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This dissertation is comprised of four distinct formulation sections, which

are described below:

A novel solid dosage formulation was investigated for achieving zero-order

drug release profile by combining tablet shape design and tablet membrane film

coating. Verapmail (model drug) was compressed into hydrophilic matrix tablet

cores of flat-faced and bi-convex shape, which were encapsulated with membrane

controlling film. The hydrophilic tablet core contained hydroxypropyl

methylcellulose (HPMC) 15 LV, pectin, and Avecil®. The membrane film coating

solution was comprised of deionized water, Opadry®, Surelease® and talc. The

combination of membrane film coating and tablet shape design was found to

influence in vitro verapamil release profile towards the zero-order release

demonstrated by the commercial Covera HS® (Pharmacia).

An alternative formulation for the commercial Bactroban® (Smithkline

Beacham) ointment 2% was developed. Both the texture and consistency of the

new ointment were comparable to the Bactroban® ointment. The new and the
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commercial formulations were found to be equivalent in drug release by the Bauer-

Kirby test. Mupirocin remained unstable in the new formulation. Mg2 was added

to help stabilize mupirocin and was shown to complex with mupirocin by nuclear

magnetic resonance (NMR). The modified formulation including Mg2 however

failed to stabilize mupirocin. The stability assay results showed an average of

67.2% mupirocin recovery along with 25.2% degradation products.

A generic omeprazole formulation was developed, which was comprised of

nonpareil core, omeprazole matrix layer, and an entenc locating layer of

ammoniated hydroxypropyl methylcellulose phthalate (HPMCP) 55S. The new

formulation was gastro-resistant in protecting against omeprazole degradation for

up to 2 h, but failed to dissolve as rapidly as the commercial Prilosec® (Astra

Merk) in simulated intestinal fluid. The addition of expotab® to the enteric coating

layer failed to improve omeprazole dissolution rate.

A novel hot-melt coating methodology utilizing direct blending technique

has been developed. The processing steps for the direct blending hot-melt coating

are: (a) Hot-melt system preparation; (b) Dispersionldissolution of the active

ingredient(s) in the hot-melt system; (c) Pre-heating of the coating substrate; and

(d) Cooling and congealing of the hot-melt on substrate surface. Immunogenic

effect was observed in mice administered with entenc-coated ragweed pollen

extract (RPE) alpha fraction by the hot-melt coating encapsulation with direct

blending method. The effect was not shown to be statistically significant.
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Tablet Shapes and In Vitro Evaluation of Coated Hydrophilic Matrix Tablets

Novel Mupirocin Formulations

Non-Acidic Enteric Coating of Omeprazole

And

Novel Hot-Melt Coating Process

CHAPTER 1

INTRODUCTION

This dissertation deals with research into the general area of drug product

formulation. In the drug industry, a variety of types of product formulations are

used to deliver drugs to patients. In this dissertation, although different types of

drug product formulations are investigated, the unifying theme throughout this

thesis is the search for novel drug product formulations and testing of those

formulations. Appropriate assays and statistical tests are applied to all formulations

throughout the dissertation.

Pharmaceutical dosage forms that incorporate a hydrophilic matrix tablet

core of various shapes that were aqueous-based film coated were postulated to

generate a variety of drug release profiles. If successful, these dosage forms would

allow a drug product formulation expert to produce a drug release pattern

appropriately tailored for the specific drug to be administered, In addition, these

hydrophilic tablets would be very advantageous compared to osmotic pump devices
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and the Geomatrix® system (also called the multi-layered system). Manufacturing

osmotic pump devices requires application of organic solvent for casting semi-

permeable membrane and laser equipment for drilling a hole in the membrane.

These processes are expensive and undesirable. Similarly, tablets manufactured

using the Geomatrix® system encounter such problems as splitting, cracking, or

separation.

Chapter 2 of this thesis describes the hydrophilic matrix tablet core shape

design, the tablet core formulation, the aqueous-based film coating solution

formulation and the tablet-core coating set-up. The effect of tablet shape in

influencing drug release behavior was evaluated on film-coated hydrophilic matrix

tablets. The effect of film-coating weight gain on drug release profile was

investigated. The effect of dissolution paddle speed was also studied on drug

release from the film-coated hydrophilic matrix tablets. Film-coating rupture and

tablet core erosion mechanisms on different tablet shapes were also observed.

Mupirocin, a highly potent antibacterial agent, is commercially available for

the treatment of various skin diseases in three different formulations as Bactroban®

Ointment 2%, Bactroban® Cream2% and Bactroban® Intranasal 2%. Mupirocin

becomes unstable when the pH of the system is outside of pH 4-9 by undergoing

internal rearrangement.

In Chapter 3, an alternative mupirocin formulation was developed for the

commercial Bactroban® Ointment 2%. A number of solvent systems, neutralizers

and gelling agents were evaluated for the new formulation in creating comparable



ointment texture and consistency to the commercial brand. The optimal amounts

were also determined for all the excipients utilized in developing the final new

ointment formulation.

In Chapter 4, the alternative mupirocin ointment formulation developed in

Chapter 3 was investigated to determine if it would be equivalent during in vitro

drug release to commercial Bactroban® Ointment. Equivalency was evaluated

with respect to the dose versus effect profile employing the Bauer-Kirby disc

diffusion antimicrobial susceptibility testing in vitro using Staphylococcus aureus

as a bacterium. Mupirocin assay was also carried out in evaluating its stability in

the alternative formulation.

In Chapter 5, nuclear magnetic resonance (NMR) was utilized to analyze

the possibility of stabilizing mupirocin by metal complexation in DMSO. The

stabilization extent of mupirocin-metal complex was evaluated by adjusting the

DMSO solvent system pH to fall below 4 and above 9. The optimal mupirocin to

metal ions ratio was also determined.

In Chapter 6, a modified alternative mupirocin ointment formulation

(containing metal ions) was assessed for equivalency in in vitro drug release to

Bactroban® Ointment. Mupirocin assay was carried out in evaluating its chemical

stability in the modified alternative ointment formulation.

Omeprazole, a very potent acid inhibitor, is commercially available for the

treatment of various gastric diseases in solid oral dosage form as Prilosec®.

Omeprazole is acid-labile, and very readily degraded in acidic environment. Part of
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the requirement for a commercially viable formulation is to protect omeprazole

from degradation in the stomach, where pH is highly acidic. The drug must also be

protected from an acidic environment during its product formulation.

In Chapter 7, a new omeprazole formulation was developed for comparison

with the commercial product, Prilosec®. The protection properties of a number of

enteric coating materials were investigated. The optimal enteric coating level was

also determined for HPMCP 55S, the finalized enteric coating agent selected.

Preliminary in vitro dissolution studies for the new formulation were carried out in

simulated gastric fluid for evaluating omeprazole stability and in simulated

intestinal fluid for omeprazole dissolution rate. Coating morphology of the new

dosage form was examined by SEM.

The currently available hot-melt coating techniques in the pharmaceutical

industry are hot-melt coating by fluid bed spraying and solid dispersion hot-melt

coating in fluid bed. For application of hot-melt coating by fluid bed spraying,

high operating temperature is required to avoid premature hot-melt congealment.

This results in thermal degradation for drugs that are sensitive to high temperature

treatment. For application of the solid dispersion hot-melt coating in a fluid bed, a

number of disadvantages also limit its application. These disadvantages include

strict hot-melt agent selection based on melting point and viscosity, the low hot-

melt coating weight gain achievable, and the narrow substrate size range.

Chapter 8 describes development of a novel hot-melt coating technique by

direct mixing/blending methodology. A screening process was described for



selecting the appropriate hot-melt coating agent. A hot-melt formulation was

evaluated applying this novel technique using Ragweed pollen extract (RPE) as a

model compound. The step-by-step hot-melt coating process is described. Drug

content uniformity studies were conducted to evaluate feasibility of the new coating

method. The coating substrate size range was also determined. The maximum

coating weight gain in a single coating layer was investigated as well as feasibility

of multiple coating layers. The effect of RPE addition to the melting point of the

hot-melt coating material was evaluated by differential scanning calirometry

(DSC). The hot-melt coated substrate morphology was investigated by SEM.

Chapter 9 describes an immunogenicity study in naïve mice of enteric-

coated RPE microbeads that were drug loaded by the novel hot-melt coating

encapsulation method and by the traditional spray coating encapsulation method.

The anti-RPE antibody responses in mice from both groups were compared and

evaluated for difference. The direct enzyme-linked immunosorbent assay (ELISA)

was utilized for analyzing the antibody titers obtained from mice blood samples.



CHAPTER 2

TABLET SHAPE EFFECT ON ZERO-ORDER DRUG RELEASE
FROM COATED HYDROPHILIC TABLET FORMULATION

WITH VERAPAMIL AS A MODEL DRUG

Manshiu Leung
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ABSTRACT

In order to achieve verapamil zero-order drug release with a desirable lag-

time to mimic the commercial Covera® HS (Pharmacia), called named the osmotic

pump device, two shapes of coated hydrophilic matrix tablets (flat-faced and bi-

convex) were investigated to compare with Covera® HS. When only tablet shape

was considered, release profiles of drug from uncoated tablets of those two shapes

were very different from Covera® HS. Coating the tablets with a drug release

controlling membrane solution, comprised of Surelease®, Opadry® and talc,

however, dramatically influenced verapamil release profile in shifting it more

towards that demonstrated by Covera® HS. For the flat-faced tablet, variation of

Opadry® content (38%-50%) in the coating solutions produced no obvious

verapamil release pattern. The addition of talc in the coating solution failed to

modify the drug release profile when compared to that obtained without talc in the

coating solution. Overall, it was observed that the weight gain differences studied

of a specified coating solution had little effect on drug release profile for the flat-

faced tablets, however, weight gain differences had a pronounced effect on drug

release from bi-convex tablets. In vitro dissolution data showed that the bi-convex

tablets with a 13.09% film encapsulation, of Surelease® and Opadry® and talc

(3:1.9:1), could be produced to exhibit verapamil release profile nearly identical to

that from Covera® HS, when the paddle speed was set at 150 rpm. The combined



effect of tablet shape and film coat was found to influence drug release to a certain

extent.

INTRODUCTION

Controlled release dosage forms are widely available and can be

manufactured in numerous ways. Benefits for zero-order drug release dosage

forms include uniform and sustained drug delivery to patients, which consequently

leads to better drug therapy. Examples of commercially available zero-order drug

release dosage forms, such as Dilacor® and Covera® HS, are prepared based on

the GeoMatrix system (1) and the osmotic pump device (2), respectively.

Osmotic pump tablets normally present a lag-time of up to about two hours

before drug is released. This is because it generally requires time for

gastrointestinal fluid to penetrate the semipermeable membrane, and to dissolve the

drug particles and osmotic excipients before the drug can be forced out of the laser

drilled hole in the membrane. Drug release from osmotic pump tablets is

independent of PH, ionic strength, and erosion as a result of gastrointestinal motion.

These are useful characteristics, but osmotic pump dosage forms encounter several

problems in large scale production. For example, the semipermeable membrane,

which permits fluid flow into the tablet but discourages fluid flow out of the tablet,

can only be cast with organic solvents, which are environmental pollutants, and

regulated by the Environmental Protection Agency. The manufacturing process for

these dosage forms thus becomes expensive and undesirable. Furthermore, laser



equipment is required to drill a hole in each tablet through which the drug is forced

out of the tablet. Because the laser-drilled hole is the only exit for the drug,

localized drug pumping occurs when the tablet hole is trapped against the mucous

membrane. As a result, drug substances such as non-steroidal anti-inflammatory

drugs that show mucosal irritation should never be formulated with osmotic pump

device for their release.

The GeoMatrix® systems, also named multi-layer tablets, contain a

hydrophilic gum matrix core of active substance and swelling polymer(s), and inert

impermeable layer(s) that partially covers the matrix core (3). In facilitating

production of the multi-layer tablets, Colombo et al. utilized a multi-layer

compression process for the tablet preparation (1). Although this multi-layer

compression can be made automatic, the equipment involved is expensive and not

widely available. Also, multi-layer tablets manufactured in this manner normally

encounter such problems as splitting, cracking, or separation. In addition, insoluble

support platform coats of less than 1 mm are usually impossible because they tend

to crack at the core tablet edges following compression.

Drug release data from hydrophilic gum matrix core tablets partially coated

with inert impermeable layer(s) can be described by the well-known empirical

equation proposed by Burl et a! (4).

M/M = kt

where M/M is the fraction of drug released, k is a kinetic constant, t is the release

time, and n is the diffusion exponent for drug release. The n values indicate the
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release mechanism: Fickian diffusion for n = 0.5, non-Fickian transport for 0.5 <n

<1.0 and super case II (zero-order) for n = 1.0 (5). Expected n values associated

with drug release from an osmotic pump tablet are closer to being 1.0, whereas the

expected n values from the GeoMatrix® systems range from 0.64 to 0.84 (6).

Clearly, the GeoMatrix® systems fail to demonstrate a true zero-order drug release.

Given these problems associated with both the osmotic pump device and the

GeoMatrix® systems, alternative zero-order drug release dosage forms have been

explored to eliminate part, or all of those shortcomings. Film coatings have been

applied by Haluska and Helms to hydrophilic matrix tablets in order to achieve

zero-order drug release kinetics (7). They conducted an analysis of hydrophulic

matrix tablets containing amounts of hydroxypropyl methylcellulose (HPMC)

which are within the range usually used to produce such tablets (i.e., 0-25%) and

spray coated these tablets with Surelease® (plasticized ethyl cellulose) containing

an added commercially available water soluble HPMC coating (Opadry®) to a

weight gain over a range which varied from no effect to essentially complete

shutdown of drug release (i.e., 0-10%). They teach that desirable zero-order drug

release cannot be achieved using hydrophilic matrix tablets with greater than about

25% hydrophilic gum.

The purpose of the study reported herein is to achieve zero-order drug

release by simultaneously controlling a) the tablet film coating, which can be

carried out in standard tablet spray coating chambers; b) the hydrophilic matrix

tablet core formulation; and c) incorporation of the core shape design to
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deliberately induce film failure following a desired lag time. To facilitate

assessment for ability to control lag time and produce zero-order drug release, all in

vitro dissolution results obtained are compared to the commercially available

Covera® HS, which gives a true zero-order drug release with a lag-time of about 2

hours. Two tablet shapes (flat-faced and bi-convex) are studied for influence on the

drug release profile. Because verapamil, which is highly soluble in water with a

solubility of 1 g/15 ml, is used in Covera® HS, it is applied in this study as a model

drug. The drug release controlling membrane consisted of plasticized ethyl

cellulose, water soluble HPMC, and talc. The hydrophilic matrix tablet core was

consisted of verapamil, HPMC, compression ingredient(s), and enzymatically

degradable material(s).

MATERIALS

Verapamil HC1 (benzenacetonitnle, a-[3-[[2-(3 ,4-

dimethoxyphenyl)ethyl]methylamino]propyl]-3,4-dimethoxy-a-( 1-

methylethyl)monohydrochloride) was obtained from Sigma-Aldrich, St. Louis,

MO. Hydroxypropyl methylcellulose (Methocel® type E-15LV) was obtained from

Dow Chemical, Midland, MI. Pectin was obtained from Spectrum.

Microcrystalline cellulose, or Avicel, (low viscosity type) was obtained from FMC,

Newark, DE. Magnesium stearate was obtained from Biocraft Lab., Fairfield, NJ.

Surelease® (plasticized ethyl cellulose) and Opadry® were obtained from Colorcon,
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West Point, Pennsylvania. Talc was obtained from Malinckrodt Chemical works,

St Louis, MO.

METHODOLOGY

Tablet shape design

Ford et al. studied the effect of tablet shape on the square root of time, or

release rates of promethazine hydrochloride hydrophilic matrix tablets (5-

8). Two shapes of tablets, the flat-faced and concave, were investigated by Ford et

al. It was shown that promethazine release rates were influenced in a

proportional manner by the surface area of the matrix tablet. That is,

release rate decreased in a linear fashion with decrease in matrix tablet surface area.

But, 'sJ release rates are not zero-order and are very convex when plotted as

drug release vs. time. Thus, Ford shows that non-zero order release rate of drug

from matrix tablets can be influenced through the manipulation of tablet surface

area. However, the combined effect of hydrophilic matrix tablet shape and drug

release controlling membrane for zero-order drug release has not been considered.

Various tablet shapes are proposed herein to influence drug release by generating

variable areas of tablet surface exposure following coating rupture in vitro and in

vivo. These proposed shapes, shown in Figure 2.1, include a flat-faced tablet core

and a bi-convex tablet core with a protrusion, or a bellyband, around the horizontal

center. Other shapes such as bi-concave tablet core, bi-convex, and bi-concave

caplet cores are also proposed.
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The flat-faced tablet core is produced from flat-faced top and bottom

punches (not shown) whereas the bi-convex tablet core is prepared from concave

punches as shown in Figure 2.2 and Figure 2.3, respectively. Die diameter sizes

are shown in Table 2.3.

Figure 2.1. Flat-faced and bi-convex hydrophilic matrix tablet cores.

Protrusion

Flat-faced hydrophilic Bi-convex hydrophilic
matrix tablet core matrix tablet core

Hydrophilic matrix tablet core formulation

Table 2.1 summarized the weights for both the flat-faced and bi-convex

tablet cores. The core composition is shown in Table 2.2. Because many

parameters can influence the drug release profile, the tablet core formulation is kept

constant throughout the investigation. Other parameters are focused on instead;

those are the percent weight gain for the drug release controlling membrane and its

composition in the coating solution formulation. Nevertheless, the drug release

profile could be influenced by modification to the tablet core composition, but that

is beyond the scope of this study.
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Hydrophilic matrix tablet core configuration

The schematic tablet core dimension is illustrated in Figure 2.4 for both the

flat-faced and the bi-convex tablet.

Figure 2.4. Schematics of flat-faced and bi-convex hydrophilic tablet core
dimension with approximate measurements for diameters, width, and height.

Flat-faced hydrophilic
matrix tablet core

Bi-convex hydrophilic
matrix tablet core

Hydrophilic matrix tablet core manufacture

Both the flat-faced and bi-convex hydrophilic matrix tablet cores are

prepared from the same formulation as indicated in Table 2.2. All ingredients used

for the tablet core compression are weighed and mixed without pre-drying.

The amounts (mg) shown in the third column (flat-faced) and the fourth

column (bi-convex) of Table 2.2 are the amounts in one tablet for each ingredient.

Depending on the number of tablets needed, the total desirable amount for each

ingredient can be calculated by multiplying the number of tablets required by the

amount for each tablet as indicated. Each ingredient is measured accurately, and

then placed into an amber plastic container with lid.



Table 2.1. Hydrophilic tablet core weight summary

Shape Weight (mg)
Flat-faced core 450 (verapamil)

210 (diltiazem)
bi-convex core 750

Table 2.2. Hydrophilic tablet core composition

Ingredients Composition (%) Amount (flat-faced) Amount (bi-convex)
Verapamil 27.27 122.72 204.53
HPMC (E-15LV) 40.90 184.05 306.75
Pectin 6.82 30.69 51.15
Avicel 22.73 102.29 170.48
Mg stearate 2.27 10.29 17.03

Table 2.3. Die diameters for flat-faced and bi-convex tablet cores

Shape Die diameter (mm)
Flat-faced 10
bi-convex 12

-I



Figure 2.2. Top concave punch used for bi-convex tablet preparation
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Figure 2.3. Bottom concave punch used for bi-convex tablet preparation
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Tumbling of the amber plastic container is performed for about 5 to 10

minutes to obtain a uniform mixture for compression.

All tablet cores are compressed with 3,000 psi compaction pressure with the

Carver Laboratory press. This compaction pressure was based on the finding that

for hydrophilic matrix tablet compression, variation in compaction pressure

appeared not to modify drug release rates (8). These results were supported with in

vitro drug release studies (Figure 2.5) conducted with diltiazem as model drug

using the same inactive formulation ingredients shown in Table 2.2. The averae

weight of the diltiazem tablets was about 210 mg. Figure 2.5 shows that diltiazem

release profiles were almost identical from tablets compressed with 2,000 psi and

3,000 psi compaction pressure, respectively.

Drug release controlling membrane formulation

Nine different membrane formulations have been investigated for

controlling drug release from the hydrophilic matrix tablet cores. Components for

the formulations include Surelease® (28.5 % solid), Opadry® and talc.

Compositions for these formulations are illustrated in Table 2.4. Formulations A to

I were tested with the flat-faced hydrophilic matrix tablet cores whereas only

formulations C and G were tested with the bi-convex matrix tablet cores



Figure 2.5. Dissolution profiles from the flat-faced, uncoated Diltiazem tablet cores. The average
weight of the tablets was 2 10mg. The compression forces were 2000 and 3000 psi. The dissolution
was conducted in simulated intestinal fluid with paddle speed of 50 RPM. Each curve here represents a
single tablet with one sample taken at each time point.
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All nine formulations were aqueous based. Formulation preparation was

conducted at room temperature. The following procedure was used for preparing

the coating solutions for the drug release controlling membrane.

1. Make available a glass container of appropriate size for the final

formulation solution based on the total desirable volume (300 ml).

2. Make available two volumetric cylinders, each of 100 ml.

3. Measure separately the amounts of Opadry® and talc (if necessary)

required, and place the materials into the available container.

4. Measure the amount of Surelease® in volume required with one of the

volumetric cylinders, and decant the volume into the container

containing Opadry®. Rinse the cylinder with some of the required

deionized water through the use of a second cylinder a few times to

make sure all Surelease® is completely transferred into the container.

5. Fill the container with the remaining deionized water of a stated volume

according to the solution formulation.

6. Gently stir the formulation for up to 1.5 hours for complete Opadry®

dissolution and talc dispersion (if present).

The coating solution should bear a light to moderate yellow reflection,

which is due to the yellowish Opadry® solid content. The coating solution should

be covered with parafilm after preparation to avoid water evaporation. The coating

solution can be retained and used for up to 4 days post preparation. However, the
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solution should be stirred gently at all times at room temperature during the 4-day

period to prevent talc sedimentation.

Tablet coating and drying

Due to the small laboratory production scale for tablet cores, standard tablet

coating equipment was not used for membrane coating. Initially, coating for the bi-

convex tablet core using coating formulation C (Table 4) was obtained by hand

dipping and drying with a hand-held household hair dryer (1500 watt). Only one

tablet core could be coated at a time. However the coating achieved in this fashion

lacked reproducibility; percent weight gain varied dramatically from tablet to

tablet. This coating setup was then abandoned for its ineffectiveness. A second

coating setup of the bi-convex tablet, which could coat up to six tablets at a time

with good reproducibility, was then designed. This coating and drying mechanism

is illustrated in Figure 2.6 and Figure 2.7.

Coating and drying setup measurements

All hair dryers were positioned in such a way that the following

measurements were followed as closely as possible for each drying cycle.

1 The distance between the forceps tip to the forceps end where it was

secured by the frame was 9.4 to 9.5 cm (Figure 2.8).

1. For the top two hair dryers, the distance between the highest points of

those two dryer tips was 4.3 to 4.4 cm (Figure 2.7).
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Table 2.4. Composition of nine tested coating formulations for drug release
controlling membranes.

Formulation # Surelease® Opadry® Opadry® Talc Deionized
Solid (g) (%) (g) Water

(g) (ml)
A 16.3 20 -

- 4.08 -

- - 300

B 16.3 30 -

6.99 -

- - - 300

C 16.3 38 - -

- 10.33 - -

- - - 300

D 16.3 40 -

- 10.88 - -

- - - 300

E 16.3 - 45 -

13.35 -

- -
- 300

F 16.3 - 50 - -

- 16.3 - -

- - 300

G 16.3 - 32.2 -

10.33 - -

- - 5.43 -

300

H 16.3 - 27.6 - -

- 10.33 - -

- - 10.86 -

300
I 16.3 - 24.1 -

10.33 - -

- - 16.3 -

300



Figure 2.6. Schematic setup for the bi-convex tablet coating and drying
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Figure 2.7. Actual setup based on the schematic drawing in Figure 2.6. The bi-
convex tablets are secured by forceps tips. The other ends of the forceps are
suspended in a wooden frame in such a way that the dipping and drying would not
affect the positions of the tablets in space. All six tablets are placed within the air
pocket where the air is the strongest when all four dryers are switched on.

2. The distance between the tips of the forceps and the lowest level of the

hair dryer tip was 2.8 to 2.9 cm (Figure 2.7).

3. The distance between the tips of the forceps (left and right only,

excluding the middle two) and the lowest level of the top two hair dryer

tips was 3.3 to 3.4 cm (Figure 2.7).
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Figure 2.8. Tablets, forceps, and the wooden frame in the coating
and drying setup.

Coating conditions for the bi-convex tablet core

Coating solution container supported by a laboratory jack was elevated and

lowered each time a coating dip was performed by turning the knob controlling the

motion of the jack. A dip was considered to be complete when all six bi-convex

tablet cores were completely immersed into the coating solution. Two to three

seconds were allowed to elapse before the tablet cores were removed from the

coating solution by lowering the jack. Each dipping cycle was carried out in such a

way that the coating solution container was not be disturbed in any manner. In
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other words, the elevating and lowering motions should be kept smooth to help

prevent coating discrepancy from occurring among the six tablet cores.

During the coating process, solution must remain stirred gently. However,

moments prior to coating, stirring should be terminated and coating solution should

be allowed to settle temporarily to remove the spiral wave created by the stirring

process. A pictorial description is shown in Figure 2.9 for tablet coating.

Drying conditions for coated bi-convex tablet core

Drying was performed immediately following each coating solution dip. A

drying temperature of 65 °C was selected, which was also measured inside the air

pocket (Figure 2.7) when all four hair-dyers were switched on (drying control

setting for each dryer was: WARM for heat source and HIGH for air speed)

simultaneously. Each tablet was dried for three minutes following each coating dip

before a subsequent dip could occur. It had been observed that the amount of heat

supply for drying was an important factor influencing the coating weight gain for

the tablets. Thus, the designated period of time for drying was regulated using a

timer so that drying could be uniform for each coating dip.
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Figure 2.9. The up and down motion of the solution container was regulated by
turning the knob of the laboratory jack. Drying of the coated tablets was
performed upon the removal of the solution container from the drying space as
depicted in Figure 2.8.

Coating weight gain determination

Unlike in the industrial setting, where coating weight gain can be estimated

at the end of each coating solution batch, the coating applied in this study required

a different method for weight gain assessment. The percent weight gain was a a



function of the number of coating dips performed. It should be understood that

different composition of the coating solutions would result in different percent

weight gain of coating with the same number of coating dips applied. In other

words, for example, 10 dips of coating solution A may produce 8% weight gain in

coating but the same number of dips would not produce the same weight gain with

solution B (coating solutions A and B are different formulations). Results for the

correlation between the number of coating dips and the percent weight gain in

coating are shown in Figure 2.10 & Figure 2.11 for the bi-convex tablet. In

general, prior to the application of a new coating solution formulation, it is

suggested that a correlation curve be obtained with the specific type of tablet core

under investigation. Development of such a relationship facilitates the coating

process with respect to achieving a desirable weight gain in film coat. Of course,

this correlation is not necessary if the table coating process is conducted on a

commercial scale.

Coating weight gain for each tablet was defined as the ratio of the weight of

the film coat obtained to the weight of tablet core prior to coating. The weight of

the film coat was calculated by subtracting the weight of the un-coated tablet core

from the coated tablet.



Figure 2.10. Correlation between the number of dips and coating weight gain for a coating solution
containing of Surelease® and Opadry® and talc (3:1.9:1). This was conducted with bi-convex tablet using
coating solution formulation G (Table 4).
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Figure 2.11. Correlation between the number of dips and coating weight gain coating solution
containing Surelease® and Opadry® (3:1.9). This was conducted with bi-convex tablet using
coating solution formulation C (Table 4).
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Tablet core dissolution

All coated and un-coated tablet core dissolution testing was performed in

US dissolution Apparatus II (VanKel dissolution equipment, Inc.). Dissolution

fluid was buffered simulated intestinal fluid (JH 7.2 to 7.4) without acid

pretreatment.

Dissolution parameters

Bath temperature was set at 37 ± 0.5 °C. Each dissolution vessel (six

vessels could be used simultaneously) was filled with 900 ml buffered simulated

intestinal fluid. Dissolution paddle speed was considered to be an important

parameter to evaluate drug release profiles. In this study, 50, 75, 100, 150 and 200

RPM paddle speeds were studied.

Enough data points were obtained so that in vitro verapamil release profiles

could be constructed. In this study, samples were collected at 5, 10, 15, 30, 45, 60

minutes, 1.5,2,4,6,8, 10, 12, 14, 18, 20, 21, 22, 23, and 24 hours. The sample

collection process was carried out with a computerized auto-sampler based on

programmable time point input. At each time point, 3 ml sample was collected.

All verapamil samples were filtered before being analyzed with UV detector

(Beckman) at 277 nm wavelength. The UV detector had to be "powered up" for at

least 20 minutes prior to data analysis for maximum detection intensity.
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Verapamil standard curve

A verapamil standard curve was created with 7 concentration points

covering the entire verapamil concentration spectrum of the verapamil tablet

dissolution profile. They were 2.5, 5, 10, 25, 50, 100 and 200 p.glml. The

verapamil concentration points were obtained through serial dilution.

RESULTS AND DISCUSSION

Coated flat-faced tablet

Film coat rupture mechanism

It was observed in dissolution studies of the coated flat-faced tablets that the

film coat ruptured in three distinctive stages. If the film coat weight gain fell below

2%, the uniqueness of the stages was found to be absent. Figure 2.12 depicts the

occurrence of each stage in a sequential order observed with the flat-faced tablets

of 5.47% film coat weight gain.

Stage 1:

In stage 1, the film coat ruptured slightly along the top and

bottom edges of the coated tablet core, but still remained intact along the lateral

sides as well as the top and bottom surfaces. The rupturing effect along the edges

enabled the initial phase of drug dissolution to take place. However, the extent of

drug dissolution was limited due to the finite area exposed to dissolution fluid. At

this time, it was also observed that the tablet core began to swell somewhat in the

vertical direction.
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Figure 2.12. Observed film coat rupture mechanism with the flat-faced tablet. The
arrows indicate the directions in which the drug dissolution is taking place. The
filled circles represent the drug particles while the bolded lines represent the film
coat around the tablet surface.
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This swelling effect, however, was not obvious. For this particular weight

gain of film coat (5.47%), stage 1 of the film coat rupture was complete about 1

hour into the dissolution process. The initial film coat rupture along the edges of

the tablet core can be explained in the following way. When a coated tablet was

immersed into the dissolution fluid, water molecules began penetrating through the

film coat layer and hydrating the HPMC molecules adjacent to the film coat layer.

The HPMC hydration process gradually created internal expansion, which led to

the film coat rupture along the edges.
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Stage 2:
About 2 hours into the dissolution process, the rupture created along the

edges in stage 1 widened due to further tablet swelling, allowing more drug

dissolution from the tablet core. At the same time, small ruptures were also

observed in the film coat on the lateral side of the tablet. This was indicative of

tablet expansion occurring in the lateral direction of the tablet, in addition to the

initial and still ongoing expansion in the vertical direction. Film coat peeling from

the tablet core was still minimal.

Stage 3:
After 6 hours into the dissolution process, the tablet core had not only

swollen to a much greater extent in both the vertical and lateral directions, but was

also exposed to the dissolution fluid from its lateral side. That was because the

film coat began peeling off the tablet core from its lateral side dramatically as

depicted in Figure 2.12. The film coat at both the top and bottom surfaces still

remained adhered to the tablet core, in spite of tablet expansion, although there

were small ruptured openings observed on those surfaces as well. At this point, the

lateral side of the tablet was deemed to be the major site for drug release as the top

and bottom surfaces of the tablet core were still covered by film coat. The drug

dissolution and tablet erosion continued in this fashion until complete

disappearance of the tablet core. However, the top and bottom film coat remained

even after completion of drug dissolution. These remaining top and bottom film

coat layers were named support platforms for the tablet core, and could be

recovered from the dissolution media.



35

Flat-faced tablet dissolution profile comparison with Covera® HS

It should be pointed out that the preferred coating and drying mechanism

illustrated in Figure 2.7 was not applied for the flat-faced tablets. The coating and

drying process for flat-faced tablets was the hand-held dipping and drying with

household hair dryer. This technique was not unifonn, and the coating weight gain

results were not reproducible. The flat-faced tablet study was conducted prior to

applying the setup shown in Figure 2.7, which was used for the bi-convex tablet

core film coating.

