PREPARATION AND CHARACTERISATION OF POLYMER FILMS

FOR THE RELEASE OF METRONIDAZOLE

Thesis submitted for the degree of
DOCTOR OF PHILOSOPHY
In the
FACULTY OF MEDICINE
In the
UNIVERSITY OF LONDON
BY

CHRISTINE ELAINE JONES

DEPT. OF PHARMACEUTICS
SCHOOL OF PHARMACY
UNIVERSITY OF LONDON



' / 0
' , O
##12 345-
[ ) %
49 %' %

1

*(

34/



ABSTRACT

The ability of two polymers, Eudragit RL100 and Eudragit
RS100, to form a film which would act as a wound dressing
yet also release the drug metronidazole into the wound

at varying rates has been studied.

Films were prepared from the individual polymers, and
equal proportions of the two polymers, by dissolution
in dichloromethane, addition of the plasticiser dibutyl

phthalate and subsequent solvent evaporation.

The films were subjected to tensile testing and tear
testing. This is important because the films must not

be so fragile that they cannot be handled with ease.

Water absorption, water vapour absorption and water
vapour permeability for each film formulation was
determined. The films must be able to absorb moisture
yet retain a high humidity at the wound film interface,

to be a suitable dressing.

The physical structure of the films was examined by
scanning electron microscopy. The presence of crystal-

linity within the polymer structure was investigated

by X-ray crystallography.

The glass transition temperature of the polymer films
was determined by two methods differential scanning

calorimetry and dynamic mechanical testing.



The dielectric properties of the film samples were also

examined.

The release of metronidazole from the films into aqueous

buffer was monitored.

The films manufactured from the polymer Eudragit RL100
have a faster drug release rate than those films
manufactured from Eudragit RS100 polymer. The films
prepared from an equal proportion of both polymers have
a drug release rate between that of the individual

polymers.

Films produced from the Eudragit RL100 polymer have
greater strength than those films produced from the
Eudragit RS100 polymer. The strength of the films
produced from both polymers lies between that of the
individual polymers. The drug appears to act as a
plasticiser, and increasing the concentration of the
drug increases the mechanical strength, confirmed by

the values of the glass transition measurements.

Films produced from the Eudragit RL100 are more
permeable and capable of absorbing more moisture than
films produced from the Eudragit RS100 polymer, whilst
films produced from both polymers produce results

which lie between those of the individual polymers.
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CHAPTER 1

Introduction

The Skin

Structure and Functions

The human skin is divided into two distinct
layers, the superficial part or epidermis,

and the deep part or dermis. The epidermis

is a non vascular, stratified epithelium whose
cells become flattened as they mature and rise to
' the surface. The epidermis varies in thickness
depending on cell size and number of cell layers,
ranging from about 0.8mm on the palms and soles
of feet to 0.06mm on the eyelids. The most
superficial layer of the epidermis is the

stratum corneum, which is composed of several
layers of dead keratinised cells. The stratum
corneum is generally recognised as the principle
skin barrier to loss of water and to entry of
foreign agents.

The dermis is composed of dense connective tissue
containing many blood vessels, lymphatic vessels
and nerves. The dermis is 3 to Smm thick and thus
is much wider than the overlying epidermis which
it supports. At the bottom of the dermis lies

the fatty, subCcutaneous layer.

The skin performs many varied functions, (Wilkes

et al 1973, Rushmore et al 1966, Flynn 1979).



1)

2)

3)

4)
5)
6)
7)
8)

9)

To contain body fluids and tissues.

To protect from potential harmful external
stimuli a) micro organisms; b) chemicals;

c) radiation; d) heat; e) electrical barrier;
f) mechanical shock.

To receive external stimuli, ie mediate
sensation a) pressure; b) pain; c) heat.

To regulate body temperature.

To synthesise and metabolise compounds.

To dispose of chemical wastes.

To provide identification by skin variations.
To attract the opposite sex.

To regulate blood pressure.

Repair Mechanisms of the Skin

The description of repair mechanisms is

generally accepted, and is taken from the
following medical text books, 'Pathology'’
(Tighe, 1980) and 'Lecture Notes in Dermatology'

(Bethel & Solomans 1979).

When, for any reason, the skin is damaged, the
body's reparative mechanisms atfempt to make the
damaged tissue normal again. Usually a band of
fibrous tissue or scar will remain at the site
concerned, this being the more extensive

the greater the original amount of damage.



The scar is least, after a clean cut which leaves
the edges of the wound opposed, and remains
uninfected. In these circumstances the wound is

often stated to heal by first intention.

The wound edges become stuck together by a thin
layer of clotted blood released from the cut
blood vessels. The acute inflammatory reaction
is slight because the tissue damage is minimal.
Only a few polymorphs are required to digest and
liquify the few dead or dying cells. Three types
of cells appear from the healthy tissue at the
edge of the wound. Their purpose is to restore
the tissue as nearly as possible to normal.
First, free wandering histiocytes or macrophages
move in from the neighbouring blood vessels. The
macrophages, like the polymorphs, break down the
dying tissue, and either digest the products,
store them, or transport them to the sites of
the major concentrations of the reticulo-
endothelial tissues i.e. lymph nodes, spleen and

bone marrow.

The second group of cells which proliferate in
repair are those of young budding capillaries.
These appear first as solid cores of spindle cells
which become canalised and connect with the lumina

of the parent vessels.



The vessels form a mesh throughout the damaged
area, re-establishing the continuity of the
vascular systems in the damaged area, and making
it for a while appear more congested than the
adjacent normal areas. This increased vascularity

enhances the scavenging activity of the histiocytes.

The third group of cells which proliferate are
fibroblasts. They migrate throughout the damaged
area and are responsible for the formation of the
connective tissue fibres which are laid down to
form the permanent scaffolding, uniting the
surrounding viable tissues at the edges of the
wound. These fibres are very fine to begin with,
but later become moulded into parallel bundles.

called collagen fibres.

When fibrous union has been completed there is no
longer any need for the increased tissue vascularity
so many of the capillary vessels disappear. The
fibrous tissue gradually contracts with time so

the wound edges become more firmly knitted together.
The precise stimuli for all these events are still

obscure.

Where the uncomplicated wound of an otherwise
healthy person will normally heal optimally and

in a relatively short period, various interferring



mechanisms may delay healing and be accompanied

by various degrees of partial to total loss of
tissue, with scarring and sometimes necrosis due

to an interruption of the blood supply. These
interferring mechanisms may include: contamination
by foreign bodies or micro organisms, bacterial
toxins, repeated physical or chemical trauma,
oedema of the surrounding area, allergic reactions,
or the presence of necrotic tissue. The healing

of a wound where there has been considerable tissue

damage is said to heal by second intention.

A wall of living tissue surrounds a suspension of
dead and dying cells undergoing digestion. This
maybe so great that an abscess forms, the size
of which may be such that the phagocytic cells
are no longer able to carry away the debris.

An impasse will then be reached, because wounds
cannot heal properly until all foreign material
has been removed. If the abscess does not dis-
charge, the body will attempt to wall off the
unwanted material, by a very thick fibrous wall,
and in this way try to-live with the disability.
It will be appreciated that the longer such foreign
material is left in the tissue, -the less easy it
will be to eventually restore the tissue to its

normal constitution.



When all foreign material is removed from a severe
wound, the sides of the wound cavity are too far
apart for them to join together by apposition

in the presence of a little fibrin, as in the
case of healing by first intention. Instead, the
whole of the raw area transforms itself to a
friable tissue consisting of'léucocytes, histi-
ocytes, capillaries and fibroblasts, bathed in a
fluid which may at first be purulent, but later
serous. This moist, brown, friable, vascular,
velvety tissue is commonly called granulation
tissue. It grows steadily out from the bottom

of the wound towards the surface being backed

up behind by newly formed fibrous tissue, so

that eventually the gap is closed by a fibrous
scar, as with healing by first intention, except

that the scar is usually much more considerable.

Wound Dressings

During the last decade there has been a change

in both the methods employed and the products

used in the management of wounds. The traditional
absorbent cover which frequently produced a dry
wound surface with problems of adhesion and
subsequent secondary trauma, has been replaced

by the accepted philosophy that a moist wound

is a healing wound.



There is also an awareness that there is neither
a single dressing for all wounds, nor one dressing
suitable for the complete management of a single

wound.

This change from the traditional 'cover all'
type of dressing was brought about by the
recognition that a controlled microenvironment
is necessary if wound healing is to progress at

the optimum level. (Turner 1984).

To produce and maintain an environment conducive

to successful wound healing, a number of

parameters were considered to be necessary. These

are:

1. To remove excess exudate and toxic components,

2. To maintain high humidity at wound/dressing
interface.

3. To allow gaseous exchange.

4, To provide thermal insulation.

5. To afford protection from secondary infection.

6. To be free from particulate or toxic conta-
minants.

7. To allow removal without trauma at dressing
change.

Other required characteristics included a good

size range, resistance to tear and disintegration

when wet and dry, ease of handling and conformability,
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and they should be sterilisable and disposable
(Turner 1979).

Simultaneous advances in technology, and material
and polymer chemistry resultea in the development
and production of a new family of wound management
products €.g. synthetic and semi synthetic fibres
and fabrics, composite dressings, haemostats,
polymeric adhesive films, particulate debriding
agents, and both particulate and sheet hydrogels

and hydrocolloids.

The dressings developed from polymers, as well

as producing a microenvironment conducive to
initiating or progressing the healing process of
a wound, demonstrate additional advantages. They
can be subdivided according to their degree of
permeability, into semipermeable films, semi-

permeable hydrogels and impermeable hydrocolloids.

Semi-permeable Films

Examples of semi-permeable films include the

products Polyskin, Opsite, Tegaderm and

Biocclusive. They have highly elastomeric and

extensible properties, which contribute both to
their conformability and their resistance to
shear and tear. They are sterile and particle

free, and have a specific permeability profile.
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They are permeable to water vapour, oxygen and

other gases, and impermeable to water and bacteria.

Permeability to water vapour is approximately
2500g/m2/24hr. The water vapour loss from
uncovered wounds can be as high as 5000g/m2 or
7000g/m2/24hr in granulating wounds. Thus the
loss through a semipermeable membrane is
controlled to prevent dehydration and maintain

a moist interface whilst allowing excess exudate
to be lost by water vapour transmission. (Turner
1984). The oxygen permeability is between
4,000‘and 10,000 cm3/m2/24h, and varies between

the different commercial products (Turner 1982).

Semi-permeable Hydrogels

One of the disadvantages of using a semipermeable
film, is the film is not absorbent and cannot
remove fluid. If the rate of production of
exudate is far in excess of the water vapour
permeability, the retention of a haemotoma or
seroma of significant volume beneath the membrane
is the result. Hydrogels in contrast are super-
absorbents, whilst still maintaining  a micro-

environment similar to that of films.

Hydrogels are three dimensional networks of
hydrophilic polymers, prepared from materials

such as gelatin, polysaccharides, cross linked



poly acrylamide polymers, polyelectrolyte
complexes, and polymers or copolymers derived
from methacrylic esters. These interact with
aqueous solutions by swelling to an equilibrium
value, and retain a significant proportion of
water (up to 95%) within their structure. They
are capable of producing a swelling ratio of
29—34. This value is a function of the initial
and final volume of the hydrogel after being

in contact with fluid for 24 hours, and is a
three dimensional response of the entire gel.
They are however insoluble in water. (Turner

1984).

The synthesis of one of the first, but then
unrecognised, precursors of a hydrogel of medical
importance, poly-2-hydroxy ethyl methacrylate,
came from Du Pont in 1936. However it was
Wichterle & Lim in Prague, in the 1950's who
first developed poly HEMA and proposed it for
medical uses where the hydrophilicity of polymers
could play an important role (Wichterle & Lim

1960).

Wichterle and Lim postulated the fundamental
requirements for the compatibility of synthetic
materials in direct contact with living tissue

as follows:
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1. The material chosen should not contain ahy
free extractable substance of low or high
molecular weight such as residual monomers,
traces of initiator or plasticiser. The
self-diffusion of these impurities may
interact with the surrounding tissues.

2. The material has to be permeable to water
soluble substances (salts, proteins, oxygen
etc.) to assist the metabolism of ambient
tissues.

3. The mechanical properties of the material
especially the elastic modulus have to be
similiar to those of the surrounding tissues.

4. The material must resist degradation by
enzymatic systems or other mechanisms,

and preserve its mechanical properties.

Hydrophilic polymer gels have been prepared which

approach these optimum requirements.

