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Abstract approved

James W

This thesis describes evaluation of a novel self-sealing chewable sustained

release tablet that can maintain controlled release of drug regardless of compaction,

crushing, or chewing. The new formulation contains polyethylene oxide which

produces a sealant effect for cracks produced in the polymer coating during

compaction. Dissolution studies were conducted and showed that the controlled

release properties of the multiple-layered coated beads were present but decreased

upon compaction and crushing.

Itraconazole solid formulations were formulated using solid dispersion and

solvent/co-cosolvent techniques. Solid dispersion of itraconazole in polyethylene
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glycol 20000 (PEG 20000) with trisodium citrate gave higher rate of dissolution

than dispersion in PEG 20000 alone but didn't have as much effect as desired on

rate of drug dissolution. Neutralized acetic acid itraconazole loaded beads exhibited

the same in vitro and in vivo release patterns as Sporanox®.

Itraconazole liquid formulations were developed and evaluated.

Polyethylene glycol 400 (PEG 400) and acetic acid mixtures were found to be a

good cosolvent system to solubilize itraconazole and showed good physical

stability. Acetic acid, citric acid, and tartaric acid were studied to minimize the

amount of PEG 400 needed to produce 1% (wlv) itraconazole solution. Citric acid

alone or combined with other agents produced a good physically stable solution;

however, these solutions didn't have as much extent as desired on drug dissolution.

Bioavailability and bioequivalence of itraconazole capsule was determined

is 13 fasted human volunteers and compared to Sporanox®. The 90% confidence

intervals for individual percent ratios of the Cm, AUC072 and AUCØIfwere above

the range of 80 to 125%, suggesting that these formulations are not bioequivalent.

However, this new formulation significantly increased amount of itraconazole

absorbed and Cm of itraconazole in plasma.

A novel controlled release tablet which releases a drug independently of pH

and paddle speed, following a lag time and with zero-order kinetics identically to

an osmotic pump but using a matrix tablet coated with a diffusional barrier

membrane was produced and evaluated. This new matrix tablet generates a



diffusional barrier support platform on horizontal surfaces in situ and can be used

as an alternative to other zero-order release systems.
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(1) A Novel Self-Sealing Chewable Sustained Release Tablet of Acetaminophe
(2) Development and Evaluation of Novel Itraconazole Oral Formulations,

(3) A Novel Zero Order Release Matrix Tablet.

INTRODUCTION

The oral route of drug delivery is typically considered the preferred and

most patient-convenient means of drug administration. Consequently, much effort

is directed during drug discovery to identify orally active candidates that will

provide reproducible and effective plasma concentrations in vivo. The reality is that

many compounds are either incompletely or ineffectively absorbed after oral

administration (i.e., bioavailability is an issue), or that the required dosing

frequency is too short to enable once- or twice-daily administration (i.e.,

pharmacokinetic half life is an issue). This thesis describes two novel modified-

release formulation technologies: (i) a self sealing chewable sustained release tablet

and (ii) a zero order release matrix tablet coated with a diffusional barrier

membrane. Also included are solid and liquid formulations of itraconazole for

which oral absorption can be limited to its poorly aqueous solubility.

Chapter 1 of this thesis describes formulation and in vitro evaluation of a

novel self sealing chewable sustained release tablet using acetaminophenas a

model drug. Acetaminophen beads were formulated and manufactured by



extrusion-spheronization and then coated with multiple layers of polyethylene

oxide, ethylcellulose aqueous dispersion, and disintegrants. Tablets were prepared

by compressing coated beads. New tablet formulations were evaluated by

conducting dissolution studies in three different forms: a-beads, b-whole tablet, and

c-crushed tablet using a commercial tablet crusher. Scanning electron microscopy

which used to characterize compacted coated beads is also described in this

chapter.

Chapter 2 presents itraconazole solid formulations prepared by solid

dispersion and solvent/co-cosolvent techniques. Dissolution studies were conducted

in simulated gastric fluid and results compared with the marketed product of

itraconazole, Sporanox®. The dispersions and drug loaded beads were characterized

by differential scanning calorimetry. Pilot bioavailability and bioequivalence

studies that provide preliminary information about in vivo performance of new

formulated itraconazole capsules are also described in this chapter.

Chapter 3 presents itraconazole liquid formulations developed to produce a

product expected to be bioequivalent to Sporanox® oral liquid formulation but

without the use of cyclodextrins. New itraconazole liquid formulations were

evaluated by conducting in vitro dissolution studies and dissolution profiles were

compared between the new formulations and Sporanox® solution. Liquid

formulations were kept in the refrigerator at 4°C in order to study physical stability.

Precipitation in liquid formulations was determined by visual observation. Buffer

capacities of new liquid formulations were compared to Sporanox® solution.



3

Chapter 4 describes the bioavailability and bioequivalence studies of single

200-mg doses of itraconazole newly formulated immediate release capsules anda

reference product Sporanox® capsules evaluated in a crossover study of thirteen

human volunteers under fasting conditions. The typical ANOVA for crossover

studies was applied to log transformed maximum concentration (Cm) and the area

under the plasma concentration versus time curve (AUC) data. Bioequivalence of

two formulations in each comparison was assessed using the 90% confidence

intervals (CI) method for the difference between drug formulation least-squares

means, which is consistent with the two one sided t-tests for bioequivalence.

Chapter 5 presents a novel zero order release matrix tablet coated with a

diffusional barrier membrane. Effects of various preparation parameters including:

hydrophilie polymer concentration, type of hydrophilic polymer(s), type of filler(s),

surfactant, percent film coating, and lubricant concentration on the lag time,

kinetics, and completeness of drug release were studied. Quantitative analysis and

stability testing of verapamil HC1 used as a model drug in the novel controlled

release tablets are also described in this chapter.



CHAPTER 1

FORMULATION AND IN-VITRO EVALUATION OF A NOVEL SELF-
SEALING CHEWABLE SUSTAINED RELEASE TABLET OF

ACETAMINOPHEN

Vipaporn Rakkanka and James W. Ayres



ABSTRACT

Novel, rapidly disintegrating, self-sealing chewable sustained release tablets

that can maintain controlled release of drug regardless of compaction, crushing, or

chewing were produced and evaluated. 1-lydrophilic polymers like polyethylene

oxide have been found to produce a sealant effect by hydrating and forming a gel

that acts as sealant or glue for cracks produced in the polymer coating during

compaction. Pellets containing high percentages of acetaminophen as a model drug

with microcrystalline cellulose (a sphere enhancer) and polyethylene oxide (a

binder) were formulated and manufactured by extrusion-spheronization. Critical

processing parameters including a) the total volume of granulating fluid added, b)

the length of extrudate, c) the rate of extrusion, and d) the rate and extent of

spheronization were studied carefully. Spheronized drug beads were coated with

multiple layers of polyethylene oxide, ethylcellulose aqueous dispersion,

microcrystalline cellulose, lactose, and sodium starch glycolate. Coated beads were

compressed in a single punch press at a range of compaction pressures in order to

determine the minimum and maximum compression force that would yield tablets

of low friability and rapid disintegration. Dissolution studies were carried out

according to the USP XXII paddle method at 3 7.5°C and 100 rpm for 24 hours.

Dissolution medium consisted of I liter enzyme-free simulated intestinal fluid pH

7.4. Studied formulations were placed into appropriate dissolution vessels in three



different forms: a-beads, b-tablet, and c-crushed tablet using a commercial tablet

crusher. Samples were diluted and analyzed for acetaminophen at 250 nm using a

UV spectrophotometer. Dissolution studies showed that the controlled release

properties of the multiple-layered coated beads were present but decreased upon

compaction and crushing. Permanent deformation of the beads was observed from

scanning electron micrographs. Polyox® amount used in this present study was

insufficient to provide optimal sealant effect of the controlled release film.

Improvement of sealant effect by increasing the amount of polyethylene oxide is

still desirable and the concept should be expanded to additional drugs. For each

drug, the goal is a new formulation which can be administered either by

swallowing the whole tablet or by first crushing or chewing the tablet where the

controlled release properties of this new formulation do not change. Such a tablet

could be of valuable use for all patients including those who have difficulty

swallowing such as pediatrics and geriatrics.
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INTRODUCTION

Oral controlled release dosage forms are widely used in presentation of

pharmaceutical products and they may be classified into non-disintegrating matrix

dosage forms and disintegrating or divided dose units or multi-unit dosage forms.

Multi-unit dosage forms may consist of barrier-coated particles, like pellets, coated

microgranules and microcapsules. Disintegrating and divided dose units offer

advantages over non-disintegrating matrix tablets as follows. (i) The coated

particles can be distributed throughout the gastrointestinal tract. This potentially

improves drug absorption and provides less risk of local high concentration of the

drug in the gastrointestinal tract, and thus less risk of irritation (1). (ii) Retention of

small particles in the villi tends to prolong gastrointestinal transit time and so

provides a more sustained action. (iii) Gastric emptying and influence of food tend

to be less variable (2); therefore, a greater predictability and reproducibility of

therapeutic effect is expected.

Design and development of multi-unit dosage formulations (containing

microspheres) in the form of compressed tablets are becoming increasingly

important. It is often desirable to produce compacts that disintegrate into many

subunits soon after ingestion to attain more uniform concentrations of active

substances in the body. The important fact that the coated microspheres in the

formulation must withstand the process of compaction without being damaged



must be considered since the existence of a crack in the coating film may have

undesirable effects on the drug release properties of that subunit. Many studies

reveal that compression of coated particles, such as microcapsules, leads to damage

of the coating films with a subsequent increase in the dissolution rates of the drug

or a destruction of sustained release properties (1, 3, 4).

Compaction of polymer coated beads into tablets requires the use of

excipients that act as cushioning agents in order to prevent polymer coat fracture (3,

4) and also allow for rapid disintegration into individual beads. These cushioning

agents in powder form are mixed with the polymer coated beads prior to

compaction into a tablet which may lead to segregation of polymer coated beads

from powdered cushioning excipients during normal tablet production. Segregation

of two different particle size materials is well documented (5, 6) and is a major

concern to pharmaceutical operations particularly during scale-up of the process.

Multi-unit dosage form, which is produced by spray coating the cushioning

excipients onto polymer beads and then compressed into a tablet without addition

of any powdered tableting excipients, can be an ultimate solution for any problems

associated with size separation. Moreover, multi-layered beads have several

advantages including simple manufacturing, excellent flow characteristics, and

good compressibility.

Formulating a low-potency and high-dose drug in multi-unit dosage forms

is very challenging because of patient compliance problems associated with the

large size of hard gelatin capsule shells required for such dosages. Moreover,



gelatin capsules are known for more difficulties in esophageal transport than

tablets. A novel self-sealing chewable sustained release tablet (7) that is made of

compressed coated microspheres seems to be an ideal dosage form. Such tablet has

an acceptable size for swallowing and subsequently disintegrates rapidly releasing

polymer-coated subunits that have a self-sealing property to maintain their

sustained release films such that their drug release kinetics are unchanged (as

presented in figure 1.1). Not only can the tablet be taken as a whole tablet, but it

can also be chewed or crushed with no change in drug release kinetics which may

be beneficial to all patients including those who have difficulty swallowing such as

pediatrics and geriatrics.
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Figure 1.1: After swallowing, a new formulation tablet disintegrates rapidly
releasing polymer-coated subunits (A). Upon contact with water (B), the
hydrophilic polymers like polyethylene oxide start hydrating and forming a gel (C)
that acts as sealant or glue for cracks produced in the polymer coating during
compaction (D) (7).
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Extrusion-spheronization was used in pelletization to made spherical drug

particles with advantages of regularity of shape and size, and smooth surface

characteristics which are ideal for application of a sustained release film. In

addition these spheres generally have low friability, and have few fine powders.

Pelletization by extrusion-spheronization occurs as a consequence of several

carefully optimized processing stages. The main processing stages are dry

blending, wet mixing, extrusion of wet granulations into cylindrical extrudate and

spheronization of this extrudate, using a spinning serrated plate. Microcrystalline

cellulose is known as a "sphere enhancer" which is used in order to produce

satisfactory beads in term of size, shape and surface characteristics (3).

Acetaminophen was chosen as a very challenging model drug because it is

advantageous to administer orally in controlled-release units of 1000 mg.

Moreover, acetaminophen is not a directly compressible material that has both poor

compressibility and flow characteristics (8). Multiple-layered beads offer an

alternative solution to improve poorly flowing and non-compressible material into

forms suitable for tablets. Demonstrating this formulation approach can be

successfully applied to a large dose of non-compressible drug is much more

difficult than for a small dose of drug. This present study involves the design and

testing of such a dosage form as follows:

1. Design and manufacture of acetaminophen beads using extrusion-

spheronization technique.

2. Measurement of drug release properties of these uncoated drug beads.
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3. Developing coating procedures for swellable polymers such as polyethylene

oxide (Polyox®) that serves a unique and effective role in sealing controlled

release polymer coat ruptures (9).

4. Choice of a suitable polymer coating in order to achieve the desired kinetics of

drug release from coated spheres.

5. Compression of coated spheres into tablets, involving the choice of suitable

excipients and compression parameters.

6. Evaluation of tablets with respect to:

a) their strength and disintegration characteristics,

b) integrity of the microspheres observed by visual examination of tablets and

drug beads, and

c) a comparison between drug release rates from uncompacted and compacted

drug beads, and crushed tablets in order to access self-sealing properties in

term of maintaining controlled release properties.

The main objective of this project is to produce a novel self-sealing

chewable sustained release tablet that can maintain controlled release properties

regardless of compaction, crushing, or chewing.
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MATERIALS AND METHODS

CHEMICALS

All chemicals used in this present study were purchased from standard

sources. Acetaminophen (4-acetamidophenol) and Dibutyl sebacate (sebacic acid

dibutyl ester) (Sigma Chemicals Co., St. Louis, MO), Polyvinylpyrrolidone-PVP

K-30 (EM Science, Gibbstown, NJ), Hydroxypropyl cellulose-Kiucel® LXF, EXF,

and HXF NF (Aqualon, Wilmington, DE) Hydroxypropyl methylcellulose-HPMC

Ki 5M Premium (Dow Chemical Co., Midland, MI), Ethylcellulose aqueous

dispersion-Aquacoat® ECD-30 and Microcrystalline cellulose-Avicel PH 101

(FMC Corporation, Philadelphia, PA), Ethylcellulose aqueous dispersion-

Surelease® (Colorcon, West Point, PA), Triethyl citrate (Morfiex Chemical

Company Incorporated, Greensboro, NC), Polyethylene oxide-Polyox® N-80, and

WSRN-301 (Union Carbide Corporation, Danbury, CT), Sodium starch glycolate-

Explotab® (Edward Mendell Company, Paterson, NJ), Lactose monohydrate (J.T.

Baker Chemical Co., Phillipsburg, NJ), 95% Ethanol USP grade (Chemistry

Department, Oregon State University, Corvallis, OR), Sodium chloride, Sodium

hydroxide, Sodium phosphate monobasic monohydrate, and Concentrated
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hydrochloric acid (Fisher Chemicals, Fair Lawn, NJ). Water was deionized using

the Milli-Q® Reagent Water System (Millipore Bedford, MA).

PELLETIZATION USING EXTRUSION-SPHERONIZATION

The process of pellet formation produces a greater densification of materials

compared with other granulation techniques. In addition, incorporating higher drug

concentrations into spherical particles is an ideal preparation for presenting a high-

dose or low potency drug in the form of a multiparticulate oral sustained release

dosage form. The desire millispheres must have the following properties: (i)

contain the required high dose of drug (this high dose limits the volume of other

excipients that can be incorporated), (ii) have a uniform size given a suitable

geometry for mixing with other excipients and for filling into tablet die, (iii) have a

smooth surface and spherical shape which are necessary for application of an intact

and coherent polymer coating of uniform thickness, (iv) provide the correct and

desirable drug release profiles when coated, and (v) be robust enough to withstand

coating process with little or no damage.

Pellets containing high percentages of acetaminophen with microcrystalline

cellulose (a sphere enhancer) and polyethylene oxide (a binder) were formulated

and manufactured. Drug beads which contain only microcrystalline cellulose and

drug did not withstand the coating process; therefore, polyethylene oxide was used
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to improve hardness of drug beads. Polyethylene oxide amount isvery crucial

because excessive amount may cause dumbbell shaped drug beads which are

unwanted for application of coating polymer and may also retard drug release from

uncoated beads. A desirable formulation composition is presented in table 1.1.

Table 1.1: Formulation of acetaminophen beads.

Ingredient Percent (w/w)

Acetaminophen 70%

Avicel® PH1O1 25%

Polyox®N-80 5%

Deionized water 20 ml

Optimized pelletization of acetaminophen beads is presented in figure 1.2.

All excipients were mixed using geometric mixing in a porcelain bowl and then the

required volume of deionized water was added slowly. Mass was mixed until a

uniform distribution of water was achieved which resulted in granulated mass

which was free flowing but cohesive under slight compression. Granulated material

was passed through a Caleva® laboratory extruder model 10/25 (GEl international,
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Inc., Wayne, PA) with a perforated (1 mm diameter) cylinder and pressure cylinder

rotating at 10 and 18 rpm respectively. Extrudate was cut at 1 cm in length by using

a spatula during extrusion. Sphere formation was facilitated using a Caleva®

laboratory spheronizer model 120 (GEl international, Inc., Wayne, PA) rotating at

1800 rpm. Drug beads were dried overnight by tray drying in a hot air oven with

temperature of 45 to 50 °C and sieved through screen sized 25-mesh. Important

processing parameters included the total volume of granulating fluid added, the

length of extrudate, the rate of extrusion and the rate and extent of spheronization.

These parameters were optimized carefully; details are presented in table 1.2. The

final beads range in size from 0.6 mm to 1.2 mm with an average of about 0.7 mm.



17

LiJ?
3. Moist Mass

I

4 Extrusion

Figure 1.2: Pelletization of acetaminophen beads.
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Table 1.2: Processing parameters for acetaminophen beads.

Extrusion Parameter

Perforated cylinder diameter 1 mm

Rotation speed of perforated cylinder 18 rpm

Rotation speed of pressure cylinder 10 rpm

Extrudate length 1 cm

Batch size 100 g

Percent recovery 80%

Spheronization Parameter

Spheronization disc grooves
3.175mm pitch
and 1 mm in
nominal depth

Rotation speed 1800 rpm

Residence time 5 mm

Batch size lOOg

Percent recovery 100%

Drying Parameter

Drying method Tray

Drying temperature 45-50 °C

Drying time 24 hours
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COATING PROCEDURE

A hundred grams of acetaminophen beads was placed into the coating

chamber of a fluid-bed spray coater (Strea- 1, Aeromatic Inc., Columbia, MD) with

a Wurster column insert and fluidized for 15 minutes to equilibrate with the coating

temperature (40-50°C). The Wurster column was approximately 1 inch away from

the bottom screen of the coater, which was connected to a Lab-line/P.R.L. High

Speed Fluid Bed Dryer (Lab-line, Meirose Park, IL).

Different polymer layers, cushioning excipients, and disintegrantwere then

sprayed onto the acetaminophen beads according to the formulations studied (table

1.3). A common schematic drawing of a noncompacted multilayered drug bead is

illustrated in figure 1.3. All coating solutions or dispersions were constantly

delivered by peristaltic pump (Rabbit® Peristaltic pump, Gilson Electronics,

Middleton, WI). A balance must be established between the rate of application of

liquid to the fluidized bed and the subsequent rates of liquid evaporation, polymer

coalescence and film formation. It was necessary to manipulate carefully the

process conditions for each polymer formulation. Spray coating conditions for all

different polymer formulations are presented in table 1.4. During every coating

process, coating solutions or dispersions were kept stirring by a magnetic stirrer to

ensure the homogeneity of solutions or dispersions. It is important with application

of any aqueous dispersion to ensure that polymer coalescence and complete film

formation is achieved during or very soon after the coating processing. Thirty
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minutes cure time was allowed after each coating layer in order for polymer coat to

coalesce and form a film. Beads were then sieved to remove agglomerated and fine

particles.



Table 1.3: Compositions of the various studied formulations.

Formulation

ingredient

A
(%)

B
(%)

C
(%)

D
(%)

E
(%)

F
(%)

G
(%)

H
(%)

I
(%)

J
(%)

K
(%)

Acetaminophen 70 58.33 53.85 53.85 38.89 38.89 58.33 53.85 50 46.67 43.75

Avicel®PHIO1 25 20.83 19.23 19.23 26.51 13.89 20.83 19.23 17.86 16.67 15.625

Po!yox®N-80 5 20.83 19.23 19.23 13.89 13.89 17.5 16.15 15 14 13.125

PVP K-30 - - 5.68 3.33 3.08 2.86 2.67 2.5

HPMCK15M - - - - 3.15 - - - -

Aquacoat® ECD-30 7.69 5.55 - - - - - -

Surelease® 7.69 5.55 7.69 7.14 6.67 6.25

Lactose - - - - - 25 - - 6.43 11.97 16.875

Explotab® - 6.31 2.78 0.714 1.33 1.875
-A
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Figure 1.3: A novel self-sealing chewable sustained release tablet production and schematic drawing of deformed
multilayered beads and cracks produced in the polymer coating during compaction. Tablet can be administered either by
swallowing the whole tablet or by first crushing or chewing the tablet.



Table 1.4: Coating conditions for the various layers on a Fluid-Bed Spray Coater.

Batch Size
Inlet Air Atomizing Nozzle

Fluid
ApplicationIngredient

(g)
Temperature Air Diameter

Rate
(°C) (psi) (mm)

(mi/mm)

Polyox® N-80 solution 100 45-50 18-20 0.8 0.375

Aquacoat® ECD-30 dispersion 50 40 15-18 0.8 3.75

Surelease® dispersion 50 40 15-18 0.8 3.75

Avicel®PH1O1:Explotab®(2:1)
50 40 15-18 1.0 6.25suspension

Lactose: Explotab® (9:1) suspension 50 40 15-18 1.0 6.25

PVP K-30: Polyox®N-80 (1:4)
solution

100 40 18-20 0.8 0.75

Aquacoat dispersion was prepared with 30% w/w plasticizers (dibutyl sebacate: triethyl citrate (1:1))
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COATING SOLUTION PREPARATIONS

Polyox® N-80 Solution

A weighed amount (10 g) of Polyox® N-80 was dispersed into 200 ml

deionized water. Solution was kept stirring overnight by a magnetic stirrer to obtain

a homogeneous solution.

PVP K-30: Polyox®N-80 (1:4) Solution

Twenty grams of Polyox® N-80 and five grams of polyvinylpyrrolidone-

PVP K-30 were dispersed into 50 ml 95% ethanol. One hundred milliliters of

deionized water was then added slowly with vigorous stirring. Solution was kept

stirring for 2 hours by a magnetic stirrer to obtain a homogeneous solution.
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Aquacoat® ECD-30 dispersion

Fifty grams of Aquacoat® ECD-30 aqueous dispersion was weighed which

contains 15 g ethylcellulose solids content. Thirty percent (30% w/w) of the

amount of ethylcellulose solids of plasticizers, which are a combination between

dibutyl sebacate and of triethyl citrate (1:1), were added into Aquacoat® ECD-30

aqueous dispersion. Then these mixtures were diluted with 50 ml deionized water.

Surelease® dispersion

Surelease® dispersion was diluted with equal volume of deionized water.

Avicel® PH1O1: Explotab® (2:1) suspension

Hydroxypropyl methylcellulose-HPMC Ki 5 premium and PVP K-30 were

used as suspending agents. Five grams of HPMC Ki 5 premium and Nine grams of

PVP K-30 were dispersed in deionized water and then twenty grams of Avicel PH

101 and ten grams of Explotab® were added. This suspension was kept stirring to

obtain a uniform suspension.
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Lactose: Explotab® (9:1) suspension

Lactose and Explotab® were suspended in deionized water without the

addition of any suspending agent.

BEAD COMPACTION

Caplets were compressed on a single punch tablet machine (Carver

hydraulic press, Fred S. Carver Inc. Hydraulic Equipment, Summit, NJ) fitted with

caplet-shaped punches (0.3740 x 0.8150 inches). Coated beads were compressed at

a range of compaction pressures in order to determine the minimum and maximum

compression force which would yield tablets of low friability and rapid

disintegration.

DRUG LOADING ASSAY

An exact amount of acetaminophen beads was weighed in triplicate and

transferred to volumetric flasks. Samples were dissolved in enzyme-free simulated

intestinal fluid, sonicated for 15 minutes, and then filtered through 0.45 pm

membrane filter. Standard acetaminophen stock solution was prepared by
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dissolving 50 mg acetaminophen in 1 liter either enzyme-free simulated gastric

fluid or enzyme-free simulated intestinal fluid. A series of standard solutions with a

concentration of 2.5-50 ig/ml was prepared from the stock solutions by serial

dilution. One milliliter of samples was diluted with 10 ml of appropriate simulated

gastric or intestinal fluid before performing UV analysis. UV absorbance of diluted

samples and standard solutions were measured by UV spectrophotometer (Hewlett

Packard 8452 A Diode Array Spectrophotometer, Hewlett Packard GmbH,

Waldbronn 2, Federal Republic of Germany) at 250 nm. Typical standard curves

are presented in figure 1.4 and figure 1.5.

DISSOLUTION TESTING OF FORMULATIONS

In-vitro drug release profiles of studied formulations were obtained using

United States Pharmacopoeia (USP) XXII dissolution apparatus II, paddle stirring

method (VK 7000®, Vankel Industries, Inc., Cary, NC). Each dissolution vessel

was filled with one liter of enzyme-free simulated intestinal fluid pH 7.4 and

maintained at 37.5°C. Figure 1.6 shows that the drug release is independent of the

acid pretreatment; therefore, further dissolution testing done in enzyme-free

simulated intestinal fluid for 24 hours without first two hour pretreatment with

enzyme-free simulated gastric fluid.
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Dissolution testing of acetaminophen formulations was performed in

triplicate. Studied formulations were placed into the appropriate dissolution vessels

in three different forms: a-beads, b-tablet, and c-crushed tablet using a commercial

tablet crusher (EZ Swallow, American Medical Industries, Highland Park, IL).

Dissolution was studied at a paddle rotation speed of 100 rpm. Samples of 3 ml

dissolution medium were collected without medium replacement at 5, 10, 20, 30,

45 minutes, and 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, and 24 hours using a

computerized auto-sampler (VKS000® Vankel Industries, Inc., Cary, NC) with

peristaltic pump (VK 810® Vankel Industries, Inc., Cary, NC) with caimula filter

tips 70 microns. Samples were filtered using 0.45 microns filters prior to UV

analysis.

Samples were diluted properly with enzyme-free simulated intestinal fluid.

Absorbance of diluted samples were measured by UV spectrophotometer (Hewlett

Packard 8452 A Diode Array Spectrophotometer, Hewlett Packard GmbH,

Waldbronn 2, Federal Republic of Germany) at wavelength 250 nm and amount of

acetaminophen released determined using an appropriate standard curve (figure

1.5).

Mean drug dissolutions and standard deviations were calculated from three

replications in all dissolution experiments. Drug dissolution profiles are presented

as percent drug release versus time curve.
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SCANNING ELECTRON MICROSCOPY (SEM)

An AmRay (model 1000A) scanning electron microscope at an acceleration

of 7 kV was used to characterize coated beads. Samples for SEM were prepared by

simply slicing beads with razor blades and sliced beads were placed on the metallic

support with a thin adhesive material. The samples were then coated with 60: 40

gold/palladium alloy under vacuum prior to microscopic examination.
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Figure 1.4: Typical standard curve in simulated gastric fluid for acetaminophen analyzed by UV.
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RESULTS AND DISCUSSION

PELLETIZATION OF ACETAMINOPHEN BEADS

The acetaminophen beads contain a high dose of acetaminophen (table 1.1

or formulation A in table 1.3) and have acceptable smooth surfaces, uniform size,

adequate hardness, and spherical shape; therefore, are suitable for film coating.

Five percent of polyethylene oxide (Polyox® N8O) was used as a binder in the final

drug bead formulation in order to produce robust spherical beads and a desirable

drug release profile for uncoated beads.

