak-height ratios of ketoprofen to naproxen against

ketoprofen concentrations in urine. Sensitivity of assay was as low as 2 µg /m1 with linear

relationship between peak-height ratios and ketoprofen concentrations of 4 to 3001.1g/m1

(R2 of 0.99997).

Pharmacokinetic analysis

Significant pharmacokinetic parameters used for bioequivalence testing,

including maximum urinary excretion rate (Cmax), area under the excretion curve to the

last measurable point (AUC04), area under the excretion curve from zero to infinity

(AUCo_co) and time for maximum urinary excretion rate (T.() were obtained from

individual data. AUCs were estimated by using a computer program, WinNonlin®

(Scientific Consulting, Inc., Cary, NC).

Statistical analysis

Bioequivalence of two products was tested using two one-sided t-test on log-

transformed pharmacokinetic parameters, as recommended by the Division of

Bioequivalence, US FDA. As per the FDA, the test product be within 80% and 125% of
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the reference product using the 90% confidence interval (4), when log transformed Cmax

and AUC were analyzed.

The two one-sided tests procedure, as its name implies, consists of decomposing the

interval hypotheses Ho and H1 into two sets of one-sided hypotheses

H01: 1.41.LR 01

H11: > el

and

H02: 111-11t 02

H12: 1-17-1-1R < 02

where Ai = 0.8 1AR and 02 = 1.2 1-I.R

The two one-sided tests procedure consists of rejecting the interval hypothesis Ho,

and thus concluding equivalence of p.-r and p.R, if and only if both Hol and H02 are rejected

at chosen nominal level of significance. That is acceptance of either of two hypotheses

indicates that there is not enough evidence to exclude the possibility that p.T is higher or

lower than pa ±20%, respectively, which are the criteria for bioequivalence.

In Vitro/In Vivo Correlations (IVIVC) for Ketoprofen ER

IVIVC approach for ER oral dosage forms is to directly model the relationship

between the time courses of in vitro release and in vivo concentrations (plasma

concentration, urinary excretion rate). A correlation of this type, which is usually

estimated by a two-stage procedure, i) deconvolution of in vivo concentration to obtain in
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vivo input rate, ii) correlation between in vitro dissolution and in vivo absorption or

release.

Deconvolution of urinary excretion rate data for formulations tested, were

determined using computer software PCDCON by William Gillespie. Deconvolution

gives input rate (in vivo dissolution) of tested formulations. This in vivo dissolution is

correlated with the in vitro dissolution in a point to point manner and a linear relation is

obtained directly or by the use of a scaling factor. In case of non-bioequivalence between

test and reference product, formulation modification is needed to be done to enhance or

decrease the dissolution rate, which in turn can be convolved with the help of IVIVC to

predict drug excretion rate. Convolution to predict urinary excretion rate was done with

the help of graphic software PSIPLOT® ( Polysoftware Inc., Salt Lake City, UT).

The release of drug from the Ketoprofen ER was dependent on the thickness of

the membrane that controls the drug diffusion/dissolution. Dissolution from formulations

containing different membrane coat thickness was predicted, which was then used for

convolution to predict urinary excretion rate profiles.
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In vitro dissolution
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In vitro release measured using the USP paddle method is quite similar between

the Oruvail® and the new ketoprofen test formulation (Figure V-1). In vitro release of

drug from the new formulation is faster in the beginning from 2.25 to 5 hours however

the release slows down after 5 hours. Oruvail® released approximately 100% of the

labeled drug content in about 14 hours, whereas new formulation took 18 hours for the

same. The closely related in vitro dissolution curves warranted further bioavailability

studies in humans in order evaluate the in vivo performance of the new formulation

relative to Oruvail®. In vitro dissolution of Schein® Ketoprofen ER, which is an

approved generic for Oruvail® is also shown in the Figure V-1. In Vitro dissolution of

Schein® formulation is slower than both- the test formulation and Oruvail®

Accuracy and Precision of Assay

A typical calibration curve for ketoprofen in drug free urine is presented in Figure

V-2. The standard curve is linear throughout the concentration range of 300 to 4.6785

12g/m1 with a coefficient of 0.9999. Blank urine samples demonstrated no interfering

peaks. Typical retention times of ketoprofen and internal standard under the described

conditions were 9 and 11 min., respectively.
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Bioequivalence Testing

Urinary data for excretion of drug provides an indirect method to measure

bioavailability. They are useful indicators of relative rates and amounts of drug being

absorbed from the gastrointestinal tract. In the case of a drug such as ketoprofen, which

is converted to water soluble glucuronide conjugate is excreted in urine up to 80%. Drug

excretion rates in urine have been shown to parallel serum drug concentrations.