By varying the nature of the polymer backbone a
range of water binding behaviour and thus
mechanical and permeability properties can be

obtained.
The expanded nature of the hydrogel structure

and its permeability allows the extraction of

polymerisation initiator molecules, initiator

11



decomposition products and other extraneous
material from the gel network before the hydro-
gel is placed in contact with a wound. Hydro-
gels possess low interfacial free energies with
aqueous solutions, and only a weak tendency to
adsorb biological species such as proteins or

cells.

Semi-permeable hydrogels currently available

include Vigilon, Scherisorb and Geliperm. These

products meet the requirements expressed by
Wichterle & Lim and the requirements of an

ideal wound dressing. Their high moisture

content produces and maintains a moist interface
which enables cell migration and prevents dressing
adherence. The hydrogels are capable of

absorbing fluid into the polymer matrix. Owing

to the conformability of the hydrogels to the
wound surface direct contact between the hydrogel
and wound exudate would be possible. Water can
also be transmitted through the hydrogel and

this results in a continuous moisture flux across
the dressing and a sorption gradient, which assists
in the removal of toxic components from the wound

area.

The high moisture content allows a dissolved

oxygen permeability which varies between

12
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the products but is equal to or greater than the

oxygen permeability across a film dressing.

It has also been observed that the use of
semi-permeable hydrogels frequently results in
a marked reduction in the pain response in patients.
It has been suggested that the high humidity
protects the exposed neurons from dehydration
and also produces changes in pH. A secondary
effect which may contribute tc this response is
the hydrogels immediately cool the wound surface
and maintain the lower temperature for 6 hours.

(Turner 1984).

Impermeable Hydrocolloids

Hydrocolloids are compound formulations, which
contain an elastomeric and adhesive component

in addition to a hydrogel. The two main marketed
hydrocolloids are Comfeel and Granuflex. These
dressings provide a gaseous and moisture proof
environment, and adhere strongly to the area
surrounding the wound. Hydrocolloids like
hydrogels swell in the presence of fluid.
Hydrocolloids, unlike hydrogels which swell
uniformly, swell in a linear fashion with a higher

moisture retention at the contact surface.
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The result of this is expansion of the soft gel
into the contours of the wound cavity, with the
remainder of the dressing providing continued
support and increasing pressure. The larger the
volume of exudate, the greater the expansion into
the cavity, up to limits imposed by the availability
of the gel. The advantage of fhe hydrocolloid

type dressing is that it overcomes the difficulties
of applying firm pressure to the floor of a deep
wound, a requirement for the production of healthy
granulating tissue. When the dressing is removed,
the gel remains in the wound and can be washed

away with saline. This procedure does not damage

the wound.

The hydrocolloid also provides a sorption gradient
for soluble components, and allows the removal
of toxic compounds from bacterial or cellular

destruction. (Turner 1984).
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TABLE 1
A comparison of the performance profiles of
films(F), hydrogels(HDG), and

hydrocolloids (HDC).

F HDG HDC
Adhesive +++ - ++
Conformable +4++ ++ +
Elastomeric +++ + +
Shear resistant +++ 4+ ++
Sterilisable + + +
Particle free + + +
Absorbent - 4+ +
Permeable to water vapour ++ ++ -
Permeable to oxygen +++ - -
Specific heat - +++ +
Impermeable to bacteria +++ + ++

(from Turner 1984)
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Chemistry of Polymers used in Dressings

These dressings are developed from polymers.
Polymers are high molecular weight substances,

that possess unique properties due to their

size and their assymetry. The chemical reactivity
of polymers depends on the chemistry of their
monomer units, but their physical chemistry

depends on the way the monomers are put together,
and it is this which leads to the versatility

of polymers. The polymer molecules may be

linear or branched, and separate linear or branched
chains may be joined by cross links. Extensive
cross linking leads to a three dimensional and
often insoluble polymer network. More than one
monomer type is involved in the synthesis of
copolymers and various arrangements of the monomers
A & B can be produced with consequent effects on

their physical properties.

a)

R

1A




c) Co polymers
Random ABBAABABAAABBB
Block AAAAABBBAAAAABBB

Graft AAAAAA

oW w

Fig 1. Diagrammatic representation of some alternative
shapes and construction of polymer molecules.
Branched and cross linked polymer chains are
shown in a) and b) and various co polymers of

A and B are shown in c).

The formation of a polymer, synthetic or natural
is the result of a series of random events where-
by repeating monomeric units, or more than one
monomeric unit in the case of co polymers, are
joined together to form larger molecules, not all
necessarily of the same size, and whose molecular
weight can amount to several hundred or several
thousand. The subsequent collection of molecules
usually reflects a distribution of sizes. The
distribution may be narrow for polymers formed
through linear growth under homogeneous conditions,
or quite broad, especiallylif the polymer is

branched or formed in heterogeneous environments.
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The distribution does however, tend to follow a
limited number of shapes. Consequently standard

methods are used to describe the distribution.

The first method used is the number average
molecular weight (Mn). The is defined as the
weight in grams of Avogadro's number of molecules.
The second method used is the weight average
molecular weight (Mw). The basic definition
which gives rise to its name is the weighted
average. The weight average molecular weight is
always greater than the number average molecular
weight for a polydisperse material. It is only
in the case of a material monodisperse in mole-
cular weight that Mn is identical to Mw. More-
over the ratio of Mw/Mn is a frequently employed
parameter describing the relative polydispersity
of a polymer. This ratio may be as low as 1.05
for specially prepared or fractionated 'mono-
disperse polymers, to higher than 20 for very broad
distribution, commercial polymers. This ratio

Mw/Mn is known as the molecular weight distribution.
Higher molecular weight species may be defined and

calculated from fractionation data and these give

a better description of the distribution.
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The first of these is generally called the
Z average molecular weight Mz’ and higher averages
are named z+l, z+2 etc. All these averages do
retain a simple point of similarity in that they
are the ratio of succeedingly higher molecular
weilghts divided by the next lower molecular
weights, so that they retain units of linear

order of molecular weight.

MZ =§EniMi3
S niMi2

It is possible to divide the polymers used in
pharmacy into two sections, water soluble and
water insoluble. Water soluble polymers have

the ability to increase the viscosity of solvents
at low concentrations, to swell or change shape
in solution, and to adsorb at surfaces. Insoluble
polymers, or polymers with a low rate of solution
are used to form thin films, as film coatings,
membranes for dialysis or filtration, surgical
dressings, packaging materials, or to form
matrices for enveloping drugs to control their
release properties. This work is concerned

with insoluble polymers that are capable 6f

forming films.
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Film Forming Polymers

Ethylcellulose is an ethyl ether of cellulose

containing 44-51% of ethoxyl groups.

Fig 2 Structural formula of ethyl cellulose with

HO

- -
H 0C.H 1 CH0C,Hy
275 1
H : 0 '
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complete (54.88%) ethoxyl substitution

Ethyl cellulose has been widely used to produce
film coatings. (Rowe 1985). This polymer is
tasteless and odourless. It is very stable to
alkali and salt solution, but sensitive to acids,
although it can withstand dilute acid for a
limited time. It is an excellent film forming
polymer, producing tough flexible films which are
stable to light and temperature. Ethyl cellulose
is soluble in the majority of organic solvents
used for film coating, and is available commerci-

ally with varying molecular weights.

Rowe (1982) showed that the nominal viscosity

and hence molecular weight of ethyl cellulose,

can have an important effect on the mechanical
properties of the film coat. Also Bogelund (1983)
showed that drug release of chloroquine phosphate

from a film coated tablet could be reduced from
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90% within four hours to effectively zero over
the same time period, by simply changing the
nominal viscosity of the ethyl cellulose in

the film coating from 7 to 20mPas.

Ethyl cellulose can also be used in combination
with water soluble polYmérs, such as propylene
glycol, hydroxypropylmethyl cellulose, and
hydroxypropyl cellulose, in the preparation of
sustained release dosage forms, (Colleta & Rubin
1965, Shah and Sheth 1972, Donbrow & Samuelov

1980).

Rowe (1986), using a water soluble model drug

(a propanolamine derivative with a pka of
approximately 9.5) showed the effect of the
molecular weight of ethyl cellulose on the drug
release properties of mixed films of ethyl
cellulose and hydroxypropylmethyl cellulose.

Drug release decreased with increasing molecular
weight, from grade N7 (molecular weight 18,260),
to Grade N14 (molecular weight 28,160), but at
molecular weights in excess of 35,000 (equivalent
to the N22 grade) there was no further decrease.
This was in agreement with the data reported by
Bogelund (1983). Rowe (1986) also showed that

addition of the plasticiser diethyl phthalate
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retarded the drug release rate with the lower
molecular weight grades, but with the higher
molecular weight grades, there was no effect.

The decrease in drug release rate with increasing
plasticiser concentration was greatest with the
lowest molecular weight grade (N7) but gradually
decreased with increasing molecular weight of

the polymer.

Iyer and Vasavada (1979) and Khan et al (1982)
produced films by the incorporation of ethyl
cellulose with the non polymeric lanolin alcohol,
and the plasticiser propylene glycol. With non
polymeric material such as 1lanolin alcohol,

the hazards associated with monomeric impurities
are avoided. Also non-polymeric materials tend
to be easy to manipulate and are attainable in

a state of definable composition.

Cellulose acetate is obtained by treating cellulose
with acetic anhydride, until the desired degree

of hydrolysis is achieved. The properties of
cellulose acetate vary with the degree of
acetylation and the plasticiser added, but in
general it is a hard, tough material. Sato and Kim
(1984) prepared two types of cellulose acetate
films, a dense type and a porous type in an attempt
to determine whether diffusion of solutes occurred

via pores or by a partition type permeation.
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Another group of water insoluble polymers are
the methacrylate ester copolymers. These are
neutral co polymers usually referred to by their
trade names Eudragit RL100 and Eudragit RS100.
They differ only in their content of quater-
nary ammonium (cation) groups, Eudragit RL100
having a molar ratio of 1:20 cationic centres
to neutral groups, whereas Eudragit RS has a

ratio of 1:40.

They are used to produce colourlesé, transparent
coatings for orally administered dosage forms,
to confer drug release properties. Eudragit RL100
and Eudragit RS100 are insoluble in water but
have a defined swelling capacity and permeability
with respect to water and dissolved drugs. Tran-
sport through these films occurs through water
filled péres ( AbdelAziz, 1575). The potential

of the Eudragit polymers for controlled drug
delivery has been indicated by Lehmann (1968)

and Oker (1982).

Solvent Effects

To ensure a homogeneous film, the polymer must
dissolve in the solvent or combination of
solvents that are to be used. The process of
dissolution of a polymer is two stage; firstly

the solvent molecules diffuse into the solid
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polymer to produce a swollen gel. In the second
stage, the polymer molecules become separated
from one another to produce a true solution.

If the polymer has a high degree of crystallinity,
or strong hydrogen bonding, disintegration of

the gel may not occur.

Therefore the ideal choice of polymer is one

which has little if any crystallinity, and which
has been modified by the substitution of side
groups for hydrogen atoms. This substitution
decreases the intermolecular attraction by
reducing their hydrogen bonding capability, for
example the conversion of cellulose into cellulose

ethers.

If complete dissolution is feasible, then the
rate is dependent on the molecular weight of

the polymer. The topology of the molecule is
also important in determining the rate. An
increase in the cross-linking will decrease the
rate and extent of solution. Also polymers

with side chains tend to dissolve faster than
their linear counterparts. The reasons for this
are not understood, but it may be due to the side
chains producing a more open structure, thereby
allowing easier access of the solvent molecules

into the matrix.
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Cloche (1967) showed an important effect of the
solvent system, which is of particular importance
in this project, the volatility of the film
solution. It is important that the polymer
reaches the template in a completely solvated
state, so that the polymer chains will be extend-
ed. If this is achieved the degree of interaction
between adjacent molecules will be maximised

and a coherent film would form which is completely
intergrated throughout its whole structure. In
practice this rarely happens since the polymer
does not arrive on the template in a state of
optimum solution. Therefore in order to optimise
volatility it maybe necessary to sacrifice to

some degree the solvent power of the system.

This is acceptable in order to produce a final

film having the optimum desirable properties.

Films of differing properties can be obtained

by varying the solvent of the casting solution.
Although the complex processes 1involved in film
formation are not fully understood, it is clear
that the conformation of the polymer chains in
concentrated solution, just prior to solvent
evaporation, will determine the density of the
film, and the number and size of the pores and
voids. Drug flux through dense (non porous)

polymer membranes is by diffusion, whereas
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drug flux through porous membranes occurs by
transport through the solvent present in the
pores. With porous films, control can be
exercised on porosity and hence permeability,

by the use of swelling agents. Dense membranes
can be subjected to certain post formation
treatments which serve to modify their
structural and hence performance characteristics

eg. thermal annealing.