It was expected and found that the drug dissolution profile from Covera®

HS was independent of paddle speed and ionic strength, as indicated by the

parameters summarized in Table 2.5. These parameters included lag-time, drug

release slope, time to 80% release, and time to 95% or more drug release. Because

the purpose for conducting this study was to design a novel tablet fonnulation

demonstrating zero-order drug release that would be comparable to Covera® HS, it

was thus important that all major parameters associated with drug dissolution with

the novel formulation closely match those of the Covera® HS osmotic pump

device.

A series of dissolution profiles were obtained with the flat-faced tablet cores

based on various film coat weight gains and coating solution formulations

(formulations A to F, Table 2.4), as seen in Figure 2.13. The lag-times were

estimated to be 1.18, 1.6, 1.57, 1.82, 1.76, and 1.38 hours from profiles of the flat-

faced tablet cores coated with coating solution formulations A to F (Table 2.4),
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respectively. They are collectively shorter than the 2.48 hours (Table 2.5) that was

observed with the Covera® HS at a paddle speed of 50 RPM. The dissolution

profiles showed that the drug release controlling membranes were effective initially

in regulating drug release from coated tablet cores, as indicated by the overlapping

of the profiles with that of Covera® HS for the first 6 hours of dissolution.

However, the percent drug release fell behind Covera® HS after the 6-hour time

point. As a result, the time taken to reach 80% drug release was between 12 and 16

hours collectively, which was much longer than the 9 to 10 hours reported for

Covera® HS. In addition, the drug release slopes from the coated tablet cores were

from 4 to 16 hours as opposed to the 4 to 10 hours observed with Covera® HS.

The drug release profiles associated with coating solution formulations A to

F, as seen in Figure 2.13, failed to relate the amount of Opadry® applied in each

coating formulation to the variation in percent drug release. For example, the

percent drug release was the highest from the tablet core coated with 38% Opadry®

(formulation C in Table 2.4), while the percent drug release was the smallest with

40% Opadry® (formulation D in Tablet 2.4) in coating solution. This could be due

to the discrepancies in coating material weight gain associated with each

formulation. These variations in weight gain were most likely the result of coating

non-reproducibility, because the coating and drying process for these coated tablets

was the hand-held dipping and hand-held household hair dryer.



Figure 2.13. Verapamil dissolution profiles from flat-faced tablet cores coated with coating solution
formulations A to F (Table 2.4). Also shown are dissolution profiles from Covera® HS and the
uncoated flat-faced tablet core. The dissolution paddle speed was 50 RPM. Each curve here
represents a single coated tablet with one sample taken at each time point.
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Given that drug release from the uncoated tablet core takes place

immediately, as opposed to the lag-time demonstrated by the presence of the drug

release controlling membrane for the coated tablet cores, it is evident that the

coating solution formulations (A to F) are effective to an extent in delaying drug

release. The profile from Covera® HS was shown to lie between the uncoated

tablet core profile and the coated ones.

Figure 2.14 shows dissolution profiles comparison between Covera® HS

and flat-faced tablet cores coated with formulations C, G and I. As can be seen, all

three coating formulations provided compatible lag-time to Covera® HS by

exhibiting good membrane behavior in controlling drug release (from time 0 to

time 4 hours). However, the release slowed down for all three coated tablet cores

after 4 hours. It was also discerned from Figure 2.14 that tablet cores coated

without talc released drug faster than those coated with talc in coating formulations.

This result was opposite to what Ayres et al. found (9), i.e., that the addition of talc

to coating material increased drug release from coated beads. The results Ayres et

al. were also consistent with those of Ghebre-sellassie, who reported that water

insoluble additives like talc, kaolin, and magnesium trisilicate, when incorporated

into Eugragit ®30 D formulations, increased drug release from coated beads (10).



Figure 2.14. Verapamil dissolution profiles from the flat-faced tablet cores coated with coating solution
formulations C, G and I (Table 2.4). Also shown is the dissolution profile from Covera® HS. The
dissolution paddle speed was 50 RPM. Each curve here represents a single coated tablet with one sample
taken at each time point.
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Because of the difference in coating weight gains obtained here-in for formulations

containing talc, similar comparison could not be made between tablet cores coated

with formulation containing 3:3 Surelease® to talc (formulation Tin Table 2.4) and

that coated with formulation containing 3:1 Surelease® to talc (formulation G in

Table 2.4).

The lag-times were 1.57, 2.0, and 2.92 hours, estimated respectively from

profiles of flat-faced tablet cores coated with solution formulations C, G, and I.

Lag-time 1.57 and 2.0 hours fall outside the range of 2.44 to 3.17 hours given in

Table 2.5 from Covera® HS. However, lag-time of 2.92 hours lies in that range.

Also, release slopes from all three coated tablet cores were from 4 to 16 hours,

which are prolonged compared to the 4 to 10 hours from Covera® HS. Further, the

time to 80% release was from 13 to 16 hours as opposed to the 9-10 hours indicated

in Table 2.5 for Covera® HS.

Coated bi-convex tablet

Un-coated bi-convex tablet dm2 dissolution mechanism

The schematic description for the bi-convex tablet core shape is shown in

Figure 2.15. Indicated are the actual measurements for the dimension of the tablet

after production from the Carver Laboratory press. The surfaces of the tablet core

are configured such that they are of oval shape.

Illustrated in Figure 2.16 are the observed shape changes for the un-coated

bi-convex tablet during drug dissolution studies as a function of time.



41

Table 2.5. Summary of parameters of interest obtained from Covera® HS based
on various dissolution paddle speeds.

Time toDissolution Time toLagtime* 95% orPaddle Speed Release Slope 80%
(RPM) (hr)

Release more
Release

50 2.48 4-l0hrs 9-lOhrs l4hrs
75 3.17 4-l0hrs 9-l0hrs l2hrs
100 2.79 4-l0hrs 9-lOhrs l2hrs
150 2.99 4-l0hrs 9-l0hrs l2hrs
200 2.44 4-l0hrs 9-lOhrs l2hrs

* The lagtime was determined by constructing linear regression of four points
along the Covera® HS tablet dissolution profile of each paddle speed. These
points included 4, 6, 8, and 10 hours (this time frame is considered as the zero
order drug release period) and the corresponding percent verapamil release at
those times.

It was observed that it took about 30 minutes for process A to be completed.

Migrating from process A to process B, however, took about 1 hour and 30

minutes. As soon as B was completed, the original bi-convex tablet shapewas no

longer obvious. In fact, it collapsed into an approximately spherical shape as

indicated in Figure 2.16.

Figure 2.15. Schematic description for the bi-convex tablet core along with
measurements for its dimensions.
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Film coat rupture mechanism

The film coat first ruptured around the belly band area (protrusion), where the

thickness was about 0.75 mm as indicated in Figure 2.15, when a coated bi-convex

tablet was immersed in dissolution fluid. The observed film coat rupture

mechanism for the coated bi-convex tablet is illustrated in Figure 2.17. About 25

to 30 minutes into the dissolution, a small rupture occurred around the belly-band,

and the rupturing process continued with the belly band but not from the rest of the

tablet film coat. At about 30 to 35 minutes, the rupture widened. A complete

rupturing line became obvious at about 1 hour and 30 minutes around the belly-

band. At this time, tablet erosion was occurring from the exposed area of the belly-

band due to partial peeling of the film coat. Simultaneously happening were a few

smaller cracking lines beginning to emerge from one of the surfaces of the tablet.

The size of those lines, however, was much smaller compared to that of the belly

band. Cracking lines on the surfaces of the tablet widened at about 2 hours and 30

minutes as swelling of the tablet core continued. The widening crack line that was

observed originally around the belly-band now divided the surface film coat into

two halves. However, no film coat was peeling off the surface along those cracking

lines. At about 4 hours and 30 minutes, the shape of the belly-band completely

disappeared due to erosion.



Figure 2.16. Observed shape changes during drug dissolution studies for un-coated bi-convex tablet core.
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With the disappearance of the belly-band, the area that was directly

underneath it was completely exposed to dissolution fluid. Also exposed to

dissolution fluid were some sporadic tablet core areas on the two separated surfaces

due to film coat rupturing. Ruptured openings on the surfaces were not as wide as

the belly-band opening, even though erosion was also occurring from those

openings. As indicated in Figure 2.17, the two halves of film coat covering the

tablet surfaces remained fairly intact until complete tablet core erosion was

reached. As with the coated regular-shaped tablet, those two halves of film coat

acted here also as support platforms for bi-convex tablet core dissolution. Specifics

for the film coat rupture mechanism described here were observed with a film coat

of 2.4% weight gain and at 50 RPM dissolution paddle speed. The numbers used

here to indicate the times for rupturing processes as they occurred were highly

dependent on paddle speed as well as on film coat thickness (percent weight gain of

film coat).



Figure 2.17. Film coating rupture mechanism around bi-convex tablet core observed at 50 RPM

Table core Coated tablet core Rupture around
belly band

t 17. :
*

L-'
:

Further erosion Belly band
of tablet core Erosion of tablet core

completely exposed

Support platform remaining



Coated bi-convex tablet dissolution profiles

Figures 2.18 shows verapamil dissolution profilesfor different paddle

speeds. These were bi-convex tablets coated with coating solution formulation C

(Table 2.4) with hand-held dipping and drying. Figures 2.19 to 2.24 show drug

dissolution profiles from bi-convex tablets coated according to the coating and

drying setup described in Figure 2.6, however, without precise measurement of the

coating setup in place. Figures 2.25 to 2.28 show dissolution profiles from bi-

convex tablets coated according to the coating and drying setup described in Figure

2.6, and with precise measurement of the coating setup in place. The dissolution

profiles given from Figure 2.19 to 2.28 were obtained from bi-convex tablet cores

coated with coating formulation G (Table 2.4). Figure 2.29 shows Covera® HS

dissolution profiles observed under different paddle speeds and demonstrates that

drug release behavior from the osmotic pump device is independent of dissolution

paddle speeds, or more importantly, of gastric motion.

As can be seen from Figure 2.18, the drug release slope increased with

increasing paddle speeds from 50 to 200 RPM. The release profiles for 50 and 100

RPM were very similar to that of Covera® HS from time 0 to time 4 hours.

However, the release rates trailed behind after 5 hours. At paddle speed 150 and

200 RPM, drug release was almost immediate, rendering the drug release

controlling membrane completely ineffective in providing sufficient lag-time. The

vigorous hydrodynamic motion in the dissolution vessel created by the blades at

high RPMs constantly bombarded the coated tablets into the blades in its course of
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movement. Because of the relatively weaker adhesion force between the drug

release controlling membrane and the bi-convex tablet surface, as compared to the

hydrodynamic force, the coating inevitably peeled off the tablet surface. This

allowed drug release to occur immediately. As a result, the release slopes for

tablets studied under 150 and 200 RPM were as large or even larger than that of

Covera® HS. Note that the coating weight gain for the bi-convex tablet studied

with 100 RPM was much larger than those of tablets studied with other RPMs.

This did not seem to be problematic for the purpose of comparison because the

hydrodynamic force was the major factor influencing drug release.

Figure 2.19 to 2.24 summarize drug release profile comparisons between

coating weight gain and dissolution paddle speed. For each summary, various

paddle speeds were studied with bi-convex tablets of similar coating weight gain.

Included as a reference in each summary is the drug release profile from Covera®

HS obtained at 75 RPM, which was chosen as a representative because drug release

behavior from the osmotic pump device was shown in general to be independent of

dissolution paddle speed (Figure 2.29). Associated with each Figure from Figures

2.19 to 2.24 is a tabled summary comparing parameters obtained from coated bi-

convex tablets and from Covera® HS at 75 RPM. They are Table 2.6, Table 2.7,

Table 2.8, Table 2.9, Table 2.10, and Table 2.11 for Figure 2.19, Figure, 2.20,

Figure 2.21, Figure 2.22, Figure, 2.23, and Figure 2.24 respectively.



Figure 2.18. Verapamil dissolution profiles from bi-convex tablet cores coated with coating solution
formulation C (Table 2.4). The dissolution speeds were 50, 100, 150, and 200 RPM. The weight gain
of coating was from 2 to 4.66%. Also indicated is the dissolution profile from the commercial
Covera® HS at 75 RPM. Each curve here represents a single coated tablet with one sample taken
at each time point.
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Figure 2.19 and Figure 2.20 show comparison among profiles obtained with

75, 100, and 150 RPM. The weight gain of coating in Figure 2.19 was in the range

of 9.39 to 9.45% while that in Figure 2.20 was in the range of 10.34 to 10.98%.

Figure 2.21 was obtained with 100 and 200 RPM, falling in the range of 11.43 to

11.65% for weight gain of coating. Figure 2.22 was obtained with 75, 100, 150,

and 200 RPM, with the weight gain of coating in the range of 12.06 to 12.94%.

Figure 2.23 was obtained with 150 and 200 RPM, with the weight gain of coating

falling in between 13.04 and 13.14%. Figure 2.24 was obtained with 75 and 200

RPM, with 14 and 14.76% in weight gain of coating.

For each summary of similar weight gain of coating, drug release slope

increased with increasing dissolution paddle speed, with the exception of Figure

2.19 where it lacked this trend. This was consistent with the results from Figure

2.18. As the weight gain of coating increased sequentially in each summary

indicated from Figure 2.19 to 2.24, it was observed that the drug release slope also

increased for the same paddle speed in each summary. For example, conducted at

100 RPM, the percentages of drug release at 14th hour were 56.03%, 54.65%,

85.28%, and 96.74%, respectively for coating weight gain of 9.48% (Figure 2.19),

10.65% (Figure 2.20), 11.43% (Figure 2.21), and 12.44% (Figure 2.22). At 200

RPM, the dissolution profiles of bi-convex tablets with coating weight gains of

11.65% (Figure 2.21), 12.94% (Figure 2.22) and 13.14% (Figure 2.23) were shown

to be similar to that of Covera® HS. However, the release slope was higher than

that of Covera® HS when the coating weight gain reached 14.74% (Figure 2.24).



Table 2.6. The average percent weight gain of coating was 9.44 ± 0.05%, and the paddle speeds were 75 RPM,
100 RPM, and 150 RPM (This table was summarized based on Figure 2.19).

Variables Effects

Paddle
Speed Lag-time Release

Time to 80% Time to 95% or

(RPM) (2.5-3.2 hrs) Slope
Release (9-10 hrs) more Release (12-

(4-10 hrs) 14 hrs)
Weight Gain of

9.39-9.45 50 - -Coating(%)

Surelease® to
3:1 75

Increase Increase Increase Increase
Talc Ratio (4.4) (6-18) (18-20) (>22)

Tablet Shape Bi-
100

Increase Increase Increase Increase
convex (3.54) (6-14) (17) (19-20)

HPMC in Core
40.76 150

Increase Increase Increase Increase
(%) (7.15) (12-20) (19) (>20)

Viscosity of
15 cps 200 - -HPMC

Note: Numbers parenthesized in headings were obtained from Covera® HS dissolution (Table 2.5).



Figure 2.19. Verapamil dissolution profiles from bi-convex tablet cores coated with coating
solution formulation G (Table 2.4). The dissolution speeds were 75, 100, and 150 RPM.
The average weight gain of coating was 9.44 ± 0.05% (n = 3). Indicated as a reference is the
dissolution profile from the commercial Covera® HS at 75 RPM. Each curve here represents
a single tablet with one sample taken at each time point.
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Table 2.7 The average percent weight gain of coating was 10.7 ± 0.05%, and the paddle speeds were 75 RPM,
100 RPM, and 150 RPM (This table was summarized based on Figure 2.20).

Variables Effects

Paddle
Lagtime Release

Time to 80% Time to 95% or
Speed

(2.5-3.2 hrs) Slope
Release (9-10 hrs) more Release (12-

(RPM) (4-10 hrs) 14 hrs)

Weight Gain of 10.65-
50Coating (%) 10.74

Surelease® to
3:1 75

Increase Increase Increase Increase
Talc Ratio (4.88) (17-18) (20-21)

Tablet Shape bi-convex 100
Increase Increase Increase Increase

(4.51) (6-18) (17-18) (20-21)

HPMC in Core
40.76 150

Increase Increase Increase Same
(%) (7.26) (10-14) (13) (13-14)

Viscosity of l5cps 200 -HPMC

Note: Numbers parenthesized in headings were obtained from Covera® HS dissolution (Table 2.5).

tJ



Figure 2.20. Verapamil dissolution profiles from bi-convex tablet cores coated with coating solution
formulation G (Table 2.4). The dissolution speeds were 75, 100, and 150 RPM. The average weight gain of
coating was 10.7 ± 0.05% (n = 3). Indicated as a reference is the dissolution profile from the commercial
Covera® HS at 75 RPM. Each curve here represents a single coated tablet with one sample taken at each
time point.

120

100

'-' 80

-
60

40

20

0

0 5 10 15 20

Time (hr)

25

S 75 RPM (10.7% wg: 32%
Opadry, Surelease: Talc, 3:1)
100 RPM (10.65% wg: 32%
Opadry, Surelease: Talc, 3:1)
150 RPM (10.74% wg: 32%
Opadry, Surelease: Talc, 3:1)

i 75 RPM (Covera HS)



Table 2.8 The average percent weight gain of coating was 11.54 ± 0.15%, and the paddle speeds were
100 RPM and 200 RPM (This table was summarized based on Figure 2.21).

Variables Effects

Paddle
Lagtime Release Time to 80% Time to 95% or

Speed
(2.5-3.2 hrs) Slope Release (9-10 more Release

(RPM) (4-10 hrs) hrs) (12-14 hrs)
Weight Gain of 11.43 &

50 -Coating (%) 11.65

Surelease® to
3:1 75 - -Talc Ratio

Tablet Shape bi-
100

Increase Increase Increase Increase
convex (3.3) (4-14) (12-14) (16-17)

HPMC in Core
40.76 150 -

(%)

Viscosity of l5cps 200
Same Same Same Decrease

HPMC (3.06) (4-10) (8-9) (9-10)

Note: Numbers parenthesized in headings were obtained from Covera® HS dissolution (Table 2.5).



Figure 2.21. Verapamil dissolution profiles from bi-convex tablet cores coated with coating solution
formulation G (Table 2.4). The dissolution speeds were 100 and 200 RPM. The average weight gain of
coating was 11.54 ± 0.15% (n = 2). Indicated as a reference is the dissolution profile from the commercial
Covera HS at 75 RPM. Each curve here represents a single coated tablet with one sample taken at each
time point.

100

80

rM

40

20

0

0 5 10 15 20

Time (hr)

25

O 100RPM(11.43%wg:
32% Opadry, Surelease:

____Talc 3:1)
200kPM(11.65%wg:
32% Opadry, Surelease:
Talc, 3:1)
75 RPM (Covera HS)



Table 2.9 The average percent weight gain of coating was 12.38 ± 0.42%, and the paddle speeds were 75 RPM,
100 RPM, 150 RPM, and 200 RPM (This table was summarized based on Figure 2.22).

Variables Effects

Paddle
Lagtime Release Time to 80% Time to 95% or

Speed
(2.5-3.2 hrs) Slope Release (9-10 more Release

(RPM) (4-10 hrs) hrs) (12-14 hrs)

Weight Gain of 12.06

Coating (%) 50 -

12.94

Surelease® to Talc
3:1 75

Increase Increase Increase Increase
Ratio (3.32) (6-22) (19) (>22)

bi-
Same Increase Increase SameTablet Shape conve 100
(2.65) (4-14) (11-13) (12-14)

HPMC in Core Same Same Same Same
(%)

40.76 150
(3.22) (4-10) (9-10) (12-14)

Viscosity of 15
200 Increase Same Decrease Decrease

HPMC cps (3.50) (4-10) (8-9) (9-10)

Note: Numbers parenthesized in the headings were obtained from Covera® HS dissolution (Table 2.5).

./1



Figure 2.22. Verapamil dissolution profiles from bi-convex tablet cores coated with
coating solution formulation G (Table 2.4). The dissolution speeds were 75, 100, 150,
and 200 RPM. The average weight gain of coating was 12.38 ± 0.42% (n = 4). Indicated as
a reference is the dissolution profile from the commercial Covera® HS at 75 RPM. Each curve

here represents a single coated tablet with one sample taken at each time point.
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Table 2.10 The average percent weight gain of coating was 13.09 ± 0.07%, and the paddle speeds were 150 RPM
and 200 RPM (This table was summarized based on Figure 2.23).

Variables Effects

Paddle
Lagtime Release Time to 80% Time to 95% or

Speed
(2.5-3.2 hrs) Slope Release (9-10 more Release

(RPM) (4-10 hrs) hrs) (12-14 hrs)

Weight Gain of 13.04 &
50 -Coating (%) 13.14

Surelease® to
3:1 75 - -Talc Ratio

Tablet Shape bi-
100 -convex

HPMC in Core
40.76 150

Same Same Same Same
(%) (3.12) (4-10) (9-10) (12)

Viscosity of lscps 200
Increase Same Decrease Decrease

HPMC (2.98) (4-10) (8-9) (12)

Note: Numbers parenthesized in the headings were obtained from Covera® HS dissolution (Table 2.5).



Figure 2.23. Verapamil dissolution profiles from bi-convex tablet cores coated with coating solution
formulation G (Table 2.4). The dissolution speeds were 150 and 200 RPM. The average weight gain of
coating was 13.09 ± 0.07% (n = 2). Indicated as a reference is the dissolution profile from the commercial
Covera® HS at 75 RPM. Each curve here represents a single coated tablet with one sample taken at each
time point.
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Table 2.11 The average percent weight gain of coating was 14.43 ± 0.45%, and the paddle speeds were 75 RPM
and 200 RPM (This table was summarized based on Figure 2.24).

Variables Effects

Paddle
Lagtime Release Time to 80% Time to 95% or

Speed
(2.5-3.2 hrs) Slope Release (9-10 more Release

(RPM) (4-10 hrs) hrs) (12-14 hrs)

Weight Gain of 14.11 &
50 -Coating (%) 14.74

Surelease® to
3:1 75

Increase Increase Increase Increase
Talc Ratio (3.29) (4-14) (14-15) (17-18)

bi-
Tablet Shape 100 -convex

HPMC in Core
40.76 150 -

(%)

Viscosity of Same Decrease Decrease Decrease
HPMC l5cps 200

(2.66) (4-8) (<8) (10)

Note: Numbers parenthesized in the headings were obtained from Covera® HS dissolution (Table 2.5).



Figure 2.24. Verapamil dissolution profiles from bi-convex tablet cores coated with coating
solution formulation G (Table 2.4). The dissolution speeds were 75 and 200 RPM. The average weight
gain of coating was 14.43 ± 0.45% (n = 2). Indicated as a reference is the dissolution profile from
the commercial Covera® HS at 75 RPM. Each curve here represents a single coated tablet with one
sample taken at each time point.
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This finding of increased release rate with increased coating gain is opposite of

what is expected. The data were obtained in each scenario with one coated tablet

because the coating was not reproducible in the early stage of the study in achieving

multiple tablets with similar weight gain.

A combination of about 13% in coating weight gain and dissolution paddle

speed of 150 RPM resulted in a drug release profile that was closely compatible to

that of Covera® HS at 75 RPM. This is demonstrated in Figure 2.23. However,

paddle speeds of 150 RPM and 200 RPM are deemed too vigorous for imitating

gastric motion.

In order to mimic more closely the behavior of gastric motion, dissolution

speeds such as 50 RPM, 75 RPM, andlor 100 RPM would be more appropriate for

the consideration of in vitro studies. As shown from Figure 2.19 to Figure 2.24,

drug release controlling membranes were effective to an extent when conducted

under these RPMs and with coating weight gain greater than 9%. That is, the

percent drug released was compatible to Covera® HS throughout the first few

hours of study. However, drug release slopes for these profiles trailed far behind

that for Covera® HS after about 4 to 5 hours. This implied that the bi-convex

tablet core formulation should be modified in such a way that drug release from the

tablet core would become faster so that release slope similar to Covera® HS can

then be established. It should be noted that an increase in release rate in vivo can be

expected when the tablet reaches the lower intestine due to enzymatic pectinolytic

action on the pectin in the formulation.
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As can be seen from Figure 2.25 and Figure 2.26, bi-convex tablet

dissolution behavior was reproducible if precise measurement of the coating setup

(Figure 2.6) was implemented in achieving similar weight gain for a set of tablets.

Profiles shown in Figure 2.25 were obtained from a set of six bi-convex tablets,

with coating and drying conducted according to Figure 2.8. Similarly, profiles

shown in Figure 2.25 were obtained in the exact same way. Figure 2.25 and Figure

2.26 represent results from a first trial and a second trial, respectively with average

coating weight gains of 7.88 ± 0.96% and 7.48 ± 0.49% (n = 6). The dissolution

paddle speed was 75 RPM. When constructed with identical scale, the band of

profiles from Figure 2.25 could be superimposed with that from Figure 2.26. It was

also observed from both Figure 2.25 and Figure 2.26 that the higher the coating

weight gain was, the faster the drug release became. This was shown by two bi-

convex tablets with 9.12% and 8.45% in coating weight gain, respectively in Figure

2.25 and Figure 2.26. This finding was consistent with what was discussed from

Figure 2.19 to Figure 2.24. When compared to Covera® HS, however, the drug

release for the first few hours was relatively higher, indicating that an optimal

controlling membrane was not achieved on the basis of weight gain for the tablet

formulations being discussed.

Just as in Figure 2.25 and Figure 2.26, profiles from Figures 2.27 and 2.28

were also obtained for examining coating reproducibility according to coating setup

in Figure 2.6, however, with lower coating weight gain for the drug release

controlling membrane. Figure 2.27 and Figure 2.28 summarize results from a first
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trial and a second trial, respectively with average coating weight gains of 3.71 ±

0.22% and 4.08 ± 0.43% for two sets of tablets, each of six. When constructed

with identical scale, the band of profiles from Figure 2.27 could also be

superimposed with that from Figure 2.28. As the drug release controlling

membrane became thinner and thinner, the effect for obtaining a sufficient lag-time

compatible to Covera® HS became less and less feasible. This was mainly due to

reduced thickness of the coating barrier through which dissolved drug particles had

to travel. Further more, the thinner film coat also ruptured at a faster pace Figure

2.29 is a summary for drug release from Covera® HS (osmotic pump device)

conducted at 50 RPM, 75 RPM, 100 RPM, 150 RPM, and 200 RPM. It was shown

that drug release from such device was independent of dissolution speed, or more

importantly, of gastric motion when administered orally. As can be discerned from

Figure 2.29, the variation associated with drug release behavior from a range of

paddle speeds (50, 75, 100, and 150 RPM) was insignificant. A small exception

was found with 200 RPM at which the drug release was slightly higher than the rest

of the group. A comparison for parameters of interest obtained from the

dissolution studies is presented in Table 2.5 for Covera® HS.



Figure 2.25. Verapamil dissolution profiles from a set of six bi-convex tablet cores coated with
coating solution formulation G (Table 2.4). The dissolution speed was 75RPM. The average
weight gain of coating was 7.88 ± 0.96% (n = 6). The tablet with a coating weight gain of 9.12%
showed the highest drug release rate. Indicated as a reference is the dissolution profile from the
commercial Covera® HS at 75 RPM Each curve here represents a single coated tablet with one
sample taken at each time point.

120

100

80

60

40

20

0

0 5 10 15 20 25

Time (hr)

7.38%wg(32%opadry,
surelease to talc of 3:1)
7.1%wg(32%opadry,
surelease to talc of 3:1)
7.2% wg (32% opadry,
surelease to talc of 3:1)

.'. 9.12% wg (32% opadry,
surelease to talc of 3:1)

)K 7.37% wg (32% opadry,
surelease to talc of 3:1)
9.08% wg (32% opadry,
surelease to talc of 3:1)

I Covera HS (75 RPM)

- -



Figure 2.26. Verapamil dissolution profiles from a set of six bi-convex tablet cores coated with
coating solution formulation G (Table 2.4). The dissolution speed was 75RPM. The average
weight gain of coating was 7.48 ± 0.49%. The tablet with a coating weight gain of 8.45%
showed the highest drug release rate. Indicated as a reference is the dissolution profile from the
commercial Covera® HS at 75 RPM. Each curve here represents a single coated tablet with one sample
taken at each time point.
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Figure 2.27. Verapamil dissolution profiles from a set of six bi-convex tablet cores coated with
coating solution formulation G (Table 2.4). The dissolution speed was 75RPM. The average
weight gain of coating was 3.71 ± 0.22% (n = 6). Indicated as a reference is the dissolution profile
from Covera® HS at 75 RPM. Each curve here represents a single coated tablet with one sample
taken at each time point.
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Figure 2.28. Verapamil dissolution profiles from a set of six bi-convex tablet cores coated with
coating solution formulation G (Table 2.4). The dissolution speed was 75RPM. The average
weight gain of coating was 4.08 ± 0.43% (n = 6). Indicated as a reference is the dissolution profile
from Covera® HS at 75 RPM. Each curve here represents a single coated tablet with one sample

taken at each time point.
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Figure 2.29 Verapamil release profiles from Covera® HS (osmotic pump device) conducted at dissolution
paddle speeds of 50, 75, 100, 150, and 200 RPM. Each curve here represents a single tablet with one sample
taken at each time point.
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CONCLUSIONS

Zero order drug release can be achieved with the combination of tablet

shape design and drug release controlling membrane. For the hydrophilic matrix

flat-faced tablet, bi-convex tablet, the membrane was observed to first rupture

around the lateral side and the belly-band area for the flat-faced tablet and the bi-

convex tablet, respectively. However, the film on both the top and bottom of the

tablet surfaces remains intact during the entire tablet dissolution process. This

occurrence allows drug release only from the lateral side or the belly-band area that

is exposed to the dissolution medium. Because of the hydrophilic nature of the

tablet core (becoming hydrated upon contacting dissolution medium), the exposed

area also remains relatively constant over a period of 8 to 10 hours, in which zero

order drug release can then be achieved.

This novel drug dosage formulation design in achieving zero-order drug

release could be more advantageous over the commercially available GeoMatrix®

or the osmotic pump device, because the preparation process for those systems are

far more expensive and complicated. This formulation design for zero order drug

delivery can be expected to be bioequivalent to Covera® HS but bioavailability

studies are needed to confirm that. The combinations of other tablet shapes and

film coating solution formulations may also be successful based on the general

model presented herein.
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ABSTRACT

An alternative formulation for the commercial Bactroban® (mupirocin)

ointment 2% was developed. The new formulation contained 2% mupirocin, 1.5%

Carbopol® 934P, 1% sodium hydroxyde, and 95.5% vehicle comprised of 20%

propylene glycol and 80% glycerin. Both the texture and consistency of this new

mupirocin ointment were comparable to the commercial Bactroban® ointment 2%.

However, assay results showed only 70% mupirocin recovery for the new

formulation in a 4-week accelerated stability study (40 °C and 75% relative

humidity).



INTRODUCTION

Pseudomonic acid A, C26H4409, and pseudomonic acid B, C27H46010, are

formed as metabolites by fermentation of pseudomonas fluorescenes, when grown

in submerged culture (1). Both pseudomonic acid A and B are acidic and

antimicrobially active, with pseudomonic acid A being more abundant as end

product and responsible for a significant proportion of the antibacterial activity (2).

Mupirocin was reported to undergo an internal rearrangement reaction in

the presence of acid (pH below 4.0) and base (pH above 9.0) (3,4). As a result,

mupirocin antibacterial activity was lost when pH was outside this range.

Mupirocin is commercially available from SmithKline Beacham

Pharmaceutical for topical applications as an ointment, cream, and nasal

formulation. The commercial brands are Bactroban® ointment, Bactroban®

cream, and Bactroban® intranasal. Each gram of Bactroban® product contains

2%, or 20 mg mupirocin or mupirocin calcium (Bactroban® intranasal only).

Bactroban® ointment is a water miscible base consisting of polyethylene glycol

400 and polyethylene glycol 3350 as drug delivery vehicle. It was prepared by (a)

polyethylene glycol (PEG) mixture melting, (b) addition of drug to PEG melt, (c)

drug dissolution, and (d) cooling or congealment of PEG (5).

The goal of research reported herein was to formulate a generic equivalent

to Bactroban® ointment 2% with a similar physical texture and a comparable drug

release behavior, based on an alternative formulation approach which avoids the

use of heating and melting solvent for drug dissolution. Because of the pH
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dependent instability of mupirocin, all new formulations were prepared within the

pH range of 4.0 to 9.0.

MATERIALS

Ethylene glycol (1 ,2-Propanediol), triethylamine, glycerin, propylene glycol

USP, acetic acid, ethyl lactate, diethanolamine, and Na3PO4 were purchased from

Sigma-Aldrich Chemical Co, St. Louis, MO. Carbopol® 934P Resins

(pharmaceutical grade) were purchased from BF Goodrich, Co. NaOH (pellets)

was purchased from Mallinckrodt Chemical Co. Mupirocin, Bactroban® ointment,

Bactroban® cream, and Bactroban® intranasal were obtained through commercial

channels.