Cumulative mean excretion data for the new ketoprofen formulation in

comparison with Oruvail® and for Schein® formulation with Oruvail® are shown in the

Figure V-3 and Figure V-4 respectively. The total recovery of ketoprofen ranged from

50 to 65% of dose. The mean excretion rate of ketoprofen from 11 subjects for new

formulation and Oruvail® is shown in Figure V-5 and that for Schein® formulation and

Oruvail® is shown in Figure V-6. Urinary excretion rate expressed as milligram per hour

was calculated by dividing the cumulative amount excreted in the urine during a

collection interval by the corresponding time interval. The time point was plotted in

hours and represents the midpoint of time between collection intervals.

Average urinary excretion data and standard deviations in the data for the test

formulation, Oruvail® and Schein® formulation is shown in the Figure V-7, Figure V-8

and Figure V-9 respectively.

From Figure V-5 and V-6, average maximum urinary excretion rate (Cmax) for the test

formulation is about 7.6mg/hr but is about 11.2 mg/hr for Oruvail® and for Schein®

formulation it is about 12.2 mg/hr. Average of the raw data for individuals gave a Cmax of

9.95 with standard deviation of 2.46 for the test formulation, 13.9 with SD of 2.5 for

Oruvail®, and 15.2 with SD of 3.4 for Schein® formulation. The AUC03-0 was 96.2 with



202

SD of 27.50 for the test formulation, 124.6 with SD of 11.4 for Oruvail®, and 127.5 with

SD of 12.8 for Schein® formulation.

Individual data for each subject for the three treatments received is shown in the Figures

V-10a -V-10c and Figures V-11a V-11c as a comparison between the test formulation

and Oruvail®, and between the Schein® formulation and Oruvail® respectively.
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Statistical analysis

Table V-4 summarizes natural logarithm transformed bioavailability parameters

of 11 subjects for the test formulation, Oruvail® and Schein® formulation. Table V-5 and

V-6 are the ANOVA tables for natural logarithm transformed Cm. and AUC for the test

formulation and Oruvail®, whereas Tables V-7 and V-8 are the ANOVA tables for the

Schein® formulation and Oruvail®. Tables V-9 and V-10 give the 90% confidence interval

for log transformed Cm. and AUC for the test formulation and Oruvail® and for the

Schein® formulation and Oruvail® respectively.

Statistical analysis for this cross over study shows that the test formulation is not

bioequivalent to Oruvail®, but Schein® formulation is bioequivalent to Oruvail® with

respect to cumulative drug excreted and peak excretion rate. The 90% confidence

intervals for the test formulation are not within the range of ln (0.8) and ln (1.25) i.e.,

between (-0.22314) and (+ 0.22314) criteria for bioequivalence, whereas the confidence

interval for Schein® formulation are within the range (as indicated in the Tables V-9 and

V-10)

From this study, it is evident that the in vitro dissolution from the test formulation needs

to be initially faster and should not decelerate with time (as is the case for the test

formulation). Unlike the test formulation, Oruvail® does not decelerate with time. This

may be responsible for the difference in C... Hence the formulation needs to be

modified such a way that there is very little deceleration of dissolution with time. This

can be achieved by decreasing the coat thickness of Aquacoat®. A series of formulation

with reduced coating thickness of diffusion-controlling film were produced. Dissolution

obtained is as shown in the Figure V-12. The dissolution profiles obtained can be used to
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predict the urinary excretion rate curve using IVIVC and convolution, in choosing a

correct formulation with a desired release rate.

Scanning Electronic Microscopy (SEM) analysis

SEM of the test formulation revealed the Aquacoat® thickness to be 8.4 microns.

Aquacoat® film controls the diffusion of drug into outside environment. Oruvail® did not

show any coating or layering as expected, since it is a matrix formulation produced by

extrusion-spheronization technique. Schein formulation consisted of drug layered sugar

beads with only single outer coat (Figures V-13a -b).