UNCOATED BEADS: ASSAY AND DISSOLUTION

Drug loading assay showed 69.79 ± 0.56 % drug content. Uncoated (A)

beads release profiles is presented in figure 1.9. Ninety percent drug released from

uncoated beads in one hour. Dissolution data correlated very well with the assay

results and indicated that the drug was readily available from the uncoated beads.
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COATED BEADS

Coating of aqueous Polyox® layer onto drug loaded beads was considered

inefficient with a very slow fluid application rate leading to long processing times

(14 hours for 5% coating). Many approaches were tried to improve the coating

efficiency and speed including: using a much diluted Polyox® solution, high inlet

air temperature, and high atomizing air pressure. None of the above showed a

significant coating improvement. Once Polyox® was dispersed in water; it formed a

strong adhesive viscous solution which resulted in a spider's like web formation in

the coating chamber. Therefore, a balance must be established between the rate of

application and the rate of liquid evaporation, polymer coalescence and film

formation. The adhesive properties also exist with a much diluted Polyox® solution

or a low viscosity Polyox® solution.

In general, fluid application rate can be increased by increasing the rate of

solvent evaporation. Use of ethanol/water mixture instead of water in Polyox®

solution preparation was tried in order to increase the rate of solvent evaporation

and reduce the degree of Polyox® swelling and solubility. Polyvinylpyrrolidone-

PVP K-30 was used as a suspending agent in Polyox® ethanol/water solution, and

to bind the non-viscous Polyox® particles to the drug loaded beads. Polyox® in

alcoholic solution was found to improve the coating efficiency and allow doubling

the fluid application rate.
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Subsequently, controlled-released polymer and disintegrant layers were

simply applied onto Polyox® coated beads. Larger nozzle diameter was required for

coating of Avicel®: Explotab® and Lactose: Explotab® suspensions (see table 1.4).

COMPACTION STUDIES

Multi-layered beads have excellent flow properties and good

compressibility which are required for tableting. These formulated beads were then

compressed at 1000 lbs compression pressure without additional tableting

excipients. 1000 lbs was the minimal force that could produce a compact that had

low friability and disintegrated and regenerated the coated particles within less than

30 minutes. Figure 1.7 shows a significant deformation of the beads upon

compaction and crushing. Scanning electron micro graphs of cut beads (E)

demonstrate that drug beads which were produced by extrusion and spheronization

are not very dense; hence, the drug/polymer layers interface are not well defined

(figure 1.8).



Figure 1.7: The deformed beads following compaction and crushing.
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Figure 1.8: Scanning electron photomicrographs of formulation E beads after
compaction and crushing. Magnification = 1 OOX.
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DISSOLUTION STUDIES

Twenty percent Polyox® coated (B) beads showed identical release rate to

that from uncoated (A) beads (figure 1.9). Aquacoat® (C) or Surelease® (D) coated

beads compacted without the outermost disintegrant polymer coat formed non-

disintegrating matrix tablets which is ascribed to interlocking forces between the

coating during bead-to-bead contact and by plastic deformation and interlocking of

the coating during compaction (4). Non-disintegrating intact caplets showed similar

sustained release properties for both; Aquacoat® (C -0-) and Surelease® (D -0-)

(figure 1.9 and 1.10 respectively) but drug release was faster from the compacted

Surelease® (D -o-) beads than from the un-compacted Surelease® (D x) beads

(figure 1.10).

It is interesting to note that approximately zero-order sustained release was

produced by formulations C(_o_) and D(_1 ) (figures 1.9 and 1.10) when

compressed into tablets. These non-disintegrating matrix tablets represent a useful

method for producing sustained-release tablets so long as the tablets are swallowed

whole and not crushed or chewed. Faster release can be obtained by using less

ethylcellulose coating on the beads.
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Caplets made with either multi-layered beads E or F (see table 1.3) at 1000

lbs compression pressure were crushed with a pill crusher and dissolution

conducted to compare release profiles of beads, intact caplets, and crushed caplets

(figure 1.11 and 1.12 respectively). Line (_ A ) in figure 1.11 shows the intact

caplet E with Avicel®: Explotab® as the outer disintegrant layer which disintegrated

within 30 minutes. Line (&-) in figure 1.12 shows the intact caplet F with

Lactose: Explotab® as the outer disintegrant layer which disintegrated in 15

minutes. Caplet with Lactose: Explotab® (F) disintegrated more rapidly than

Avicel : Explotab (E) caplet.

Line (-a--) in figure 1.11 represents the non-compacted Aquacoat® (E)

beads coated with 20% Polyox® (PEO), 10% Aquacoat® and 50% Avicel:

Explotab® (2:1) and line()K) in figure 1.12 represents the non-compacted

Surelease® (F) beads coated with 20% PRO, 10% Surelease® and 50% Lactose:

Explotab® (9:1). Comparing line (4--)and line ()K)in figures 1.11 and 1.12

respectively shows the cumulative percentage release of acetaminophen at the same

10% ethylcellulose, Aquacoat® (E) beads released higher amounts of drug than

Surelease® (F) beads at any given time point.

Line (_ A ) in figure 1.11 represents the intact E caplet and line ( _ S ) in

figure 1.11 represents the crushed B caplet after compressing multi-layered E beads

coated with 20% PEO, 10% Aquacoat® and 50% Avicel: Explotab® (2:1). Line

() in figure 1.12 represents the intact F caplet and line(C) in figure 1.12

represents the crushed F caplet after compressing multi-layered F beads coated with
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20% PEO, 10% Surelease® and 50% Lactose: Explotab® (9:1). Line ( _ S ) in

figure 1.11 and lines (h) and (O) in figure 1.12 indicate that compaction or

crushing may have caused cracks in the coating and fragmentation of the pellets to

a certain extent which resulted in faster release rates of the drug from their intact

and crushed caplets. Comparing line ( _ j ) and line (&) in figure 1.11 shows

drug release was slower from the intact E caplet than the non-compacted

Aquacoat® (E) beads which may be influenced by the disintegration time of the E

caplet. Polyox® amount was insufficient to provide optimal sealant effect in

preservation of controlled release film in that release from crushed tablets faster

than from non-compacted beads. But it is noted that the crushed tablets ( _ S )in

figure 1.11 and (-0--) in figure 1.12 both show an acceptable sustained release

drug profile. This suggests that there are useful formulations for chewable

sustained release tablets and they warrant investigation in a biostudy. In this case

they are considered only for chewable sustained release or sustained release

sustained release (lines ( _ S ) and (-0) in figure 1.11 and 1.12). But it is noted

that although the chewed and swallowed tablets can be good sustained release

delivery systems, they are not expected to be bioequivalent to the tablets swallowed

whole without chewing or crushing (which are also good but differing sustained

release delivery systems).

Line(-) in figure 1.12 shows sustained release of drug over 18 hours.

This F caplet which disintegrates into individual beads after ingestion of the whole

(intact) tablet and demonstrates sustained release properties over many hours makes
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a good sustained release dosage form. Moreover, dissolution results from the

crushed F caplet (O) in figure 1.12 shows an immediate release and a controlled

release portion of drug with 80% drug dissolved in 10 hours. Good sustained

release with some immediate release can be obtained when the F caplet is

administered by first crushing the tablet. Several sustained release patterns can be

obtained from this formulation approach.

Polyox® in alcohol/water/P VP was applied to drug beads (G-beads I

in figures 1.13, 1.14, and 1.15) which then were used to study effects of additional

Lactose: Explotab® layer on drug release rate. Dissolution profiles revealed that the

higher levels of lactose: Explotab® coating showed faster drug release which may

have been caused by osmotic pressure exerted by lactose and its solubility in water

(line( - ) in figure 1.13, 1ine(--)in figure 1.14, and (i )in figure

1.15). The percentage Polyox®: PVP coating on beads did not produce a complete

sealant effect in protection of controlled release film.
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CONCLUSIONS

Acetaminophen beads were successfully produced using extrusion and

spheronization. Drug was readily available from the uncoated beads. Improvement

of Polyox® coating procedure was achieved using a mixture of Polyox® and PVP

alcoholic solution. Low friability and rapidly disintegrating caplets were produced

at 1000 lbs compression pressure. Multi-layered beads which are easily produced,

have good flowability,, and can be compacted without the addition of any powdered

tableting excipient can be an ideal dosage form to prevent the segregation ofmore

than one different particle size materials during normal tablet production.

Ethylcellulose coated beads without the outermost disintegrant polymer

coat formed non-disintegrating matrix tablets when compacted and drug release

was approximately zero-order sustained release. These non-disintegrating matrix

tablets represent an alternative approach for developing sustained release tablets.

Dissolution studies showed that the controlled release properties of the

multiple-layered coated beads were reduced but still present upon compaction and

crushing. Permanent deformation of the beads was observed. Polyox® amount

which was used in this present study was insufficient to provide optimal sealant

effect in preservation of controlled release film.

Optimization of sealant effect by increasing the amount of Polyox® is still

desirable in order to produce a new formulation which can be administered either
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by swallowing the whole tablet or by first crushing or chewing the tablet where the

controlled release properties do not change.
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SOLID FORMULATIONS AND EVALUATION OF A NOVEL
IMMEDIATE RELEASE FORMULATION OF ITRACONAZOLE

Vipapom Rakkanka and James W. Ayres



53

ABSTRACT

Solid dispersion and solvent/co-solvent techniques were investigated with

an objective of enhancing the dissolution rate of itraconazole and producing a

product bioequivalent to Sporanox®, and a product with increased bioavailability

relative to Sporanox®. Dissolution studies were carried out in simulated gastric

fluid at 37.5°C using the USP XXII apparatus II, paddle stirring method and results

compared with the marketed product of itraconazole, Sporanox®, as a reference.

Differential scanning calorimetry (DSC) was used to characterize the dispersions

and drug loaded beads. Solid dispersion of itraconazole in polyethylene glycol

20000 (PEG 20000) with trisodium citrate gave higher rate of dissolution than

dispersion in PEG 20000 alone. Trisodium citrate was found to reduce the enthalpy

for PEG fusion as shown in DSC tracings, and help solubilize itraconazole in the

dissolution study. A marked enhancement in dissolution rate of itraconazole was

observed with itraconazole and glucose monohydrate dispersion. However,

reproducibility and formulation stability problems of the glucose monohydrate

dispersion need further investigation. Itraconazole loaded drug beads were also

produced using alcoholic solution of neutralized acetic acid and hydroxypropyl

methylcellulose. Stability problems that may result from the high acidity of acetic

acid were circumvented by partially neutralizing with sodium hydroxide.

Surprisingly, neutralized acetic acid still maintained its function to solubilize the
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drug. These loaded drug beads exhibited identical dissolution rate to that from

Sporanox® capsules with an appropriate amount of product fitted into the desired

capsule size. From DSC tracing of itraconazole loaded beads, it is shown that

itraconazole is present as a particulate dispersion similar to that in Sporanox®. To

obtain preliminary information about in vivo performance of new formulated

capsules, pilot bioavailability and bioequivalence studies were conducted in

crossover studies. Pilot bioavailability and bioequivalence studies results suggested

that neutralized acetic acid loaded drug beads formulation was a potential product

bioequivalent to Sporanox® capsules.
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INTRODUCTION

Target drug delivery systems can be severely limited by biological,

chemical, and physical barriers, which are imposed by the environment through

which delivery occurs, the environment of the target itself, or the target itself. The

chemical nature of the active ingredient is one of many factors that can limit drug

efficacy. Many drugs being developed today are poorly soluble to the extent that

dissolution may be at least partly rate limiting to their oral absorption. The ability

to increase aqueous solubility can thus be a valuable tool to increasing drug

efficacy.

Since the 1 950s much progress has been achieved in the treatment of fungal

infections. Because of their spectra of activity, pharmacokinetic characteristics and

relatively low frequency of adverse side effects, imidazole derivatives such as

itraconazole are extremely attractive for use in selected systemic and superficial

fungal infections. Itraconazole is under extended and intensive investigations to

optimize its use in human clinical therapy. However, these compounds are either

partially water soluble or insoluble in water. For instance, the solubility of

itraconazole in water is less than 0.00001 g/ml. Since the imidazole derivatives are

typically insoluble in water, orally deliverable forms of these compounds are very

difficult to formulate.
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Itraconazole is a synthetic antifungal agent and a 1:1:1:1 racemic mixture of

four diastereomers (two enantiomeric pairs), each possessing three chiral centers. It

has a molecular formula ofC35H38C12N804 and a molecular weight of 705.64.

Itraconazole structure is presented in figure 2.1. It is a white to slightly yellowish

powder, practically insoluble in water, very slight soluble in alcohols (solubility of

itraconazole 0.30 mg/mi in ethanol and 0.71 mg/ml in methanol), and freely soluble

in dichioromethane (239 mg/mI) (1). Ten milligrams per milliliter solutions can be

obtained only in polar organic solvents or in acidified polyethylene glycols (PEG)

(2). It is an extremely weak base
(PKa = 3.70) and only ionized at a low pH, such as

in gastric juice. The log partition coefficient of itraconazole in a system of n-

octanol and an aqueous buffer solution of pH 8.1 is 5.66, indicative of very high

lipophilicity (1). Because of its poorly aqueous solubility, its absolute

bioavailability is only 56% under fed conditions (2).

Figure 2.1: Structure of itraconazole.

CH3
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Chowdary et al. (3 and 4) studied the development of dissolution media for

itraconazole (3) and the effects of surfactants on solubility and dissolution rate of

itraconazole (4). Different approaches usually used in the design of dissolution

media for poorly soluble drugs to maintain sink conditions (i.e., a large difference

in the dissolved drug concentration and saturation drug concentration) include a)

increasing the volume of the aqueous media or removing the dissolved drug. b)

increasing solubility of the drug by adding co-solvents such as anionic or non-ionic

surfactants to the dissolution medium and c) alteration of pH to enhance the

solubility of ionizable drug molecule.

The solubility of itraconazole in purified water (pH 6.4), 0.1 N hydrochloric

acid (pH 1.2) and phosphate buffer (pH 7.4) was 1.2, 5.0, and 0.77 ig/ml

respectively (3, 4). These results suggested that itraconazole is poorly soluble at

both acidic and alkaline pH. Hence, adjusting pH of the dissolution fluid cannot be

applied to maintain sink conditions for itraconazole. Unlike surfactants, such as

Tween 20 and sodium lauryl sulfate (SLS), both greatly increased the solubility of

itraconazole in 0.1 N hydrochloric acid. A 76 and 164 fold increase in the solubility

of itraconazole in 0.1 N hydrochloric acid was observed at 0.5% and 1.0% SLS

concentrations respectively (3, 4). SLS not only increased itraconazole solubility

but also enhanced the dissolution rate of itraconazole by 26.5 fold at 1.0%

concentration of SLS (4). These findings suggest SLS could be used in oral

formulations to improve the solubility and dissolution rate of itraconazole.
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Eutectic systems are one example of solid dispersions. The solid phases

constituting the eutectic each contain only one component and the system may be

regarded as an intimate crystalline mixture of one component in the other. A

second major group of solid dispersion is the dispersion in which each solid phase

contains both components, that is a solid solute is dissolved in a solid solvent to

give an amorphous solid. Solid dispersions are used broadly in formulations as a

means of facilitating dissolution and frequently, therefore, bioavailability of poorly

soluble drugs when combined with freely soluble "carriers" such as polyethylene

glycol (PEG). Increasing dissolution rate is achieved by a combination of effects,

the most significant of which is reduction of particle size. Other contributing

factors include increased wettability of the material, reduced aggregation and

agglomeration, and a likely increase in solubility of drug owing to the presence of

the water soluble carrier.

Solid dispersion of itraconazole in lactose, microcrystalline cellulose

(MCC) and three superdisintegrants (Primogel, Kollidon CL, and Ac-Di-Sol) and

their formulation into tablets was investigated by Chowdary et al. (5) with an

objective of enhancing the dissolution rate of itraconazole from tablet formulations.

The order for the excipients to enhance the dissolution rate was Ac-Di-Sol>

Kollidon CL > Prirnogel > microcrystalline cellulose> lactose (5). Solid

dispersions in superdisintegrants gave much higher rates of dissolution than

dispersions in other excipients. For example, Ac-Di-Sol gave the most

improvement (28-fold) in the dissolution rate of itraconazole at a 1:1 drug:
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and the fast disintegrating and dispersing action of the superdisintegrants contribute

to the enhancement of dissolution rate of itraconazole.

Itraconazole solubility and initial dissolution rate has been improved

according to transformation of crystalline forms of drugs into highenergy

amorphous forms in solid dispersions (6). Miyamato et al. (7) has presented a

method for converting sparingly water-soluble medical substances to an amorphous

state which can improve absorption of the medical substance. This method

comprises (a) mixing i) a sparingly water-soluble medical substance, Ii) an

amorphous state-inducing agent and iii) an amorphous state-stabilizing agent, and

(b) subjecting the resulting mixture to heat treatment or mechanochemical

treatment.

The amorphous state-inducing agent is defined as any compound capable of

depressing the melting point of the mixture of a medical substance. Also included

are compounds with functions and properties to change crystal-lattice energy of a

sparingly water-soluble medical substance to a lower energy, and increase

fluctuation of crystal lattice at the same temperature in the presence of heator

mechanical energy. Some examples of amorphous state-inducing agents include

ascorbic acid, citric acid, trisodium citrate, disodium citrate, and tartaric acid.

Following modification of the crystalline structure of a sparingly water-

soluble medical substance by the amorphous state-inducing agent, the amorphous

state-stabilizing agent interacts with the fluctuated state of the crystal lattice to
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include cellulose derivatives (such as hydroxyethyl cellulose, hydroxypropyl

methylcellulose (HPMC), and hydroxypropyl cellulose (HPC)).

Verreck et al. (8) investigated the physical properties of a solid dispersion

of itraconazole and HPMC 40/60 ratio wiw, prepared by hot melt extrusion. It was

shown that melt extrusion of itraconazole and HPMC 2910 5 mPa.s 40/60 w/w

results in an amorphous solid dispersion whereby the carrier HPMC 2910 5 mPa.s

prevents re-crystallization of the drug substance which correlated very well with

Miyamato et al. (7). This results in enhanced dissolution properties of itraconazole.

In another study by Somani et al (9), sodium chloride was used with similar

purpose in process for the preparation of cefuroxime axetil in an amorphous form

without the use of organic solvents; however, sodium chloride function in forming

an amorphous cefuroxime axetil was unclear.

Salts, such as trisodium citrate or disodium citrate, sodium phosphate

monobasic monohydrate and sodium chloride were evaluated earlier in this

laboratory for their ability to depress the melting point of itraconazole and to

increase fluctuation of crystal lattice in polyethylene glycol solid dispersion (drug

solubility in polyethylene glycol 400 = 0.19 g / 100 ml (10)), which may increase

drug solubility, release, and absorption. The use of hydroxypropyl methylcellulose

(HPMC) as the amorphous-stabilizing agent was also studied.

Several approaches were considered desirable to improve aqueous solubility

of itraconazole without the use of highly regulated organic solvents such as
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dichioromethane, keeping in view both Food and Drug Administration (FDA) and

Environmental Protection Agency (EPA) perspectives. The objective of this

research project is to develop a solid formulation for itraconazole that is

bioequivalent to Sporanox® using solid dispersion techniques and solvent I co-

solvent techniques. If available, such a "generic equivalent" would provide a less-

expensive alternative in commerce. Further a 100 mg dose of Sporanox® is only

15.7% bioavailable in the fasting state, and dosing of 2 x 100 mg Sporanox®

capsules is quite common but this dose is only 22.8% bioavailable in the fasting

state (11). Thus, another objective of this research was to formulate itraconazole

capsules with increased bioavailability.
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MATERIALS AND METHODS

CHEMICALS

All chemicals used in this present study were purchased from standard

sources. Itraconazole (TEVA pharmaceuticals-USA, Sellersville, PA),

Polyethylene glycol 20000-linear (TEVA pharmaceuticals-USA, Sellersville, PA),

Glycerol (EM science, Gibbstown, NJ), Hydroxypropyl methylcellulose-HPMC

E5, El 5, and Ki SM premium (Dow Chemical Co., Midland, MI), Sodium starch

glycolate-Explotab (Edward Mendell Co., Petterson, NY), 95% Ethanol USP grade

(Chemistry Department, Oregon State University, Corvallis, OR), Glacial acetic

acid (Fisher Chemicals, Fair Lawn, NJ), Acetonitrile (Fisher Chemicals, Fair Lawn,

NJ), Sodium Hydroxide (Mallinckrodt Baker Inc., Paris, KY), Micron-sized Silica-

Syloid® 72 (W.R. Grace & Co.-Conn., MD), Potassium phosphate, monobasic

(Fisher Chemicals, Fair Lawn, NJ), Glucose monohydrate (Sigma Chemicals Co,

St. Louis, MO), Trisodium citrate dihydrate (EM Science, Gibbstown, NJ), Citric

acid (J.T. baker, Phillipsburg, NJ), Disodium hydrogen citrate sesquihydrate

(Fisher Chemicals, Fair Lawn, NJ), Sodium phosphate monobasic monohydrate

(EM Science, Gibbstown, NJ), Sodium chloride ((Fisher Chemicals, Fair Lawn,

NJ). Water was deionized using the Milli-Q® Reagent Water System (Millipore,

Bedford, MA).



SOLID DISPERSION TECHNIQUE

Preparation of Itraconazole and Polyethylene Glycol (PEG) Eutectic Mixture

Polyethylene glycol (PEG) and drug were made into a eutectic mixture at

120°C. Initially, PEG, glycerol, and hydroxypropyl methylcellulose (HPMC) were

melted at 60-70°C using a controlled temperature sand bath, 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. Sodium

starch glycolate (Explotab®) and salts were added with vigorous stirring. This hot

solution was then rapidly cooled in an ice-cold water bath, leading to rapid

solidification of PEG and salts entrapping the drug as a solid in solid solution

(shown by DSC). The product was crushed into small pieces and then put in a small

coffee blender to reduce into granules of different sizes. All different sizes of

granules were manually filled in a gelatin capsule. Formulations of itraconazole and

PEG eutectic mixtures are listed in table 2.1.



Table 2.1: Formulation of itraconazole and PEG eutectic mixture.

Ingredient 0 Si S2 S3 S5

PEG 20000-linear 55.00% 50.00% 50.00% 50.00% 50.00%

]Itraconazole 20.00% 18.18% 18.18% 18.18% 18.18%

Glycerol 15.00% 13.63% 13.63% 13.63% 13.63%

HPMC K15M 5.00% 4.55% 4.55% 4.55% 4.55%

Explotab® 5.00% 4.55% 4.55% 4.55°'f 455%

Trisodjum citrate 9.09%

Disodium citrate - - 9.09%

Sodium phosphate
monobasic
monohydrate

- - - 9.09%

Sodium chloride - - - - 9.09%

The research reported herein is an extension, expansion, and modification

of the general formulation shown in table 2.1.

Preparation of Itraconazole and Glucose Monohydrate Eutectic Mixture

Glucose monohydrate is a water soluble substance and has a structure which

is related to hydroxypropy1--cyclodextrin. Hydroxypropyl-3-cyclodextrin is used
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as a carrier for itraconazole in oral itraconazole solution (12). In this present study,

the use of glucose monohydrate as a carrier to improve itraconazole solubility was

investigated.

Table 2.2: Formulation of itraconazole and glucose monohydrate eutectic mixture.

Ingredient Percentage (w/w)

Glucose monohydrate 55.00

Itraconazole 20.00

Glycerol 15.00

HPMC ES 5.00

Explotab® 5.00

Glucose monohydrate and drug were made into a eutectic mixture at 130°C.

Initially, glucose monohydrate, glycerol, and hydroxypropyl methylcellulose

(HPMC) were melted at 130°C in a beaker immersed in a sand bath supported on a

hot plate. Itraconazole is added in small quantities with vigorous stirring ensuring

its dissolution and a brown mixture is formed. Sodium starch glycolate (Explotab)

was added with vigorous stirring. This hot mixture was then rapidly cooled in an

ice-cold water bath, leading to rapid solidification of glucose monohydrate



entrapping the drug as a solid in solid solution (shown by DSC). The product was

crushed into small pieces and then put in a small coffee blender to reduce into

granules of different sizes. All different sizes of granules were manually filled in a

gelatin capsule. Formulation of itraconazole and glucose monohydrate eutectic

mixture is listed in table 2.2.

SOLVENT/CO-SOLVENT TECHNIQUE

Since acetic acid is both acidic and has a high dielectric constant like

dichloromethane, it was proposed to be useful to improve itraconazole solubility.

After this research was nearly complete, a patent was found (13) showing the use of

acetic acid to dissolve itraconazole for the production of microspheres using spray

drying. But, attempts to produce itraconazole loaded drug beads using acetic acid

resulted in unstable drug which degraded during storage. It was, however,

unexpectedly discovered that acetic acid can be at least partially neutralized and

still function as a useful solvent/co-solvent for itraconazole in production of drug

loaded beads. Therefore, solubilization of itraconazole using an alcoholic solution

of neutralized acetic acid and hydroxypropyl methylcellulose mixture was

investigated with an objective of producing a product with superior or equal

bioequivalence to Sporanox®.
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Optimization of Itraconazole: Hydroxypropyl Methylcellulose (HPMC) Ratio

A number of formulations were prepared with varying itraconazole: HPMC

ratios in order to achieve the desired release profile, and to keep the amount of final

formulation to a minimum (figure 2.2a-e and table 2.3a-b).

Preparation of an Alcoholic Solution of Non-neutralized Acetic Acid and
Hydroxypropyl Methylcellulose (HPMC) Mixture

Ten percent HPMC E5 solution in 95 % ethanol (USP) was prepared.

Separately, 25 % itraconazole solution in glacial acetic acid was then prepared with

stirring at room temperature. This latter solution is purple in color. The HPMC

solution was warmed to 60°C, and then the itraconazole solution was added slowly

with vigorous stirring to the warm HPMC solution. Different solution ratios were

used such as 3:1 HPMC to itraconazole solids ratio (i.e., 300 ml 10% HPMC

solution is mixed with 40 ml 25% itraconazole solution).
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Figure 22a: Schemes of 3:1 non-neutralized acetic acid bead and capsule
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Figure 2.2b: Schemes of OSU 16% neutralized acetic acid bead and capsule.
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Figure 2.2c: Schemes of OSU 19% neutralized acetic acid bead and capsule.
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Figure 2.2d: Schemes of OSU 2.5 neutralized acetic acid bead and capsule.
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Figure 2.2e: Schemes of OSU mix neutralized acetic acid bead and capsule.



Table 2.3a: Non-neutralized and neutralized acetic acid formulations studied in the preparation of itraconazole coated beads.

Formulation
Non-neutralized acetic acid Neutralized acetic acid

1:1 2:11 3:1 4:1 OSU 16% OSU 19% OSU 2.5

Sugar bead size (mesh) 20-25 20-25 20-25 20-25 25-30 25-30 25-30

% Itraconazole loaded 10% 17% 21.5% 20% 16% 19% 21%

Coating Solution

10% HPMC E5
in 95% ethanol 100 ml 200 ml 300 ml 400 ml 300 ml 300 ml 250 ml

25% Itraconazole in
40m1 40m1 40m1 40m1 40m1 40m1 40m1glacial acetic acid

iN Sodium hydroxide in
95% ethanol 40 ml 40 ml 40 ml

-a
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Table 2.3b: OSU mix neutralized acetic acid bead formulation.

OSU mix bead

50% Type A 50% Type BIngredient

Layer Layer
1 2

Sugar bead size (mesh) 20-25 20-25

% Itraconazole loaded 17.8% 3.8% 16.7%

Coating Solution

10% HPMC E5
300m1 lOOml 300m1in 95% ethanol

25% Itraconazole in
40m1 40m1 40m1glacial acetic acid

iN Sodium hydroxide in
40m1 40m1 40m195% ethanol

Preparation of an Alcoholic Solution of Neutralized Acetic Acid and
Hydroxypropyl Methylcellulose (HPMC) Mixture

Ten percent HPMC E5 solution in 95 % ethanol (USP) was prepared. iN

sodium hydroxide (NaOH) solution in 95 % ethanol (USP) was prepared overnight

at room temperature to act later as a neutralizer. The 1 N NaOH solution was added

to the HPMC solution. The ratio used was 1:1 iN NaOH to acetic acid (i.e., 40 ml 1
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N NaOH solution is added in this step when 40 ml 25 % itraconazole solution in

acetic acid is used later). Twenty five percent itraconazole solution in glacial acetic

acid was then prepared with stirring at room temperature. The alkalinized HPMC

solution was warmed to 60°C, and then the itraconazole solution was added slowly

with vigorous stirring to the warm alkaline HPMC solution. Different solution

ratios were used to produce such as 2.5:1 HPMC to itraconazole solids ratio (i.e.,

250 ml 10% HPMC solution is mixed with 40 ml 25% itraconazole solution). The

pH of neutralized mixture is about 3.5-4 measured by pH paper.