METHODOLOGY

Ointment pH determination

Because mupirocin undergoes rearrangement when the pH of the

environment falls beyond pH 4 and 9, it is desirable to first investigate the pH of

the Bactroban® ointment system and in a few other systems (5) in which mupirocin

could also be formulated. The understanding of the pH in those systems provides

the foundation for alternative mupirocin ointment formulations.

Bactroban® ointment melts at about 50 to 60 °C. The pH was measured to

be about 5.6 by pH meter in the melted ointment. This pH value lies well within

the range of 4.0 to 9.0 as a requirement for stable mupirocin antibacterial activity
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(3). Tn addition, mixture of PEG 400 and PEG 4,000 is described as a solvent

system for mupirocin 2% (5). The pH of the solvent system (mixed PEG melt)

before mupirocin addition was found to be about 6.18, which fell to 5.88 after

mupirocin was dissolved. The pH measurement was conducted with the

formulation shown in Table 3.1.

Table 3.1. pH measurement in mixture of PEG 400 and PEG 4,000 with mupirocin
2% (taken from example 2, U.S. Patent 4,524,075).

Material Amount (g) Weight %
PEG 400 (liquid) 23.6 59
PEG 4,600* (solid flakes) 15.6 39
Mupirocin 0.8 2
PEG 4,600 was used because PEG 4,000 was not available at the time of the

experiment. However, no difference in results was expected from the substitution
made by PEG 4,600.

Table 3.2 summarizes the pH measurement results. It indicates that

mupirocin in Bactroban® ointment system and those given by U.S. Patent

4,524,075 are in the range of 4.0 to 9.0. The pH in these formulations is essentially

the same as the pH of the skin, which is approximately from 5 to 7.5. From the

formulation point of view, the desired pH of an alternative mupirocin ointment

should be about 6.



Table 3.2. pH measurement results from Bactroban® ointment, and mixture of
PEG 400 and PEG 4600.

pH afterpH before mupirocin
Systems addition mupirocin

dissolution
Bactroban® ointment 5.6
PEG400&PEG4600 6.1 5.88

Solvent selection

For the Bactroban® ointment preparation, mupirocin is dissolved in a

mixture of PEG 400 and PEG 3350 when in the melt form. The solvent mixture is

anhydrous. Alternatively, in order to eliminate completely the application of

thermal energy in the mupirocin dissolution process, an anhydrous liquid solvent

system at room temperature is desirable. For a new mupirocin ointment

formulation to be acceptable and equivalent, it must possess a similar texture and

consistency to Bactroban® ointment. In order to satisfy these requirements, a

thickening agent must then be added to form an ointment base when a non-viscous

liquid solvent system is utilized for mupirocin dissolution. Potential solvents

investigated in this study included ethylene glycol, acetic acid, ethyl lactate,

glycerin, and propylene glycol. Carbopol® 934P N.F. was selected as a thickening

agent. The use of Carbopol® resins is supported by extensive toxicology studies,

and it has been widely used in such pharmaceutical formulations as topical gels,

creams, lotions, oral liquids, suspensions, and transdermals (6). Solvent system(s)

preferred for the final mupirocin ointment formulation must be able to dissolve
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completely mupirocin (2%), and be able to gel Carbopol® 934P of an amount

appropriate for ointment formation. Carbopol® 934P is acidic when dissolved and

needs to be neutralized in forming a thickening gel

It is recognized that some solvents such as propylene glycol and glycerin

investigated in this study are hygroscopic and contain some water as a result. Also,

Carbopol® 934P is hygroscopic and absorbs water from air. No special

precautions were taken to dry any ingredients used in the formulations.

EXPERIMENTAL

The initial approach to mupirocin ointment formulation was to identify

solvent(s) for mupirocin, and then to gel the solvent(s) with Carbopol® 934P. It

was not necessary to determine the absolute drug solubility because the final

product contained only 2% drug. Solvent systems have been screened and

evaluated based on the ability to both dissolve mupirocin and gel Carbopol® 934P.

For formulations investigated in this study, 4% mupirocin was used in the

preliminary trials. This is because the goal is to be able to dissolve 2% mupirocin

in the final formulation. If 4% drug will dissolve completely in a selected solvent

system, the target 2% would be satisfied automatically. Different amounts of

Carbopol® 934P were also studied in ethylene glycol for achieving equivalent

ointment texture and consistency as the Bactroban® ointment. A satisfactory

Carbopol® 934P amount obtained in ethylene glycol in forming a comparable

ointment consistency would serve as a good starting point for other potential



solvent(s) possessing similar viscosity. Carbopol® 934P gelling study in ethylene

glycol was carried out according to Table 3.3.

Table 3.3. Ointment consistency investigation with Carbopol® 934P in ethylene
glycol. Weight percent for Carbopol® 934P included 2.5%, 3%, 4%, and 5%.

Formulation Ingredient Amount (g) % (w/w)

1
Carbopol®934P
Ethylene glycol

1.026
40

2.5*

97.5

2
Carbopol®934P
Ethylene glycol

1.237
40

3

97

3
Carbopol®934P
Ethylene glycol

1.667
40

4
96

4 Carbopol® 934P
Ethylene glycol

2.052
40

5

95
*

Carbopol® 934P 2.5% was chosen as a starting point for evaluation. This was
based on the preliminary observation that Carbopol® 934P 2.3% in ethylene glycol
after partial neutralization was not found to be comparable to the Bactroban®
ointment regarding the gel texture and consistency.

Summarized in Table 3.4 are formulations prepared and evaluated with

ethylene glycol, neutralized acetic acid, mixtures of neutralized acetic acid and

glycerin, ethyl lactate, and mixtures of glycerin and ethyl lactate as the solvent

systems. For the mixtures of neutralized acetic acid and glycerin, only mupirocin

solubility was studied. The neutralizers used were triethylamine, diethanolamine,

and Na3PO4, respectively, for the solvent systems of ethylene glycol, mixtures of

neutralized acetic acid and glycerin, and mixtures of glycerin and ethyl lactate.

Carbopol® 934P 4% (w/w) and mupirocin 4% were prepared in each formulation.

Both triethylamine and diethanolamine were used. Na3PO4 was added as a solid.
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Table 3.5 lists the formulations prepared and evaluated with propylene

glycol and mixtures of propylene glycol and glycerin as solvent systems.

Carbopol® 934P 4% and mupirocin 2% were prepared in propylene glycol solvent

system with diethanolamine as neutralizer. For the mixtures of propylene glycol

and glycerin, Carbopol® 934P 1.5% and mupirocin 2% were prepared in the

formulations with NaOH as neutralizer. Since NaOH failed to dissolve in glycerin

and possessed low solubility in propylene glycol, NaOH solution was prepared in

propylene glycol as 13.85% solids before application.

The preparation steps were as follows for mupirocin ointment formulations

in different solvent systems.

An appropriate amount of a solvent system was heated to reach about 50 to

60 °C, which was maintained during the entire process of Carbopol® 934P

dispersion and dissolution.

1 Carbopol® 934P resins were then dispersed into the solvent system in

step 1 accompanied by overhead stirring (600 to 800 RPM) to avoid

Carbopol® 934P clump formation.

2 The stirring speed was lowered gradually to about 200 to 300 RPM as

Carbopol® 934P resins began dissolving (The indicated RPM was

based on the observation that as Carbopol dissolution progressed,

appropriate stirring changes were needed to compensate for increasing

solution viscosity).



3 Carbopol solution from step 3 was cooled to room temperature upon

reaching a clear and uniform solution before pH adjustment for the

solution.

4 Appropriate amount of neutralizer was added to Carbopol® 934P gel

according to Table 3.4 and 3.5 so that pH of the Carbopol® 934P

system reached about 6.0.

5 For formulations listed in Table 3.4, mupirocin was added directly to the

neutralized Carbopol® 934P gel system for dissolution accompanied by

stirring while mupirocin was added as a solution in propylene glycol to

the neutralized Carbopol® 934P gel system for formulations listed in

Table 3.5.

Due to its pH dependent instability, all mupirocin formulations prepared

according to Table 3.4 were re-adjusted with neutralizer to maintain pH 6.0 after

mupirocin was dissolved in the neutralized Carbopol® 934P gel system.

Mupirocin solution prepared in propylene glycol needed as well to be adjusted

immediately with neutralizer upon complete dissolution before being mixed with

neutralized Carbopol® 934P gel (pH of mupirocin solution prepared in propylene

glycol was found to be about 3.5, which was deemed unstable for mupirocin

antimicrobial activity).



Table 3.4. Mupirocin formulations prepared and evaluated with ethylene glycol,
neutralized acetic acid, mixtures of neutralized acetic acid and glycerin, ethyl
lactate, and mixtures of glycerin and ethyl lactate as solvent systems. Carbopol®
934P 4% and mupirocin 4% were applied in each formulation.

Formulation Solvent systems Thickening Neutralizers Mupirocin
agent

1 Ethylene glycol Carbopol® triethylamine 4%
934P (4%)

2 Acetic acid Carbopol® diethanolamine 4%
934P (4%)

Acetic acid
3A' (5%); glycerin diethanolamine 4%

(95%)
Acetic acid

3B' (10%); glycerin diethanolamine 4%
(90%)

Acetic acid
3C' (15%); glycerin diethanolamine 4%

(85%)
Acetic acid

3D' (20%); glycerin - diethanolamine 4%
(80%)

Acetic acid
3E' (25%); glycerin diethanolamine 4%

(75%)
Acetic acid

3F' (30%); glycerin diethanolamine 4%
(70%)

42 Ethyl lactate Carbopol®
4%

934P (4%)
Glycerin (30%); Carbopol®

5 ethyl lactate 934P (4%) Na3PO4 4%
(70%)

Glycerin (70%); Carbopol®
6 ethyl lactate 934P (4%) Na3PO4 4%

(30%)
1 Six different concentrations of acetic acid were neutralized to pH 6 before
mixing with glycerin for mupirocin solubility test.
2 Carbopol® 934P and mupirocin were dissolved separately in ethyl lactate for
solubility. No neutralizer was added for pH adjustment.
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Table 3.5. Mupirocin formulations prepared and evaluated with propylene glycol
and mixtures of propylene glycol and glycerin as solvent systems.

Formulation Solvent systems Thickening Neutralizers Mupirocin
(#) agent

7 Propylene glycol Carbopol® .tnethylamine 04/0934 (4%)
Propylene glycol:
10% Carbopol® NaOH

A Glycerin: 90% 934P: solution: 2%
Combination: (1.5%) (1%)
95.5%
Propylene glycol:
20% Carbopol® NaOH

B Glycerin: 80% 934P: solution: 2%
Combination: (1.5%) (1%)
95.5%
Propylene glycol:
40% Carbopol® NaOH

C Glycerin: 60% 934P: solution: 2%
Combination: (1.5%) (1%)
95.5%
Propylene glycol:
45% Carbopol® NaOH

D Glycerin: 55% 934P: solution: 2%
Combination: (1.5%) (1%)
95.5%
Propylene glycol:
60% Carbopol® NaOH

E Glycerin: 40% 934P: solution: 2%
Combination: (1.5%) (1%)
95.5%
Propylene glycol:
80% Carbopol® NaOH

F Glycerin: 20% 934P: solution: 2%
Combination: (1.5%) (1%)
95.5%
Propylene glycol:
100% Carbopol® NaOH

G Glycerin: 0% 934P: solution: 2%
Combination: (1.5%) (1%)
95.5%



RESULTS AND DISCUSSION

Table 3.6 summarizes results from the ointment consistency investigation

with Carbopol® 934P in ethylene glycol according to Table 3.3. Carbopol® 934P

was found to dissolve completely in ethylene glycol up to 5%. After neutralization

with triethylamine, it was demonstrated that satisfactory ointment texture and

consistency were produced with 4% or 5% Carbopol® 934P. As a result,

formulations listed in Table 3.4 were prepared with 4% Carbopol® 934P since the

solvent systems possessed similar viscosity as ethylene glycol.

Figure 3.1 described the entire process for assessing feasibility of all the

mupirocin formulations prepared in this investigation. Although a few

formulations, such as formulations 1, 6 and 7 (Tables 3.4 and 3.5), demonstrated

comparable ointment consistency to the Bactroban® ointment, they were

eliminated from the evaluation process because ethylene glycol has not previously

been used in topical formulations (formulation 1), ethyl lactate possessed an

unpleasant odor in the finished product (formulation 6), or propylene glycol by

itself could promote drug absorption across skin barrier (formulation 7). While this

latter outcome may be desirable in some formulations, it was considered

undesirable for mupirocin formulations. Carbopol® 934P of 1.5% was sufficient in

formulations A to G for gelling. Formulation B (Table 3.5) was deemed to be the

"best" formulation on the basis of rubbing the finished mupirocin ointment on the

skin and of demonstrating comparable consistency to the Bactroban® ointment.



Table 3.6. Characteristics of Carbopol® 934P solution before and after partial neutralization by triethylamine

Formulation
(#)

Carbopol®
934P
% (w/w)

Carbopol® 934P
solution

characteristics before
neutralization

Carbopol® 934P solution characteristics after
neutralization with triethylamine

The gel appeared to be transparent with pH 4.5.

The solution appeared There was a dramatic increase in viscosity due to

to be transparent with neutralization. The gel possessed low tackiness and

1 2.5 relatively low viscosity. stickiness when compared to Bactroban ointment.

pH of the solution was The gel was able to snap back when squeezed out of

estimated to be 2.5-3. a commercial product tube. It was not sufficiently
similar to Bactroban ointment in texture and

consistency.

The gel appeared to be transparent with pH 4.5. The
The solution appeared viscosity was higher than in Formulation #1 with low
to be transparent with tackiness and stickiness when compared to Bactroban

2 3 relatively low viscosity, ointment. The gel was able to snap back when
pH of the solution was squeezed out of a commercial product tube. It
estimated to be 2.5-3. behaved similarly to Bactroban ointment in texture

and consistency when being rubbed on skin.



Table 3.6. Characteristics of Carbopol® 934P solution before and after partial neutralization by triethylamine
(continued)

Formulation
(#)

Carbopol®
934P
% (wlw)

Carbopol® 934P
solution

characteristics before
neutralization

Carbopol® 934P solution characteristics after
neutralization with triethylamine

The solution appeared The gel appeared to be transparent with pH 4.5. The
to be transparent with gel viscosity and tackiness were strikingly similar to
increased viscosity Bactroban ointment but with less stickiness. The gel

3 4
compared to that found was able to snap back when squeezed out of a
in formulations #1 and commercial product tube. It behaved very similarly
#2. pH of the solution to Bactroban ointment in texture and consistency
was estimated to be when being rubbed on skin.
2.5-3.
The solution appeared
to be transparent with The gel appeared to be transparent with pH 4.5. The
increased viscosity gel viscosity and tackiness were strikingly similar to
compared to Bactroban ointment but with less stickiness. The gel

4 5 formulations #1, 2, and was able to snap back when squeezed out of a
3. pH of the solution commercial product tube. It behaved very similarly
was estimated to be to Bactroban ointment in texture and consistency
2.53.0. when being rubbed on skin.

00



This new formulation appeared transparent and possessed a pleasant odor.

It was observed that the viscosity of the ointment base increased with increasing

amount of glycerin, and decreased with increasing amount of propylene glycol.

Also, the ointment viscosity increased with increasing pH of the system (as is

expected with Carbopol) and reached a maximum viscosity at about pH 8.

However, the ointment viscosity began decreasing with further pH increase beyond

8. The solvent combination comprised of 20% propylene glycol and 80% glycerin

was chosen to be the optimal ratio in forming a ointment consistency comparable to

that of Bactroban®. At pH 6, the viscosity of the ointment system was

approximated to be about 50,000 cp (6). In addition to obtaining the desirable

ointment texture and consistency, differential scanning calirometry (DSC) results

also confirmed complete mupirocin (4%) dissolution in the ointment. There was an

absence of peak at about 76 to 78 °C (mupirocin melting point) on the DSC trace,

which is shown in Figure 3.2.

Propylene glycol and glycerin were not only better solvents for both

mupirocin and Carbopol® 934P among those investigated in this study, but

propylene glycol and glycerin also have found a wide range of applications in

topical drug formulations.

The applications for propylene glycol were much broader than that for

ethylene glycol in the FDA approved list for inactive ingredients for topical

formulations, and it is listed in the U.S. Pharmacopeia as humectant and solvent



(7). The advantages of propylene glycol for topical products are shown in Table

3.7 (7). Propylene glycol was also found to enhance drug penetration when

applied topically (8,9,10). Even with its potential to promote drug permeation

across stratum corneum, application of propylene glycol in this investigation should

not constitute any concern since mupirocin 2% was found to be only minimally

absorbed systemically at no more than 0.24% of the applied amount, and was

slowly metabolized by the skin to inactive metabolite monic acid (11). Even if

there were enhanced mupirocin absorption into the systemic circulation, its plasma

concentration would still remain at about the detection limit due to rapid

elimination, since mupirocin elimination half-life is short.

Table 3.7. Advantages of propylene glycol

Promotes superior permeation of the stratum corneum
Is more lipid soluble than glycerin
Has superior general solubility properties
Does not impart a "greasy feel" to a solution

Glycerin was also listed in the U.S. Pharmacopeia as humectant and solvent

(7). The advantages of glycerin for topical formulations are shown in Table 3.8 (7).

In addition, glycerin was found to stimulate the recovery of damaged stratum

corneum barrier function and promote stratum corneum hydration, thus it can be

regarded as a barrier stabilizing and moisturizing compound (12). Like propylene

glycol, glycerin is also hygroscopic and able to bind water and lower water



evaporation. The advantages listed in Table 3.8 support its use as a suitable vehicle

for mupirocin ointment formulation.

Table 3.8. Advantages of glycerin for topical products

Less irritating than propylene glycol
Much less of a sensitizer than propylene glycol
No reaction after oral ingestion, as many occur with propylene glycol

But, the new formulation stability data showed that (provided by TEVA

Pharmaceuticals USA, not shown here) only 70% mupirocin was recovered in a 4-

week accelerated (40 °C and 75% relative humidity).
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Figure 3.1. Mupirocin formulation flow chart based on fonnulations prepared and
evaluated in Table 3.4 and Table 3.5.

r

Formulation 1

Although ethylene glycol was a good solvent Ifor both mupirocin and carbopol, its
application in topical treatment has currently ot been recommended for topical
product formulation as described in the list ofi inactive ingredients approved by the
FDA

Result: Not a feasible formulation

Formulations 2

Neutralized acetic acid was a good solvent fo mupirocin but failed to dissolve
carbopol.

Result: Not a feasible formulation

1
i Formulation 3A to 3F

Neutralized mixtures of all six concentrationsof acetic acid failed to dissolve
mupirocin 4%.

Result: Not a feasible formulation

Formulation 4

Ethyl lactate was a good solvent for mupiroci but failed to dissolve carbopol.

Result: Not a feasible formulation

i Formulation 5

The combined solvent system served as a goo solvent for both mupirocin and
carbopol but the ointment formed was not co4iparable to the commercial
Bactroban® ointment in texture and consistei,cy
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Figure 3.1. Mupirocin formulation flow chart based on formulations prepared and
evaluated in Table 3.4 and Table 3.5 (continued)

Result: Not a feasible formulation

Formulation 6

This solvent system served as a good solvent or both mupirocin and carbopol and
also formed a very consistent ointment base c mpared to the Bactroban ointment.
However,the unpleasant flavor (from ethyl la tate) of this ointment formulation
rendered the formulation less attractive for th topical application.

Result: Not a feasible formulation

Formulation 7
1

Propylene glycol was a good solvent for both mupirocin and carbopol and a
consistent ointment was able to form based oi this formulation. However,
propylene glycol was suspected to facilitate djug absorption across skin barrier. To
reduce its potential as an absorption enhancer! glycerin was added to propylene
glycol.

Result: Not a feasible formulation

TEEEs AtOGJ

4,

All 7 mixtures of propylene glycol and glycerin demonstrated excellent ability in
dissolving both mupirocin and carbopol. The ointment consistency was a function
of both propylene glycol and glycerin, i.e., consistency increased with the increase
in the amount of glycerin applied with the amount of propylene glycol being
constant, and decreased with the increase in the amount of propylene glycol with
the amount of glycerin being constant. The preferred formulation, based on
ointment texture and consistency, contained mupirocin 2%, 1.5% Carbopol® 934P,
1% NaOH, and a 95.5% solvent system comprised of 20% propylene glycol and
80% glycerin. The preferred mupirocin formulation was formulation B of Table
3.5.



Figure 3.2. Differential scanning calirometry (DSC) trace showing complete mupirocin 4%
Dissolution in neutralized 1.5% Carbopol® 934P ointment system.
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CONCLUSIONS

An alternative mupirocin 2% ointment formulation was developed, and was

deemed to be equivalent to the commercial Bactroban® ointment with respect to

ointment texture and consistency. Combination of 20% propylene glycol and 80%

glycerin was found to be the preferred ratio as ointment vehicle. Carbopol® 934P

resins were demonstrated to be a compatible thickening agent for generating

ointment consistency and viscosity. The preparation process leading to the new

ointment formulation was relatively straightforward and simple. The advantage of

this new formulation was the elimination of thermal energy in dissolving mupirocin

into the ointment base. The absence of thermal energy would reduce any potential

mupirocin degradation due to the heating process. Chapter 4 reports the drug

release behavior of this new ointment formulation and of the commercial

Bactroban® ointment. However, assay results showed only 70% mupirocin

recovery in a 4-week accelerated stability study (40°C and 75% relative humidity).

Further formulation modification would be introduced in Chapter 6 to stabilize

mupirocin the new formulation.
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CHAPTER 4

GENERIC MUPIROCIN OINTMENT FORMULATION AND
EQUIVALENCY EVALUATION

Manshiu Leung



ABSTRACT

A new ointment formulation (Formulation B, Table 3.5, chapter 3) was

investigated to determine if it would be equivalent in drug release to its commercial

product, Bactroban® ointment. Equivalency was evaluated with respect to the dose

versus effect profile employing the Bauer-Kirby disc diffusion antimicrobial

susceptibility testing in vitro using Staphylococcus aureus. A mathematical model

was developed fitting the Ln(dose) versus effect profiles for the new formulation

and the Bactroban® products (ointment, cream and intranasal) within the dose

range of 0.5 mg to 20 mg applied in the study. The new mupirocin formulation

was predicted to be equivalent to Bactroban® ointment. Bactroban® cream and

nasal formulations were shown to be less effective in the Bauer-Kirby testing than

both the Bactroban® ointment or the new mupirocin formulation.



INTRODUCTION

Pseudomonic acid A, also named mupirocin, is a novel topical antibacterial

agent effective against bacterial protein and RNA synthesis, by inhibiting isoleucyl-

transfer RNA synthetase (1). Mupirocin possesses excellent in vitro antibacterial

activity against most Gram-positive pathogens involved in skin infections, such as

staphylococcus aureus, S. Pneumoniae and S. pyonenes. Most Gram-negative

bacteria are resistant to mupirocin, however with a few exceptions. These Gram-

negative bacteria include Haemothilus influenzae, Neisseria meningitides,

Neisseria gonorrhoea, Branhamella catarrhalis, Bordetella pertussis and

Pasturellas multicoda (1). It was found that mupirocin antibacterial activity was

pH dependent; it is more active at pH 6.0 than at pH 7.4 or 8.0 (2, 3)

Mupirocin was shown to have low to undetectable percutaneous absorption

into systemic circulation. The blood concentrations of mupirocin-related materials

were less than 1.2 j.ig!L when 0.5g of radiolabelled mupirocin 2% ointment was

applied to 75cm2 of skin on forearm, and the systemic penetration was estimated at

about 0.25% of the applied amount (4). Mupirocin penetration through damaged or

diseased skin is likely to be enhanced because of the absence of skin barriers (4).

Mupirocin was rapidly eliminated from plasma by kidneys with elimination half-

lives of 19 and 35 minutes after 125 and 252 mg doses, respectively (1).

Mupirocin 2% ointment (Bactroban® ointment) was effective in treating

primary and secondary skin infections. Impegito, a primary skin infection, is a

common superficial skin disease (1). An open study of mupirocin in pediatric
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patients with mild to severe impetigo showed clinical success of 86% after 7 to 9

days therapy (5). Mupirocin ointment was found to possess similar efficacy to

fusidic acid 2% ointment and to be more effective than neomycin 1% ointment in

patients with impetigo, and at least as effective as several comparative

antibactencal agents in patients with a variety of primary and secondary skin

infections (1). Mupirocin 2% was also used for treating secondary skin infections

such as infected eczemalatopic dermatitis, infected wounds, bums, ulcers and insect

bites (1).

Side effects such as pain, itch and skin rash that resulted from mupirocin

2% ointment application have been reported and were contributed by polyethylene

glycol, the vehicle used in the commercial Bactroban® ointment formulation (5).

Bactroban® ointment has usually been applied topically 2 or 3 times daily

for 5 tol4 days in patients with primary or secondary superficial skin infections.

The objective of this study was to evaluate the equivalency of drug release

between the new mupirocin 2% ointment (formulation B, Table 3.5, chapter 3) and

the commercially available Bactroban® ointment, Bactroban® cream, and

Bactroban® intranasal. This study includes evaluation for equivalency of drug

release, a number of other mupirocin 2% ointments (formulations A and C to G,

Table 3.5, chapter 3). Equivalency evaluation was carried out with the Bauer-

Kirby disc diffusion antimicrobial susceptibility testing procedures. Hereafter, the

new mupirocin 2% ointment (formulation B, Table 3.5, chapter 3) will be referred

to as the "new formulation".
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MATERIALS

The new mupirocin 2% ointment was prepared in the laboratory of the

Pharmaceutical Science department at Oregon State University. Bactroban®

ointment, Bactroban® cream, and Bactroban® intranasal were obtained through

commercial channels. The 150 mm petri plates (containing Mueller Hinton Agar),

or Remel®, Staphylococcus aureus primary isolation culture plate, and the BBL®

PromptTM Inoculation system were purchased from Becton Dickinson Microbiology

Systems. The dried filter paper disks (test plates) Y4" sterile blanks were purchased

from Difco Laboratories.

METHODOLOGY

Bauer-Kirby disc diffusion antimicrobial susceptibility test

The objective was formulation of a new mupirocin ointment with the same

effectiveness as Bactroban® ointment. And, it was also desirable to understand the

effect of vehicle formulations as well as the new complete ointment formulation.

One problem was that there is no official standard testing method for ointments and

gels.

The Bauer-Kirby procedure is a standardized in vitro method for

determination of antimicrobial susceptibility based on the agar gel disc diffusion

principle (6). This method was published as a consensus standard by the National

Committee for Clinical Laboratory (NCCLS) (7).
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Antimicrobial agents were applied to the test plates on dried filter paper

disks. In this case, it was applied as an ointment. When the disk was placed on the

inoculated surface of the test medium (ointment side down), a number of events

occurred simultaneously. First, the dried filter paper disk absorbed water from the

agar medium, and the drug was released from the ointment matrix. The

antibacterial agent then diffused freely through the adjacent agar medium based on

the agar disc diffusion principle (6). The result was a gradually varying gradient of

drug concentrations in the agar surrounding each filter disk. No bacterial growth

would appear in the area where inhibitory concentrations of the drug were present;

the more susceptible the test organism to the drug, the larger the zone of inhibition

would become (8). Diffusion procedures were standardized for testing commonly

isolated, rapidly growing bacterial pathogens such as Staphylococcus aureus, which

exhibited reliable growth rates when tested under standardized conditions (8).

After 18 to 24 hours of incubation of the inoculated plate at 35 °C, the plate was

examined, and the diameters of the zones of complete inhibition measured (8).

Preparation of Staphylococcus aureus suspension and inoculation
of Mueller Hinton Agar plate

The BBL® PromptTM Inoculation System was used to prepare standardized

suspension of Staphylococcus aureus for the Bauer-Kirby disc diffusion

antimicrobial susceptibility test procedures. The Prompt Inoculation system wand

was touched to several Staphylococcus aureus colonies on a primary isolation plate

and then placed in the tube of saline provided with the system. Staphylococcus
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aureus was then suspended in the saline by agitation with a vortex mixer. The

following procedures were followed for bacterial suspension preparation and

subsequent inoculation of Mueller Hinton agar plate.

Preparation of staphylococcus aureus suspension

1. Remove a Prompt inoculation tube from the box and place in a test tube
rack.

2. Remove an inoculation wand from the box.

3. Hold the wand tip (cross-hatched grooves designed to hold a specific

number of bacteria) perpendicular to the agar surface of the primary

isolation plate containing Staphylococcus aureus, touch five isolated

colonies greater than 1 mm in diameter. Do not penetrate the agar or

scrape or drag the tip across the colonies.

4. While holding the inoculation wand with one hand, remove a Prompt

inoculation tube from the rack.

5. Bend the cap of the tube sideways until it snaps off.

6. Place the inoculation wand into the tube and press down with a twisting

motion to assure a tight seal.

7. Vortex the tube vigorously for ten seconds to release Staphylococcus

aureus from the wand tip.

8. The bacterial suspension should be used within 6 hours of preparation.

If not used immediately after preparation, shake well to re-suspend the

bacteria prior to use.
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When the Prompt inoculation system was used based on this procedure, an

inoculum containing approximately 1.5x 108 colony forming units per ml (CFU/ml)

was expected for the bacterial.

Inoculation of Mueller Hinton agar plate

1. Dip a sterile cotton swab into the bacterial suspension. To remove

excess liquid, rotate the swab several times with a firm pressure on the

inside wall of the tube above the fluid level.

2. Streak the 150mm petri plates containing Mueller Hinton agar for

inoculation and proceed with the susceptibility test.

Mupirocin formulation impregnation onto dried filter disk

Formulations A to G (Table 3.5, chapter 3), Bactroban® ointment,

Bactroban® cream, and Bactroban® intranasal were impregnated onto dried filter

disk surfaces before the susceptibility testing. For each formulation, a number of

different concentrations, or doses, were prepared; they ranged from about 0.5 mg to

about 20.0 mg. Table 4.1 summarizes impregnation for ten mupirocin

formulations, including Bactroban® ointment, cream, and intranasal, each with five

different doses tested. Table 4.2 summarizes impregnation for six mupirocin

formulations, including Bactroban® ointment, cream, and intranasal, each with

seven different doses tested.
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Table 4.1. Summary of the impregnation for ten mupirocin formulations,
each with five different doses. Formulations A to U were described in
Table 3.5 of chapter 3.

Formulation Weight (mg)
20mg 10mg 2mg 1mg 0.5mg

A 20.4 10.4 2.2 1.5 0.5
B 20.6 10.3 2.2 1.1 0.5
C 21.7 10.5 2.3 1.2 0.6
D 21.3 10.5 2.2 1.0 0.7
E 21.6 10.8 2.2 1.1 0.8
F 22.2 10.8 2.0 1.3 0.6
U 20.2 9.9 2.3 1.5 0.5

Bactroban ointment 20.3 10.3 2.2 1.1 0.5
Bactroban cream 20.5 10.6 2.3 1.2 0.6
Bactrobanintranasal 20.2 10.7 2.6 1.1 0.7

Table 4.2. Summary of the impregnation for six mupirocin formulations,
each with seven different doses. Formulations C, B, and F were described
in Table 3.5 of chapter 3.

Formulation Weight (mg)
20mg 15mg 10mg 5mg 2mg 1mg 0.5mg

C 21 15.6 10.1 4.9 2.5 1.1 0.6
B 20.7 15.2 9.9 5.5 2.3 1.4 0.5
F 20.3 15.1 10.4 5.4 2.5 1.0 0.5

Bactroban ointment 20.6 15.7 10.0 5.0 2.6 1.2 0.5
Bactroban cream 20.6 14.8 10.5 5.0 2.5 1.0 0.5
Bactrobanintranasal 20.2 15.4 10.0 5.1 2.0 1.2 0.5

Due to the physical nature of mupirocin ointment, cream and intranasal, the

impregnation process was achieved through the use of a lml syringe. First, each

mupirocin formulation was transferred into the syringe volume by squeezing the

tube containing the formulation into the open end of the syringe (with the piston

removed from the syringe prior to this process). Second, the target concentrations,

or doses, were obtained by dispensing the right amount out of the syringe by
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controlling the movement of the piston of the syringe. The impregnation process

was carried out in such a way that a smooth surface was produced even with the top

of the dried filter disk. The mupirocin ointment-impregnated dried filter disks were

then stored in covered cell wells and refrigerated at 5-8 °C prior to being inverted

and placed (ointment side down) onto the surface of the Mueller Hinton agar plates

inoculated with Staphylococcus aureus. The concentrations obtained using the

syringe were not reproducible since the ointment cannot be weighed exactly due to

its stickiness. As a result of this, no replicates were performed for each of the

formulations under study.