Sheppard and Newsome (1937), Yamada (1943) and
Spence (1941) found that films of cellulose
esters were more brittle when cast from polar
solvents. The Hercules Powder Company brochure
on ethyl cellulose recognises that flexible
films of maximum strength are obtained when

non polar solvents which have little or no
affinity for water constitute a major portion

of the solvent at the moment the films sets.

Plasticiser Effects

Plasticisation can be divided into two processes,
internal plasticisation, and external plastici-
sation. External plasticisation is the addition
of a non volatile, high boiling point substance,
which is compatible with the polymer, in order

to impart desirable properties such as increased
flexibility and toughess. Whereas internal

plasticisation is usually achieved by co-
polymerisation.
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In this project we are concerned with external
plasticisation. The plasticiser can be thought
to be compatible with the polymer if there is a
similarity in the intermolecular forces. The
plasticiser must also remain in the film, so

it must have both a low vapour pressure and a
low diffusion rate in the polymer. The
efficiency of the plasticiser is reflected by
the quantity that needs to be included in the
film in order to bring about the desired change

in properties.

The presence of a plasticiser in a polymer film

alters various parameters of that film.

A plasticiser is capable of reducing the inter-
molecular forces between adjacent polymer chains,
thereby reducing the flow temperature (commonly
called the melting point), and the glass
transition temperature. If the glass transition
temperature is adabove room temperature, then

the polymer will exist as a hard, rigid and often
brittle éolid, having poor resistance to
mechanical stress. This is due to the fact that
molecular movement other than bond vibrations is
very limited. However if the glass transition

temperature is reduced below room temperature,
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the polymer is softer, more flexible, tougher

and has a greater impact resistance.

Lefort des Ylouses et al (1977) prepared films
using cellulose ethers. Increasing the plasti-
ciser content, decreased the surface hardness,

as measured by the pendulum test. Similar results
were obtained by Rowe (1976), using a pneumatic
micro indentation hardness tester. He also
showed that the plasticisers glycerol, propylene
glycol, and low mol. wt. polyethylene glycols
increased the elasticity of films made from
cellulose ethers. This was explained by the
fact that the plasticisers possess several hydro-
Xyl groups which were able to associate closely
with the polyhydric polymers, resulting in a
large amount of hydrogen bonding. However as

the molecular weight of the polyethylene glycols
increased their ability to increase elasticity

was reduced.

Lefort des Ylouses et al (1977) also reported
that the addition of a plasticiser reduced the
tensile strength of the films whilst percentage

elongation up to fracture was increased.

The permeability of polymer films, especially

to water vapour, can be affected by the presence
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of a plasticiser. Derivation of permeability
constants is usually based on Fick's first law
of diffusion. Banker et al (1966) showed that
when considering the permeability of hydrophilic
polymers to water vapour, marked hydrogen
bonding can occur and deviation from this law is

likely.

Lachman and Drubulis (1964) studied the effect
of the addition of plasticisers on the water
vapour transmission rate of cellulose acetate
bhthalate films. They found that as the
plasticiser concentration was increased, there
was an initial decrease in water vapour trans-
mission rate, but eventually the permeability

of the films increased, and surpassed that of
the unplasticised jilms. They postulated that
the transport of water vapour occurred through
the interstices present in the film, and that

as the plasticiser level was increased, these
interstices became filled, thereby decreasing
permeability. On addition of further plasticiser
the structure becomes saturated with plasticiser,
eventually resulting in dilution of the film
and increasing permeability. The magnitude of

the effect is dependent on the hydrophilicity
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of the plasticiser and, of those examined,
glyceryl diacetate conferred the greatest
influence on permeability with diethyl phthalate

the least.

Patel et al (1964) examined the'effect of
polyethylene glycol 4000 on cellulose acetate
phthalate films, and Deeg (1947) evaluated the
effects of plasticisers on cellulose derivatives.
Both results support the above findings. Most
pharmaceutical film polymers are hydrophilic
and deviate from Ficks Law (Swarbrick & Amann

1968).

Many workers have looked at the permeability of
an active agent through films. The active agent
chosen in many cases was caffeine. Fites et al
(1970) reported an increased.permeability of
caffeine through cellulose acetate films, when
up to 43% % of polyethylene glycol 4000 as a
plasticiser was added. Similar results were
obtained by Donbrow and Friedman (1974) using
ethyl cellulose films, and Spitael and Kinget
(1977) also usiﬁg cellulose acetate films.
Spitael and Kinget (1977) used two other
plasticisers, diethyl phthalate and acetyl-

triethyl citrate, but the effect of these was
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much less marked, neither had much influence

on permeability to caffeine. Thus if minimal
effect on permeability to an active agent such

as caffeine is required, the choice of plasticiser
is restricted to those with little or no water

solubility.

Materials to be found in common use as pharmaceu-
tically acceptable plasticisers are, castor

0il, glycerol, propylene glycol, phthalate
esters, acetylated monoglycerides, polyethylene

glycols and glyceryl triacetate.

Effect of solids within the film

Banker (1966) postulated that dispersed solids
decrease the molecular order within the film.
Aléo as if behaving as a plasticiser, dispersed
solids enhance dimensional stability, impact
and abrasion resistance, tensile properties

and thermal stabilities. However this may

be entirely dependent on the quantity used.

Determination of Structure of Polymer Films

X-ray Diffraction

X-ray diffraction has been a major tool for
studying the structure of matter since

German physicist Max von Laue first suggested
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in 1912 that X-rays could be diffracted by
crystals. Experiments proved conclusively that
crystals have periodic structures, and that
diffracted X-rays exhibit a wave nature with

a wavelength of the same order as the period-

icities found in the crystals.

X~ray diffraction is a useful technique in
generating information about the structure of
a polymer matrix, and thus helping to explain

the properties of such a material.

Polymers are long chain molecules, and these
chains normally take on a randomly curved shape.
Consequently, polymers rarely, if ever, exhibit
the structure of a regular crystal lattice.
When a polymer is in a rubbery state, the
application of a force, uncoils the long chain
molecules without much molecular interference,
and a considerable extension of the rubber can
be achieved. Serious resistance to the applied
force then arises when the chains can uncoil

no longer. Since the chains tend to line up

in the direction of the force, more regularity
in the arrangement of atoms is achieved, and
X-ray diffraction maxima are found in stretched

rubbers.
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In rigid polymers, this uncoiling cannot be
achieved by the application of a force. Rigid
polymers can be amorphous and behave in many
ways similar to glass, but some can be partially
crystalline. The region of the polymer showing
order in the arrangement of atoms was once
thought to be built up from different chains,
but newer evidence seems to support the folded
chain model, a polymer chain turns baék on
itself several times before leaving the ordered
region, resulting in a tight packing of chains.
These regions of atomic order are emeshed in a
matrix of randomly distributed chains, and the
degree of crystallinity varies according to

the relative proportions of the folded and
amorphous_material. Thus the X-ray patterns of
crystalline polymers show both éharp features
associated with regions of three dimensional
order, and more diffuse features characteristic
of a less ordered molecular structure. Amorphous
polymers will exhibit only the features of a

disordered structure.

The degree of crystallinity can markedly affect
the properties of the polymer. For example
polymers with a high degree of crystallinity

are difficult to dissolve, often having to be
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heated to the crystalline melting point before

they will dissolve in a suitable solvent.

Conversly amorphous polymers are usually
readily soluble in thermodynamically suitable

solvents.

Barrer et al (1963) have shown that as the

volume fraction of the crystalline region
increases, there is a decrease in the permeability
to water vapour. It is likely that the crystal-
lites, bécause of their structure, are themselves
impermeable to water vapour, and thus their
presence in the polymer matrix will increase

the length of the diffusion pathway.

Other polymer properties that can be affected

by crystallinity inciﬁde”the modulus of elasticity.
Tobolski and Mark (1971) showed that crystallinity
enhanced the modulus, at least between the

glass transition temp. (Tg) and the crystalline
melting point (Tm). For relatively low degrees

of crystallinity the crystallites act as thermally

deformable filler particles.

A characteristic of the crystalline state is
the regular ordering of molecules. This property
is used in the X-ray analysis of materials to

determine the degree of crystallinity, since
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X-rays incident upon the structure will be
diffracted at discrete angles, as described by
the Bragg equation.

nA = 2d sin O 1.1

where 2J is the angle between the incidernt and
diffracted X-ray beams, n is the order of
diffraction, and d is the interplanar spacing
of the crystalline planes involved in the

diffraction.

Large, perfect, ionic crystals give very narrow
diffraction peaks, whereas even crystalline
polymers yield broad diffraction peaks super-
imposed on a diffuse halo. This broadness is
due to the small size of the crystalline regions
of the polymer and the imperfections in them.

As the degree of crystallinity decreases, the
diffraction peaks become broader. Thus
amorphous polymers give broad diffraction peaks.
Low molecular weight liquids are similar to
amorphous polymers and give broad diffraction
peaks associated with the average distances
between the atoms in the liquid state, the
statistical distribution of these distances,

and the fact that they are not periodic in

nature.
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Fig 3. Resolution of X-ray diffraction pattern into

amorphous halo and crystalline peaks.
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Glass Transition Temperature Determination

The mechanical properties of a polymer depend

so markedly on temperature, that the temperature
range can be divided into sections and the
sections given names which suggest that the
structure takes on an entirely different form.
Thus at low temperatures, a polymer may be

hard and brittle like glass, and is said to be

in a glassy state. At higher temperatures the
same material becomes rubbery. This rubbery
state includes a state that exhibits viscous

flow under loading, and a truly elastic state

in which the material can be extended to 100%
strain, with little or no permanent deformation
when the load is removed. Between these extremes
is the glass transition range, where the material
is visco elastic. Pierce (1969) considered that
a polymer film has its greatest mechanical
strength in the vicinity of the glass transition
temperature (Tg), the mechanical strength

declining rapidly as the temperature is increased.

The dramatic change in physical properties results
because, molecular movement other than bond
vibration is very limited in the glassy molecular

state. The polymer chains lose the rotational
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freedom of their bonds and can no longer slide
past each other with ease. In the rubbery
elastic state however, the polymer chains are
capable of taking up a variety of configurations
aided by thermal energy and settling down to a
completely random distribution. The glass
transition temperature is usually defined as the
temperature of onset of main chain segmental
motion in amorphous regions of polymers. Glass
transition temperature is not associated with

an enthalpy change but with a sudden change in
specific heat. The glass transition does not
involve a change in state since the glassy

state of the polymer retains the amorphous
structure of a liquid rather than the regular

structure of a crystal.

The glass transition cannot be deduced quanti-
tatively from the molecular structure of a given
polymer, but some factors are known to affect
the glass transition temperature. These include
chain flexibility and the bulkiness of side

chains attached to the basic chain.

The glass transition temperature can be lowered
by the addition of a plasticiser, which also
have glass transitions, but these occur at

very low temperatures.
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The glass transition temperature can also be
varied by co polymerisation, whereby two different
monomers combine to form a long mixed chain.

The glass transition temperature of a co polymer
is intermediate between the glass transition
temperatures of the individual constituents,

and is dependent upon the proportions of each

present.

Polymers which are partially crystalline also
exhibit a glass transition temperature. They
take on the glass transition characteristics of
their amorphous constituents, which are modified
by the presence of the crystalline regions,

reducing the sharpness of the transition.

The fact that the polymer properties change
significantly at or around the glass transition
temperature can be used in its determination.
Since glass transition is a characteristic of
an essentially amorphous material, with an
increasing degree of crystallinity tending as
stated to broaden the result, it is essential
to know something of the nature of the polymer

before hand.

The glass transition temperature can be measured

by a variety of methods, all based upon detecting

the change in physical properties that occur
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at the transition point. These include:
measuring the volume expansion coefficient by
dilatrometry; heat content by differential
scanning calorimetry (DSC); refractive index;
stiffness; and hardness. Other methods are
based on the examination of molecular motion,

and include the measurement of internal friction;
dielectric loss in polar polymers; dynamic
mechanical testing analysis (DMTA) and nuclear

magnetic resonance spectroscopy.

1.4.2.1. Differential Scanning Calorimetry

In this technique a temperature circuit, set

to conform to a time temperature programme,
measures and controls the temperature of

sample and reference holders. The temperature
is plotted on one channel of an xy recorder.