Preparation of Itraconazole Loaded Beads

An alcoholic solution of non-neutralized or neutralized acetic acid and

hydroxypropyl methylcellulose (HPMC) mixture of itraconazole was spray layered

on to 50 g of nonpareil sugar beads (25-3 0 mesh or 20-25 mesh size) in a fluid-bed

spray coater (Strea-1, Niro Inc., Columbia, MD). A fluid-bed spray coater is

presented in figure 2.3. Spray layering was performed at 55°C (inlet temperature)

and bed temperature has previously been shown to equal inlet temperature in small

laboratory coaters. A small nozzle (0.8 mm) was used for spray layering. Air

pressure was maintained at 15-20 psi and the blower speed set at full capacity to

allow beads to move freely. An alcoholic solution of non-neutralized or neutralized

acetic acid and HPMC mixture of itraconazole was constantly delivered by



peristaltic pump (Rabbit® peristaltic pump, Gilson Medical Electronics, Middleton,

WI). Delivery rates were controlled at 2.25 mi/mm. During the spray layering

process the mixed solution was kept stirring to ensure homogeneity and maintained

at 60°C all the time and in all tubing and the nozzle while coating as shown in

figure 2.3. Drug loaded beads were dried in the coating chamber for another 30

minutes at the same temperature and air flow before removing. Beads were then

sieved (mesh size #10 and 60) to remove agglomerated and fine powder. The

coated dried beads are mixed with 1% Syloid (micro-sized silica) to improve flow,

before filling into capsules.
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Figure 2.3: Fluid-bed spray coater.
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DRUG LOADING ASSAY

An exact amount of the itraconazole granules or beads (200 mg) was

weighed in triplicate samples and transferred to separate 200 ml volumetric flasks.

Samples were dissolved in 20 ml acetonitrile and sonicated for 15 minutes.

Enzyme-free simulated gastric fluid (pHi .4) was added to adjust volumes to 200

ml. Each solution was mixed, sonicated for another 15 minutes and then filtered

through a 0.45 im membrane filter. Standard itraconazole stock solution was

prepared by dissolving 40 mg itraconazole in 20 ml acetonitrile and adjusting

volume to 200 ml with gastric fluid. A series of standard solutions with a

concentration of 10-200 tg/ml was prepared from the stock solution by serial

dilution. One milliliter of samples or standard solutions was diluted to 10 ml with

gastric fluid before performing UV analysis. Blank solution was prepared by

adding gastric fluid to 20 ml acetonitrile in the volumetric flask to make 200 ml.

UV absorbance of diluted samples and diluted standard solutions were measured at

226 nm. A typical standard curve is presented in figure 2.4.

DISSOLUTION TESTING OF FORMULATIONS

Dissolution profiles of itraconazole formulations were studied using the

United States Pharmacopoeia (USP) XXII apparatus II, paddle stirring method (VK



7000®, Vankel Industries, Inc., Cary, NC). Each dissolution vessel was filled with

900 ml of enzyme-free simulated gastric fluid pH 1.4 and maintained at 3 7°C.

Dissolution testing of itraconazole formulations produced in the laboratory

(or so called laboratory formulations) was performed in triplicate and compared

with Sporanox® capsules. One hundred or two hundreds milligrams itraconazole (1

capsule or 2 capsules) of laboratory formulations or Sporanox® were placed into

the appropriate dissolution vessels. Dissolution was studied at a paddle rotation

speed of 100 rpm. Samples of 3 ml dissolution medium were withdrawn without

medium replacement at 5, 10, 20, 30, 45, and 60 minutes via syringe using 0.45 m

filters.

One milliliter of sample was diluted with 9 ml of gastric fluid. Absorbance

of diluted samples were measured by DU® Series 600 UV/Vis speetrophotometer

(Beckman Coulter, Fullerton, CA) at wavelength 226 nm and amount of

itraconazole released determined using an appropriate standard curve (figure 2.4).

Mean drug dissolutions and standard deviations were calculated from three

replications in all dissolution experiments. Drug dissolution profiles are presented

as percent drug release versus time curve.
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Figure 2.4: Typical standard curve for itraconazole analyzed using UV.
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DIFFERENTIAL SCANNING CALORIMETRY (DSC) ANALYSIS

Differential scanning calorimetry (DSC) measurements were performed on

itraconazole, laboratory formulations and Sporanox® beads using a Perkin-Elmer

TADS (Perkin-Elmer Analytical Instruments, Shelton, CT). Calibration was carried

out using indium as reference material. The samples were analyzed in perforated

and covered Aluminum pans. Pure itraconazole was heated from 25°C to 200°C

with a heating rate of 20 or 40°C/mm.

PILOT BIOAVAILABILITY AND BIOEQUI VALENCE STUDIES

Bioavailabiiity and bioequivalence pilot studies of single 200-mg doses of

four itraconazole neutralized acetic acid formulations (table 2.2a-b) and Sporanox®

were evaluated in crossover studies of 6 healthy volunteers under fasting

conditions. Each group of six healthy volunteers received one of the following four

new formulations: a) OSU 16% (figure 2.2b), b) OSU 19% (figure 2.2c), c) OSU

2.5 (figure 2.2d), and d) OSU mix bead (figure 2.2e) and Sporanox® with a

washout period of one-week in a randomized, open label, two treatment, two period

crossover study. During each of the two crossover phases, 10-mi blood samples

were obtained immediately prior to dosing (time zero) and at 1, 2, 3, 4, 5, and 6

hours after dosing. Blood was collected directly from a vein by a licensed nurse or



82

phlebotomist. Concentrations of itraconazole in plasmawere measured by high-

performance liquid chromatography (HPLC). Sample preparation, HPLC analysis

of itraconazole plasma concentrations, and pharmacokinetic determinationare

presented in detail in Chapter 4.
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RESULTS AND DISCUSSION

ITRACONAZOLE AND POLYETHYLENE GLYCOL (PEG) EUTECTIC
MIXTURE

PEG 20000 is available as either branched or linear chain polymers. Food

and Drug Administration (FDA) currently approves linear polyethylene glycol

20000 for usage in pharmaceutical preparations but not branched PEG 20000

because the process of manufacturing of branched PEG 20000 is not fulfilled Good

Manufacturing Practice (GMP) requirement (10). Also, branched PEG supplier can

be a problem due to a few users. However a formulation containing branched PEG

20000 showed good dissolution, whereas the formulation containing linear PEG

20000 showed poor drug dissolution (10). Solubility of itraconazole can be

improved by transforming the crystalline form into an amorphous state in the

preparation of solid dispersions. Moreover, salts, such as trisodium citrateor

disodium citrate, sodium phosphate monobasic monohydrate and sodium chloride

were used to induce the transformation of itraconazole into the amorphous state

which may possibly improve solubility of itraconazole in linear PEG 20000 (drug

solubiiity 0.19 g/ 100 ml) eutectic mixture.

The presence of trisodium citrate in the itraconazole formulation (Si in

table 2.1) was found in the present research to substantially improve the rate and



extent of solubility of itraconazole in simulated gastric fluid pH 1.4 in that ninety

percent of drug dissolved in two hours (figure 2.6) but didn't have as much effect

as desired on rate of drug dissolution. Dissolution of inventor itraconazole

formulation (Sporanox®) is also presented in figure 2.6, and more than 90% of drug

dissolved in 45 minutes. The USP specification for this product requires not less

than 80% drug dissolution in 45 minutes. To develop bioequivalent products

(products which can be substituted and have the same biological effects) the

itraconazole formulation must be solubilized faster than the trisodium citrate

formulation tested in order to have the same in vitro and in vivo release patterns as

Sporanox®.

Disodium citrate was found to improve the dissolution of itraconazole about

the same as trisodium citrate, but only about eighty percent of drug dissolved in

two hours as shown in figure 2.5. Sodium phosphate monobasic monohydrate and

sodium chloride were not found to improve dissolution of itraconazole. Dissolution

results are shown in figure 2.5.
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Figure 2.6: Effect of trisodium citrate dihydrate on drug dissolution of itraconazole and PEG eutectic mixtures (n 3).
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Itraconazole has an endothermic peak at 174.41 as shown in figure 2.7.

DSC tracing of Sporanox® (figure 2.8) illustrates that Sporanox® contains

itraconazole as a particulate dispersion, while the itraconazole and PEG eutectic

mixture (figure 2.9) contains drug in a dissolved form (i.e., solid solution). This

important finding was presented previously by Kapsi who graduated from this

department. Two endothermic peaks were found in DSC tracings of Sporanox® at

about 61.93°C and 187.44°C corresponding to PEG 20000 and itraconazole

respectively (figure 2.8). DSC tracings of trisodium citrate formulation and

formulation without trisodium citrate in PEG (Si and 0 in table 2.1 respectively)

are presented in figure 2.10 and figure 2.9 respectively. PEG endothermic peaks

appear at 54.19°C in figure 2.10 and 56.04°C in figure 2.9. DSC tracings of those

two formulations are similar in appearance but there is only a small but important

difference in enthalpy per gram for PEG fusion. The formulation containing

trisodium citrate exhibits lower enthalpy for PEG which is consistent with more

rapid dissolution, and the objectives of this research.

In conclusion, trisodium citrate and disodium citrate were found to improve

the rate and extent of solubility of itraconazole in simulated gastric fluid pH 1.4.

While not wishing to be bound by theory, it was believed that trisodium citrate and

disodium citrate functioned as an amorphous state inducing agent by changing the

crystal-lattice energy of itraconazole to a lower energy and increasing fluctuation of

crystal lattice in the PEG solid dispersion, which in turn dramatically increased the
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dissolution of itraconazole. Sodium phosphate monobasic monohydrate and sodium

chloride were expected either to depress the melting point of the PEG solid

dispersion of itraconazole or to function as an amorphous state inducing agent with

the intention of increasing aqueous solubility of itraconazole; however, both salts

were not found to improve the dissolution of itraconazole in simulated gastric fluid.
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ITRACONAZOLE AND GLUCOSE MONOHYDRATE EUTECTIC
MIXTURE

Surprisingly, solubility of itraconazole was dramatically increasing by

substituting linear PEG 20000 with glucose monohydrate. Higher dissolution is

present in figure 2.11 with the itraconazole and glucose monohydrate formulation.

However, many problems occurred during the melting production process

including not be able to get the same results with different batches. The mixture of

drug and melted sugar was a lot like caramel candy. Many factors are involved in

preparation of eutectic mixtures which may be very difficult to be controlled such

as heating rate, cooling rate, order of mixing, and batch size. Such factors can be

problems from an industrial point of view. Moreover, the caramel like character of

this formulation leads to difficulty in size reduction of granules after cooling. One

characteristic of glucose (sugar) is that it can absorb moisture from the

environment, and precipitation of itraconazole occurred at the surface of granules

resulting in poor dissolution. More research needs to done on developing the

production process of these formulations before they will be useful but the concept

of preparing glucose/drug melt mixtures appears very promising for low solubility

drugs. It is suggested that solvent/cosolvent evaporation techniques be developed to

produce eutectic mixtures of glucose and low solubility drugs.
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Figure 2.11: Dissolution profiles of itraconazole and glucose monohydrate eutectic mixture (n 3).



SOLVENT/CO-SOLVENT TECHNIQUE

Hydroxypropyl methylcellulose (HPMC) was found to be an antinucleation

agent or phase retardant agent which was used in formulation to prevent drug

precipitation after dissolution (10). Various formulations were made both

previously and in the current study by varying ratios of HPMC E5 and itraconazole

in order to optimize drug dissolution and to keep the final amount of formulation at

a minimum. HPMC E5 was currently employed in formulations at varying ratios

with drug such as 1:1, 2:1, 3:1, and 4:1 (table 2.3a). Dissolution profiles of 100mg

and 200 mg itraconazole with varying HPMC ES: drug ratios compared to

Sporanox® are illustrated in figures 2.13 and 2.14 respectively. Ninety five and

ninety percent drug dissolution at 60 minutes were established with Sporanox® 100

mg and 200 mg (or two 100 mg capsules) respectively. There is no evidence in

figure 2.12 of in vitro saturation which may be attributed to the fixed volume of

dissolution medium in which there is saturation of a low solubility drug. Thus, the

Sporanox® formulation is maintaining drug in solution for up to at least 2 hours in a

concentration of 200 tg/ml in gastric fluid. Note that the reported solubility of

itraconazole is only S j.tg/ml in 0.1 N hydrochloric acid pH 1.2 (3, 4).
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Dissolution of drug from formulations (table 2.3a) containing 1:1, 2:1 and

3:1 ratios is slower than Sporanox® in both cases of 100 mg and 200 mg of

itraconazole, whereas 100 mg itraconazole of the 4:1 formulation gave rapid drug

release. Two hundred mg itraconazole of 2:1 and 4:1 formulations illustrate in vitro

saturation as shown by dissolution rates have reached a plateau before completion

(figure 2.14). in vitro saturation occurs when the maximum amount of itraconazole

solubility is exceeded in a given volume of dissolution medium and at a given

temperature. Drug precipitation after dissolution can be observed when in vitro

saturation is occurring. Interestingly, there is no sign of in vitro saturation with 1:1

ratio formulation, neither for 100 mg nor 200 mg dose.

It was believed that too rapid dissolution of 4:1 ratio formulation may cause

in vitro saturation because of high local concentration in the diffusion layer and

then resulted in nucleation of drug or drug precipitation (shown with 200 mg or two

100 mg capsules of 4:1 formulation). In order to slow down the total initial drug

dissolution associated with the 4:1 formulation and obtain complete dissolution

associated with the 1:1 formulation, a mixture of 1 part 4:1 beads to 1 part 1:1

beads was studied and dissolution profiles are presented in figure 2.15. The

formulation made with the mixture of 4:1 beads and 1:1 beads gave slower and

incomplete dissolution compared to Sporanox®.
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An interesting discovery was made during preparation of drug loaded beads.

HPMC ES may help prevent drug degradation in acetic acid solution. Two

solutions were prepared; one contains 10% HPMC in ethanol, acetic acid and

itraconazole and another contains acetic acid and itraconazole. These two solutions

were left overnight in the water bath at 60°C. The solution without HPMC turned

very dark in the morning whereas the one with HPMC still remained the same

original color (figure 2.16). If changing color means degradation of itraconazole in

acetic acid solution, HPMC may have an effect to prevent degradation of

itraconazole in such an acidic solution like acetic acid. The mechanism is currently

unknown.

With HPMC Without HPMC

c,

After 24h at 60 degree C

Figure 2.16: Effect of HPMC on itraconazole properties in acetic acid solution.
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It was only recently discovered that production of itraconazole loaded drug

beads using acetic acid resulted in an unstable drug formulation that degraded

during storage, which might be due to traces of acetic acid. Itraconazole capsules

stability tests (non-neutralized 3:1 formulation, figure 2.2a and table 2.3 a) were

conducted in a stability chamber at 40°C and 75% relative humidity and the results

are presented in table 2.4. This formulation contains drug impurities that are

increasing over time. In a separate stability study, HPLC tracing of 3 month aged

capsule of non-neutralized 3:1 formulation that was stored in a closed brown bottle

at room temperature was compared to the standard itraconazole solution in figure

2.17. Capsules stored at room temperature for 3 months showed similar degradation

to those under accelerated stability test for one month.

Table 2.4: Itraconazole capsules stability, non-neutralized 3:1 formulation.

Sample Assay Total
Impurities

Largest
Unknown

Initial 91% 1.5% 0.3%

2 week 85% 4.4% 1.7%

4 week 83% 5.3% 2.3%
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Figure 2.17: HPLC tracings of standard itraconazole solution (A) and 3 month aged capsule of non-neutralized 3:1
formulation (B) which was stored in a closed brown bottle at room temperature.
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It was, however, unexpectedly discovered that acetic acid can be at least

partially neutralized to pH 3.5-4.0 and still function as a useful solvent/co-solvent

for itraconazole in production of drug loaded beads. This is surprising because

itraconazole is not soluble at the same pH without acetic acid. Thus, the acetic acid

has a specific solvation effect independent of its pH effect. Various neutralized

formulations (table 2.3a-b) were made i) by varying percent of coating (OSU 16%

(figure 2.2b) and OSU 19% (figure 2.2c)), ii) by varying ratios of HPMC E5 and

itraconazole (1:1, 3:1, and 2.5:1), and iii) by using different size of sugar beads (20-

25 mesh and 25-30 mesh) in order to optimize drug dissolution and to keep the

final amount of formulation at a minimum. Dissolution profile of the neutralized

OSU 16% made with 16% coating of 3:1 HPMC: drug is faster than from

Sporanox® capsules (figure 2.18) and meets one goal of the current research.

Increasing percent of coating in neutralized OSU 19% and applying an extra layer

of 1:1 HPMC: drug onto 3:1 bead in neutralized OSTJ mix bead (see figure 2.2e and

table 2.3b) were studied in order to slow down the initial drug dissolution. Bigger

size sugar beads was used in neutralized OSU mix bead formulation (table 2.3b) in

order to maintain thickness of drug layer while increasing percent of drug load in

order to keep the final amount of formulation at a minimum. Thickness of drug

layer is also known to have an effect on drug dissolution, for example a thicker

drug layer gives slower drug dissolution and possibly incomplete dissolution.

However, none of these approaches provide the same drug release as Sporanox®

(figure 2.18). Neutralized OSU 2.5 beads (table 2.3a) were produced by combining
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two approaches: increasing percent of coating and reducing ratio of HPMC: drug in

an attempt to slow down the initial drug dissolution. Figure 2.18 shows that the in

vitro dissolution profile of neutralized OSU 2.5 made with 21% coating of 2.5:1

HPMC: drug is identical to that from Sporanox® capsules. Thus, a second objective

of this research was achieved. Moreover, this particular ratio between HPMC and

drug gave an appropriate amount (476 mg of formulation) to fill in the desired

gelatin capsule sized #0 EL (elongated capsule) which a patient can swallow.

DSC tracing of neutralized OSU 2.5 formulation is presented in figure 2.19.

It was found that the drug is a particulate dispersion in the new formulation, similar

to Sporanox®. Unlike PEG and glucose monohydrate solid dispersions, the

itraconazole/acetic acid loaded bead does not produce a solid solution of the drug in

the carrier.
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PILOT BIOAVAILABILITY AND BIOEQUI VALENCE STUDIES

OSU 16%, OSU 19%, OSU 2.5, and OSU mix bead (table 2.3a-b and figure

2.2b-e) were investigated in pilot bioavailability and bioequivalence studies. Mean

itraconazole plasma concentration-versus-time data for OSU 16%, OSU 19%, OSU

mix bead, OSU 2.5 are shown in figures 2.20, 2.21, 2.22, and 2.23 respectively.

Individual and averages of individual phannacokinetic parameters are depicted in

table 2.5 for all test formulations. Sampling time points were chosen between 0-6

hours because important pharmacokinetic parameters (i.e., maximum concentration

(Cmax) and time to maximum concentration (Tm)) can be captured in this time

interval. Area under the plasma concentration-time curve from 0 to 6 hours post

dose (AUC06) was also calculated to compare between new formulations and

Sporanox®.

Sixty two and one hundred forty two percent increase in average AUC06

was observed with OSU 16% and OSU 19% respectively (table 2.5). Moreover,

average Cm for OSU 16% and OSU 19% was 53% and 190% higher than

Sporanox® (table 2.5). Sporanox® capsule requires food for complete dissolution of

the drug in the stomach (11); on the other hand, neutralized acetic acid formulations

(i.e., OSU 16% and OSU19% in table 2.3a) significantly increased bioavailability

of itraconazole even under fasting conditions which is the most difficult test for

absorption of this drug. The goal of dramatically improving the bioavailability of
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the low solubility drug was achieved without the use of highly regulated organic

solvents such as dichioromethane.

OSU mix bead and OSU 2.5 mean itraconazole plasma concentration curves

were comparable to Sporanox® capsules. OSU 2.5 was used in the bioavailability

and bioequivalence study reported later in Chapter 4 due to several reasons

including: i) preparation procedures are simple compared to OSU mix bead with

two types of drug beads (figure 2.2e), ii) OSU 2.5 can be used to prevent

segregation problems of two different drug bead sizes during normal capsule

production, iii) dissolution profile of the OSU 2.5 is identical to that from

Sporanox® capsules (figure 2.18), and iv) OSU 2.5 gave an appropriate amount to

fill in the desired gelatin capsule sized #0 EL (elongated capsule) (figure 2.2d).
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Figure 2.20: Mean plasma itraconazole concentration for OSU 16% (n 6).
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Table 2.5: Individual and averages of individual pharmacokinetic parameters.

OSU 16% OSU 19% OSU mix bead OSU 2.5

Subect Cmax

(ng/mI)

AUC06
(ng.hr/mJ)

Cmax

(ng/ml)

AUC0..6

(ng.hr/mI)

Cmax

(ng/mJ)

AuC06
(ng.hr/mJ)

Cmax

(ng/mJ)

AUC06
(ng.hr/mI)

TI R TI R T2 R T2 R T3 R T3 R T4 R T4 R

1 3992 136.0 13964 488.9 8032 279.7 2187.7 1040.6 67.7 226.6 273.6 7862 136.7 143.6 534.7 560.8

2 112.0 1374 412.8 499.9 2433 64.8 7073 2364 118.7 56.7 5342 235.6 1014 1202 369.6 409.7

3 341.6 328.4 11252 1068.0 334.8 533 652.0 1705 102.0 207.5 385.7 776.7 347.7 62.4 963.6 180.5

4 1255 104.1 5073 376.6 246.6 532 9545 1985 371.0 279.7 1424.0 1040.6 119.7 1192 405.1 349.6

5 259.1 1713 8542 473.7 1553 - 7065 - 96.8 64.8 401.1 2364 1353 573 4382 178.0

6 227.4 80.8 900.7 305.1 1785 7705 2174 533 815.1 1705 60.7 43.7 2415 1614

Average 244.1 159.7 866] 5354 327.0 112.8 9964 411.5 1623 148.1 639.0 541.0 1503 91.1 492.1 306.7

SD 1145 883 369.8 271.7 241.6 1114 593.0 4203 1143 1013 4272 371.1 100.7 415 250.0 161.6

CV% 46.9 553 42.7 50.8 73.9 98.8 595 102.1 705 684 66.9 68.6 67.0 45.6 50.8 52.7

TI-OSU 16%, T2-OSUI9%, T3-OSU mix bead, T4-OSU 2.5, and R-Sporanox®
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CONCLUSIONS

Solid dispersion of itraconazole in polyethylene glycol 20000 (PEG 20000)

with trisodium citrate gave higher rate of dissolution than dispersion in PEG 20000

alone. From DSC tracings, trisodium citrate was found to reduce the enthalpy for

PEG fusion and help solubilize itraconazole in the dissolution study. However,

drug dissolution needed to be improved further in order to have the same in vitro

and in vivo release patterns as Sporanox®.

Glucose monohydrate also dramatically improved dissolution rate of

itraconazole in simulated gastric fluid. However reproducibility and stability

problems were critical issues which need further development and investigation.

Poor stability of the loaded drug beads produced by using acetic acid can be

hypothetically overcome by using partially neutralized sodium hydroxide. Stability

data are needed for this formulation. Neutralized acetic acid still functions as a

useful solvent/co-solvent for itraconazole in the production of drug loaded beads.

From DSC tracing, the drug was found to be a particulate dispersion in the new

formulation similar to Sporanox®. In other words, the drug retains its crystallinity

in both the new formulation and Sporanox®

Successfully solubilization of the water-insoluble antifungal agent

itraconazole in simulated gastric fluid was achieved using a solvent/co-solvent

technique. Hydroxypropyl methylcellulose was used as an antinucleation agent to
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prevent precipitation of the drug during the dissolution process. Among various

formulations made by varying ratios of HPMC, a neutralized formulation

containing 2.5 parts of HPMC and 1 part of drug was found to provide drug

dissolution comparable with the reference product Sporanox® with an appropriate

amount which can be put into the desired capsule size. Pilot bioavailability and

bioequivalence studies results suggested that neutralized OSU 2.5 was a potential

product bioequivalent to Sporanox® capsules. A primary goal of producing an oral

formulation which has the same in vitro and in vivo release patterns as Sporanox®

was achieved.

In vitro dissolution profiles of neutralized OSU 16% and OSU 19% are

faster than from Sporanox® capsules and pilot bioavailability studies results

showed that neutralized OSU 16% and OSU 19% dramatically increase the

bioavailability of itraconazole. OSU 16% and OSU 19% were successfully

developed without the use of any organic solvents not only to increase in vitro

dissolution but also to improve in vivo absorption of itraconazole. A second goal of

improving the oral bioavailability of itraconazole was also achieved with an

increase of 62% and 142% for OSU 16% and OSU 19% respectively.
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ORAL ITRACONAZOLE CO-SOLVENT LIQUID FORMULATIONS

Vipaporn Rakkanka and James W. Ayres
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ABSTRACT

Novel itraconazole liquid formulations were developed to produce a product

expected to be bioequivalent to Sporanox® oral liquid formulation, and were

evaluated by conducting in vitro dissolution studies. Dissolution studies used the

USP XXII apparatus II. Twenty milliliters of each liquid formulation was placed

into a dissolution vessel filled with 900 ml of enzyme-free simulated gastric fluid

pH 1.4 and maintained at 37°C. Samples were collected and analyzed for

itraconazole at 226 urn using a UV spectrophotometer. Dissolution profiles were

compared between the new formulations and Sporanox® solution. Liquid

formulations were kept in the refrigerator at 4°C in order to study physical stability.

Precipitation in liquid formulations was determined by visual observation. Buffer

capacities of new liquid formulations were compared to Sporanox® solution. A

mixture of polyethylene glycol 400 (PEG 400) and acetic acid was found to be a

good cosolvent system to solubilize itraconazole and showed good physical

stability. High itraconazole concentration solutions, i.e. 2% and 4% (w!v)

itraconazole solutions were successfully prepared in PEG 400 and acetic acid

cosolvent system, and surprisingly these itraconazole solutions were neutralized

and still maintained good physical stability. However, dissolution results of these

solutions show a potential problem with regard to drug precipitation. Propylene

glycol (PG)/PEG 400/acetic acid formulations showed less ability to solubilize



121

itraconazole. Alternative formulations have been developed to improve

itraconazole liquid formulations with minimum amounts of PEG 400 or PG. One

percent (wlv) itraconazole solution was successfully developed using a mixture of

2.5% acetic acid, 20% ethanol, and 10% propylene glycol in water.
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INTRODUCTION

An orally active triazole antifungal agent; itraconazole, inhibits most human

fungal pathogens (1). The itraconazole capsule formulation requires the presence of

both food and an acidic environment for optimum bioavailability (2, 3). Since

itraconazole is an extremely weak base (pKa 3.7), highly lipophilic, and almost

insoluble in water and in diluted acidic solutions, the capsule formulation requires

food for complete dissolution of the drug in the stomach from a solid formulation

(4). This requirement creates a dilemma in the treatment of seriously ill patients

whose food intake is often severely restricted. Moreover, for certain patients fed by

gastric tube, swallowing a solid oral formulation may be problematic or even

impossible.

A new oral solution of itraconazole; Sporanox® (Jassen Pharmaceutica,

Titusville, NJ) developed using hydroxypropyl-3-cyc1odextrin (HP-3-CyD) as a

solvent system is now available. It is an important alternative for patients whose

oral intake is restricted or in those with hypochiorhydria, mucositis, or inability to

swallow a solid oral dosage form or not able to ingest adequate quantities of food.

Unlike the itraconazole capsule formulation, with the oral solution in HP-3-CyD,

itraconazole is delivered to the stomach adequately dissolved to promote a

maximum absorption (4). It has significantly greater bioavailability than the
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volunteers, and requires neither food or nor acidifying agents for maximum

bioavailability (5).

Barone et al (6) studied the bioavailabilities and bioequivalence of single

200-mg doses of itraconazole solution and two capsule formulations in a crossover

study of 30 male healthy volunteers when fed. Bioavailability of itraconazole

measured by area under the plasma concentration-time curve (AUC) was enhanced

by 30 to 33% greater with itraconazole in HP-3-CyD solution than for both capsule

formulations. However, the mean maximum concentrations of the drug in plasma

(Cmax), the times to Cmax (Tmax), and the terminal half-lives (t112) were comparable

for all three formulations. In conclusion, itraconazole's effectiveness coupled with

ease of administration and enhanced bioavailability supports use of itraconazole in

HP--CyD solution in immunocompromised patients.