Vehicle formulation impregnation onto dried filter disk

Bauer-Kirby disc diffusion antimicrobial susceptibility testing was also

conducted on the seven vehicle formulations (column 2, Table 3.5, chapter 3) to

determine if the solvent mixtures alone would inhibit the microorganism chosen for

this study. For each vehicle formulation, 25 mg was impregnated onto the dried

filter disk with a 1 ml syringe. The vehicle-impregnated filter disks were then

stored in covered cell wells and refrigerated at 5-8 °C prior to being inverted and

placed onto the surface of the Mueller Hinton agar plate inoculated with

Staphylococcus aureus.

Susceptibility test procedure

Within 15 minutes after the Mueller Hinton agar plates were inoculated,

mupirocin formulation-impregnated filter disks were positioned onto the surface of
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the inoculated plates by hand with sterile forceps. All disks were gently pressed

down onto the agar with forceps to ensure complete contact with the agar surface.

Each inoculated agar plate contained from 5 to 9 mupirocin formulation-

impregnated filter disks with even spatial arrangement among them. The number

of disks was limited to 12 or 13 on a 150 mm agar plate or only 4 or 5 on a 100mm

plate to prevent overlapping of zones of inhibition (8).

For the doses listed in Table 4.1, each dose of formulations A to G was

placed into the same agar plate. For the commercial Bactroban products, the 20 mg

and 10 mg doses of ointment, cream, and intranasal were placed into the same agar

plate, while the 2 mg, 1 mg, and the 0.5 mg doses were placed into another same

agar plate. For the doses listed in Table 4.2, all doses of each formulation were

placed into the same agar plate for testing. These two configurations of

susceptibility testing were applied in this manner so that comparison for the testing

results could be made, and testing reproducibility could also be assessed.

Immediately following disc placement, agar plates were inverted and incubated at

35 °C.

Zones of inhibition measurement

After 24 and 96 hours of incubation, the agar plates were examined, and the

diameters of the zones of complete inhibition, or effects, were measured by a

sliding caliper. Since the agar medium used was clear, the sliding caliper was held

on the back of the agar plate, which was illuminated with light from a source at an



ID1

angle of approximately 45 ' against a black nonreflecting background (9). The

zone of complete inhibition was approximated by the diameter measured (including

the disk in the center) with the sliding caliper for each concentration of each

mupirocin formulation. For the doses listed in Table 4.1, the zones of inhibition

were examined after 24 hours of incubation, while the zones of inhibition were

measured after 24 and 96 hours for the doses listed in Table 4.2.

Mathematical modeling for the estimated dose and effect
relationship between mupirocin formulation concentration and
zone of inhibition

Based on data collected from the Bauer-Kirby disc diffusion antimicrobial

susceptibility test regarding the concentrations applied for mupirocin ointment,

cream and intranasal and the corresponding zones of inhibition produced, equation

4.1 was found to be the best model in fitting the dose and effect (inhibition zone

diameter) behavior for each mupirocin formulation.

Y = a + b Ln(X) Equation 4.1

where, Y is the observed inhibition zone diameter, X is the dose applied, a is the

equation intercept and b is the slope for Ln(dose).

Initially, a model was fit with no transformation on dose. The data were

clearly nonlinear so a model was fit with Ln(dose). All assumptions of the analysis

were met based on the residual plot.
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Since the data were generated based on the concentration range of 0.5mg to

20mg, the fit obtained applies only for those doses tested.

RESULTS AND DISCUSSION

Susceptibility testing results from vehicle formulations alone

The inhibitory effect of the vehicle formulations (column 2, Table 3.5,

chapter 3) is depicted in Figure 4.1. The original agar plate was much more

dramatic than the printed picture, but the printed picture still demonstrates that all

vehicles possessed limited ability in inhibiting the growth of staphylococcus

aureus. The zones of inhibition (areas cleared by the vehicles) were relatively

constant for all vehicles based on the measurement obtained (Table 4.3), except for

vehicle formulation D (located at the center of the agar plate). This discrepancy

could only be contributed to experimental variation since the vehicle mixture (45%

propylene glycol and 55% glycerin) was situated in the middle of the concentration

ladder for both propylene glycol and glycerin.

Table 4.3. Measurement for zones of inhibition from vehicle formulations A to G
(colunm 2, Table 3.5, chapter 3)

Zone of inhibition:Formulation Concentration (mg) Diameter (mm)
A 25 11

B 25 7.5
C 25 7.5
D 25 0
B 25 7.5
F 25 10
G 25 11
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Figure 4.1. The inhibitory effect of the vehicle formulations on Staphylococcus
aureus from the Bower-Kirby susceptibility testing. The white spots carrying 20
mg doses were the dried filter discs inverted on the surface of agar medium.
Zones of inhibition were clearly visible as the cleared area surrounding the discs.
Indicated are the vehicles of mixtures of propylene glycol and glycerin.
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Configuration I susceptibility testing: test results from mupirocin
formulations conducted on separate Meuller Hinton agar plates
(Table 4.1)

Pictorial description of susceptibility testing results from the seven

mupirocin ointment formulations (Table 4.1), including the new formulation

(formulation B, Table 3.5, chapter 3), is presented from Figure 4.2 to Figure 4.6

along with the commercial Bactroban® ointment, cream, and intranasal

formulations in Figure 4.7 and Figure 4.8. The corresponding inhibitory effects for

the doses given in Table 4.1 are summarized in Table 4.4 as the zone diameter,

which was measured after 24 hours incubation.

Table 4.4. Summary of the corresponding inhibitory effect for the mupirocin
formulation doses given in Table 4.1. The zone measurements were taken after 24
hours incubation. Each formulation was performed once (n=1).

Formulation Diameter (mm)
20mg 10mg 2mg 1mg 0.5mg

A 32.5 30 27 24 22
B 32.5 31 27 23.5 22
C 32.5 31 27 23 22
D 33 31 26.5 24 23
E 32.5 32 27.5 24 22
F 32.5 31 28 23.5 21.5
G 34.5 31.5 27.5 24 22

Bactroban ointment 34.5 31 25 23 21.5
Bactroban cream 26.5 26.5 25.5 24 21.5
Bactroban intranasal 18.5 16 14 14 14
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As can be seen sequentially from Figures 4.2 to 4.6 for Formulations A to G

(Table 4.1), the zones of inhibition increased with the doses applied. However, the

relationship between the dose and its zone size was not linearly correlated. A

similar behavior for the dose and zone of inhibition was also found with the

Bactroban® products (Figure 4.7 and Figure 4.8). Figure 4.9 compares the dose

and effect profiles from Formulations A to G and Bactroban® ointment, cream, and

intranasal formulations (Table 4.1). It was observed that the dose and effect

profiles for all seven mupirocin formulations (A to G) were highly similar to the

Bactroban ointment in inhibiting the growth of Staphylococcus aureus in the

susceptibility testing. This is indicated by the closeness of the eight profiles packed

together as shown in Figure 4.9. On the hand, both Bactroban cream and

Bactroban intranasal formulations were observed to possess relatively poor

therapeutic strength against Staphylococcus aureus when compared to Bactroban

ointment and the seven mupirocin formulations, although the content for mupirocin

in both the cream and intranasal formulations were the same as in Bactroban

ointment, which was 2% w/w. These observations were also confirmed

statistically.
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Figure 4.2. Susceptibility testing results showing the dose and its inhibitory effect
(zone of inhibition). The concentration applied here was the 0.5 mg dose for
mupirocin formulations A to G according to column 6 of Table 4.1. The average
zone diameter was estimated to be about 22.1 ± 0.4 mm for all seven formulations.
The zones of inhibition were clearly visible as the cleared areas.
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Figure 4.3. Susceptibility testing results showing the dose and its inhibitory effect
(zone of inhibition). The concentration applied here was the 1 mg dose for
mupirocin formulations A to G according to column 5 of Table 4.1. The average
zone diameter was estimated to be about 23.7 ± 0.4 mm for all seven formulations.
The zones of inhibition were clearly visible as the cleared areas.

w

:*

-
4

Formulation C

Forniulation

4 * -

Formulation D

Formulation C .
*4*1*4*

ll)IiIItItLtli)II 1.1

Formulation F 4



115

Figure 4.4. Susceptibility testing results showing the dose and its inhibitory effect
(zone of inhibition). The concentration applied here was the 2 mg dose for
mupirocin formulations A to G according to column 4 of Table 4.1. The average
zone diameter was estimated to be about 27.2 ± 0.5 mm for all seven formulations.
The zones of inhibition were clearly visible as the cleared areas.
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Figure 4.5. Susceptibility testing results showing the dose and its inhibitory effect
(zone of inhibition). The concentration applied here was the 10mg dose for
mupirocin formulations A to G according to column 3 of Table 4.1. The average
zone diameter was estimated to be about 31.1 ± 0.6 mm for all seven formulations,
The zones of inhibition were clearly visible as the cleared areas.
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Figure 4.6. Susceptibility testing results showing the dose and its inhibitory effect
(zone of inhibition). The concentration applied here was the 20 mg dose for
mupirocin formulations A to G according to column 2 of Table 4.1. The average
zone diameter was estimated to be about 32.9 ± 0.7 mm for all seven formulations.
The zones of inhibition were clearly visible as the cleared areas.
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Figure 4.7. Susceptibility testing results showing the dose and its inhibitory effect
(zone of inhibition) for Bactroban ointment, cream, and intranasal fonnulations.
The concentrations applied here were the 0.5 mg, 1 mg, and the 2 mg doses
according to columns 6, 5, and 4, respectively, of Table 4.1. The zones of
inhibition were clearly visible as the cleared areas with contrast to the off-yellow
Staphylococcus aureus inoculated medium. (BO: Bactroban® ointment; BC:
Bactroban® cream; BI: Bactroban® intranasal).
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Figure 4.8. Susceptibility testing results showing the dose and its inhibitory effect
(zone of inhibition) for Bactroban ointment, cream, and intranasal formulations.
The concentrations applied here were the 10 mg and 20 mg doses according to
columns 3 and 2, respectively, of Table 4.1. The zones of inhibition were clearly
visible as the cleared areas with contrast to the off-yellow Staphylococcus aureus
inoculated medium. (BO: Bactroban® ointment; BC: Bactroban® cream; BI:
Bactroban® intranasal).
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Because the purpose of this study was to determine the equivalency in drug

release between all seven new mupirocin ointment formulations and the

commercial Bactroban ointment formulation, statistical method was utilized in

comparing each of the new formulation to the Batroban formulation. Also

compared was each of the seven new formulations to both the Bactroban cream and

intranasal formulations.

For each comparison, both the reduced and full model analysis was utilized.

The reduced model, also named simple linear regression, assumed that all data

points can be fitted by one general slope, whereas the full model, also called the

multiple linear regression, assumed that all data points can be fitted into different

slopes. Statistical results revealed that the mupirocin ointment formulations A to G

are in fact no different from the commercial Bactroban ointment, but are

dramatically different from both the Bactroban cream and intranasal formulations

(Table 4.5). This was indicated by the p-values from the extra-sum-of-square tests.

The equivalency between all seven new formulations and the Bactroban ointment

formulation was highlighted in Table 4.5 by the p-values (p-value = 0.7312 for

formulation A; p-value = 0.6747 for formulation B; p-value = 0.5959 for

formulation C; p-value = 0.1923 for formulation D; p-value = 0.8094 for

formulation B; p-value = 0.8 167 for formulation F; p-value = 0.8743 for

formulation G). The indifference between the new ointment formulations and the

Bactroban ointment was also confirmed by the close packing of the Ln(dose) vs.

diameter profiles shown in Figure 4.9.
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On the other hand, the small p-values showed that all new ointment

formulations are un-equivalent to neither the Bactroban cream nor the Bactroban

intranasal formulation. This statistical significance is expected because both the

Bactroban cream and intranasal formulations are intrinsically different from the

ointment formulations. Thus, the drug release pattern is also expected to be

dissimilar. The p-value is considered to be significant if it is less than 0.05

(at 5% significance level).

Table 4.5. Statistical testing results for equivalency between Formulations
A to G and Bactroban ointment, cream and intranasal based on data from the
susceptibility testing.

Comparison Reduced SS Full SS F-value P-value
A vs. BO 5.06 4.97 0.13 0.7312
A vs. BC & BI 431.21 24.48 91.38 0.0000
B vs. BO 7.91 7.70 0.19 0.6747
B vs. BC & BI 439.95 28.22 80.23 0.0000
C vs. BO 6.61 6.33 0.31 0.5959
Cvs.BC&BI 448.12 28.35 81.42 0.0000
D vs. BO 5.09 3.93 2.08 0.1923
D vs. BC & BI 472.88 35.53 67.69 0.0000
E vs. BO 3.83 3.79 0.06 0.8094
E vs. BC & BI 434.94 23.53 96.17 0.0000
F vs. BO 7.61 7.54 0.06 0.8167
F vs. BC & BI 424.01 28.51 76.29 0.0000
G vs. BO 6.45 6.43 0.03 0.8743
G vs. BC & BI 419.16 22.48 97.03 0.0000

The observed low susceptibility of Staphylococcus aureus to Bactroban

cream and intranasal could be explained by the antimicrobial agent diffusion

concept through agar gel (8). When the dried filter disks impregnated with

Bactroban cream and Bactroan intranasal were placed on the staphylococcus aureus
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inoculated agar surface, several events progressed simultaneously. First, the filter

discs absorbed water from the agar medium, and mupirocin was dissolved and

released from the cream and intranasal matrices. Mupirocin then diffused through

the adjacent agar medium producing a gradual changing gradient of drug

concentrations in the agar surrounding each filter disc. Based on profiles shown in

Figure 4.9, it can be suspected that mupirocin appeared unable to dissolve and

release in a similar rate from both the cream and intranasal formulation as it did

from the Bactroban ointment. As a result, the area where the inhibitory

concentrations of mupirocin were present was much smaller and thus appeared to

be less effective in the testing procedure. Since the Bactroban cream and intranasal

formulations are formulated differently than Bactroban ointment and all other seven

mupirocin formulations, dissimilar drug release behaviors would be expected.

On the other hand, the equivalency of dose versus effect behavior between

the new mupirocin formulations A to G and Bactroban® ointment was the result of

comparable mupirocin release and diffusion efficiency through agar medium.

Formulation B (Table 3.5, chapter 3) was found to be equivalent to Bactroban®

ointment in ointment texture and consistency, and Formulation B is now also

shown to be equivalent to Bactroban® ointment in in vitro antimicrobial

susceptibility testing against Staphylococcus aureus.
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Figure 4.9. Dose versus effect profile comparison for mupirocin formulations presented in Table 4.1
for the susceptibility test. The x-axis is Ln(dose), and the y-axis is the diameter for the zone of
inhibition measured in mm.

37

32

27

22

17

12

0.1

Dose and Effect Profile Comparison

1

Ln(dose)
10 100

Formulation F
Formulation C

.1. Formulation E
Formulation G

)K Bactroban Cream
Formulation B
Formulation D
Formulation A
Bactroban Ointment
Bactroban Intranasal



124

Configuration II susceptibility testing: test results from
mupirocin formulations conducted on the same Meuller Hinton
agar plates (Table 4.2)

Pictorial description of susceptibility testing results from mupirocin

ointment formulations C, E, and F (Table 4.2) is a presented in Figure 4.10 to

Figure 4.12 along with that of the commercial Bactroban ointment, cream, and

intranasal formulations in Figure 4.13 to Figure 4.15, respectively. The

corresponding inhibitory effect for the doses given in Table 4.2 was examined after

24 and 96 hours incubation, and is summarized in Table 4.6 and Table 4.7,

respectively. The susceptibility testing for each formulation was conducted in a

same Meuller Hinton agar plate, where in Configuration I susceptibility testing,

separate plates were used for each formulation.

Table 4.6. Summary of the corresponding inhibitory effect for the mupirocin
formulation doses given in Table 4.2. The measurement was taken after 24 hours
incubation.

Formulation Diameter (mm)
20mg 15mg 10mg 5mg 2mg gO.5g

C 34 30.5 30 27 26 25 25
E 32 31 29 26.5 25 24.5 23
F 32 30.5 28 26 25.5 23 22.5

Bactroban 32 30 29 28 26 25 23
ointment
Bactroban 24 23.5 23 23.5 23.5 23 21
cream
Bactroban 18 16 14 13 12 11.5 10.5
intranasal
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Figure 4.10. Susceptibility testing results showing the dose and its inhibitory
effect (zone of inhibition) for mupirocin formulation C (Table 4.2). The
concentrations applied here were from 0.5mg to 20mg. The zones of inhibition
were clearly visible as the cleared areas.
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Figure 4.11. Susceptibility testing results showing the dose and its inhibitory
effect (zone of inhibition) for mupirocin formulation E (Table 4.2). The
concentrations applied here were from 0.5mg to 20mg. The zones of
inhibition were clearly visible as the cleared areas.



Figure 4.12. Susceptibility testing results showing the dose and its inhibitory
effect (zone of inhibition) for mupirocin formulation F (Table 4.2). The
concentrations applied here were from 0.5mg to 20mg. The zones of
inhibition were clearly visible as the cleared areas.
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Figure 4.13. Susceptibility testing results showing the dose and its inhibitory
effect (zone of inhibition) for the Bactroban ointment (Table 4.2). The
concentrations applied here were from 0.5mg to 20mg. The zones of
inhibition were clearly visible as the cleared areas.
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Figure 4.14. Susceptibility testing results showing the dose and its inhibitory
effect (zone of inhibition) for the Bactroban cream (Table 4.2). The
concentrations applied here were from 0.5mg to 20mg. The zones of
inhibition were clearly visible as the cleared areas.
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Figure 4.15. Susceptibility testing results showing the dose and its inhibitory effect
(zone of inhibition) for the Bactroban intranasal (Table 4.2). The concentrations
applied here were from 0.5mg to 20mg. The zones of inhibition were clearly
visible as the cleared areas with contrast to the off-yellow staphylococcus aureus
inoculated medium.
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Table 4.7. Summary of the corresponding inhibitory effect for the mupirocin
formulation doses given in Table 4.2. The measurement was taken after 96 hours
incubation.

Formulation Diameter (mm)
20 . mg 15mg 10mg ..............2mg Ig_!4'pg

C 34 33 30.5 28 25.5 24 23
E 32 31 28.5 27 26 24.5 22
F 32.5 31 29 27 26 21.5 21.5

Bactroban 32 30.5 28 27 25.5 24 22
ointment
Bactroban 25 23 23.5 23.5 24 22 21

cream
Bactroban 17 15.5 14.5 14 11.5 11 9
intranasal

Because mupirocin formulations A to G (Table 4.1) were found to

demonstrate comparable dose versus effect behavior to the commercial Bactroban

ointment (Table 4.5), formulations C, E, and F were randomly selected for the

configuration II susceptibility testing along with the Bactroban ointment, cream,

and intranasal formulations. According to Figures 4.10 to 4.13, it appeared that

mupirocin formulations C, E, F, and the Bactroban ointment also demonstrated

similar inhibitory profiles. On the other hand, both the Bactroban cream and

intranasal formulations exhibited much lower inhibitory effect than other

formulations at about the same concentrations. Figure 4.16 clearly showed that the

profiles from formulation C, E, F and Bactroban ointment are closely packed

together, which are separated from those for the Bactroban cream and intranasal

formulations. Statistical analysis also confirmed these findings to be significant.
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The same statistical method (reduced model versus full model) was used here in

Configuration II study as in the Configuration I study for testing the equivalency

between formulation C, E, F, and the Bactroban ointment, cream and intranasal

formulations. The statistical results from Configuration II study are shown in Table

It was found that formulations C, E and F are equivalent to Bactroban

ointment but are significantly different from both the Bactroban cream and

intranasal formulations. The conclusion is the same as what was obtained in

Configuration I study.

Table 4.8. Statistical testing results for equivalency between Formulations C, E
and F and Bactroban ointment, cream and intranasal based on data from the
susceptibility testing.

Comparison Reduced SS Full SS F-value P-value
C vs. BO 6.64 6.33 0.3 0.6000
C vs. BC & BI 854.05 41.66 165.77 0.0000
E vs. BO 5.64 5.41 0.46 0.513 1
E vs. BC & BI 750.58 26.85 229.15 0.0000
F vs. BO 8.52 8.52 0.00 0.9857
Fvs.BC&BI 738.30 39.15 151.81 0.0000

The equivalence between formulations C, E and F and the Bactroban

ointment formulation was indicated by the p-values (p-value = 0.6 for formulation

C; p-vlaue = 0.513 1 for formulation E; p-value = 0.9857 for formulation F). The

small p-values (<0.05) from the extra-sum-of-square test showed that formulations

C, E and F are different from both the Bactroban cream and intranasal

formulations.
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It was also recognized that Figure 4.16 is highly consistent with Figure 4.9

in that all new mupirocin formulations (A, B, C, D, E, F, and G) were found to be

equivalent to the Bactroban ointment in Ln(dose) versus effect behavior. In fact,

the conformity between these two figures also revealed the reproducibility of the

susceptibility testing results for the mupirocin formulations.

In conclusion, the main result in these two studies is that for each individual

susceptibility testing, the new mupirocin formulations were demonstrated to be

equivalent to the commercial Bactroban ointment formulation in drug release and

diffusion mechanism.

Investigation for bacteria overgrowth in the Bauer-Kirby disc
diffusion antimicrobial susceptibility test

The susceptibility testing results from mupirocin formulations C, E, F, and

the Bactroban ointment, cream, and intranasal (Table 4.2) were first collected after

24 hours incubation and reexamined after 96 hours incubation for possible

bacterium overgrowth into the zone of inhibition observed at 24 hours. The

comparison between dose versus effect profile at those two stated time points was

presented from Figure 4.17 to Figure 4.22 for mupirocin C, E, F, the Bactroban

ointment, cream, and intranasal, respectively. It appeared that the inhibitory effect

was slightly higher at 96 hours for mupirocin formulations C, B, and F at doses

equal to or higher than 2mg while the inhibitory effect for the Bactroban ointment

was slightly lower at doses below 15mg.



Figure 4.16. Dose versus effect profile comparison for mupirocin formulations presented in Table 4.2 for the
susceptibility testing after 24 hour incubation. The x-axis is Ln(dose), and the y-axis is the diameter for the zone of
inhibition measured in mm.
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It could be discerned from these observations that for mupirocin formulations C, E,

and F the drug release and subsequent diffusion through agar gel was continuous

even at 96 hours incubation. On the other hand, drug release and diffusion

appeared to be absent for the Bactroban ointment over the same period after the

first 24 hours of incubation, which explained that at higher doses ( 15mg) bacteria

overgrowth was not sustainable due to the remaining inhibitory concentrations but

which became ineffective at lower doses over time. For the Bactroban cream and

intranasal formulations however, the comparison for the behaviors examined at 24

and 96 hours incubation was less obvious (Figure 4.21 and Figure 4.22) due to

different formulation designs.

The inhibitory effect consistency observed at two different time intervals

was very important and revealed a sustained inhibitory ability with mupirocin

formulations C, E, and F. In other words, the bacteria inoculated did not "grow

over" the formulations with prolonged opportunity, which suggests that the

formulations continued to release drug over time. It further showed that the dose

versus effect behavior was reproducible and that the new mupirocin formulations

were expected to be effective in providing topical antimicrobial activity.

The effect at 96 hr was observed to be slightly less than that at 24 hr for

Bactroban ointment. This did not seemed to be problematic regarding its topical

application because it is applied 2 or 3 times daily for skin infection treatment (1).



Figure 4.17. Mupirocin formulation C: dose versus inhibition effect comparison between profiles
examined at 24 and 96 hours of incubation. The x-axis is the Ln(dose), and the y-axis is the
inhibition zone diameter in mm.
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Figure 4.18. Mupirocin formulation E: dose versus inhibition effect comparison between profiles
examined at 24 and 96 hours of incubation. The x-axis is the Ln(dose), and the y-axis is the inhibition
zone diameter in mm.
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Figure 4.19. Mupirocin formulation C: dose versus inhibition effect comparison between profiles
examined at 24 and 96 hours of incubation. The x-axis is the Ln(dose), and the y-axis is the inhibition zone
diameter in mm.
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Figure 4.20. Bactroban ointment: dose versus inhibition effect comparison between profiles
examined at 24 and 96 hours of incubation. The x-axis is the Ln(dose), and the y-axis is the inhibition
zone diameter in mm.
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Figure 4.21. Bactroban cream: dose versus inhibition effect comparison between profiles
examined at 24 and 96 hours of incubation. The x-axis is the Ln(dose), and the y-axis is the
inhibition zone diameter in mm.
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Figure 4.22. Bactroban intranasal: dose versus inhibition effect comparison between profiles
examined at 24 and 96 hours of incubation. The x-axis is the Ln(dose), and the y-axis is the inhibition
zone diameter in mm.
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CONCLUSIONS

New Mupirocin formulations A to G (Table 4.1) were found to be

equivalent in drug release to Bactroban ointment in the Bauer-Kirby disc diffusion

antimicrobial susceptibility test in vitro employing staphylococcus aureus as a

mupirocin bacterium. The Bactroban cream and intranasal products were shown to

be less effective than mupirocin formulations A to G and the Bactroban ointment in

the susceptibility testing. This difference in effect was mainly contributed to the

differences in formulation designs and resulting drug release characteristics from

the ointments vs. cream and intranasal. A mathematical model was also developed

for fitting the Ln(dose) versus inhibition effect data within the dose range of 0.5mg

to 20mg tested. Bacterium overgrowth study conducted with mupirocin

formulations C, E, F, and the Bactroban products revealed that minor bacterium

overgrowth was observed with the Bactroban ointment at doses less thanl5mg

while overgrowth was absent for mupirocin formulations C, E, and F at doses equal

to or less than 2mg. The lack of bacterium overgrowth in mupirocin formulations

C, E, and F indicated continuous drug release from the ointment bases over time for

sustained inhibitory concentrations. Further research is required to evaluate and

insure drug stability over time in the ointment formulation.
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ABSTRACT

The stability of mupirocin was investigated through a potential

complexation reaction with Mg2 ions of different ratios (1:1,2:1, 3:1, and 8:1) in

dimethylsulfoxide (DMSO, pH 6.0 to 6.5). Nuclear magnetic resonance (NMR)

analysis provided good evidence ofMg2 ion coordination with the mupirocin

molecule. Degradation studies were performed in DMSO with mupirocin:Mg2 in

1:1 and 3:1 ratios in base and in acid, respectively. NMR results suggested that

mupirocin-Mg2 complexation was lost when pH of the solutions was adjusted to

fall beyond 4 to 9, which indicated that the bond strength ofmupirocin-Mg2 was

relatively weak. The addition ofMg2 was shown to reduce mupirocin degradation

rate at pH of 3.5 to 4.0. It was also demonstrated that mupirocin and mupirocin-

Mg2 complex (1:1, 2:1, 3:1, and 8:1) remained stable in DMSO forup to almost 2

months at pH 6.0 to 6.5.



INTRODUCTION

Mupirocin (pseudomonic acid A) was reported to undergo an internal

rearrangement reaction in the presence of acid (pH below 4.0) and base (çH above

9.0) (1,2). As a result, mupirocin antibacterial activity is lost when pH of its

solution falls outside this range.

The chemistry of pseudomonic acid A behind the instability as a result of

pH effect has been examined extensively (1). According to the literature,

pseudomonic acid A undergoes an intra-molecular rearrangement in both acid and

basic solution alike. It was demonstrated that the internal rearrangement process

produced distinctively two stable chemical identities of unequal proportions; one

with a five-member ring (degradation product I, major) and the other with a six-

member ring (degradation product II, minor). Pseudomonic acid A and its two

degradation products are shown in Figure 5.1.

The intra-molecular opening of epoxy ring upon C-0 (position 7) attack at

carbon centers at 10 and 11 (mupirocin, Figure 5.1) followed by the subsequent

formations of a five and a six-member ring occur. The opening of the epoxy ring

reduced the internal stress due to the three-member epoxy ring configuration (3).

On the other hand, the formation of both the five- and six-member rings satisfies

favorably the stability requirement by settling into a lower internal energy state as a

whole than the parent pseudomonic acid A.
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Figure 5.1. Molecular structures for mupirocin and its degradation products when
solution pH is outside 4.0 to 9.0. Degradation product I was derived from the 7-
hydroxy-group attack on carbon C-10, while degradation product II derived from
the 7-hydroxy-group attack on carbon C-li.
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Thus, the intra-molecular rearrangement of pseudomonic acid A involved

dehydroxylation at carbon center 7 (pseudomonic acid A, Figure 5.1), namely the

loss of hydrogen ion and the formation of C0 in acidic or basic environment.

The purpose of this current study was to test if chelation of -OH group at

carbon 7 (pseudomonic acid A, Figure 5.1) would inhibit its ability to form the

observed five- and six-member rings, thus stabilizing pseudomonic acid A in acidic

and basic solutions. Metal ion complexation has been utilized to evaluate the

stability of acetyl phosphate and acetonyl phosphate in solution (4). Among the

2+ 2+ 2+ 2+metal ions studied included Mg , Ca , Zn , and Cu (1). The formation degree

of the chelates between these metal ions and acetonyl phosphate was found to be
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very pronounced, ranging from 41% to 76% (4). It was also found that for group 2

metal ions, the stability constants of conventional chelating complexes decrease

gradually with an increase in the ion size (5, 6). In our investigation, Mg2 was

selected as a potential metal ion complexing with pseudomonic acid A.

MATERIALS

Chemicals

MgCl2 and trifluoroacetic were purchased from Sigma-Aldrich Chemical

Company. Deuterated dimethylsulfoxide (DMSO) was purchased from Cambridge

Isotope Laboratories. Carbopol 934P Resins (pharmaceutical grade) were

purchased from BF Goodrich, Company. Mupirocin was supplied by TEVA

Pharmaceuticals USA.

Equipment

NMR spectra were acquired with a Bruker AMX-300 pulsed Fourier

transform NMR spectrometer operating at 300 MHz for 1H.

METHODOLOGY

NMR Sample Preparation

For samples without Mg2 ion complexation, pseudomonic acid A was

added directly to deuterated DMSO (pH of 6.0 to 6.5) in a concentration of about

10 mglml (i.e., 20 mg pseudomonic acid A in 2 ml DMSO). Due to the highly

hygroscopic nature of DMSO, the samples were kept in closed containers before
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any NMR spectra were acquired. The dissolution process for mupirocin in DMSO

was accompanied without any stirring. For samples with Mg2 ion complexation,

four different ratios of pseudomonic acid A to MgC12 were prepared. These

included 1:1 (20.1 mg to 20.3 mg), 2:1 (20.2 mg to 10.3 mg), 3:1 (20.2 mg to 6.6

mg), and 8:1(20 mg to 2.5 mg). Two milliliters DMSO were used for each

combination of pseudomonic acid A and MgC12. Although constant stirring was

not necessary, occasional shaking of the containers facilitated MgC12 dissolution in

DMSO.

For the acid degradation study, a stock solution with a pH of about 1.0 was

prepared with trifluoracetic acid (TFA). pH range in this study was selected to be

1.5 to 2.0 for testing the stability of pseudomonic acid A-Mg2 complex (1:1) in

acidic environment. Mg2 complexed pseudomonic acid A (1:1) without pH

adjustment was used as a control. The desired pH range was obtained by adjusting

the complexed mupirocin solutions with appropriate addition of TFA stock

solution. For the base degradation study, dimethylamine was used for adjusting

pseudomonic acidA-Mg2 (1:1) complex solution for pH 10.0.

An aliquot of 600 micro liters of each solution was pippetted into NMR

tube for spectrum acquisition.
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Spectra Acquisition

The final spectrum for each sample was an average of 32 scans taken at a

rate of 3 seconds/scan with the Bruker AMX-300 pulsed Fourier transform NMR

spectrometer.

RESULTS AND DISCUSSION

Mupirocin/Mg42 complexation reaction

Figure 5.2 shows the 'H NMR spectrum for pure mupirocin in DMSO.

