o
L
Z
=

3

<L
@




3358

ol

Lo glall

3

e
(1]
Z
-
7

<
©

Lasld| &
Ao Sl




g7l i
i =)
& ASUMNET

daalall Sl glealt A8,

il (el ey b
ald g, Call g (g SV (3 g3l

¢ piid )

il § Lgls o8 a3 Al Balall ) askiad) Al s
Sl il Ag) () ga Cude) 28 DAY a.mu.h:

Sl e Tamy a2 ol Jaias
% 40-20 Gedppd gk a5 20 — 15 Gab ) adnn A

To be kept away from dust in dry cool place of
15 — 25¢ and relative humidity 20-40 %







i) el | dudeal | et
@ ASUNET




. V% \ iqsl
A ®harmaceutical Study on Some Sustained
Release Solid Dosage Forms Containing
Tiaprofenic Acid

A Thesis Presented
By

Howida Kamal Ibrahim

For Partzal Fulfillment of Master Degree in Pharmaceutical Science
(Pharmaceutics)

Under the Supervision

of

Prof. Dr. Samia A. Nour

Prof. of Pharmaceutics
Faculty of Pharmacy
Cairo University

Prof. Dr. Soad A. Yehia

Prof. of Pharmaceutics
Faculty of Pharmacy
Cairo University

Department of Pharmaceutics and Industrial Pharmacy
Faculty of Pharmacy
Cairo University

2001



Approved by:

(Committee in charge)

Date: 24/ 10/ 2001






Acknowledgment

I am whole-heartedly grateful to all who paved the way for me to go
ahead paying no need to curb and to tread all the stumbling rocks till

this thesis came out.

It is impossible to single out the many tender hands that contributed
over the years to the development of this thesis. My greatest depth of
gratitude is owed to Prof. Dr. Samia A. Nour, Prof. of Pharmaceutics,
Faculty of Pharmacy, Cairo University, not only for her enlightening
comments, instructive supervision, precious advice and continual

encouragement but also for initiating me into the word of

Ppharmaceutics.

I wish to express my profound gratitude and my deepest thankfulness to
Prof. Dr. Soad A. Yehia, Prof. of Pharmaceutics, Faculty of Pharmacy,
Cairo University, for her unlimited help, kind supervision, ideal

guidance and valuable advice.

Sincere appreciation is also due to my husband and my lovely daughter

whose skyhigh love, devotion and self-denial was the cornerstone of my

down to earth efforts.



Contents

_ : Page
Abstract i
Introduction ‘ ‘ 1
Scope of Work 14

Part 1 _
Preparation and Evaluation of Tiaprofenic Acid-Cellulose Acetate
Butyrate Microcapsules
Introduction 15
Experimental 22
Results and Discussion 28
Conclusion 109
Part 11 _
Preparation and Evaluation of Tiaprofenic Acid Microcapsules Using
Natural Polymers | .. |
Introduction | 112
Experimental - 117
Results and Discussion 122
Conclusion 182
Part IIT
Pharmacodynamic Activity of Tiaprofenic Acid from Selected
Microcapsule Preparations
Introduction | 186
Experimental 188
Results and Discussion ' - 192
Conclusion | 217
References : 218

Arabic Summary _ )






" Abstract

ABSTRACT

Tiaprofenic acid is a non-steroidal anti-inflammatory drug used in the
treatment of various musculo-skeletal disorders and painful conditions.
The drug has proven therapeutic efficacy, tolerability and safety. The
short plasma half-life, 1 — 2 hours, following oral dosing necessitates a
three-time a day administration of the drug to maintéin peak and trough
concentrations within the therapeutic range. Patient compliance is known
to be fairly poor with such frequent dosing regimen. Furthermore, the
conventional dosage forms do not provide protection against the side
effécts associated with non-steroidal anti-inflammatory drugs such as the
irritation of the gastrointestinal mucosa. Thus clinical benefit and related
advantages are likely if such a drug were to be administered as a modified
release dosage form. A multiple-unit system was proposed here in view
of the many advantages that those dosage forms offer. Accordingly, the
work in this thesis is divided into three parts, namely, preparation and
evaluation of tiaprofenic acid-cellulose acetate butyrate microcapsules,
preparation and evaluation of tiaprofenic acid microcapsules using natural
polymers, and pharmacodynamic activity of tiaprofenic acid from various

microcapsule preparations.