Van de Velde et al (4) showed that the pharmacokinetics of itraconazole in

an oral HP-3-CyD solution differ markedly when the solution is administered with

or without food. Under fasting conditions, absorption occurred more rapidly than

when the drug was taken under postprandial conditions resulting in earlier and

higher peak plasma concentrations of both itraconazole and hydroxyl-itraconazole

(metabolite). Moreover the extent of absorption measured by AUCs of the drug and

metabolite was 30% higher when the solution was administered to fasting subjects.

Since itraconazole has nonlinear kinetics (7), a transient saturation of first pass
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metabolism due to the more rapid absorption could have caused the higher plasma

drug concentrations after dosing of the oral solution in the fasting state.

Hypochlorhydria, a common finding in human immunodeficiency virus

(HIV)-infected patients, has been shown to reduce itraconazole bioavailability, as

the absorption of the capsule formulation was shown to decrease when

administered under conditions of low gastric acid (8). Cartledge et al (9) showed

that the peak serum concentrations of HI V-infected patients treated with

itraconazole solution were considerably greater than for those taking itraconazole

capsules. With the improved drug absorption, itraconazole solution represents a

great advance for the treatment of fungal infections in patients with advanced HIV

disease.

Itraconazole has poor aqueous solubility because of its hydrophobic

structure which may adversely affect concentrations in blood when the drug is

given orally. Naturally occurring -cyclodextrin is a cyclic oligosaccharide of

seven glucose units produced by enzymatic degradation of starch by Bacillus

macerans. Cyclodextrin structures are analogous to a truncated cone with a

hydrophobic interior and hydrophilic exterior which allows the molecular

encapsulation of hydrophobic portions of guest molecules and shields them from

the polar forces of aqueous solutions (10). The usefulness of natural cyclodextrins

has been limited by relatively low aqueous solubility. Therefore, solubility and

inclusion characteristics of cyclodextrins have been altered by substitution at the

hydroxyl groups. HP--CyD demonstrates improved solubility over 3-cyclodextrin.
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Characterization of itraconazole/2-hydroxypropyl- 3-cyclodextrin inclusion

complex in aqueous propylene glycol solution was studied by Miyake et al (11).

According to 111-NMR spectroscopic studies, the triazole and triazolone rings of

the drug should be involved in the complexation, which is initiated in the inclusion

of the triazole ring into HP--CyD cavity preferentially and the second HP--CyD

may include the triazolone ring and its neighboring benzene, as shown in figure

3.1.

N / /
/

N N'/ /

U

/
0

ci - Cl

Figure 3.1: Proposed inclusion mode of itraconazole/HP-.-CyD complex in 1:2
molar ratio (11).
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Cosolvents including glycerol, polyethylene glycol, propylene glycol, and

acetic acid were investigated for the current study to solubilize itraconazole and

produce an oral itraconazole solution formulation. Cosolvents utilized herein make

it possible to solubilize itraconazole without the use of cyclodextrins, which can in

turn result in substantial cost savings. It was desired to produce an oral liquid

formulation that would be bioequivalent to Sporanox® oral solution but without the

use of cyclodextrins. Also it was in an objective to increase the concentration of

itraconazole in solution so as to lower the volume required for each dose. Generally

400 mg/day of itraconazole represents the minimum dose required to obtain

meaningful plasma concentrations (12); therefore, a higher itraconazole

concentrated solution is preferred to provide more reasonable amounts for

swallowing.

Solubility of itraconazole in dichloromethane is 25 g/ 100 ml (13). Since

acetic acid is both acidic and has a high dielectric constant ( 6.15) (14) and large

dipole moment ( = 1.74) (14) like dichioromethane (E = 9.08, t 1.60) (14), it

was proposed to be useful to improve itraconazole solubility. Acetic acid is

classified as a weak acid and the acute toxicity of acetic acid is low. The immediate

toxic effects of acetic acid are due to its corrosive action and dehydration of tissues

with which it comes in contact (15). Acetic acid is familiar in dilute form as

vinegar and in its pure state as glacial acetic acid. Vinegar is 4-8% (v/v) acetic acid

and is not corrosive to skin (15). Vinegar is a common ingredient in commercially
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prepared foods; therefore, consumption of vinegar or 5% (v/v) acetic acid solution

is expected to be safe in quantities employed in the new formulations proposed.

It was independently determined in the current study and then published by

Kantor (16) that itraconazole has an unrecognized and unexpectedly high solubility

in volatile organic acids, such as aqueous acetic acid. The drug is known to be more

soluble in polyethylene glycol-PEG than propylene glycol-PG (solubility in g! 100

ml; 0.19 and 0.013 respectively) (13). Therefore, mixtures of acetic acid in

polyethylene glycol molecular weight 400 (PEG 400) and PG were studied herein

for their ability to solubilize itraconazole.

Sporanox® oral liquid formulation contains 10% PG in water, and the

recommend dose is 20 ml total per day which provides 2 ml of PG per dose. The

new formulations in the first section of this study contain higher amounts of PG or

PEG. Very limited information on the chronic toxicity of either of these

pharmaceutical formulation additives-PEG and PG was found and no human or

animal investigations of the relative chronic toxicity of the two agents were found

(17). Therefore, further improvements with alternative solvents were investigated.

The use of acidifying agent(s) including acetic acid, citric acid, and tartaric acid

was used to produce itraconazole liquid formulations, i.e. itraconazole suspensions

or itraconazole solutions. Selection of the appropriate cosolvent system was

investigated to evaluate the solubility of all formulation components and minimize

the potential for drug precipitation such as from cooling during storage or from

dilution with gastric fluids when the product is swallowed.
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MATERIALS AND METHODS

CHEMICALS

All chemicals used in this present study were purchased from standard

sources. Itraconazole and Hydroxypropyl methylcellulose-Methocel E5 Premium

(TEVA pharmaceuticals-USA, Sellersville, PA), Hydroxypropyl methylceflulose-

HPMC E15 or HPMC 2910 premium (Dow Chemical Co., Midland, MI),

Polyethylene glycol M.W. 400 and Ethylenediamine (Sigma Chemicals Co, St.

Louis, MO), Trisodiurn citrate and Glycerol (EM science, Gibbstown, NJ), Sodium

Hydroxide and Citric acid monohydrate (Mallinckrodt Baker Inc., Paris, KY), 95%

Ethanol USP grade (Chemistry Department, Oregon State University, Corvallis,

OR), Glacial acetic acid, Concentrated Hydrochloric acid, Sodium Chloride and

Acetonitrile (Fisher Chemicals, Fair Lawn, NJ), Tetrahydroxypropyl

ethylenediamine-Neutral TE® and Ascorbic acid (J.T. Baker Chemical Co.,

Phillipsburg, NJ), Diethanolamine (Ruger Chemical, Irvington, NJ), Sugar (C&H

Sugar Company, INC., Crockett, CA), L-(+)-Glutamic acid hydrochloride (Aldrich

Chemical Company, Inc., Milwaukee, WI), Tartaric acid and 70% Sorbitol solution

(Matheson Coleman & Bell, East Rutherford, NJ). Water was deionized using the

Milli-Q® Reagent Water System (Millipore, Bedford, MA).
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PREPARATION OF ITRACONAZOLE LIQUID FORMULATIONS

Polyethylene Glycol M.W. 400 and Acetic Acid as Cosolvent System (Table
3.1)

PEG 400 and glacial acetic acid (vlv) were mixed. This mixture produced

pH = 3. The mixture was neutralized with different basic substances such as

trisodium citrate, diethanolamine, or Neutral TE® (Tetrahydroxypropyl

Ethylenediamine) to produce pT-I 6. One percent (w/v) of itraconazole was added

to the neutralized solvent mixtures or the original non-neutralized solvent mixture

with vigorous stirring, and heated to 80°C until a clear solution was formed, and

the solution was then cooled.

Propylene Glycol and Acetic Acid as Cosolvent System (Table 3.2)

Liquid formulations were prepared the same as above except that propylene

glycol and acetic acid were mixed and used as a cosolvent system.



Table 3.1: Polyethylene glycol M.W. 400 and acetic acid as cosolvent system formulations.

Formulatio
Al A2 A3 A4 AS A6 A7 A8 A9 AlO All Al2 A13 A14 A15

Ingredient
Itraconazole
(% w/v)

<1 32 32 32 32 20 1 1 1 2 2 4 4 6 6

PEG 400
(/0 v/v)

100 - - 75 50 95 95 95 95 95 95 95 95 95

Acetic acid
(/o v/v) 1 100 25 50 100 5 5 5 5 5 5 5 5 5

Neutralizer - NT NT NT DE TSC DE NT - DE - DE - DE

Color changed No Yes Yes Yes Yes Yes No Yes* No Yes No Yes Yes Yes Yes

jit at room
No No No Yes Yes Yes No No No No No No No No No

pH N/A 3 6 6 6 8 5.6 5.8 5.8 3 6 3 6 3 6

Refrigerated No No Yes No No No Yes Yes Yes Yes Yes Yes Yes Yes Yes

ppt after
refrigerated_______N/A N/A Yes N/A N/A N/A Yes** No No No No No Yes Yes Yes

Dissolution test No No No No No No Yes Yes Yes Yes Yes Yes Yes Yes Yes

Paddle N/A N/A N/A N/A N/A N/A Off Off Off Off Off Off Off Off Off
Complete
dissolution N/A N/A N/A N/A N/A N/A Yes Yes Yes No No No No No No

*Color change in this case is attributed to color of neutralizer. **precipitate is attributed to low solubility of trisodium citrate or sodium acetate
produced as a result of neutralization. DE- Diethanolamine, ED- Ethylenediamine, TSC- Trisodium Citrate, NT- Neutral TE, N/A- No data
collected, ppt- Precipitation, ppt at room temperature- The solution was prepared with heat and then stored at room temperature, and the drug
precipitated from the solution, Complete dissolution-100% drug dissolution of itraconazole formulation was achieved within 60 minutes.



Table 3.2: Propylene glycol and acetic acid as cosolvent system formulations.

Formulation

_- Ingredient
BI B2 B3 B4 B5

Itraconazole (% wlv) I 1 1 1 1

Propylene Glycol (% v/v) 95 95 90 80 80

Acetic acid (% v/v) 5 5 10 20 20

Neutralizer DE ED - DE ED

Color changed Yes* Yes* No Yes* Yes*

ppt at room temperature Yes Yes No Yes Yes

pH 6 6 3 6 6

Refrigerated No No No No No

ppt after refrigerated N/A N/A N/A N/A N/A

Dissolution test No No Yes Yes Yes

Paddle N/A N/A Off Off Off

Complete dissolution N/A N/A No No No

* Color change in this case is attributed to color of neutralizer. DE- Diethanolamine, ED- Ethylenediamine, TSC- Trisodium Citrate, NT- Neutral
TE, N/A- No data collected, ppt- Precipitation, ppt at room temperature- The solution was prepared with heat and then stored at room temperature,
and the drug precipitated from the solution, Complete dissolution-l0O% drug dissolution of itraconazole formulation was achieved within 60
minutes.
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Mixtures of Propylene Glycol, Polyethylene Glycol, and Acetic Acid as
Cosolvent System (Table 3.3)

Different ratios of propylene glycol and polyethylene glycol were prepared

to find a cosolvent system that contains less polyethylene glycol than shown in

table 3.1, and still has the ability to dissolve 1% or more (wlv) itraconazole. The

percentage of PEG 400 in the mixtures of propylene glycol and PEG 400 was

initially varied from 5% to 50% (vlv). Each mixture of propylene glycol and PEG

400 and acetic acid were mixed to produce 5% (v/v) acetic acid solutions, and then

drug was added. These liquid formulations were prepared the same as described

above, without neutralizing.

Acetic Acid Suspension Formulations (Table 3.4a)

Itraconazole was dissolved in glacial acetic acid and then PG was added to

the drug solution with vigorous stirring. One of these solutions: a) glycerol, b) 65%

(w/w) sugar syrup in distilled water, or c) 1.25% (w/w) sugar syrup in distilled

water was slowly added to the mixture. The pH of the resulting suspension was

adjusted with iN Sodium Hydroxide (NaOH) solution to pH = 3.5. Preparations

were formed at room temperature.



Table 3.3: Mixtures of propylene glycol, polyethylene glycol, and acetic acid as cosolvent system formulations.

Formulation

_- Ingredient
Cl C2 C3 C4 C5

Itraconazole (% w/v) 1 1 1 1 2

Propylene Glycol (% v/v) 47.5 23.75 9.5 4.75 47.5

PEG 400 (% v/v) 47.5 71.25 85.5 90.25 47.5

Acetic acid (% v/v) 5 5 5 5 5

Neutralizer - - - - -

Color changed No No No No No

ppt at room temperature No No No No No

pH 3 3 3 3 3

Refrigerated Yes Yes Yes Yes Yes

ppt after refrigerated No No No No No

Dissolution test Yes Yes Yes Yes Yes

Paddle Off Off Off Off Off/On

Complete dissolution Yes Yes Yes Yes No/Yes

DE- Diethanolamine, ED- Ethylenediamine, TSC- Trisodium Citrate, NT- Neutral TE, N/A- No data collected, ppt- Precipitation, ppt at room
temperature- The solution was prepared with heat and then stored at room temperature, and the drug precipitated from the solution, Complete
dissolution-100% drug dissolution of itraconazole formulation was achieved within 60 minutes.



134

Table 3.4a: Acetic acid suspension formulations.

Formulation
Dl D2 D3

Ingredient

Active Ingredient

Itraconazole ig lg ig

Acidifying Agents

Acetic acid 5m1 5m1 Sm!

Citric acid
Ascorbic acid
Tartaric acid

Solvents

Conc HCI (37.5% w/v)
Propylene Glycol lOm! lOmi 10m1

PEG 400
Glycerol 80m1

95% Ethanol
65% w/w Syrup in F120 80m1

65% w/w Syrup in 0.01 N HCI
1.25% w/w Syrup in i-i20 80m1

70% wlv Sorbitol
0.IN HC1
0.OIN HCI
DI water

Thickening Agents

HPMC E5 (5 cps)
HPMC 2910(15 cps)
Sucrose

Others

NaCl
IN NaOH 5m1 5m1 Sml

Glutamic acid HC1

ppt occurred Yes Yes Yes
Complete Dissolution Yes Yes Yes
Stability ** ** **

pH 3.5 3.5 3.5

N/A- No data collected, ppt- Precipitation, ppt occurred- The solution was prepared and then stored
at room temperature, and the drug precipitated from the solution, Stability * *..moderate, Complete
dissolution-I00% drug dissolution of itraconazole formulation was achieved within 60 minutes.
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Acetic Acid Solution Formulations (Table 3.4b)

HPMC E5 or HPMC 2910 were completely dispersed at room temperature

in mixtures of 95% ethanol and portions of 0.1 N HCI acid. Sugar was then

dissolved in I-JPMC mixture and PG was added with stirring and slightly heated to

60°C. Itraconazole was dissolved separately in glacial acetic acid and then slowly

added into the heated mixture with vigorous stirring. Finally, the mixture volume

was adjusted to 100 ml with the remaining 0.1 N HC1 acid.

Citric Acid Solution Formulations (Table 3.4c)

Citric acid was dissolved in a mixture of ethanol and PG (see table 3.4c). To

accelerate dissolution of citric acid, the mixture was heated to 60°C. Itraconazole

was added to the heated citric acid cosolvent solution. The resulting solution was

diluted with either 65% (w/w) sugar syrup in distilled water or 65% (w/w) sugar

syrup in 0.01 N HCI to an end volume of 100 ml. The final pH was 1.7 (#D12,

D13, and D14 in table 3.4c).
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Table 3.4b: Acetic acid solution formulations.

D7 D8 D9 D 10 Dli

Active Ingredient 1 1

igItraconazole Ig Ig Ig ig Ig Ig Ig

Acidifying Agents

Acetic acid 5m1 5niI 5m1 2.5m1 2.5m1 4m1 4m1 4m1

Citric acid
Ascorbic acid
Tartaric acid

Solvents

Cone HCI (37.5% w/v)
Propylene Glycol lOmi lOmi lOmI lOmi lOmi 10m1

PEG 400
Glycerol
95% Ethanol 30m1 20m1 20m1 47.Sml 20m1 20m1 20m1 20m1

65% wlw Syrup in H20
65% w/w Syrup in 0.01 N HCI
1.25% w/w Syrup in H20
70% w/v Sorbitol
0. lN HO 65m1 65ni1 65m1 50m1 53m1 50.5m1 50,5m1
0.0 IN HCI
DI water 50.5m1

Thickening Agents

HPMC ES (5 cps) 5g 5g 5g 5g 5g 5g
HPMC29IO(l5cps) 5g 5g
Sucrose 20g 20g 20g 20g 20g

Others

NaCI
INNaOH
Glutamic acid HO

ppt occurred No No No No No No Yes No
Complete Dissolution Yes Yes Yes Yes Yes Yes N/A Yes
Stability * * ** * ** ** **

pH N/AN/A N/A N/A_- 1.4 N/A N/A

N/A- No data collected, ppt- Precipitation, ppt occurred- The solution was prepared with heat and
then stored at room temperature, and the drug precipitated from the solution, Stability * poor, **
moderate, Complete dissolution- 100% drug dissolution of itraconazole formulation was achieved
within 60 minutes.
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Table 3.4c: Citric acid solution formulations.

Formulation
P12 P13 D14 P15 P16 P17

Ingredient

Active Ingredient

Itraconazole ig ig ig ig ig Ig

Acidifying Agents

Acetic acid
Citric acid 20g 20g 20g lOg 30g 40g

Ascorbic acid
Tartaric acid

Solvents

Conc HCI (3 7.5% w/v)
Propylene Glycol lOmi lOmI lOmi lOmi lOmi
PEG 400
Glycerol
95% Ethanol 30m1 lOmi lOmi lOml lOmi 10m
65% w/w Syrup in H20 60m1 70ml -60ml 55ml
65% w/w Syrup in 0.01 N HCI 70ml -70ml
1.25% w/w Syrup in H20
70% w/v Sorbitol
0.IN HCI
0.0 iN HCI
DI water

Thickening Agents

1-IPMC ES (5 eps) 1.5g 2.5g
HPMC 2910 (15 cps)
Sucrose

Others

NaCI
1NNaOI-i
Glutamic acid 1-ICI

ppt occurred No No No Yes No No
Complete Dissolution No No No N/A No Yes
Stability *** *** *** *** ***

pH L7 1.7 1.7 N/A N/A

N/A- No data collected, ppt- Precipitation, ppt occurred- The solution was prepared with heat and
then stored at room temperature, and the drug precipitated from the solution, Stability ***..good,
Complete dissolution-100% drug dissolution of itraconazole formulation was achieved within 60
minutes.
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Acetic Acid and Citric Acid Solution Formulations (Table 3.4d)

Citric acid was dissolved in a mixture of acetic acid, ethanol and PG (see

table 3 .4d). To accelerate dissolution of citric acid, the mixture was heated to 60°C.

Itraconazole was added to the heated citric acid cosolvent solution (solution A, see

table 3 .4d). HPMC E5 separately dispersed at room temperature in 0.1 N HC1 acid

and sugar was then dissolved into the solution (solution B). Solution A was added

slowly into the solution B while stirring.

Citric Acid and Tartaric Acid Solutions (Table 3.4e)

Citric acid and tartaric acid were dissolved in a mixture of ethanol and one

or more of these solvents; a) PG, b) glycerol, or c) PEG 400. To accelerate

dissolution of citric acid, the mixture was heated to 60°C. Itraconazole was added

to the heated citric acid cosolvent solution. The resulting solution was diluted with

either 70% (w/v) sorbitol in water or glycerol to an end volume of 100 ml.
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Table 3.4d: Acetic acid and citric acid solution formulations.

Formulation
D18 D19 D20 D21 D22 D23

Ingredient

Active Ingredient

Itraconazole ig ig ig Ig Ig Ig

Acidifying Agents

Acetic acid Imi lml Imi 1.5m1 2.5m1 2.5m1
Citric acid lOg lOg 20g 2g 2g lOg
Ascorbic acid lOg
Tartaric acid

Solvents

Conc HCI (37.5% w/v) lg/L
Propylene Glycol lOml lOmi lOml lOmi lOml lOmI
PEG 400
Glycerol
95% Ethanol lOmi lOmI lSml 20m1 2OmI lOmi
65% wlw Syrup in H20 7Oml

65% w/w Syrup in 0.01 N HCI
1.25% w/w Syrup in H20
70% w/v Sorbitol 27m1

0.IN HCI 53m1 53m1
0.0 iN HCI 5Oml 50m1

Dl water '-40m1

Thickening Agents

HPMC ES (S cps) 5g 2g 5g 5g 5g
HPMC 2910 (15 cps)
Sucrose 2Og 20g 20g 20g

Others

NaCI
iN NaOH
Glutamic acid HC1

ppt occurred Yes Yes No No No No
Complete Dissolution N/A N/A No No No No
Stability *** N/A N/A ***

pH 1.3 N/A N/A

N/A- No data collected, ppt- Precipitation, ppt occurred- The solution was prepared with heat and
then stored at room temperature, and the drug precipitated from the solution, Stability ***..good
Complete dissolution- 100% drug dissolution of itraconazole formulation was achieved within 60
minutes.
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Table 3.4e: Citric acid and tartaric acid solution formulations.

Formulation
024 025 D26 D27 028 029 030

Ingredient

Active Ingredient

Itraconazole ig ig ig Ig Ig ig ig

Acidifying Agents

Acetic acid
Citric acid lOg lOg lOg lOg lOg lOg lOg

Ascorbic acid
Tartaric acid 5g 5g 5g 5g 5g 5g 5g

Solvents

Conc HCI (3 7.5% wlv) lg/L
Propylene Glycol lOmI lOmi lOmi lOmI lOmI lOmI lOmi
PEG 400 lOmI
Glycerol 1 Omi 70ml
95% Ethanol lOmi lOmi lOmi lOmi lOmi 1Gm!

65% w/w Syrup in H20
65% w/w Syrup in 0.01 N HCI
1.25% wlw Syrup in H20
70% wlv Sorbitol 70ml -70ml 50ml 30ml -70ml 70ml
0. IN HCI
0.OIN HCI
DI water 50m1

Thickening Agents

I-IPMC ES (5 cps)
HPMC 2910 (15 cps) 5g
Sucrose

Others

NaCI 500mg 2g
iN NaOH
Glutamic acid HCI 5g Ig

ppt occurred No Yes No No Yes No No
Complete Dissolution No N/A No No N/A No No
Stability * * *** *** ***

pH N/A N/A N/A N/A N/A

N/A- No data collected, ppt- Precipitation, ppt occurred- The solution was prepared with heat and
then stored at room temperature, and the drug precipitated from the solution, Stability *..poor,
good, Complete dissolution- 100% drug dissolution of itraconazole formulationwas achieved within
60 minutes.
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STANDARD CURVE OF ITRACONAZOLE ANALYZED BY UV

Standard itraconazole stock solution was prepared by dissolving 40 mg of

itraconazole in 20 ml of acetonitrile sonicated in an ultrasonic bath to help dissolve

the drug, and volume adjusted to 200 ml with simulated gastric fluid (pH 1.4). A

series of standard solutions with a concentration of 10-200 g/m1 was prepared

from the stock solution by serial dilution. One milliliter of samples or standard

solutions was diluted to 10 ml with gastric fluid before performing UV analysis.

Blank solution was prepared by adding gastric fluid to 20 ml acetonitrile in the

volumetric flask to make 200 ml. UV absorbance of diluted standard solutions was

measured at 226 nm. A typical standard curve is presented in figure 3.2.

DISSOLUTION TESTING OF FORMULATIONS

Dissolution profiles of the liquid formulations described above were studied

using the United States Pharmacopoeia (USP) XXII apparatus II, paddle stirring

method (VK 7000®, Vankel Industries, Inc., Cary, NC). Twenty milliliters of each

liquid formulation was placed into a dissolution vessel filled with 900 ml of

enzyme-free simulated gastric fluid pH 1.4 and maintained at 37°C. Paddle rotation

rate was maintained at 100 rpm throughout for stirred samples. In some cases,

stirring was not started until 2 minutes after the drug sample had been added into
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gastric fluid. These are referred to as "unstirred" or "no stirring" but stirring did

occur beginning 2 minutes after addition of drug formulation. Samples of 3 ml

dissolution medium were withdrawn without medium replacement at 5, 10, 20, 30,

45, and 60 minutes via syringe using 0.45 jtm filters.

One milliliter of sample was diluted with 9 ml of gastric fluid. Absorbance

of diluted samples were measured by DU® Series 600 UV/Vis spectrophotometers

(Beckman Coulter, Fullerton, CA) at wavelength 226 nm and amount of

itraconazole released determined using an appropriate standard curve (figure 3.2).

PRELIMINARY PHYSICAL STABILITY TEST

Sporanox® oral solution should be stored at or below 25°C (5); therefore,

preliminary refrigeration stability tests of new liquid formulations were conducted.

Itraconazole solutions were kept in a refrigerator at about 4°C. Precipitation in the

liquid formulations was determined by visual observation after refrigeration. Note

that stability scale for table 3.4b-e ranges from poor (*), moderate (**), and good

(***) which are defined as follow:

Poor (*) - After the solution was kept in the refrigerator at about 4°C for 24

hours, drug precipitation was observed.
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Moderate (* *) - After the solution was kept in the refrigerator at about 4°C

for 2 weeks, drug precipitation was observed.

Good (***) - No visible precipitation of drug appeared after 4-week storage

in a refrigerator at about 4°C.

BUFFER CAPACITIES OF LIQUID FORMULATIONS

Liquid formulations were titrated with 0. IN NaOH and pHs were measured

using Beckman t 11 pH meter (Beckman Instrument, Inc., Fullerton, CA). pH

changes versus amount of 0.1N NaOH curves were generated and compared to

vinegar and Sporanox® oral solution.
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Figure 3.2: Typical standard curve for itraconazole analyzed by UV.
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RESULTS AND DISCUSSION

In some cases higher amounts of drug were included in the formulations as

shown in Table 3.1. It has been discovered that at least as much as 32% (w/v)

itraconazole will dissolve in glacial acetic acid at room temperature. Pure glacial

acetic acid is not suitable for oral administration alone so a series of cosolvents

containing acetic acid as one component has been investigated. The minimum

acetic acid concentration which provided adequate itraconazole solubility is 5%

(v/v). It is very important to note that 5% (v/v) acetic acid concentration is the same

acetic acid concentration used in commercial vinegar. In addition, consumption of

vinegar or 5% (v/v) acetic acid solution is considerably safe.

POLYETHYLENE GLYCOL M.W. 400 AND ACETIC ACID AS
COSOL VENT SYSTEM

Freshly prepared solutions containing PEG 400 and acetic acid (95:5, see

table 3.1) are pH 3.0. Drug immediately precipitated when 20 ml of 1% w/v

itraconazole solution (#A7, AS, or A9 in table 3.1) was added into unstirred gastric

fluid in a USP dissolution test and then stirring started 2 minutes later followed by

a complete dissolution within a few seconds. On the contrary, drug remained
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completely soluble when 20 ml of Sporanox® oral solution (pH 2.0) was added into

gastric fluid.

Surprisingly, since itraconazole has even less solubility at pH 6.0 than pH

3.0, these new formulations neutralized to pH 6.0 with either diethanolamine or

Neutral TE® have no visible precipitation after refrigeration storage (table 3.1).

Formulations containing trisodium citrate as neutralizer contain a visible precipitate

(table 3.1) which has not been identified but is thought to be either excess trisodium

citrate or sodium acetate generated through interaction of trisodium citrate and

acetic acid.

After two weeks refrigeration storage, dissolution studies of three

formulations (# A7, A8, and A9 in table 3.1) were conducted along with Sporanox®

oral solution and results are shown in figure 3.3. Dissolution profiles looked almost

the same as for Sporanox® except that drug remained completely soluble when the

Sporanox® solution was added into aqueous gastric fluid but for itraconazole

solution (#A7, A8, or A9 in table 3.1), drug immediately precipitated in unstirred

gastric fluid and then completely dissolved in a few seconds after starting paddle

stirring. Note that some earlier formulations (including #A 10 and A 12 in table 3.1)

were found to provide excellent solubility when diluted in simulated gastric fluid

with the paddle stirring (100 rpm) before the formulation was added but drug

precipitated and did not dissolved if those early formulations were added to

unstirred gastric fluid and then stirring started 2 minutes later; thus, data in figure



147

3.3 were collected without starting stirring until 2 minutes after adding the drug.