Proton assignments for mupirocin are given in Table 5.1 and are based on previous

work by E.B. Chain et al. (7). Because the purpose of adding MgCl2 is to stabilize

mupirocin by potentially forming a complex between Mg2 and -CO2H group(s) at

carbons 6 and 7, the chemical shift of interest is from 3.19 ppm to 3.7 ppm, which

includes protons from carbons 6, 16, 5, 13, and 7. The most obvious peak in this

region is that of DMSO, which is located at about 3.75 ppm. Any changes

occurring in this region of the spectrum upon the addition of MgCl2 to mupirocin

would reflect the possibility of complexation between Mg2 and -CO2H groups at

carbon(s) 6, 7, andlor 13. This was based on the conclusion that carbons at 5 or 16

were not electronegative, and thus not likely to participate in any reaction with

Mg2 ions.

Figure 5.3 shows the NMR spectrum acquired from a solution of

mupirocin:MgC12 of 8:1 ratio. Comparison between the NMR spectrum taken from

mupirocin (Figure 5.2) and that from mupirocin:MgC12 (Figure 5.3) provides strong
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evidence that Mg2 is indeed able to form complexes with -COH group(s) at

positions 6, 7, andlor 13 of mupirocin (Figure 5.1, pseudomonic acid A). The first

noticeable change in the region of interest is a better separation of H (6) peak from

the DMSO peak. The second change is also a better separation of the grouped peak

consisted of H (5), 2H (16), H (13), and H (7) from the DMSO peak. Because of

these separations, the total integrated area for DMSO peak is reduced. A third

significant change is the occurrence of three new peaks located from 4.4 to 4.8

ppm, which combines with better peak separations clearly indicates the success of

the complexation reaction between Mg2 and -COH groups at carbons 6, 7, andlor

13. Comparison by superposition of Figure 5.2 and Figure 5.3 further rules out any

other proton coupling changes upon Mg2 addition occurring at other carbon

centers. The postulated mupirocin:Mg2 complex structure is given in Figure 5.4.

NMR spectrum taken from mupirocin:MgCl2 solution of 8:1 ratio was

compared to mupirocin for identifying any complexation reactions Because

mupirocin:MgC12 of 8:1 mixture was found to be the optimal amount among all

combinations investigated. Table 5.2 summarized the results from the NMR

spectra (Figure 5.5) acquired from various mupirocin:MgC12 combinations, which

included 1:1, 2:1, 3:1, and 8:1 mupirocin to MgC12 ratios.



152

Figure 5.2. 1H NMR spectrum for pure mupirocin in DMSO (solution pH 6.0
to 6.5), based on which the proton assignment summarized in Table 5.1 was
elucidated.
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Figure 5.3. 1H NMR spectrum for mupirocin:MgC12 (8:1) in DMSO
(solution pH 6.0 to 6.5).
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Table 5.1. 'H NMR assignments for mupirocin: chemical shift (ppm)/multiplicity
and the corresponding 'H-assignment

'HNMR
Chemical shift (ppm)/multiplicity 'H-assigment

0.84 (d, J = 7.1 Hz, 3H) CH3 (17)
1.08 (d J = 6.2 Hz, 3H) CH3 (14)

1.2-1.7 (m, 12H) Cl2 (3'to 8')
1.3 (m, 111) H (12)
1.5-1.6 (m, 211) CH2 (9)
1.81 (m, 111) H(8)
2.10 (d, 1H) H (4a)
2.11 (d, 3H) CH3 (15)
2.19 (t, J = 7.2 Hz, 211) CH2 (2')
2.52 (m, 1H) H (4b)
2.62 (dd, J = 2, 7.5 Hz, 1H) H (11)
2.72 (dt, 1H) H (10)
3.19(dd,J=3,8.5Hz,1H) 11(6)
3.42 (d, J = 11.5 Hz, 1H) H (16b)
3.5-3.7 (m, 4H) H (5), H (13), H (16a), H (7)
4.0 (t, J=6.5 Hz, 2H) CH2 (9)
5.68 (m, 1H) H (2)

Figure 5.4. Postulated mupirocin:Mg2 complex structure in DMSO (pH 6.0 to
6.5). Indicated are the possible formations of a five-member chelate between Mg2
and C0 groups at carbons 6 and 7, and the complex between Mg2 and -00 group
at carbon 13 of mupirocin molecular chain.
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Mupirocin/Mg42 acid and base degradation studies

In acid degradation study, comparison between the NMR spectrum taken

from mupirocin:Mg2 (3:1) solution (pH 6.0 to 6.5) and that with pH adjustment

revealed the disappearance of the newly formed peaks located from 4.4 to 4.8 ppm

when pH of the complex solution was adjusted to be about 3.5 to 4.0 (Figure 5.6).

This implied the disassociation of Mg2 from -00 groups at carbon positions 6, 7,

andlor 13 on the mupirocin molecular chain due to acidity. In addition to this

change in the NMR spectrum, other chemical shifts were observed to occur, which

were also reflected by either reduced or increased integrated peak areas,

correspondingly.

Table 5.2. Collective integrated areas for peaks located from 4.4 to 8 ppm (new
peaks) based on different mupirocin:MgCl2 combinations.

Combinations: Amount (p.1)* Integrated Area (4.4-
Mupirocin: MgC12 4.8 ppm)

1:1 600 3.041
2:1 600 3.04
3:1 600 3.016
8:1 600 2.975

* amount pippetted into NMR tube for spectrum acquisition

As in the acidic environment, mupirocin:Mg2 (1:1) complex, when

adjusted to pH 10.0, was also found to disappear, indicated by the absence of the

newly formed peaks located from 4.4 to 4.8 ppm. Figure 5.7 compares the NMR

spectra before and after basic pH adjustment for mupirocin:Mg*2 complex solution.
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Figure 5.5. 1H NMR spectra acquired for mupirocin:MgC12 combinations in
DMSO (solution pH 6.0 to 6.5). Spectrum A: Mupirocin: MgC12 (1:1);
Spectrum B: Mupirocin: MgC12 (2:1); Spectrum C: Mupirocin: MgC12 (3:1);

Spectrum D: Mupirocin: MgC12 (8:1).
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The absence of peaks from 4.4 to 4.8 ppm on the NMR spectrum when the

pH fell beyond 4-9 suggested that mupirocin:Mg2 complex was a relatively weak

bond with respect to its bond strength and thus not capable of preventing mupirocin

degradation in either acidic and basic environments.

Mupirocin degradation rate as a function of pH

NMR data indicated that at pH 3.5 to 4.0, mupirocin was degraded at a rate

that was independent of the presence of MgCl2. Figures 5.8 and 5.9 show the

degradation processes for mupirocin and mupirocin:MgCl2 (3:1) combination,

respectively. Based on the results, more than 4 days were expected to elapse before

complete mupirocin degradation was achieved in both cases. Comparison of the

final spectra from Figure 5.8 and Figure 5.9 however revealed some spectral

differences at 0.5 to 1.0 ppm and at 2.8-3.0 ppm. These discrepancies were most

likely due to the presence of MgC12.

It was also found that when the solution pH was adjusted to be about 1.5 to

2.0, mupirocin (in the absence of MgCl2) was degraded at a faster pace; complete

degradation was realized within 24 hours. The degradation process is shown in

Figure 5.10. Comparison of the final spectra from Figure 5.8 and Figure 5.10

confirms the completion of degradation in 24 hours at pH 1.5 to 2.0.

As can be seen, the addition of MgC12 is not found to influence the rate of
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mupirocin degradation. Instead, the degradation rate is shown to be solely

dependent on the solution pH. That is, the more acidic the environment, the faster

the degradation rate would become.

Mupirocin and mupirocin:Mg2 complex stability in DMSO

Although both mupirocin and mupirocin:Mg2 complex became unstable

when pH of the solution fell outside 4 to 9, NMR analysis showed that both

mupirocin and mupirocin:Mg2 complex remained stable for up to almost 60 days

in DMSO at pH 6.0 to 6.5. Comparison of the NMR spectra (Figure 5.11 and

Figure 5.12) acquired over the entire span of the study for both mupirocin and

mupirocin!Mg2 complex (8:1), respectively, revealed no spectral changes.

Spectrum for mupirocin:MgC12 (8:1) is shown here (Figure 5.12) as a

representative for other combinations of mupirocin:MgC12 (1:1, 2:1, and 3:1).

This observation confirms that mupirocin stability can be retained as long as

pH of the solution is between 4 to 9, preferably at about 6.0 to 7.0. These results

presented here are consistent with the literature findings introduced earlier about

mupirocin chemistry.



Figure 5.6. 'H NMR spectra acquired for mupirocin:MgC12 (3:1) combination
in DMSO before and after acidic pH adjustment. Top spectrum: Solution
pH 6.0 to 6.5 (before pH adjustment); Bottom spectrum: Solution pH 3.5 to
4.0 (after pH adjustment with TFA).
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Figure 5.7. 1H NMR spectra acquired for mupirocin:MgC12 (1:1) combination
inDMSO before and after basic pH adjustment. Top spectrum: Solution
pH 6.0 to 6.5 (before pH adjustment); Bottom spectrum: Solution pH 10
(after pH adjustment with NaOH).

s.a i.o 3.0 20 i0 10

Disappearance of peaks at
4.4 to 4.8 ppm after base
adjustment with NaOH to
pH 10

ss s0 o s o



Figure 5.8. Mupirocin degradation process in DMSO. Spectrum A: Mupirocin control sample (pH 6.0 to 6.5);
Spectrum B: Mupirocin solution 24 hours after acid adjustment (pH 3.5 to 4.0); Spectrum C: Mupirocin solution
5 days after acid adjustment (pH 3.5 to 4.0); Spectrum D: Mupirocin solution 22 days after acid adjustment.
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Figure 5.9. Mupirocin:MgCl2 (3:1) degradation process in DMSO. Spectrum A: Mupirocin:MgC12 control sample (pH
6.0 to 6.5); Spectrum B: Mupirocin:MgC12 solution 5 hours after acid adjustment (pH 3.5 to 4.0); Spectrum C:
Mupirocin:MgC12 solution 4 days after acid adjustment (pH 3.5 to 4.0); Spectrum D: Mupirocin:MgC12 solution 22 days
after acid adjustment.
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Figure 5.10. Mupirocin degradation process in DMSO. Spectrum A: Mupirocin solution 15 minutes after acid
adjustment (pH 1.5 to 2.0); Spectrum B: Mupirocin solution 4.5 hours after acid adjustment; Spectrum C: Mupirocin
solution 28 hours after acid adjustment; Spectrum D: Mupirocin solution 4 days after acid adjustment.
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Figure 5.11. Mupirocin stability in DMSO (solution pH 6.0 to 6.5).
Spectrum A: Mupirocin solution 2 days post preparation; Spectrum B:
Mupirocin solution 54 days post preparation.
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Figure 5.12. Mupirocin:MgCl2 (8:1) combination stability in DMSO (solution
pH 6.0 to 6.5). Spectrum A: Mupirocin solution 8 days post preparation;
Spectrum B: Mupirocin solution 55 days post preparation.
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CONCLUSIONS

Nuclear magnetic resonance analysis strongly suggested the successful

complex formation between mupirocin and Mg2 in DMSO. However, the specific

structure of the complex still remaines to be elucidated with further studies.

Mupirocin:Mg2 complex was not found to be strong enough under extreme pH

conditions to prevent mupirocin degradation. It was also found that mupirocin

degradation rate was only a function of solution pH; the more acidic the solution is,

the faster the degradation rate. Because pH 6.0 to 6.5 was also the range of interest

in formulating mupirocin ointment described in Chapter 3 for effective

antimicrobial activity, mupirocin:Mg2 complex in an ointment system is expected

to be stable if pH of the system was about 6.0 to 7.0, but there is no advantage to

the addition of Mg2. Chapter 6 presents the modified mupirocin ointment

formulation with the addition of MgC12 for mupirocin:Mg2 complex formation.
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CHAPTER 6

MUPIROCIN OINTMENT FORMULATIONS MODIFIED
WITH MgC12 AND VITAMIN E

Manshiu Leung
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ABSTRACT

A new formulation expected to be equivalent to Bactroban® (mupirocin)

ointment was prepared and tested. The new formulation contained 2% mupirocin,

1.5% Carbopol® 934P, 1% sodium hydroxyl, and 95.5% vehicle system comprised

of 20% propylene glycol and 80% glycerin (see Chapter 3), was modified based on

the nuclear magnetic resonance (NMR) analysis presented in Chapter 5. The

modified mupirocin formulation now contained 2% mupirocin, 0.25% MgCl2,

2.24% Vitamin E, 1.5% Carbopol® 934P, 5.96% Neutrol TE (tetrahydroxypropyl

ethylenediamine), and 88.05% vehicle system comprised of 20% propylene glycol

and 80% glycerin. The texture and consistency of the modified ointment were

judged to be comparable to the commercial Bactroban® ointment 2%. Also, both

drug release and dose verse effect profile from this modified mupirocin formulation

were found to be comparable to the commercial Bactroban® ointment by the

Bauer-Kirby disc diffusion antimicrobial testing procedure. This indicated no loss

for mupirocin antimicrobial activity. But, stability assay results showed an average

of only 67.2% intact mupirocin recovery along with 18.8% and 6.4% mupirocin

degradation products I and II respectively, in a 4-week accelerated study (40 °C

and 75% relative humidity) for the modified mupirocin ointment formulation.



INTRODUCTION

Mupirocin antimicrobial activity is lost when pH of the environment in

which it is present falls beyond 4-9. The antimicrobial activity loss was due to

mupirocin degradation initiated by the rear attack of -COH at carbon 7 on the

epoxy ring formed at carbons 10 and 11, resulting in degradation products I and II

(Figure 6.1).

Figure 6.1 Mupirocin chemical structure and its degradation products I and 11(1)
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Chapter 3 described a new mupirocin ointment formulation to lead that in

which the pH of the ointment system was about 6.0 to 6.5 at the time it's prepared.

This alternative mupirocin ointment system was demonstrated to be comparable to

the commercial Bactroban® ointment in drug release from the ointment matrix.

However, assay results showed only 70% mupirocin recovery in a 4-week
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accelerated stability study (40 °C and 75% relative humidity). This indicated

mupirocin degradation.

As was mentioned in Chapter 3, Carbopol® 934P was highly hygroscopic

and readily absorbs water if exposed to air. Throughout the entire formulation

process, no precautions were taken in drying Carbopol® 934P before its use. In

addition, propylene glycol and glycerin solvents utilized in the ointment

formulation were less than completely anhydrous when manufactured and thus

contained some water. Although pH of the finished mupirocin ointment system

was adjusted to be about 6.0 to 6.5, the hydrolysis process of -COOH groups of

Carbopol® 934P could slowly acidify the ointment system to a certain extent

because of the residual water content and thus produce mupirocin degradation.

In order to stabilize mupirocin in the formulation presented in Chapter 3,

mupirocin stability studies were conducted. Results from the nuclear magnetic

resonance (NMR) analysis presented in Chapter 5 clearly demonstrated the

presence of complexation reaction(s). The complex structure was postulated to be

a five-member chelate formed among Mg2 and -COH groups at carbon 6 and 7 on

mupirocin. The -COH group at carbon 13 was also postulated to participate in the

complexation reaction as shown in Figure 6.2 (Figure 5.4, chapter 5).
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Figure 6.2. Postulated mupirocin:Mg2 complex structure in deuterated DMSO
(pH 6.0 to 6.5). Indicated are the possible formations of a five-member chelate
between Mg2 and -00 groups at carbons 6 and 7, and the complex
between Mg2 and -00 group at carbon 13 of mupirocin molecular chain.
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The formation of the complex was potentially aimed to protect mupirocin

from being degraded by discouraging -COH group at carbon 7 from reacting with

the epoxy ring formed at carbons 10 and 11. The NMR results showed that the

complex became unstable when pH of the system was adjusted to be about 1.5.

Since the ointment system presented in chapter 3 was never found to fall below pH

4.0 over the duration of its stability assay, the five-member chelate described in

Figure 6.2 was expected to protect against mupirocin degradation at moderately

higher pfls than at 4.0, for example, at pH 6.0 to 7.0.

Primary objectives of the study presented in this chapter were to modify the

current mupirocin ointment formulation presented in chapter 3 with the addition of

MgCl2 and Vitamin E, and to conduct stability assay on the modified mupirocin

ointment system. Vitamin E has been reported extensively in the literature for its
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anti-oxidant properties (2,3). The application of Vitamin B herein was based on the

thinking that mupirocin in the final ointment system might be exposed to possible

oxidation reaction(s), which would ultimately lead to its instability. The secondary

objective was to conduct the Bauer-Kirby disc diffusion antimicrobial susceptibility

test for mupirocin release from the modified ointment system in comparison to the

commercial Bactroban® ointment.

MATERIALS

Carbopol® 934P Resins (pharmaceutical grade) were purchased from BF

Goodrich, Company. Glycerin, propylene glycol USP, MgC12, Vitamin E, and

Neutrol TE (tetrahydroxypropyl ethylenediamine) were purchased from Sigma-

Aldrich Chemical Company. Mupirocin, Bactroban® ointment, Bactroban®

cream, and Bactroban® intranasal were supplied by TEVA Pharmaceuticals USA.

The 150mm petri plates (containing Mueller Hinton Agar), or Remel®,

staphylococcus aureus primary isolation culture plate, and the BBL® PromptTM

Inoculation system were purchased from Becton Dickinson Microbiology Systems.

The dried filter paper disks (test plates) Y4" sterile blanks were purchased from

Difco Laboratories.

METHODOLOGY

As presented in chapter 3, NaOH was applied as the neutralizer for

Carbopol® 934P solution in the new mupirocin ointment formulation (Formulation
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B, Table 3.5, chapter 3). Preliminary studies indicated that upon addition of MgCl2

to the neutralized Carbopol® 934P gel, a white precipitate formed immediately,

followed by decreased Carbopol® 934P gel viscosity. This phenomena was due to

a chemical reaction between NaOH and MgCl2 which produced Mg(OH)2, an

insoluble white precipitate. The decreased Carbopol® 934P gel viscosity was

caused by the reversal of the neutralization process due to reduced amount of

NaOH present. To avoid any undesirable reaction such as this, Neutrol TE

(tetrahydroxypropyl ethylenediamine) was used as neutralizer replacing NaOH.

The optimal ratio of mupirocin:MgC12 was determined to be 8:1 by NMR

analysis (Chapter 5). The amount of Vitamin E applied was 1:1 with mupirocin.

The modified mupirocin ointment formulation with the addition of Vitamin B and

MgC12 is shown in Table 6.1. The compositions for mupirocin, Carbopol® 934P,

and the solvent system of propylene glycol and glycerin remained the same as the

original formulation presented in chapter 3 (Formulation B, Table 3.5). Carbopol®

934P, was repackaged into one-time use vials immediately upon receipt from the

manufacturer. This was performed to minimize Carbopol® 934P moisture

exposure. Both propylene glycol and glycerin, the solvent system, contained < 1%

water when purchased.

Samples of mupirocin ointment prepared according to the formulation

described in Table 6.1 were sent to TEVA Pharmaceuticals USA (Sellersville, PA)

for stability assay in a 4-week accelerated study (40 °C and 75% relative humidity).

Bauer-Kirby disc diffusion antimicrobial susceptibility testing was conducted at
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the Veterinary school of Oregon State University (Corvallis, Oregon).

Table 6.1. Modified mupirocin ointment formulation with the addition of Vitamin
E and MgCl2. The compositions for mupirocin (2%), Carbopol® 934P (1.5%), and
the solvent system comprised of propylene glycol (20%) and glycerin (80%) were
the same as the original mupirocin ointment formulation presented in chapter 3
(Formulation B, Table 3.5)

Materials Weight(g) Percentage (%)
Mupirocin 1.812 1.99
MgCl2 0.226 0.25
VitaminE 2.04 2.24
Carbopol 934P 1.36 1.5
NeutrolTE 5.42 5.96
Propylene glycol 16.03 17.62
Glycerin 64.06 70.43

Solvent pre-mixing

1. About 37 to 40% of 16.03 g propylene glycol (The remaining propylene

glycol will be split in half for mupirocin dissolution (50%) and rinsing (50%) was

weighed out and mixed thoroughly with the entire 64.06 g glycerin. This is solvent

mixture A.

2. About 14 to 15% solvent mixture A was weighed into another container.

This is labeled solvent mixture Al. The remaining solvent mixture A is now

labeled solvent mixture A2.

Formulation preparation procedure

1. At room temperature, 1.36 g Carbopol® 934P was dispersed uniformly

into solvent mixture A2. The temperature of the container was then raised to about
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55 to 60 °C with constant stirring. Complete Carbopol® 934Pdissolution was

achieved after 2 hours. pH of the Carbopol® 934P solution was measured to be

below 2.0. The dissolved Carbopol® 934P solution was then cooled to room

temperature.

2. At room temperature, 0.226g MgCl2 was dispersed into solvent mixture

Al. The temperature of the container was then raised to about 60 to 65 °C. MgCl2

dissolved completely in solvent mixture Al with constant stirring in about 3 hours.

The MgC12 solution was cooled to room temperature.

3. Carbopol® 934P solution (from step 1) was neutralized to pH 7.0 at

room temperature with an appropriate amount of Neutrol TE.

4. At room temperature, 1.8 12 g mupirocin was dispersed into propylene

glycol (about 5 g) with constant stirring. Complete dissolution was achieved in 15

minutes. The pH of the mupirocin solution was measured to be below 3.0 by pH

paper. Immediately upon mupirocin dissolution, pH was adjusted to be about 7.0

with appropriate amount of Neutrol TE.

5. At room temperature, MgCl2 solution (step 2) was mixed uniformly with

mupirocin solution (step 4). pH of the combined solution was re-adjusted, if

necessary, to about 7.0 with Neutrol TE.

6. Vitamin E (2.04 g) was added to solution from step 5, namely, the

mupirocin!MgC12 mixture, and was mixed thoroughly. pH of this combined

solution was re-adjusted, if necessary, to about 7.0 with Neutrol TE. Notice that
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the overall solution appeared slightly brown. This was caused by the addition of

vitamin E.

7. Solution from step 6, namely, the mupirocinlMgCl2/vitamin E, was

mixed thoroughly into Carbopol® 934P gel from step 3. Container from step 6 was

rinsed with the remaining propylene glycol and the rinsing solution was added to

the overall solution. Constant stirring was applied until the overall mupirocin

ointment appeared uniform. pH of the final mupirocin ointment was re-adjusted, if

necessary, to about 7.0 with appropriate amount of Neutrol TE.

Since COOH groups of Carbopol® 934P could undergo ionization due to

the presence of water in the finished ointment, pH of the final mupirocin ointment

was monitored over a duration of 30 day for potential pH variation. The mupirocin

ointment was kept in a closed container and stored under ambient conditions over

the entire monitoring process.

Bauer-Kirby disc diffusion antimicrobial susceptibility test

For implementation of the Bauer-Kriby disc diffusion antimicrobial

susceptibility testing, the procedures for Staphylococcus aureus suspension and

inoculation of Mueller Hinton Agar plate and mupirocin ointment sample

preparation were the same as those presented under Methodology in Chapter 4.

Table 6.2 summarizes the use of Bactroban® ointment, Bactroban® cream,

Bactroban® intranasal, and mupirocin ointment of the modified formulation. Each

formulation listed in Table 6.2 was tested in separately inoculated Mueller Hinton
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Agar plates. The zone of inhibition diameters were measured after 24 hours sample

incubation at 35 to 37 °C.

RESULTS AND DISCUSSION

The modified mupirocin ointment formulation (Table 6.1) prepared

according to steps presented under METHODOLOGY appeared brownish and

possessed comparable ointment consistency as the commercial Bactroban®

ointment. pH of the ointment was measured to be 7.0 to 7.2 and 7.0 by pH paper

immediately after preparation and at the end of 30 days under ambient conditions,

respectively. The pH constancy indicated either the lack of hydrolysis of -COOH

groups of Carbopol® 934P or hydrolysis occurring to an insignificant extent in

terms of Carbopol® neutralization. In other words, the stable pH level of the

ointment system afforded expectation of protecting against mupirocin degradation.

Results from the Bauer-Kriby disc diffusion antimicrobial susceptibility test

showed that the modified mupirocin ointment formulation based on Table 6.1 was

comparable to the commercial Bactroban® ointment in drug release as well as in

ointment potency (Figure 6.3). This was indicated by the indistinguishable dose

verse effect profile from the commercial Bactroban® ointment and from the two

replicates of the modified mupirocin ointment. As was demonstrated in chapter 4,

the Bactroban® cream and Bactroban® intranasal formulations were found to

possess different dose verse effect profiles than both the Bactroban® ointment and

the modified mupirocin formulation.



Table 6.2 Summary of impregnation for mupirocin ointment of the modified formulation (Table 6.1) and for Bactroban®
ointment, Bactroban® cream, and Bactroban® intranasal formulations.

Formulations---........ ------ ............ - ---- -- -----.-.-----.----Weigmg)- ..... . ....................................................................... .

0.5mg 1mg 2mg 5mg 10mg 15mg 20mg
Modified mupirocin

0.6 1.1 2.4 5.2 9.8 15.2 20.6ointment (Ri)
Modified

mupirocinointment (R2) 0.6 1.2 2.0 5.3 10.4 14.9 20.3

Bactroban ointment 0.6 1.1 2.1 5.1 10.0 14.9 19.9
Bactroban cream 0.7 1.2 2.0 5.4 10.1 15.1 20
Bactrobanintranasal 0.5 1.3 2.0 5.3 10.1 15.4 20.0

* Two replicates from the same modified mupirocin ointment formulation were prepared.

-a
00
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As also shown in chapter 4, the original new mupirocin ointment

formulation (Formulation B, Table 3.5, chapter 3) was found to be comparable to

the Bactroban® ointment with respect to the rate of drug release from the ointment

system and ointment potency. Thus, the modified mupirocin ointment formulation

(Table 6.1) was also comparable to the original new ointment formulation

developed in chapter 3 based on results presented in Figure 6.3. Addition of MgC12

and Vitamin E did not alter the drug release behavior. This implied that mupirocin

antimicrobial activity was still intact in the modified ointment formulation.

But, mupirocin stability assay results from a 4-week accelerated study

indicated that mupirocin still underwent internal rearrangement in the modified

formulation (Table 6.3), resulting in the formation of mupirocin degradation

products I and II as depicted in Figure 6.1. The average amount recovered for

mupirocin was estimated to be 67.2% while the amounts were 18.8% and 6.4% for

mupirocin degradation products I and II, respectively. However, about 7.6% of the

initial amount of mupirocin was not accounted for. This could be either due to

losses during assay preparation or due to entrapment of mupirocin molecules by

Carbopol® 934P polymeric matrix since Carbopol® 934P is made of long chain

polymers. Nevertheless, the detection of both degradation products I and II

strongly indicated that mupirocin still remained unstable even with the chelation

with MgCl2 and in the presence of the antioxidant Vitamin B.

Experimental evidence indicated that mupirocin was stable at pH 6.0 to 6.5.

Given this, it would be possible to conclude that mupirocin to think be stable in the



modified formulation over the same period of time as the 4-week accelerated study

when stored under ambient conditions since pH of the modified ointment was

found to be unchanged at pH 7.0 over a period of 30 days when stored under

ambient conditions. The only discrepancy was the temperature and the humidity

level. As mentioned before, water content in the ointment formulation should be

minimized to avoid ionization of the -COOH groups from both Carbopol® 934P

and mupirocin (Figure 6.1, Mupirocin). 75% relative humidity level introduced for

the stability study exposed the ointment to moisture, thus resulting in possible

hydrolysis of -COOH groups. The hydrolysis process in return could acidify the

ointment system into microenvironment without changing the overall system pH,

leading to mupirocin degradation.

Table 6.3*. Mupirocin stability results for a 4-week accelerated study (40 °C and
75% relative humidity) from the modified mupirocin ointment formulation
presented in Table 6.1.

Mupirocin Mupirocin Mupirocin
Replicates (%) degradation degradation

productI(/ojproduct**II(%)
Top of tube 67.2 18.8 6.4
Middle of tube 67.3 18.8 6.4
Bottom of tube 67.1 18.8 6.4

* Data provided by TEVA Pharmaceuticals USA, Sellersville, PA.
* * Mupirocin degradation products I and II were depicted in Figure 6.1



Figure 6.3. Dose versus effect profile comparison from the Bauer-Kirby disc diffusion susceptibility testing:
modified mupirocin formulation presented in Table 6.1 and the Bactroban products. The x-axis was
the Ln(dose), and the y-axis was the inhibition diameter in mm. The inhibition zones were examined
after 24 hours incubation.
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CONCLUSIONS

The modified mupirocin ointment formulation with the addition of MgC12

and Vitamin E did not appear to alter either the drug release behavior from the

ointment matrix nor mupirocin antimicrobial activity based on results from the

Bauer-Kriby disc diffusion antimicrobial susceptibility test. The dose verse effect

profile from the modified mupirocin ointment formulation was comparable to the

Bactroban® ointment. pH of the modified mupirocin ointment formulation (-'pH

7.0) was observed to be unchanged over a period of 30 days when stored in closed

container under ambient conditions.

Stability assay results from a 4-week accelerated study of the modified

mupirocin ointment (40 °C and 75% relative humidity) showed mupirocin

degradation with 67.2% mupirocin recovery while the amounts were 18.8% and

6.4% for mupirocin degradation products I and II, respectively. These results show

that Bauer-Kirby testing is not sufficiently sensitive to distinguish between

products when the active ingredient has degraded. That is, even though the Bauer-

Kirby testing plates are very impressive and there is good mathematical fit for the

dose vs. response curve, this method is not adequate to differentiate between

products when the active ingredient is not stable and where the active ingredient is

degraded.

The observed mupirocin degradation was possibly induced by the humidity

level imposed by the stability study, which inevitably exposed the ointment to

moisture content, thus resulting in possible ionization of-COOH groups. Based on
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the assay results,about 7.6% of the initial amount of mupirocin was not accounted

for. This could be either due to losses during assay preparation or due to

entrapment of mupirocin molecules by Carbopol® 934P polymeric chains.
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CHAPTER 7

NEW OMEPRAZOLE SOLID ORAL DOSAGE
FORMULATION DEVELOPMENT

Manshiu Leung



ABSTRACT

A proposed new omeprazole formulation has been developed and compared

in vitro to Prilosec®. The formulation comprised white nonpareil sugar pellet

cores of 25-30 mesh (approximately 655 jim in diameter), omeprazole matrix layer,

and an entenc coating layer of neutralized hydroxypropyl methylcellulose phthalate

(HPMCP) 55S. The omeprazole matrix layer (about 56 tm in thickness) consisted

of 25% HPMCP 55S as binder, 25% Na2HPO4 as buffering agent, and 50%

omeprazole. The optimal enteric coating amounts (about 51 to 52 tm in thickness)

for neutralized HPMCP 55S was found to be about 45 to 46% in weight gain of the

omeprazole matrix layer loaded onto beads. Formulation assessment indicated that

neutralized HPMCP 55S enterically coated omeprazole beads, which were shown

to be gastro-resistant in protecting against omeprazole degradation for up to 2 h in

simulated gastric fluid, failed to dissolve as rapidly as the commercial Prilosec® in

simulated intestinal fluid (35 to 40 minutes versus 7 to 10 minutes). The addition

of Expotab®, which is normally used to promote dissolution by promoting rapid

disintegration, to the neutralized HPMCP 55S entenc coating solution formulation

was found to be ineffective in improving the rate of dissolution of the proposed

omeprazole dosage form. An observed brown color developed during dissolution

in simulated intestinal fluid and indicated omeprazole degradation, which was

postulated to be caused mostly by the acidic HPMCP 55S during its slow

dissolution in simulated intestinal fluid (SIF).



187

The effectiveness of the neutralized HPMCP 55S in providing gastric

protection was proposed to be the results of the generation of a gastric resistance

layer "in situ" due to the precipitation of the enteric coating polymer in simulated

gastric fluid.

INTRODUCTION

Omeprazole, 5-metboxy-2(((4-methoxy-3 ,5-dimethyl-2-

pyridinyl)methyl)sulfinyl)- 1 H-benzimidazole, is a powerful inhibitor of gastric acid

secretion. Currently used to treat gastric and duodenal ulcers, omeprazole is a

prodrug because it must first be converted into its sulfonamide form before it is

able to suppress H/KtATPase in the parietal cells of the stomach (1). The extent

of inhibition of gastric acid secretion is not related to omeprazole plasma

concentration, but instead is correlated with the area under the plasma omeprazole

concentration-time curve (AUC) (2). Although omeprazole is rapidly eliminated

from plasma, its suppression of gastric acid secretion is present 24 to 72 hours after

a dose. This long duration of action is due to prolonged binding of the active form

of the drug to the H/K-ATPase in the parietal cells (2).