Part I: Preparation and Evaluation of Tiaprofenic Acid-
Cellulose Acetate Butyrate Microcapsules

The work in this part included the preparation of tiaprofenic acid
microcapsules using cellulose acetate butyrate polymer by solvent
evaporation technique. Three different emulsifiers, namely sodium lauryl

sulfate, polyvinyl alcohol and polyvinyl pyrollidone, were employed
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alone and as mixtures. Preliminary experiments were carried out to
determine practically the volume range of both the external aqueous
phase and thé internal organic phase, the concentration range of the
emuilsifier and the drug to polymer ratio. The prepared microcapsules
were evaluated for their morphology and surface structure, average

particle size, yield, drug loading efficiency, and their release pattern.

Preliminary Experiments:

To determine the optimum external phase volume, two distilled water
volumes, namely, 120 and 240 ml were tested. Both the volumes
produced spherical microcapsules without aggregation, thus the judgment
was based mainly on the drug content. 120 ml distilled water resulted in
higher drug loading efficiency due to the decrease in the aqueous phase
volume per unit weight drug charged to the system. Thus 120 ml distilled
water was used in the forgoing experiments. 20, 40 and 80 ml, were
employed as internal organic phase volumes. Using 80 ml methylene
chloride increased the time needed for the experiment to 360 minutes:
without further increase in the drug content, thus, this volume was
excluded from further investigations. A series of microcapsules was
prepared using different quantities of sodium lauryl sulfate.
Concentrations below 0.3 % were not successful in producing
microcapsules because the optimal packing concentration of the
emulsifier was not achieved. Hence, 0.3, 0.45 and 0.6 % were suggested
for further investigation. The total drug release after 8 hours for D: P ratio
of 1:0.5 was 72.6 % compared to 55 % for 1: 1 and 12.35 % for 1: 2. The
marked delay in the release rate on using 1: 2 suggested the exclusion of

this D: P ratio from further investigations.
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Microcapsules Prepared Using Sodium laury! sulfate:

Sodium lauryl sulfate was used in three concentratiqns, 0.3, 0.45 and
0.6%. Microcétpsules were prepared intwo D: P ratios (1: 0.5 and 1: 1),
using 120 ml distilled water and 20 and 40 ml methylene chloride. The

prepared microcapsules were evaluated as follows:

1 — Microcapsules were examined using both optical and scanning
electron microscope. They were discrete, spherical, freely flowing and

their surface was smooth at both drug to polymer ratios of 1: 0.5 and 1: 1.

2 — Mean microcapsules diameter was determined, using Coulter Counter
technique, and was found to increase on increasing the polymer amount,
decreasing the organic solvent volume and decreasing the sodium lauryl

sulfate concentration.

3 — The increase in both the polymer amount and the emulsifier
concentration markedly decreased the microcapsule yield. The change in
the organic phase volume had no marked effect on the percentage yield of

the microcapsules.

4 — Statistical analysis of the drug loading efficiency data proved the
absence of a significant effect for the change in both the D: P ratio and
the emulsifier concentration on the drug content of all the microcapsules.
The drug loading efficiency significantly increased with the increase in

the methylene chloride volume.

5 — Microcapsules equivalent to 300 mg of the drug were filled in capsule
shell and their dissolution profiles were studied throughout the pH range
1.2—7.4. Time for 50 % of the drug to be released (t s0%) was used to
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explain the effect of the different formulation variables on the release
profile. The drug release decreased with increasing the polymer amount.
Applying a t ‘test proved the existence of a significant effect for the
change in the organic phase volume on ts. This effect varied according
to the D: P ratio. The analysis of variance showed nonsignificant effect
for the change in the sodium lauryl sulfate concentration on the release
pattern for all microcapsules except for those prepared applying 1: 0.5 D:
P ratio and 20 m! methylene chloride.

6 —Examining the microcapsules surface after exposure to the dissolution
medium revealed that the microcapsules did not fragment or alter in shape
or size and that the surface pores enlarged in size. It was suggested that
the drug release may be by passage through the microcapsule surface
pores

7 — The drug was released faster in the alkaline medium compared to the
acidic medium due to the greater solubility of cellulose acetate butyrate at
higher pH values. The drug was released from the microcapsules by first-

order release pattern at pH values 1.2, 5.2 and 7.4.

Microcapsules Prepared Using Polyvinyl Alcohol:

The microcapsules were prepared following the formulation parameters
that were proven to be optimum in case of sodium lawryl sulfate, which
were, 120 ml distilled water, 40 ml methylene chloride and D: P ratios of

1: 0.5 and 1: 1. On evaluation of the prepared microcapsules, the

following was noticed:

1 ~ On using 0.15 % polyvinyl alcohol alone, the polymer was
polymerized around the rotating shaft during the preparation process
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