The excellent itraconazole solubility shown in figure 3.3 and table 3.1 demonstrates

the robust nature of formulations A7, A8, and A9. These three formulations were

found to be physically stable in the preliminary refrigeration stability tests.

Chemical stability has not been evaluated but the drug is expected to be stable.

PROPYLENE CLYCOL AND ACETIC ACID AS COSOL VENT SYSTEM

Itraconazole is less soluble in propylene glycol (solubility 0.0 13 mg/ 100

ml) compared to polyethylene glycol (0.19 mg/ 1 OOml) (13). More acetic acid is

needed with propylene glycol in order to produce the same itraconazole solubility

(1% w/v) as with polyethylene glycol as cosolvent. Therefore, 80% propylene

glycol and 20% acetic acid were combined and used as a cosolvent system.

Formulations containing propylene glycol instead of PEG 400 were found to be

less effective as drug immediately precipitated and did not dissolved when a

formulation using 20% acetic acid and 80% propylene glycol was added into

gastric fluid in a dissolution test (Table 3.2). Therefore, formulations containing

both propylene glycol and PEG 400 were investigated.
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MIXTURE OF PROPYLENE GLYCOL, POLYETHYLENE GLYCOL, AND
ACETIC ACID AS COSOL VENT SYSTEM

Ninety five percent mixtures of different propylene glycol to PEG 400

ratios (50:50, 75:25, 90:10 or 95:5) with 5% acetic acid were found to have more

physical stability than propylene glycol alone. That is, no visible precipitation of

drug appeared after refrigeration. Dissolution profiles are shown in figure 3.4

where data were also collected without initial stirring. Drug immediately

precipitated after the solution was added into unstirred gastric fluid and then slowly

re-dissolved after the paddle stirring started 2 minutes later. Subsequently,

complete dissolution was achieved in 20 minutes after adding the drug.

A 2% itraconazole solution (#C5 in table 3.3) was prepared in 50:50

propylene glycol/PEG 400 and 5% acetic acid to determine if it has the same

physical stability and solubility in dissolution media as 1% drug in the same

vehicle. Dissolution results are displayed in figure 3.5. Data for the open circle (A)

were obtained when the paddle was turned off compared to the close circle (B)

results obtained when the paddle was turn on. It is preferred that liquid

formulations not be affected by the paddle being on or off, and further study of this

effect is needed. C and D (Figure 3.5) were both studied with the paddle stirring.

High itraconazole concentration solutions (#A10, Al2, and A14 in table 3.1

and #C5 in table 3.3) comprising co-solvents such as acetic acid, PEG 400 alone or

propylene glycol/PEG 400 mixture completely dissolve itraconazole at pH 3.
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However, dissolution result without stirring (figure 3.5) suggested that itraconazole

can precipitate irreversibly, e.g. in the stomach upon administration of these high

itraconazole concentration solutions. Consequently, poor bioavailability is expected

if drug precipitation occurs irreversibly. Further study for high itraconazole

concentration solution is desired not only to ensure the solubility of all formulation

components but also to minimize the potential for drug precipitation, which may

result from cooling during storage or from dilution with gastric fluids when product

is swallowed.
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Figure 3.3: Itraconazole liquid formulations; #A7, A8, and A9 in table 3.1 dissolution profiles (no stirring). Formulations
were refrigerated for 2 weeks before dissolution test.
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Very limited information on the chronic toxicity of either of these

pharmaceutical formulation additives-PEG and PG was found and no human or

animal investigations of the relative chronic toxicity of the two agents were found

(17). Therefore, other agent(s) including acetic acid, citric acid, and tartaric acid

were studied in order to minimize the amount of PEG and PG needed to produce

1% (w/v) itraconazole solution.

Badwan et al (18) showed that the polyfunctional carboxylic acids such as

citric acid, tartaric acid, and ascorbic acid enhanced the solubilizing and/or

complexing ability of the cyclodextrins for a drug which is insoluble or sparingly

soluble in water. In another study by Behi et al (19), these carboxylic acids were

also used to increase the solubility of clemastine which is sparingly soluble in

water. The carboxylic acids were believed to ionically interact with the clemastine

to form a soluble entity in situ, which in turn dramatically increases the solubility

of the clemastine. Such ionic interactions are considered weak and reversible.

Therefore, citric acid, and tartaric acid were studied for their complexing ability

with itraconazole in order to increase itraconazole aqueous solubility.

ACETIC ACID SUSPENSIONS

All dissolution studies were done with no stirring initially but stirring did

occur beginning 2 minutes after addition of drug formulation. Two acetic acid
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suspensions (#D 1 and D2 in table 3 .4a) produce 100% dissolution of 1% w/v

itraconazole within 10 minutes after addition into gastric fluid in a USP dissolution

test. On the other hand, complete dissolution required 45 minutes for acetic acid

suspension #D3 in table 3 .4a which contains less sugar. The chemical structure of

sugar (sucrose) is partially similar to HP-3-CyD; therefore, the idea of using sugar

as a complexing agent was now introduced. Glucose monohydrate improved

itraconazole solubility in solid formulation prepared as a eutectic mixture (as

shown in Chapter 2). Similar results were also found with sugar during

development of the current liquid formulations. Sugar not only improved

itraconazole solubility but is also used in liquid formulations as a sweetener.

Preliminary stability tests showed that these suspensions flocculated after

overnight refrigeration. However these suspensions can be redispersed by gentle

shaking. In conclusion, these suspensions were moderately stable to storage (table

3.4a).

ACETIC ACID SOLUTIONS

Mixtures of 5% (v/v) acetic acid and 10% (v/v) PG did not produce 1%

(w/v) itraconazole solution. Other ingredients including 95% ethanol, 0. iN

hydrochloric acid solution in water (0. iN HC1), and hydroxypropyl methylcellulose

(HPMC) were used to increase itraconazole solubility and to reduce the amount of
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acetic acid required. Itraconazole is more soluble in ethanol compared to water

(0.026 g/ml versus <0.0000 1 gIml (13)). Itraconazole dissolution requires an acidic

environment; hence, 0.1N HC1 which is used in treatment of hypoehiorhydria was

expected to help solubilize itraconazole. HPMC was found to be an antinucleation

agent (13) which may have an effect to prevent precipitation of itraconazole in an

acidic solution like acetic acid.

Complete dissolution in simulated gastric fluid was achieved for most

formulations in table 3 .4b with no stirring. Drug precipitation during preparation

occurred if the preparation was made without heat or if the order of preparation was

varied, For example, drug precipitation during preparation occurred when

itraconazole solution in glacial acetic acid was added into slightly heated sugar

syrup in 0. lN HCJ acid without HPMC. On the other hand, there was no drug

precipitation during preparation when itraconazole solution in glacial acetic acid

was added into HPMC mixture which was prepared by first fully dispersing HPMC

in ethanol and 0. iN HC1 acid, then sugar was dissolved in HPMC mixture and PG

was added with stirring and slightly heated. HPMC functioned as an antinucleation

agent to prevent precipitation of itraconazole (13). Visible precipitation appeared

after overnight refrigeration in some formulations (table 3 .4b). Formulations with

sugar provided good stability compared to these without sugar when stored 2 weeks

in the refrigerator (table 3 .4b). There were no differences in dissolution or physical

stability for different types of HPMC. 0.iN HCI was needed to produce 1% (w/v)

solution and could not be substituted with water. Mixtures of 2.5% (v!v) acetic acid
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and 10% PG produced moderately physically stable solutions of 1% (w/v)

itraconazole (formulation #D8 in table 3 .4b) with the addition of other ingredients

which helped increase itraconazole solubility.

Buffer capacities of liquid formulations were studied and compared with

Sporanox® oral solution. One or more pharmaceutically acceptable neutralizer,

sweeteners, and flavors are required in order to produce an acceptable and palatable

oral solution; therefore, buffer capacity information may be helpful to predict

whether or not an additional of these ingredients will alter itraconazole solubility.

And, it is generally desirable that oral products other than antacids should have the

minimum buffer capacity possible.

Formulation #D8 in table 3.4b had higher buffer capacity (figure 3.6) and

lower pH (pH =1.4) compared with Sporanox® oral solution (pH 1.78). Note that

drug precipitated immediately every time after adding 0.1 N NaOH into Sporanox®

oral solution and completely re-dissolved with vigorous stirring while 20 ml

solution was titrated with 0. iN NaOH from original pH 1.78 to pH 10 but drug

precipitated irreversibly when a total of 4 ml 0.1N NaOH was added into 20 ml of

formulation #D8 in table 3.4b to produce pH of 1.6. These results suggested that

itraconazole solubility of solution #D8 in table 3 .4b does not change as long as pH

of solution is below 1.6. These data also suggest that Sporanox® can be neutralized

and the itraconazole will stay in solution in the dosage form. However, such

neutralization is likely to adversely affect bioavailability if it results in an increase

in gastric pH when the product is swallowed.
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CITRIC ACID SOLUTIONS

Citric acid can be used for many proposes including acidulant in beverages,

effervescent salts, in pharmaceutical syrups, elixirs, in effervescent powders and

tablets, and to adjust the p1-I of foods etc. Citric acid was used as an alternative

acidifying agent to avoid using the very acidic and potentially corrosive nature of

acetic acid.

At least 20% (wlv) citric acid was needed to produce a 1% (wlv)

itraconazole solution. Citric acid solutions are considered more stable than acetic

acid solutions because there was no visible precipitation either during preparation

or after 4-week refrigeration (table 3.4c). Only 60% dissolution of drug from 20 ml

itraconazole citric solution was obtained in 900 ml simulated gastric fluid pH = 1.4

but 100% dissolution can be achieved a lower pH (pH = 1.28) of 900 ml simulatçd

gastric fluid. Although drug from 20 ml of citric acid solutions was not completely

dissolved after adding into dissolution test (appeared as colloidal solutions), the

drug re-dissolved either by increasing volume or decreasing pH of simulated gastric

fluid. Increasing volume and decreasing pH of simulated gastric fluid was studied

to show that colloidal solutions formed are reversible. Hence, citric acid solutions

may provide good drug absorption in vivo if volume or pH of gastric juice can be

varied. Citric acid solutions had higher buffer capacity (figure 3.6) and lower pH

(pH = 1.7) compared with Sporanox® oral solution (pH = 1.78). However, drug

precipitated irreversibly when a total of 3 ml 0.1N NaOH was added into 20 ml of
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formulation #D14 in table 3.4c when there is no change in solution pH (pH 1.7).

40% (w/v) citric acid combined with the addition of HPMC was needed to achieve

100% dissolution for 200 mg itraconazole in 900 ml simulated gastric fluid pH

1.4 (formulation #D 17 in table 3 .4c). A high amount of citric acid was needed to

produce the same itraconazole solubility (1% wlv) as Sporanox® oral solution. The

Environment Protection Agency (EPA) considers citric acid a minimal risk inert

ingredient (20). It is listed in their List4A, which is a list of substances that are not

expected to present a hazard to human health or the environment. It can be

moderately toxic by subcutaneous and intraperitoneal routes and it is mildly toxic

by ingestion. Citric acid can be a moderate skin irritant and a severe eye irritant.

Since concentrated citric acid solutions are bitter and unpleasant, the minimal

amount possible of citric acid is needed to balance the bitterness of the solution

with enhanced itraconazole solubility.

ACETIC ACID AND CITRIC ACID SOLUTIONS

Mixtures of acetic acid and citric acid were used as acidifying agents in an

attempt to minimize the amount of both acidifying agents. Formulation #D20 in

table 3.4d was prepared by the same procedures as Sporanox® oral solution (figure

3.7) but using citric acid and acetic acid alcoholic mixtures instead of HP.-3-CyD.

None of the acetic acid and citric acid combination formulations provided 100%
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dissolution of 1% (w!v) itraconazole in 900 ml simulated gastric fluid dissolution

test. The acetic acid and citric acid mixtures did not provide the same itraconazole

solubility in 900 ml of simulated gastric fluid pH 1.4 as Sporanox® oral solution.

CITRIC ACID AND TARTARIC ACID SOLUTIONS

Other fruit acids including ascorbic acid (formulation #D23 in table 3 .4d)

and tartaric acid (table 3 .4e) and glutamic acid hydrochloride were studied for their

ability to solubilize itraconazole. Additions of tartaric acid and sodium chloride-

NaCl (formulation #D24 in table 3 .4e) increased the solubility of itraconazole in

citric acid solution (formulation #D 15 in table 3 .4c), but excess NaC1 caused the

precipitation of itraconazole (formulation #D25 in table 3 .4e). Formulation #D28 in

table 3.4e was prepared by the same procedures as Sporanox® oral solution (figure

3.7) but using citric acid and tartaric acid alcoholic mixtures instead of T-{P-3-CyD.

Citric acid and tartaric acid solutions had the same properties as citric acid solution

in that complete dissolution could be achieved with a higher volume of simulated

gastric fluid pH = 1.4 or lower pH of simulated gastric fluid. None of the citric acid

and tartaric acid combination formulations provided 100% dissolution of 1% w/v

itraconazole in 900 ml simulated gastric fluid dissolution test. The citric acid and

other fruit acids mixtures did not provide the same itraconazole solubility in 900 ml

of simulated gastric fluid pH 1.4 as Sporanox® oral solution.
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rSporanox® Solution Preparation
1

Solution A

100 ml of propylene glycol + 3.76 ml of concentrated HCI stirred and slightly heated
10 g Itraconazole is added and stirring is continued until homogeneous

Solution B

400 g hydroxypropyl-f3-cyclodextrin is dissolved in 400 ml distilled water

Solution A is added slowly in the Solution B while stirring

190 ml of sorbitol solution is added and stirred till homogeneous

fL

Sodium saccharin (60 g) is dissolved in 50 ml distilled water and added to the mixture

Flavors (up to 1% (w/v) of one or more cherry flavors) are added and the pH of
the mixture (about 1.7) is adjusted with a ION NaOH solution to pH 2.0±0.1

The resulting solution is diluted with distilled water to an end volume of I liter

Figure 3.7: Sporanox® oral solution preparation (12).
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CONCLUSIONS

Itraconazole has low solubility in most solvents but 30% w/v itraconazole

can be solubilized in acetic acid alone without heating. However, due to the very

acidic and corrosive nature of acetic acid, itraconazole may not be stable and the

solutions could not be administered to people. A mixture of polyethylene glycol

400 and acetic acid was found to have excellent solvent properties and

unexpectedly that the solvent capacity was retained even after neutralization for

itraconazole which is typically insoluble at pH 6.0. Preliminary refrigeration tests

also showed that the formulations have good physical stability. The advantages of

neutralized acetic acid as a cosolvent are expected to include chemical stability of

the drug and relatively easier flavoring for patient acceptance. The propylene

glycol/ PEG 400/ acetic acid formulations have less ability to solubilize

itraconazole but still offer promise as a cosolvent system for formulating an oral

solution.

The main objective of this present study was to investigate formulation

factors that can be used to improve solubility of low solubility drugs such as

itraconazole. A series of cosolvents and acidifying agents has been investigated.

One percent (w/v) itraconazole suspension was produced using mixtures of 5%

(v/v) acetic acid, 10% (v/v) propylene glycol and 80% of either glycerol or 65%
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(w/w) syrup in water (#D1 and D2 in table 3.4a). Moreover, pHs of these

suspensions were adjusted to pH = 3.5 by iN NaOH with no change in drug

dissolution. Fairly physically stable 1% (w/v) itraconazole solution was

successfully produced with small amounts of acetic acid and propylene glycol (#D8

in table 3 .4b). Further investigations are needed on the chemical stability of

itraconazole and toxicity of this solution. Surprisingly sugar and carboxylic acids

such as citric acid, tartaric acid, and ascorbic acid not only enhanced itraconazole

solubility by their complexing abilities but also produced good stable solutions and

suggest these solvent formulations in tables 3 .4b-e may be very useful for other

drugs that are soluble in organic solvents such as dichioromethane, but that are very

low aqueous solubility drugs. Citric acid or citric acid combined with other

acidifying agents produced a good physically stable solution; however, these

solutions didn't achieve 100% dissolution for 1% (wlv) itraconazole in 900 ml

simulated gastric fluid pH = 1.4. Drug precipitation will most probably occur from

dilution with gastric fluid when this product is swallowed but is not likely for

formulations #A7, A8, A9, Ci, C2, C3, C4, D8, and D17 in tables 3.1 through 3.4e.

Finally, the following new oral solution formulations of itraconazole meet

requirements for being "good formulations" and are expected to provide good

bioavailability and are recommended for further testing in the order of "best" to

"good" formulations D8, Cl, and D13 in tables 3.4b, 3.3, and 3.4c respectively.
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ABSTRACT

The bioavailability and bioequivalence of single 200-mg doses of

itraconazole newly formulated immediate release capsules (Treatment A) and

Sporanox® (Treatment B) capsules were evaluated in a crossover study of 13

healthy volunteers under conditions of fasting. Thirteen healthy volunteers received

single 200-mg oral doses of each formulation with a washout period of one-week in

a randomized, open label, two treatment, two period crossover study.

Concentrations of itraconazole in plasma were measured by high-performance

liquid chromatography. The typical ANOVA for crossover studies was applied to

log transformed maximum concentration (Cm) and the area under the plasma

concentration versus time curve (AUC) data. Bioequivalence of two formulations

in each comparison was assessed using the 90% confidence intervals (CI) method

for the difference between drug formulation least-squares means, which is

consistent with the two one sided t-tests for bioequivalence. The treatment A:B

ratios of least-squares means for Cm, the AUC from 0 to 72 h (AUC072) and the

AUC from time zero to infinity (AUCOIflf) were 1.655 (90% CI, 1.267-2.167),

1.440 (90% CI, 1.110-1.836), and 1.367 (90% CI, 1.073-1.692), respectively. The

90% confidence intervals for individual percent ratios (treatment A/B formulations)

of the Cm, AUC072 and AUCofwere above the range of 80 to 125%, suggesting

that these formulations are not equivalent. The new formulation results in a
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significantly increased amount of itraconazole absorbed, and a significantly

increased maximal concentration of itraconazole in plasma.
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INTRODUCTION

Life-threatening fungal infections are becoming a very serious problem due

to the increasingly high numbers of immunocompromised hosts in the population:

e.g., those with acquired immunodeficiency syndrome (AIDS), chemotherapy-

induced neutropenia and organ transplantation with immunosuppressive therapy.

The three major opportunistic fungal pathogens are candida spp., aspergillus spp.

and cryptococcus spp. The polyenes (e.g., amphotericin B and nystatin), 5-

fluorocytosine and various azole compounds are currently used in clinical practice.

However, these drugs have limited clinical use due to toxicity problems and

development of fungal resistance: e.g., amphotericin B has severe renal toxicity and

5-fluorocytosine easily produces resistant strains when used alone. Azole

antifungal agents are used extensively throughout the world due to their excellent

antifungal activity and low toxicity.

Itraconazole, first synthesized in 1980, is a broad spectrum triazole

antifungal agent currently indicated for treatment of superficial and systemic fungal

infections, including aspergillosis, histoplasmosis, blastomycosis, and

onychomycosis in amphotericin B refractory or intolerant patients. Moreover, it has

excellent pharmacokinetic properties which are characterized by about 56% oral

absorption under fed conditions, extensive tissue distribution with tissue

concentrations many times higher than in plasma, high lipophilicity, and a
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relatively long elimination half-life (21-25 hours) (1). Itraconazole inhibits fungal

cytochrome P-450-dependent synthesis of ergosterol, which is a vital component of

fungal cell membranes (2). The high, selective affinity for the fungal cytochrome P-

450 and superior antifungal activity have resulted in worldwide clinical usage.

Absolute oral bioavailability of itraconazole has been studied in a

randomized crossover design with an interval of at least 2 weeks between the two

phases. Six healthy male volunteers received 100-mg doses of itraconazole as a one

hour intravenous infusion of a 1-mg/mi solution in 8% hydroxypropyl-f3-

cyclodextrin, and as an oral 10 mg/ml solution (1). Peak plasma concentration after

intravenous administration of a 100-mg dose as a one-hour infusion is about 664 ±

234 ng/ml with triphasic reduction half-lives of 2.5 minutes, 2.5 hours and 25

hours. After a 100-mg dose oral solution, the peak plasma concentration of 127 ±

37 ng/ml was about 5 times lower than those of the same dose given as an infusion

(1). Due to first pass metabolism, the observed absolute oral bioavaiiability of

itraconazole was 56% under fed conditions.

Factors which may influence itraconazole absorption include gastric

emptying, gastrointestinal motility, presence of an acidifying agent and hepatic

first-pass effect. The influence of food on the pharmacokinetics of itraconazole was

investigated by Zimmermann Ct al (3) in a randomized, parallel group, single dose

study in 24 healthy subjects. Each group received a 100-mg capsule of

itraconazole, pre-prandially or after a light meal or a full meal, in a three way
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crossover design. Gastric and intestinal pHs were studied with a co-administered

radio telemetric pH capsule, and gastric emptying time of the capsule was taken as

the maximum gastric residence time of drug and food. The plasma AUC and Cmax

of itraconazole were significantly influenced by food and the oral bioavailability of

itraconazole is maximal when the capsule is taken with a full meal. The

bioavailability (90% confidence intervals) of itraconazole relative to that after the

full meal was 54% (41-77%) on the empty stomach and 86% (65-102%) after a

light meal. Time to maximum concentration (Tmax) had a tendency to be higher

after the full meal, but without reaching statistical significance. Half-life of

itraconazole (about 18 hours) was not changed by food.

There was a statistically significant difference in gastric pH between light

meal and pre-prandial conditions. Gastric emptying times were significantly

different between each of the groups. Itraconazole absorption was increased by low

stomach pH, long gastric retention time and high fat content of the coadministered

meal (3). Itraconazole is an extremely weak base (pKa 3.7) and is only ionized at

a low pH, as in gastric juice but virtually unionized at physiological pH.

Itraconazole dissolution and absorption is pH dependent, with the highest plasma

concentrations obtained at low gastric pH levels. Numerous endogenous and

exogenous factors can contribute to the inhibition of gastric acid secretion,

ultimately resulting in hypochiorhydria. These include disease states suchas

advanced human immunodeficiency virus (HIV) infection (4) and therapy with

gastric acid suppressants, such as H2 blockers (5).
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Jaruratanasirikul et aT (6) studied the influence of an acidic beverage (Coca-

Cola) on the absorption of itraconazole in a randomized, two-way crossover design

with one week wash-out period separating each study treatment. Eight healthy

volunteers were randomized to receive single 100-mg dose of itraconazole with 325

ml of water or 325 ml of a cola beverage (pH 2.5). The absorption of itraconazole

was increased when itraconazole was coadministered with a cola beverage with

AUCO24 and Cmax increasing 80% and 121% respectively.

Coadministration of itraconazole with an acidic beverage (e.g., a Coca-cola

beverage) improves the bioavailability of itraconazole and Coca-cola is convenient

because it is easy to use and commercially available. This may have important

implications for treatment of fungal infections in patients with hypochiorhydria

including elderly, those taking acid suppressants, and those with acquired immune

therapy. Historically, these patients have had a lower rate of efficacy that is

associated with the lack of bioavailability. By coadministering itraconazole with a

low-pH solution, such as a Coca-cola beverage, and subsequently increasing the

bioavailability of itraconazole, the clinical effectiveness of the drug can be

enhanced.

The commercially available Sporanox® (Janssen Pharmaceutica, Titusville,

NJ) consists of 100 mg itraconazole coated on sugar spheres filled into a capsule

for oral administration. Because of high lipophilicity and very low pH dependent

solubility, formulation of itraconazole is very difficult. Various formulations (7, 8,

9) have been developed in order to produce a product bioequivalent to Sporanox®,



174

but there are currently no competitive products on the market. The present trial was

to compare the bioavailability of Sporanox® capsules and a new immediate release

formulation of itraconazole capsules, when given as a single dose in the

recommended therapeutic amount (200 mg) to healthy volunteers under conditions

of fasting. Fasting studies are required by Food and Drug Administration (FDA)

and are more likely to show differences between itraconazole formulations than fed

studies. A new bioequivalent product may provide a safe, effective, low cost

alternative to patients. Bioequivalence is defined by a Food and Drug

Administration Guidance as

The absence of a significant difference in the rate and extent to
which the active ingredient or active moiety in pharmaceutical
equivalents or pharmaceutical alternatives becomes available at the
site of drug action when administered at the same molar dose under
similar conditions in an appropriately designed study.

(FDA Guidance 1999 (10))

To establish bioequivalence, the calculated 90% confidence interval for the ratio of

the averages of the pharmacokinetic measures e.g., Cmax and AUC for the test and

reference products should fall with in 80-125% for the ratio of the productaverages

based on the two one-sided t-test procedure.

The objective of this study was to evaluate bioavailability and

bioequivalence of single 200-mg doses of an itraconazole newly formulated

immediate release capsules (Treatment A) and Sporanox® (Treatment B) capsules

in a crossover study in 13 healthy volunteers under conditions of fasting.
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MATERIALS AND METHODS

CHEMICALS

Sporanox® 100 mg capsules (Jassen Pharmaceutica, Titusville, NJ). Test

formulations containing 100 mg itraconazole were produced at College of

Pharmacy, Oregon State University, Corvallis, OR. Itraconazole (TEVA

pharmaceuticals-USA, Sellersville, PA), Clotrimazole (Sigma Chemicals Co, St.

Louis, MO), Acetonitrile, Methanol and Glacial acetic acid (Fisher Chemicals, Fair

Lawn, NJ), Diethylamine (Aldrich Chemical Co. Inc., Milwaukee, WI), Sodium

citrate, Ammonium Phosphate (Mallinckrodt Baker Inc., Paris, KY). Water was

deionized using the Milli-Q® Reagent Water System (Millipore, Bedford, MA). All

other chemicals were reagent grade.

SUPPLIES

1. Catheter 18 gauge, 1.16", 1 .3x30 mm, 105 mI/mm (Insyte-W, Becton

Dickinson Infusion Therapy Systems, Inc., Sandy, Utah 84070)

2. Bacteriostatic 0.9% sodium chloride inj. USP (Abbott Laboratories, North

Chicago, IL)
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3. 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"x 4"

tape strips, and dressing change label (The clinipad Corporation, Guilford, CT

06437)

5. 10 ml syringe (Becton Dickinson & Co., Rutherford, NJ)

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. 10 ml Vacutainer® (Becton Dickinson and Company, Franklin Lakes, NJ)

9. Butterfly 27x 3/8 8" tubing (Abbott Hospital, North Chicago, IL)

10. 15 ml polypropylene centrifuge tubes (Fisher Chemicals, Lawn, NJ)

11. Microsorb MV® C18 HPLC Column-5 im particle size, 100 A° pore size, and

4.6 x 250 nrn column size (Rainin Instrument Company, Inc., Woburn, MA)

12. Bakerbond SPE C18 Column (J.T. baker, Phillipsburg, NJ)

13. Phenomenex Cl 8 guard cartridge 4 mm L x 3.0 mm ID (Phenomenex Inc.,

Torrance, CA)
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SUBJECTS

The study protocol was reviewed and approved by the OSU Institutional

Review Board (IRB) for the protection of human subjects. Thirteen healthy, male

or female, and 18-45 years of aged volunteers drawn from OSU faculties, staff, and

students were enrolled and an informed written consent was obtained from each

volunteer. Excluded from this study were subjects who were/had

1. Hypersensitive to itraconazole or other related azole drugs.

2. Currently taking other medications

3. Scheduled to have medical tests within the next 3 weeks.

4. Pregnant

5. Breast feeding

6. Kidney/liver disorders

7. Provided or received blood donations within 30 days prior to the start of the

study

8. Currently use tobacco in any form

9. Gastrointestinal disorders, especially achlorhydria

10. Hepatitis B or C, who has tested positive for HIV or any AIDS virus, have

AIDS virus, have AIDS or am at risk of getting and spreading AIDS virus

11. Diabetes
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STUDY DESIGN

Figure 4.1: Biostudy design scheme.

This was an open-label, single dose, crossover study with two phases

separated by one week washout interval. Volunteers were randomized into one of

two sequence groups (A-B, or B-A) and received one of the following two

treatments with 240-mi of water during each phase: A (two 100-mg itraconazole

Test formulation) or B (two 100-mg itraconazole Sporanox® capsules).
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TREATMENT AND BLOOD SAMPLE COLLECTION

All volunteers were asked to fast overnight and they arrived at College of

Pharmacy at 6 am. Volunteers under fasted conditions were administered the dose

of study medication under supervision of the Biostudy Investigator on an empty

stomach and a standard breakfast (Burger King® sausage and egg biscuit, hash

brown potatoes, and 240 ml of orange juice) was provided two hours after dosing.