Omeprazole is chemically stable and devoid of any inhibitory activity at

neutral pH. However, the compound is protonated at pH 5.0 and below to form

two species, a suiphenic acid and a sulphenamide. Complete inhibition of gastric

acid secretion occurs when the two species are bound to each molecule of H/Kt

ATPase in the parietal cells through disulfide linkages (3).



Omeprazole is highly susceptible to degradation in acid andlor neutral

environments, which is indicated by a pronounced brown to dark brown color

change (4). The color change is apparent with only very small amounts of drug

degradation. The half-life of omeprazole in solutions with pH lower than four is

shorter than 10 minutes while at neutral pH, the half-life of omeprazole is about 14

hours and, omeprazole stability is improved dramatically in solutions with higher

pH values (3). Omeprazole degradation is initiated by acidic compounds and is

stabilized in mixtures with alkaline compounds (5).

Based on the physical-chemical properties of omeprazole, it is imperative

that omeprazole be protected from the acidic environment of the stomach in an oral

dosage formulation in order to reach the small intestine without degradation. Also,

human pharmacological studies found that the rate of omeprazole release from a

pharmaceutical dosage form also played an important role in influencing the total

omeprazole absorption to the systemic circulation (6). Given this, a rapidly

dissolving dosage form is necessary in achieving high omeprazole bioavailability

once the dosage form reaches the proximal part of the gastrointestinal canal.

Omeprazole has been marketed in Europe as a proton pump inhibitor since

the late 1 980s by Astra (United Kingtdom) under the trade name of Losec®

Capsules, which has 20 mg and 40 mg doses. Losec Capsules contain beads

incorporating the active ingredient in a matrix core, which is protected against acid

degradation by polymeric layers (4). Another omeprazole product by Astra, under

the trade name of Prilosec®, has also been marketed in the United States. The
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dosage form design for Prilosec® is the same as Losec® Capsules, and contains 10

mg and 20 mg doses. The formulation schematics are shown in Figure 7.1 for the

Losec® and Prilosec® beads possessing gastro-resistant properties, and has been

patented (5). The patent teaches that the alkaline layer over the top of the

omeprazole beads is required to protect the drug from the acidic enteric coating

solution used during manufacture. That is, enteric coating solutions are acidic

when they are applied to beads and hydronium ion can migrate into the drug beads

and degrade omeprazole. But, by providing a "seal coat" of an alkaline layer over

the omeprazole containing beads, any hydronium ion penetration is neutralized by

the alkaline materials present.

Figure 7.1. Patented formulation schematic description (not drawn to scale) for
omeprazole beads in Losec® and Prilosec® capsules.

Subcoating layer(s)
containing alkalines
(protective layer)

Enteric-coating layer
providing gastro-
resistance against
omeprazole degradation

Omeprazole matrix
core

According to Figure 7.1, the matrix core, about 1.36 x i0 Jtm in diameter,

is comprised of omeprazole, binder, and importantly, alkaline(s) which are used

mainly for buffering purpose in protecting omeprazole from degradation (5). The

subcoating layer(s), which are desired for neutralizing potential acid penetrating
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through the enteric-coating layer during dosage from transit through stomach to

small intestine, is about 7-8% in weight gain with a thickness of about 22 tm. The

enteric-coating layer is about 29 tm in thickness generated from about 9-10%

coating solids. Losec® and Prisolec® capsules formulated in this fashion have

been shown to demonstrate excellent protection again omeprazole degradation in

acid (4).

As can be recognized, even though the thickness of the enteric-coating layer

is relatively insignificant compared to the thickness of the matrix core, the presence

of the alkaline-laden sub-coating layer immediately underneath contributes

significantly to the overall protection against omeprazole degradation for over 2

hours in acidic environment, by neutralizing hydronium ions that might have

penetrated through the enteric-coating layer.

The purpose of this study is to formulate a generic equivalent to Prilosec®

capsules. Our approach was to avoid use of the sub-coating layer in between the

omeprazole matrix layer and the enteric-coating layer as described by the patent.

The "binder solution" used to promote adherence of omeprazole to the sugar beads

consisted of a neutralized enteric coating material. Thus, any hydronium ion

penetration into the omeprazole containing layer was proposed to result in

precipitation of the enteric coating material used as binder to generate a gastric

resistant layer "in situ". Further, the enteric coating solution was also neutralized

prior to manufacture so that the omeprazole would not be exposed to an acidic

over-coating solution during production of the product. Then, upon exposure to
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gastric solution in the stomach, it was proposed that this over-coating enteric

coating layer would also be generated "in situ" due to precipitation of the enteric

coating polymer. Thus, the omeprazole matrix layer is formulated to possess high

alkalinity with a gastric protection in binder that precipitate in situ, and a much

thicker pH neutralized enteric-coating layer that also precipitate in situ is applied

immediately on top of the omeprazole matrix layer, in such a way that the finished

omeprazole beads would show no degradation in an acidic environment (simulated

gastric fluid) for at least 2 hours during in vitro dissolution testing. Also, the new

formulation should be dissolved at a similar rate in simulated intestinal fluid to the

commercial Prilolec®. Schematics for the proposed generic gastro-resistant

omeprazole beads are shown in Figure 7.2.

Figure 7.2. Formulation schematic description (not drawn to scale) for new gastro-
resistant omeprazole beads.

Omeprazole matrix
layer of high
alkalinity

Enteric-coating lay
providing gastro-
resistance against
omeprazole
degradation

Nonpareil sugar
bead size: average
655 m
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MATERIALS

Hydroxypropyl methylcellulose phthalate 55S (HPMCP 55S) was

purchased from Shin-Etsu Chemical Corporation (Japan). White nonpareil sugar

pellets of 25-30 mesh were purchased from Paular Corporation (Princeton Junction,

NJ). Omeprazole was supplied by TEVA Pharmaceuticals USA (Sellersville, PA).

Acetone (certified grade) and NaH2PO4 was purchased from Fisher Scientific (Fair

Lawn, NJ). NH3OH was purchased from Sigma Chemical Company (St. Louis,

MO). Expotab® was purchased from Mendell (a Penwest Company, Patterson,

NY).

METHODOLOGY

Because omeprazole is highly susceptible to acid degradation that is readily

apparent due to a color change, the initial approach to evaluation of new

omeprazole formulations was to identify the presence of omeprazole degradation

by visual observation before high performance liquid chromatography (HPLC) was

used for drug assay. Because the characteristics of even small amounts of

omeprazole degradation in solution or solid state are indicated by the immediate

presence of purple to dark brown color, simple dissolution setups can be utilized to

quickly assess the capability of the formulation under testing in protecting

omeprazole from degradation, and subsequently to modify the formulation if

necessary.
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Omeprazole matrix layer formulation

Omeprazole was introduced into the due dosage form through a spray-

coating process. The coating solution formulation containing omeprazole is shown

in Table 7.1. In order to create a stronger buffering capacity within and around the

matrix layer and to provide more protection against omeprazole degradation in the

presence of gastric acid penetrating through the enteric coat layer, Na2HPO4 is

added, as described in Figure 7.2. The omeprazole matrix layer formulation given

in Table 7.1 is the same for all the new formulations developed and investigated.

Table 7.1. Coating solution formulation for omeprazole matrix layer.

Ingredients Amounts (g) Percent solids (%)
Deionized water 255.5
HPMCP55S 15 25
NH3OH 4-4.5
Na2HPO4 15 25
Omeprazole 30 50

The omeprazole matrix layer coating solution was prepared according to the

following steps:

1. HPMCP 55S (15 g) was dispersed into 105.5 g of deionized water. Then,

about 4.0-4.5 g of NH3OH was added to the dispersion so that the final pH

of the dispersion reached about 8 to 9. HPMCP 55S dissolved completely

in about 1 hour.

2. Na2HPO4 (15 g) was dissolved in another 100 g of deionized water in a

separate container.
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3. Solution from Step 1.was mixed uniformly into solution from Step 2.

4. Omeprazole (30 g) was suspended into solution from Step 3 with stirring.

A final 50 g of deionized water was then added so that the solution

possesses a viscosity suitable for spray-coating. The final pH of this coating

solution was within 9 to 12.

Enteric coating layer formulations

After an initial screening process, HPMCP 55S was considered to be the

most suitable candidate for providing enteric coat properties among a few

commercially available enteric-coating materials. The HPMCP 55S enteric coating

solution formulations are shown in Table 7.2. The acetone:deionized H20 ratio of

9:1 was based on that recommended by Shin-Etsu Chemical Company. For

formulation 1 listed in Table 7.2, HPMCP 55S was dissolved directly in the

mixture of acetone and deionized H20. For formulations 2, 3, and 4 in Table 7.2,

HPMCP 55S was first dissolved in the mixture of acetone and deionized 1120,

Expotab® was then added and dissolved. The HPMCP 55S to Expotab® ratios

were 6:1, 5:1, and 3:1, respectively for formulations 2, 3, and 4. The addition of

Expotab® to the enteric coating formulation was to facilitate HPMCP 55S

dissolution in simulated intestinal fluid. The enteric coating solution after

preparation should be kept in a closed container prior to and during the entire

coating process to avoid acetone evaporation.
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Table 7.2. HPMCP 55S enteric coating solution formulations.

Formulations HPMCP 55S Acetone Deionized Expotab®
%w/w H20

1 6 84.6 9.4
2 5.14 84.6 9.4 0.86
3 5 84.6 9.4 1

4 4.5 84.6 9.4 1.5

Spray coating of the omeprazole matrix layer

The coating apparatus, situated in a vacuum hood consisted of a bench-top

spray coating chamber having a seven-inch Wurster column (STREA- 1, Aeromatic

Inc., Columbia, Maryland) mounted on a fluid-bed dryer (Lab-Line/P.R.L. Hi-

Speed Fluid-Bed Dryer, Lab-Line Instruments Inc., Meirose Park, Illinois). The

omeprazole matrix coating solution, containing 60 g solids, was applied to 100 g of

25-30 mesh white nonpareil sugar pellets. Coating solution was pumped to the

atomizer by a penstaltic pump (Watson-Marlow 502S, Watson-Marlow Limited,

Cornwall, United Kingdom) at a rate of 3 to 4 g/min, using a spray nozzle having

orifice diameter of 0.5 mm (Aeromatic Inc., Columbia, Maryland). The inlet

temperature was set at 45 to 50 °C throughout the entire coating process. At the

end of omeprazole matrix layer coating, the beads were dried in the coating

chamber for another 30 minutes at 60 °C before being placed into an oven set at 37

°C for overnight drying. The atomization air pressure was lowered to 5 to 6 psi

during the coating chamber drying. The processing conditions are summarized in

Table 7.3.
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Table 7.3. Processing conditions used for omeprazole matrix layer coating on
Nonpareils® sugar pellets.

Parameter Setting
Batch size 100 g
Nozzle size 0.5 mm
Wurster insert Bottom spray
Flow rate 3 to 4 g/min
Inlet temperature 45-50 °C
Fluidization air blower Medium
Atomization air pressure 10-12 psi

Spray coating of the enteric layer

The coating apparatus used for omeprazole matrix layer coating was also

employed for the enteric layer coating. However, the starting material for the

enteric coating was the omeprazole loaded beads, which appeared white to off-

white. Coating solutions were pumped to the atomizer at a rate of 0.5 to 1.0 g!min

to approximately 2 to 3% weight gain. The solution flow rate was then reset to 2.5

to 3.0 g!min. A nozzle having orifice diameter of 0.5 mm was used. However, a

0.8 mm nozzle was also used in some cases when clogging occurred intermittently

with 0.5 mm nozzle. Room temperature was set for the inlet temperature due to the

presence of flammable solvent in the coating solution. Processing conditions are

summarized in Table 7.4 for each enteric coating formulation (Table 7.2).
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Table 7.4. Processing conditions used for enteric coating layer on omeprazole
loaded beads.

Parameter Setting
Batch size 100 g (omeprazole loaded beads)

Nozzle size
Wurster insert
Flow rate

Initial coating rate
Final coating rate

Inlet temperature
Fluidization air blower

0.5 mmIO.8 mm
Bottom spray

0.5 to 1.0 glmin
2.5 to 3.0 g!min

Room temperature
Medium

Atomization air pressure 10 to 12 psi

New omeprazole formulation study design

The omeprazole matrix layer formulation (Table 7.1) was kept the same for

all formulations studied. The differences among final formulations were the types

of enteric coating materials and the percent weight gain of the entenc materials

applied. The study design for the new omeprazole formulations is shown in Table

7.5. For example, five new omeprazole formulations (Al to A5) were investigated

with different percent weight gains of the enteric coating formulation 1 (Table 7.2).

There was one formulation (Bi) for entenc coating formulation 2 (Table 7.2), four

new formulations (Cl to C4) for enteric coating formulation 3 (Table 7.2), and one

new formulation (Dl) for enteric coating formulation 4 (Table 7.2).



Table 7.5. Proposed new omeprazole formulations.

New omeprazole Enteric coating Enteric coating percent
formulation formulation (Table 7.2) weight gain*(%)

Al 25
A2 58.6
A3 1 80
A4 100
AS 150
Bi 2 58.5
Cl 20
C2

3
30

C3 40
C4 45.8
Dl 4 80

* Percent weight gain is calculated through dividing the amount of enteric coating
materials achieved by the initial amount of omeprazole loaded beads prior to
coating and multiplied by 100. The standard deviation for the coating weight (%)
was not available because the weight gains were achieved in a single spray run
(intermittent sampling).

Samples of desired weight gain of each enteric coating formulation were

taken intermittently. Since the coating apparatus was not set up for intermittent

sampling directly from the coating chamber during coating processing, the solution

spraying was interrupted momentarily for sampling. Normally a 5 g sample was

acquired at each stage. Taking into account the weight change for the remaining

beads in the coating chamber due to sampling, the amount of enteric coating

solution to be sprayed was readjusted accordingly in achieving the next desired

weight gain level.
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Preliminary omeprazole degradation assessment

Omeprazole degradation in the enteric coated beads was evaluated by using

the standard in vitro dissolution technique. In vitro dissolution of each formulation

(enteric coated omeprazole beads) presented in Table 7.5 was performed using USP

dissolution Apparatus II (paddle) at 37 ± 0.5 °C and at 50 RPM. Dissolution media

for the first 2 h was enzyme-free simulated gastric fluid (pH = 1.4 ± 0.1), which

was then changed to enzyme-free simulated intestinal fluid (pH = 7.4 ± 0.1).

Enteric coated omeprazole bead samples (3 to 5 beads) were recovered at 0.5, 1.0,

1.5, and 2.0 h. The beads were cut across-section with any surgical blade for

assessing integrity of the inside and the extent of omeprazole degradation indicated

by the presence of light purple to dark brown color. When in simulated intestinal

fluid, the enteric coated omeprazole beads were observed for the extent of

dissolution and the time it took for complete dissolution. Commercial Prilosec®

beads were also studied in the same fashion as a reference.

Scanning electron microscopy (SEM)

Enteric coated omeprazole beads of formulation AS in Table 7.5 were

examined under a scanning electron microscope (SEM) (Amray 1000A, Amray,

Bedford, Massachusetts) to determine morphological differences in the coating

layers. Cross-sectional SEMs (x 100 and x 500) were obtained. The enteric coated

omeprazole beads were cracked in liquid nitrogen and coated with 60:40 gold-
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palladium alloy before SEM observation of the cross-section, which was used to

measure coating thickness.

Mathematical prediction of approximate coating thickness

A coating thickness prediction equation has been proposed by Madan et al.

(7). Application of the equation required knowledge of a few density parameters

associated with the beads and coating solution, which were not conveniently

obtained. A coating thickness prediction equation (Equation 7.1) proposed by Kris

Holt () has however, eliminated this problem. Equation 7.1 was developed based

on the assumption that bead and coating material densities are equal.

o = R
x[31j100 + (%coat)

iJ Equation 7.1
100

where 0 = polymer film coat thickness in 1um

(% coat) grams of polymeric coating solids per bOg beads
R = uncoated bead radium in 4um

The thickness of 60% omeprazole matrix layer on nonpareil sugar pellets

(about 655 pm in diameter) is calculated as follows: 0 = x
[3\/lOo+60

=

55.55 ,um. The thickness of 150% enteric coating layer on omeprazole loaded

beads (about 766.1 pm in diameter (655 + 55.55 x 2)) is calculated as follows:

766.1 ( !1OO+15O"
=136.83pm.

2 100
J
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RESULTS AND DISCUSSION

Omeprazole degradation assessment in simulated gastric fluid

Preliminary omeprazole degradation assessment results showed that enteric

coated omeprazole beads prepared according to formulations A2 to A5 (Tablet 7.5)

provided good acid protection against omeprazole degradation for up to 2.5 h in

simulated gastric fluid. Enteric coated omeprazole beads of formulation Al

however failed to be acid-protective under the same set of study conditions. Table

7.6 summarizes degradation evaluation results for formulations Alto AS. As can

be seen from Table 7.6, about 1 h into the degradation assessment study, beads

from formulation Al were found to be wet, and then completely fluidized inside at

about 1.5 h. At 2 h, brown color was found in the majority of beads both inside and

on the enteric coat layer. At about 2.5 h, all the beads appeared dark brown,

indicating significant omeprazole degradation. On the other hand, beads prepared

based on formulations A2 to AS were found to be dry and well intact inside for up

to 2.5 h, which indicated the integrity of the enteric layer as well as the absence of

omeprazole degradation. Formulation Al corresponded to about 25% weight gain

in HPMCP 55S coating while formulations A2 to A5 corresponded to 58.6%, 80%,

100%, and 150% weight gain in HPMCP 55S coating, respectively.

Results presented in Table 7.6 could also be utilized to estimate the minimal

level of enteric coating material required for complete gastric acid protection,

which appeared to be between 25% and 58% weight gain in HPMCP 55S coating.

SEM photographs (Figure 7.3) of cross section of 150% weight gain HPMCP 55S
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coated beads (formulation AS) revealed the enteric layer to be compact and

coalesced well with a coating thickness range between 130 to 140 tm, which was

predicted by the thickness equation (the predicted value was 136.83 1um). This

thickness range corresponded to about 20 to 22% of the naked nonpareil sugar

pellet (25-30 mesh) diameter, which was estimated to be 655 pm. The film

appeared to be nonporous.

HPMCP 55S coated omeprazole bead dissolution in simulated
intestinal fluid

As mentioned in the introduction, a new pharmaceutical dosage form for

omeprazole, in addition to its gastro-resistance capability, needed also to be

dissolved rapidly in the proximal part of the gastrointestinal canal in order to

provide maximal bioavailibility. Table 7.7 summarizes dissolution results for

HPMCP 55S coated beads in simulated intestinal fluid (pH 7.4) after being

immersed for 2 h in simulated gastric fluid. Both formulations A2 and B 1 had the

same weight gain of enteric coating materials, 58.6%, but Expotab® was added to

Bi to modify HPMCP 55S dissolution in a 6:1 HPMCP 55S to Expotab® ratio.

Similarly, formulations A3 and Dl were of the same weight gain of 80% in enteric

coating, but Expotab® was added to Dl to modify HPMCP 55S dissolution in a 3:1

HPMCP 55S to Expotab® ratio.
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Figure 7.3. Scanning electron micrograph (SEM) view of enteric coated
omeprazole beads with 150% in HPMCP 55S weight gain. A: cross
section view; B: zoom-in view of layer texture.
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As can be seen, all five formulations (including the commercial Prilosec®)

provided good acid resistance; cross-section examination of the sampled beads

from each formulation showed absence of omeprazole degradation for up to 2 h.

HPMCP 55S coated beads of four formulations, A2, Bi, A3, and Dl, demonstrated

similar rate of dissolution in simulated intestinal fluid with complete bead

dissolution in more than 30 minutes, which was much slower than the commercial

Prilosec® (it took less than 7 minutes). In other words, the addition of Expotab®

to HPMCP 55S in formulations B! and Dl failed to improve HPMCP 55S

dissolution, but its addition did not deteriorate the gastro-resistance of the entenc

coating layer at the same weight gain levels.

Although there was no evidence of drug degradation in the simulated gastric

fluid (SGF), omeprazole degradation was observed for all four formulations (A3,

Bi, A3, and Dl) at the bottom of the dissolution vessels after 15 to 20 minutes into

the dissolution process in simulated intestinal fluid. It was found that HPMCP 55S

coated omeprazole beads tended to stay at the bottom of the vessels. The paddle

moving at 50 RPM was not able to keep the beads suspended in the medium. As

HPMCP 55S began dissolving under alkaline condition, beads became sticky and

agglomerated to each other at the bottom, thus denying those beads on the lowest

level assess of being exposed to the intestinal fluid. Since the dissolving HPMCP

55S was now acidic as a result of having been exposed to gastric fluid, the drug

inside beads trapped at the bottom was degraded by localized acidity from the

dissolved HPMCP 55S.



205

Omeprazole degradation in simulated intestinal fluid was also noticed with

formulation C4, as summarized in Table 7.8 along with formulations Cl, C2, and

C3. The enteric coating materials were HPMCP 55S:Expotab® in 5:1 ratio. The

coating weight gains were 20%, 30%, 40%, and 45.8% for formulations Cl, C2,

C3, and C4, respectively. Formulations Cl, C2, and C3 all failed to provide

suitable gastro-resistance to omeprazole degradation, which was found to be

present during a 2-h simulated gastric acid test. On the other hand, formulation C4

demonstrated ability to protect omeprazole in SGF for up to 2 h. However, the

formulation failed to dissolve as rapidly as Prilosec® in simulated intestinal fluid

(SIF), and at the same time omeprazole degradation was found 20 minutes into the

dissolution in intestinal fluid. By combining the results from Table 7.5 and Table

7.8, it could be discerned that the minimal enteric coating level for HPMCP 55S or

HPMCP 55S + Expotab® was about 45 to 46% weight gain in obtaining complete

gastric acid protection in vitro.

It was believed that the observed omeprazole degradation during dosage

form dissolution in SIF was related to the slower rate of HPMCP 55S layer

disintegration and/or dissolution. This problem could be avoided if the entenc

coating layer dissolved fast enough so that omeprazole was then exposed to high

pH dissolution medium, minimizing the contact between the acidic dissolving

HPMCP 55S and omeprazole from the matrix layer. Because the addition of

Expotab® to the entenc coating solution formulation in various ratios did not

appear to provide improvement for HPMCP 55S dissolution in SIF, other types of
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materials should be explored for facilitating the enteric coating material

disintegration andlor dissolution. In addition, dissolution studies in intestinal fluid

should be conducted at higher paddle speeds. If the hypothesis presented for the

mechanism of drug degradation in intestinal fluid is correct, then less or no

degradation should occur at higher paddle speeds when intestinal fluid is rapidly

circulated around each individual bead.



Table 7.6. Summary of omeprazole degradation evaluation results for formulations Al to AS (Table 7.5) in simulated
gastric fluid (pH 1.4) using USP Dissolution Apparatus II @ 50 RPM paddle speed and 37 ± 0.5 °C.

Time Formulation
(h) Al A2 A3 A4 A5

The inside The inside appeared The inside appeared The inside appeared The inside
appeared solid and solid and dried. No solid and dried. No solid and dried. No appeared solid

0.5 dried. No color color change was color change was color change was and dried. No
change was observed, observed, observed, color change was
observed. observed.
The inside The inside appeared The inside appeared The inside appeared The inside
appeared solid, but solid and dried. No solid and dried. No solid and dried. No appeared solid

1 not as dried. No color change was color change was color change was and dried. No
color change was observed, observed. observed. color change was
observed. observed.
The inside The inside appeared The inside appeared The inside appeared The inside
appeared fluid-like solid and dried. No solid and dried. No solid and dried. No appeared solid
with no solid color change was color change was color change was and dried. No

1.5 present. Enteric observed. observed, observed. color change was
coat layer became observed.
slight brown.



Table 7.6. Summary of omeprazole degradation evaluation results for formulations Alto A5 (Table 7.5) in simulated
gastric fluid (pH 1.4) using USP Dissolution Apparatus II @ 50 RPM paddle speed and 37 ± 0.5 °C (continued)

Time
(h)

Formulation
Al A2 A3 A4 A5

The inside was The inside appeared The inside appeared The inside appeared The inside
moderately brown solid and dried. No solid and dried. No solid and dried. No appeared solid
and filled with color change was color change was color change was and dried. No

2 0 fluid. The rest of observed. observed. observed, color change
the beads was observed.
appeared slightly
brown from
outside.
Major of the beads The inside appeared The inside appeared The inside appeared The inside
appeared moderate solid and dried. No solid and dried. No solid and dried. No appeared solid

2.5 to deep brown. color change was color change was color change was and dried. No
observed. observed, observed. color change

was observed.

C
00



Table 7.7. Summary of dissolution results for HPMCP 55S coated beads in simulated intestinal fluid (ç11 7.4) using USP
Dissolution Apparatus II @ 50 RPM paddle speed and 37 ± 0.5 °C. Formulations: A2, Bi, A3, and Dl (Table 7.5)
and Prilosec®.

Time Formulation
(h) A2 B! A3 Dl Prilosec®

The inside The inside The inside appeared The inside appeared The inside appeared
appeared solid and appeared solid solid and dried. No solid and dried. No solid and dried. No

0.5 dried. No color and dried. No color change was color change was color change was
change was color change was observed, observed, observed.
observed, observed.
The inside The inside The inside appeared The inside appeared The inside appeared
appeared solid, but appeared solid solid and dried. No solid and dried. No solid and dried. No

1 not as dried. No and dried. No color change was color change was color change was
color change was color change was observed, observed, observed.
observed. observed.
The inside The inside The inside appeared The inside appeared The inside appeared
appeared solid, but appeared solid solid and dried. No solid and dried. No solid and dried. No

1.5 not as dried. No and dried. No color change was color change was color change was
color change was color change was observed, observed. observed.
observed. observed.

0



Table 7.7. Summary of dissolution results for HPMCP 55S coated beads in simulated intestinal fluid (pH 7.4) using USP
Dissolution Apparatus II @ 50 RPM paddle speed and 37 ± 0.5 °C. Formulations: A2, Bi, A3, and Dl (Table 7.5)
and Prilosec® (continued)

Time (h) Formulation
A2 B! A3 Dl Prilosec®

The inside The inside appeared The inside appeared The inside appeared The inside
appeared solid, solid and dried. No solid and dried. No solid and dried. No appeared solid

2 0
but not as color change was color change was color change was and dried. No
dried. No observed, observed. observed, color change was
color change observed.
was observed.
Entenc coated It took more than 30 It took more than It took more than 30 It took less than 7
beads were minutes to dissolve 30 minutes to minutes to dissolve minutes to
dissolve in> all enteric coated dissolve all entenc all enteric coated dissolve all beads
30 minutes. beads entirely. coated beads beads entirely, entirely.
Omeprazole Omeprazole entirely. Omeprazole

Simulated degradation degradation was Omeprazole degradation was
intestinal was observed observed. degradation was observed.

fluid at the bottom observed.
of the
dissolution
vessel after 20
minutes into
theprocess.



Table 7.8. Summary of dissolution results for HPMCP 55S coated beads in simulated intestinal fluid (pH 7.4) using USP
Dissolution Apparatus II @ 50 RPM paddle speed and 37 ± 0.5 °C. Formulations: Cl, C2, C3, and C4.

Time (h) Formulation
Cl C2 C3 C4

The inside appeared The inside appeared The inside appeared The inside appeared
solid and dried. No solid and dried. No solid and dried. No solid and dried. No
color change was color change was color change was color change was

0.5 observed. A few observed, observed, observed.
beads in dissolution
vessel turned deep
brown.
Fluid was found The inside appeared The inside appeared The inside appeared
inside. Number of solid and dried. No solid and dried. No solid and dried. No

1 beads with brown color change was color change was color change was
color increased in observed. observed. observed.
dissolution vessel.
Majority of the beads The inside appeared The inside appeared The inside appeared

1 5
changed color, solid but not as dried solid and dried. No solid and dried. No

with color change. color change was color change was
observed. observed.



Table 7.8. Summary of dissolution results for HPMCP SSS coated beads in simulated intestinal fluid (pH 7.4) using USP
Dissolution Apparatus II @ 50 RPM paddle speed and 37 ± 0.5 °C. Formulations: Cl, C2, C3, and C4 (continued).

Time (h) Formulation
Cl C2 C3 C4

All changed color. The inside was The inside appeared The inside appeared
completely fluidized partially fluidized solid and dried. No2 0
with brown color, without color change. color change was

observed.
It took more than 40
minutes to dissolve
all enteric coated
beads. OmeprazoleSimulated
degradation wasintestinal NA NA NA
observed at thefluid
bottom of the
dissolution vessel
after 20 minutes into
the process.

t)
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CONCLUSIONS

A proposed new omeprazole formulation has been developed and compared

in vitro to commercial Prilosec®. The formulation comprised white nonpareil

sugar pellet core of 25-30 mesh, omeprazole matrix layer with a pH neutralized

entenc coated material as binder, and an enteric coating layer of hydroxypropyl

methylcellulose phthalate (HPMCP) 55S that was pH neutralized prior to

application. The hypothesis was that the pH neutralized enteric coating material

would precipitate in gastric fluid as soon as it reacted with hydronium mine, and

thus protect the drug from hydronium ion exposure. Results suggest the hypothesis

was correct. The optimal enteric coating level for HPMCP 55S was found to be

about 45 to 46% in weight gain of the omeprazole matrix layer loaded beads.

Formulation assessment indicated that HPMCP 55S enterically coated omeprazole

beads, which were shown to be gastro-resistant in protecting against omeprazole

degradation for up to 2 h in simulated gastric fluid, failed to dissolve as rapidly as

the commercial Prilosec® in simulated intestinal fluid. The addition of Expotab®

to the enteric coating solution formulation, which has been used to promote

dissolution by promoting rapid disintegration, was found to be ineffective in

improving the rate of dissolution of the omeprazole dosage form. Omeprazole

degradation was observed during dissolution of the new generic omeprzole

formulation in simulated intestinal fluid. This was postulated to be caused mostly

by the HPMCP 55S enteric coating layer that became acidic during exposure to

intestinal fluid. Further research effort is required to modify this proposed generic
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omeprazole formulation so that the dosage form can be dissolved in a timely

manner in simulated intestinal fluid.
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DEVELOPMENT OF A NOVEL HOT-MELT COATING BY
DIRECT BLENDING METHODOLGY

Manshiu Leung
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ABSTRACT

A novel hot-melt coating methodology utilizing direct blending techniques

has been developed. Processing steps for the direct blending hot melt coat are: (a)

Hot melt system preparation; (b) Dispersion/dissolution of the active ingredient in

the hot-melt system; (c) Pre-heating of the coating substrate; (d) Mixing/blending

of the hot melt and the coating substrate; and (e) Cooling and congealing of hot-

melt on substrate surface. Gelucire® 50/13 was selected as the model coating

agent and Nonpareils® were used as the solid support coating substrate. Drug

content uniformity studies were conducted to evaluate feasibility of the coating

technique and to optimize coating level applied. It was demonstrated that the hot-

melt coating range of 9 to 11% in weight gain produced satisfactory drug content

uniformity (the relative standard deviation was found to fall below 6%). Coating

was applied to Nonpareils® from 10 to 45 mesh, and even to gelatin capsules.

Surprisingly, the Nonpareils® and capsules were coated as individual particles with

negligible agglomerate formation. The maximum weight gain in a single coating

layer could reach as high as 30% before the occurrence of agglomeration. Multiple

coatings (of up to 30% each) were also shown to be feasible in achieving an overall

70% gain in coating weight for Nonpareils® of 30-35 mesh in a sequential three-

layer process. The method is a viable alternative to both the hot-melt spraying-

coating process and the solid dispersion hot-melt fluid bed coating method.
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INTRODUCTION

Traditionally, fluid-bed based coating processes have been widely applied

for formulation and development of many pharmaceutical dosage forms. These

coating methods require solvents for solution or dispersion preparation, which

involves using polymers and organic solvents to produce the desired coatings (1).

However, the introduction of the Clean Air Act in 1970 by the U.S. Environment

Protection Agency (EPA) has since been dictating control of organic solvents in the

pharmaceutical industry and prompting new alternatives to the application of

organic solvents.

Hot-melt coating by fluid bed spraying

Although still receiving relatively little attention, hot-melt coating systems

have become an area in the pharmaceutical industry where more and more research

effort has been applied to develop alternatives to organic- or aqueous-based

polymer systems (2). In hot melt coating the coating material is applied onto the

substrate surface in the molten state, providing several advantages over the current

and conventional coating techniques that use dissolved or suspended polymers.