In vitro /In vivo Correlation (IVIVC)

The in vivo cumulative amounts of drug release obtained from deconvolution of

urinary excretion rates for test formulation is illustrated in figure V-14. Deconvolution

generates an input function from biostudy data (input response) of a controlled release

formulation and its characteristic impulse response function. Based on deconvolution

assumption (4), cumulative excretion rate is directly related to cumulative amount of drug

absorbed. From the figure V-16, the rate and extent of drug input from the test

formulation is slower compared to Oruvail® and Schein® formulation.

In order to achieve bioequivalence, the in vitro dissolution desired could be predicted

using the IVIVC. The main objective of developing and evaluating IVIVC is to empower

the dissolution test to serve as a surrogate marker for human bioequivalency studies,

especially for the case of ER formulations.
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The correlation between the in vitro dissolution and in vivo dissolution (obtained from

deconvolution) is relatively simple curve and linear in nature. However, sometimes, this

curve may be biphasic or triphasic, then in vitro dissolution results must be scaled so that

time of maximum dissolution is similar to that of time of maximum deconvolved input

(1). For the case of the test formulation, IVIVC obtained is biphasic in nature. In vitro

dissolution time correction produced a linear monophasic curve as shown in the Figure

V-15.

With the help IVIVC and convolution, urinary excretion rates for the formulations

described in the Figure V-13 are shown in Figure V-16. From this it is evident that a

formulation with a coat thickness of about 2.2-2.3 percent ofAquacoat® could result in a

formulation with desired Cmax and bioequivalency.



Table V-4: Natural log transformed individual bioavailability parameters for the test formulation, Oruvail® and Schein® formulation

Subjects Ln (Peak excretion rate, Cmax)
Test Oruvail® Schein®

Ln (Area under the excretion curve)
Test Oruvail® Schein®

1 2.3312 2.9232 3.1000 4.5100 4.9397 5.0099
2 1.8310 2.3767 2.7979 4.3255 4.9040 4.7527
4 2.1972 2.3888 2.5063 4.6868 4.9046 4.7208
5 2.1541 2.8644 2.4816 4.2973 4.6859 4.7386
6 1.5260 2.8037 2.7252 4.0073 4.9156 4.9705
7 2.1400 2.6100 2.5862 4.3040 4.7741 4.8843
8 2.2192 2.5726 2.5649 4.8219 4.8190 4.8422
10 2.7424 2.9982 2.7343 4.8650 4.8520 4.9027
11 2.2192 2.5030 2.9678 4.7630 4.7783 4.7254
12 2.1747 2.9232 2.8154 4.3175 4.6260 4.8896
13 2.3889 2.3767 2.4160 4.9049 4.8418 4.84261
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Table V-5: ANOVA table of In (Cmax) for the test formulation and Oruvail®

Source of Variation d.f. SS MS F Pr>F

Subjects 10 0.8870 0.0887
Period 1 0.1520 0.1520 3.62 0.089

Treatment 1 1.3449 1.3449 31.99 0.0003

Error 9 0.3784 0.0420

Total 21 2.6920

Table V-6: ANOVA table of In (AUC) for the test formulation and Oruvail®

Source of Variation d.f. SS MS F Pr>F

Subjects 10 0.5258 0.0525

Period 1 0.2025 0.2025 7.22 0.0249

Treatment 1 0.5307 0.5307 18.92 0.0019

Error 9 0.2524 0.02805

Total 21 1.4576

Table V-7: ANOVA table of In (Cmax) for the Schein® formulation and Oruvail®

Source of Variation d.f. SS MS F Pr>F

Subjects 10 0.6010 0.0601

Treatment 1 0.0101 0.0101 0.31 0.5902

Error 10 0.3270 0.0327

Total 21 0.9381

Table V-8: ANOVA table of In (AUC) for the Schein® formulation and Oruvail®

Source of Variation d.f. SS MS F Pr>F

Subjects 10 0.1231 0.0123

Treatment 1 0.0025 0.0025 0.34 0.5702

Error 10 0.0749 0.00749

Total 21 0.2006
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Table V-9: Means of natural log transformed pharmacokinetic parameters after oral

administration of test formulation and Oruvail® and their statistical results

Parameters Test Oruvail® Difference 90% Confidence

Formulation (TIT-TIR) Interval

in (Cmax) 2.1753 2.6567 -0.4965 (-0.6574) (-0.3356)

In (AUC) 4.5275 4.8219 -0.3119 (-0.4433) (-0.1805)