During each of the two crossover phases, 1 0-ml blood samples were obtained

immediately prior to dosing (time zero) and at 1, 2, 3, 4, 5, 6, 8, 12, 24, 33, 49, 57,

and 72 h after dosing. Blood was collected via an indwelling cannula which was

secured in each volunteers' arm up to 12 hours (figure 4.2), and blood samples at

24 hours and after were collected directly from the vein. Two hundred milliliters of

water was provided to each subject prior to every blood collection. A licensed

nurse or phiebotomist performed the process of collection of blood samples. Since

acids have some effects on bioavailability of this drug, drinking carbonated drinks

and juices were not allowed until after 12 noon of the day of study. Blood samples

were transferred into 4% sodium citrate anticoagulant tubes, centrifuged within 1

hour of collection, and supernatant plasma samples were collected by pipette and

frozen at -20°C until time of analysis.



Figure 4.2: Blood sample collection.
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HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) SYSTEM

The HPLC system comprised a Spectra-Physics model SpectraSystem

P2000 solvent delivery system, a Spectra-Physics model Spectra 100 ultra-violet

absorbance detector set at 254 nm, a Spectra-Physics model SP 8880 automatic

sampler, and a Spectra-Physics model ChromJet 4400 integrator (Spectra-Physics,

Inc., San Jose, CA) for the quantitative determination of itraconazole. Mobile

phase, filtered and degassed, was pumped through a C18 reverse-phase column

(Microsorb MV® Column with 5 tm particle size, 100 A° pore size, and 4.6 x 250

nm column size, Rainin Instrument company, Inc., Wobum, MA) with a flow rate

of 1.2 mi/mm. Injection volumes were 100 p1 for itraconazole analysis.

MOBILE PHASE AND INTERNAL STANDARD SOLUTIONS

Mobile phase comprised of 60: 40 acetonitrile: deionized water containing

0.0 1% diethylamine, pH adjusted to 7.4 with glacial acetic acid. Mobile phase was

filtered under vacuum and degassed prior to use. Clotrimazole was used as an

internal standard. An aliquot of 100 p1 of clotrimazole solution (100 tg/ml

prepared in mobile phase) was added to a 2 ml aliquot of plasma for itraconazole

analysis. Internal standard concentration was chosen to achieve an appropriate peak

area ratio.
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SAMPLE PREPARATION

Sample preparation is presented in figure 4.3. An aliquot of 100 1 of

Clotrimazole solution (100 ig/ml prepared in mobile phase) was added to a 2 ml

aliquot of plasma. The mixture was vortex mixed for 30 seconds. Solid phase

extraction columns (Bakerbond SPE C18-200 mg, 3 ml) were preconditioned with I

ml methanol, followed by distilled water and then 1 ml buffer solution (0.05 M

ammonium phosphate). The plasma internal standard mixture was introduced into

the preconditioned solid phase extraction column and the eluate discarded (figure

4.4). The column was then washed with 1 ml distilled water, which was discarded.

The drug and internal standard retained on the column were then eluted with three 1

ml aliquots of acetonitrile which were collected and then combined into a clean test

tube. The acetonitrile was evaporated in a concentrator evaporator assembly (Joun

RC 1010) at 70° C (under vacuum and centrifugation at 2000 rpm). The residue was

reconstituted in 200 tl mobile phase and vortex mixed for a minute and then 100 tl

was injected into the HPLC on Microsorb Mv® C 18 reverse phase column (4.6 x

250 nrn column size), connected to Phenomenex C 18 guard cartridge.
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STANDARDS FOR CALIBRATION CURVE

100 pd of each itraconazole standard solution (100-6000 ng/ml) and 100

pd/mi clotrimazole were added into 1.9 ml of blank human plasma and vortex-

mixed for 30 seconds. This was processed as described above (figure 4.3). Standard

calibration curves were constructed by plotting peak-area ratios of itraconazole to

clotrimazole concentrations. Figure 4.5 gives a typical calibration curve. Linearity

between peak-area ratios and concentrations was verified by linear regression

analysis. Correlation coefficients for these curves were greater that 0.99. Unknown

concentrations of itraconazole were calculated by inverse estimation. A standard

calibration curve was prepared for every subject, or whennew circumstances

applied, such as new columns, newly prepared internal standard or mobile phase

solutions, etc.



100 pITS + [100 .il ITC Std so! (100-6000 ng/m!) + 1.9 ml Blank plasma]
or 100 1 IS + [2 ml Plasma (Unknown ITC Concentration)]

Vortex mixing
I SPE Columns were preconditioned with

30 seconds
I o 1 ml MeOH

o lmlH2O
o 1 ml Buffer So!

[
The plasma IS mixture was rntroduced into the preconditioned SPE and the eluate discarded.

I

[The column was washed with 1
H20 which was discarded.

The ITC and IS retained on the column were eluted with 3 x 1 ml ACN

The residue was reconstituted in 200 pI and vortex mixed for

70°C until dress.The ACN was evaporated at

flute and then 100 was ected in to the HPLC

Figure 4.3: Sample preparation. IS-Internal standard, ITC-itraconazole, Std sol-Standard solution, SPE-Solid Phase
Extraction, MeOH-Methanol, H20-Distilled water, Sol-Solution, ACN-Acetonitnle, and HPLC-High performance liquid
chromatography.

00



Figure 4.4: Solid phase extraction.
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PHARMACOKINETIC DETERMINATION

The following pharmacokinetic parameters were evaluated for itraconazole:

the maximum concentration of drug in plasma (Cm), the time to Cm (Imax), the

terminal half-life (t112), the area under the plasma concentration-time curve from 0

to 72 hours post dose (AUC072), and the area under the plasma concentration-time

curve from 0 to c' (AUC0). The t112 was computed as 1n2/, where 3 is the

elimination rate constant determined by linear regression of the terminal points of

the log-linear plasma concentration-time curves. The area under the curves (AUC)

were calculated via trapezoidal summation and the terminal of AUC0 was

calculated by (plasma concentration at 72 h)/3.

STATISTICAL ANALYSIS

A typical ANOVA for crossover studies (11) was applied to log

transformed AUC and Cmax data calculations for statistical analyses. The analysis

of variance model included sequence, subjects nested within sequence, period, and

drug formulation as factors. The significance of the sequence effect was tested

using the subjects nested within sequence as the error term. A 5% level of

significance was used for within-subject comparisons (i.e., period, and formulation)

and for between-subject comparisons (i.e., sequence).
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Bioequivalence of the two formulations each for comparison was assessed

using the 90% confidence intervals method for the difference between drug

formulation least-squares means, which is consistent with the two one-sided test for

bioequivalence. These values were calculated for the parameters AUC0 and Cmax

using log-transformed data. Log transformation of data was performed as

recommended by the U.S. FDA Division of Bioequivalenee in the Office of

Generic Drugs because many biological data correspond more closely to a log-

normal distribution than to a normal distribution. To establish bioequivalence, the

calculated 90% confidence interval for the ratio of the averages of the

pharmacokinetic measures e.g., Cmax and AUC for the test and reference products

should fall with in 80-125% for the ratio of the product averages (12).

The two one-sided test was applied for statistical analysis of bioequivalence

testing which consists of decomposing the interval hypotheses H0 (null hypothesis)

and H1 (alternative hypothesis) into two sets of one-sided hypotheses where and

j.1R are the true test and reference means, respectively.

H01: J1TLR 01 H02: !LTtR 02

F111 tTtR> 01 and H12: .LTLR <02
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The two one-sided t-test procedure consists of rejecting the interval

hypothesis H0, and thus concluding equivalence of I-IT and tiR, only if both H01 and

H02 are rejected at a = 0.05. Under the normality assumption made, the two sets of

one-sided hypotheses are tested with an ordinary one-sided test. For a balanced

study, it will be concluded that tT and tR are equivalent if

-a( v)

T 1R

1'2

SF

- tla(v)

T "1R

where XT XR is the difference between the observed average of the

logarithmical transformed pharmacokinetic parameters for products test

formulation (T) and reference (R). And

=1 R 1 +1_ T

T +flI? 2) +flR 2)

It is common to express Oi and 02 as proportions of the unknown reference average

I-1R. Using 01 -0.20 I-tR and 02 = 0.25 I-1R, the interval hypotheses is restated as

Ho: I-1T-I-1R -0.20 JiR or tT-I-'R 0.25 l-LR

H1: -0.20 1R < TR < 0.25 IiR
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which, if 0, may be restated as

H0: 1T/JtR 0.80 or JLTItR 1.25

H1: 0.80 <tT/JtR <1.25

where the statistical assumptions of normality, homogeneous variance, etc. are

satisfied for the logarithmically transformed variables. This is based on the

empirical observation that observed distributions of bioavailability variables are

often skewed, with a long tail of higher values (11). If the statistical assumptions

that have been made are in fact true on the logarithmic scale, then the interval

hypotheses may be restated as

H0: TIT- 11R Ln (0.8) or 11T 1R Ln (1.25)

H: Ln (0.8) <1T flR< Ln (1.25)

where iT and 1R are the true test and reference averages of the logarithmically

transformed variables, respectively. Logarithms to the base 10 or natural logarithms

may be used.

A problem with the interpretation on the original scale arises because the

mean of the logged values is not the log of the mean. If, however, the log-

transformed data have symmetric distributions, the following relationships hold:
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Mean [log (Y)J Median [log (Y)]

(and since the log preserves ordering)

Median [log (Y)} = log [Median (Y)]

where Median (Y) represents the population median. It is evident that the

antilogarithm of the mean of the log values is the median on the original scale of

measurements. If 11T and T1R are used to represent the true test and reference

averages of the logarithmically transformed variables, respectively, then

rMedian(YT)1
11T 1R estimates log

[Median (YR)]

and, therefore,

rMedian(yT)1exp (TI- T1R) estimates
LMedian (Y)j

Useful multiplicative interpretation emerges in terms of the ratio of

population medians; moreover, the median is a better measure of the center of a

skewed distribution than the mean. Back-transforming the ends ofa confidence

interval constructed on the log scale produces a confidence interval for the ratio of

medians.
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The two one-sided tests procedure would be carried out with 0 equal to Ln

(0.8) and 02 equal to Ln (1.25). The two one-sided test procedure consists of

rejecting the null hypothesis (H0), and thus concluding bioequivalence of and flp.

(11).

Cmax, AUC072 and AUC0 were log transformed before analysis of variance

(ANOVA) for crossover study was performed. A square root of error mean square

(S) from the ANOVA was then used to calculate 100 (1-a) % confidence interval

(CT) for the mean difference of log transformed variables (liT- liR) as follows.

S +-100(1a)%CI = (T R)±tla/(v)(
1 1

T R

where a is 0.1 for 90% confidence interval, v is a number of degrees of freedom

associated with error mean square (n-2), and n is number of subjects.

The null hypothesis is rejected if the confidence interval falls between Ln

(0.8) and Ln (1.25)

Ln (0.8) <UT- T1R< Ln (1.25) or -0.223 14 <UT hR <0.22314
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RESULTS AND DISCUSSION

The subjects comprised twelve men and one woman; eleven Caucasian and

two Asian. Individual plasma concentration-time curves are presented in figures 4.6

a-rn. Mean plasma concentration-versus-time data for itraconazole are shown in

figure 4.7. Averages of individual pharmacokinetic parameters are depicted in table

4.1. Individual natural log transformed pharmacokinetic parameters are listed in

table 4.2. Pharmacokinetic values and statistical results are in table 4.3. There were

no significant differences between the two sequences with regard to carryover

effects (p-value 0.05) or period effects.

ANOVA results for Cm, AUC072, and AUC0 are presented in table 4.4,

table 4.5, and table 4.6 respectively. The Test formulation: Sporanox® capsules

ratios of least-squares means for Cm and AUC072 (1.655 and 1.440, respectively)

indicate a higher bioavailability of itraconazole from Test formulation relative to

Sporanox® capsules. Moreover, 90% confidence intervals for these ratios fall well

above those required to establish bioequivalence (table 4.3). The results suggest

that the test formulation produce a significantly greater and improved itraconazole

bioavailability.
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Figure 4.6a: Itraconazole plasma concentration-time curve for subject 1 when fasting.
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Figure 4.6f: Itraconazole plasma concentration-time curve for subject 6 when fasting.
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Table 4.1: Averages of individual pharmacokinetic parameters under conditions of
fasting (n = 13). y = Ln (x).

Test formulation Sporanox®

Pharmacokinetjc
Parameter Geometric Mean Geometric Mean

(
(e-,e) ,

ev)

Cmax(ng/ml) 114.89 69.43
(68.97, 191.39) (37.33, 129.11)

Tmax(hr)
2.51 2.73

(1.88, 3.35) (2.03, 3.67)

AUC072 (ng.hr/ml) 1477.62 1026.30
(885.45, 2465.87) (543.70, 1937.20)

AUC0 (ng.hr/ml) 1691.12 1237.05
(942.37, 3034.49) (655.50, 2334.61)

r) 0.0321 0.0308
(0.0 183, 0.0563) (0.0226, 0.0419)

t112 (hr) 21.58 22.53
(12.30, 37.87) (16.53, 30.71)

II 13 13
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Table 4.2: Natural logarithm transformed individual bioavailability parameters for
test formulation and Sporanox® under the conditions of fasting.

Subject
Ln (Cmax) Ln (AUC072) Lii (AUC0)

Test Sporanox® Test Sporanox® Test J Sporanox®

1 4.6495 3.1776 7.4204 6.5408 7.7109 7.1435

2 5.1478 4.6711 7.5052 6.9162 7.7402 7.0288

3 5.4290 4.2033 7.9917 6.9217 8.2918 7.3956

4 4.4804 3.8256 7.0606 6.6161 7.0606 6.6161

5 4.9577 4.9328 7.4169 7.6346 7.4687 7.6346

6 4.0090 3.5488 6.5426 6.0147 6.5472 6.0386

7 3.6976 3.4022 6.1261 5.7964 6.1261 6.1248

8 5.1113 5.1636 7.8978 7.8839 7.9682 8.0535

9 5.0796 4.5553 7.3975 7.2196 7.4462 7.3728

10 4.4539 4.1708 7.3885 6.8672 7.4664 6.9952

12 5.0058 4.0483 7.5297 6.6111 7.6755 6.6553

13 4.4251 4.8360 7.0157 7.7658 7.2649 7.9855

14 5.2251 4.5887 7.5838 7.3500 7.8643 7.5219



Table 4.3: Means of natural log transformed pharmacokinetic parameters after oral administration of test formulation and
Sporanox® capsules under the conditions of fasting and their statistical results.

Drug Statistic
AUC072

(ng.hr/ml)
AUC000

(ng.hr/ml)
Cmax

(ng/ml)
Tmax

(hr)

Testformulation Mean 1477.62 1691.12 114.89 2.51

I -s
e ,e (885.45, 2465.87) (942.37, 3034.49) (68.97, 191.39) (1.88, 3.35)

CV% 54.76 63.84 54.54 29.40

Sporanox® Mean 1026.30 T1237.05 69.43 2.73

I -s
e ,e (543.70, 1937.20)

I

(655.50, 2334.61) (37.33, 129.11) (2.03, 3.67)

CV% 70.52 70.49
J_68.51

[30.23

Ratio 1.440 1.367 1.655

(90% CI) 1.110-1.836 1.073-1.692 1.267-2.167

ANOVA p value 0.0273 0.03 87 0.0061

Ratio: ratio of test formulation to Sporanox®; 90% CI: 90% confidence interval for the ratio of test formulation to Sporanox® medians (log
transformed data); AUC072, AUC00, Cniax, and Tmax are geometric means; p value: the p value for formulation effect in the ANOVA (log
transformed data); there was no statistically significant effects of sequence, and period; N: 13 for all observations; y = Ln (x).

C
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Table 4.4: ANOVA table of Ln (Cmax) for the study under the conditions of fasting
(n= 13).

Source of Variation DF Sum of
Squares

Mean
Square F Pr>F

Period 1 0.00184 0.00184 0.01 0.9120

Sequence 1 0.04854 0.04854 0.09 0.7730

Treatment 1 1.64750 1.64750 11.43 0.0061

Subject(Sequence) 11 6.10698 0.55518 3.85 0.0173

Error 11 1.58556 0.14414

Total 25 9.39171

Table 4.5: ANOVA table of Ln (AUC072) for the study under the conditions of
fasting(n= 13).

Source of Variation

Period

Sequence

Treatment

Subject (Sequence)

Error

Total

DF
Sum of
Squares

Mean
Square F Pr>F

1 0.07530 0.07530 0.59 0.4568

1 0.00321 0.00321 0.01 0.9426

1 0.81971 0.81971 6.48 0.0273

11 6.51940 0.59267 4.68 0.0083

11 1.39252 0.12659

25 8.85391
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Table 4.6: ANOVA table of Ln (AUC0.) for the study under the conditions of
fasting(n 13).

Source of Variation OF Sum of
Squares

Mean
Square F Pr>F

Period 1 0.23201 0.23201 2.23 0.1637

Sequence 1 0.06413 0.06413 0.09 0.7648

Treatment 1 0.57414 0.57414 5.51 0.0387

Subject (Sequence) 11 7.50141 0.68195 6.55 0.0021

Error 11 1.14597 0.10418

Total 25 9.57893

Elimination rate constants obtained from the mean plasma concentration

curves, were 0.0295 and 0.0323 hr for Sporanox® and Test formulation

respectively. The reported half-life for itraconazole is 25 hours, corresponding to an

elimination rate constant of 0.0277 hf1

Sporanox® and Test formulation showed similar dissolution profiles in vitro

and the two formulations were expected to exhibit similar in vivo behaviors.

However, the two formulations behaved differently in the body.

Wide inter-subject variations in itraconazole concentration in plasma versus

time profiles were observed in this study and in previous studies in our laboratory
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(figure 4.7) and in the literature (13, 14). The wide variability in itraconazole

concentrations following oral administration is not surprising because of extremely

high drug lipophilicity and solubility is dependent on very low pH. Similar

variability has been reported with oral administration of ketoconazole in normal

volunteers (15).

As a consequence of the wide variability in itraconazole concentrations (13,

14), large differences in Sporanox® data were observed: a) Micromedex (2): Cmax =

140±60 ng/ml and AUC0 = 2094 ± 905 ng.br/ml, b) previous studies in our

laboratory: Cmax = 164.35 ± 114.05 ng/ml and AUC0 2158.33 ± 1669.90

ng.hr/ml, and c) present study: Cmax 81.81 ± 46.15 ng/ml and AUC0 1469.74

± 862.94 ng.hr/ml. The Cm and AUC0 for itraconazole in the present study are

comparatively lower than other results.

Recognizing the effect of food on absorption, all subjects received their

standard breakfast 2 hours post dosing. Due to low aqueous solubility of

itraconazole, the amount of fluid intake is another factor to be considered.

Therefore, the total amounts of fluid intake for individual subjects from zero hour

to four hours post dosing are reported in table 4.7. All subjects were advised to

drink 240 ml of water before giving each blood sample.
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Table 4.7: Total amounts of fluid intake for individual subjects from zero hour to
four hours post dosing.

Subject Phase
Total amounts of fluid intake (240 ml cup)

0 hour 1 hour 2 hour 3 hour 4 hour

1 I 2 1 1 1 1

2 I 3 1 1 1 1

3 I 4 1 1 1 1

4 I 2 1 1 1 1

5 I 3 1 1 1 1

6 I 2 1 1 1 1

7 2 1 1 1 1

8 I 4 1 1 1 1

9 I 3 1 1 1 1

10 I 2 1 1 1 1

12 I 3 1 1 1 1

13 I 1 1 1 1 1

14 I 3 1 1 1 1

1 II 2 1 1 1 1

2 11 2 1 1 1 1

3 II 3 1 1 1 1

4 2 1 1 1 1

5 II 3 1 1 1 1

6 II 2 1 1 1 1

7 II 1 1 1 1 1

8 11 2 1 1 1 1

9 II 5 1 1 1 1

10 II 3 1 1 1 1

12 II 3 1 2 1 2

13 2 1 1 1 1

14 II 2 1 1 1 1
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CONCLUSIONS

Overall, mean plasma itraconazole concentrations for Test formulation were

statistically significantly higher than for Sporanox® capsules, suggesting that those

formulations are not bioequivalent. Pharmacokinetic measures ofAUC072, AUC0,

and Cmax for the OSU formulation were not within the generally accepted

guidelines of 0.80 to 1.25. Mean peak plasma itraconazole concentrations were

achieved within approximately 2-3 hours after 200-mg dose for each capsule

formulation but both peak drug concentrations and area under the curves of Test

formulation were substantially higher than Sporanox® on average (figure 4.7), and

in most of the subjects (figure 4.6a-m).

Bioavailability of itraconazole was significantly enhanced with the Test

formulation by comparison to Sporanox® in this study, but not relative to

previously obtained Sporanox® data. While it is known that itraconazole

bioavailability is highly variable, these large differences in Sporanox® results are

perplexing.

The new and improved formulation has been shown to produce significantly

higher AUC0. and Cmax for itraconazole. Taken together, these data suggest that

itraconazole has greater and improved bioavailability in the new formulation.
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ABSTRACT

A novel controlled release oral dosage tablet formulation which releases an

active drug independently of pH and paddle speed, following a lag time and with

zero-order kinetics identically to an osmotic pump but using a matrix tablet coated

with a diffusional barrier membrane was produced and evaluated. Effects of various

preparation parameters including: hydrophilic polymer concentration, type of

hydrophilic polymer(s), type of filler(s), surfactant, percent film coating, and

lubricant concentration on the lag time, kinetics, and completeness of drug release

were studied. Quantitative analysis and stability testing of verapamil HC1 used as a

model drug in the novel controlled release tablets were studied. Verapamil tablets

were prepared by direct compression or wet granulation using a single punch press

at an applied pressure of 5000 lbs. Tablets were film coated with an aqueous

ethylcellulose dispersion (Surelease®), modified with a water-soluble polymer

system (Opadry®), using a laboratory-scale fluid-bed coater fitted with a modified

Wurster insert. Coated tablets were tested for their drug-release characteristics in

enzyme-free simulated intestinal fluid pH 7.4, at 37.5°C, using USP Apparatus IL

Resultant drug-release profiles were examined to determine lag times, % drug

release, and release kinetics (n -values). The paddle rate dependencies of the

dosage form were evaluated by varying paddle stirring rate. Statistical analyses
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were conducted to investigate effects of various preparation parameters and effects

of paddle speeds and % coatings on drug release. Stability study was performed

according to USP XXIII official monograph for tablets which were stored in a

stability chamber at 40°C and 75% relative humidity for 0-, 4- and 8-week periods.

Dissolution consistency studies were conducted with 0-, 4- and 8-week samples.

The novel tablet formulation was produced using simple and standard

manufacturing processes. Percent film coating is the most influential factor on the

drug release profile as shown by statistical results. The novel tablet formulation

releases verapamil relatively independently of paddle speed with a lag time and in a

zero-order fashion that is essentially identical to CoveraHS®, an osmotic pump

tablet. The goals of this research were achieved. There were slight drug

degradations (less than 0.2%) in all samples: control formulation (0-week samples),

4-, and 8-week samples. None of any specified impurity was found more than 0.3

%, and the sum of all impurities was not greater than 1.0 %. Verapamil

hydrochloride is considered to have reasonably stability in the new extended-

release tablets. Dissolution results showed that the 4-week samples did not change

release profiles compared to previous data from control tablets. In contrast,

reductions in release rate were found with 8-week samples with a concomitant

longer lag time. Desired release profile and lag time can now be obtained from a

new formulation by varying some easily controlled formulation parameters such as

polymer concentration and type of filler to obtain a desired release profile, the

percent of film coating to obtain a desired lag time, and tableting approach for a
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good compressibility and flowability formulation. This new matrix tablet coated

with a diffusional barrier membrane generates a diffusional barrier support platform

on horizontal surfaces in situ and can be used as an alternative to other zero-order

release systems.



222

INTRODUCTION

Controlled release delivery systems have been extensively investigated in

order to optimize drug input rate into the systemic circulation in order to achieve a

desirable and predictable pharmacodynamic response and pharmacokinetics as well

as to improve patient compliance, minimize side effects of drug, and maximize

drug product efficacy. Designing a system with zero-order drug release kinetics is

one aspect of controlled release delivery systems research for a specific

biopharmaceutical requirement of an active moiety to produce steady-state drug

concentrations. Numerous design variations have been proposed to meet this

objective.

The use of controlled release systems based on hydrophilic polymer(s) and

matrix tablets for drug delivery remains the easiest and most accessible way to

modulate drug release and kinetics and has become very important in drug

formulation. In general the dissolution curve of drug release from a hydrophilic

matrix shows a typical time-dependent profile (1, 2). An initial quick release of the

drug present at the matrix surface produces a faster release phase at the beginning

of the dissolution process (burst effect). After this burst, the drug release process is

controlled by the hydration rate and consequently swelling or erosion of the matrix

but with time, a saturation effect is attained resulting in a very slow release phase

(figure 5.1).
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Figure 5.1: Schematic representation arid dissolution curve of drug release from a
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Multi-layer tablets with modulating support barrier platforms as drug

delivery devices (Geomatrix® technology) have been proposed with their

significant controlled release mechanisms. Multi-layer tablets comprise an active-

containing matrix core and one or more barriers (modulating layers) that are able to

delay the interaction of the core with the dissolution medium by reducing the

surface available for drug release and by limiting solvent penetration rate (3). One

or both of the faces of the matrix tablet are directly coated with barrier(s) during the

tableting using a multi-layer compression process. Restriction of the matrix area

exposed to dissolution medium may lead to a double control in the system release

performance: a) matrix hydration rate and consequent swelling and diffusion rate

are lowered, and b) the surface through which drug can be delivered (by diffusion

or erosion) is reduced. Therefore, in this system the burst effect can be controlled

and the area available for drug release can be maintained relatively constant during

the swelling and/or erosion processes (figure 5.2). Finally, water can reach the core,

even under the coating, and the matrix can freely swell or dissolve in the last

portion of the dissolution process when the protective effect of the coating is

finished and the saturation phase can be avoided. A zero order or linear release

profile is proposed (3) by combining a time dependent control of the hydration rate

of the system with the reduction of the tablet surface expose to the dissolution

medium (figure 5.2). But the actual release pattern reported, while quite desirable,

still shows some curvature and is not truly zero-order. It is possible to obtain other

dissolution patterns, such as bimodal, pulsatile or delayed delivery by varying the
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geometry of the device or coupling layers characterized by specific release

properties (3).

Push-pull osmotic pump technology has been developed to release an active

drug independently of pH and agitation force, following a lag time and zero order

kinetics. Figure 5.3 illustrates the configuration of the push-pull osmotic pump

delivery system in cross-section before ingestion and during release. Osmotic pump

tablets comprise the active-containing matrix core, the expanding osmotic layers

and the release rate-controlling membrane (semipermeable membrane). A delivery

orifice is formed by a laser drilled hole in the membrane. When the system is

administered, water permeates through the rate-controlling membrane and activates

the osmotic engine. As the engine expands, hydrostatic pressure inside the system

builds up, thereby forcing the active-containing matrix core through the delivery

orifice and drug is pumped out of the system. At the end of operation, active-

containing matrix core is squeezed out and the osmotic pump device becomes

empty.
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The production of such systems is complicated and cumbersome. Therefore,

a novel controlled release tablet which consists of a simple matrix coated with a

diffusional barrier membrane and which can be manufactured with high-speed

tableting machines will represent a significant advance. Figure 5.4 illustrates the

configuration of the new delivery system before ingestion and during release. The

tablet shape affects the uniformity of the applied film and sharper edges of concave

core shapes may be more prone to film defects which will result in early rupture of

the film coat upon water uptake (4). Moreover, matrix expansion is predominantly

in the axial direction as reported by Kim et aT. (5). Sequentially, an increasing inner

pressure causes a complete film breakage around the edges and the film eventually

disappears from the lateral side of the tablet. However, the coatings (support

platforms) remain attached to the top and bottom of the tablet and continue to

influence drug release. Zero order release is achieved through the restrictions on the

releasing surface which is obtained by simple coating of a diffusional barrier

membrane on the erodible hydrogel matrix tablets (figure 5.4).
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Figure 5.4: Schematic representation and dissolution curve of drug release from a
novel zero order release matrix tablet coated with a diffusional barrier membrane.
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Verapamil hydrochloride was chosen as a model drug to test this novel

technology. Verapamil is a calcium-channel blocker often prescribed for treatment

of essential hypertension and angina. Verapamil sustained release formulations

have the following advantages over conventional formulations (6): a) a slower

absorption with an acceptable bioavailability; b) no initial high peak concentration;

c) little fluctuation in the plasma concentration; d) no differences in the elimination

half lives for the two formulations; e) maintenance of a therapeutic plasma

concentration for a longer period of time; and f) no increases in unwanted side

effects. Verapamil sustained release formulation is commercially available as an

extended release tablet that incorporates the push-pull osmotic pump technology

(Covera-HS® from G.D. Searle& Co. Chicago, IL).