At the same time a temperature difference
circuit compares the temperatures of the sample
and reference holders, and proportions power to
a heater in each holder so that the., temperatures
remain equal. When the sample undergoes a
thermal transition, power to the two heaters

is adjusted in order to equilibrate the tempera-
tures and a signal proportional to the power
adjustment is plotted on the Y second channel

of the recorder.
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1.4.2.2 Dynamic Mechanical Testing Analysis

Dynamic mechanical properties are the mechanical
properties of materials as they are deformed
under periodic forces. The dynamic modulus and
the mechanical damping or internal friction are
examples of these properties. The dynamic
modulus indicates stiffness of polymeric material
under the dynamic stress and strain condition,
and depends on the type of polymer and the
temperature and frequency of the dynamic stress/
strain condition. This value is related to the
Young's modulus of polymers. The mechanical
damping or internal friction indicates the amount
of energy dissipated as heat during the deform-
ation of the material. The internal friction is
sensitive to molecular motion, transitions,
relaxation processes, structural heterogenicites
and the morphology of multiphase systems
(crystalline polymers, polymer blends and co

polymers).

The investigation of the dynamic modulus and
internal friction over a wide range of temperatures
and frequencies is useful in studying the structure
of polymers. Interpretation of these dynamic
properties at a molecular level is also helpful

in understanding the mechanical behaviour of

polymers.
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The dynamic mechanical properties of polymers
are usually studied over a wide temperature
range (-150 to 300°C). Typical dynamic
mechanical properties of polymers as a

function of temperature are shown in Fig 4

A
11 Glassy state
104
log ol
modulus N
1 8T
(E7) 7 Rubbery State
>
Temperature
A
tand Rubbery State
Glassy
State
—
Temperature
Fig 4. Typical dynamic modulus temperature curve

and internal friction curve for an

amorphous polymer.
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In the region where the dynamic modulus (EI)
temperature curve shows the greatest decrease,
the internal friction (tand ) goes through a
maximum. This dispersion is called the glass
transition region, where the dynamic modulus

10

E1 changes from approximately 1GPa (10 dyn/cmz)

in the glassy state to approximately 1MPa

7dyn/cmz) in the soft rubbery state. 1In the

(10
transition region the internal friction is high
owing to the initiation of micro Brownian motion
in molecular chains. Some of the molecular
chain segments are free to move, others are not.
A 'frozen in' segment can store much more energy
for a given deformation than a free to move
rubbery segment. Consequently every time a
stressed 'frozen in' segment becomes free to
move, its excess energy is dissipated as heat.
Micro Brownian motion is concerned with the
co-operative diffusional motion of main chain
segments. This transition is so conspicuous
that it is called the primary dispersion (the=<
peak). The glass transition is affected by a
number of chemical and molecular structures

such as; flexibility of the molecular chain,
bulkiness of the side groups attached to the

backbone, and molecular polarity.
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Other relaxations can be found in the glassy
state on the lower temperature side of the
primary dispersion. These are called secondary
dispersions, and are usually designated B,B’

etc. in order of decreasing temperature.

The B dispersion has been shown by a combination
of comparative NMR and dielectric measurement
studies of polymers, to be associated with side
chain motion of an ester group (Deutsch et al
1954, Powles et al 1964, Sinnot 1960 and

Heijboer 1965).

The ¥ dispersion involves motion of methyl groups
attached to the main chain. The activation
energy of these secondary dispersions is gene-
rally lower than that of thes<dispersion,

since the energy corresponds to segment motion,
which is smaller than the micro Brownian motion

of the main chain.

The primary relaxation of a crystalline polymer
(X peak) corresponding to the glass transition,
results from the initiation of micro Brownian
motion of the amorphous chains. In this

glass transition region, the dynamic modulus of

10-11

the glassy state, 1-10GPa (10 dyn/cm2),
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decreases to the leathery state modulus of

around 100 MPa (109dyn/cm2), which is about 100
times the modulus in the rubbery region. The
appearance of the leathery state is caused by

the microBrownian motion of the non crystalline
region, under the structural restraint of
neighbouring molecular chains in the crystalline
region. For this reason, even after crystallising
a given polymer, theeipeak tends to shift to
higher temperatures and broaden in comparison

with the amorphous state.

Highly crystalline polymers also exhbit a
dispersion between theeAdispersion and melting

temperatures.

This relaxation ,thee(1 («Xc) dispersion, has,
been attributed in crystalline polymers to
molecular motion within the crystalline phases
(Takayanagi 1967). This dispersion is due to
the frictional viscosity among specific
crystalline planes or molecules inside the

crystals.

Determination of the relaxation spectra of
polymers is used in understanding the molecular
motions in the structure. The= dispersion is

associated with the glass transition temperature,
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and is accompanied by the greatest change in
the stiffness of materials. However nearly
all tough, ductile, glassy polymers and those
with high impact strength have prominent
secondary transitions ( B & ¥ peaks)

(Neilson 1974).

Increasing the molecular weight has a large
effect on the glass transition range transforming
the behaviour from viscous flow to a plateau
range of rubbery like behaviour. The length

of the rubbery plateau region increases with

increasing molecular weight.

The loss tangent (tand ) above the glass
transition temperature is also strongly
dependent upon molecular weight. The value

of the loss tangent above the glass transition
temperature decreases as the molecular weight
increases (Ferry 1980, Cox 1960, Pezzin 1969,

Nguyen 1984, Kimmich 1984).

Dielectric Spectroscopy

Molecules possess both positive and negative
charges, and thé separation of these charges
within the molecule result in what is called
a dipole moment. If a molecule is placed in

an electric field the dipoles will attempt
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to align themselves in the direction of the
field. Dielectric spectroscopy is the study

of the nature and extent of this alignment as

a function of frequency. This alignment results
in a net charge on the surface called polari-
sation, and is defined as the dipole moment

per unit volume of sample.

There are three mechanisms of polarisation
within molecules namely, electronic, atomic

and orientational. Electronic polarisation

is due to the movement of electrons or other
charged ions with respect to the nucleus,
whereas atomic polarisation is due to the
distortion of the arrangement of atomic nuclei
within the molecule or lattice. The third
mechanism orientational polarisation involves
the physical realignment of permanent or
induced dipoles in the direction of the applied
field. A permanent dipole is where the centres
of the positive and negative charges do not
coincide, whereas an induced dipole is the
result of separation of the centres of the

positive and negative charges.

Relative permittivity (€) can be related to

polarisation (P) by the expression

P = E0(E-1)E
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where E is the field strength (Vm_l) and € o

is the permittivity of free space (8.85x10_12Fm~1)’

Polarisation can also be related to the magnitude

and number of dipole moments in the sample by

i
P = N&_ui 1.3
o

where N is the number of dipoles with individual

dipole moment/Ai
Polarisation can also be given by

€o(Xx+ 1) E 1.4

g
I

to EE where € =X+ 1

Xo is the susceptibility and is a measure of the

responsiveness of the sample to the field.

In the presence of an oscillating electric field
the dipolar response is dependent on the frequency
of oscillation as the different polaristion
mechanisms have different re-orientation or
relaxation times. DPolarisation is not instanta-
neous except in a vacuum and results in a lag
between the oscillating electric field and the
dipolar response. At frequencies of the applied

field much less than the relaxation
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frequency, the dipole will follow in phase
giving maximum polarisation. The reverse is

also true.

X (w) is a complex function of frequency known
as the dielectric susceptibility, which can be
written in terms of its real (storage) and
imaginary (loss)components.

1 11
Kw) =X (w) = i X (w) 1.5

where7(1 (w) is the real component and'Y}l(w)

is the imaginary component at any frequency.
When dielectric measurements are performed in
the frequency domain, results obtained can be
expressed in terms of capacitance (c¢) and loss
(G/w where G is the conductance of the system).
These are proportional to the real and imaginary
parts of the susceptibility since the capacit-
ance as a function of frequency c(w) can be

related to‘X(w)1 by

C (w) = foA ﬁ‘)(l(w)+£(°°) g /. b
d

This is for a parallel plate electrode geometry
where A is area of the electrode and d is the

distance between the electrodes.
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The loss as a function of frequency G(w)/ is

linked to'X (w) by the relationship:

aw) = f{on X'w) 1.7

w d

is the response of a vacuum and derives from

the instantaneously polarisable elements at the

frequencies used. Consequently oA is constant
d

for a particular experimental cell, assuming

the permittivity of air or partial vacuum can be

approximated to.

Debye Model of Dielectric Relaxation

Debye (1912,1945) proposed a model of dielectric
relaxation by studying the response of an
isolated dipole embedded in a viscous medium.

The polarisation is given by

dP(t) = -P(t) 1.8

dt

where1 is the characteristic Debye relaxation

time for the polarisation process and is related

to the viscosity of the medium.
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Integration of equation 1.8 gives

P(t) = Po exp (-t) =X + 1E exp (-t) 1.9
T T

from which

X () =X(0) v ' exp ()
T

By Fourier transformation into the frequency

domain
X(w) = X(o) = 1
1 +iwT
X (w) =XYw) - ix(w)
YW = Xo __ 1
1 + w2‘t2
XHw = x© _T

1 + szz

A plot of the log of capacitance (related to?(l )
and the log of loss (related toj&l) against the
log of the frequency provides the standard Debye
response curve (fig 5) with characteristic

slopes of+1 and -1. The frequency at which the
loss peak occurs is the inverse of the relaxation
time, hence T can be considered to represent the
rate of decay of the polarisation charge on
cessation of the external stimulus producing the

polarisation.
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Debye Dielectric dispersion curves

Fig 5.

,F.“
M 30T 4y
- I
oM
-
M
‘—“l
sopeoop
PV1I'T
Gread) X § — " ( (mM.)80T
T
sead) Y.
( WH
(o)

(L

52



This theory only holds for systems in which
there are independently relaxing dipoles.
However it has been shown (Dissado & Hill 1983,
1984) that certain liquids and solids show a
deviation from this response because particle
particle interactions are present which affect
the way in which the dipoles relax. In these
situations the dielectric loss peak broadens
such that the width at half the maximum height

is greater than the 1.144 decades seen in the

Debye response.

A number of theories have been proposed to
account for the deviation from the standard
Debye response curve. The Dissado Hill theory
(Dissado & Hill 1979) is one of these and it has
been used in the interpretation of the results

obtained in this work.
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1.5 Mechanical Properties of Polymer Films

1.5.1 Tensile Tests on Polymer Films

Evaluation of tensile stress-strain curves for
polymer films allow the following parameters to

be obtained:

Stress Ratio of the force exerted on a body

to its cross sectional area.

Strain A measure of the change in the dimensions
of a body when a force is applied to it,
calculated with reference to its original
size. In tensile testing, strain is
defined as total elongation divided by
gauge length. Gauge length is the
original length of that part of the
test piece over which the change in
length is determined. For films this
is usually taken to be the original

distance between the sample grips.

Tensile Strength

The maximum tensile stress which a
material can sustain before failure,
taken to be the maximum load exerted on
the film sample during the test divided-
by the original cross section of the

sample.
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Elongation

Measured at the point where the film
breaks, it is expressed as the
percentage change of the original
length of the sample, between the
grips of the testing machine. Its
importance is as a measure of the

films ability to stretch.

Youngs Modulus/Modulus of Elasticity

Ratio of stress to strain in the
1inéar region of recoverable deformation.
It is a measure of the force required
to deform the film by a given amount,
so it is a measure of the intrinsic

stiffness of the film.

The generalised stress strain curve for a polymer
under tension is shown in figure 6, and

similar curves for a range of polymers of
different mechanical properties are shown in

figure 7.

There are a number of tensile testing machines
available, but all have the same basic principle
in which a strip of film is held at one end by

a fixed clamp and at the other end by a moveable
clamp. The clamps are then drawn apart and the
load versus extension is measured and plotted

on a chart recorder.
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Fig 6 Generalised tensile stress-strain curve

for polymers (after Winding & Hiat 1961)
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Fig 7 Tensile stress-strain curves for a range of
polymers having different mechanical proverties

(after Winding and Hiat 1961).
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A number of precautions must be taken when
measuring the mechanical properties of polymers.
The film strip must be aligned vertically in
the clamp, so that the stresses are uniform
across the width of the strip. Vertical
alignment is usually more easily obtained

if the strip is fastened in the upper clamp
first. Clamping of the specimens is difficult
because of the relatively low strength and

smooth surfaces.
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Slippage can be minimised by using grip surfaces.
Whilst smooth grips were used in the subsequent
experiments, the specimen was sandwiched between

abrasive cloth (fabric plaster).

The specimen can be damaged by excessive
pressure in the grips and also the grips tend
to concentrate stress at local areas, leading
to premature failure at these points. This
problem can be overcome by introducing into
the specimens a reduced cross sectional area at
a point midway between the two grips. This
ensures fracture does not occur in the grips,
and the tensile strain is measured in this

reduced cross-sectional area.