First of all, hot melt coating negates the use of any solvent and avoids

recovery/treatment of organic solvents. Water, a major cause of drug degradation

during processing, is completely avoided. Processing times may be reduced. The

most significant purpose of hot melt coating is in controlling drug release from

pharmaceutical dosage forms.
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On the other hand, development of hot melt coating methods is not without

challenges. These might include thermal degradation effect of the hot melt coating

material in the molten state on the drug substances in the formulation, significant

limitations in the amount of coatings that can be applied, and an essential need for

characterization of complex coating equipment required in carrying out such

processes (2).

Early work on development of hot melt coating methods was conducted by

employing standardized fluidized bed (top spray) for coating small pellets,

granules, and particles using molten materials (3). Spraying molten wax onto

particles in a fluidized bed for drug encapsulation was described (4). Also

described was the controlled drug release dosage form produced by spraying lipid

matrix agent over individual grains comprised of drug and adjuvant particles (5).

A typical hot melt coating process carried out from a fluidized bed consists

of three steps: spraying of molten material onto substrate surface, spreading of the

molten material around the substrate surface, and congealment of the molten

material. In order to prevent molten coating material from congealing prior to

being delivered to the substrate surface, the coating is normally kept at a

temperature of 40 to 60 °C above its melting point (3). To maintain constant

temperature, atomization air has to be heated to the same level as the molten

coating material. Also, the nozzle needle must be insulated to prevent re-melting of

the congealed molten coating material.
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Solid dispersion hot-melt coating in fluid bed

In an effort to develop a new hot-melt fluid bed coating process, Kennedy et

al. applied the solid dispersion hot-melt fluid bed coating method (6) in a fluidized

bed with a Wurster bottom spray insert. This technique focused on hot-melt

coating substrate by combining the coating agent and the substrate together in a

fluid bed chamber with implementation of the following sequential steps: (a)

chamber warm-up; (b) preheating; (c) melting-spreading; and (d) cooling-

congealing. This system was simpler than the hot-melt coating method utilizing

spraying technique with respect to the coating setup by eliminating the need for

spraying the molten coating material onto the substrate surface.

Although the coating setup introduced by Kennedy et al. was considered to

be more cost-effective, there also exist a number of disadvantages. First of all,

coating agents can only be used with melting points and molten viscosities less than

80 °C and 300 centipoise, respectively. It was shown that the maximum feasible

hot-melt coating level can only be varied from 2.5 to 5.5 % depending on different

substrate sizes. Also, substrates of 10 to 30 U.S. standard mesh (0.5 to 2.0 mm)

can be coated as individual particles, while particle sizes smaller than 40 mesh

(0.42 mm) agglomerate. In addition, the authors also concluded that to maintain

batch-to-batch reproducibility and overall robustness of the final product, seal

coatings or strict substrate porosity specifications are required. For multiple

coating, melting points of multiple coating agents must differ by 15 °C or more.
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As a result of these limitations, the solid dispersion hot-melt fluid bed

coating method introduced by Kennedy et al. can only be applied selectively, and

the relatively higher cost-effectiveness of this method cannot be justified with such

a narrow application window.

Hot-melt coating by direct blending

To improve upon the currently existing hot-melt coating methods (those

utilizing fluidized bed as spraying platform and the solid dispersion hot-melt fluid

bed coating), a new hot-melt coating technique has been discovered and termed

"hot-melt coating by direct blending." Results from this method have

demonstrated surprising success. The method involves five steps: (a) melting of

the coating material; (b) drug dissolution/dispersion in the coating material in the

molten state; (c) preheating of the substrate; (d) mixing/blending substrate and

molten coating material in stirrer/granulator, and (e) cooling and congealing of

coating material on substrate surface. This novel hot-melt coating method

completely negates requirement of a fluidized bed as spraying platform, thus

reducing processing time, cutting production cost, and eliminating the

disadvantages seen with the two hot-melt coating processes described above. A

protein antigen has unexpectedly been shown to be stable when mixed in the

molten coating process, excellent uniformity is obtained, and maximal coating

application greatly exceeds what is known in the art without the reported particulate

agglomeration.
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For the development of this coating method, Gelucire® 50/13 was selected

as a model hot-melt agent for coating Nonpareils® of 30-35 mesh. Ragweed

pollen extract (RPE) and ovalbumin (chicken egg) were chosen as model drugs for

application. A subsequent enteric coating layer was also applied onto the Gelucire

coated Nonpareils®. Enteric layers typically delay drug release until the drug

reaches the small intestine, thus avoiding the high pH environment of the stomach.

Drug content uniformity of the resulting product was evaluated based on USP

<905> Uniformity of Dosage Units in the United States Pharmacopeia (7).

Antigen application formulation background

Antigens such as RPE and cat hair extract (CHE) can now be orally

delivered (US Patent 5,591,433) to the Prayer's patch along the human intestinal

mucosa and trigger an immunogenic response. The currently available oral antigen

delivery system (8), which has been licensed by Allergenics, Inc. (South San

Francisco), for these extracts is through spray layering of aqueous antigen

preparations onto Nonpareils®, which are dried and then enteric-coated with

Eudragit® L3OD 55S. Both the antigen application and enteric coating are

achieved by employing fluidized bed with the Wurster bottom spray insert.

However, aqueous antigen formulation application by spraying introduces

relatively significant antigen potency loss in the final product, requires relatively

long processing time to apply the antigen, and has high production costs.

Therefore, a more effective and economical means was desired for antigen
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application. Hot-melt coating by direct blending was then developed to provide an

alternative solution for antigen formulation and processing. Since the hot-mell

system is non-aqueous and will congeal upon cooling, hot-melt coated Nonpareils®

containing antigen can then be enteric-coated without the requirement for pre-

drying.

In this study, RPE was applied as one of the model antigens. RPE, readily

aqueous soluble, is a mixture of a number of proteins, with the active protein being

Amb a 1. Protein stability studies conducted by Allergenics showed that RPE

remained stable under thermal treatment at 60 °C for at least 2 hours. It was thus

recommended by Allergenics that the processing temperature for RPE application

remain below 60 °C although further stability studies were not conducted beyond

this temperature.

MATERIALS AND METHODS

Properties of materials

Nonpareils® (Sugar Spheres NF) were purchased from CHR Hansen, Inc.

(Wahwah, NJ). Stearic acid was purchased from Aldrich Chemical Company, Inc.

(Milwaukee, WI). Ovalbumin (crude, dried egg white) was purchased from Sigma

Chemical Company (St. Louis, MO). Ragweed pollen extract (RPE, lot#

AFOO200T) was purchased from Hollister-Stier Laboratories LLC (Spokane, WA).

Eugradit® L 30 D 55S was purchased from Rohm America Inc. (Somerset, MA) as

enteric coating material. Film formed from Eudragit® L 30D 55 S remains intact in
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gastric fluid (pH < 5) and dissolves in intestinal fluid (pH> 5). Polyethylene

glycol 1450, 4600, and 8000 were purchased from Union Carbide Corporation

(Danbury, CT), and polyethylene glycol 3350 was purchased from Spectrum

Chemical Corporation (Gardena, CA). Gelucire® 50/13 pellets were purchased

from Gettefosse Corporation (Westwood, NJ).

Evaluation of potential melt coating materials

As described in the INTRODUCTION, the purpose of this investigation

was to identify an alternative hot melt coating technique to the existing spray

coating technique for antigen formulation.

Selection of the desirable hot melt coating material was based on a number

of requirements. First, the melt material must be completely congealed at room

temperature. Second, the antigen must be stable in the hot melt material. Third, the

coating must be applied in more than 5% amount in order to carry sufficient active

antigen to elicit the desired response in a total coated bead formulation of less than

500 mg. Thus, considering stability temperature, maximal coating possible, and

spray melt coating temperature requirements listed above, it is clear that a new

process is needed. It is desirable that the process allows coating of beads smaller

than 35 mesh without unacceptable agglomeration, and also be useful for very large

solid supports such as tablets or capsules. The coating most preferably will congeal

at a moderate rate to allow uniform dispersion or complete dissolution of antigen in

the hot melt material before the process of melt coating takes place. Also, slower
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congealing rates provide better coating uniformity around substrate surface and

avoid agglomerate formation due to premature hot melt congealing. The particles

should flow freely at room temperature following hot melt coating. Agglomeration

of the hot melt coated particles due to moisture sensitivity needs to be absent

during the subsequent process of aqueous enteric coating in the spray chamber.

Satisfaction of these latter requirements allow the enteric coating process to

proceed.

A number of potential hot melt coating materials were evaluated based on

the requirements imposed. They were polyethylene glycol (PEG) 1450, 3350, 4600

and 8000, and Gelucire® 50/13.

Description of hot melt coating by direct blending method

Initial testing was conducted to evaluate the selected coating materials for

their ability to meet the above requirements. Testing was comprised of five steps.

Schematics for each of the five steps are depicted in Figure 8.1. The hot melt

coating formulation and processing conditions are summarized in Table 8.1 and

Table 8.2, respectively.

Stage 1: The hot-melt was prepared in a beaker at about 10 to 20 °C above the

melting point of the melt coating material. After complete melting, cooling for

molten material was allowed to occur with stirring until congealing begins to take

place, which occurred at 40 to 46 °C. The hot-melt preparation was carried out



either in an oven or a water bath, where temperature of the hot-melt system was

well controlled.

Stage 2: Antigen (RPE or Ovalbumin) was dispersed into the molten material with

manual stirring for uniform dispersion or dissolution, depending on the solubility of

the antigen in the hot-melt system. It was important that temperature of the molten

system be maintained at 40 to 45 °C throughout the mixing/blending process to

prevent premature hot-melt congealment from occurring, which might cause

heterogeneous antigen distribution around the substrate surfaces.

Stage 3: Nonpareils® (10-45 mesh) were preheated in a covered beaker to about

40 to 45 °C and were maintained at that temperature prior to the hot-melt coating.

During the preheating period, occasional tumbling of the beaker was recommended

for uniform temperature distribution among the Nonpareils®. The preheating

process could also be performed either in an oven or a water bath.

Stage 4: The pre-warmed Nonpareils® were poured into the beaker containing

antigen- dispersed or dissolved in molten coating material. Constant

mixing/blending was applied to the mixture to spread and distribute the molten

coating material onto the Nonpareils® surface. The processing temperature was

maintained at 40 to 45 °C for the entire blending duration. For a 100 gram batch of

Nonpareils®, 5 to 10 minutes of stirring were allowed for blending to assure

uniform coating. The mixing/blending procedure was performed in a temperature-

controlled water bath.
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Stage 5: At end of blending, the beaker containing the hot-melt coated

Nonpareils® is removed from water bath and placed under ambient conditions for

congealment to take place due to cooling. Occasional stirring should be applied to

the congealing beads to prevent agglomeration from occurring since the hot-melt

coated beads are in close contact with each other.

Table 8.1. Hot melt coating formulation for antigen application

Formulation Ingredient Amount
Nonpareils (30-35 mesh) 85 89.1
Hot melt coating material 9.5 9.96
Antigen: RPE 0.9 0.94
Others** - -

* The amounts for hot melt coating material and antigen can be varied based on
formulation and antigen potency requirements.
* * Other materials can also be included as formulation ingredients.

Table 8.2. Processing conditions for hot melt coating by direct blending method

Stage Description pentting Temperature
Hot melt formation 10 to 20 °C above melting

1 point
Cooling: 40 to 45 °C

2 Antigen dispersion into hot melt 40 to 45 °C
3 Nonpareils warm-up 40 to 45 °C
4 Blending nonpareils and hot melt 40 to 45 °C

Cooling/congealment of hot-melt
5 Cooling: room temperature

on nonpareils



Figure 8.1. Hot-melt coating processing schematics. Refer to text for detailed description for events at each stage
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It was unexpectedly discovered during these tests that this new process

produced coated beads with only minimal and acceptable agglomeration even

though coating of more than 5% was applied, beads of smaller than 35 mesh were

coated, multiple coats of the same material were applied rather than of 15 degrees

difference in melting point, and molten coating material was not maintained 40 to

60 °C above its' melting point.

Multi-layered hot melt coating

The hot-melt coating procedure described in "Description of hot melt

coating by direct blending method" for the single layer coating process was

followed for the multi-layered coating application. The Nonpareils® were

preheated to 40 to 45 °C for the first layer of hot-melt coating. However,

subsequent layers of hot-melt coating were carried out without preheating the

already-coated Nonpareils® before mixing/blending them with the hot melt

material. Upon the completion of one layer coating, the coated particles were

screened through a proper size of sieve (U.S. Standard) to remove any

agglomerates before proceeding to the next layer of coating.

Enteric coating procedure

Enteric coating of hot melt coated by direct blending Nonpareils®s was

performed using a Fluid Air Bed coating chamber with a Wurster bottom spray

insert (Fluid Air, Aurora, IL). The enteric coating solution (16% solids),

containing Eudragit® L3OD 55S solids (34.27 grams) and triethyl citrate (3.43



230

grams) as plasticiser, was applied to Gelucire® 50/13 hot-melt coated Nonpareils®

(70 grams) containing RPE. The coating solution was pumped to the atomizer by a

peristaltic pump (MasterFlex® L/STM Model 77200-50, Cole Parmer Instrument

Company, Vernon Hills, IL) at a rate of 0.5 to 1.0 ml/min through a tygon tube

(MasterFlex® Tygon® L/S® 14 LFL Tubing, Cole Parmer Instrument Company,

Vernon Hills, IL), using a spray nozzle having orifice diameter of 0.5 mm (Fluid

Air, Aurora, IL). The inlet temperature was set at 25 to 26 °C throughout the entire

coating process. At the end of the coating procedure, the beads were dried in the

coating chamber for about 60 minutes at 45 °C. The atomization air pressure was

lowered to 2-3 psi during drying. Processing conditions are summarized in Table

Table 8.3. Processing conditions imposed for entenc coating of Gelucire® 50/13
hot-melt coated Nonpareils® containing RPE.

Parameter Setting
Batch size 108 grams
Nozzle size 0.5 mm
Wurster insert Bottom spray
Spraying rate 0.5 to 1.0 ml/min
Fluidization air flow (SCFM) 12
Inlet temperature 25 to 26°C
Outlet temperature 25 to 26°C
Product temperature 25 to 26°C
Atomization air flow 6 to 7 psi
Filter cleaning pressure 20 psi
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Drug content uniformity assessment

Drug content uniformity study was performed on Gelucire® 50/13 hot-melt

coated Nonpareils® containing antigen (RPE or ovalbumin) before application of

the enteric coating layer. It was conducted to evaluate the feasibility and

robustness of the hot melt coating by direct blending method. Given the size of the

RPE batch prepared (about 100 grams), twelve random 15 milligram samples of

Gelucire coated Nonpareils® were weighed and placed into 0.5-milliliter

microcentrifuge tubes (Fisher Scientific, Pittsburgh, PA) for sample preparation.

Three hundred microliters of deionized water were employed as dissolution

medium for each 15-microgram sample. The microcentrifuge tubes were vortexed

for 1 to 2 minutes for complete antigen dissolution into the medium. The tubes

were then centrifuged for about 10 minutes to obtain a clear solution with insoluble

excipients precipitated on the bottom. In a randomized order from each of the

twelve centrifuge tubes, an aliquot of 10 microliters of clear solution was pippetted

into separate cell wells on a NUNC ImmunoTM plate (Nalge NUNC International,

Denmark). The samples were analyzed for protein content by bicinchoninic acid

(BCA) protein assay.

In Vitro drug dissolution studies

Drug dissolution studies were performed on the enteric-coated Gelucire®

50/13 hot-melt coated Nonpareils® containing RPE. A modified USP dissolution

method for delayed release formulations was employed for the RPE dissolution



232

studies. The drug dissolution study consisted of two separate tests; one test

conducted in simulated gastric fluid (0.1 N HC1) while the other was in simulated

intestinal fluid (USP phosphate buffer). Using modifications to the dissolution

method, in vitro drug release was carried out in a 15 ml screw cap centrifuge tube

(PGC Scientifics, Frederick, MD), which was placed onto a bench-top rocker

(Model 35/ 35D, National Labnet Company, Woodbridge, NJ) for simulated

intestinal mixing. The amount of motion for the centrifuge tubes was controlled by

turning the knob on the bench-top rocker to indicate "5", which was chosen

traditionally in our laboratory for conducting dissolution studies. The modified

dissolution process was carried out at room temperature.

Two randomly selected samples, 350 mg each, of enteric-coated RPE beads

were selected from a finished batch and placed separately into two screw cap

centrifuge tubes followed by addition to each tube of 3.5 ml of simulated gastric

fluid and simulated intestinal fluid, respectively. An aliquot of 10 .t1 sample is

taken at 30, 60, 90, and 120 minutes for RPE release in the simulated gastric fluid

and at 15, 30, and 45 minutes for RPE release in the simulated intestinal fluid. The

10 j.xl samples from each fluid are then placed into cell wells of a separate colutun

on a NUNC ImmunoTM plate (Nalge NUNC International, Denmark) in ascending

order of preset sample times. The samples are analyzed for drug content by

bicinchoninic acid (BCA) protein assay.
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Bicinchoninic acid (BCA) protein assay procedure

The BCA protein assay is a detergent-compatible formulation based on

bicinchoninic acid for colorimetric detection and quantification of total protein.

BCA protein assay reagent is prepared by combining one part of BCA reagent B

with fifty parts of BCA reagent A (Product No. 23224 and 23223, respectively,

Pierce, Rockford, IL). The assay reagent is stable for 24 hours post preparation

when stored in a closed container at room temperature. Samples (10 tl) collected

from drug release studies or drug uniformity studies were developed by adding 200

microliter BCA protein assay reagent into each of the cell wells containing the

samples on a NUNC ImmunoTM plate (Nalge NUNC International, Denmark). The

NUNC ImmunoTM plate was incubated at 37 °C for about 1 hour before analysis by

microplate reader (Multiskan MCC, MTX lab system, Inc., Vienna, VA) at a

wavelength of 540 nm for protein concentrations.

Protein standard curve preparation

The drug standard curve was prepared for drug dissolution studies because

the drug content uniformity study did not investigate drug release as a function of

time. Since drug dissolution is carried in both the simulated gastric fluid and the

simulated intestinal fluid, two protein standard curves are generated, one in each

media.

About 350 mg of enteric-coated RPE beads were ground using a mortar and

pestle. The powder was transferred into a 15 ml screw cap centrifuge tube (PGC
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Scientifics, Frederick, MD). A 3.5 ml volume of dissolution medium was pippetted

into the centrifuge tube, which was then vortexed for about 2 to 3 minutes for

complete RPE dissolution followed by a 2 to 3 hour static sedimentation of

insoluble particulates. The sedimentation process results in an RPE solution that is

used as the stock solution for the standard curve preparation (representing 100 %

release). The standard curve dilutions are performed according to Table 8.4 by

transfening the specified volume of stock solution and the dissolution medium to

clean, glass disposable test tubes.

Table 8.4. Standard curve dilution method

Standard Level (%) Stock Solution Dissolution Media*

(ul) (il)
100 400 0
80 400 100
60 300 200
40 200 300
20 100 400
10 100 900
5 100 1900

* The dissolution media include both the 0. iN HC1 solution (pH 1.29) and the USP
Buffer @H 6.8).

The glass disposable test tubes were then vortexed for about 30 seconth for

uniform mixing of the stock solution and the dissolution medium. For each of the

standard levels, a 10 pl sample was pippetted into one cell well of a column on a

NUNC ImmunoTM plate (Nalge NUNC International, Denmark) in ascending

concentration. Normally, the same NUNC ImmunoTM plate was utilized for both

the standard curve and the drug dissolution samples of which the standard curve
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was used to quantify the drug levels. Bicinchoninic acid (BCA) protein assay was

then performed on the ImmunoTM plate according to the BCA protein assay

procedure.

Scanning electron microscopy (SEM)

Gelucire® 50/13 hot-melt coated Nonpareils® containing RPE, both before

and after enteric coating, were examined under a scanning electron microscope

(SEM) (Amray 1000A, Amray, Bedford, Massachusetts) to determine

morphological differences in the coating layers. Both the surface (x 100) and

cross-section SEMs (x 150) were examined. To obtain the cross-section SEM

view, the coated particles were first cut in half by a surgical blade and then coated

with 60:40 gold-palladium alloy before SEM observation.

Thermal analysis

Differential scanning calorimetry (DSC) thermograms for Gelucire® 50/13

and mixture of Gelucire® 50/13 to Ragweed Pollen Extract (RPE) in a 5:1 ratio

were generated using Perkin-Elmer DSC-4/Thermal Analysis Data Station (TADS)

System in sealed aluminum pans. The heating rate was 20 °C/min. The

thermogram for Gelucire was obtained from a Gelucire® 50/13 sample as

packaged. The thermogram for the mixture of Gelucire® and RPE was acquired

from a congealed Gelucire-RPE sample. The congealed sample was prepared by

melting Gelucire®, dispersing RPE into the molten Gelucire®, and finally
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congealing of the molten material. The DSC technique was utilized to study the

effect of RPE addition on Gelucire® melting point and also the rate for molten

Gelucire® congealing.

Description of hot-melt coating of capsule by direct blending
method

The hot-melt coating procedure illustrated in Figure 8.1 for coating

Nonpareils® of 10 to 40 mesh was also applied for hot-melt coating capsule

(average 49mg/capsule; capsule size:3CS; Color: natural transparent 0000;

Capsugel®, Division of Warner-Lambert Company, Greenwood, South Carolina).

However, the capsule preheating step (Stage 3 in Figure 8.1) was not utilized for

the capsule coating as it was for the Nonpareils® coating. Multi-layer hot-melt

coating of capsule can also be earned out with the subsequent layers of hot-melt

coating being applied to the already-coated capsules. Upon completion of one

layer of coating, the coated capsules were not screened through any size of sieve

before proceeding to the next layer of hot-melt coating.

Floating study of hot-melt coated capsule

In one floating study, the hot-melt coated capsule were placed first in

simulated gastric fluid (SGF) for 2 hours and then transferred over to simulated

intestinal fluid (SW) in a covered 200 ml beaker at room temperature. A second

floating study was performed only in SIF but at 37.5 °C, which was maintained in a
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computer-controlled water bath. All floating studies were conducted under stalic

condition, i.e., without medium movement in the beaker.

The floating study was designed to investigate preliminarily the floatability

of the hot-melt coated capsule as a potential gastric retention device for controlling

drug release.

RESULTS AND DISCUSSION

Polyethylene glycols (PEG) of vanous molecular weights (PEG 1450, 3350,

4600, and 8000) and Gelucire® 50/13 were screened as candidates for the final hot

melt coating material (Table 8.5). As can be seen from Table 8.3, all potential hot

melt materials or material combinations possessed a melting point in the range of

40-65° and a congealing point above room temperature. Although beginning to

congeal at around 44-45 °C, a processing temperature of 55 to 60 °C is required for

all PEGs or PEG combinations prior to mixing/blending with Nonpareils®, since

these hot melt materials congeal rapidly. On the other hand, Gelucire® 50/13

congeals with a comparatively slower rate. This characteristic of Gelucire® 50/13

allows lower direct blend hot melt coating processing temperature for

mixing/blending.

All the melt-coated Nonpareils® (30-35 mesh) were able to flow freely.

However when placed into the Wurster spray coating chamber, only PEG 3350,

4600 and Gelucire® 50/13 coated particles failed to generate any agglomeration

during the subsequent aqueous enteric coating process. Since PEGs of low
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molecular weights are water soluble, the formation of agglomerate in the spray

chamber was indicative of PEG moisture-sensitivity.

These are results from preliminary studies and show that mixtures of

coating materials can be used in this new direct blending hot melt coating process.

Some such coats are less sensitive to moisture than others. Given that lower

processing temperature is desired for maintaining antigen stability when being

dispersedldissolved in the hot-melt system, Gelucire® 50/13 was studied further as

a hot melt coating material. Other coats also produced excellent formulations.

Gelucire® 50/13 (the value 50 represents the melting point and the value 13

represents the hydrophilic and lipophilic balance value, or HLB), is composed of a

well-defined mixture of mono-, di-and tri-glycerides and mono- and di- fatty acid

ester of polyethylene glycol 1500, appears to be a waxy solid with faint odor and

possesses melting point from 46 to 51 °C. The higher the HLB value, the more

lipophilic Gelucire would become. Previous uses for Gelucire® 50/13 have been

focusing on providing sustained drug release in dosage form design (9). Gelucire®

50/13 was also found to produce linear drug release kinetics that recommended for

drug targeting (10).



Table 8.5. Physical characteristics of potential hot melt coating materials and their melt-coated beads.

Hot melt
Congealment point Bead flowability Melt coated bead

coating Ratios Melting point (°C)
(°C)/congealing Rate after hot melt behavior during

materials coating (@RT) enteric coating

PEG 1450 100%
Starts melting at 45;

44 to 45/Fast good
Agglomeration;

complete melt at 5 3-54 unable to proceed

PEG 1450:
4: 1

Start melting at 45;
45/Fast good

Agglomeration;
PEG 4600 complete melt at 58 unable to proceed
PEG 1450:

2:1 Complete melt at 60 44 to 45/Fast good
Agglomeration;

PEG 4600 unable to proceed
PEG 1450:

Agglomeration;PEG 4600: 20:7:3 Complete melt at 60 44 to 45/Fast good
unable to proceedPEG_8000

Start melting at 60; No agglomeration;
PEG 4600 100%

complete melt at 65
45 to 46/Fast good able to perform

enteric coating
PEG 4600:

1:1 Complete melt at 62-62 44 to 45/Fast good
Agglomeration;

PEG 1450 unable to proceed

PEG 1450: Complete PEG melt at
Stearic acid solidifies Agglomeration;

Stearic acid
10:1 57; complete steanc acid

at 57 to 58/Fast
good

unable to proceed
melt_at_65



Table 8.5. Physical characteristics of potential hot melt coating materials and their melt-coated beads (continued).

Hot melt
Congealment point Bead flowability Melt coated bead

coating Ratios Melting point (°C)
(°C)/congealing Rate after hot melt behavior during

materials coating (@RT) enteric coating

PEG 1450: Complete PEG melt at
Stearic acid solidifies Agglomeration;

Stearic acid
10:1 57; complete stearic acid

at 57 to 58/Fast
good

unable to proceed
melt_at_65

Start melting at 60; No agglomeration;
PEG 3350 100%

complete melt at 65
45 to 46/Fast good able to perform

enteric coating

Gelucire® Start melting at 46; No agglomeration;

50/13
100%

complete melt at 65 40-45/Slow good able to perform
enteric coating
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Maximum single hot-melt layer level and multiple coatings

The maximum hot-melt coating amount that could be applied in a single

layer was approximated when significant amounts of agglomerates began to form

after certain weight gain of Gelucire was applied to the Nonpareils®. Gelucire®

50/13 amounts chosen for this determination were 20% and 30% weight gain of the

amount of Nonpareils® utilized. Coating results are given in Table 8.6. It was

found that as much as 30% of Gelucire® 50/13 in weight gain could be applied in a

single coating layer for a 45 gram batch of Nonpareils® (30/35 mesh). When more

than 30% was applied as one coating layer however, slight agglomeration was

observed. In fact, the higher the starting Gelucire® 50/13 is in weight gain, the

lower the percentage is achieved for the targeted weight gain. For example,

85.55% of the original Gelucire® 50/13 was coated when 20% was targeted,

compared to the 80.73% with 30% target. The higher loss was mainly contributed

to the agglomerate formation as a result of over fluidization of Nonpareils® with

Gelucire molten material. Higher coating amounts may be achieved in large scale

manufacturing equipment where mixing and scraping are more efficient than when

using a stirring rod in a beaker in the lab.

If the desired amount for hot-melt exceeds 30%, multiple Gelucire coatings

could also be realized through the direct blending hot melt process in a one-layer at

a time fashion. Preliminary trials showed that three layers of Gelucire, each 30% in

targeted weight gain, could be applied to achieve a total coating weight gain of
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about 70% (Figure 8.2). The actual coating weight gains (24.22%, 47.78% and

69.78%, respectively for layer No.1, 2, and 3) were found to be less than the

expected (for layer No.1, 2, and 3). This was because some of the molten material

was lost during the blending process to the container wall and to the blending

equipment. However the loss mainly comes in a form of Gelucire fines when the

agglomerates are screened through a proper size sieve for individual coated

particles following each layer of coating.

Figure 8.2. Multiple coatings of Gelucire® 50/13 on Nonpareils® (30-35 mesh)
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Table 8.6. Coating formulation and results for determining Gelucire® 50/13 coating amount in a single layer.

% % Gelucire % Gelucire Agglomerate
Nonpareils Number Gelucire achieved on free- achieved based on s: significant!
(30-35 mesh) of coating Gelucire® as throwing beads total Geluicre non-

(g) layers 50/13 (g) nonpareil based on original utitilized significant
s nonpareils

45 1 9 20 17.11 85.55
Non-

. .

45 1 13.5 30 24.22 80.73
Slightly

significant

t)



244

It was observed that as the number of Gelucire coating layers goes up, the

less uniform the surface would become for the coated Nonpareils®. This is mainly

due to the blending and break-up processes in which agglomerates are separated by

being pressed gently against the container wall with a spatula while Gelucire® is

still in the final stage of congealing.

The multi-layering process also generates slight agglomerates during the

second and third layer coating, but which can be screened through proper size sieve

for individual coated particles. All individual particles were able to flow freely at

room temperature. This characteristic of the Gelucire®-coated particles enables the

subsequent enteric coating process to proceed readily. Because the hot melt

coating procedure was conducted using laboratory scale equipment, further

investigation is required for extrapolating the coating results obtained herein to a

larger equipment setup.

Influence of nonpareil particle size on hot melt coating feasibility

It is now discovered that not only Nonpareils® of 30-35 mesh can be coated

with direct blending hot-melt coating for up to 30% in weight gain in a single layer

with only modest agglomerate formation, but, surprisingly, Nonpareils® of 40-45

mesh could be coated in a similar fashion. Multi-layered coating was also carried

out in demonstrating the feasibility of the direct blending hot-melt coating method

to Nonpareils® of significantly smaller size (Figure 8.3). Two layers, each of 10%

in weight gain, were applied to a batch of 50.5 gram Nonpareils® of 40-45 mesh.
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The actual weight gains were 9.7% and 18.02% after the first and second layer of

coating, respectively. The less-than theoretical weight gains are mainly contributed

to coating material loss to the container wall and blending equipment used.

The Gelucire® 50/13 hot-melt coating by direct blending method failed to

generate any agglomeration during the first layer coating for Nonpareils® of 40-45

mesh. This result shows that the direct blending hot-melt coating allows addition

of more coating material and use of smaller solid supports when compared to the

solid dispersion hot-melt fluid bed coating method described by Kennedy and

Niebergall (6). Although minor agglomeration was formed after the second layer

of coating, the agglomerates can be separated readily when being screened through

a proper size sieve. Scraping and blending blades can be used in the hot-melt batch

vat, and agglomerates separated during processing to prevent formation of a solid

mass. This is unlike the fluid bed coating where the solid support must remain

suspended on a bed of air, and if agglomerates gather to form a solid mass, the

entire mass "crashes" from the bed and "seizes" in the chamber, destroying the

entire batch. The final hot-melt coated Nonpareils® in this example also flow

freely.
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Figure 8.3. Multiple coatings of Gelucire® 50/13 on Nonpareils® (40-45 mesh).
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Hot-melt coating amount and drug content uniformity

Desirable hot-melt coating amounts were approximated with two coating

formulations of low and high weight gains of Geluicre® 50/13. The two coating

formulations are given in Table 8.7. Ovalbumin was utilized as model compound.

As indicated in Figure 8.4, ovalbumin content distribution from the lower Gelucire

coating (formulation A, Table 8.7) was less consistent than that from the higher

Gelucire coating (formulation B, Table 8.7). The relative standard deviations of

samples from the two different batches were estimated to be 18.53% and 5.68%,

respectively for formulations A and B in Table 8.7. According to the USP <905>

Uniformity of Dosage Units (7), "the requirements for dosage uniformity are met if
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the amount of the active ingredient in each of the 10 dosage units as determined

from the relative standard deviation is less than or equal to 6%". Because a

Gelucire coating level of 11.11% in weight gain produced a relative standard

deviation of 5.68%, thus Gelucire coating of about 11% in weight gain would he

considered optimal for ovalbumin. Other coating amounts may be preferred for

other drugs. In some cases relative standard deviations of more than 6% may be

acceptable. It is surprising that such uniform coats are obtained using this new

direct blending hot-melt coating since one-by-one hand dipping of tablets in hot-

melt coatings results in more variable coating weight gain.

Table 8.7. Gelucire® 50/13 hot-melt coating formulations for drug content
uniformity comparison with ovalbumin as model protein compound.