The aims of this present study were a) to produce a controlled release oral

dosage formulation which releases an active drug independently of pH and paddle

speed, following a lag time and with zero order kinetics identically to Covera-HS®

push-pull osmotic pump tablet but using a simple matrix tablet coated with a

diffusional barrier membrane; b) to study effects of various preparation parameters

including: hydrophilic polymer concentration, type of hydrophilic polymer(s), type

of filler(s), surfactants, percent film coating, and lubricant concentration on lag

time, kinetics, and completeness of drug release; c) to study effects of paddle

speeds and % coatings on lag time, kinetics, and completeness of drug release; d) to

study quantitative analysis and stability tests of verapamil in the novel extended-

release tablets using high-performance liquid chromatography methods in the
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United States Pharmacopoeia XXIII official monograph; and e) to study dissolution

profiles of the novel extended-release tablets after 4- and 8-week storage in a

stability chamber at 40°C and 75% relative humidity to investigate dissolution

consistency.
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MATERIALS AND METHODS

CHEMICALS

All chemicals used in this present study were purchased from standard

sources. Verapamil hydrochloride, Hydroxypropyl methylcellulose-Methocel E5

Premium, Hydroxypropyl methylcellulose-based coating formula- Opadry® Y-22-

7719 and Siliconized microcrystalline cellulose-Prosolve® 90 (TEVA

pharmaceuticals-USA, Sellersville, PA), Hydroxypropyl methylcellulose-HPMC

El 5 Premium (Dow Chemical Co., Midland, MI), Pectin PE 100 and Polysorbate

80-Tween 80® (Spectrum Quality Products, INC. Gardena, CA- New Brunswick,

NJ), Microcrystalline cellulose-Avicel® PH 101 and Spray dried lactose

monohydrate-Super-TABTM (FMC Corporation, Philadelphia, PA), Dicalcium

phosphate anliydrous, powdered-DCA (Rhodia, Chicago Height, IL-Cranbury, NJ),

Stearic acid (J.T. Baker Chemical Co., Phillipsburg, NJ), Sodium starch glycolate-

Explotab® (Edward Mendell Company, Paterson, NJ), Ethylcellulose aqueous

dispersionSurelease®, and Hydroxypropyl methylcellulose-based coating formula-

Opadry® 32K14823, and Y-30-12737-A (Colorcon, West Point, PA), Talc and

Magnesium stearate (Mallinckrodt Chemical Works, St. Louis, MO), USP

Reference standards: USP Verapamil Hydrochloride RS., USP Verapamil
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Hydrochloride Related Compound A RS., and USP Verapamil Hydrochloride

Related Compound B RS. (USP, MD), 3, 4-dimethoxybenzadebyde, 3, 4-

dimethoxybenzyl alcohol, 2-aminoheptane, and sodium acetate (Sigma Chemical,

MO), Acetonitrile, Acetic acid, Glacial, Sodium hydroxide, Sodium phosphate

monobasic monohydrate (Fisher Scientific, NJ) 95% Ethanol USP grade

(Chemistry Department, Oregon State University, Corvallis, OR). Water was

deionized using the Milli-Q® Reagent Water System (Millipore Bedford, MA).

MATRIX TABLET COMPOSITIONS

Table 5.1: Types and quantities of materials studied in the preparation of matrix
tablets.

Ingredient Type(s) Percentage (w/w)

Active ingredient Verapamil HCI 25.75%, 34.30%, 33.24%

Surfactant Tween 80 0.00%, 1.00%, 2.00% of
Verapamil HC1
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Table 5.1(Continued): Types and quantities of materials studied in the preparation
of matrix tablets.

Ingredient Type(s) Percentage (w/w)

o HPMC E5/Pectin o 23.18%/3.86%,
29.90%/4.98%

o HPMC E15/Pectin o 29.90%/4.98%,

Hydrophilic 30.00%/5.00%,

polymer(s) 36.00%/6.00%,
37.3 7%/6.23%,
52.50%/5.00%

o HPMC E5/HPMC o 14.95%/14.95%/4.98%
El 5/Pectin

o Avicel® PH 101
a 3.00%, 18.70%,

25.00%

o Lactose o 18.70%, 19.85%,
20.77%, 20.35%,
29.07%

o DCA o 29.07%

Filler(s) a Lactose/DCA a 14.54%/14.54%

o Prosolve®90/DCA a 22.21%/22.49%

o Prosolve®90 a 29.07%

o Lactose/Explotab a 14.54%/i 4.54%

Lubricant Stearic acid
2.07%, 2.25%, 2.49%,
2.99%, 5.00%

a Deionized Water a q.s.
Granulation
solvent(s)

a 95% Ethanol a q.s.
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BARRIER FILM COMPOSITIONS

Table 5.2: Barrier film compositions.

Ingredient Type(s) Quantity

Rate controlling Surelease® aqueous
64 ml (15.872 g solid)membrane dispersion

o Opadry®Y-30-12737-A
Water soluble polymer o Opadry®32K14823 10.125 g

o Opadry®Y-22-77 19-A

Anti-sticking Talc 21.307 g

Solvent Deionized Water 300 ml

CORE TABLET PREPARATION

Direct Compression

1. Accurately weigh each ingredient and combine in a closed amber bottle,

except stearic acid.
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2. Shake the closed container in all directions for about 5 minutes.

3. Add stearic acid and then continue mixing for 5 minutes in a closed amber

container.

4. Weigh the mixture equivalent to 240 mg verapamil HC1 dose and compress

into tablets on a single punch tablet machine (Carver hydraulic press, Fred

S. Carver Inc. Hydraulic Equipment, Summit, NJ) fitted with round

concave-shaped punches (0.478 inches diameter) at compression pressure of

5000 lbs. The dwell time after the target pressure was achieved was 10

seconds.

Wet Granulation

1. Accurately weigh each ingredient and mix all ingredients except stearic acid

into a mortar.

2. Slowly add deionized water or 95% Ethanol which is used as granulation

solvent to produce wet mass (for example, 20 mg powder used 7 ml

deionized water or 95% Ethanol).

3. Push wet mass through sieve mesh size #20.

4. Dry granules in the oven at 40°C for 2-3 hours (tray drying).

5. Add stearic acid and then mix for 5 minutes in a closed amber container.
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6. Weigh the mixture equivalent to 240 mg verapamil HCI dose and tablets

were compressed on a single punch tablet machine (Carver hydraulic press,

Fred S. Carver Inc. Hydraulic Equipment, Summit, NJ) fitted with round

concave-shaped punches (0.478 inches diameter) at compression pressure of

5000 lbs. The dwell time after the target pressure was achieved was 10

seconds.

For formulations that contain Tween 80, the Tween 80 treated verapamil

HC1 powder was prepared as following: 1) dilute Tween 80 with 95% Ethanol (for

example, 2.4 mg Tween 80 diluted with 1 ml 95% ethanol) 2) uniformly disperse

Tween 80 solution into verapamil HC1 powder using mortar and pestle and 3) keep

mixing until ethanol completely evaporates 4) sieve through screen mesh size #40.

The Tween 80 treated verapamil HCL powder was used instead of the verapamil

HC1 powder.

FILM COATING SUSPENSION PREPARATION

1. Weigh Opadry® and talc into a 600 ml beaker

2. Measure Surelease® using graduated cylinder and transfer into the same

beaker.

3. Rinse the graduated cylinder with deionized water a few times to make sure

all Surelease® content was transferred into the beaker.
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4. Add the reminder of deionized water and keep the container gently stirred

for up to 30 minutes for fully swell Opadry® and disperse talc.

The coating solution should be covered with paraffin film to avoid water

evaporation and should be kept stirring at all times. The coating solution can be

used up to 4 days post preparation.

SIMULATED INTESTINAL FLUID pH 7.4 PREPARATION

Simulated intestinal fluid was prepared by mixing 0.043 M potassium

phosphate with 0.034 M sodium hydroxide in deionized water and pH adjusted to

7.4 with 1 N sodium hydroxide. That is, 136.09 g potassium phosphate and 31.28 g

sodium hydroxide were dissolved in 23 liters of deionized water and pH adjusted to

7.4.

COATING PROCEDURE

A few verapamil tablets (12-30 tablets) and placebo tablets (70-100 tablets)

to add bulk in the chamber (acetaminophen caplets 500 mg, 0.2953 x 0.7362

inches) were placed into the coating chamber of a fluid-bed spray coater (Strea- 1,

Niro Inc., Columbia, MD) with a modified Wurster column insert (figure 5.5) and
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fluidized for 5 minutes to equilibrate with the coating temperature (55-60°C). The

Wurster column was approximately 1 inch away from the bottom screen the coater.

A small nozzle (0.8 mm) was used for spray layering. Air pressure was maintained

at 10-15 psi and the blower speed set at full capacity to allow tablets to move

freely. Film coating suspension was constantly delivered by peristaltic pump

(Rabbit® peristaltic pump, Gilson Medical Electronics, Middleton, WI). Delivery

rates were controlled at 5 mi/mm. During the spray layering process the mixed

solution was kept stirring to ensure homogeneity. Ten minutes cure time was

allowed after each coating layer in order for polymer coat to coalesce and form a

film.

DISSOLUTION TESTING OF FORMULATIONS

Dissolution test of verapamil formulations were conducted using the United

States Pharmacopoeia (USP) XXII apparatus II, paddle stirring method

(Dissolution apparatus VK 7000®, Vankel Industries, Inc., Cary, NC). Each

dissolution vessel was filled with 900 ml of enzyme-free simulated intestinal fluid

pH 7.4 and maintained at 37°C (Heater-VK 750D® Vankel Industries, Inc., Cary,

NC).

Dissolution testing of verapamil formulations produced in the laboratory

was performed in three replications and compared with Covera-HS® tablets. A 240
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mg verapamil film coated matrix tablet or CoveraHS® was placed into the

appropriate dissolution vessels. Dissolution was studied at a paddle rotation speed

of 75 rpm (50 rpm, 75 rpm, 100 rpm, or 150 rpm for paddle speed effects study).

Samples of 3 ml dissolution medium were collected without medium replacement

at 5, 10, 15, 30,45 minutes, and 1,2,3,4, 6, 8, 10, 12, 14, 16, 18, 20, 22, and 24

hours using a computerized auto-sampler (VK8000® Vankel Industries, Inc., Cary,

NC) with peristaltic pump (VK 81 0® Vankel Industries, Inc., Cary, NC) with

cannula filter tips 70 microns. Samples were filtered using 0.45 microns filters

prior to UV analysis.

Absorbance of dissolution samples was measured by DU® Series 600

UV!Vis spectrophotometer (Beckman Coulter, Fullerton, CA) at wavelength 277

rn-n at room temperature and amount of verapamil released determined using an

appropriate standard curve (figure 5.6). Mean drug dissolutions and standard

deviations were calculated from three replications in all dissolution experiments.

Drug dissolution profiles are presented as percent drug release versus time curve.
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Figure 5.5: Unmodified Wurster column insert (A), modified Wurster column
insert (B), and spray coating tablets using a laboratory bottom spray coater (C).
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solved using linear regression using only the values which fell between 3.5% and

90% dissolved (or 14 hours, whichever came first)as shown in equation 2:

(M
LogI c- I = Log k + n Log (t (2)M)

y=b+ax

To obtain information on the most influential preparation parameters on lag

times, % release at 14 hours, and n -values, these response variables were evaluated

by several statistical methods using SASTM statistical software (SAS Institute,

Cary, NC) including i) analysis of variance models (ANOVA) for a fractional

factorial design (Only main effects were included in a fractional factorial model

shown in table 5.3), ii) multiple linear regression (The multiple regression analysis

using all six independent variables i.e., hydrophilic polymer concentration, type of

hydrophilic polymer(s), type of filler(s), effect of surfactant, percent film coating,

and lubricant concentration was conducted (full model)), and iii) stepwise

regression (All variables left in the model are significant at the 0.1500 level. No

other variable met the 0.1500 significance level for entry into the model). The

significance level was set at CL = 0.05.
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Table 5.3: Factors and levels studied for the influence of various preparation
parameters on drug release.

Factors Code of Factors Levels

EIPMC amount FIPMC 29.9%, 36%, 37.37%

Type of filler(s) Filler DCA, Lactose, Lactose/DCA

HPMC grade(s) HPMCT E5, E15, E51E15

Stearic acid amount Stear 2.07%, 2.49%, 2.99%, 5%

% coatings Coating 3%, 4%, 5%, 6%, 7%, 8%, 12%

Tween 80 amount Tween 0%, 1%, 2%

INFLUENCE OF PADDLE SPEEDS AND % COATINGS ON DRUG
RELEASE FROM DIRECT COMPRESSION FORMULATIONS

A small factorial design was conducted by analysis of variance models

(ANOVA) using SASTM statistical software (SAS Institute, Cary, NC) to identify

the influence of paddle speeds and % coatings on lag time, % release at 14 hours,

and n -value and to look at responses to one factor at different levels of another

factor in the same experiment. Table 5.4 summarizes the factors and levels studied.

Every experiment was performed in triplicate. The significance level was set at a =

0.05.
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Table 5.4: Factors and levels studied for the influence of paddle speeds and %
coatings on drug release.

Study Factors Code of
LevelsFactors

Study1 % coatings Coating 4, 6, 8, 12

ES Formulation
Paddle speeds rpm 50, 75, 100, 150

Study2 % coatings Coating 6, 8

E5/15 Formulation
Paddle speeds rpm 50, 75, 100, 150

STABILITY TESTING

Preparation of Standard Solution

Dissolve accurately weighed quantities of USP Verapamil Hydrochloride

RS, USP Verapamil Hydrochloride Related Compound A RS., 3, 4-

dimethoxybenzadehyde, and 3, 4-dimethoxybenzyl alcohol in mobile phase to

obtain a solution having known concentrations of about 1.6 mg of USP Verapamil

Hydrochloride RS per ml and 0.0048 mg each of USP Verapamil Hydrochloride
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Related Compound A RS., 3, 4-dimethoxybenzadehyde, and 3, 4-dimethoxybenzyl

alcohol per ml.

Preparation of Assay Solution from Tablets

Weigh and finely powder 3 tablets each of control, 4-, and 8-week sample

tablets stored in a stability chamber at 40°C and 75% relative humidity. Transfer an

accurately weighed portion of the powder, equivalent to about 40 mg of verapamil

hydrochloride, to a stoppered centrifuge tube, and add 25 ml of mobile phase.

Shake by mechanical means for 15 minutes, centrifuge, and if necessary filter the

supematant liquid.

Preparation of Assay Solution with 0.1% Impurities from Tablets

Weigh and finely powder 3 tablets of control sample. Transfer an accurately

weighed portion of the powder, equivalent to about 40 mg of verapamil

hydrochloride, to a stoppered centrifuge tube, and add 25 ml of mobile phase that

contains 0.04 mg each of USP Verapamil Hydrochloride Related Compound A

RS., 3, 4-dimethoxybenzadehyde, and 3, 4-dimethoxybenzyl alcohol. Shake by
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mechanical means for 15 minutes, centrifuge, and if necessary filter the supernatant

liquid.

Assay Procedure Specified in the USP XXIII Official Monographs (8)

Quantitative and stability testing of verapamil was performed in three

replications. Separately inject equal volumes (about 20 tl) three times of the

standard solution and the test solution into the chromatograph, and allow the test

preparation to elute for not less than four times the retention time for verapamil

hydrochloride. Record the chromatograms, and measure the responses for all of the

major peaks. The retention times were about 3.5 minutes for verapamil

hydrochloride related compound A, 4.3 minutes for 3, 4-dimethoxybenzyl alcohol,

5.3 minutes for verapamil hydrochloride, and 7.4 minutes for 3, 4-

dimethoxybenzadehyde. Calculate the quantity, in mg per ml, of verapamil and

each individual impurity in the portion of tablets taken by the formula:

in which C is the concentration, in mg per ml, of USP Verapamil Hydrochloride

RS or the appropriate impurity in the standard solution, and r and r are the peak
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responses of the appropriate impurity in the test solution and the standard solution,

respectively: not more than 0.3% of any specified impurity is found, and the sum of

all impurities is not greater than 1.0%.

SCANNING ELECTRON MICROSCOPY (SEM)

An AmRay (model 1 000A) scanning electron microscope at an acceleration

of 7 kV was used to characterize coated tablets. Samples for SEM were prepared by

simply slicing tablets with razor blades and then placing on the metallic support

with a thin adhesive material. The samples were then coated with 60: 40

gold/palladium alloy under vacuum prior to microscopic examination.
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RESULTS AND DISCUSSION

SPRAY COATING OF TABLETS USING A BOTTOM SPRAY COATER

Spray coating using fluid bed technology is a preferred method compared to

dip coating for several reasons: a) industrially friendly, b) reproducibility, and c)

lower percentage of coating with comparable controlled release properties. To

develop a coating process using a laboratory bottom spray, several factors were

studied including using standard concave tablet shape instead of a shallow concave

tablet to reduce edge chips (4), modifying Wurster column insert (figure 5.5) to

reduce thumping force that occurred during the process and incorporating materials

such as dicalcium phosphate monohydrate, polyethylene glycol 8000, lactose,

stearic acid, and Eudragit® RS P0 to improve tablet hardness and friability. Smooth

film coated tablets without edge chips were successfully produced with the

modified Wurster column insert, the use of standard concave shape and the use of

stearic acid. Scanning electron micrographs of cross section of coated tablets

showed thinner film coverage on the sharp edges than on the two faces of the tablet

(figure 5.7). SEM results correlated very well with the dissolution results and visual

observation that early rupture of the film coat occurred at the sharp edges of the

tablet upon water uptake as a result of non-uniform film thickness.
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Figure 5.7: Scanning electron photomicrographs of the cross section of coated
tablet. Magnification = 30X (A) and 50X (B).
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DEVELOPMENT AND IN VITRO EVALUATION OF DIRECT
COMPRESSION FORMULATIONS

Three different percentages of HPMC E15/pectin; 30%/5%, 36%/6%, and

52.5%! 5% were studied to investigate the influence of hydrophilic polymers

amounts on drug release from core tablets prepared by direct compression. The

results reported in figure 5.8 show that uncoated core tablets produced using higher

percentage of HPMC E15/pectin provided more prolonged drug release.

The dissolution profiles of uncoated core tablets made from two types of

fillers; Avicel® PH 101 and lactose are presented in figure 5.9. Avicel® PH 101 is

known as a water insoluble filler that readily swells in water. On the other hand,

lactose is a water soluble filler. The lactose formulation provided a faster

dissolution rate and higher drug release compared to Avicel® PH 101 which may

have been caused by the osmotic pressure exerted by lactose and its solubility in

water.
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Table 5.5: A matrix formulation used to study effect of% coatings on drug release.

Ingredient Percentage (w/w)

Verapamil HC1 34.3%

HPMCEI5 36%

Pectin 6%

Lactose 18.7%

Stearic acid 5%

The formulation in table 5.5 was chosen to study effect of % coatings on

drug release. This effect is illustrated in figure 5.10 where increasing amounts of

barrier coat result in a longer lag time, lower % drug release at 14 hours and

approaching zero-order drug release from coated tablets. High amounts of barrier

coat delay the interaction of the core with the dissolution medium by lowering the

solvent penetration rate. By varying the amounts of barrier coat, many desired lag

times can be obtained; however, reduction of % drug release and dissolution rate

may not be acceptable in some cases. Note that while all these formulations

produce excellent sustained release of drug, none is essentially identical to Covera-

MS®.
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Surfactant Tween 80 was added to the matrix formulation of table 5.5 in an

attempt to increase drug release and dissolution rate by increasing solubility of the

drug. Figure 5.11 illustrates that for the same 5 % applied weight of coating,

increasing drug release and dissolution rate can be obtained by treating verapamil

HC1 with 1% (w/w) Tween 80.

Table 5.6: A matrix formulation used to study effect of stearic acid on drug release.

Ingredient Percentage (w/w)

Verapamil HCI 33.24%

TweenSO 0.32%

HPMCE15 37.37%

Pectin 6.23%

Lactose 20.77%

Stearic acid 2.07%

The formulation in table 5.6 was then chosen to study the effect of stearic

acid when used as a lubricant. Figure 5.12 illustrates that increasing amount of

stearic acid from 2.07% to only 2.49% (wlw) resulted in reducing drug release and

dissolution rate for the same applied 4 % weight of coating but no further
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significant change in release profile when increasing amount of stearic acid from

2.49% to 2.99% (w/w). The addition of Tween 80 to matrix formulation (table 5.6)

caused edge chips during spray coating of tablets; however, there is no sign of edge

chips when increasing the amount of stearic acid (2.49% and 2.99% (w/w)). These

results indicated that stearic acid improved tablet hardness and correlated very well

with previous studies.
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It was necessary to further modify the matrix formulation in order to obtain

an identical dissolution profile to Covera-HS® osmotic pump tablet. The major

component of hydrophilic matrix systems is a hydrophilic polymer. In general,

diffusivity is high in matrix formulation containing low levels of hydrophilic

polymers. Addition of components such as a drug, another polymer, soluble and

insoluble fillers, or solvent, can alter intermolecular forces, free volume, glass

transition temperature, and consequently, transport mechanisms (7). Reduction of

polymer concentration and modification of filler (table 5.7) were proposed to

increase dissolution rate and extend lag time. Figure 5.13 shows that reduction of

polymer concentration increased dissolution rate; however, the curve shape

remained inadequate and lag time was too short compared to CoveraHS®. Lag

time was extended by modifying filler from lactose to dicalcium phosphate

anhydrous (DCA); however, dissolution rate was much lower than CoveraHS®.

Many formulation approaches were studied in order to speed up drug

release for DCA formulation (table 5.7) including increasing amount of Tween 80

from 1% to 2% (figure 5.14), reducing % coatings from 7% to 4% (figure 5.15),

using a combination of lactose and dicalcium phosphate anhydrous (1:1) as fillers

(figure 5.16), or using the lower viscosity HPMC grade E5 (viscosity = 5 cps)

instead of El 5 (viscosity = 15 cps) referred to ES formulation or the combination of

HPMC E5 and HPMC El 5(1:1) referred to ES/El 5 formulation (figure 5.17).

Successfully increasing drug dissolution rate with the desirable lag time was

achieved using the lower viscosity HPMC grade E5 (E5 formulation, table 5.8) and
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6% coating which provided a drug release profile identical to Covera-HS® with

comparable lag time. Note again that all of these formulations produced excellent

sustained release tablets over 12 to 24 hours depending on the specific formulation

but they were not identical to Covera-HS®.
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Table 5.7: Reduce polymer concentration and modified filler formulations.

Ingredient Percentage (wiw)

Verapamil HC1 33.24%

Tween80 0.32%

HPMCE15 29.90%

Pectin 4.98%

Lactose or DCA 29.07%

Stearic acid 2.49%

Table 5.8: ES formulation.

Ingredient Percentage (wiw)

Verapamil HC1 33.24%

Tween80 0.32%

HPMC ES 29.90%

Pectin 4.98%

DCA 29.07%

Stearic acid 2.49%
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INFLUENCE OF PREPARATION PARAMETERS ON DRUG RELEASE
FROM DIRECT COMPRESSION FORMULATIONS

Lag times, % release at 14 hours, and n -values were evaluated by i)

ANOVA for fractional factorial design, ii) multiple linear regression, and iii)

stepwise regression to determine the most influential preparation parameters (i.e.

hydrophilic polymer concentration, type of hydrophilic polymer(s), type of filler(s),

effect of surfactant, percent film coating, and lubricant concentration) on drug

release.

Lag Time

Fractional Factorial Design

ANOVA table is presented in table 5.9. ANOVA model represented data

very well with R-Square = 0.82 and p-value <0.0001. There were statistically

significant evidences (p-value <0.05) that there were influences of HPMC amount,

stearic acid amount, and % coatings on the lag time. In contrast, there was no

statistically significant influence (p-value> 0.05) of type of filler, HPMC grade(s),

and Tween 80 amount on the lag time.
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It is important to note that one degree of freedom was missing from HPMC

amount and stearic acid amount variables in table 5.9 which may due to partially

confounded designs (unbalanced data) between HPMC amount and stearic acid

amount. 36% HPMC occurs only with 5% stearic acid and 29.9% and 36% HPMC

occur only with 2.08%, 2.49%, and 2.99% stearic acid.

Table 5.9: ANOVA table of lag time for fractional factorial study of preparation
parameters effects (n = 66).

Source of Variation DF
Type III

SS
Mean
Square F Pr>F

HPMC 1 1.5207 1.5207 9.65 0.0031

Filler 2 0.3751 0.1875 1.19 0.3128

HPMCT 2 0.3626 0.1813 1.15 0.3249

Stear 2 3.2787 1.6394 10.40 0.0002

Coating 6 17.2546 2.8758 18.25 <.0001

Tween 2 0.5104 0.2552 1.62 0.2084

Error 49 7.7207 0.1576

Total 65 42.9025
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Multiple Linear Regression

The results of the multiple regression analysis using six independent

variables are summarized in table 5.10. There is fairly strong relationship between

lag time and the independent variables. The coefficient of determination R2 is

0.4704. The test of the composite hypothesis that all six regression coefficient are

zero is highly significant (p-value <0.0001). There were statistically significant

evidences (p-value <0.05) that there were influences of type of filler and %

coatings on the lag time. In contrast, there was no statistically significant influence

(p-value > 0.05) of HPMC amount, HPMC grade(s), stearic acid amount, and

Tween 80 amount on the lag time. These results are slightly different from

fractional factorial design; however, % coating still has a major influence on the lag

time. Moreover; the same conclusion was drawn that is % coating is the most

influential preparation parameter on the lag time with another regression model

where type of filler and HPMC grade(s) are class variables and others are

continuous variables.
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Table 5.10: Results of the regression of lag time on the six independent variables
hydrophilic polymer concentration, type of hydrophilic polymer(s), type of filler(s),
effect of surfactant, percent film coating, and lubricant concentration (n = 66).

Analysis of Variance for Lag Time

Source of Variation DF SS
Mean

F Pr>F
Square

Model 6 20.1797 3.3633 8.73 <.0001

Error 59 22.7227 0.385 1

Corrected Total 65 42.9025

Type III Tests

Source of Variation DF
Type III Mean

F Pr>F
SS Square

HPMC 1 0.3051 0.3051 0.79 0.3771

Filler 1 1.8940 1.8940 4.92 0.0304

}-IPMCT 1 1.3337 1.3337 3.46 0.0677

Stear 1 1.1768 1.1768 3.06 0.0857

Coating 1 8.0187 8.0187 20.82 <.0001

Tween 1 1.0865 1.0865 2.82 0.0983
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$pwise Regression

Stepwise regression is a forward selection process that rechecks at each step

the importance of all previously included variables. If the partial sums of squares

for any previously included variables do not meet a minimum criterion to stay in

the model, the selection procedure changes to backward elimination and variables

are dropped one at a time until all remaining variables meet the minimum criterion.

Then, forward selection resumes. The criterion was set at "significance level to

stay" (SLS) at 0.15 in stepwise selection.

The stepwise regression results are summarized in table 5.11. There were

five independent variables in the model i.e., type of hydrophilic polymer(s), type of

filler(s), effect of surfactant, percent film coating, and lubricant concentration.

These results also suggested that % coating still has a major influence on the lag

time.

Table 5.11: Summary of stepwise selection for lag time (n 66).

Step Variable Partial
R-Sguare

Model
R-Sguare F Pr>F

1 Coating 0.3421 0.3421 33.28 <.0001
2 Tween 0.0454 0.3875 4.67 0.0345
3 Stear 0.0246 0.4122 2.60 0.1120
4 Filler 0.0225 0.4347 2.43 0.1244
5 HPMCT 0.0286 0.4633 3.19 0.0789
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In summary, all three statistical methods suggested that % coating is the

most influential preparation parameter on the lag time; moreover, dissolution

profiles in figure 5.10 illustrate that lag time was significantly extended by

increasing % coatings which associated very well with the statistical results.