The preparation of the test strips is also
important. They should be cleanly cut with
no nicks, tears or other imperfections in the

edges, otherwise failure may occur by tearing.

The various types of testing machines are
characterised by the differences in the application
of the load. They usually fall into the

following categories, constant rate of powered
clamp separation,. constant rate of loading and

constant rate of elongation.
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The rate at which the load is applied is an
important experimental variable. Since polymers
are visco-elastic, the value of the elastic
modulus can be higher with rapid loading rates
than with slower loading rates. The yield and
fracture behaviour may also be different
depending on the rate at which the load is

applied.

Another experimental factor that strongly
influences polymer property values is the test
temperature. At'higher temperatures polymers

usually have lower strength and greater ductility.

Tear Tests on Polymer Films

Tear strength is an important parameter, since
the films must not be so fragile that they
cannot be handled with ease. The usual tests
for measuring tear strength do in fact measure
the energy required for tear propagation rather
than tear initiation, as it is difficult to
start a tear in most plastics. What is actually
measured is the energy absorbed by the test
specimen in continuing a tear that has already

been started by cutting the sample.

When a strip is torn apart it undergoes a

bending deformation in the neighbourhood of
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the tear tip, and straightens again as the
tear passes on. Some energy is lost in
inelastic processes during bending and recovery.
This lost energy is supplied by the applied
tear force F, and is included in the apparent
fracture energy. The apparent fracture energy
is defined as the total energy required to tear

through unit area of material.

In the case of the tensile strength the force
values are calculated on the initial cross
sectional area i.e. expressed as N/m2. The
tear strength is obtained by dividing force (F)
by the thickness.

Tear strength = = N/m. 1.12

F
t

Permeability of Polymer Films to Water Vapour

There are two mechanisms whereby a gas or
vapour can pass through a polymeric film, from
one side to the other. If the film is porous,
then the gas or vapour can flow through the
holes. This effect however is not usually
present, except in thé case of very thin films.
When the film is not porous, gases and vapours
can still pass through the film by a process of
solution (or absorption) and diffusion.

Firstly the molecules of water either dissolve
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or absorb at one surface of the film; this is
followed by the diffusion of water molecules
through the film, and finally a desorption of
the vapour molecules occurs at the opposite
surface of the film. This compound process is

known as permeation.

Under conditions of constant temperature and

a constant partial pressure differential, a
steady state will be achieved after a certain
time has elapsed. The quantity of gas Q,
passing through the film is directly proportio-
nal to the difference in gas pressure on either
side of the film, and inversly proportional to
the thickness of the film. In addition it is
directly proportional to the time during which
the permeation has been occurring and to the
exposed area. This is based on Fick's Law of
diffusion and Henry's Law relating the quantity
of vapour dissolving in the polymer, to the
partial . pressure of that vapour. Thus the
quantity of water vapour passing through the film

is given by

Q = PAApt 1.13

d
where Q is the quantity of water vapour permeating

the film in time t
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A is the area of exposed film

d is the film thickness

Ap is the vapour pressure difference
across the film.

Pt is the Permeability Coefficient and
is a constant for a specific combination

of gas and film at a given temperature.

If the permeation of water vapour is considered,
deviations from the ideality predicted by

Fick's and Henry's Law occur. Reasons for this
are that the steady state condition is reached
much more slowly, and also there may be chemical
interactions between the permeant and the film.
Swarbrick & Amann (1968) showed this by studying
the effect of temperature on the permeability

of films to water vapour. Normally there should
be an increase in permeability with temperature
if Fick's & Henry's Laws held. However for a
hydrophilic polymer, increasing the temperature
actually decreased the permeability. They
postulated that this was due to the breaking

of hydrogen bonds between the polymer and the

permeant, causing dehydration of the film.
It has been shown that the major factors

controlling the water vapour transmission

through a film are chemical structure, polarity,
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symmetry and the size of the polymers or
molecules making up the film (Diekman & Jarrell,
1953 and Waach, 1955). Higuchi and Aguiar
(1959) demonstrated that films containing more
polar groupings permit larger amounts of
moisture vapour to pass through them. Low
water vapour transmission therefore may be
attributed to a large number of non polar

side chains making up the polymer unit.

Most conventional methods of determining the
permeability of free films to water vapour are
based on the dish method of BS3177: 1959 or
ASTME-96-53T. This entails sealing a piece
of film over a dish containing a suitable
dessicant, (which exerts a specific vapour
pressure of 0), and exposing this to an
atmosphere of known temperature and relative
humidity. For a fixed area of exposed film
and film thickness, the permeability is
proportional to the vapour pressure gradient
across the film and the rate of moisture up-
take is determined by weighing the dish at

appropriate time intervals.

An alternative method of determining water

vapour transmission rate is the coulometric

cell proposed by Keidel (1959). This method
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involves sealing the test sample over a special
pot containing an electrolytic element. The
element is coated with phosphoric acid, which
prior to the test is completely electrolysed

to phosphoric pentoxide. An increase in the
level of moisture within the chamber regenerates
some phosphoric acid and considerably increases
the magnitude of the electrolytic current, which
can be monitored, the equilibrium current being

proportional to the moisture uptake rate.

Water Absorption by Polymer Films

Water may be absorbed by a polymeric film,
either by direct contact or from the atmosphere.
The effect varies considerably depending on

the polymer, but ranges from a negligible

effect as with the polyolefin films, to

solution of the film as with polyvinyl alcohol.

Water absorption is me#sured by immersing a
sample of film in water, or exposing to a
certain humidity, for a given time, at a
standard temperature, and noting the change

in weight.
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1

Drug Release from Polymer Films

Drug release from an inert polymer matrix is
thought to occur either by dissolution or
diffusion. In practice both mechanisms

operate, although one usually predominates.

Diffusion Controlled Systems

Diffusion is the movement of drug molecules

from a region of higher concentration to one of
lower concentration. The flux of drug (J)
across a membrane in the direction of decreasing

concentration is given by Fick's first law.

J =-Ddc
dx

where D is the diffusion coefficient

and dc is the change in concentration C
dx

with distance X.

When a steady state is reached, equation 1.14

can be integrated to give

where 1 is the diffusional pathway
AC is the concentration difference across the

membrane.
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A more familiar form of this equation, is
where a water insoluble membrane encloses a
core of drug, and the drug must diffuse through

the membrane, the rate of which is given by

Where A is the area
D is the diffusion coefficient

K is the partition coefficient of

drug between membrane and drug core.

1 is the diffusional pathway

A C is the concentration difference

across the membrane.
An example of this system is a water insoluble
polymeric material encasing a core of drug.
Drug will partition into the membrane, and

exchange with the fluid surrounding the

material. Additional drug will enter the polymer,

diffuse to the periphery and exchange with the

surrounding media.
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Fig 8.

drug
membrane

Diffusion control of drug release by a water

insoluble polymer.

An alternative type of diffusion controlled
system is where a solid drug is dispersed in
an insoluble matrix and the rate of release

of drug is dependent on the rate of drug
diffusion, and not on the rate of solid disso-
lution. The equation describing drug release
from this system was derived by Higuchi (1961,
1963).

qQ = g D¢ (24 - (Cs) 0st§% 1.17
T

Where Q is the weight in gms of drug released
per unit area of surface at time t
D is the diffusion coefficient of drug
in the release medium
f is the porosity of the matrix
CS is the solubility of drug in the

release medium
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Tis the tortuosity of the matrix
A is the concentration of drug in the

matrix.

Fig 9. Diffusion control of drug release,
by solid drug dispersed in an insoluble

matrix.

The assumptions made in deriving equation 1.17

are:

1) A pseudo steady state is maintained
during release.

2) A>>CS ;i.e. excess solute is present.

3) C=0 inisolution at all times i.e.
perfect sink.

4y Drug particles are much smaller than
those of the matrix.

5) The diffusion coefficient remains
constant.

6) No interaction occurs between the

drug and the matrix.

69



Equation 1.17 can be reduced to

1
Q = Kt* 1.18

where K is a constant. Therefore a plot of
amount of drug released versus the square root
of time should be linear if zero order release

is occurring.

A third possible diffusional mechanism is

where a partially soluble membrane encloses a
drug core. Dissolution of part of the membrane
allows for diffusion of the constrainted drug

through the pores in the polymer coat.
drug
membrane
\\\£>(3 tig?/////
5 0
%
ﬁ()\
<3£} pores produced by

soluble portion of
polymer membrane

Fig 10 Diffusion control of drug release by a

partially water-soluble polymer.

. The drug release rate is given by the equation

Release rate = AD (Cl—Cz) 1.19
1
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where C1 is the drug concentration in core
02 is that in the surrounding medium
A is the area
D is the diffusion coefficient

1 is the diffusional pathway

The fraction of soluble polymer in the coat will
be the major factor in controlling drug release
rates. If the drug is also soluble in the

membrane, the release rate will be described by

both equations 1.16 and 1.19,

Dissolution controlled systems

A drug which possesses a slow dissolution rate
is inherently sustained release. However drugs
which have high water solubility can be modified
to decrease their solubility by salt or

derivative formation.

The dissolution process at steady state is

described by the equation.

de = KDA (CS—C) 1.20
dt
where dc is the dissolution rate

dt

KD is the dissolution rate constant

A is the surface area
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CS is the saturation solubility of the drug
C is the concentration of drug in the bulk

of the solution.

The dissolution process however is diffusion
controlled when the rate of diffusion from the
solid surface to the bulk solution, through an
unstirred liquid film is the rate limiting step.
Comparing this equation to the diffusion express-
ion it can be seen that KD = V%
where D is the diffusion coefficient

1 is the thickness of the unstirred

liquid film.

V is the volume of the dissolution medium.

Therefore it is evident that the rate of dissolu-
tion is approximately proportional to the
solubility of the drug in the dissolution medium
(CS), providing constant area and diffusional

pathlength are maintained.

Equation 1.20 can be integrated to give

In (1-C) = - K At 1.21
Cs

Equation 1.20 predicts that a constant disso-
lution rate can be achieved providing there is

sufficient drug present to maintain CS constant,
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and that the surface area does not change.
This will not occur unless some restraining
diffusion boundary eg solid matrix or polymer
coat is placed around the dissolving solid.
Also when all the excess solid has been removed,
the concentration difference driving the
diffusion process decreases at the same rate
as drug release. Therefore a plot of log
amount of drug retained against time is linear
if a first order release relationship exists
with the release rate proportional tq the

drug concentration remaining in the film

Another type of dissolution controlled dosage
form is where a drug is impregnated in a
matrix, and the matrix subjected to slow

erosion.

Fig 11 Dissolution control of drug release via drug
impregnated erosion.
The release rate is given by the equation

2

Release rate = Ko4n'R 1.23

where Ko is the dissolution constant

R is the radius of the eroding core.

This equation is based on spherical particles.
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An alternative type of dissolution controlled
dosage form is where the drug is coated with

a given thickness coating which slowly dissolves.
Complete erosion of the coat leads to an

abrupt release of the contained drug.

membrane
drug

Fig 12 Dissolution control of drug release via
thickness and dissolution rate of the membrane

barrier coat.

The time taken for the coat to dissolve can
be calculated from the dissolution rate
constant for the polymer and the coating

thickness.

1.9 Wound Management

An example of a wound where there has been
considerable tissue damage, and healing must
-take place by second intention is venous
stasis ulceration. Surveys in this and other
countries (Cornwall and Lewis 1983, Hanson

1964, Haeger 1977), have shown that at any
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given time between 1% and 2% of the population

are suffering from venous stasis ulceration.

The aims of venous ulcer management are to heal
the ulcer and if possible to prevent recurrences.
Treatment is focussed on three areas, general
factors, control of the underlying pathology,
and promotion of a local environment conducive
to wound healing. The general factors that
require attention are obesity, poor hygiene
and malnutrition. A number of approaches have
been utilised to control the underlying venous
hypertension and stasis, these include:
Surgical perforator ligation
venous transplantation
valvuloplasty
Mechanical gradient pressure stockings
bandaging.
Unfortunately, these methods are not widely
available, and even when used are often only
partially successful. In the majority of cases
local management of the ulcer is the main form

of treatment.