Nonpareils Gelucire® Ovalbumin Percent
Hot melt (30-35 50/13 (g) Gelucire®

Formulation mesh) (g) 50/13 of

Hot Melt
Coating

95
Formulation A
(Low level)
Hot Melt

5.26

Coating
90 10 1 11.11

Formulation B
(High level)

The result for drug content uniformity was found to be reproducible with

the direct blending hot-melt coating method when ovalbumin was replaced by RPE

as a model protein compound (Figure 8.5). The relative standard deviation was

estimated to be about 3.12% for a group of 12 random samples selected from a
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batch of 95.4 gram coated beads. The Gelucire coating level applied was about

11.18% in weight gain (Table 8.8).

Table 8.8. Gelucire® 50/13 hot-melt coating formulation for drug content
uniformity using RPE as model protein compound

Nonpareils Gelucire RPE (g) Gelucire® 50/13Hot melt
(30-35 mesh) ® 50/13 as Percent ofFormulation

(g) (g) Nonpareils (%)
Hotmeltcoating

85 9.5 0.9 11.18containing RPE

The acceptable relative standard deviations (5.68% and 3.12% for

ovalbumin and RPE, respectively) from the content uniformity testing clearly

demonstrate the feasibility for direct blending hot-melt coating application. As a

result of these results with suspensions, drugs that are soluble in direct blending

hot-melt coatings are expected to show acceptable content uniformity.

Drug dissolution studies

The Gelucire hot-melt coated beads containing RPE (Table 8.7) were spray-

coated with Eudragit® L3OD 55S. The enteric coating layer obtained was about

26.64% (w/w). In vitro drug dissolution studies were conducted on the enteric-

coated beads in both simulated gastric fluid (SGF) and simulated intestinal fluid

(SIF). The RPE release profiles in SGF and SIF are shown in Figures 8.6 and

Figure 8.7, respectively. The percent RPE released at the end of two hours was

estimated to be about 15% in SGF. Because the solubility of Eudragit® L3OD 55S
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film is pH dependent and can only start to dissolve at pH 5.0 or higher, the

observed RPE concentration in SGF thus indicated that RPE was released mostly

by diffusion through the entenc coating layer. This implied that a thicker enteric

coating layer would be preferred to further retard drug release in the stomach given

that the intended RPE release site is the small intestine.

RPE release was approximately complete after 45 minutes in the SIF

(Figure 8.7), which was indicative that Eudragit® L3OD 55S enteric-coating layer

was dissolved fully and that Gelucire® hot-melt coating layer (based on coating

formulation described in Table 8.7) was also dissolved completely. Gelucire®

50/13 has been employed for controlled drug release formulations. The lack of

extensive sustained drug release was most likely the result of the relatively thin

Gelucire® coating amount applied when compared to the amount necessary for

generating a significant controlled release effect, which was not included in this

study but earlier examples showing that much more coating can be applied teach

that the direct blending hot-melt coating method can be used for sustained action

formulations.

Hot melt coating layer morphology

For Gelucire hot-melt coated (11.11% in weight gain) beads, the scanning electron

micrograph (x 100) revealed that beads were covered completely by the coating

material and that the coating texture was somewhat discontinuous with the presence



250

of some pores (Figure 8.8a). The coating also appeared to be waxy and filled with

crests and troughs evenly distributed across the surface. These observations are in

agreement with the report of Rats imbazafy et al. (11) that Gelucire® 50/13

possesses a ribbon-like structure under SEM, which prevents the congealing hot-

melt from forming a uniform surface that could otherwise be obtained through

conventional spraying coating technique. The surface irregularity could also be

contributed to attrition during the direct blending process in which the adhesion-

separation cycle of the coated beads imparted the observed wavy surface

appearance.

The cross-section view (x 150) of the Gelucire hot-melt coated Nonpareils®

failed to capture any distinctive hot-melt layer thickness (Figure 8.8b). This could

be due to possible hot-melt penetration into Nonpareils® surface pores or due to

the large Nonpareils® surface area to the very thin hot-melt coating.

The surface of the enteric-coated Gelucire hot-melt coated beads containing

RPE (Table 8.8) appeared to be highly uniform and compact (Figure 8.9a), which is

characteristic of aqueous-based methyl methacrylic acid copolymer film coating,

but somewhat surprising given the ribbon-like un-evenness of the direct blending

hot-melt coating which is directly under the entenc coat. The cross-section view (x

150) clearly indicated good coalescence of the enteric coating material (Figure

8.9b). The hot-melt coating layer was again too thin to be shown in Figure 8.8b.



Figure 8.4. Comparison of drug uniformity test results at different amounts of Gelucire® 50/13 using
ovalbumin as model compound
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Figure 8.5. Drug content uniformity test results from Gelucire® 50/13 hot melt coated Nonpareils® with direct
blending method using Ragweed Pollen Extract (RPE as model comnound
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There appeared however to be an apparent separation at the Nonpareils®

and the enteric-coating layer interface, which was manifested from the SEM sample

preparation. The disjoining feature between the two layers may be the result of re-

melting of the hot-melt coating layer during the drying step after enteric coating.

Initially when the enteric-coating layer was applied, the hot-melt layer remained in

intimate contact with both the Nonpareils® surface and the enteric film layer since

Gelucire® was already in semi-solid state. As soon as the enteric coating had been

fully applied, and then the heat began, the hot-melt could melt since the process

temperature was allowed to vary from 40 to 50 °C, which is in the melting point

range (46 to 51 °C) for Gelucire® 50/13. This re-melting process may destroy the

semi-solid structure (make it molten again) of the Gelucire® hot-melt layer prior to

drying. Re-congealment of molten Gelucire® may have left gaps between the

enteric-coating layer and the Nonpareils® surface that were previously filled with

Gelucire® 50/13 coating material.

Cross-section view of enteric-coated Gelucire® hot-melt coated

Nonpareils® suggested the existence of re-melting and re-congealment for

Gelucire® during drying, by the disconnection between the enteric coating layer

and the Nonpareils® surface (Figure 8.10).



Figure 8.6. RPE release profile from enteric-coated Gelucire® 50/13 hot-melt coated Nonpareils®.
The dissolution medium was 0.1N HC1 simulated gastric fluid (SGF) of pH 1.29.
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Figure 8.7. RPE release profile from enteric-coated Gelucire® 50/13 hot-melt coated Nonpareils®. The
dissolution medium was the simulated intestinal fluid (SIF) of pH 6.8.
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Figure 8.8. Scaiming electron micrographs of Gelucire® 50/13 hot-melt coated
Nonpareils®. (a) surface view (x 100); (b) cross section view (x 150)
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Figure 8.9. Scanning electron micrographs of entenc-coated Gelucire®
50/13 hot-melt coated Nonpareils® containing RPE. (a) surface view (x 100); (b)
cross section view (x150)
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Figure 8.10. Scanning electron micrograph of enteric-coated Gelucire®
50/13 hot-melt coated Nonpareils®: Cross section view (x 150)

Influence of drug addition on hot-melt agent melting point

Differential scanning calirometry (DSC) revealed that the addition of RPE

depressed Gelucire® 50/13 average melting point from 51 °C to 46 °C (Figure

8.11). This is indicative of the formation of a eutectic mixture. The reduced

average melting point for Gelucire® 50/13 also means lowered congealing point

when it starts to solidify. This implies that Gelucire® 50/13 can remain in molten

state for extended period of time at lower temperature when containing RPE. For

thermally sensitive drugs, lower congealing temperature would mean improved

stability since the processing temperature can be reduced accordingly.



Figure 8.11. Differential scanning calirometry (DSC) thermograms
comparing the melting points of(a) Gelucire® 50/13; (b) mixture
of Gelucire® 50/13 of RIPE (5:1).
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Capsule hot-melt coating and floatability study

Prior to including stearic acid into melt coat preparation, the Gelucire®

50/13 hot-melt coated capsules (after 8 coating layers of about 2000% in weight

gain) were only able to float for about 2 hours in simulated gastric fluid (SGF)

before Gelucire® 50/13 coating layer was dispersed into the medium, exposing the

capsule surface. Exposed capsule shells would then dissolve, the capsule filled

with liquid, and sank. After coating the existing capsules with another layer (about

250% in weight gain) of Gelucre® 50/13/stearic acid (5:1) hot-melt mixture, the

capsules were surprisingly found to be able to float for about 5 hours before the

melt coat was dispersed into the medium. The increased floating time was mainly

due to the water propellant property of stearic acid incorporated into the hot-melt

mixture matrix. Capsules coated either Gelucire® 50/13 or mixture of Gelucire®

50/13/stearic acid (5:1) underwent minimal agglomeration.

As a result of this observation, a mixture of Gelucire® 50/13/stearic acid

(5:1) was selected for capsule hot-melt coating and the subsequent floatability

study. Table 8.9 describes the capsule hot-melt coating formulation for the first

coating layer. For multi-layer coating, the percentages for the hot melt materials

would be the same for each subsequent layer. The number of capsules (size 3CS)

was about 90 to 100 for the coating formulation described in Table 8.9.
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Table 8.9. Capsule hot-melt coating formulation for first layer coating.

tçaIs__
Capsule (3CS) 4.6
Gelucire50/13 83.33
Steanc acid 1* 16.67

Capsules coated with only Gelucire® 50/13/stearic acid (5:1) layer (about

1000% in weight gain through multi-layering) were able to float in simulated

gastric fluid for 2 hours before being transferred over to simulated intestinal fluid,

where the capsules then floated for more than 70 hours. Clearly, the capsules

would float for an extended time with much less coating weight gain. Over the

duration of the entire 70-hour floating process, Gelucire® 50/13/stearic acid layer

was observed to swell in all directions to a size about 1.5 to 2 times the original

capsule volume. Only one half of the coated capsule was immersed into the

medium while the second half was above the medium surface. Even with the

swelling effect, Gelucire®50/13/stearic acid layer was not observed dispersing into

the medium. Figure 8.12 compares coated capsules before and after floatability

study.

As can be seen from b in Figure 8.12, Gelucire® 50/13/stearic acid layer

still retains most of its original shape after 16 hours of floating, although the

outmost layer surface seems to be much softer than the inner part. Because the

coated capsules are able to float in both simulated gastric fluid and simulated

intestinal fluid, it can be discerned that the hot-melt coating is not influenced

significantly by pH of the media used.



Gelucire® 50/13/stearic acid hot-melt coated capsules of the same batch

were also investigated for floating in simulated intestinal fluid at 37.5 °C under

static conditions. It was observed that the capsules were also able to float for more

than 12 hours (when observation was stopped) with minor hot-melt dispersion of

the coating surface into SIP at the bottom of the container. The coated capsules

were not found to be as solid as those studied at room temperature after 16 hours of

floating.
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Figure 8.12. a. Gelucire® 50/13/stearic acid coated capsules (about 1000% in
weight gain) before floating study; b. Gelucire® 50/13/stearic acid coated capsules
after 16 hours of floating in simulated intestinal fluid. The floating study was
conducted at room temperature under static condition.
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CONCLUSIONS

The direct blend hot-melt coating method described is a new and viable

alternative to both the hot-melt spraying-coating process and the solid dispersion

hot-melt fluid bed coating methodology. Spraying equipment and heating tape can

be eliminated from the process while special accessories and equipment typically

used in hot-melt spray methodologies are not required. The method has been

proved to be highly successful for small-scale production in the areas of protein

formulations. Ii addition to utilizing Gelucire® 50/13 as coating agent, other

alternative coating materials can also be applied with the coating method. This

new hot-melt coating method can be applied over a very large size range of target

solid supports from very small Nonpareils® sugar seeds to large gelatin capsules

with minimal agglomeration.
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CHAPTER 9

IMMUNOGENICITY STUDY IN NAIVE MICE OF ENTERIC-
COATED RAGWEED POLLEN EXTRACT (RPE) ALPHA

FRACTION PREPARED BY DIRECT BLENDING HOT-MELT
COATING

Manshiu Leung



ABSTRACT

Immugenicity study results demonstrated that the anti-RPE response from

mice dosed orally with Ragweed Pollen Extract (RPE) encapsulated into

microbeads by a known spray coating method (Allergenics formulation) and a new

hot-melt coating by direct blending method (Gelucire® formulation) was not

shown to be statistically different from those in the placebo group. This

insignificance was the result of large variation associated with the data from the

treatment groups. ELISA Inhibition assay on the other hand showed that the RPE,

encapsulated by both the Allergenics formulation and the Gelucire® formulation,

retains its native conformational form.
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INTRODUCTION

Solid oral delivery of vaccines for immunotherapy has been under

development at Allergenics, Inc. (South San Francisco) since the early 1 990s for

allergen extracts such as cat hair, grass pollen, dust mite, and ragweed pollen.

Development of these programs was supported by the significant immune

responses elicited in human subjects administered microencapsulated allergen (1)

and by effectiveness and safety of the allergens administered (2).

The oral delivery technology for these allergens was based on application of

allergen onto nonpareils, which were then enterically coated with methyl

methacrylic copolymer (3) as shown schematically in Figure 9.1. Both the allergen

application and the enteric coating layer are achieved through the conventional

fluidized bed ("Wurster") spray coating process. However, the spray coating

technique for the allergen application introduced problems such as low efficiency

of coating and long processing times. As a result, a novel allergen application

technique was developed and is described in Chapter 8 of this thesis, and was

termed "hot-melt coating by direct blending method". The novel allergen

application eliminates the need for spray-coating the allergen layer (Figure 9.1) and

reduces the processing time and thus production cost.

In order to assess the ability to generate an immune response by allergen

encapsulated using the new formulation, it was desirable to compare the response

elicited by allergen encapsulated by the Wurster technique described in a patent (3)

and by the novel formulation. In this chapter, an immunogenicity study (placebo-
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controlled) was designed and conducted in mice using RPE as the model allergen in

both the original and new process. Mice are an animal model well suited to

demonstrating immunogenicity of proteins. It was shown that mice immunized

with RPE produce antibodies against Amb a 1, the major allergenic protein in RPE

recognized by the sera of humans with RPE allergy.

Hereafter, allergen application by spray coating technique is referred to as

"Allergenics formulation" while that by novel direct blend hot-melt coating with

Gelucire® 50/13 referred to as the Gelucire® formulation. The placebo was

prepared by employing the Gelucire formulation with the absence of RPE. The

final enteric-coated particles will be referred to as microbeads.

Figure 9.1. Schematic diagram of structure of allergen encapsulation.

MATERIALS AND METHODS

Animals

Entenc coating

Nonpareils®

Allergen layer

Female, 8-12 week old Bald/c mice were obtained from and kept at the

animal facility of B&K Universal (Fremont, California). The mice were housed in

polycarbonate cages with stainless steel wire tops. Each cage was covered by a
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microisolator hood to prevent cross contamination. Mice were acclimated for a

minimum of 3 days at B&K Universal prior to the start of the study.

Allergen encapsulation

Standardized, lyophilized short ragweed Alpha Fraction was prepared by

Hollister-Stier Laboratories, LLC (Lot#: AFOO200T; Spokane, WA). The ragweed

Alpha fraction is a diafiltered extract lacking the very low molecular weight

components (<3,000 MW) of the ragweed extract. The reported potency of the

RPE raw material is 36.6 Amb a 1 Units/mg.

For encapsulation by the Allergenics formulation, RPE was solubilized in a

solution containing lactose (NF, monohydrate) (Ruger Chemical Company., Inc.,

Irvington, NJ) and polyvinylpyrrolidone (Plasdone® K29/32) (ISP Technologies,

Inc., Wayne, NJ) as a binding agent. The solution was spray-coated onto

Nonpareils® of 30-3 5 mesh (CHR Hansen, Wahwah, NJ) in a fluidized bed with

Wurster bottom insert (Fluid Air, Aurora, IL). Following application of the RPE

layer, the particles were enteric-coated with an aqueous methyl methacrylic

copolymer dispersion (Eudragit® L3OD 55S, Rohm America mc, Somerset, MA).

All processes were conducted at low temperatures in order to minimize possible

protein degradation. For encapsulation by the Gelucire formulation, RPE was

incorporated onto nonpareils via hot-melt coating by direct blending method

(illustrated in Chapter 8). Following application of the RPE layer, the particles
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were enteric-coated as with the Allergenics formulation but based on processing

conditions described in Table 8.4 (Chapter 8).

The potencies of RPE microbeads were analyzed to be 205 Amb a 1

Units/gram and 139.4 Amb a 1 Units / gram, respectively by the Allergenics

formulation and the Gelucire formulation (Assay method and standard curve are

not shown here since these studies were conducted by Hollister-Stier Laboratories,

LLC). For the enteric-coated RPE particles by the Gelucire® formulation, the

enteric film coating obtained was 26.4% by weight. Dissolution study results (refer

to In vitro drug dissolution studies in Chapter 8 for dissolution apparatus and setup)

showed that these enteric-coated RPE microbeads are acid-resistant at pH 1.2 for 2

hours (Figure 9.2) and readily become solublilized at pH 5.5 or above (Figure 9.3),

releasing RPE proteins, as assessed by the bicinchoninic acid (BCA) protein assay

(Pierce, Rockford, IL). In other words, encapsulated RPE is protected from gastric

contact in the stomach and is released when reaching the small intestine where the

pH is suitable for dissolution of the enteric layer. The placebo microbeads were

also prepared according to the Gelucire formulation with the absence of RPE

proteins.

Experimental design for mice immunization

Mice were randomly divided into three immunization groups with 15 mice

in each group. One group received RPE microbeads with a potency of 205 Amb a

1 Units/gram of finished beads; the second group received RPE microbeads with a



273

potency of 139.4 Amb a 1 Units/gram of finished beads; the third group received

the placebo beads. The study design is described in Table 9.1 along with the study

schedule in Table 9.2.

Table 9.1. Experimental design for the mice immunogenicity study.

Group
Number

Group Designation Dosage Total
Amb a 1

Units

Number of
Mice

RPE microbeads by
16.5mg RPE

Gelucire
microbeads/mouse

I formulation (139.4
for 4 consecutive 9.2 15

Amb a 1
days

Units/gram beads)

Placebo microbeads 16.5mg placebo

II by Gelucire microbeads/mouse
15

formulation for 4 consecutive
days

RPE microbeads by
15mg RPE

Allergenics
microbeads/mouseIII formulation (205
for 3 consecutive 9.2 15

Amb a 1
days

Units/gram beads)

Study procedures

Before dosing, mice are slightly anesthetized with isofluorine (about 3 to 4

mL) soaked into clothes inside a screw-capped glass bottle. Microbeads are then

delivered to the back of the oral cavity using a feeding device developed by

Allergenics, Inc. Each animal receives a drop of acidified water to facilitate

swallowing of the microbeads. Blood samples are taken from the retro-orbital

plexus in mice that are anesthetized with isofluorine using heparinized capillary

tubes.
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Two hundred microliters of blood were drawn from each mouse and alternate eyes

were used for consecutive sampling. This method of blood sampling from mice

has been widely practiced and known to not harm the eye or retina of the mice if

performed correctly.

Table 9.2. Mice immunogenicity study schedule.

Study day Events
0 Pre-treatment: blood draw from each mouse
1 Oral microbead dosing of all groups
2 Oral microbead dosing of all groups
3 Oral microbead dosing of all groups
4 Oral microbead dosing of groups I and II
15 Blood draw from all groups
22 Blood draw from all groups
23 Oral microbead dosing of all groups
24 Oral microbead dosing of all groups
25 Oral microbead dosing of all groups
26 Oral microbead dosing of groups I and II
36 Blood draw from all groups
50 Blood draw from all groups
64 Blood draw from all groups
71 Euthanize all mice on study

Sera obtained from blood draw was diluted in sterile PBS (pH 7.4) in a 1:2

ratio. The diluted blood sample was centrifuged to pellet the red blood cells and

the serum collected stored at 4°C for assay.

Serum antibody assay

Serum anti-RPE antibody titers were determined by a direct ELISA assay.

Microtiter plates (96-wells) (NUNC ImmunoTM plate, Nalge NUNC International,

Denmark) were coated with RPE dissolved in pH 9.6 carbonate buffer (0.1 mg/ml,
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lOOltl per well). After overnight incubation at 4 °C, the plates are washed once

with PBS/Tween and filled with 1 50p i/well of 10% FBS in PBS/Tween to columns

1 to 10, followed by an extra addition of 120 pJ/well to row A only. Sample sera

(from mouse) of 30 t1 were added to wells in row A in the plates followed by a

serial titration of 150 tl from row A through row G. After incubation at 4 °C for

one hour, the plates were washed three times with PBS/Tween and filled with 100

lil/well of 10% fetal bovine serum (FBS) in PBS/Tween containing goat anti-mouse

IgG (H + L) HRP (lmg/ml, Zymed, South San Francisco, CA) at a concentration of

1:2000. After incubation at 4 °C for one hour, the plates were washed three times

with PBS/Tween.
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Figure 9.2 Dissolution profile in simulated gastric fluid from enteric-coated RPE microbeads by the
Gelucire® formulation.
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Figure 9.3 Dissolution profile in simulated intestinal fluid from enteric-coated RPE microbeads by the Gelucire®
formulation.
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The serum samples were developed by adding 100 mi/well of Tetramethyl

Benzidine (TMB) (Zymed, South San Francisco, CA) to the plates to yield a blue

color. To stop the color reaction, 100 pd/well of 0.5 M H2504 (Fisher, Pittsburgh,

PA) were added to the plates to yield a yellow color. This serum assay method was

developed internally by Allergenics, Inc.

In each of the plates analyzed, a standard curve was prepared using pooled

serum samples from all mice in the two treatment groups (Group I and III, Table

9.1) at the scheduled blood-draw on day 50 (Table 9.2). Serum from this date was

chosen to provide maximum antibody titers based on assay results from previous

studies. The assay procedure used for the standard curve preparation was the same

as that for the serum sample from individual mice. The Microtiter plates were

analyzed using a microplate reader (Multiskan MCC, MTX lab system, Inc.,

Vienna, VA) at wavelength of 450 nm.

Quantification of serum antibody titers

An arbitrary antibody titer of 1,000 was assigned to the most concentrated

pooled serum sample of the averaged standard curve. Antibody titration of this

antisera 1:2 on the ELISA plate resulted in wells with standard titers of 500, 250,

125 and so on. An equation relating absorbance at 450nm and diluted antibody

titers was determined by linear regression analysis. The serum anti-RPE antibody

titers were estimated for each sample in the following fashion:
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For example, the standard equation between the diluted antibody titer and the

absorbance for one plate analyzed is:

Diluted antibody titers 112.64 x absorbance 3 5.968

Assume that the absorbance readings from a serum sample titration (1:2) are 1.15 5,

0.595, and 0.34 1. The estimated antibody titer values can therefore be calculated

according to:

Estimated antibody titers = (112.64 x absorbance 3 5.968) x dilution_factor

The dilution factor was multiplied by the diluted antibody titers in obtaining

the estimated antibody titers, namely, the titer value prior to sample dilution. The

sample dilution was carried out so that the readings from the diluted samples would

fall within the capacity of the sample reader.

The estimated antibody titers are then approximated to be 94.13 (94.13 x 1),

62.11 (31.05 x 2), and 9.76 (2.44 x 4), respectively. As a result, the antibody titer

for this particular serum sample is estimated to be 78.12 [(94.13 + 62.11)12]. The

last antibody titer (9.76) was excluded from the calculation because it was

drastically different from the first two titers.

The standard curve from the example is shown in Figure 9.4 along with the

estimated concentrations (antibody titers) shown in Table 9.3 by applying the

standard curve.



Figure 9.4. Standard curve for serum sample concentration (antibody titer)
estimation of one mouse based on the example given. Indicated also is the
confidence interval for the regression line (the lower and upper limits).

1.6

1.4

1.2

0.8

0.6

0.4

0.2

0

= 0.0089x + 0.3208

0 50 100 150

Concentration (antibody titer)

Table 9.3. Estimated concentrations (antibody titers) from standard curve based on
the example given.

Standard equation:
antibody titers (112.64 x absorbance 3 5.968) x dilution_factor

Absorbance Dilution factor Antibody titers Average titer
1.155 1 94.13
0.595 2 62.11 78.12
0.341 4 9.76

Statistical analysis

The purpose of this study was to determine if the treatment groups were

different from the control groups. In other words, this study was performed to

investigate if both the Allergenics formulation and the Gelucire formulation were

different from the placebo formulation by measuring the antibody titers from the
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subjects of each treatment group. To carry out the comparison, Dunnett's method

for multiple comparison was utilized. It is specified to compare the treatments to

the control.

Before Dunnett's method for comparison could be performed, the repeated

measures analysis was carried out to obtain the mean square error that would be

used in the Dunnett's method for comparison if it was found to be significant. The

repeated measures analysis was used to partition the variance into time, treatment,

and inexplicable error (mean square error) since the antibody titer measurement for

each subject in each treatment group was made at different time point according to

the study design (Table 9.2).

RESULTS AND DISCUSSION

Validation of pooled serum sample for standard curve preparation

The ELISA Inhibition assay (different from direct ELISA assay employed

for serum antibody analysis) results demonstrated that the anti-RPE antibodies

from the pooled serum reacted similarly to the RPE-inhibitor complexes from

enteric-coated microbeads prepared by both the Allergenics formulation and the

Gelucire formulation (Figure 9.5). The similar ability of RPE released from

Gelucire microbeads and RPE released from Allergenics' microbeads is reflected

by the comparable absorbance vs. RPE inhibition curves as depicted in Figure 9.5.

As a result, the utilization of pooled serum sample for the standard curve

preparation becomes valid.



Figure 9.5. ELISA Inhibition assay results. All three profiles possess comparable slopes indicating similar
binding between the anti-RPE antibodies and the RPE-inhibitor. Also drawn from examining the profiles
is the conclusion that RPE remains in its native conformational form following encapsulation into
microbeads by both the Allergenics formulation and the Gelucire formulation (n2).
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The absorbance reading from ELISA Inhibition assay is also an indirect

measurement of the binding between the anti-RPE antibodies and the RPE-

inhibitor. As the RPE solution becomes more concentrated, a greater amount

inhibitors bind to the RPE in solution rather than RPE on the ELISA plate. The

inhibitor bound RPE is washed from the plate during the ELISA assay. Thus, the

higher the RPE concentration is, the more inhibitors are washed away. This will

result in less bonding between RPE inhibitor and anti-RPE antibodies at higher

RPE concentration. Figure 9.5 showed that the absorbance appears to be inversely

proportional to the log of the RPE concentration.

Examination of Figure 9.5 showed that the slopes from the regression

analysis (-0.1836, -0.1982 and -0.1979 for RPE, Allergenics and Gelucire group,

respectively) for all three of the profiles are similar to each other, indicated by the

parallel pattern of the regress lines.

Statistical analysis (extra-sum-of-square test) also confirmed that the slopes

for all three profiles are indeed the same. The analysis was carried out by using the

reduced model (simple linear regression) assuming that all data points can be fitted

by one general slope and the full model (multiple linear regression) assuming that

all data can be fitted into three different slopes. The F-statistic from the test that

indicated if there was any difference between the reduced model and the full model

was found to be 1.1, which was much less than the significance value of 3.3 when

conducted at 5% significance level. This showed that the reduced model is



sufficient in describing all the data points. In other words, all data points can be

represented by a common slope.

This occurrence implies that the anti-RPE antibodies from the pooled serum

sample are binding in a comparable fashion to the RPE-inhibitor complexes from

each of the three categories. Given that the anti-RPE antibodies and the RPE

inhibitors employed are identical in each of the three profiles, it can be concluded

that RPE must exist in the same form across all three categories. Since raw RPE

exists in its native conformational form, the encapsulated RPE also remains in its

native conformational structure following preparation by both the Allergenics

formulation and the Gelucire formulation.

Induction of an immune response in mice after oral administration
of encapsulated ragweed pollen extract (RPE)

Over the course of the study, a number of mice (average 4) perished from

each of the three groups, which might have been caused by dosing since it is

difficult to intubate mice. However, blood sampling was not the major cause for

death since all mice survived after each bleeding. The serum samples were

collected and analyzed from mice that survived at each of the six scheduled blood-

draws.

Figure 9.6 depicts the average total serum anti-RPE antibody titers for the 3

treatment groups along with the standard deviations in Table 9.4. . As can be seen,

the trend for the antibody responsiveness is the most dramatic for Group III that

was dosed with RPE encapsulated microbeads by the Allergenics formulation.



Figure 9.6. Averaged total serum anti-RPE antibody titers responsiveness for the treatment groups
(Groups I and III) and the placebo treatment (Group II) after oral administration of RPE encapsulated
enteric-coated microbeads.
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Table 9.4. The average and the standard deviation of the serum anti-RPE antibody titers for the treatment groups
(Groups I and III) and for the control group.

Treatment Statistics on
Group Titers Pre-treatment 15-day 22-day 36-day 50-day 64-day

Group I Average* 21 48 81 602 472 477
(Gelucire) StDev** 13 46 102 1058 822 834
Group II Adverage* 30 73 55 52 65 59
(Placebo) StDev** 15 28 26 31 32 25
Group III Average* 48 116 245 794 829 626

(Allergeincs) StDev** 54 196 437 1140 945 784
* Average of the serum anti-RPE antibody titers from all mice in a group at scheduled blood-drawing day.
** StDev [=] standard deviation: of the serum anti-RPE antibody titers from all mice in a group.



Group II (the placebo group) appeared to demonstrate no anti-RPE antibody

response, which is reflected by the stable base-line reading throughout the duration

of the investigation.

Figure 9.6 clearly indicated some separation between the placebo group and

each of the two treatment groups (Allergenics group and the Gelucire group).

Statistical analysis however failed to show any significant differences between the

treatment groups and the control group. Dunnett's method for multiple comparison

with control was utilized for testing. It was found that the coefficients for the

treatment groups and the control group were significantly different from zero

(Table 9.5) (the p-values were 0.0004, 0.0028 and 0.0049 for the Allergenics

group, the control group and the Gelucire group, respectively). This indicated that

the treatment had significant contribution to the variance of that group.

Table 9.5. Dunnett's test for multiple comparison with control group: Least Square
Means.

Treatment Estimate Standard Error p-value
Allgergenics 324.6 83.3 0.0004
Control 267.2 84 0.0028
Gelucire 243.4 81.7 0.0049

However, the difference in least square means showed that neither the

Allergenics group nor the Gelucire group was different from the control group in

terms of the antibody titers (Table 9.6) (the p-values were 0.2283 and 0.6188

between Allergenics group and the control group, and between Gelucire group and

the control group, respectively).
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Table 9.6. Dunnett's test for multiple comparison with control group: Differences
of Least Squares Means.

Treatment Treatment Estimate Standard Error p-value
Allgergenics Control 57.4 46.9 0.2283
Gelucire Control -23.8 47.4 0.6188

The lack of statistical significance between the control group and each of

the treatment groups was mostly contributed to the high variation associated with

the data obtained from the treatment groups. Several mice in both the Allergenics

group and the Gelucire group did not demonstrate any anti-RPE antibody response

(Table 9.4). This non-responsiveness in antibody was probably the result of the

inability of the lympathic system in bonding to RPE in the small intestines of those

mice involved.

Prior to Dunnett's method for comparison, the repeated measures for the

antibody titer data was conducted. The analysis showed that neither the time effect

nor the treatment effect was found to be insignificant. This means that there is no

correlation between the data collected at one time point and the immediate next

one. These results are summarized in Table 9.7. Thus the mean square error was

not significant and was not used in Dunnett' s method comparison.

Table 9.7. Results from the Repeated measures (Type 3 Tests of Fixed Effect).

Effect F value P-value
Time 1.88 0.1197

Treatment 1.65 0.2048



CONCLUSIONS

Oral administration of Ragweed Pollen Extract (RPE) encapsulated into

microbeads by both the Allergenics spray coating method and the hot-melt coating

by direct blending method was able to induce anti-RPE antibody titers in Balb/c

mice. The statistical testing however failed to demonstrate the significance of the

antibody titer response from RPE microbeads by those two different

pharmaceutical formulations. The insignificant results from this immunogenicity

study are mainly the cause of the small number of mice involved in each of the

study groups which in return might have created the large variation in the anti RPE

antibody titers observed.

Nevertheless it was demonstrated that RPE retains in its native

conformation following microencapsulation by the direct blending method of

preparation. This indicates that under the benign processing conditions (Table 8.3,

Chapter 8) imposed for encapsulation, RPE proteins were not degraded and

potency was retained. Based on these results, it can be concluded that encapsulated

RPE microbeads prepared by the hot-melt coating method is equivalent to those

microbeads prepared by the spray coating method. In addition, the hot-melt

coating method may also be applied to other therapeutically active compounds as a

feasible alternative to the spray coating method currently employed.
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