Table V-10: Means of natural log transformed pharmacokinetic parameters after oral

administration of Schein® formulation and Oruvail® and their statistical results

Parameters Schein® Oruvail® Difference 90% Confidence

Formulation (1T-1R) Interval

in (Cmax) 2.6996 2.6567 0.0429 (-0.0968) (0.1826)

In (AUC) 4.8435 4.8219 0.0216 (- 0.0452) (0.0884)
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CONCLUSIONS

A controlled-release formulation of ketoprofen was developed by spray-layering

technique. Drug was layered onto sugar beads, which werethen coated with a diffusion-

controlled membrane and an outside enteric-coating. Thickness of diffusion membrane

was the rate-limiting step in drug dissolution.

Test formulation that showed similar drug release profile in vitro was tested along

with two other marketed formulations in 12 human subjects, in a cross over manner, for

bioavailability. Pharmacokinetic parameters Cmax, AUC for ketoprofen were compared

on log-transformed data for three products to determine equivalency. Statistical analysis

using ANOVA and two one-sided t-tests were carried out to determine the interval at

90% confidence for the pharmacokinetic parameters. Bioavailability from test

formulation was statistically significant difference from the two market products.

Equivalence could not be shown for pharmacokinetic parameters within the range of

80%-125% for test and market products. However, two market products were found to

be bioequivalent.

Deconvolution/convolution was used as a tool for correlating in vitro and in vivo

drug availability. Correlation between in vitro release and in vivo drug absorption is

excellent and is useful in formulation modification and development to achieve

bioequivalency.
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CONCLUSIONS

A gastric retention device was developed using naturally occurring gums viz.,

xanthan gum and locust bean gum. Drugs with 'windows of absorption' such as

amoxicillin trihydrate or ranitidine HC1 were incorporated in the GRD as a caplet. Drug

dissolution from GRD was of zero-order for 12 hours or 24 hours depending on the kind

of caplet incorporated in GRD. In vivo study of GRD in dogs was carried out with the

help of radio-opaque markers. GRD was found to stay in the stomach of dog for atleast

10 hours as observed in 3 studies. All these studies were carried out under the conditions

of fasting. In vivo study in one human subject for determining bioavailability of

amoxicillin from GRD did not show any significant difference when compared to non-

GRD caplet. Interestingly, under conditions of fasting there was 30% increase in area

under the excretion curve for GRD formulation.

Successful solubilization of water-insoluble antifungal drug itraconazole was

achieved with the help of modified eutectic mixture techniques. Thermodynamically

unstable solid solutions of itraconazole were stabilized by addition of a phase retardant

such as HPMC. Desired rapid drug dissolution was achieved by addition of a super

disintegrant such as sodium starch glycolate. Physical characterization of formulations

done by differential scanning calorimetry (DSC) showed that the formulation developed

was a solid solution and drug is in dissolved form or amorphous form trapped inside the

water-soluble polymer. Two simultaneous cross-over studies were carried out in 6

human subjects under the fasting and fed conditions to compare the new formulation with

the commercial product. Plasma samples were analyzed for itraconazole by HPLC. In
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both the studies, bioavailability of itraconazole from the new formulation was found to be

greater and also had a higher Cmax. Bioequivalency however, could not be shown

between the two formulations. This may due to various reasons such as difference in

initial dissolution in vitro, small number of subjects, due to high inter-subject variability

etc.

A controlled-release formulation of ketoprofen- a non-steroidal anti-inflammatory

agent was developed with the use of spray coating techniques. Formulation involved

layering of drug onto the sugar beads, applying a coat of ethyl cellulose (Aquacoat®)

which serves as a release controlling membrane, the thickness of which determines the

drug diffusion. A final coat of Eudragit® was applied to prevent any drug dissolution in

stomach. New formulation was compared with two commercial products in 12 human

subjects in a cross-over manner. Urine was analyzed for ketoprofen using HPLC. New

formulation was found to be less bioavailable and also gave lower C. than two

commercial products tested. However, two commercial products were found to be

bioequivalent to each other. In vitro-in vivo correlations (IVIVC) and deconvolution-

convolution techniques were used to predict the desired in vitro dissolution profile in

order to achieve in vivo profile similar to commercial products. Modification of the

formulation can be done with use of these techniques without resorting to conduct a

number of biostudies.
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