The principles of ulcer management are adequate
debridement, maintenance of a moist environment
and prevention of damage to newly formed tissues

by infection or trauma. Wound desiccation
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results in crust formation, which is a barrier
to epithelial cell migration (Rovee et al

1972). Dressings which allow wound desiccation
have also been reported to cause considerable
epithelial damage when removed (James and Watson
1975, Alvarez et al 1983). In contrast during
the past 25 years it has been reported that
occlusive dressings are associated with an
increased rate of epitheliasation (Alvarez et

al 1983, Hinman et al 1963, Eaglstein and

Mertz 1978). This effect has been attributed

to the ability of such dressings tomaintain a
moist local environment. Despite this inform-
ation, occlusive dressings in the treatment of
venous stasis ulceration have been slow to

gain acceptance primarily because it was thought
that their use would result in an increased
rate of infection (Alper 1983, Bennett 1982,
Field 1981). There are now a number of
publications on the use of occlusive and semi-
occlusive dressings in the management of ulcers,
in which infection has not beeﬁ‘a major problem
(Tracey et al 1977, Alper et al 1983, Yarkony

et al 1984).

Bacterial Contamination of Wounds

Although infection is not a major problem when

using occlusive and semi-occlusive dressings
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in the management of venous stasis ulcers, the
cavities do contain a wide spectrum of bacteria,
and it is generally agreed that bacterial
growth in ulcers differs from the normal skin
flora. Fungating tumours and decubitus ulcers
(pressure sores), are similar wounds, in that
again there has been considerable tissue damage,

and they too contain a wide spectrum of bacteria.

Amongst the spectrum of bacteria present are
‘non sporing anaerobes. These give off a
malodorous smell. The presence of bacteria
also interferes in the mechanics of the healing
process, and can delay healing. Nevertheless,
it is the foul smell radiating from these
lesions which is particularly distressing for
the patients. Scrupulous nursing care may do
little to reduce the smell, and in the case of
fungating tumours, oncolytic therapy does not

always heal these lesions.

Since the odour is typical of non sporing
anaerobes and non sporing anaerobes can always
be isolated from these lesions, clinicians

have explored the use of the drug metronidazole,

which is bactericidal against anaerobes, as a

means of controlling the smell. (Ashford et al 198(
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Ashford et al 1984, Dankert et al 1981, Sparrow

et al 1980).

The use of metronidazole in such cases was
confirmed by the microbiology reports obtained
from Charing Cross Hospital, in which metronida-
zole was quoted as one of the drugs to which

the bacteria present were sensitive. (Table 2).

Ashford et al (1980) showed that an oral dose
of 200 mg metronidazole three times a day for
two weeks significantly reduced the smell from
the fungating tumours, when compared with a
placebo. The difference in anaerobic isolates
was also significant, indeed no anerobes or
anaerobic products were identified after
metronidazole therapy. Results clearly showed
that the metronidazole eliminated the anaerobes
and reduced the smell from the fungating tumours.
However it was also stated that treatment aimed
at healing the lesion shoﬁld also continue, and

the area should receive daily nursing care.
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Table 2

Microbiology reports of patients suffering from

malodorous tumours obtained from Charing Cross

Hospital.

Specimen

Microscopy:

Culture:

Sensitivities:

Wound swab from malignant histiocytonia

which has ulcerated through the skin.

Numerous Gram positive bacilli

Numerous Gram positive cocci

Moderate number of pus cells

Heavy growth of Staph. aureus

(Coagulase positive staphylococci).
Heavy growth of Anaerobic streptococci

Heavy growth of Diphtheroids

Fluxcloxacillin/Methacillin/Cephazolin
Erythromycin

Fusidic Acid

Metronidazole

Penicillin
Tetracycline

Tobramycin
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Specimen: Wound swab from malignant tumour which

has ulcerated through the skin.

Microscopy: Numerous Gram negative bacilli

Moderate numbers of Gram positive cocci

Culture: Heavy growth of Staph. aureus

(Coagulase positive staphylococci).
Heavy growth of Bacteroides

Moderate growth of Diphtheroids

Sensitivites: Flucloxacillin/Methacillin/Cephazolin
Erythromycin
Fusidic Acid
Metronidazole
Penicillin
‘Tetra cycline

Tobramycin
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Specimen: Wound swab from ulcer 15cm x 15cm
on right hand side of chest caused by
local infiltration from malignant

breast tumour.

Microscopy: Moderate numbers of Gram negative
bacilli.
Moderate numbers of Gram positive cocci.

Moderate numbers of pus cells.

Culture: Moderate growth of Beta haemolytic
streptococci Lancefields Group G.
Moderate growth of Bacteroides

Moderate growth of Pseudomonas

aeruginosa (pyocyanea)

Light growth of B. coli

Sensitivities: Erythromycin
Metronidazole
Penicillin

Tetracycline
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A further report of the successful use of

metronidazole in the treatment of odorous

tumours (Beaman 1982) indicated that although
the putrid odour disappeared within one week,
it returned when metronidazole therapy ceased.
This posed the problem of the consequences of

long term metronidazole therapy.

Minor side effects of metronidazole therapy are
nausea, unpleasant taste, furred tongue and
gastro intestinal disturbances. These cease
on discontinuation of treatment and can be
tolerated when considering the benefits of
metronidazole therapy. More seriously, pro-
longed metronidazole therapy can produce
leucocytopenia, and it is recommended that
haematological tests, especially total and
differential leukocyte counts be carried out
regularly. All cases to date however have
been reversible with discontinuance of the
drug (Schram & Kleinman, 1962, Smith, 1980).
The second serious consequence of prolonged
metronidazole therapy is on the nervous
system, and includes adverse effects ranging
from ataxia, dizziness and confusion to
paraesthesia, neuropathy and convulsions

(Coxon and Pallis 1976, Frytak et al 1978).
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While many case reports of metronidazole neuro-
pathy were mild, with complete recovery (Bradley
et al 1977, Ursing and Kamme 1975), other patients
developed severe neuropathy which did not
completely regress on cessation of the drug

(Ramsay 1968, Karlsson & Hamlyn 1977).

Controversy still exists as to whether the
duration and severity of symptoms in metronida-
zole neuropathy is dose related. The total
amount of metronidazole administered in reported
cases of neuropathy ranged between 30g and 314g
(Karlsson & Hamlyn 1977), although many reports
cite total doses of above 70g (Karlsson & Hamlyn

1977, Halloran 1982, You & Grilliat 1981).

Metronidazole crosses the blood brain barrier

14C— labelled

in humans (Finegold 1980) and
metronidazole has been shown to accumulate in
brains of animals, (Placidi et al 1970).
Although to date, there is no evidence of drug
accumulation or direct cellular damage in
human brains, the association between large
cummulative doses of metronidazole (Halloran
1982, Frytak et al 1978) and central nervous
system toxicity, suggests direct nerve damage

or drug/metabolite accumulation in the central

nervous system as the cause.
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The side effects of long term metronidazole
therapy offer cause for concern. Consequently
topical metronidazole therapy has been investi-

gated.

Topical Metronidazole Therapy

Jones et al (1978) and Gomolin. and Brandt (1983)
suggested the use of topical metronidazole
therapy for anaerobically infected pressure
sores. A sterile gauze pad dampened with.a
sterile 1% solution of metronidazole was

packed into the sore. This procedure was
carried out three times a day. Within days

the odour had disappeared and granulation tissue
had formed. The percutaneous absorption of
metronidazole was not measured, but the doses
used were relatively small, 300mg of metronida-
zole daily, which would yield low blood
concentrations even if fully absorbed, when

compared with the standard oral and IV doses.

Gomolin and Brandt (1983) stated that the
treatment of foul smelling and purulent lesions
by topical metronidazole is safe and rapidly
effective, but treatment should continue at

least until the lesion is odour free and
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healthy granulation tissue appears.

More recently a topical gel formulation of
metronidazole (0.8%) has been developed, which
can be applied directly to the wound area
(Allwood 1986). The gel is easily and pain-
lessly applied, patients. often reporting that it
has a soothing effect. It is applied once a
day, and has had almost complete success in
removing the offensive odour from fungating

tumours, pressure sores and venous ulcers.

Metronidazole

Metronidazole was first synthesised in 1957,
as a result of a project to find a satisfactory
treatment for an infection called trichomoniasis,

caused by the single cell organism Trichomonas

vaginalis.
N Fig 13. Molecular
OZN I /ﬂ—-CHg structure of
N Metronidazole
I
CH2 CH2 OH 1-(B-hydroxyethyl)

-2- methyl -5-
nitroimidazole
Metronidazole has since been found to be effective

against Giardia lamblia and is bactericial
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1.10.1

1.10.2

against many anerobic organisms including
Bacteroides. It has also been found to possess

amoebicidal activity.

Mode of Action

Metronidazole is reduced at the nitro group

be anaerobes. A reactive intermediate is
thereby formed which binds to critical sites

in susceptible bacterial cells, with subsequent
disruption of DNA and inhibition of its
synthesis (Goldman, 1980). Reduction is
probably effected by low redox potential
electron transport proteins (O'Brien and
Morris, 1972) which play a major role in the
metabolism of anaerobes (Yoch & Valentine,
1972). The activity of metronidazole against
trichomonas, amoebae, and lamblia is also
likely to be attributable to disruption of
existing DNA and inhibition of its synthesis in

these organisms.

Distribution

Metronidazole is distributed widely throughout
body tissues both intracellularly and extra-

cellularly. It is found in saliva and breast
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1.10.3

1.10.4

1.10.5

milk in concentrations equivalent to those in
serum. It also crosses the placenta and is
found in the CSF. Therapeutic levels have

been found in abscesses, bile and CSF.

Protein Binding

There is no significant plasma protein binding

of metronidazole, (Amon et al 1978).

Metabolism

Metronidazole is partly metabolised in the
liver by both acid oxidation and glucuronide
conjugation. Five metabolites of metronidazole
in urine have been identified. The major

final metabolites of metronidazole are thought

to be inactive (Staumbaugh et al 1968).

Excretion

About 15-20% of an administered dose is excreted
in the urine as unchanged metronidazole.
Overall, about 50-80% of an administered dose
is excreted as nitro containing compounds, of
which unchanged metronidazole and the hydroxy-
methyl homologue each account for about one
third. The fate of the remainder of an

administered dose is unknown (Staumbaugh et al
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1968). Metronidazole is also excreted into
saliva and breast milk reaching concentrations

equivalent to those in plasma.

1.10.6 Half Life
Houghton et al (1979) have reported the half
life of metronidazole, after a single, intra-
venous infusion of 500mg/100ml metronidazole
as 7.3 + 1.0 hours, and after oral dosing with
500mg metronidazole as 7.0 + 1.1 hours, using
HPLC.

1.10.7 Physico-Chemical Properties

Molecular formula: C6 H9 H3 O3

Molecular weight: 171.16

Solubility at 20°C: Water 1g/100m1
Ethanol 0.5g/100ml
Ether 0.05¢g/100m1

Chloroform 0.4g/100ml
Optical rotation: Metronidazole exhibits no
optical rotation.
Melting point: 159-163°C
Ultraviolet spectrum: Metronidazole exhibits
absorption maxima at about
274nm using 0.1N sulfuric
acid in methanol as solvent.

The molar absorptivity in

this solvent is 6333.
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Aims of the Project

The aims of this project were to prepare a
polymer film in which the drug metronidazole
could be incorporated. The polymer film was
required to act as a wound dressing, yet would
also release the metronidazole contained in

the polymer matrix.
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CHAPTER 2

Properties and Specifications of Materials

2.1 FEudragit RL100 and Eudragit RS100

Eudragit RL100 and Eudragit RS100 are the proprietary
names of film coating substances manufactured by Rohm
Pharma. The distinguishing letters RL and RS relate

to the initial letters of the German "leichtdurchlassig"
(freely permeable) and ”schwerdurchlﬁssig” (slightly
permeable) respectively and refer to the permeability

characteristics of these coating agents.

They are used mainly in the production of orally
administered pharmaceutical dosage forms, with delayed
drug release properties, where they form colourless,

transparent, shiny coatings.

Both Eudragit RLlOO and Eudragit RS100 are co polymers
synthesised from acrylic and methacrylic acid esters
with a low content of quaternary ammonium groups. The
molar ratio of these ammonium groups (cationic centres)
to the remaining. neutral methacrylic and acrylic acid
esters is 1:20 with Eudragit RL and 1:40 with Eudragit
RS. The mean molecular weight stated by the manufacturer

is approximately 150,000.
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Eudragit RL100 and Eudragit RS100 are insoluble
in water, but are capable of swelling in water

and are permeable to water and drugs.

Eudragit RL100 and Eudragit RS100 can be mixed
in any proportion with each other, which means

that release rates can be varied within wide

limits.
CHS ﬁ1
+-— CHgz— O@H—f—nwu
¢=0  ¢=0
0 \ OR,,
FH%;N CHy
CHy™y CH3
CHg
Cc1~
R, = H, CH,

Fig 14. Molecular structure of Eudragit RL100 and

Eudragit RS100 polymers. .
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Fig. 15 Differences between Eudragit RL100 and Eudragit

RS100 polymers

EUDRAGTIT

RL100 RS100
TCationic lCationic
centres centres

fHydrophilic lHydrophilic
Freely Slightly
permeable permeable

slightly highly

retarded retarded

DRUG RELEASGSE
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1.