% Release at 14 Hours

Fractional Factorial Design

ANOVA table is presented in table 5.12. ANOVA model represented data

very well with R-Square = 0.83 and p-value < 0.0001. There were statistically

significant evidences (p-value <0.05) that there were influences of type of filler,

HPMC grades, % coatings, and Tween 80 amount on the % release at 14 hours. In

contrast, there was no statistically significant influence (p-value> 0.05) of HPMC

amount, and stearic acid amount on the % release at 14 hours. Coating and Tween

80 amount were the highly significant factors on % release at 14 hours.



275

Table 5.12: ANOVA table of % release at 14 hours for fractional factorial study of
preparation parameters effects (n = 66).

Source of Variation DF
Type III

SS
Mean
Square F Pr>F

HPMC 1 147.5 147.5 2.73 0.1048

Filler 2 608.4 304.2 5.64 0.0063

HPMCT 2 610.8 305.4 5.66 0.0062

Stear 2 126.9 63.5 1.18 0.3172

Coating 6 4050.1 675.0 12.51 <.0001

Tween 2 1767.4 883.7 16.37 <.0001

Error 49 2644.7 54.0

Total 65 15274.5

Multiple Linear Regression

When the multiple regression analysis using all six independent variables

was conducted, there were statistically significant evidences (p-value < 0.05) that

there were influences of all independent variables except Tween 80 amount on the

% release at 14 hours. However Tween 80 amount was found to have a major

influence on the % release at 14 hours according to dissolution results shown in

figures 5.11 and 5.14 and fractional factorial design results as shown in table 5.12.

Scatter plot of% release at 14 hours versus Tween 80 amount suggested that the
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Table 5.13: Results of the regression of % release at 14 hours on the six
independent variables hydrophilic polymer concentration, type of hydrophilic
polymer(s), type of filler(s), effect of surfactant, percent film coating, and lubricant
concentration and Tween*Tween (n = 66).

Analysis of Variance for % Release at 14 Hours

Source of Variation DF Mean
F Pr>FSquare

Model 7 11904.14 1700.59 29.27 <.0001

Error 58 3370.32 58.11

Corrected Total 65 15274.45

Type III Tests

Source of Variation DF Type III Mean
F Pr>F

SS Square

HPMC 1 584.81 584.81 10.06 0.0024

Filler 1 1019.38 1019.38 17.54 <.0001

HPMCT 1 619.61 619.61 10.66 0.0018

Stear 1 482.28 482.28 8.30 0.0055

Coating 1 4033.51 4033.51 69.41 <.0001

Tween 1 2423.02 2423.02 41.70 <.0001

Tween*Tween 1 2342.01 2342.01 40.30 <.0001
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Stepwise Regression

The stepwise regression results are summarized in table 5.14. There were

three independent variables in the model i.e., percent film coating, effect of

surfactant (Tween 80 amount), and lubricant concentration and the quadratic form

of Tween 80 amount (Tween*Tween). These results also suggested that % coating

and Tween 80 amount have major influences on the % release at 14 hours.

Table 5.14: Summary of stepwise selection for % release at 14 hours (n = 66).

Step
]

Variable Partial 1

R-Square
Model

R-Sguare F Pr>F

1 Coating 0.1859 0.1859 14.62 0.0003
2 Stear 0.2413 0.4272 26.53 <.0001
3 Tween 0.0567 0.4838 6.81 0.0114
4 Tween*Tween 0.2207 0.7045 45.55 <.0001

In summary, all three statistical methods suggested that % coating and

Tween amount are the most influential preparation parameters on the % release at

14 hours. Higher levels of coating lowered % release at 14 hours as shown in figure

5.10. Unlike 2% Tween 80, 1% of Tween 80 increased drug release and dissolution
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rate when compared to not including any Tween 80 (figure 5.11). All these

dissolution results were correlated very well with the statistical results.

n -value

Fractional Factorial Design

ANOVA table is presented in table 5.15. ANOVA model fairly represented

data with R-Square = 0.65 and p-value <0.0001. There were statistically significant

evidences (p-value <0.05) that there were influences of HPMC amount, HPMC

grades, stearic acid amount, and % coatings on the n -value. In contrast, there was

no statistically significant influence (p-value> 0.05) of type of filler, and Tween 80

amount on the n -value. Coating was the most influential factor on n -value.
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Table 5.15: ANOVA table of n -value for fractional factorial study of preparation
parameters effects (n 66).

Source of Variation DF
Type III

SS
Mean

Square F Pr>F

HPMC 1 0.3022 0.3022 8.55 0.0052

Filler 2 0.0619 0.0310 0.88 0.4227

FIPMCT 2 0.5177 0.2588 7.33 0.0016

Stear 2 0.3922 0.1961 5.55 0.0067

Coating 6 1.0578 0.1763 4.99 0.0005

Tween 2 0.1031 0.0515 1.46 0.2425

Error 49 1.7315 0.0353

Total 65 4.9302

Multiple Linear Regression

The results of the multiple regression analysis using six independent

variables are summarized in table 5.16. There is fairly well relationship between n -

value and the independent variables. The coefficient of determinationR2 is 0.3291.

Thus 33% of the sum of squares in n -value can be associated with the variation in

these six independent variables. The test of the composite hypothesis that all six

regression coefficient are zero is significant (p-value <0.05). There were no

statistically significant influence (p-value> 0.05) of all independent variables on
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the n -value. These results are significant different from fractional factorial design

which may be due to lack of linear relationship between n -value and independent

variables.

Table 5.16: Results of the regression of n -value on the six independent variables
hydrophilic polymer concentration, type of hydrophilic polymer(s), type of filler(s),
effect of surfactant, percent film coating, and lubricant concentration (n 66).

Analysis of Variance for n -value

Source of Variation DF SS
Mean

F Pr>FSquare

Model 6 1.6227 0.2704 4.82 0.0005

Error 59 3.3076 0.0561

Corrected Total 65 4.93 02

Type III Tests

Source of Variation DF Type III Mean
F Pr>F

SS Square

HPMC 1 0.0596 0.0596 1.06 0.3067

Filler 1 0.0155 0.0155 0.28 0.6009

HPMCT 1 0.1889 0.1889 3.37 0.0715

Stear 1 0.0055 0.0055 0.10 0.7555

Coating 1 0.0164 0.0164 0.29 0.5908

Tween 1 0.0104 0.0104 0.19 0.6679
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Stepwise Regression

The stepwise regression results are summarized in table 5.17. There were

only two independent variables in the model i.e., type of hydrophilic polymer(s)

and type of filler(s). Stepwise regression results suggested that type of filler(s) have

a major influence on the n -value.

Table 5.17: Summary of stepwise selection for n -value (n 66).

Step Variable Partial Model
F 1 Pr>FR-Sgnare R-Sguare[

1 FFiiler 0.282 1 0.282 1 r 25.15 1 <.0001
2 HPMCT 0.0308 0.3129 2.82 j 0.0981

In conclusion among various preparation parameters, % coatings effect was

the most prominent factor on all responses: lag time, % release at 14 hours and n -

value. Changing % coatings will be a most potent means of modifying drug release.

It is always hard to differentiate which preparation parameter causes a change in

drug release, and most of the time it is caused by combined effects.
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FACTORIAL DESIGN FOR INFLUENCE OF PADDLE SPEEDS AND %
COATINGS

Lag times, % release at 14 hours, and n -values were evaluated by ANOVA

for factorial design to study the effects of paddle speeds and % coatings on drug

release for E5 and ES/El 5 formulation.

Study 1 E5 Formulation

Dissolution profiles of paddle speeds in each % coating are presented in

figure 5.1 8a-d. A factorial design was conducted by analysis of variance models

(ANOVA) and results are presented as follows.

Lag time

ANOVA table is presented in table 5.18. ANOVA model represented data

very well with R-Square = 0.99 and p-value <0.0001. There were statistically

significant evidences (p-value <0.05) that there were influences of % coatings and

paddle speeds on the lag time. The F test for interaction (table 5.18) indicated a

significant interaction between % coatings and paddle speeds. The interaction



effect measures differences between the simple effects of % coatings at different

levels of the paddle speeds on lag time. Thus the effect of% coatings on the lag

time was dependent on the paddle speed and vice versa.

Table 5.18: ANOVA table of lag time for study 1 influences of paddle speeds and
% coatings on ES formulation (n = 48).

Source of Variation DF Type III Mean
F Pr>F

SS Square

Coating 3 2.1914 0.7305 187.00 <.0001
rpm 3 5.5664 1.8555 475.00 <.0001
Coating*rpm 9 3.1992 0.3555 91.00 <.0001
Error 32 0.1250 0.0039
Total 47 11.0820

% Release at 14 Hours

ANOVA table is presented in table 5.19. ANOVA model represented data

very well with R-Square 0.90 and p-value <0.0001. There were statistically

significant evidences (p-value <0.05) that there were influences of % coatings and

paddle speeds on the % release at 14 hours. The F test for interaction (table 5.19)

indicated a significant interaction between % coatings and paddle speeds. Thus the
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effect of % coatings on the % release at 14 hours was dependent on the paddle

speed and vice versa.

Table 5.19: ANOVA table of% release at 14 hours for study 1 influences of paddle
speeds and % coatings on E5 formulation (n 48).

Source of Variation DF
Type III Mean

F Pr>F
SS Square

Coating 3 3112.1 1037.3 22.59 <.0001
rpm 3 10552.2 3517.4 76.61 <.0001
Coating*rpm 9 1139.1 126.6 2.76 0.0166
Error 32 1469.2 45.9
Total 47 16272.6

n-value

ANOVA table is presented in table 5.20. ANOVA model fairly well

represented data with R-Square = 0.74 and p-value < 0.0001. There were

statistically significant evidences (p-value < 0.05) that there were influences of %

coatings and paddle speeds on the n -value. The F test for interaction (table 5.20)

indicated a significant interaction between % coatings and paddle speeds. Thus the

effect of % coatings on the n -value was dependent on the paddle speed and vice

versa.



Table 5.20: ANOVA table of n -value for study 1 influences of paddle speeds and
% coatings on ES formulation (n 48).

Source of Variation DF Type III Mean F Pr>F
SS Square

Coating 3 0.4526 0.1509 7.98 0.0004
rpm 3 0.4133 0.1378 7.29 0.0007
Coating*rpm 9 0.8533 0,0948 5.02 0.0003
Error 32 0.6049 0.0189
Total 47 2.3241

In conclusion, there were statistically significant evidences (p-value <0.05)

that there were influences of % coatings and paddle speeds on all responses for ES

formulation. Moreover there was an interaction between % coatings and paddle

speeds. Thus the effect of % coatings on the lag time, % release at 14 hours and n -

value were dependent on the paddle speed and vice versa.

Study 2 E5/E15 Formulation

Dissolution profiles of paddle speeds in each % coating are presented in

figure 5.19a-b. A factorial design was conducted by analysis of variance models

(ANOVA) and results are presented as follows.
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Lag time

Data degeneration occurred when an analysis of variance was performed

with lag time data. In analysis of variance, data were treated as continuous data but

these studied lag time data were only at two levels: one or two hour(s) which

should be more appropriately treated as binomial data. Statistical analysis of the %

coatings and paddle speeds influences on the lag time can be done with higher

levels of statistical methods which are stated elsewhere herein.

% Release at 14 Hours

ANOVA table is presented in table 5.21. ANOVA model represented data

very well with R-Square = 0.94 and p-value < 0.0001. There were statistically

significant evidences (p-value < 0.05) that there was influence of paddle speeds on

the % release at 14 hours. In contrast, there was no statistically significant influence

(p-value> 0.05) of% coatings on the % release at 14 hours which may due to the

narrow differences between these two studied % coatings. The F test for interaction

(table 5.21) indicated that there was not a significant interaction between %

coatings and paddle speeds. Thus the effect of paddle speeds on the % release at 14

hours was independent of the % coatings level when there are small differences in

% coatings.
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Table 5.21: ANOVA table of % release at 14 hours for study 2 influences of paddle
speeds and % coatings on ES/El 5 formulation (n = 24).

Source of Variation DF Type III Mean
F Pr>F

SS Square

Coating 1 27.2 27.2 0.94 0.3467
rpm 3 6661.2 2220.4 76.67 <.0001
Coating*rpm 3 20.2 6.7 0.23 0.8725
Error 16 463.4 29.0
Total 23 7172.0

n-value

ANOVA table is presented in table 5.22. ANOVA model fairly well

represented data with R-Square = 0.73 and p-value <0.0001. There were

statistically significant evidences (p-value <0.05) that there were influences of %

coatings and paddle speeds on the n -value. The F test for interaction (table 5.22)

indicated a significant interaction between % coatings and paddle speeds. Thus the

effect of % coatings on the n -value was dependent on the paddle speed and vice

versa.

In conclusion, between paddle speeds and % coatings, paddle speeds effect

was the most prominent factor on drug release for E5/E 15 formulation.



Table 5.22: ANOVA table of n -value for study 2 influences of paddle speeds and
% coatings on E5/E15 formulation (n 24).

Source of Variation DF Type III Mean F Pr>F
SS Square

Coating 1 0.1171 0.1171 6.37 0.0226
rpm 3 0.3421 0.1140 6.20 0.0054
Coating*rpm 3 0.3518 0.1173 6.38 0.0048
Error 16 0.2942 0.0184
Total 23 1.1052

Release rate of drug from hydrophilic matrix tablets are extensively

influenced by gastrointestinal motility associated with presence or absence of food

which can result in large bioavailability variability. It was desired to produce a

tablet which has minimal impact on drug release by variations in gastrointestinal

motility in the fed and fasted states and this tablet will provide a greater

predictability and reproducibility of therapeutic effect. Paddle speeds effect on the

release of Verapamil from ES formulation (table 5.8) and 6% coating is presented

in figure 5.1 8b, where there is a significant increase in the drug release rate when

paddle speed increases from 50 to 150 rpm. However there is no significant

increase in the drug release rate when paddle speed increases from 75 rpm to 100

rpm which potentially improves drug absorption and provides more predictability

and consistency in drug release in vivo. Similar improvement is presented in figure



5.1 9a for E5/E 15 formulation and 6% coating where there is no significant increase

in the drug release rate when paddle speed increases from 100 rpm to 150 rpm.
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IMPROVEMENT OF COMPACTIBILITY AND TABLET HARDNESS
USING DIFFERENT TABLETING APPROACHES

Direct compression of the original ES formulation using a drug powder mix

and a high-speed press resulted in capping and picking problems. Tn order to

improve compactability and tablet hardness, several approaches have been used.

Addition of siliconized microcrystalline cellulose- Prosolve® 90 (table 5.23) or

substitution of DCA with Prosolve® 90 in E5 formulation (table 5.24) was found to

improve the compactability; however, the release profiles were slowed in both

cases as shown in figure 5.20.

Table 5.23: Improve compactability by adding siliconized microcrystalline
cellulose- Prosolve® 90.

Ingredient Percentage (w/w)

Verapamil HC1 25.75%

Tween 80 0.26%

HPMCE5 23.18%

Pectin 22.21%

Prosolve®90 3.86%

DCA 22.49%

Stearic acid 2.25%
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Table 5.24: Improve compactability by substituting dicalcium phosphate
anhydrous- DCA with siliconized microcrystalline cellulose- Prosolve® 90.

Ingredient Percentage (w/w)

Verapamil HC1 33.24%

Tween 80 0.32%

HPMC E5 29.90%

Pectin 4.98%

Prosolve® 90 29.07%

Stearic acid 2.49%

Wet granulation is known to improve conipactability and flowability. Wet

granulations of original E5 formulation (table 5.8) with either water or ethanol as

granulation solvent were prepared, made into tablets, and dissolution studies of

coated tablets performed. Dissolution profiles are presented in figure 5.21. Slower

drug release compared to Covera:HS® was found for both granulation solvents and

the release was slower than for direct compression (figure 5.21).
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Spray dried lactose is used widely as diluent or filler in many tablet

formulations. Due to its water soluble property, formulations containing lactose

usually give a rapid drug release. The same finding occurred in our previous studies

(see figure 5.9). Moreover during tableting, if there is a small change in compaction

force, it does not cause a change in tablet hardness (9). Lactose granules generally

produce tablets with fast disintegration, low friability, low weigh variation, no

sticking, binding and capping problems. Hence wet granulation of E5 formulation

using lactose instead of dicalcium phosphate anhydrous (E5 lactose formulation,

table 5.25) was studied in both compactability and drug release aspects.

Table 5.25: ES lactose formulation.

Ingredient Percentage (w/w)

Verapamil HC1 33.24%

Tween 80 0.32%

HPMC E5 29.90%

Pectin 4.98%

Lactose 29.07%

Stearic acid 2.49%
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Dissolution profiles of nine tablets E5 lactose formulation made using wet

granulation with alcohol are presented in figure 5.22. The ES lactose verapamil

formulation was easier to compress than the original dry powder compaction

formulation. While these granules flow and compress well, the drug release pattern

is more variable and the variation is related to an incomplete "breaking" of the

coating in the belly-band area (lateral side) of the tablet when the tablet swells. As

presented in figure 5.22, 6 of 9 tablets released drug in a manner that was

comparable to CoveraHS® while 3 tablets released drug more slowly. For these 3

tablets, the coating retained a "flap" that partially covered the belly-band area.

An incomplete breaking of the coating in the belly-band area of the tablet

may be related to the expansion process for the matrix tablet. Explotab® (Sodium

starch glycolate) was used to enhance the expansion process in order to prevent the

"flap" development. The 1:1 ratio of lactose and Explotab (E5 lactose! Explotab®

formulation, table 5.26) produced granules with alcohol as granulation liquid that

have good flowability and compressibility with comparable drug dissolution to

CoveraHS® (figure 5.23). There was no "flap" appearance in any tested tablets.

9.5% coating was chosen to give a satisfactory lag time.

Paddle speed effects studies are conducted in vitro in order to predict the

effects of gastro-intestinal activity on drug dissolution in vivo. In general drug

release from matrix tablet formulation is most likely dependent on the fast and fed

conditions and gastrointestinal activity, but not in the case of an osmotic pump

formulation. Paddle speeds effect studies results are presented in figure 5.24. Drug
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dissolution slightly changed with different paddle speeds (± 25 % of reference (75

rpm)). However, a wet granulation of the E5 lactose! Explotab® formulation has

less dependency on the paddle speeds than the original dry powder compaction E5

formulation (figure 5.1 8a-d).

Table 5.26: E5 lactose! Explotab® formulation.

Ingredient Percentage (w/w)

Verapamil HC1 33.24%

Tween 80 0.32%

HPMC ES 29.90%

Pectin 4.98%

Lactose 14.535%

Explotab® 14.535%

Stearic acid 2.49%
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Figure 5.23: Average dissolution profile of E5 lactose/Explotab® formulation prepared by wet granulation (n6).
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Figure 5.24: Effects of paddle speeds on drug release for E5 lactose! Explotab® formulation with 9.5% coating (n=3).
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STABILITY STUDY OF E5 FORMULATION

Verapamil hydrochloride is reported to have an excellent stability in its

solid state under thermal and light stress (10). However, in the same study,

solutions of the drug, although thermally stable when protected from light, undergo

photodecomposition when exposed to UV radiation. As stated in the United States

Pharmacopoeia XXIII (8), USP verapamil hydrochloride related compound A, 3,4-

dimethoxybenzyl alcohol, and 3,4-dimethoxybenzaldehyde are three major

impurities for verapamil hydrochloride. E5 formulation prepared by direct

compression was installed in a stability chamber at 40°C and 75% relative humidity

for 4- and 8-weeks and then used in the stability testing. In the present study, there

were very slight degradations (less than 0.2%, as shown in table 5.27-5.29) in all

samples: control tablets of E5 formulation (0-week samples), 4-, and 8-week

samples. Two major peaks, an unidentified peak at 3.2 minutes retention time and

verapamil hydrochloride related compound A at 3.5 minutes retention time, were

found with all test solutions but not with the standard solution (figure 5.25). The

source of the unidentified peak is not yet known, it may come from other excipients

or coating materials or verapamil degradation. However, it did not appear with

solution prepared from bulk verapamil powder (figure 5.25).



Table 5.27: Assay results of control ES formulation tablets (0-week samples).

Chemical Replication Percent of the Label
Verapamil HC1
Claim Found

1 0.14±0.003

Verapamil HCT
Related Compound A 2 0.13 ± 0.02

3 0.11±0.01

1 0.10±0.06

3, 4-dimethoxybenzyl alcohol
2 0.05 ± 0.01

3 0.02±0.02

1 0.01±0.01

3, 4-dimethoxybenzaldehyde
2 less than 0.01

less than 0.01

1 98.58±2.72

Verapamil HC1
2 100.05 ± 0.11

3 99.87 ± 0.37
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Table 5.28: Assay results of 4-week samples.

Percent of the LabelChemical Replication Verapamil HCI
Claim Found

1 0.17±0.01

Verapamil HC1
2 0.10 ± 0.02Related Compound A

3 0.18±0.01

1 0.08 ± 0.01

3, 4-dimethoxybenzyl alcohol
2 0.02 ± 0.02

3 0.05 ± 0.002

1 0.05 ± 0.09

3, 4-dimethoxybenzaldehyde
2 less than 0.01

3 less than 0.01

1 102.75± 1.06

Verapamil HC1
2 100.54 ± 0.11

3 99.87 ± 0.37
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Table 5.29: Assay results of 8-week samples.

Chemical Replication Percent of the Label
Verapamil HC1
Claim Found

1 0.13±0.01

Verapamil HC1
Related Compound A 2 0.15 ± 0.02

3 0.14±0.01

1 0.05 ± 0.03

3, 4-dimethoxybenzyl alcohol
2 0.04 ± 0.04

3 0.06 ± 0.02

1 lessthan0.01

3, 4-dimethoxybenzaldehyde
2 less than 0.01

3 0.07 ± 0.12

1 100.08±0.52

Verapamil HC1
2 99.94 ± 0.35

3 106.18±1.68
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Figure 5.25: HPLC chromatograms of USP verapamil HC1 RS standard solution,
verapamil HC1 bulk powder and ES formulation (OSUO3 1 502-E5) sample.
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Figure 5.26: HPLC chromatogram of control E5 formulation (0SU031502-E5)
with 0.1% each of spiked verapamil HCI related compound A, 3, 4-
dimethoxylbenzyl alcohol, and 3, 4-dimethoxybenzaldehyde.

Figure 5.26 demonstrates that 0.1% of each impurity can be detectable

under the experimental conditions. Verapamil hydrochloride related compound A

was the major impurity (more than 0.1%) as presented in table 5.27-5.29. In all

three-test samples, the percent of the label claim found for each particular impurity

changed insignificantly compared to each other. The changes were 0.1% for

verapamil HC1 related compound A and less than 0.1% for both 3, 4-

dimethoxybenzyl alcohol and 3, 4-dimethoxybenzaldehyde for stored tablets

compared to fresh tablets. This may indicate that some degradation may occur

during the production process but not during storage at 40°C and 75% relative

humidity, or maybe quickly occurs after the production in less than a month stored
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at room temperature in the closed clear glass containers on a bench top that was

used. It may be that storage in a container that provides protection from UV light

would be helpful. However, the samples, stored at 40°C and 75% relative humidity

for 8 weeks, showed slight dark spots on the coating film compared to their original

state which needs to be investigated.

Assay results for all test samples, which ranged from 98.58 to 106.18 % are

provided in table 5.27-5.29. None of any specified impurity was found more than

0.3 %, and the sum of all impurities was not greater than 1.0 %.

Dissolution results (figure 5.27) showed that the 4-week samples did not

change release profiles compared to previous data from control tablets. In contrast,

reductions in release rate were found with 8-week samples with a concomitant

longer lag time. In both cases, the broken bellyband event occurred as desired but

for the 8-week storage the bellyband "peeled" from the tablets as a single "belt"

while for fresh tablets the bellyband typically breaks and peels in small

sections/pieces. Thus, there maybe some change in the coating integrity during

storage.
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CONCLUSIONS

Matrix tablets were successfully coated using a laboratory bottom spray

with modified Wurster column insert. A tablet formulation was produced using

simple and standard manufacturing processes. Scanning electron micrographs of

cross section tablets showed thinner film coverage on the sharp edges than on the

two faces of the tablet.

A very large variety of desirable sustained release profiles and lag times can

now be obtained from a new tablet formulation platform by easily varying

modifiable formulation parameters such as a) higher polymer concentration

provided more prolonged drug release b) lactose increased dissolution rate and drug

release compared to insoluble fillers c) by varying the levels of barrier coat, any

desired lag time can be obtained d) surfactant (note that 1% Tween 80 increased

drug release and 2% Tween 80 slowed drug release which may be very useful) e)

stearic acid improved tablet hardness and prevented edge chips during coating

process and f) lower viscosity HPMC increased drug dissolution rate and drug

release. This new matrix tablet coated with a diffusional barrier membrane can be

used as an alternative to other zero-order release systems for other drugs.

There were slight degradations (less than 0.2%) in all samples: control E5

formulation, 4-, and 8-week samples. None of any specified impurity was found

more than 0.3 %, and the sum of all impurities was not greater than 1.0 %.
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Verapamil hydrochloride is considered to have reasonably stability in the E5

extended-release tablets. However, physical changes in coating film were found in

the 8-week samples, which may cause unacceptable reductions in drug release rate.

It may be that this effect is due to moisture and can be prevented by using special

packaging materials with a desiccant. The effect needs further study.
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CONCLUSIONS

A novel self sealing chewable sustained release tablet was successfully

developed using acetaminophen loaded beads produced by extrusion-

spheronization and coated with multiple layers of polyethylene oxide,

ethylcellulose aqueous dispersion, and disintegrants. Dissolution studies showed

that the controlled release properties of the multiple-layered coated beads were

reduced but still present upon compaction and crushing. Polyox® amount which

was employed in this present study was insufficient to provide optimal sealant

effect in preservation of controlled release film. Optimization of sealant effect by

increasing the amount of Polyox® is still desirable and should be expanded to

additional drugs. For each drugs, the goal is a new formulation which can be

administered either by swallowing the whole tablet or by first crushing or chewing

the tablet where the controlled release properties of this new formulation do not

change. Such a tablet could be of valuable use for all patients including those who

have difficulty swallowing such as pediatrics and geriatrics

Polyethylene glycol 20000 dispersions containing trisodium citrate and

disodium citrate were found to improve the rate and extent of solubility of

itraconazole in simulated gastric fluid pH 1.4 but didn't have as much effect as

desired on rate of drug dissolution. Glucose monohydrate dramatically increased

dissolution rate of itraconazole. However, reproducibility and formulation stability
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problems of the glucose monohydrate dispersion need further investigation.

Neutralized acetic acid itraconazole loaded beads exhibited the same in vitro

dissolution and the same in vivo release pattern showed in pilot biostudies as a

reference product Sporanox®. A primary goal of producing a product expected to

be bioequivalent to Sporanox® capsules but without the use of highly regulated

organic solvents such as dichioromethane was achieved. A second goal of

improving the oral bioavailability of itraconazole was also achieved with an

increase of 62% and 142% for OSU 16% and OSU 19% respectively.

Polyethylene glycol 400 and acetic acid mixture was found to have

excellent solvent properties and unexpectedly that the solvent capacity was retained

even after neutralization for itracönazole which is typically insoluble at pH 6.0 and

showed good physical stability. The propylene glycol/ PEG 400/ acetic acid

formulations have less ability to solubilize itraconazole but still offer promise as a

cosolvent system for formulating an oral solution. Surprisingly sugar and

carboxylic acids such as citric acid, tartaric acid, and ascorbic acid not only

enhanced itraconazole solubility by their complexing abilities but also produced

good stable solutions and suggest these solvent formulations may be very useful for

other drugs that are soluble in organic solvents such as dichloromethane, but that

are very low aqueous solubility drugs.

Pharmacokinetic measures ofAUC072, AUC0, and Cm for the new

formulated capsules were above the generally accepted guidelines of 0.80 to 1.25,

suggesting that the new formulated capsules and Sporanox® capsules are not
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equivalent. However, these significantly higher AUC0-cc and Cmax for itraconazole

suggest that itraconazole has greater and improved bioavailability in the new

formulation.

A new matrix tablet formulation was successfully produced using simple

and standard manufacturing processes. A very large variety of desirable sustained

release profiles and lag times can be obtained from a new formulation by varying

some easily controlled formulation parameters such as polymer concentration and

type of filler to obtain a desired release profile, the percent of film coating to obtain

a desired lag time, and tableting approach for a good compressibility and

flowability formulation. Therefore, this new matrix tablet formulation can be used

as an alternative to other zero-order release systems for other drugs.
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