Specification of Eudragit RL100 and Eudragit

RS100

All experimental work in this thesis was carried
out using Eudragit RL100 and Eudragit RS100,

manufactured by Rohm Pharma, Weitestadt, West
Germany, and said to conform to the following

specifications.

Eudragit RL100 (Batch number 06-80060)

Appearance: Colourless clear to white opaque
granules

Odour: Weakly amine like

Content: At least 97% of dry substance

Alkali value: 28.1mg KOH/g of dry substance

Eudragit RS100 (Batch number 08-80052)

Appearance: Colourless clear to white opaque
granules

Odour: Weakly amine like

Content: At least 97% of dry substance

Alkali value: 15.2mg KOH/g of dry substance.

Recommended solvents for Eudragit Polymers

Eudragit RL100

Eudragit RL100 is insoluble in petroleum ether,
carbon tetrachloride, tetrachloroethylene and

white spirits 100 - 140°cC. Isopropyl alcohol is
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utilisable as a solvent only in mixtures with
acetone and dichloromethane. A list of some of
the important solvents together with the dis-
solution time of 15g in 100g of solvent at 20°C
using a magnetic stirrer, (obtained from the

manufacturer's literature) is shown below:

Solvent Dissolution time
Methyl alcohol 25 minutes
Ethyl alcohol 105 minutes
Acetone 20 minutes
Propylene glycol 60 minutes
Ethylene glycol monobutyl ether 240 minutes
Methyl ethyl ketone 75 minutes
Cyclohexanone 120 minutes
Ethyl acetate 150 minutes
N-butyl acetate 240 minutes
Propylene glykole acetate 90 minutes
Dichloromethane 10 minutes
Chloroform 20 minutes
Trichloroethylene 240 minutes
Toluene 150 minutes

Eudragit RS100

Eudragit RS100 is insoluble in petroleum ether,
carbon tetrachloride, tetrachloroethylene and

white spirts 100-140°C. Ethyl alcohol and
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isopropyl alcohol can only be used as solvents
in mixtures with acetone and dichloromethane.

A list of some of the important solvents
together with the dissolution time of 15g in
100g of solvent at 20°¢ using a magnetic stirrer,
(obtained from manufacturer's literature) is

shown below:

Solvent Dissolution time
Methyl alcohol 25 minutes
Acetone 20 minutes
Ethanol 105 minutes
Methyl ethyl ketone 75 minutes
Cyclohexanone 120 minutes
Ethyl acetate 120 minutes
n-Butyl acetate > 420 minutes
Dichloromethane 10 minutes
Chloroform 15 minutes
Trichloroethylene 240 minutes
Toluene 180 mintues

Recommended Plasticisers for Eudragit Polymers

Plasticisers can be added to enhance the elasticity
of the films formed from Eudragit RL100 and
Eudragit RS100. The addition of 10% of plasticiser

calculated from the dry Eudragit content is
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usually sufficient but when necessary this can
be increased to 25%. It should be noted however
that the type and quantity of plasticiser used
will influence the permeability of the film
formed. The following list (obtained from
manufacturer's literature) gives some compatible

plasticisers.

Polyethylene glycol
Dibutyl phthalate
Triacetin

Castor oil

Diethyl phthalate

2.2 Specification of Di-n-butyl phthalate

(Batch No. 9854 560F)

Di-n-butyl phthalate was obtained from BDH
Chemicals Ltd, Poole, Dorset, and was stated by

the manufacturer to conform to the following

specification

Appearance: Colourless, oily liquid
Odour: Faint odour

Melting point: -35°C

Weight per ml at 20°C 1.043g

Solubility in water 1 in 2500 of water
Vapour pressure 1.1mm/15000

Vapour density 9.58

Boiling point 340°C
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Specification of Metronidazole

The metronidazole was generously donated by
May and Baker, Dagenham, Essex, and was stated

by the manufacturer to conform to the following

specification.

Appearance White to pale yellow
crystalline powder

Odour Slight

Melting point 159-163°C

Optical rotation Exhibits no optical rotation

Solubility in water 10.5mg/ml
Loss on drying Not more than 0.5% when
dried to constant weight at

105°cC.

Specification of Dichloromethane (Batch numbers

5054990H, 4510800J, 4159860J)

Dichloromethane was obtained from BDH Chemicals
Ltd, Poole, Dorset, and was stated by the

manufacturer to conform to the following

specification.
Appearance Colourless, volatile liquid
Odour Chloroform like odour

97



Melting point -97°C
Boiling point 40°C

Weight per ml at 20°cC 1.325¢g

Solubility in water 2% at 20°c
Vapour pressure 380mm/22OC
Vapour density 2.93

Other Materials used in the Preparation and

Testing of Polymeric Films

Acetone
Laboratory grade, Batch number 597 9703C

BDH Chemicals Ltd, Poole, Dorset

Ammonium acetate
Laboratory grade, Batch number 5979703C

BDH Chemicals Ltd, Poole, Dorset

Ammonium chloride
Laboratory grade, Batch number J8227

Macarthys, Romford, Essex

Ammonium dihydrogen orthophosphate
Laboratory grade, Batch number 5091130H, 4633552G

BDH Chemicals Ltd, Poole, Dorset

Cellulose acetate
Laboratory grade, Batch number 9887230F

BDH Chemicals, Poole, Dorset
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Chloroform
Laboratory grade, Batch number, 360 791 H,
297 541 J, 329 789L

BDH Chemicals Ltd, Poole, Dorset

Di-ammonium hydrogen or thophosphate
Laboratory grade, Batch number 4671460G

BDH Chemicals Ltd, Poole, Dorset

Di-ethyl phthalate
Batch number M6087

Macarthys, Romford, Essex

Di-iso-octyl phthalate
Batch number 9921190F

BDH Chemicals Ltd, Poole, Dorset

Di-sodium hydrogen orthophosphate anhydrous
Laboratory grade, Batch number 4999 630H

BDH Chemicals Ltd, Poole, Dorset

Ethyl cellulose N10
Batch number 57836

Hercules, London, England

Hydroxy propyl cellulose (Klucel)

Batch number MF 3316

Hercules, London, England
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Lanolin alcohol
Batch number 3017

Macarthys, Romford, Essex

Mobilcote 338 (plasticiser)
Batch number 28298

Hopkins & Williams, England

Polyethylene glycol molecular weight 200
Batch number 44685

Koch Light Laboratories Ltd

Polyethylene glycol molecular weight 400
Batch number 87399

Koch Light Laboratories Ltd

Potassium carbonate

Laboratory grade, Batch number 505 0520H

BDH Chemicals Ltd, Poole, Dorset

Potassium dihydrogen orthophosphate
Laboratory grade, Batch number 5616350A

BDH Chemicals, Poole, Dorset
Potassium nitrate

Laboratory grade, Batch number 6528360

BDH Chemicals Ltd, Poole, Dorset
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Propylene glycol
Batch number L 7361

Macarthys, Romford, Essex

Sodium hydrogen sulphate
Laboratory grade, Batch number 4984950H

BDH Chemicals Ltd, Poole, Dorset

Tinidazole
Batch number 374

Pfizer, Sandwich, Kent

Water
The water used throughout the work has been

double distilled into a glass container.

Zinc chloride
Laboratory grade, Batch number 5097033H

BDH Chemicals Ltd, Poole, Dorset

Zinc sulphate

Batch number R5080

Macarthys, Romford, Essex
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2.6 Potential Biocompatibility of Eudragit Polymer

Films

Materials which‘come into contact with a wound
should not be irritant, toxic or have any adverse
effects upon the healing process. Consequently
the materials used to prepare the films were |
considered for potential problems. The following
information was obtained from the manufacturers

of the various materials.

Table 3 Toxicity of Eudragit RL100 and Eudragit RS100

Polymers

Acute toxicity of Eudragit RL100 and Eudragit RS100

in rats

Oral administration: No toxic effects and no
abnormal findings in the
organs, LD50> 10g/Kg

Subcutaneous No toxic effects and no

administration: . )
abnormal findings in the
organs, LD50> 2g/Kg

Percutaneous

administration: Apart from a short term

reduction in mobility
and transient weight loss
no toxic effects. No

abnormal findings in the

organs, LD50> 2g/Kg
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Acute toxicity of Eudragit RL100 and Eudragit RS100

in rabbits

Oral administration: No toxic effects and no
abnormal findings in the
organs. Owing to lack
of toxicity not possible

to estimate LDSO'

Acute toxicity of Eudragit RL100 and Eudragit RS100

in dogs

Oral administration: No toxic effects and no
| abnormal findings in the
organs. Owing to lack of

toxicity not possible to

estimate LDSO'

Chronic toxicity of Eudragit RL100 and Eudragit RS100

in rats

Oral administration: Apart from a slight
reduction in weight
increase, obviously due to
a lower food consumption,
no toxic effects. No

abnormal findings in organs.
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Table 4 Toxicity of di-n-butyl phthalate and

dichloromethane
Di-n-butyl Dichloromethane
phthalate
TLV Smg/m3 100ppm(control limit)
LD50 - 2524mg/kg oral rat
TD 140mg/Kg oral -
human
Inhalation Harmful (as spray Moderate to high
~or at elevated effect
temperatures
Eyes Irritates Severe effect
Skin contact | None Moderate effect

Ingestion

Other
comments

Moderate effect

Ingestion can
cause gastro-
intestinal

disturbances

Moderate effect

May cause headache
and nausea, high
concentrations may
result in cyanosis
or unconscious

Long or repeated
exposure to sub
narcotic concentr-
ations may result in
injury to liver,
kidneys or other
organs which may
ultimately be fatal.
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2.7 Determination of Molecular Weights of Eudragit

2.7.

Polymers by Gel Permeation Chromatography

Theoretical Considerations

Gel permeation chromatography is a form of solid
/liquid chromatography that separates molecules
according to their size in solution. The
separation occurs as the solute molecules in the
solvent mobile phase percolate through a packed
column of porous particles (stationary phase)

and thereby diffuse into and out of the pores of
the packing which itself has a pore size distri-
bution. Different molecular size species permeate
the gel pores to a different extent. Molecules
that are too large to enter the gel pores pass
through the column by way of the interstitial
volume, which is the space occupied by the solvent
outside the porous packing. Therefore the‘largest
molecules exit first, followed by progressively
smaller molecules which travel a longer path as
they travel through the column. The molecules
emerging from the column are detected by either

a bulk property (differential refractometry) or
solute property (uv absorption) type detector,

and a chromatogram is traced on a chart recorder
which plots the detector response against volume
eluted. This plot is a record of the molecular
size distribution of the sample. The machine is

calibrated using standards whose molecular
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weight is known.

Experimental Procedure

The molecular weight determinations of the Eudragit
polymers were undertaken by RAPRA Technology Ltd,

Shrewsbury, Shropshire.

The chromatographic conditions used were as follows:
Columns: Cross linked polystyrene QMn . Pore
sizes of 1 of 100 and 1 of 500.
Solvent: Tetrahydrofuran with 2,6 ditertiary
para cresol.
Flow rate: 1.0ml/min
Temperature: Ambieﬁt temperature

Calibration: Polystyrene

Results and Discussion

The results obtained are shown in Fig 16, and

were polystyrene equivalents i.e. the gel permeation
chromatography machine assumes that the sample is
polystyrene and gives the molecular weight
distribution that would be obtained with a
polystyrene molecule of that size. The results

are in the form of a chromatogram picture of the

size distribution of the polymers Eudragit RL100
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and RS100. This is useful in observing the breadth

of molecular weight distribution in these samples

The mean molecular weight stated by Rohm Pharma
the manufacturer of the Eudragit polymers is
approximately 150,000. This is different by a
factor of 10 to the results for the weight average
molecular weight obtained here. However, the
molecular weight quoted by Rohm Pharma is not
quantified in terms of which molecular weight it
is nor the method used by the company in arriving

at this figure.

These results therefore should only be used as a
means of comparing the molecular weight distribution
of the two polymers, and if the computer overlay

is examined it may be noted that both samples
contain similar components but in different

proportions.
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Fig 16. Molecular weight distribution of polymers
Eudragit RL100 and Eudragit RS100 obtained

by gel permeation chromatography.
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Table 5 Molecular weight determination of Eudragit
polymers, as polystyrene equivalents obtained

by gel permeation chromatography.

Polymer Mn Mw Mw Mz
Mn
. 2 4 5
Eudragit RL100 3.31x10 1.42x10 42.90 1.73x10

2 4

Eudragit RS100 6.76x10 1.46x104 21.60 4.73x10
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CHAPTER 3

Formulation of Polymer Films

3.1 Ethyl Cellulose Films

Ethyl cellulose was used to prepare polymeric films,
in combination with other polymeric materials, in
combination with non polymeric materials, and on

its own.

Ethyl cellulose (3.75% %) and hydroxypropyl
cellulose (1.25% % ) were dissolved in chloroform.
Polyethylene glycol 200 at a concentration of 1% %
to give a final concentration of 20 %-in the dried
film was added as a plasticiser. ldmls of the
solution was poured onto a poly-tetrafluoroethene
homopolymer (PTFE) template, and the template
covered with a crystallising dish to slow down the
rate of evaporation of the solvent. The films

were allowed to air dry in a fume cupboard for

24 hours.

The films formed were transparent but brittle and
difficult to remove from the template. Changing
the plasticiser to polyethylene glycol 400 did
not produce a more pliable film. Increasing the
final plasticiser concentration to 25% % of the
polymer in the dried film resulted in the film

becoming tacky.
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Dibutyl phthalate was considered as a possible
alternative plasticiser. The films were prepared
as previously stated, with the same proportions of
ethyl cellulose and hydroxypropyl cellulose, but
with 1% g (20% % of the polymer in the dried film)
dibutyl phthalate as the plasticiser. The films
produced were however still brittle. Increasing
the concentration of dibutyl phthalate to 40% %
of the polymer in the dried film produced a film
which was easily removable from the template, was
not brittle and was pliable. However when the
films were placed in contact with water, they
became fragile and disintegrated on handling.

This was thought to be due to the presence of the
water soluble component hydroxypropyl cellulose.
Donbrow and Samuelov (1980) postulated that drug
release from hydroxypropyl cellulose films was
through a hydrated swollen matrix, and this
swelling was .thought to be causing the fragility

of the film.

Ethyl cellulose films, prepared in the same way
but with no added hydroxypropyl cellulose also
became fragile when placed in contact with water,
although not to the same extent as with the

hydroxypropyl cellulose.
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For this reason, these ethyl cellulose films were

considered not acceptable.

Ethyl cellulose was used in combination with the
non polymeric lanolin alcohol. Ethyl cellulose
(1.5 % %), lanolin alcohol (8.0% %) and the
plasticiser propylene glycol (1% %) were added to
isopropyl alcohol, and allowed to go into solution
by gentle heating. 10mls of the solution was
poured onto a glass template. The films were

allowed to air dry in a fume cupboard for 24 hours.

These films were not easily removable from the
template having formed into a hard wax like sub-
stance attached to the bottom of the petri dish.
Ihcreasing the plasticiser content decreased the
hardness of the wax like substance but did not
allow removal of the film. These films had a
further disadvantage in that they were yellow

in colour, and therefore would not allow a wound
to be inspected without removal of the film.
Consequently these films were also considered

unsuitable.

Cellulose Acetate Films

Two types of cellulose acetate films were prepared,

dense type and a porous type. To prepare the
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dense type cellulose acetate film, a 10%% solution
of cellulose acetate in acetone was made, and 10mls
poured onto a glass template. The films were
_allowed to air dry in a fume cupboard for 24
hours. The porous version was prepared by adding
20% % double distilled water to 80% % of the above
cellulose acetate solution, and stirring over-
night in a closed vessel. 10mls of this solution
was poured onto a glass petri dish and placed in
an environment of saturated acetone vapour for

30 minutes to control the rate of evaporation of
the solvent. The films were then allowed to air

dry in a fume cupboard for 24 hours.

These films were easily removable from the template.
They did however shrink whilst being dried,
causing them to buckle. Both the dense and porous
cellulose acetate films were tough but not very
pliable. Adding the plasticiser dibutyl phthalate
in a concentration ©of up to 75% did not greatly
increase the pliability. The use of the plastici-
sers polyethylene glycol200 and polyethylene
glycol 400, also in a concentration of 75%, was
investigated, but these again produced a film
which although tough was not pliable. These

films had one further disadvantage, they were

white and opaque. Consequently viewing the
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wound beneath the film would not have been
feasible. For these two reasons the cellulose

acetate films were considered unsatisfactory.

Eudragit RL100 and Eudragit RS100 Films

A 5% g solution was prepared by dissolving 2.5g

of both Eudragit RL100 and Eudragit RS100 in 100mls
of dichloromethane in a stoppered flask, and
stirring for 20 minutes using an Imspin ZIQ
magnetic stirrer. The dissolution time of

Eudragit RL100 and Eudragit RS100 in dichloro-
methane recommended by the product literature is

10 minutes, and 20 minutes was chosen to ensure

that dissolution had occurred.

Dichloromethane was chosen as the solvent because
it had the shortest recommended dissolution time,

and also because of its high volatility.

The plasticiser dibutyl phthalate was added at a
concentration of 10% % of the dry weight of the
polymer, and stirring continued for a further 20
minutes. The volume of the polymer solution was
then made up to 100mls with dichloromethane. 10mls

of the polymer solution was accurately measured
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using a pipette, and allowed to run out slowly
onto each machine tooled PTFE dish, which had a
diameter of 7.7cm and a depth of 3mm. The

PTFE dishes were located on a levelling table,
that was checked to be horizontal using a spirit
level. The PTFE dishes were covered with crystal-
lising dishes, leaving a small gap for solvent
evaporation to occur. This ensured that the
solvent did not evaporate off too rapidly.
Solvent was permitted to evaporate for 24 hours
at ambient temperature in a fume cupboard, before
the film was removed from the template and trans-
ferred to a desiccator containing silica gel,
where it was stored for a further 48 hours before
use. The film surface exposed to the atmosphere
during evaporation is designated the upper
surface, and the surface in contact with the

template is termed the lower surface.

The films with 10% % (of the dry weight of the
polymer) dibutyl phthalate added, could be removed
from the template but were not very pliable.
Increasing the concentration to 15% % slightly
improved the quality, but at a concentration of
20% %, a film was produced which was colourless,
transparent and pliable. On placing the films in

water they did not disintegrate.
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Thus the films prepared and characterised were

Eudragit RL100 5% %
Dibutyl phthalate 20% % of dry weight of polymer

Dichloromethane to 100%

Eudragit RL100 2.5%

Eudragit RS100 2.5%

<l <=

Dibutyl phthalate 20% of dry weight of polymer

Dichloromethane to 100%

Eudragit RS100 5% %
Dibutyl phthalate 20% of dry weight of polymer

Dichloromethane to 100%

The concentration of metronidazole currently used
topically in the elimination of anaerobic bacteria
in pressure sores, decubitus ulcers and malignant
tumours is approximately 1% (see section 1.9.2).
Three concentrations of metronidazole were
considered to be sufficient with the different
film formulations to give a range of drug levels.
These were 0.8%%, 1.6% % and 2.4% % of the dry

weight of the polymer.

The metronidazole powder was added to the polymer
solution 20 minutes after adding the dibutyl

phthalate and stirring continued for a further 20
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minutes. In all other aspects films containing
metronidazole were manufactured in the same way

as the films which contained no drug.
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CHAPTER 4

Physical Properties of Eudragit Polymer Films

Thickness of Eudragit Polymer Films

The thickness of the prepared films was measured
to ensure that the polymer, and consequently the
drug, was evenly distributed throughout the film.
If any part of the template was acting as a gully
this would deplete the remainder of the template
of polymer, and be shown experimentally as a
thicker section of film. The thickness of the
film is important because it would affect the
permeability and extensibility,which in turn would

influence the conformability of the film dressing.

Experimental Procedure

For each formulation six films were measured, and
each film was measured at five different poihts

i.e. north, south, east, west and centrally.

The sample for measurement was prepared by first
cutting a slither of film from the appropriate
section of the film with a scalpel. This was then
mounted onto a microscope slide using double sided
sellotape, one of the cut edges being stuck to the
sellotape, the other exposed for measuring. A
light microscope and eye graticule was used for

measuring, which had previously been calibrated

with a stage micrometer.
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1.

Results and Discussion

The results are given in table 6. The thickness
of the prepared films was consistent both within

a single film and within sets of films of the

same composition. This indicates that the polymer
is evenly distributed over the entire surface of

the template.
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Polymer

% % Metronidazole

Film thickness

(pm)

Eudragit RL100 100%

A 1" "

Mixture of
Eudragit RL100 50%
Eudragit RS100 50%

76.93 3.56
73.24 1.32
74.08 4.03

72.13 2.01

69.09 3.32
70.45 1.75
69.99 1.05
71.50 2.04
72.26 1.74
71.64 1.34
69.08 1.48

70.72 1.76

Table 6 Values for film thickness of Eudragit films

determined by microscopy mean valuesXx and

standard deviation<— (n=b)
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2.

Scanning Electron Microscopy of Eudragit Polymer

Films

Introduction

In order to examine the surface structure of the
polymer films, samples were subjected to scanning
electron microscopy. Both surfaces of the film
i.e. that exposed to the air whilst drying and that

next to the PTFE template were examined.

In scanning electron microscopy an electron beam
is focussed on the specimen. Scanning coils move
the focussed spot in horizontal lines across the
sample. The interaction of the electron beam with
the specimen results in the production of in-
elastically (secondary) scattered electrons. Many
secondaries escape from the surface and some of
these are collected by nearby detectors. The
intensity of a cathode ray tube is varied in
proportion to the number of collected electrons.
Deflection coils in the cathode ray tube are
synchronised with the scanning coils in the column
so that as the beam is scanned across the specimen
a conjugate image is built up on the screen of

the cathode ray tube.

Experimental procedure

A Jeol JSA 50A scanning electron microscope was
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.2,

used. Organic polymers such as the Eudragit
polymers offer special obstacles to scanning
electron microscope investigations. Being non
conductors, they quickly become charged under
electron beam irradiation. This can cause a
distorted image or even a loss of image if the
surface becomes charged enough to deflect the
beam off the specimen. To overcome this problem
the samples are suitably mounted and given a thin
(approximately 50A) conductive coating with a path
to ground. In this case the samples were gold

coated in vacuo.

Each film formulation was examined at magnifications

of 6,000 and 20,000, Samples of powdered metroni-
dazole were also examined at magnifications of

150 and 1,500.

Results and Discussion

Scanning electron micrographs of the surface of

the film exposed to the air whilst drying (upper
surface) are shown in Fig. 18 to 20, whilst those
of the surface next to the PTFE template, (lower

surface) are shown in Fig. 21.

The films are prepared from what is considered to
be a homogeneous polymer solution, and as such it
would be anticipated that the structure would be
identical over the entire surface. This was indeed

the case.
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Generally there is an absence of craters or
particulate matter on the scanning electron
micrographs obtained from both sides of the films,
the films appearing to be somewhat smooth. This
has been considered to be due to the presence of

plasticiser.

The scanning electron micrographs of the upper
surface of the films exhibit pores. These may be
produced in part by the solvent being evolved

from within the matrix. The scanning electron
micrographs of the lower surface of the films

do not exhibit such well defined pores. This is

to be expected as the solvent cannot evaporate

from this side and must travel through the film

to be released from the other surface. Evaporation
of the solvent is unlikely to be entirely responsible
for the production of pores since pores of different
formulations would be more similar, and no pores
would be visible on the lower surface of the film.
One possible reason for the situation whereby

there are more distinct pores on the upper rather
than the lower surface could be that when the
polymer solution comes into contact with the PTFE
template, the molecules are immobilised and cannot
readily form pores, whereas with the upper surface
the molecules are free to move, and have time to

orientate themselves before solvent evaporation.
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No differences could be detected between the
scanning electron micrographs of the formulations
of films when the surface next to the PTFE dish

was considered (Fig 21). However, when the surfaces
exposed to the air were viewed, differences were
evident between the different formulations. The
films prepared entirely from the polymer Eudragit
RS100 showed pores which had a regular and clearly
defined shape. In most cases, pores within pores
could be seen indicating an extremely tortuous
network (Fig 20). The films produced entirely
from Eudragit RL100 exhibited pores of a similar
size and shape but these were less well defined
(Fig 18). The films manufactured from a 50/50
mixture of the two polymers showed pores of a
different nature. They were not evenly distributed,
as were the pores produced when the individual
polymers were used. They were more disordered

and had a much less well defined shape (Fig 19).

No differences were observed in the scanning

electron micrographs of the films as the concentration
of metronidazole was increased from O to 2. 4%,
Metronidazole was not shown to be present in

any of the films in the form of a crystalline

solid. This indicates that the metronidazole jig

most likely to be present in the films at a

molecular level (fig 22).
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